METHOD FOR REPAI RI NG COATED COVPONENTS FI ELD OF THE | NVENTI ON The i nventi on
.generally relates to a nethod for repairing coated conponents exposed to
hi gh tenperatures during, for exanple, gas turbine engi ne operation. Mre
particularly, the invention relates to a nethod for renoving and
refurbishing a thermal Dbarrier coating systemthat includes an inner
netallic bond coat and an outer thermal insulating ceramc |ayer.
BACKGROUND OF THE | NVEROQRNOR BERARBYE SIGATEDOMPANENESf or gas turbi ne
engi nes are continuously sought in order to increase efficiency. However,
as operating tenperatures increase, the high tenperature durability of the
conponents within the engi ne nust correspondingly increase. Significant
advances in high tenperature capabilities have been achi eved through the

f or mul at i GAEDD OF TKE BNVAENTHANal t - based superal 1 oys. For exanpl e, sone gas
turbi ne engine conponents nay be made of high strength directionally

solidifie S|n cryst ni ckel ed superall oys. These conponents
are cast %hfs ™ Eeﬁlg p]gpg:er @?ﬁ%ﬁ to %@5‘%‘833@ r[eBalﬁgg GEHEFY PORRBRTEDL ecxﬂ?r? core

engi ne flqw 13pg teQBtRAhRed rahﬁhgakoxceﬂmﬂg gdetigith 3ndnt yRpahnhalies to
provide external filmcooling to reduce airfoil tenperatures. Nonethel ess,

when expo@@ﬁlcll@ﬂb’h’élﬁd@mhdn atgtedi meibng f@‘freglasmgwnﬂwferbl@m@ atheopar at i on,
parti cul arl e turhbine section, .such alloys al one Sus eptible
o dannge Byien teiits S Be BERiser Bhdief ol Hondirah ed Rt psen tidgiom
nechanicahn@m@mgmkn@ﬁgugkus, t hese conponents often are protected by an
envi r onnent aI coating or bond coat and a top thermal insulating coating
often col] ively referred to as a thernmal barrier coating (TBC) system
Di ffusion Régﬁﬂgdgﬁ DYYENEI@Ys and pl ati num al um ni des applied by
chem cal vapor dep05|t|on processes, and overlay coatings such as MrAl'Y

al | oys, WhfEgerMgefatihg! {eﬁﬁbera?zﬁgﬁlf& g&dﬁﬁ’ﬁm@'eﬁ s a@\f@nt%%ﬂsl&%h%ﬁeﬂ as

environnental coatings for gas tufbine engi e conponents

mat eri al s ordudh ingsease refsiercy( Z1ORyveparst opratingotempeatatures inatrabd, zbelhigh yttri a
temperature durability of the components within the engine must correspondingly

Increase.

Significant advances in high temperature capabilities have been achieved through the
formulation of nickel- and cobalt-based superalloys. For example, some gas turbine
engine components may be made of high strength directionally solidified or single
crystal nickel-based superalloys. These components are cast with specific external
features to do useful work with the core engine flow and contain internal cooling
details and through-holes to provide external film cooling to reduce airfoil
temperatures. Nonetheless, when exposed to the demanding conditions of gas turbine
engine operation, particularly in the turbine section, such alloys alone may be
susceptible to damage by oxidation and corrosion attack and may not retain adequate
mechanical properties. Thus, these components often are protected by an
environmental coating or bond coat and a top thermal insulating coating often

collectively referred to as a thermal barrier coating (TBC) system.

Diffusion coatings, such as aluminides and platinum aluminides applied by chemical

vapor deposition processes, and overlay coatings such as MCrAlY alloys, where M is



(Y203), magnesia (MyO or other oxides, are widely used as the topcoat of
TBC systens. The ceramc |layer is typically deposited by air plasm
sprayi ng (APS) or a physical vapor deposition (PVD) technique. TBC

enpl oyed in the highest tenperature regions of gas turbine engines is
typically deposited by el ectron beam physical vapor deposition (EB-PVD)
techni ques. To be effective, the TBC topcoat nust have |ow ther nal
conduct i viltoy, cabalope/gr aigher bave beerhemploypd [ae earidonraerdlnceatings dort gas

throughoutI AR, heatin cooling cycles. The latter requirenent is
particul arTy %éaﬁﬁﬁ]gicﬁrélgaﬁée}g%o the different coefficients of thernmnal

expansi on between thernmal barrier coating materials and superall oys

typi cal | y Conarid matefialsmsichr bi mircermigi (ZeOgop@enkytcs . il BGtivipgdaby matRr i al s
capabl e of s(géi sfying th&éabove requi renents have generally required a
bond coat (Yadunhmegnesite MeO) et oxifes. aovedslnmee as thaypepat0fufBRi de and
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rown oxi gde protects.the bond coat from.oxidatjon and t corrosion, and
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advances haygc19aporRESsiMbi (EE-PHD)AbniRfues i @l s and processes for producing
both the environnental |l y-resistant bond coat and the thermal insulating

ceramc layer, there is the inevitable requirement to renove and repl ace
the envi rlémesitestive dha TRY teprgatiapsidiare tayptheaypdrcondunsivity.eytroaily adhere

ci rcunsta . j I Y, e itated b rosji.on or
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requi r enemdttet areqEpmnent ciergagdiculirbaidemesdisg cdueat thddiffdrgnt! engtitiemt & t ur bi ne
bl ade. Durjng engine ogerati Qn, the c¢onponents ma experience | oss of

critical dRAkTERndeR betyesy theanabarmsy cogiing matgrals sad puperalloya fipically
Lical ¢ . SY . .
oxi dat i O”ug&f%%hﬂﬂugﬁgreﬁgﬁk'c&%g%téaﬂ]%. hf@@.t&f%%ﬁéﬂﬁl?cﬁﬁﬁe%fsgﬂsf%n 0 may

lead to growth of the environ coati rrent state-of-the art
repai r nethogwvefregnrenesnts haviergenemnily atquired tahisondndoiat, audiBas sysbebothiofe. , bot h

the ceramc layer .bond coat .., One, such thod is to use abrasives in
pr ocedur e&2%300 e'ggtaea%i‘t?“%?’béﬁnﬁﬂ‘?e Wp@%ﬁﬂﬁm@ﬁd %5? glymipyy gopERifing,
a bond coat formed from these materials provides for the slow growth of a strong
adherent continuous alumina layer (alumina scale) at elevated temperatures. This
thermally grown oxide protects the bond coat from oxidation and hot corrosion, and

chemically bonds the ceramic layer to the bond coat.

