. ©3eb4b001d2( $346<4T4ms% , , METHOD FOR REPAI RI NG AN APERIMWW | NE
COVPONENT ¢'TECHNI CAL FI ELD [007] The present invention |

repairs of a coated gas turbine conponent, and nore particul arisgisoxt o
repairs of defects in an air-cooled gas turbine vane having diffusion

cool i ng hol es where t hgiEFAOD FOR HERANING ANtARERFIUREDT i er coating (TBC)
system BACKGROUND OF THE | N\GAE %Bﬂ@gb@ﬂp@mﬁﬁwears gas turbine

engi ne manuf acturers have increas tenperature and pr

gas turbine engines operate to neet demands for nore powerfu m Mm,m,e
engi nes. The increased tenperature and pressure | evels have |

ri gorous Eerau ng_conditions on certain engi ne components, part{o024ar|y
turbi ne VERENIEAL BIELdes | nmedi atel y downstream of a combustor. In nodern

engi nes, bi ne S ve t he
rort i mg 1B TBE YRR BB SR FTRIRY TR TR bl LRI Al PR et
manuf aﬁéﬁ@ﬁ%r@%ﬂn&@@w ‘I’@ﬁé msrtgc@aéottsm Bhre-cigedgas tlraincoraiahgvingder .,
very demandi ng condi ti ons the ave been striving to inprove gas turbine
engi ne r@ffual@nlqopynghalasdvl@&reéﬁa VRBENS efaleteviime dheranal btﬁﬁlef e (TR&)
econonlqglﬁ$ operating gas turbine engines. Manufacturers have addressed
bot h obj &5 Ves by applying protective coatings to certain parts,
particularly turbine vanes and blades. Initially, the coatings focused on
provi di ng oxi dation and corrosion protection. Exanples of these include
overl ay and di ffusion alum nide coatings) MCrAl'Y coatings, where Mis N

Co, Fe, ' ' hfg coatings. Commonly assigned US Patents
4,585, 4 fg@u@%@&%w{(ﬁﬁ@gi%ﬁpta et al., describe such coatings.
Mor e reqeon] yOverihei ydary,eyas tuiteneehgharmaeufachatings d iBEasehaheconpri se an

oxi dation and corrosion resistant netallic bond coat and a thermally
i nsul at |tﬁ§‘R9é@W|ﬁ¢ énﬂ@ﬁe%’é@ afh icho@antuikisg ensiras @Q%I?I%’@smﬁﬁbd@'é@éﬂﬁ bhed in

comonl y I

3. 501, 5 10rs PEPERuE T BiEependineb; THEHHcreasdd Tarhpdbtulsttq bREsEle Bvels

4, 405, 66taviednigdsed r@or@hs opélraﬂﬁgcaﬁembns dhigginta@nt eadjine cantbdne?fs), 245 to
UI|0n et al.. Thermal barrier coatin provi de thermal resistance to t he

hi gh terﬁ?éP‘%Ifﬁ plrpiReyagss angrpipdes "g“ieﬁ@“?'ﬁ deystiesm ei? pPERLgiaig In

oxi dat i Gflo@eth &RIAGE BN PARABRE bIddRThal B cipBsbdidIcModBRlbE AbboES, the
materi al s and processing hods chosen tfor the thermal barrier coatings
are sel dbe eaeltiog potmoﬂther@mysfr@anclmﬂmaalbanada (coating loss) of the
ceram c outer |ayer during thermal cycling of the engine as well as

resi stance to the oxidizing and corrosive environnent in the case of a TBC
spal | at ijgO3EWAMHiIe nAHUiA8uRSS mbemnrwes@@ﬁﬁgpbgmu@% &hdifés Ina%ﬁem%

t her mal barrl er coating, includin he netalli c bond coat and the ceramc

t op coatundgir Ner»dré@nadémgmoc\émoasnt ffexedreanesidving 40 lrspmvecga@durlmnet r enuous

t f. j I
atbst r al o ik Fand RexBRd iffterlee sRb BRI 1iTolt b ARPHIES, (o
pL ot ect |op@|raib19dga3/mlalls»elw§gmersed}AaadfaIaejr?m I?di\/ea@mtbééﬂ eoirg%tgbcmre%q?d Irlt ing i
t he renoval  an rea |1 C I on O a, rotec \' coatl.n ,
i nt er nal2PEHENY H@’t?‘é‘g’{%rﬁ%il@gsﬁ%%“ﬁ‘é‘ "E?epél'fll?b'gi ttHrq{%%ﬁa% Fﬂﬁ&%&ture of
the vanggjigfs tﬁéé%ﬁw%ﬁo@h@eﬁ@ﬁ Bvibiin cI ace O@&@&I@éubrﬂ’%rcﬁéc%ﬂh

tenperatures. For exa ut er engi ne conponent's exposed
to the lko@mpEes patmesenecluge|ouaﬂday/andmmf&d;wm alorinigh qoadagsirMCeAlY cowgingisy

fromthe co or s tio i ne, Fllmcoolln has proven to _be an
of fect | YWTEIERAS O Gt G 91 ﬁ’g{%ﬂq 56@%  mgtalic-Coatings h COTMBOA RS SONed ES of
cool airg I i t r er

sur T agen TS E0ES 4Be RN, oopa S011 ATPEDE . ABSHm R Coaiist e,
passi ng remtwomulmgayar rthewmah,tghnar ceatings (0BCy maatlcomlsemgw beideson antihe

t which det d, pat t Th | t fil
S N SR G R S T N

di st ort ibe@n ool reudf ddaingBG&Ye Uésé‘ﬂll’%?j INNSIneASRR Fg’a‘Ié’éﬂJQ'F@HI@htst ur bi ne
inlet tenperature ranges are possible. [006J It is well known in the art

that filmcooling effectiveness can be increased by u5| ng diffusion hol es
that have a conical portion and ah enl-atged opening at the -2EH 10485
EH-10485



surface of the conponent. The shaping of the holes to diffuse air before it
enters ‘the boundary | ayer of the conponent broadens the spread of air
downstream of the hole and thus, increases cooling effectiveness. In
conparison, cylindrical shaped holes create a | ocalized regi on downstream
of the £8be 3n0ao Wlionadtiang4EAeTtil dedieasgroian,a4,40$,607 1o Bizedma, U0 850i gh

quality diffusion holes provide suEerlor erformance, they are both costly

and di floig@ngman ib4es, 6@@@0]Uhae@é@ A A dEa9doB indesd ahnand Bnek?. 34 to

expensi IS nt vel oped to
rest or SIREA :n%%%sféarr@a#éé’*ng%”p‘érw%?ﬁ%%*%‘*%%ﬁ%?%?aﬁ‘ﬁ%?n@&pec. fic

det ai | 3e@f emaréwnlangés febimehd it addidHicOpresidiRpexdaish &he coabsioa and
extent of vane deterroration. or i nst ance, eX|st|ng protective coatings,
such adesiste®ceher mal barrier coatings that include the bond coat and the
ceram c top coat, may be renoved fromthe bl ades and vanes. [008] Renoval
of the bond coat after renoval of the ceramc top coat nay be required due
to Surggéq Gegt AR BbphidioR8 e iAaeriBRPA ﬁﬂdcéssnﬂgtrﬁ\&ﬁéd%hf)@&?f@r eas
nost s ect to strenuous operating conditions. The céramc portion of the
coati ngheﬂ}erbmlhanrmeppmatlbgs aoeakeiagtedhe pavide resistasce ta smllaﬂbnl@aahrrgwe

tall f th ti be st d Ki t t
el soll GRS g GG ANi et SAReN ) SRESLOYRRTE B 16 KA BAMEIAnt cont | ng
and af tr@érsfa‘?x@@‘&é'thé’%x?d%@éhé EbAbsilE nTRbnMBHT hdhe €836 ORE TEC rsEQﬁ’étfonOf

cracks and other surface defects in the vane and bl ade castings may take
pl ace. €S@oh Rurispaiormpl engise opsralies@arichalteritime). tee trermalbanigr coatog, 844.

pover 4/ iBor e TndRE BongZea BV indFb Bb o CORL M dedind® PRl mosi £ on
appr oxigipfaes dr8adé nist thisjesieRas BtledUol® operatidgoheitionb] Maetduhdxédeimay
conposi tion al so approxi mates the superall oy to be repaired, but contalns a

mel ti ngﬁtﬁfﬂlﬂ‘t‘S% whe'xr;wmle Sj@éﬁﬁi%/'ntﬁb!cbrﬁurfﬁﬁ@ P36 ﬂW@QaOB%@i'@D it the
conS|st f ese
onder ST thdtd pElRiHve B hacBEA Fotuced Bepiantacgpf Bl redicha oo, o
powder tlﬁ@i’émovﬂuind feappiicationf ofeeprotyelioe @ating.he substrate do not.
Solidification then occurs |sothernally over a period of time as the boron
di ffuses |nto the substrate thereby raising the -3EH 10435 solidification
t enper ‘g§¢ hol es,

for exzérrg{’ﬁ gor{\:zrlr\%ﬁgavl\/r%lagﬁﬁ%epen ng l'g% %aé/nap élof)&géﬁﬂ :“29 excess of
about :Bé}@npeeatere:ohmeeVMQs dtmd bladiesiwithin ldesigadamits whtleoparatm'@m Hrgrm ng
proces i s bath |abor int and wil |l nece§5|tate

|
P e amParaUgS. T S BE RGeS S SPRP A RO PTG el os.
0101 ot gBoliaars Ry ocuefe @i G prauaare cobiiy B A IycbpRisser

strlpped its original "coating an en a nonoriginal replacenent coating
is applseetiom of m@ebg@ee desadqﬂggphasmroven tebaran effective meane of ulilizéng i ce.