Though significant advances have been made with coating materials and processes for
producing both the environmentally-resistant bond coat and the thermal insulating
ceramic layer, there is the inevitable requirement to remove and replace the
environmental coating and ceramic top layer under certain circumstances. For
instance, removal may be necessitated by erosion or impact damage to the ceramic
layer during engine operation, or by a requirement to repair certain features such as
the tip length of a turbine blade. During engine operation, the components may
experience loss of critical dimension due to squealer tip loss, TBC spallation and
oxidation/corrosion degradation. The high temperature operation also may lead to

growth of the environmental coatings.



each of which is a slow, |abor-intensive process that erodes the ceramc

| ayer and bond coat, as well as the substrate surface beneath the coating.
The ceramic layer and netallic bond coat also nmay be renpved by a
stripping process in which, for exanple, the part is soaked in a solution
containing KOH to renove the ceramc |ayer and also soaked in acidic

sol utions, such as phosphoric/nitric solutions, to renove the netallic
bond coat .Cusfenh¥eigtpishe i pipayg methedsfodien resalt in pirsovsl ebths sntieso may renove a
portion of the base substrate thereby thinning the exterior wall of the

part. Wiergo g%?f?ﬁ,nlteg, 5ot ?h@éer%h%{ﬁﬁfére@ﬁlﬂoﬁdtcgﬁg ig@ﬁe Ql!lc%bdlgétlhga § I ved for

a full repair, e Ceram Cc an usion coatn may noved Tromthe
ext ernal labrzaiveoirs plygediaty bymhi asgeritridaemge sapof heninigpandegladshead heeriggt or ed,

i f needed, hy | d build up, followed by other shaping processes. The
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envi ronnmental coating di nensions/stability are par ortant for
ef fi ci ent nemigliinboperahnisomagric: reimevabby a styiphog prudess il whickplat esangflet he
conponents,. \Wen design is.limted.to icular mi ni mum airfoi

di monsi ondt® PG PAR Rasion soninipe KOH thimavehs il avsaaditioe. BR EF
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conventional processes are used in the afore- described repair, the
ori gi nal ®&engeeaty ddtiorgle siappingas effentivesthist iroeess ialse medyoemoze @ podion ofest or ed

and thus bl ade-tg- bl throat .di st ances (dj,st.ance _between adj acent airfoil
sections ?%ea%aﬁeé%?rﬁgqﬁ?rﬁbrfe?]é%nél?g%ﬁﬁf(%g%%@hﬁg%ﬂa&rther determ ned t hat
such changes in airfoil dinension may substantially affect turbine

ef fi ci encyWhecennstinegls wuch feiigh @xdssirs t@rbirratades rar@reimivie doraf ﬁﬂl&fegjﬁ[r,i ng a
coated gas, turbi ne engipe., conponent, which conpensates faor. the base netal
| oss as a@fe%ﬁ@l%?ﬂdggﬁﬁﬁwg GoaHBgaIaY hedemoxed ffomh Hieeexigray logationsdyd for a
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airfoil section wherein the net conpensates for the base netal |oss as
a result doliowat byngtheesapalg prooessss e$haddfusimt ovatingt hed aemfnid layseatei on
i irfoil contour dinensions.

contour tq its pre-repait or.original .coated.

The presefied TF?}&@F;@F% eé){!]adilﬁéggtégg@ﬁ%ggc %%S_l?applled o a new component.
However, airfoil and environmental coating dimensions/stability are particularly’
mportant for efficient engine operation and the ability for multiple repairs of the
components. When design is limited to particular minimum airfoil dimensions,

multiple repairs of such components may not be possible.
BRIEF DESCRIPTION OF THE INVENTION

Applicants have determined that if conventional processes are used in the afore-
described repair, the original or pre-repair coated airfoil section dimensions are not
restored and thus blade-to-blade throat distances (distance between adjacent airfoil
sections in an engine) increase. Applicants have further determined that such changes

in airfoil dimension may substantially affect turbine efficiency.

Accordingly, there exists a need for a method of repairing a coated gas turbine engine
component, which compensates for the base metal loss as a result of coating removal

processes. There also is a need for a method of repairing a coated gas turbine engine



I n one enbodi nent of the invention, a method for repairing a coated
conponent, which has been exposed to engi ne operation, to restore coated
di mrensi ons of the conponent and increase subsequent engi ne operation
efficiency, is disclosed. The nmethod conprises providing an engi ne run
conponent including a base netal substrate. The base netal substrate has
thereon a thermal barrier coating system conprising a bond coat on the
base met akownprt FLWNg i %rfwéﬁe@mmh@rqméhmetmdrqonmensaé@aﬁorrﬂ@e bagge top

ceram c t r1]1‘1eetamal()ss & alrgsrultcé)taé%?gg r%%o@er ;ggles?es a.nrglI th%?esssth% rg%? se Vﬁl%t hod

further conprises Tenovin hérma arrier coa I'ng Sys ein a

portion ofofitber tbaﬁgpfatephlr ot bsipiratl eoatd airfes]l t@n®MadimendiondeThE Biasemtg t he
t hi ckness .of the_ renoved base netal. The portion of the base netal

subst r at e IFEAHRaddigsseHthesaiictihess, At. A bond coat is reapplied to the
substrate at a thickness, which is about the same as the thickness applied

prior to fheng H’b% BR" G thenvehien, T8 SRR 86ed ERMPbYEnNY @ top
ceramc t erﬁa arrier coat|%ggt§na %@ﬁgﬁﬁhﬁﬁﬁpcﬁﬁgss ot téﬂp, ﬁEere At
conpensat ediudlohas heenpexposah tokngieempeditibas® matoat ceatbd tdiatmsions of the
Advantageousléé%%he dlnen5|ogs of the.coated. conponent .are res d to