hese SBBIRAFBELLTHES Fiinatns B 8L B8 LRI ERRYRBh BBRBAT.Y T ca

with t Ir@mp@natgre ghoed afQalteé @gtermélesrurmces[dilﬁe bngn@fboewpmtgonh@tay@r nal
coating can accunulate in the mouth of each coo hol e. Thi s phenonenon

i s knowhcaeling atig dawnediby passing dke epeting Ais ﬂf‘ﬂ%‘@h@aﬁ%{&% 9f gnall geokng ect ed
hol f f
ol es. hIh& th%%@ﬁénegﬂﬁrgg{vﬁr&%}pﬂég@ga ngib&efﬂgmfgﬂga gﬂﬁﬁ{ T fe‘é%ﬂﬁzzf o

t he f|In1cooI|ng er e cl ng onen perating
Any coditrhrog aﬁraieﬁtﬁjcéb@bn&roeteﬂubuﬁadbe tamperitoieviheesty detprrire) componaetept abl e

for return to rvice,and will uire reworking.to reane he excess
nonor i §iSiaMtioty WB@F@{"@W%@ sI‘J"I' 8@3@59%&93%? ighiar turkine Bdetyi ce. [012]
The ef } éﬁﬁk Bgoreversed by eroding the excess coating by
propelllng C|ty, precisely focused stream of abrasive particles

into the nouth of each affected hole. However, the erosive treatnent can be
i naccurate and nonrepeatable and i s tedious and time consum ng Ssince a

t ypi cafl00@k i igavell knewvn e arh At fimscoaling sdiechyenrassan P%l‘?ﬂreﬁ‘ﬁ%‘? BYore,

the re %QQH%R r coollng
hol es ?‘gﬁg &F Ewnb'l'(ﬂgs e ?%@'ggr;%ésmaé%@d M@é& 855 manu acture of
t he conponent. [014] Nhny attenpts have- been made to renanufacture cost

ef f ect pre10h08gh quality cooling holes in gas turbine engi ne conponents. For
exanple, laser drilling has been -4 EH 10485



used to produce cylindrical holes on the |l eading and trailing edges of
vanes -and blades. It is difficult, however, to produce shaped hol es
(diffusion holes) with this technique. This is a significant repair
limtati on because the geonetry of the holes partially determ nes the

ef f ect Lyeaes St e EORRRGN FRLInaBIRESS Hedhollh 36 BHAR AREBIDE HoktERMhel S 8
wel | - known™ process r produci ng shraped holes or other openings in netals.

I't useboghddgihyeh sicthara@sodreent beskeddres ile. spread ef aimdayvndtyearlct iting haledi r ect
current between a positively charged work piece (angde) and an el ectrode

( cat hodeyl thus,dneliersas SeRting eifaelivapespr BarrBRarised iingesal shepeeNaipen t he

pot ent | if.f I i i bot h
Cont ace PR g Bt NG ol thb S e PRl R R R o bileB
fluid Rnelindeebe: dlidoughetdh gaality Wifwich ebleseprobRinalperldp preritpmianeal i on of a
voltage or potential, a current flow results wth enough heat energy to

nel t alevearedeothigesily exdglifieslt tarfare.process has application in the

machi ning of small, deep, odd-shaped hol es which are. cunbersone to produce
by other neans. [016] An EDM net hod for produci ng or remanufacturing

di f f usjgoy]hBleeausd 1FBEHEBlades ARHcReREard ¥ eAsivepPasarietyest readdidhmént s

manuf actured in a three-di nensional shape by stanping and coining. The

el ect r mpdnies kave beerndevelaped dneesintg ﬁ"%@%@ﬂ@é&fe@v@ﬁgaﬂ@éeé\h@ﬁ& @t

Po st roadifn el dibehicoqtRlE bt e ks rvrbiibr e ReEh SRy BR SebBaitplice, =
area f e hénarerahdrdxigntsivahernietdiieragibac tiopdestanoduaestiry piotedtae shaped
hole, with allowance for el ectrode overburn and EDM el ectrode erosion.

Al t hougPalings, sbel @setha thermahbaics geatiags that in¢lusle the saBd CpRsANAERR) i s a
time i i r I I red to other processes
such agér%ﬁg\rfs%r%pgf’inﬁ%})?b%\lngvgﬁzﬁgﬁﬂ%P?&%eg ragil e and are not
reusabl e. The use of EDM to remanufacture the diffusion cooling holes in a
typical vane is |abor intensive and expensive. éOl?_ Thus, . what is needed
in t helQP8 Bermpvad of the,keng cpat afterdigmoval of theaseramibitor CeAbMAY Ronponent s,
and in e 4l { i i k ; rmts
ool el Elo SR aettabatonbl N by £88| asdaniapeb saaRe| ¢

i ncr easigag MbEHsUljd8Sto stiemeonadperatifg comditons.pahe ceaamiseporivaiafdbe and

ot hodSOR DR BRe B SR T SPRbicpr Bkt e Rigtalio s oo

di r ect §groRWs" iRE #hdy bOstriped by 8baKng NP PAANH S HCRESRItBhL N a ther mal
barri e?gglggﬁggétcﬁgglﬁgméryegsesrq?)%e t?lﬁfjrrbern%f t?rres a corrponelnt can be

repaired and is | ess expensive and time consum ng prior art repair nethod.

[ 019] aspect of the invention includes a nmethod fo alrin ef ects

o s gH PBBRLe Brpbind BiiEBreRene her Hp e A Bo AL e EE B of

exi st i fhd SHasting'thePakbatiich 20atifg, 4 epdr bf élaeks Bhe dthel shifacaabiedesing

plurality of cooling hol es havi % a predeterm ned air f]ow requirenment
%éa) ecRlag

wher e teevasiaunad bladegastivesimay agRt SHeh ArIGRRY MEOCESRIBASRTIBSArY t he
exi sti gs GOAHPPAddeLBa4 TRBe Jo%gg{d Infs psteqﬂ%r;@%r;maggriﬁegdcr@%e% out er

shaped portion and an rnner rmneterithg portion. erein
conpr i ;egureobmetd fdwiers nsddenfionoiio pgwdsrs with aifféregt tbmpesitibase Qrie t he

article with a nonori.ginal coating. After the nonoriginal coating is

app! i e@@ﬁpﬁt'ﬁﬂép@é%gﬁé‘?ﬁ t,hatth’&e“’Eﬁ%ﬁ‘l’??@ﬁ%It%getrﬁﬁt?“r?r@é‘fr}‘%ﬁ tg?é’&lé‘? er mi ned
nspec & , - 0

nonor | SoABpSitichElid B OXTURGHAE superaRGABI lepeiiRe! BIPUHIAIR SHidtly
r ewor kpoigt deprkssantwsueatebuiarng Bine ehir ttasalpastedikencprmidtgnaey.sibhpetdfeart i on

with a presel ected .shape, in the oyter shaped portion of t cool i ng hol es

thus relbeianayiatie TR0ATINA JHetia g thens BOVORE QublanyFRieedods neet t ne

pr edet grpdiatlrdidt ilieMiHEgidrteBtbininPHe PORLE RRRAL! Yut ABDLAYASRS

nonoriginal coating located in the inner netering
powder and the substrate do not. Solidification then occurs isothermally over a
period of time as the boron diffuses into the substrate thereby raising the

-3-
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portion of the cooling holes is renoved by propelling a stream of abrasive
particl.es into the inner netering portions. [021 ] Another aspect of the
i nvention includes the remanufacturing of the cooli ng hoI es that do not

i1 ngotRECe o PRt g dhibn etabarrotiden | B ARo Al 15 CREMb8Z ng
Step.  Tioydinbid FAABLacCHRIGH UL AR 8 o FBICHRIALAGIUsS oy e

conponent use ‘of ectr| arge machi ni ng. se and
ot her B86at aresomp@btaWﬁleUa@ﬁstm‘ repiad mpatsiaht Tha\ianglmncws is tbmbdmtmrrmr e

apparent fromthe foll ow ng descr| n and a anyi ng,. dr awi s BRI EF
DESCRI PO GIATT 0TS TP iednB BERUTA D BLPT (1P WId Caabe

d th ref to the foll Fi

Wre“sg[]l H?%&?Y%Y‘@}ﬁg%e%ﬂf%@ho@s reference to e followwng Figs., in

s a perspective view of a typical gas turbine englne
hi gh pressure turbine vane;

[010] As is known in the case of blade repair, the blade may first be stripped of its
original coating and then a nonoriginal replacement coating is applied to the blade
casting prior to returning the blade to service. During this repair process, if the blade
should have any cooling holes, these cooling holes may be subject to being partially or

completely filled with the non-original coating material.

[011] Such excess non-original coating can accumulate in the mouth of each cooling
hole. This phenomenon is known as “coatdown” and can restrict the flow capacity of
the affected holes. The effects of coatdown can diminish the coocling effectiveness of
the film cooling thereby reducing the component’s useful operating life. Any cooling
holes that are subject to coatdown a}e typically unacceptable for return to service and
will require reworking to remove the excess nonoriginal coating before the blade can

be put back into service.

[012] The effects of coatdown can be reversed by eroding the excess coating by
propelling a high velocity, precisely focused stream of abrasive particles into the mouth
of each affected hole. However, the erosive treatment can be inaccurate and non-
repeatable and is tedious and time consuming since a typical turbine airfoil has many

rows of cooling holes.

[013] Therefore, the repair of turbine components require the remanufacture of the
cooling holes typically employing the processes used in the original manufacture of the

component.

[014] Many attempts have been made to remanufacture cost effective, high quality

cooling holes in gas turbine engine components. For example, laser drilling has been
-4-
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[025] Fig. 2 is a top viewof the vane of Fig. 1 ; [t725] Fig. 3is a
bottom view of the vane of Fig. 1; [027] Fig. 4 is an enl arged
cross-sectional view taken essentially in the direction 4-4 of Fig. 1 and

t e suBBER 10 & AR EOTBIERI R on e BEoB A PhBhE ek AT APBlon the
SubS 1 A4 IO hoWvdrORIbroHLEe sBabé PolsSqHFRAKPMABSANRR MY i n L he

direction 5-5 of Fig. 4 showng the diffusion hole prior to the repair of
t he pr ésehmiquewvihis isoa signtfizant Ripair Ignitadioa beicdese tkevgebmetryedi dloe holds sui t abl e

for use wt e repair thod of the present invention; and [030] Fig. 7
is a sip@\é\g'a\‘}g’ésﬁq%’fm'ﬁﬁsé’?%g&?‘ga’@@ﬁ?PQB‘P ™Jor use with the repair nethod of
the present invention. _T_EH 10485 BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON [ 031 ] The method of the present invention may be used to repair
any gag01a} lEleetricainfiscrergs noachaming ¢EBM) sa1a wellskrinvernd psocass Yammedtibiag ar e
coated, in rticular with .a thermal harrier coatjng system t her nal

ot T arsheBel olsostbey BetRiRoS Buma e AT dShardeRietogs RO

Typi cal ' 0k Oy [ b L0 s, are
Eahar anc ey fsi LR saHeR beteeRn Sudiiul Bnafisfidr penes: o2 o

1, a hi(atoge)esxlare etactbdadcatande), arspack dischrgesmaldsproBated.rThegcwted t o
i vel y shown fc%r t he

BEE AT IENER T VI TR YR R N
havi ng pain E6RSE Q:E!f‘elé«ﬂl@i@?lﬂ%', 133@%?%!8&@5 E:F t%ﬁa%@wﬁ '?ﬁ? Hl@lé‘étﬁ@{‘lu@gé’rt]& y 24

having an internal . surfacé e airfoil section as a
convex psedudcecan 2ctrindiln condgctive chanhak &Jpp. apfiieatiomeéa vaidge onpatestialur f aces

20, 22, res tivel ar.e baunded a traili dge, 30 and, a .l eading edge
32" ana A GERIREP Brlins RGP BrER Feel brdie Sl S 6755 s ernchieS e, o
surf aPPch%s!sSn@%ﬂﬂi@dtiér@erh@ rﬁﬁéhiﬁiﬁg didntnll, dbep! d@d-shage®HoRs Ihich atdie
airfoil 12 includes cooling slots 86. Also, the airfoil section 12 is
bounde§umpessrmaie prefuasdllepther sigassm (pl atforn) 8 and an ‘outer ' di amet er
platform (platform 14. The inner and outer dianeter platforns 8, 14 create
the gas path annulus and include cooling holes 72, 74, respectively. The

outer ﬁbmgemf EPMREctidt fof pro@licife or piramifasitihgtifRssiad hork ih @Agineone cover
36 (Fig. 2), preferably two, and a rail 38. The inner dianeter platform38

i ncl udésMpongnts uesed QopPYRiestrade (Rt i. manufastusedinBlthraendmareasial The
cast| ”Qpé?ﬁe bb%(t)ér(rﬂﬁ@g]é%rg goigg@f ?Bé@l&c%%@%o% }s?}é’ggpaﬁgggty&é@%hgg@% pal

conposi tions urbine opetra envIronmen ary U S
Pat ent glahemted bha that@rodueys taecovling kit nestgsihglseatioh. dieeeibhgateblgndsiel 1 di f i ed
al | oys includg 4,209, 348; 4,?@3,76?; 4 719,080 and 5,068,084,_?ach' of
whi ch FENRSHIPELR pyihfaccaimassianal ditHsee FharaftROMEndpat produces a diffuser area

for the metering section. The electrode produces a similar shaped hole, with allowance
for electrode overburn and EDM electrode erosion. Although the above EDM method
is successful, limitations exist. EDM is a time intensive and relatively expensive
process compared to other processes such as laser drilling. Also, the electrodes are
fragile and are not reusable. The use of EDM to remanufacture the diffusion cooling

holes in a typical vane is labor intensive and expensive.

[017] Thus, what is needed in the gas turbine industry is a repair for gas turbine
engine components, and in particular vanes, having diffusion cooling passages that

permits removal of the entire coating system and the repair of defects while increasing

-5-
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[034] The vane 10 lies in the hot gas path and the vane 10 is air-cool ed by
flowng cooling air, typically fromthe conpressor discharge, into the
internal cavities 24. g EH 10485 Cooling air enters the internal

cavities 24 through corresponding openings in the platforns 8, 14, This air
cool s 1R MLiFIRE" $hFMasa AR 0B st TepRKSGAPH deeILGing FYAnIACUEDS GRSKAN] FXGR nal

baf f| e {. i g&ﬂﬁ I : and concave surfaces 20, 22,
respecg$$gﬁ§, 0 E%ﬁ@qgﬁﬁggﬁ '%Eg%ﬁﬂgv mcooling. The air is directed from
the internal cavities 24 and outward across the vane 10 by a plurality of
cooling holes, preferably cylindrical cooling holes 16 and diffusion

cooling holes (diffusion holes) 18, to help it withstand the high

t enper r j [ d. The cooling air is also directed
acr ossﬁ'ﬁgig?éﬁﬁg]ﬁgh@*éiﬂ‘g’éﬁﬁﬂaéﬁl ting the respective cooling holes 72,
74. Th i i ' bbbt ] 86.
[035] 0 PELIuje eSthtingpnach SRRCEfecnads EFtoalforcesnuibine DEmPoBtfsTS: e

on t he coatechwith aithéavel et codtingrtbaldntreanas dhe nomibebpf tilmes e cdmpomehti n t he
art that the plurality of cooling holes 16, 18 are forrnsd on both the
convex CARPEISREIGE antlis lRssaEneRs ANRe EONSUNING iRt REPLTERES: o Fig.
4, a cross-sectional view of the wall thickness of the airfoil 12, and in
particular the diffusion hole 18, is shown taken along the line 4-4 of Fig:
1. - F[@19) Gimaspect\of dve inaketioresshkesa method tonecphirieg tefectdinta gas Fi g. 4
show n%dﬁ)he di ffusion hole rior to tge r epai e present invention.

1 f th
T0a) " bl Seine SPBTRABRNE It GamETEe: BELISIAIE 10 BmoHSURo CERlE QR ve t ho
037] _ 8 41621 A 30
2111 bukZoaBivdherelen 1 BRCR nlhags 8 AORBELMION 3 BleRIAYE Sur ace

coating, preferab ermal barrier at| system e thermal
bar ri epredatermiged gt flow requiementydiera theeplurality ob codlingdzlesi exigndgusrdhever a

Pt 26580l B AR By, T BB RS 85 08,
that t beterahapdd gorforfaid Bhahhénmeferifly flonidr NThEe hesthd§ debtidedmereliave

various geonetries and predetermned air flow characteristics based on
| ocat i 6AMKriSES frempuingdhe exslinggeatingped eenaatingdhaispffaes ehtheodréciedyittsdown i n

s ag 2o Ra PR RN ARPRRIRh ohhthd s AT R cotebn gt s’ "
passageoblhdnslegthatrheét & fredetérnaingd abpeetion oedrinliroadwarned, ashown as At,

wher e _%Q E H 10485 the throat area At provides ,a(f,r edeterm ned air flow
requi r BREATSANHHEIEMONE tha racessnereyiing! seating ApRgsiid infg BRulthiegiamef

di f f usj f i r I~k i i ssage 52
is axig g@!n@%?%g?ﬂﬁgﬁpg%ﬁaﬁo%ea%d e%‘t@@dgsrﬁl lr(_';c?rﬂnje’%j ’elflffl\}‘fn'ls‘%t8 Hy?t 0 an
out | et siid@ped poHinexitreaipresalecttd sbaps, infthe beterahaptd.pofiien di theuwmobng passage

52 faciljtates the.filmcooli of the exterior.surface 78 the airfoil
75 o Phlesh reung MBS phehed natinal U bRoisEicE bt e art f ust on
hol e 18redEiernsthEd & fRiW g2 al so includes an inner shaped portion
(inner diffuser portion} 80 while the netering passage 60 includes an inner

nmetering portion 82.
[020] Additionally, any excess nonoriginal coating located in the inner metering
portion of the cooling holes is removed by propelling a stream of abrasive particles into
the inner metering portions.