about the“°¢8 a0fl FRAEHSE Y OSHABTU AMSLe FRFTIRT HECY: 1D dise 8

subsequentyng egmgﬂ%sabto@mmgfaiﬂ 6h&RE Yrun ! &Iﬁﬁ&%ﬁlﬁﬁn&lﬁﬂiﬂ@'zﬁ%@&e %eunhe
invention, a method for repairing a coated high pressure  turbine bl ade,

whi ch has stsiateex ﬁbs ebcasq meéaigquhstraﬁ@ématthmpn pohemwil dagic omrbog aysténi |
cont our di_nensi.ons sed T s nmetho rises

provi di ngcompnselﬁélar?eonfiﬁﬁ h| g ?)) es@ﬁtragmfoﬁﬁ%wr?gd 5180 &P ﬁigfrﬂ "%4se netal

subst r at e comiig. ofrha topcekelic brsasl Edd‘l@b/c@dﬁﬂgh&‘élmﬂoxhﬂﬁI efckmRsd herTrel
barrier coatin stem The therpal = barrier coating system conprises a
di f f usi onnnf‘éhmf T SAMPRESSUEROVIRG: e Bemmal hareer eobing syspmc 8tharA® at her nal

barri er gaﬁio%m@ﬂﬁge%&gl s"i‘tbé(t}att%hﬁo% ?A%Aueée&[ %ﬁ'fe]l'nﬁgttﬁ@f}]ﬁd’l&@gs quhe top

ceranmic thermal barrier coatin as a nom nal hod
further cdepransesdries®maig. tﬂihe phetiombf ﬁmrbasermﬂmlaﬁuhsgatsmhmmd wherein a

portion of .the base supstrate renpove and determ pning the
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reapplying a diffusion bond coat to
comprises reapplying a top ceramic thermal barrier coating to a nominal thickness of

t+At, where At compensates for the portion of removed base metal substrate.
Advantageously, the dimensions of the coated component are restored to about the
coated dimensions preceding the engine run to increase subsequent engine operation

efficiency.

In another embodiment of the invention, a method for repairing a coated high pressure
turbine blade, which has been exposed to engine operation, to restore coated airfoil
contour dimensions of the blade, is disclosed. This method comprises providing an
engine run high pressure turbine blade including a base metal substrate made of a
nickel-based alloy and having thereon a thermal barrier coating system. The thermal
barrier coating system comprises a diffusion bond coat on the base metal substrate
and a top ceramic thermal barrier coating comprising a yttria stabilized zirconia
material. The top ceramic thermal barrier coating has a nominal thickness t. The
method further comprises removing the thermal barrier coating system, wherein a
portion of the base metal substrate also is removed, and determining the thickness of
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substrate at a thickness, which is about the sane as the thickness applied
prior to the engine operation; and reapplying a top ceram c thermal
barrier coating to a nom nal thickness of t+At, wherein At conpensates for
the portion of renoved base netal substrate. Advantageously, the coated
airfoil contour dinensions of the blade are restored to about the

di nensi ons precedi ng the engine run. Applicants have determ ned how to
provi de f dhe hemowdbease angalandhd@etiaoat thet baspemsiali sebstregtusnioond heora

airfoils, jch ipcreases ceramc spallation life, whic l.owe ubsequent
coating gr mesf’o&be E?( ﬂée}l?oéln%g&l CPWBFFF@ rﬁ@éfylpgﬁag\fmgvglr}@nda‘f?a{ %Q/vﬁTech al so
provi des fsubdihed atad Ih@knBRCHBIthGa kbRt ARSEdYe A8 hidRIRSs apiiied ¢he this
may be achieved through the addition of t he herein described At TBC

t hi ckness .engingloperEHes; HdsGapiavias ddop caiaud thrswal bardionpestingite armymipalse net al
| oss as a f ' e SSes d_al re girfoil
section cc%%lt%glu&g}sg tog t?‘?‘{é qﬁll}ééafge‘%a{gr?ﬂ%ép Sﬁéﬁ"gi f?;lglpoc oa 8§re§ﬁ?\¥e§f’l§a%% %aélur

di mensi onsubstiatd)oWdvantagsonblly, fenedatad aiffallScontdur difpadibansf advsiadage of
enbodi ments of the invention s that resulting airfoil throat area

rest or at i dFStRHet o apqubiherdimensionsimseceipethnenaionUior e ef ficiently. For
exanpl e, during conventional repair of an engi ne run conponent, about 3
mls of u VA a I, C&in : r iAqt pr, SS.
Thus, abo%lkgﬁtgng?a@oggelg@hg%s%d% Cn%tg rlr(ﬁa% eﬁeerxglrégr%}%%ce doﬂrglkﬁ"éiot‘:ﬁ&tehe
pressure demdperaiurd oxdusiichs fof aarfoidd, rfloch inabaseh cetanman spaltationilifcpowhixbut a 6
ml increase in hhroat,E di pensi Onh(tdi t ance. betweep adj acent ailrfoil
sections IRVER RS CAaHRE SPRISIO; BT FRRanienee ﬁ’aB‘e &L Eletfonent s
My not adwges gky pafvi®etiuting B¢ h@&h&ﬁbal%e@t@'a@ﬂmﬁﬁ%ésh?o?@ﬁéﬂlﬁe, #hppl i cant s

have determ ned that operation efficiency may be substantially adversely
af f ect ed. m@Ehhsorshieved Srenshaibe pddinen of the hersin deseripndatieBC dricknessvat i ve, nuch
needed solution to the above problem which is inexpensive to inplenent
and does T [ i £ | RN f t d
advant age%ﬁ@ﬂﬁgﬁggﬁgg@éﬁ%@?@% {‘ﬁg& #%P éc])l\lfgvilﬁgg noars‘aégcfgﬂq alt?ﬁrsgdg aq{ﬁéigtc(?flqpti on,

t aken i n coafinguehioval protdssésh)andalso ngxtory iaivhibseavibm gontowmhiodts prelregiir @t e by

way of exanple the pri.ncjples of the .invention. 5 BRI EF DESCRI PTI ON OF THE
DRX\W NG 0¥Pg¥nal coateQ air 0{1 pcontour dimensions, W;Ithout a welfa’ght penalty. Thus, an

important advantage of embodiments of the invention is that resulting airfoil throat

area restoration will allow the turbine to run much more efficiently. For example,
during conventional repair of an engine run component, about 3 mils of underlying
base metal thickness may be removed in the process. Thus, about a 3 mil loss of base
metal may be experienced on both the pressure and suction side of an airfoil, which
translates into about a 6 mil increase in throat dimension (distance between adjacent
airfoil sections in an engine). While this increase in gap between the components
may not adversely affect the mechanical operation of the engine, Applicants have
determined that operation efficiency may be substantially adversely affected.
Embodiments of Applicants’ invention present an innovative, much needed solution
to the above problem, which is inexpensive to implement and does not require

additional costly equipment.