[021] Another aspect of the invention includes the remanufacturing of the cooling
holes that do not meet the predetermined inspection criteria. The remanufacturing

includes filling the cooling holes with a repair material prior to the recoating step. The
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[039] The vane 10, once placed in service operation, nmay experience
non-uni form degradation. A local region of the cane 10, represented by 48,
may be subject to nore strenuous operating conditions during service

poperation than a | ocal region of the ane 10, represented gy 50, Thus,
based &PPIINGNAIRRAER e reAIRIIURTHEIIRIFNE SRERPNIRN PHANG HpR Ol Blectc@l vane wi | |

experi g; = LIy m degr adati on, including non-uniformdeterioration of
t he ceggﬁﬁ%E@ﬂBHQQéF&HS, non-uni form di f fusi on of the surface coating such
as the bond coat 46 into the substrate 58, and/or oxidation of an exposed
bond coat 46. 1 [040] In the above-described type of TBC system the

regi onP28] These and otiner featiesand gevantages ehthedresan isveriipn willthesomeyhest
tenperatures _experienge greater. oxi.dat i i i of critica

bond e BPRRERE Lornie BIETLE At pRrLaM Bhehahbd S fildsr or “rec
spal I ati on and subsequent exposure of the bond coat 46 to the oxidizing and

corrosi ve atnosphere. Cooler regions on the surface of the vane 10 with
such a TBC system such as the local region 50 nay be | ess affected or
virtua i ration. The repair nmethod descri bed

her ei néagaméim%gh&%gm&gﬁ | ocal regions of the vane 10, such
as | ocgiagl egf iR rtiBA WiRhSwide Je¥ch Hagof Bhafip M cRltentd this
way, t@ezagx?ggirﬁzer%l}r"?%ﬁgeggwOPS\{Vhe q//anele%l[%’l?% ngt ug?&ngy% eepaieped but
r at hertotthe fokkgweing Fids.finevhiame 10 i s based on | ocal areas of degradation or
defect patterns. It is noted that |ocal regions 48, 50 are illustratively
used to indicate that different regions of the vane 10, and in particul ar
the di i G5 85t SNE R Ef & RRiG Bas Mitind BAGRE PigH bleBERY 1FbiRBS 1N
t he reofe%ﬁ ﬁ@t’ Eo%l 3)1‘ tg%%&pr esent ?E}gjelnt ir‘a;on, aé V\A@’ﬁ@ ge %He{)ai I e? bel ow.
Howevevagne;t is readily -10EH 10485 understood by those skilled in the
art, that the vane 10 may have nultiple regions 48, 50 based on the defect
pattern. [041 ] As know in the art, the first step in repairing the vane 10
i ncl ude®sl epRY bRY 29465 IRNAE! BedatRidiFisuch as baffles, and simlar parts as
approﬁ??a?eﬁBA snnot%ing opergﬁion téfrénnve the covers 36, 42 is also
performed at this time. Oher prelimnary steps may include cl eaning and

stress_relief by any appropriate nethod known in the art. For exanple, a
suitadpggil@Sn?ﬁ§a§%Wﬁg§W@®Uﬁd%?N@P%&ggﬁ%Ht or sand blasting. A suitable
stress relief procedure may include heating the part to between about 1950F

to about 2000-F in a non-oxidizing atnosphere (e.g., vacuum or argon) for
about [D2@ niciged is an @ntarge@ 4Mssisuctiesal Vidve takeneessaintialiyintthe 2iirentign Bet cl eaned

as nec ary at .an oi nt during the process b ny. sui tabl e t hod known
't . 1 appyifisteniy e verethtie R eRing teledh e seeino ereitd Brges 34
and t hfelsepBiale atd A MDHIEA\HF SIS codihghol@RXiefRiintPthréiVihel subshaidand The
covers 36; 42 are preferably, . , renoved using a grinding operation since
t he cabhercoaag; 42 are typically wel ded onto the respective outer and inner
di aneter platfornms 14, 8. [042] Followi ng any prelimnary steps, the
ceramc top coat 75 is renoved fromthe vane 10 using any conventi onal

et hoctobapwrig! 8 id A% takehQUssBXAAWI 8 thé BRe@RINPEBCOIFN. £ Siddwing tAad oxi di zed
coathgrnay e renoved by autoclave cleaning in KOH, grit blasting,

pr ef erdibusiondickeypaer talthererail okingdorgsent imverdiny; ot her net hod known in the
art. An autoclave cleaning process may include soaking the part in a
solution of KCOH for about 4 hours to about 8 hours at a pressure of about
375 pq02a9] Fighei a4itfe WBewdfamklectt @ISRl for tseatitithe4ep&ir imetabdef 450F.
[043] After the ceramic top coat 75 is renoved, the netallic bond coat 46

i s st rthgpseseiimeniionhadd known in the art. For exanple, the bond coat 46
may be renoved by imersing the vane 10 in an agitated stripping solution)
or any other nethod known in the art. After the stripping process is

conpl qb8e] tHE. ¥ 78 sk ViswidIeh abstild suilaBRPRELSE With RSHPE&Ir AACAe renoval
of netallic Coating and, in particular, to ensure that no residual traces
of netthé lpresaydanvendionenai ns on t he exposed surface of the substrate 58 of
the vane 10. After visual inspection is conplete, the vane 10 is cl eaned,
for -11- . EH 10485 exanple by grit_blasting. Next, the vane 10 is pl aced
in a furnace for heat tint to inspect’for the presence of netallic coating
to det®&iniO485i f the vane 10 is in condition to performthe repair of the
present invention. Local patches of residual netallic coating nay be
carefully blended to renove the excess coating. If |arge patches of
netallic coating remain, the vane 10 will need to repeat the stripping
process descri bed herei nabove. [044] The vane 10 al so shoul d be inspected
to determ ne whether it neets certain m nimum standards. In general, the
vane 10 should satisfy rel evant serviceable inspection [imts. Mreover, it

o v o o e . a Y



-12EH- 10485 basis. This mnimzes the introduction into the substrate 58
of any-.elenents fromthe repair material. [047] Repair materials and the
processes of applying the respective repair materials to the vane 10 is
described in comonly assigned U.S. Patent Nos. 4,008, 844, Duvall et al.,
4,073,639 Duvall et al., 5,437,737, hi et al. and 5,549, 767, Pietruska
et al , BESHMODEWFOR CARB(YII\&QL!/TTHEOI NTIONDby reference herein. The

i t I dt fect I I 48, d
n par (030" ;‘ & et d o cSromalenoniaey S ee tutkeit ALY gBs Bl e
| nspeci, Is%t}émcgéeﬁdcﬂpa%‘ Slaﬂéé BF Uthed th gﬁﬁ@%étédaﬂ%drﬁ&ﬂ&ﬂvﬂgaa o
di spensi ng t ool at applies a predeterm ned quantit repalr material in

a predétermel hedridn coatingtsystenh. Attharrpaldstetier coaiing gystess comprises achetidiicect
i i during the inspection, In this me each

area ep% coolin hOIeIde&tlfl?

i dent i BEI@@IQBSEI@D&Q% yeically, ianaine tinHoh Reessepaivbing: Alfpilg, such Fé48]

Ay exGeiiss [ SRAUANAIHEL foH thé FepdiPer HeEhRIdHIRonvent i onal b endi ng_or
snoot hi ng ni-ques e vane en cl'eaned usi ng any conventi onal

cl eani ng technl gue such as grit bl astl ng to prepare the vane 10 for

fluorescent particle |ns ection ). [049] Since the application of the
repai r [0k FI)Q:IGEI"QQ Iﬁe 'Qa oft Nigh BII%ﬁ SHEE &II'E'“Pe‘fﬁ"lﬁJ(@ niglek 14 sheminsel ecti ve

Davant Spiafind ASeigERe. ZEES B108 e 3R & FSiTm b A febdtal gl Y008 10 ' ¢
Dr aghi f@tthalvarentl) of E@ 176The Raee n@sdmnmsw an alrivdl segpishr(aitizd) 12davaigns a
epal 1 Shias 0aF RS A 616 Driniaa G8ay24 RevingBn REBdean be two
ot on 2SHaEERe Fﬁf“fh%'a'@%‘F%%?;”@P%E@Q%‘%MX SRy 20 AL CORRVEC 287
261 L“fgi‘a"ﬁfﬂ J“%ff‘&“?i‘?‘*fﬁ???smm t%%g?zﬁ";%“iﬁ’ﬁgém’@”g“zi‘?;?;ﬁi no.
a ing.edge n ace: '
IIIJﬁI 32§xizm.lvgﬁir@£§éﬂ ﬁi&%ﬂ@i@ﬁ%ﬁm fot ggezgtn Omhé&ﬁ‘eI’lma;é@g:)I J to

include, but are not limted to, fluorescent penetrant inspecti

det er niBRefthe ayfeib 23 drecloties co@ing St 8. Alsgpde amlltaeceenéramﬁﬁ@umed

Convon by At REFFEnERE Pl (HARRE) o 5ndlhe uaaBPBERM Wbt ¢ «i 2

and | 0gat Tha iphecand saterlidmetst Plaweess 8f 14 becatetiee §8s pafislnfatiuemdor
di stress nodes that should be repaired_may vary dependi n on the type of

part rEdidegoaling hﬁl@s&?@?ﬁewmﬁﬁtww(:ﬁhetO@t@ﬁe@mﬂerﬁ&y e e Se to
renove I i | onal

ot hod PRESES TSRS 41 ot Iacl BRE clePtel Bt Vil S S e

desi r afhe inoer dnm@papbtfcrm&mciuﬂmuﬁlmm and aactmwr@e(rfegea)l, prééﬂabrhy I's of
each o# her and/or greater than about generally 100 mls. Also, it mght not
be desit¥3@ble to performrepairs that expose any internal cavities of the
vane 10 or cracks fromburned or eroded areas. [052] Next, and prior to
application of the bond coat 46, the vane 10 undergoes a pre-coat

i nspec{03g]j t'I'dneecaajnng afihe vahe 1§ais matemalslyrmmsf aueh ahoyst having t;qmah nuous
w th no obvi rreuar|t| s ar s Furth the air é

t hi ckn&8YPCS! I?é‘&sIGFH eiya IJ{P'IIFtOII?e ?'?—J‘I'Iﬂ%%ﬂ mﬁﬁ%ﬂlﬁ% b th| ckness
limts Paiaﬁslde&ﬂbw@uumﬁabaﬁd sﬁ@é cﬂfswl%r%ﬁnp@dﬁon@\upabmhbe afbyd r e

surface of the vane 10 by any net hod Known in the art” for depositing such

mat er i mowda=ér20&<&4@| 4648 /82bard C0RA and\b,0e8,88posacredf Whidhss eypreashor

reduced a LPPS or RPPS}, air plasma spray (APS),

el ectrﬂ&ﬁi@ﬁ%@?gr %@ﬁ%égyegiposi tion (EB-PVa), or any other nethod known
in the art. Preferably, the bond coat is applied using LPPS. The bond coat
shoul d be applied to a predeterm ned thickness consistent with the applied
t hi cknE¥34]ofl heheans I@Inaain MI@DIM pathansuthel wanent0 isoaipcovleddhwflewingng bond
bet ween the vane 10 a ramc t .75 and to prevent crac t hat
devel oBoPHG HE Feicay dors I Euhehalier ofichitud g R R R s BRI 107 For

nost applications, the bond coat may -lge- about 1 m | to about 3 mls thick.
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[ 0540 Fol | owi ng deposition of the bond coat 46, the nmethod of the present
inventjon).as it relates to the remanufacture and reworking of the

di ffusion holes 18, is described in reference to | ocal regions 48, 50.
Diffusion holes 18 within local region 48 will need to be remanufactured
si nce Cosling\airenttels! thd intetinal tdagities (24 throwgre coakspending opehidstiatiee nabove.
In contrast, diffusion holes 18 within the |local regions 48, 50 w|l need

to be RigfiBrRes; 1¢hi tHs @inqookotherstesaaksyréace 29 95 thegirtol r1|2n@y ROWYAIIOR; gs. i

, 4 a r ki ng.
the anTherfial baeIheUded bl PERIhe PohFd) BRd BonERVe, EakELo0 A8 1,
surf aQ@sﬁBcWely hef tharedridiD1 Py frmsoddungn Theoaia i directotl fiexe desirermal coat i ng
accurrul ating_in the diffusion Rassa ge 52 of the diffusion holes 18 thus

r educ.crag/lfteﬁe%la@g QWS BCKASS dRe vABe dBbhY Adlialitpeiseraling dioies Rreiesably

"coat of all
of T nSNAFEARERIREeLES 18 ARt ulPoibheBonta Bets Wi EibELE Bl 1theBdt Ny
medi unyitisstahdithé Shgrdicanserabgey anasctiiiabikpodad. i The eapimyapesalsthe coat down
phenonenon is normally not a problemduring the manufacture of original
equi prfﬁfﬁCt%ﬁééosﬁ thedlatherny 8t &4 vpee exding &%gsresaﬂ@tlwcqsam halear2, The
rretall H\Y, r all ation of the
cool i ngﬁ%nﬁ ﬁ%’ﬁ@ ﬁecé@gg t%'ggﬂr%b)ﬁ%d%hﬂ th%%&‘#‘?% hol es 72, 74 | ocated
in the pl atforms 8, 14, respectively, and cooling holes 16 | ocated within
an area of the Ieading edge 32 are reworked using laser drillin as is

known [085] naltheugh Eids esh%tf@rréurag}w ebFogi r@mlﬁar1ﬁea{3 lpgated AhNeHonever |
diffu I nal
geomstsdrO)?‘r‘}gogIs'a(@?ljzfeagc %dé’éﬂl r?11 'ggéagﬁld@ﬁerg)}oor g@%&%@%ﬁt f tb?l(ygl;h%li@char ge

machi rploliEeMoolirtg heles Mo Baare foroned ohdycth tihe convept aad cgecamas ry to the

di ffusion holes 18 as each diffusion hole 18 has a predeterm ned fl ow

char acttacesiz0, 343, reePedvely- t hat t he predetermined flow characteristic of
the di ffusion holes 18 along the 'surface 78 of the vane 10 can vary from
one diffusion hole 18 to the next. [057J Therefore, the diffusion holes 18
| ocat 0361 Réferting & Figed) anre% sdctibhal viewef 1i6e wad tieickmessrafphé mirfail £2,i al was
enpl oyed, are fille alr teri.al d consequent will need to
o + RIS RaTiPUEY e uTTsiph oleoPa1ib Bewngt ey SopoiRadne fohetFia- 1. Fig.

remanuf gedw AkbrRBY haaholind thel dighdipe, EDM or
any oﬁﬁ@sﬁ?ﬁg e sﬁ%’rﬁg eragﬁﬂeCﬂBﬁ BQ%O\SFI ro?@gs |és h%se%f V:A

el ect rhﬁtll@éBRmormtlmrenallrlofnbwplmetmg”menbed [058] Referring to Fi gs 5, 6
and 7, electrodes 56, 62 suitable for insertion into an electric discharge
machi ni ng device are shown. Referring to Figs. 1, 4 and 6, the

remanL[bgp W@f&ﬂ%r&?@l@b’ftr@fvédéﬁoj 'f%}nhﬁér?fengr@eﬂamrbémﬂé sl PPands, 50

Hig
of vane 10 using el ectrodes 56 &l respectively, w |l now be descri bed.
[ 059] tTaelafamns ddd s Ganied ueth mpm@wersg:rf@@emoehn@@rama@y@ heavat

Phat drseLeta e BB RaTyRd e B ibRb I % sbwisbaidy "the
r espeghéetadliciodid ot 4Pdispdsed Sverd Sulfstraebeaifelde an€ A0 ERPAIN)rida t he
requi red shape of the corresgondlng di ffusion hole 18 to which it is used,

| n parqeramiciop ¢am 78 ariopsrfdnedond corb48n to restore the inner. diffuser

portion 80 and inner metering portion 82 of the respective diffusion hole
18 being repaired in region 48. Simlarly, the electrode 62 is chosen to
r est or[e38heRéefendng Aowito Fgs. padrid anit Bhaetéd tig thasipecianee 0idd apluralithaife 18
being repaired in region 50. This ensures that after the repajir is done,

t he priiffiesien folrsd1 &mwhioh fﬁﬁ)/Pé(\z[mVﬁéﬁ%Q@O@Ptft%eaﬁfé@E?@@ﬁ%” air {i®on hol es
18 ar f

remanat ac e ditpal o MoRiST R heeReNEE” e FeprtBnfuPiflgion ;o

48, Shole d8pehbivmdh YFig.HoWrisea mdtbring passageted o tluidesanimbeitationetith anpl oys
el ectrgdes 56, 62 to different regions of the vane 10 based _on the

degr adﬂafﬁlﬂ%ﬁnmagerﬁmtwa [RRCH; hafvm%atpw@@h%mmeﬁege%ew ThemeigEng o
durin t: | faf hol e 18
i's no%aré'géélr%ﬁ@ag ﬁrég hlgg?%wﬁﬁae)peﬁ%@%ﬁg@gdg@%@% r%% Stmdgﬁ‘r gé g‘lt’%brg{éer al
filled the diffusion hole 18 both th@-netering portion 66 and diffuser
porti deHA®486 t he el ectrode 56 are required to effect the remanufacture.
The diffuser portion 68 of the el ectrode 56 corresponds in shape to the