Other features and advantages will be apparent from the following more detailed
description, taken in conjunction with the accompanying drawings, which illustrate by

way of example the principles of the invention.
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Figure 1 is a perspective view of a high pressure turbine blade. Figure 2
is a local cross-sectional view of the blade of Figure 1, along line 2-2
and shows a thermal barrier coating systemon the blade. Figure 3 is a
flow chart show ng an enbodi nent of the process of the invention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The repair nethod of the present invention is
general ly applicable to conponents that operate within environnents

char act er BRIGFIYESEREATION QF AitHhDRAWENGt ures, and are therefore subjected
to severe ther rral stresses and thermal cycling. Notable exanples of such

conponent t he h. an ressu ne nozzl es and bl ades,
shr ouds, ?6#%% T’fs%e“pggﬁﬁa’ ;}-&gl}}gﬁg eFSLﬁ% "H%Fépgf; gas turbi ne engines.

Q her exanpl es |ncI ude airfoils, in general, and static parts such as
vanes. On&igae Liieul lacal cﬁamrﬁpétearials vicheohihg bigteastSHigret Iy radnzelitd 2deanti0 shown
in Figure 1. For convenience, the nethod of the present invention will be
descri bed Shows ﬁg’eﬁféﬁkwer@atﬂ%ﬁ’ﬁeﬁhﬂl tedlade. 10. However, one skilled in

the art will recognize that the nethod described below may be readily

adapt ed t%ﬁ@@hgaﬁewaaaxngﬁ&%ggﬁ%ﬂb%m&ﬁomg P?@ce?@éftthéﬁ%ﬁgo ¥ th a

thermal bartier coating system’ The blade 10 of Figure 1 generally includes
an airfoil 12 against which hot conbustion gases are directed during

oper at i on RETARERYRESCRIBTKEN EHGTHE INMIENTHBSe surface is therefore
subj ect to severe attack by oxidation, corrosion and erosion. The airfoil

12 i : i |_SK: s.h 14 f d
ol at form 120 mBEb o Bt Aflop S BUR N bibiBaR NS b hportls §H4TT o "5
through \wheate hithmdexa»imonhﬁnffsmhafadtemed bgnshevelfeagh ftd‘r@;ﬁﬁrithﬁasbhlﬁﬂﬁrelo The

base netal of the blade 10 nay be any suitable nmater.ial |ncI udi n?
super al | oyhegsforagubgctedgo S%Yer%\é}?ﬁflﬁlaﬁt“ie% apd thermalgycling. Notap et he base

metal is %f%h&ﬁ%xgg&?éntsymc ab 'tH'é Eleg%d [ 1o% ?{% $ur& ﬁlé'ndﬁbre?%ﬁﬁ b?éﬂ%?r al | oy.

For exanpl e, se neta made o ene mat eri al havi ng
densi ty ofshmipdstcomntbdipt dmBrs élftuiea@nmmmt harfiweldenefs gas6tudfing lkagiaks. f @thers ect i on

12 of bl ade 10 sed on desi gn specifications an requi renments.
The ai rfoFf‘aITEleﬁH}é’l'ﬁffa Iﬁb‘? 1} GReEgL B@gé@gfé’ﬁ%s? 3 YHEF mat™ $WA coati ng

System  example is the high pressure turbine blade 10 shown in Figure 1. For convenience,
the method of the present invention will be described in the context of repairing blade
10. However, one skilled in the art will recognize that the method described below
may be readily adapted to repairing any other gas turbine engine part coated with a

thermal barrier coating system.

The blade 10 of Figure 1 generally includes an airfoil 12 against which hot
combustion gases are directed during operation of the gas turbine engine, and whose
surface is therefore subject to severe attack by oxidation, corrosion and erosion. The
airfoil 12 is anchored to a turbine disk (not shown) with a dovetail 14 formed on a
platform 16 of the blade 10. Cooling holes 18 are present in the airfoil 12 through
which bleed air is forced to transfer heat from the blade 10.

The base metal of the blade 10 may be any suitable material, including a superalloy of
Ni or Co, or combinations of Ni and Co. Preferably, the base metal is a directionally
solidified or single crystal Ni-base superalloy. For example, the base metal may be

made of Rene N5 material having a density of about 8.64g/cm’. The as cast thickness



18, shown in Figure 2. The thermal barrier coating systemmay conprise a
bond coat 20 disposed on the substrate of blade 10 and a ceram c thernal
barrier coating 22 on top of the bond coat 20. In an enbodi nent of the

i nvention, the bond coat 20 is a diffusion coating and the base netal of
the blade 10 is a directionally solidified or single crystal N -base
superal | oy. However, the base material also may include a conbination of N
and Co, & thegifaibesstighdveof Bodh 10hoanivainbasesionkddsigrasmectispionsl ngly and Co
in a CObak§1§%%%m superal l oy diffuse outward fromthe substrate to form

di ffusion QUn1n|H%s, and the superalloys may include both Ni and Co in
varyi ng percentages. Wile the discussion of the superalloy substrate nmay

be in ternMhecdirfiil 1Dang platfirinal d g bei doatstdWitlbe thetndEbatiepdodtinatsystefa0- base
superal | oy substrate may be enployed. Sim|arly, the bond coat 20 may
conprise aSnMioRMMnddgiE sy Hedh barkic 6oANNE ST Tt $PreEprisefar ippd saat

coati ng, %O%?ﬁ;‘tahecfién HNRHsiPdte E)ﬁgiagle ? P%@ ARk iR WRernaf 6L @&ti}xg 23'"hn

enbodi nment e I nvention, usi on coating nay conpris sl npl e or
nodi fi ed abmofthedesd ceavB0ai ni ng nobl e netal s such as Pt, Rh or Pd and/or
reactive elenents including, but not limted to, Y, Zr and HE The diffusion

coati ng y be .farne the conpopent in unber. of . di fferent ys. In
brief, t hgﬁ agmﬁo%gpg%@i}hggvggﬁ%@ége gB“é\lcﬁ%i %u’ﬁ]a difigioncoping apd the' pr ocess
or a chempgad meaosfr tdepagd 1000 { @EtidNhaRG asidied Bdreyagie dorl RAPRE-ALY es, and
the resulting alum nide coating forned as a result of "diffusion. Mre

parti cul aspgeralioysi Beweven therpafieaeatengl alsp gy ingkide a comhinatign ofitly atkCor own as
an outer n i ck . I by _exposing~the substrate to an
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it will begsr L t e'Cﬁ%’iEC j [ AL an Ni , as
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coating, as well as other suitable known coatings.