di ffuser passage 52, and nore specifically, the inner diffuser portion 80,
of the diffusion hole 18. Wile, the netering portion 66 of the el ectrode
56 corresponds to -16EH 10485




the netering passage 60, and nore specifically, the inner nmetering portion
82 of ‘the diffusion hole 18. j062] However, in |local region 50, the

di ffusion holes 18 may be partially or fully clogged, as described earlier,

and therefore will need to be rewdrked to restore the cooling effectlveness
of the laeRRS 8Fehbf pravddesapsedetgsmingsaigiiewyenrirgmenti $hus, hedelebi7Pshed

of cot r (AAUBPTRTOE AR 3R R R i oA Bl T8 VeV e RGO b P PER = o an

el ect r ot diffakiohasassadel S2ReAiRIBF Hiveryi rﬁcﬁﬁr@%u didty dritt Shangs Trent i
e

di f fuser Fassa ge 52, and nore specifica j/ i nner diffuser portion 80,
of the idiet 76Pem tdies 77t ﬂrrmesd@rmf pefagecthel thenwnejOudheglitugant i ng

ot od (178oBR 24 epiioF 14 Bl Fophid Bl P allBL S B R8I iRl o

local nrREICRBIIAS airdOs ANh thediffistod Passmjpb26f tHedRfusidiehdBle. | Mhe
passage~60 of the diffusion hole 18. The elimnation of this step

si gni f ictifusion p@@ﬁ@@ﬁe bataleo includes a@mrtetnsaﬁpeﬂ nmmm ﬁanar ﬂlﬁglsebs@@oamd tinme

whi ch i hweal ipn.a nuf ac enyi ronnent el ectively

2ol y 2 TR b e S PR G R e S BTt e €87 i ¥ egt on
the di ffu5| on holes 18 Iocated within region 50 wll not require

rerranuf acturing but rather reworking. Further, reworking will be done on as

needed [03€] sTheT‘h@vaJ%@, @rice pleced érsevige mr@mlm@exmtaﬁﬁmwsmfﬁrmw and

saves rab | 1i.n ne .nor ass h.the drilling of
The nelBOr AR sRe o ek pa Rt eyl B isprebity Buek Shabhe AERRLLS onfy
negl i girkbie $teer RN dSpeﬂ*éﬁﬁ@%@n@ﬁ@nbldegEé@\/l@é opkraiastHaA @rdtae ;dary of
produced and their use significantly reduces manufacturin 06

r egar ddne yanad Omseries At 8geTBas,drasereorthes %@f@ﬁnﬁtﬂoﬁdﬁ@%el ng r ewor ked,
: tis fh&@#ﬁ&ﬁcéﬁ’b $nd Uﬁﬁ%g%oﬁfvﬁﬂé( V\fﬁr&‘gﬁﬁsrle\ﬁ%ebr?&guﬁﬁ&ﬁﬂ %gﬁa{d lonPe | ocat ed

n the ering pssae h”ve y, precisely focds ream of

abr asi \reclpdingi rdresniéerim Uete@ro@@lwt efithenderatietap EbatsTHMmqrassiégen dizfugforeach
affected diffusion hole 18. Si nc%p%br asi vellﬁ erodi ng excess coati ng from
the nme Fﬁ“?\@uééﬁ;? ceatingsyeh pRdNAIbONGicoGH 4R the SUbBHReS80aRE0r s done

onl'y wagidiRuw réarpe)ﬁscgsh\y Mnd‘%atcf%t ribute significantly to the cost, and

tinme aSSOCIate e repalr 65] After the remanufacturing and
rewor ki ng of the dlfquIOﬂ holes 18 is conplete and the respectlve
dair flo ui renent ve been restored, the cer op

P oot % S0RA] T8 R SpPyeieS Abe B LT staTa b edoTE thetBen sue
[aser del bLangqe 4@%%%8’(!98%%%?9%@ RSB 1618 %Pk BREe BRSABE or after

the ceramc top coat 75°1s ap [ 066] The ceram c to ?oat
conpr i sxidatigmangidugien icb&a:@fnctrumad)iablé caatielgmantpiintozbe S:u Ha@s5§tand um

her coffie gotan BT ek SFaleddh hRbpsed GUoBRLET of FRDonFER@ R M 75

shoul d dxrmiuug@neimgjsnﬁé athoseirel Copleg Yefibnaonuhdesifzel f tae vapsi1om ' oxi de
phase change (i.e. a :change froma preferred tetragonal or cubic, crystal

st ruct W seeh ad Efegsgst@@slswb afoedpealiregional mayske lrasiaftacted e virtwally ange
O oPet RO FEPERGIU G lighY THE BB HRANDEAEEH hBY RPARBLEM Bedas
ur bi ne” engrne he top coat W I'T conprise a mxture

of zir advantagexofdiiserate mcamegﬁom\s % th@ et 0 quoht% deau‘ rag*romnaaso inestt
preferably, the zirconi um oxi de abrasive co towill n&/ﬁl se about 6 W% to

about 2‘3’“%%’?‘?‘?‘1‘5 ek pldedadabent N gy ea%"@rf'oﬁ yBitaevaRede,
dependiipgs it UARotIyGRPSHed BUPRAREHHR FedRR%T the vane 10 is based on local

areas of degradation or defect patterns. It is noted that local regions 48, 50 are
illustratively used to indicate that different regions of the vane 10, and in particular
the diffusion holes 18 contained therein, will undergo different steps in the repair
method of the present invention, as will be detailed below. However, it is readily

-10 -
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[067] Ceram c top coatings that may be used herein are described in
comonly assigned US Patents 4,321,310 to Uion et al., 4,321,311 to
Strangman, 4,401, 697 to Strangman, 4,405,659 to Strangman, 4,405,660 to
Uion et al., 4,414,249 to Uion et al., and 5,262,245 to Uion et al., all

of whi de@mo@dmyem@bu skmééﬁr@me’ﬂlaﬂdthlal/tﬁe?f/@m@m@enaﬁhaoé WiIEY e G M C top
coat 75 may be déposited by EB-PVD or any other physical vapor deposition

met hod 48 Slrbasedop ing defest paitelin. coat i ng structures. Preferably, the
ceramic top coat 75 of the present invention will be applied by EB-PVD
because of the availability of EB-PVD equi pnent and skilled technicians.

The Cereﬁj) dsonan&/ﬁmwé%ﬁhﬁém%t%@ﬁ%ﬁgﬁn@ th@wsh@qasnauaéé FénﬁB\%nQO provi de

a strong e surface is applied
appl i caietamimble déiaifsisuOH &S bafﬂdseandlslthpaTrs asaapmepaatautA Slnuoltmngo about
50 mls thick. Prefera 5.will, be, about mls to about 25

mls t mP@ka“qrbt@s'FmQYeég%O&%%ﬁé%% 54 to ReromiRd, tBE’stlmeabEéh?ro appl y t he

ceram K

Coat i ng))sé app éé |@ghﬂehﬁ§éﬁm¢ aﬁﬁg@ésﬂ%l%ﬁgd%‘ﬁgb c?‘trfdg r at ner than

t he colknowarin $lhe adt LFroas edestpie, taasi,nmh)dn/elea{)m@%emtﬂmnnﬁlm@chiﬂpcgmttar sandf the
ceram ¢, tQp coat he vane 0, ma e finished by a.serie S _known in
Che-ar DlastRgod puiats sl asrelier B Ol oy Sudias BeRidpteiatla BedRenuol o

baf f | egpobt FOSEFRIdbouk hgo@iﬁ Ma Hbmkﬂmg ERhbéRBe(8e, r\abhuﬁﬁoraéwgohre
outer dianmeter |eading e flange 3 peeni ng operation water

i nspecforoabaft 7t mmutemga ata@ﬁ 2@140cmmum t Bhe indenal ca\ew 34 mymecxdaa@@d asd/ or
restriction

ecti.on COO|I hoI ai rfoi
|t er nOPESRAT A anS bor I BRANY RipeRor Y . spabemphacigRidr B the 2t
res peCGtm@tweﬁﬂeﬁ?ﬂﬁwr?sfép%%élﬂ@@‘gﬂﬁéhgliﬁé Iﬂ@ﬁg@é 84 %ﬂﬂrtﬁéfrémw@ltcﬂrﬂ@@'
covers 36, 42 by any method known in the art. The covers 36; 42 are preferably.
removed using a grinding operation since the covers 36, 42 are typically welded onto

the respective outer and inner diameter platforms 14, 8.

[042] Following any preliminary steps, the ceramic top coat 75 is removed from the
vane 10 using any conventional method known in the art. For example, the ceramic
top coat 75 and oxidized coating may be removed by autoclave cleaning in KOH, grit
blasting, preferably using an aluminum oxide grit or any other method known in the art.
An autoclave cleaning process may include soaking the part in a solution of KOH for
about 4 hours to about 8 hours at a pressure of about 375 psia to about 425 psia
and a temperature of about 400°F to about 450°F.

[043] After the ceramic top coat 75 is removed, the metallic bond coat 46 is stripped
using methods known in the art. For example, the bond coat 46 may be removed by
immersing the vane 10 in an agitated stripping solution, or any other method known in
the art. After the stripping process is complete, the vane 10 is then visually inspected
to ensure adequate removal of metallic coating and, in particular, to ensure that no
residual traces of metallic coating remains on the exposed surface of the substrate 58
of the vane 10. After visual inspection is complete, the vane 10 is cleaned, for
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O her steps known in the art may be included as necessary. [070] The repair
met hod descri bed herein provides a process where a turbine conponent, and
in particular, vane 10, is repaired based on a |localized defect assessnent,
Fncluding renoving the netallic bond coat and reworking diffusion holes
that s egamplechy griybieatieg. Mexi)tizevame nQ is pianedrirmarfdrrteiceﬁoahelatrtmabr cost.
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princi gbe b@bdhé\r pes are descri bed herein for use on the vane 10) it
will be o VI ous ose skilled in the art that the same principles and

pr ocedur es could be applied to other articles having apertures. [073J The

invention is not limted to the particul ar enbodi ments shown and descri bed
i n t hi {04ddpiTheatanentO e«@pis@etgidzbetmgéectﬁddo Esdemicawheienfayests eerdRinwi t hout

the. ar PR MBS donBralr B8R RRE 1 R L B e Bed to ouit
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ok TogENE SR GRERs hoieRter I ARSI (fIEROBRY erbsbA%hal eho! r ¢

arti cl greatérethantabziug 30oniy inddepth.aSeleetdd attenamnb)aexa&aedeitemtgeamatylImtgtson a
surface m‘ﬂthe substrate, the article includi afirs luraljt

ool | nS IRSIERS U A 10 MANRR (SR TeguaIIageS SRS aiag BrapedbinBAtonng
havi ngt@reﬂﬁrﬁQﬁb%rn%ﬁ?g) @ér@wééﬂ@’hhﬁﬁu' rement, the plurality of cooling holes
n

having an outer shaped portion and an inner netering portion, the method
conpri sing: renoving, the exi sting coating; recoating the surface of the

chapectQsl: FollpireinePstbecPeateaTiedacts nehialudn 2SrabeR s Esn of | he
pl ur al fifits afe FAREH RE rd1RbES oxiBAflon material and dirt. Next, the vane 10 is cleaned,
for example, by a grit blasting process followed by an ultrasonic clean, powerflush and
Hydrogen Fluoride (HF) cleaning to ensure removal of any residual abrasive material.
Then, the identified cracks may be welded.

[046] After the vane 10 is cleaned as described hereinabove, a repair material
(repair material) is selectively applied to surface imperfections, such as cracks,
including in the vicinity and within selected cooling holes 16, 18 that do no meet the
serviceable inspection criteria. For example, diffusion holes adjacent to cracks
about generally less than 100 mils wide will receive the repair material. Both
cylindrical and diffusion cooling holes 16, 18 that do meet the inspection criteria are
selectively filled with the repair material. Regions of the vane 10 are identified,
based on the inspection criteria, for application of the repair material. Local region
48 is identified as such a region. This step also has the advantage of only
introducing the repair material to the substrate 58 of the vane 10 on an as needed
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restoring the outer shaped portion of the plurality of cooling holes to
neet the predetermned air flow requirenent. 2. The nethod of claim 2,
further conprising: propelling a stream of abrasive particles into the
inner netering portion of the plurality of cooling holes to renove the

r epai r bagiserlitag ninisnizesthe medugierintaghesubsivate T3 of aey plamentstiyorof

cooling holes. 3. The nmethod of claim1l, wherein the article further

i ncl ud fg‘p@gggﬁ}ﬂﬂ urality of cooling holes having a predeterm ned air
flow requirement, the nmethod further conprising: filling the second
plurality of cooling holes with a repair material prior to the recoating
step; [O4T]r Bepairfraatarialngnd hiee pomlcisngs bbbpplyirid thedrespebtivdheepadpai r mat eri al

achi nMAAEaIB10 fhe TBRRE0 1> FRECHRENSICOTTA Y AP OTAR L En FAIRINEST and -
S AR oyl S8, 09 SEEDAER ok o o7, ObcrBen DBl O
conpr i 5j549, 26 TeRiatrliska bbalkl eaohtof aviichaisoepaessly irfcarpatatédbyireferened i ng on
top of herein. The repair material is selectively applied to defects in local region 48, and in
particular the diffusion holes 18 that do not meet the serviceable inspection criteria.
The repair material is manually applied using a dispensing tool that applies a
predetermined quantity of repair material in a predetermined time interval at a
predetermined pressure to each defect area e.g. cooling hole identified during the
inspection. In this way, each identified defect is completely filled with the repair

material.

[048] Any excess repair material is then blended using conventional blending or
smoothing techniques. The vane 10 is then cleaned using any conventional
cleaning technique such as grit blasting to prepare the vane 10 for fluorescent

particle inspection (FPI).

[049] Since the application of the repair coat is a time labor intensive and tedious
process, the selective placement of the repair material onto the local region 48 of the
vane 10 is advantageous. Further, and as described in U.S. Patent Nos. 5,437,737,
Draghi et al. and 5,549,767, Pietruska et al., the repair coat contains a melting point

depressant, preferably boron.

[050] It is noted that the repair material may constitute a two step process in that
there can be two blends of repair material applied sequentially to each identified
defect area as described in U.S. Patents 5,437,737, Draghi et al. and 5,549,767,

Pietruska et al.

-13-
EH-10485



t he bond coat. 6. The nethod of claim11, wherein the substrate is an alloy
Sel ected fromthe group consisting of cobalt base alloys, nickel base

all oys and iron base alloys. 7. The nethod of claim®6, wherein the alloy is
a nickel or cobalt base superalloy. 8 The nethod of claim1 wherein the
art i cl[®511% Rriga® applilwation éiie beﬂdEblaﬂMB‘:Bthe entire surface of the vane 10,
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onventional’'method. Some cracks might not be repairable. For example, it may be

desirable not to repair cracks located within about generally 250 mils of each other
and/or greater than about generally 100 mils. Also, it might not be desirable to
perform repairs that expose any internal cavities of the vane 10 or cracks from burned

or eroded areas.

[052] Next, and prior to application of the bond coat 46, the vane 10 undergoes a
pre-coat inspection to ensure that all gas path surfaces are smooth and continuous
with no obvious irregularities or blockages. Further, the airfoil 12 thickness is

measured to comply with predetermined minimum wall thickness limits.

[053] The metallic bond coat 46 is deposited onto the entire surface of the vane 10
by any method known in the art for depositing such materials. For example, the bond
coat may be deposited by using low or reduced pressure plasma spray (LPPS or
RPPS), air plasma spray (APS), electron beam physical vapor deposition (EB-PVD),
or any other method known in the art. Preferably, the bond coat is applied using
LPPS. The bond coat should be applied to a predetermined thickness consistent
with the applied thickness of the original bond coat and sufficient to provide a strong
bond between the vane 10 and ceramic top coat 75 and to prevent cracks that
develop in the ceramic top coat 75 from propagating into the vane 10. For most

applications, the bond coat may be about 1 mil to about 3 mils thick.
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U& () - Y%qut/?e%e(s)to e B anufacture and reworking of the diffusion holes 18, is described
in reference to local regions 48, 50. Diffusion holes 18 within local region 48 will need
to be remanufactured since they were filled with the repair material as described
hereinabove. In contrast, diffusion holes 18 within the local regions 48, 50 will need to

be reworked, which will now be detailed.

[053] Referring now to Figs. 1, 4 and 5, diifusion holes 18 located in region 50 may
require reworking. The application of the nonoriginal metallic bond coat 46 to the
entire surface 78 of the vane 10 may result in a quantity of excess bond coating
accumulating in the diffusion passage 52 of the diffusion holes 18 thus reducing the
area through which the cooling air passes. Since this “coatdown” phenomena, as
shown in Figs. 4 and 5, affects most, if not all of the diffusion holes 18 in region 50, the
effectiveness of the coeling medium is diminished and the vane's durability is
compromised. The coatdown phenomenon is normally not a problem during the
manufacture of original equipment vanes since the protective coatings, and in
particular, the metallic bond coat, are usually applied prior to installation of the cooling

holes.

[056] It is further noted that cooling holes 72, 74 located in the platforms 8, 14,
respectively, and cooling holes 16 located within an area of the leading edge 32 are
reworked using laser drilling, as is known in the art, since they are typically cylindrical
in shape. However, diffusion holes 18 can not be adequately restored to their original
geometry by laser drilling and therefore require electrical discharge machining (EDM).
It is important to restore the original geometry to the diffusion holes 18 as each
diffusion hole 18 has a predetermined flow characteristic. It is noted that the

predetermined flow characteristic of the diffusion holes 18 along the surface 78 of the

vane 10 can vary from one diffusion hole 18 to the next.