According to an embodiment of the invention, the diffusion coating may comprise
simple or modified aluminides, containing noble metals such as Pt, Rh or Pd and/or
reactive elements including, but not limited to, Y, Zr and Hf. The diffusion coating
may be formed on the component in a number of different ways. In brief, the
substrate may be exposed to aluminum, such as by a pack process or a chemical vapor
deposition (CVD) process at elevated temperatures, and the resulting aluminide

coating formed as a result of diffusion.

More particularly, a nickel aluminide (NiAl) diffusion coating, may be grown as an
outer coat on a nickel-base superalloy by exposing the substrate to an aluminum rich
environment at elevated temperatures. The aluminum from the outer layer diffuses
into the substrate and combines with the nickel diffusing outward from the substrate
to form an outer coating of NiAl. Because the formation of the coating is the result of

a diffusion process, it will be recognized that there are chemical gradients of Al and



Al concentration will gradually decrease with increasing distance into the

substrate. Conversely, N will have a higher concentration within the
substrate and will diffuse into the thin layer of aluminumto forma
ni ckel al um nide. The concentration of NI in the diffusion zone will vary

as it diffuses outward to formthe NA . At a |evel below the original
surface, the initial N conposition of the substrate is maintained, but
the Ni contiest wall eontheneleimentdi fifaveiven Adovidl have b hgh tedativeandcanitatiovalry as a

function f distance i.nto t.h i.ffusj zone. The,result is.that. although
Nt or mitpten aRBEE o BOyhe Bhih Wi ek BGam g TN s 5k PR ng
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an al um nivat thedfi emeentoatior m thet difhsivatzenk wilkhpEsabnt edll eayses fuheticgr owt h of
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into and through the platinuminto thiS diffusion zone of the substrate.
Thus, conphesutessuriace andthegirigimd shbhstrale eongpoistitone 0 hgycopsgnixstiony gradsmbsst r at e
el ectropl a wi,th a thin ayer.of Pt t at.nospher.e rich Ln al um num at
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the diffusion zone, PtAl 2 phases may_ precipitate out of solution so that
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di ffusion coating, a gradient of alum num

A platinum aluminide (PtAl} diffusion coating also may be formed by electroplating a
thin layer of platinum over the nickel-base substrate to a predetermined thickness.
Then, exposure of the platinum to an aluminum-rich environment at elevated
temperatures causes the growth of an outer layer of PtAl as aluminum diffuses into
and reacts with the platinum. At the same time, Ni diffuses outward from the
substrate changing the composition of the substrate, while aluminum moves inward
into and through the platinum into this diffusion zone of the substrate. Thus, complex
structures of (Pt,Ni)Al are formed by exposing a substrate electroplated with a thin
layer of Pt to an atmosphere rich in aluminum at elevated temperatures. As the
aluminum diffuses inward toward the-substrate and Ni diffuses in the opposite
direction into the Pt creating the diffusion zone, PtAl; phases may precipitate out of
solution so that the resulting Pt-NiAl intermetallic matrix may also contain the
precipitates of PtAl, intermetallic. Precipitation of PtAl, occurs if Al levels above a

certain level are achieved; below this level, the coating is considered single-phase
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occurs formthe alumnumrich outer surface inward toward the substrate
surface, and a gradient of NI and other elenents occurs as these el enents
diffuse outward fromthe substrate into the aluminumrich additive |ayer
Here, as in the prior exanple, an alumnumrich outer layer is fornmed at
t he outer surface, which may include both platinum alum nides and nickel
alum nides, while a diffusion layer below the outer layer is created. As

with the (PeNRALalAshviih dee pickeli dlgminade dffusionogoating & gradesnit of absmineme to an

of al um naCo G FRAREE sLBhiRirch B3t ee el ihBrdl Pt BRelt g,

avai | abl e a(gegtieht lf Wiiahd dehet Bleine ocOIE af ekl Elbmehts Aiffilse clesat ifRditen U. S.
Patent No. 3,667,985, used alone or in conbination with a first

el ect r opl aulestigte iptathenglwningmp sigh addiive layars diers, evin thegeriorgvamplesraal |

t hi ckness - ' i i var t YR Ly - be
greater tﬁg{’]mg%gulg&{)g%tl Fﬁﬁgg% ?i%g)ﬁ}ﬁ f}g}\ér gﬁg‘gcﬁbﬁgﬁ@%ﬁ %é@%dé;gélthbe about
0.002 i nphemu dodinideshasl (i2kd adirhmjdes whie ekiiffsson Ther Befofwticasutdrayer ,
which is grown into the substrate, .typically may be about 0.0005-0.0015

i nches (08771 15 cReaie) Hore phighsl| Ylumpids coaingy xppgie oI the fioaled: hi ck,
whi | e t he coubare %dQ% Bkl\&?ziﬁ?)i?ﬁos RERISiERy HAGHDH AR RrmdHRE Yin AR
0.001-0.002 inches (1-2 mi1s). For exanpl’e, a new make conponent may have
a dif f usi dayebarfdalomana. of Sbble 8lufiRideisvahess @lboucl@e 4thei ¢@lmemially

t hi ck .y i ddi tive | f t 0.0012 i 1.2 ml
and oo PrEEl CoeTtpiisoetie 08% Somh ek BBRf dn ity SePabAifo el gh
of the bl ad@7IR51hdell MHRDbrGRRbmMBEANBY vAfh 4 GRS RRRALSEE PMinuGe RN

thermal barrier coating 22 or other suitable ceramc material may tChen be
appl i ed owther syitpblagsatingsoat 20. Ceramic thermal barrier coating 22 may
conprise fully or partially stabilized yttria-stabilized zirconia and the

i ke, as I - (o) CL:LVi . OX] j . i.al own in
the art. EogoyPRUClM el SRHEGOY cbiing bl bR ARG By SR |
per cent zigreaoarithars hledut 1010048 intlich (d5auils)7and miegdgpicpny oeAytbe %Bdwt iolau()Zgrmng

ot her known ceram ¢ therpal barrier coatjngs.. The ceram.c thernal, arrier
coating 22““111‘&%70%55 érpf%lr:% é?dngwﬁiﬁyﬂgfdwasm@%gﬁ@?n byen Yl s BEVRERROd f or
deposi tiomd syl SGIEAR Hﬁg%@faxéﬁtfaboyﬁ@%gﬁ%ﬂ Otycggﬁ}.%ﬁ%-nﬁﬁv%rea' t hough

pl asma spray deposition’proCesses also may be enp or cofbust or
appl i cat i dymscallfhebout 0.001 inches (1 mil) thick, while the outer additive layer comprises

the balance, usually about 0.001-0.002 inches (1-2 mils). For example, a new make
component may have a diffusion bond coat of about 0.0024 inches (about 2.4 mils) in
thickness, including an additive layer of about 0.0012 inches (1.2 mils) and a
diffusion zone of about 0.0012 inches (about 1.2 mils).

The weight of the blade 10 with bond coat 20 may be represented by wy. Ceramic
thermal barrier coating 22 or other suitable ceramic material may then be applied over
the bond coat 20. Ceramic thermal barrier coating 22 may comprise fully or partially
stabilized yttria-stabilized zirconia and the like, as well as other low conductivity
oxide coating materials known in the art. Exampies of other suitable ceramics
include about 92-93 weight percent zirconia stabilized with about 7-8 weight percent
yttria, among other known ceramic thermal barrier coatings. The ceramic thermal
barrier coating 22 may be applied by any suitable means. One preferred method for
deposition 1s by electron beam physical vapor deposition (EB-PVD), although plasma
spray deposition processes also may be employed for combustor applications. The
S



9 density of a suitable EB-PVD applied ceramic thermal barrier coating may
be 4.7 g/cnB, and nore particul ar exanpl es of suitable ceram c thermal
barrier coatings are described in U S. Patent Nos. 4,055,705, 4,095, 003,
4,328, 285, 5,216,808 and 5,236,745 to nane a few. The ceram c thernal
barrier coating 22 may have a thickness (t) of between about 0.003 inches
(3 mls) and about 0.010 inches (10 mls), nore typically on the order of
about 0. 0@8nsifyceies syitable ERPYDi anplied csragiindhermal bemier cPhinglewydre 4Ai ckness

and t hat nuf act ur ed vary from/ ocat.ion to l,ocatjon .on the art to
vt o ¢ ety 86 Mo B P el T S0 SfeatBe WiEaH Bhielcdifes BEL (e
wei ght of dedeibbd adeUls), Phtasl WHsnal (B3MH5C QRG9S2D3aI3 ZELL e €21 higograindbarri er

coating 22 meg)/ be represented by vvl..TFle af ore-descri bed coated conponent,
neeting t Re238erddpnaame adfenensihsnecramig theaeel byrigespging dhanaehees éd into

service i $.: 0. hi r j of tine.
Bur  ng- ¢ histeleSe LS e D OB SIREEA LAY Al app B S RERBTIO RN o
with the suhstymtalyadd e orlbeostbamt0.0ofS inblgesi (3t @ileh pifiorSioosheifeyseipend on
the diffusion couple (e.g. coating Al |evels, coating thickness, substrate
al loy corfb&8rsienHigkgess ad thy- yred H1RY VEBHBYPAPEAUEN 4 IpcatioReonthe
exposure. : k - of e t pr esent
i nventi on,p hﬁﬁgﬁgg‘g\gg@ﬁ%gﬁ%@ %ngiﬂa:%ghnghﬁngh lénggzdgetﬁ%(rfr%\%ﬁg%r (;I*ri;l]%engi ne
servi ce neseight of thedtladenidp actwiing banddebe?amicardmicaheur bafienesating22t he

part, particyl arl Wlﬁtﬁigﬁ respect to any spallation of the outer ceramc
t her mal b&?aryi%é:rreﬁ%ﬁeﬂ‘it %1 | nspection may be conducted by any nmeans known

in the art, including visual and flurosecent penetrant inspection, anong

ot hers. | fThBeaRseabtribéd1ecdatdd BB¥NpbRerE O MM&SHihE 0N !a\érddﬁﬁﬁhfcedli&@ns_idrﬁs'[ ore
part di nensions. Next, if needed, the outer ceramc thermal barrier coating

22 may be inteneddry depigm whereenigradimta eervisy inBunexposesiie High tempezateres farcl udi ng

Feni cal i : :
Chermal beriehdt BiRRSE Bns. ER AR BERESEE Bing G 10 HRReR BiGfing ™™ ©
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barrier coating 22 also may be renoved by the . prqocesses described in U S.
Pat ent mﬁh%,dsf%uﬁ}%uﬁpu@ﬁowgg- of9ting . Ak leviint eoptiggafiuckness, substrate alloy

composition (Ni- or Co-based))}, and temperature and time of exposure.

In accordance with an aspect of the repair process of the present invention, the above
coated blade 10, which has been removed from engine service may be first inspected
to determine the amount of wear on the part, particularly with respect to any
spallation of the outer ceramic thermal barrier coating 22. Inspection may be
conducted by any means known in the art, including visual and flurosecent penetrant
inspection, among others. If necessary, the tip may be conventionally repaired to

restore part dimensions.