[057] Therefore, the diffusion holes 18 located in the local region 48 of the vane 10
where the repair material was employed are filled with the repair material and
consequently, will need to be remanufactured. The diffusion holes 18 may be
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[058] Referring to Figs. 5, 6 and 7, electrodes 56, 62 suitable for insertion into an
electric discharge machining device are shown. Referring to Figs. 1, 4 and 6, the
remanufacture and repair of the diffusion holes 18 in local regions 48, 50 of vane 10

using electrodes 56, 62, respectively, will now be described.

[0591 The electrode 56 includes a metering portion 66 and a diffuser portion 88. The
electrode 62 includes a diffuser portion 70. it is noted that the geometry of the
individual electrodes 56, 62, specifically the respective portions 66, 68, 70, are -
preselected to correspond to the required shape of the corresponding diffusion hole 18
to which it is used, In particular, the electrode 56 is chosen to restore the inner.
diffuser portion 80 and inner metering portion 82 of the respective diffusion hole 18
being repaired in region 48. Similarly, the electrode 62 is chosen to restore the inner

! diffuser portion 80 of the respective diffusion hole 18 being repaired in region 50. This
ensures that after the repair is done, the predetermined air flow requirements of the

respective diffusion holes 18 are met.

[060] The EDM process is the preferred way to both remanufacture and rework the
diffusion holes 18 located in local regions 48, 50, respectively. However, the repair
method described herein employs electrodes 56, 62 to different regions of the vane 10
based on the degradation experienced by the different regions 48, 50 of the vane 10

during service operation.

[061] In local region 48, the diffusion hole 18 is now remanufactured using the
electrode 56. Since the repair material filled the diffusion hole 18, both the metering
portion 66 and diffuser portion 68 of the electrode 56 are required to effect the
remanufacture. The diffuser portion 68 of the electrode 56 corresponds in shape to
the diffuser passage 52, and more specifically, the inner diffuser portion 80, of the
diffusion hole 18. While, the metering portion 66 of the electrode 56 corresponds to
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[062] However, in local region 50, the diffusion holes 18 may be partially or fully
clogged, as described earlier, and therefore will need to be reworked to restore the
cooling effectiveness of the diffusion hole 18 as well as vane durability. This is
accomplished by using the electrode 62 to remove the excessive bond coat material.
The electrode 62 may be easily formed by removing a metering portion from an
electrode that has a diffuser portion corresponding in shape to the diffuser passage
52, and more specifically, the inner diffuser portion 80, of the diffusion hole 18. This
can be accomplished by using a cutting means, for example scissors, to remove the
metering portion.

[063] Thus, it noted that the repair in local region 50, as compared to the repair in .
local region 48, does not require the manufacture of the metering passage 60 of the
diffusion hole 18. The elimination of this step significantly contributes to the reduction
of manufacturing costs and time which is critical in a manufacturing environment. ;
Thus, by selectively applying the repair coat to the diffusion holes 18 located within
region 48, the diffusion holes 18 located within region 50 will not require
remanufacturing but rather reworking. Further, reworking will be done on as needed
basis. The use of the electrode 62 provides the benefits of EDM and saves
considerably drilling time normally associated with the drilling of the metering passage
60. Thus, the use of electrode 62 contributes only negligibly to repair expense and
time. The electrodes 62 are easily produced and their use significantly reduces

manufacturing.

[064] In regards to the metering passage 60 of the diffusion hole 18 being reworked,
it is further noted that should any excessive bond coat material be located in the
metering passage 60, a high velocity, precisely focus stream of abrasive particles can
be propelled into the diffusion passage 52 of each affected diffusion hole 18. Since

abrasively eroding excess coating from the metering portion 52 of the diffuison hole 18
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associated with the repair.

[065] After the remanufacturing and reworking of the diffusion holes 18 is complete
and the respective predetermined air flow requirements have been restored, the
ceramic top coat 75 may be applied. As understood by those skilled in the art, the
laser drilling of the cooling holes 16 may be done either before or after the ceramic
top coat 75 is applied.

[066] The ceramic top coat 75 may comprise a mixture of zirconium oxide and-a
stabilizer such as yttrium oxide (Y20s3), magnesium oxide (MgO), calcium cxide
(Ca0), or a mixture thereof. Yttrium oxide is the preferred stabilizer. The ceramic
top coat 75 should include enough stabilizer to prevent an undesirable zirconium
‘oxide phase change (i.e. a thange from a preferred tetragonal or cubic crystal ye
structure to the less desired monoclinic crystal structure) over the range of operating
temperature likely to be experienced in a particular gas turbine engine. Preferably,

i the ceramic top coat 75 will comprise a mixture of zirconium oxide and about 3 wt%
to about 25 wi% yttrium oxide. Most preferably, the zirconium oxide abrasive coat
will comprise about 6 wt% to about 8 wt% yttrium oxide or about 11 wt% to about 13
wi% yttrium oxide, depending on the intended temperature range.

[067] Ceramic top coatings that may be used herein are described in commonly
assigned US Patents 4,321,310 to Ulion et al., 4,321,311 to Strangman, 4,401,697
to Strangman, 4,405,659 to Strangman, 4,405,660 to Ulion et al., 4,414,249 to Ulion
et al., and 5,262,245 to Ulion et al., all of which are expressly incorporated by
reference. A columnar ceramic top coat 75 may be deposited by EB-PVD or any
other physical vapor deposition method known to deposit columnar coating
structures. Preferably, the ceramic top coat 75 of the present invention will be
applied by EB-PVD because of the availability of EB-PVD equipment and skilled
technicians. The ceramic top coat 75 should be applied a thickness sufficient to
provide a strong bond with the surface to which it is applied. For most applications,
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10f " 108 or e3alsENaY. be abowt § milsitg aborth 50 s thick. Preferably, the topcoat

75 will be about 5 mils to about 25 mils thick.

[068] In some applications, it may be desirable to apply the ceramic top coat 75
using a thermal spray method such as LPPS or APS. Coatings applied by this
method will have a porous structure rather than the columnar structure described

above.

[069] Following deposition of the ceramic top coat, the vane 10 may be finished by a
series of steps known in the art. These may incluce:
¢ laser weld covers 36, 42, install and weld baffles
o plasma spray the outer diameter trailing edge rail 38 and the outer diameter
leading edge flange 34
e peening operation
e water flow inspection of trailing edge slots 86 to ensure free from blockage
and/or restriction
o airflow inspection cooling holes 16, 18 in airfoil 12, internal cavities 24, and
cooling holes 72, 74 in platforms 8, 14, respectively to ensure free from
obstruction are correctly metered.
Other steps known in the art may be included as necessary.

[070] The repair method described herein provides a process where a turbine
, component, and in particular, vane 10, is repaired based on a localized defect
assessment, including removing the metallic bond coat and reworking diffusion holes

that significantly saves manufacturing turn-around time and repair cost.

[071] Itis within the scope of this invention, and understood by those skilled in the ar,
that the restoration of the predetermined air flow requirements of the cooling holes
can be achieved by restoration to the original dimensions of the cooling holes or
variations thereof as long as the predetermined air flow requirements of the cooling
holes are met after the repair is complete and the article being repaired is supplied

the necessary cooling air flow requirements.
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10, it will be obvious to those skilled in the art that the same principles and procedures

could be applied to other articles having apertures.

[673] The invention is not limited to the particular embodiments shown and described
in this application. Various changes and modifications may be made without departing
from the spirit or scope of the claimed invention. One skilled in the art will recognize
that the order of the steps can be modified to suit any particular situation. Moreover,
certain steps may be deleted in their entirety if they are not required for a particular
part. For example, the steps that relate to the routing and blending operations is
completed as required based on the condition of the particular component being

repaired.
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CLAIMS

We claim:

1. A method for repairing defects in an article, the article comprising a substrate
and an existing coating on a surface of the substrate, the article including a first
plurality of cooling holes extending from the substrate and the existing coating and
having a predetermined air flow requirement, the plurality of cooling holes having an
outer shaped portion and an inner metering portion, the method comprising:
" removing the existing coating;

recoating the surface of the article with a nonoriginal coating;

receiving an electrode having only a shaped portion with a preselected shape in
the outer shaped portion of the plurality of cooling holes; and

restoring the outer shaped pdrtion of the plurality of cooling holes to meet the

predetermined air flow requirement.

2. The method of claim 2, further comprising:
propelling a stream of abrasive particles into the inner metering portion of the
plurality of cooling holes to remove the repair material from the inner metering portions

of the plurality of cooling holes.

3. The method of claim 1, wherein the article further includes a second plurality of
cooling holes having a predetermined air flow requirement, the method further
comprising:

filling the second plurality of cooling holes with a repair material prior to the
recoating step; and

remanufacturing the cooling holes filled with the repair material to meet the

predetermined air flow requirement using electrical discharge machining.
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system comprising a metallic bond coat and a ceramlc thermal barrier coatmg on top of

the bond coat.

6. The method of claim 1, wherein the substrate is an alloy selected from the -

group consisting of cobalt base alloys, nickel base alloys and iron base alloys.

7. The method of claim 6, wherein the alloy is a nickel or cobalt base superalloy.
8. The method of claim 1 wherein the article is a gas turbine vane.
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