Next, if needed, the outer ceramic thermal barrier coating 22 may be removed from
the blade 10, by means known in the art, including chemical stripping and/or
mechanical processes. For example, the ceramic thermal barrier coating 22 may be
removed by known methods employing caustic autoclave and/or grit blasting
processes. The ceramic thermal barrier coating 22 also may be removed by the
processes described in U.S. Patent No. 6,544,346, among others. All patents and

applications referenced herein are incorporated by reference.
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applications referenced herein are incorporated by reference. 10 After
renoval of the ceramc thernmal barrier coating 22, cleaning processes my
be enployed as described above to renove residuals. The bl ade 10 nmay then
be wei ghed wusing a conventional apparatus such as a scale or bal ance, and
its weight denoted by w2. The bl ade 10 al so maybe inspected at this stage,
for exanple, by FPI techniques or other nondestructive techniques to
further deiftermemevalnd thevcengmiic theohalt basriér erdting 32, dlhaning gockssenalydred coat

20 may then be removed.from bl ade 10 usin t had no in the art.
ovaver,  BRNVEG PEES o1 et RETABG/ B nO Dt g 10 PR eaihectiehed
convent i OR@IngBEivaRtidnAL AFHages suth Yas RiesceRIr Bk cé, andBHkwéiBhieddpsleditgat ur es
of the blade 10 and Erot ect any internal coating fromrenoval. For

exanpl e, a@higie bla lsq miag beavepeeip@ bl hisoftags fhsxamdlenby FREtesheiaiiesal s and
t t ' : | inj.ected int
oIe” LR B BEB R (L DFHBE, Rk SRR L BRI AR 0, Lo

the intern portion o ng, fmechani cal
processes such as the use of abrasive materials or chem cal processes such

as aqueousThecurdiefdoingtbomdscoat PPimat thensbatexiaved fedm rhlddel O asidg rmpéthsdshori c
acids, may be enployed_to renove or stri ff the underlying bond coat 20.
In the ca OHFIHéP%ijé%%ﬁﬁ?ﬁdﬁgﬂﬁ%éﬂﬂoﬁﬁOgﬂﬁﬁﬁﬁﬁﬁﬁoﬁ éﬁ%égglgiﬁﬁﬁl

wherein thge.afibhal ﬁaé@ﬁ%@%ﬁéﬁ%hﬁbé@nﬁ%ﬁ@% n?eﬁﬁ%féﬁ{ai ?%&B@QBF giessol ving

the coating as a result action with tthe etchant may be enpl oyed.
Accor di nglbjgdedi® iang protect meyownEmarmesss fabouemovad. mblos extmple a high

interdi ffysed underlyin ase . al,. sybst.rat.e . may, be renoved t hereby
Fesul t1 ng (PRPSHEL PEY GEPT S FIBIRCRGI HiAticHe 88 HRErGHa ERplved Byor of
the bond grR@bordiboat Riowal didh RRPYE infectediintSthe FtEMaFHIBER of BEBYARE 10Af t er
conpl ete coating renoval of the ceramic thermal barrier coating 22 and

underlyi ng bond coat 20, any enployed maskant al so may be renoved. High

t enper at urtileeps davieedimaskiee merkAnica] processantiel as Hiergkg obeblarlvp rtesialies may
be enpl oy, J: VAN esidual s.
For oxamey ShemiafRBfssdich B EARKANAE A" HBRARY s b RE B i Cale”

t echni queghodgtericlzcridemi) be rawidwdi togembge pr evipafs the aptlyad Hohé rcond
barrier coating system_.18 enoved, .may then he wei ghed ggcai_ n. This new

Q :
wei ght may’Ybe [ &otass opnciilic cgtings B G AT Bl SETREIEIn The
di fferencepe WeicYbis SiBMetddSin BPIRSGI cHefifical etchant dissolving the coating as a

result of reaction with the etchant may be employed. = Accordingly, during the
removal process about 1-3 mils of the interdiffused underlying base metal substrate
may be removed thereby resulting in a decrease in airfoil wall thickness. The additive

layer of the bond coat 20, typically about 1-2 mils, also may be removed.

After complete coating removal of the ceramic thermal barrier coating 22 and
underlying bond coat 20, any employed maskant also may be removed. High
temperature exposure in vaccum or air furnaces, among other processes may be
employed. The part may be conventionally cleaned to remove residuals. For
example, water flushing may be employed, among other cleaning techniques. The
blade 10, now having its previously applied thermal barrier coating system 18
removed, may then be weighed again. This new weight may be denoted by ws.
Accordingly, wi will be less than w,. The difference, wy-ws3, may thus represent the
weight of removed bond coat 20 plus the weight of the underlying substrate removed
during the stripping of the bond coat 20.
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wei ght of renoved bond coat 20 plus the weight of the underlying substrate
renmoved during the stripping of the bond coat 20. 11 Wel di ng/ EDM and ot her
processes al so may be performed, as needed, to repair any defects in the
under | yi ng substrate, such as repair and reshaping of tip dinensions. Bond
coat 20 may then be reapplied to the blade 10 using about the sanme

techni ques and thickness as previously applied prior to the engine

servi ce. [Weldimg/EpMoeridwether, protéseeshalsel muydie poformed, aji feeded, o reppatanyy, whi ch
is about th ane_co i ckness e Ry usI renmoved

di 11 ust on CEab N RRBE T sORAR s AR P A SRR B PHEIe bl ade 10
may be wei ghed again to determ ne the weight nmargin remaining. The wei ght

of the parBondidoht 20W@anednybeaRpbplizd tbadbladal 0 usilig ABowtahobate tdalnigtes
Al ternatively, the reapplied bond coat may conprise any suitabl e bond coat
appl i ed t Gndisckneshas pigHouslyi pRHed Brigistor the emlp%ﬁe%‘ﬁd Ie&alfs eptbodigpiitnay not

necessar life bEATBELSA KNP RARRCARAS! hhRA 2S0B B AL EATNIRR, gline

wei ght/thi ckness nargin renal ni ng nma t% det erm ne the
t hi ckness thickneshiag fthd preajupkly tehmved rdaffisiort beatimgl Afer respplicatiomngf #i2 i n

order to restore i_mensi_.ons hout sufferln wei, ght penalty. In
one enbodleBﬁEutcoattﬁL e blage 3&%@? bgrweiRe do?sag‘? i AR B¢ AeigheREBS s ey
be enpl oyegnaifitgS T wHBRSS ?Saxl@%vlthptm!%bﬁﬁl AppLIBR BSHA 86kt YSdy 6t d&RA ques

known in the art, prior to a pplication of any  coatings. For exanple,
nondest r udtyiwe ﬁﬁamtlgely,hthaseaﬂpilp@bonm doatxmaagomprideyasiyssuitale bgad ceatan

a1 20y BEPRTLGHOPR Y U DR ERECT BT 00 SPe4 T RO RY RSP ar |y

the thi Ck%@ﬁﬁm@étlfe@&n@@&ﬂp&ﬁﬁ@iaeﬁéﬁ&fboh@ﬁ@étab of the bond coat may be
neasured. The base metal thickness loss, At, as a result of bond coat

renoval , may be determ ned by conparing the original base netal thickness
of the conpsrigsightithickness masginregaining BRY dwea berusef do delsanmgthe thigkoess r enpval

of the bong v@{t?ééﬁr t%%—(ﬁgy Uhd EGLRNE fhehllal Eﬁ-ﬁ&“éoeaﬂné HHCKNGIS CRERFE Hrfir -

Simlarly, coat stri pping, e part out er di nensions may be
measur ed dumbnrsgonso;vidrouit m&fmnlgma«selghtr;@;nm}chm e(nm\dﬂlimem the gitaswgapest. The

Lhr oo di oSt onal e TSl TRLLORELO LS RYLAE ©1Posed RAL Ry, bs, compar ed
physically measured using technigues known in the art, prior to application of any
coatings. For example, nondestructive means such as ultrasound, x-ray analysis and
CAT scan devices may be employed, among others. The original base metal
thickness also may be known from design specifications of the component. Similarly,
the thickness of the base metal after removal of the bond coat may be measured. The
base metal thickness loss, At, as a result of bond coat removal, may be determined by
comparing the original base metal thickness of the component to the measured

thickness of the base metal after removal of the bond coat. The difference in

measured thickness represents At.

Similarly, after bond coat stripping, the part’s outer dimensions may be measured
using co-ordinate measuring machines (CMM) or light gages. The three dimensional
information from the engine exposed part may be compared to the original design

intent. The average difference in dimensions may be used as At.
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intent. The average difference in dinensions my be used as At. 12

Al ternatively, using conbinations of the weight neasurenents w0, wl, w2,
w3, w4, the anount of renoved base netal may be determ ned. For exanpl e,
WO - w4 nmay be wused to determ ne the weight of the renoved base netal,
assum ng that about the sanme bond coat 20 at about the sane thickness is
reapplied. The density of the renoved base netal material wll vary
dependi ng Alfromativiely, psing cembimetions nyh@wpigbywasurftmmy%,,wt, e, W4, the of t he

superal | oy be reate t.han t hat the . ceram c Iayer
Accor di ngiy) y,ouPLgﬂn%éovegh%ﬁ %&ﬁ“@’e 8??@“3?@ P%B CEHBPIG; ¥ " 3F+ B8

bond coat iuged anderdanmktiie @éelg}ha)fbméee;ﬁsvai bastNBetdB eBsufiing | thithatolsh &S Ioss
At, is related to the base netal alloy density and stripped area, which

are known seEpheed coph@0taii abriethe same, thigkpesseisgierppliddnedhpydensity ef fheei ght

rermved)/( r 0 be
reappl i ed, %ﬁge%aggﬁﬁ%ﬁat%%\%d@ééydep exfl(%l %&{ﬁl Sﬂhr ea%%lug?g;npho}m&ned by,
for instareyvedd the\Wnsitynos tha sa;saw@dweng;bltalfyobetgi&texomaglthatl of@ad i ng
additive |ayer, ie. additive |l ayer density nay be about 6.1 1g/crrB and
about 7.5 “§iaaHBlaver ApoRrdingly. e massrhangsmuly tesarekird tothayar o wiEpged e g.
wei ght of vgag S it ye | ayer
dongi ty) . PFRG CATERPUE( e Thefdl® ThoAER HoPERIGES BECVA K

cal cul ati aﬂlateaﬂtnsthe baskmesd alfey depsiy dmi sthppadna:nee,awhdhcnre dnaoweasbots.
depending.Qn the rel gtive diffferen in additi ve | a bet ween .t he

ori gi nal Jg’itt\g“ﬁg“eéﬁdnt may be fi‘étFH%ﬂPF@Ey béﬁd(2 Oé)l%é ‘X\%S’@Qt er mi ned,
t he base netal thickness |oss, At, may be added to the original ceranmic
thermal baimileny,qoaliffert PbAKARS S totbe répliedl tRgh¥i Vﬁht BEreaRivedbasethghrmal
barrier coating 22 may then be applied at the newy determ ned greater

t hi ckness 1y bedgedily dﬁ@m@n@& byl fepinsiapee yentvs mifws addistunsdayeight ok thess of

t he ceram t s trate
as a1 coul e ErrisEORRETARE B ik TaP AT N B0 0

exanpl e, tabeutvabugcm? fat NivelyartePhelt diffasionhoutings, réspkctivelyyQlg. Ivﬁﬁ@lﬁsdf and

about 3 ml s (0.003 inches),.and nore typically at least about 2 mls
(0.002 | néﬁé@)ve lepi (Wl #gmré%xc?reao% ﬁ%ﬁclfgiﬁqda%\reela&%rr%@)t Heeralueselr r i er

coating may, he applied i ﬁs@% g@vxbwé AKPASHatis. "PhiS AMUERLS AR LBi0ds,

and one Skl2||ed In the art
be increased or decreased depending on the relative difference in additive layer

between the original coating and the alternative bond coat material.

Once determined, the base metal thickness loss, At, may be added to the original
ceramic thermal barrier coating thickness, t. Accordingly, the ceramic thermal barrier
coating 22 may then be applied at the newly determined greater thickness of t+At,
where At also represents the additional thickness of the ceramic added to compensate
for the base metal loss of the substrate as a result of the above-bond coat
removal/stripping procedures. For example, the value of At may be between about 1
mil (0.001 inches) and about 3 mils (0.003 inches), and more typically at least about 2
mils (0.002 inches).

The coating 22 or other suijtable ceramic thermal barrier coating may be applied to the
new thickness using conventional methods, and one skilled in the art would
understand how to adjust the coating process/time to achieve the new thickness. For

example, a new targeted part weight gain may be established based on the new
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understand how to adjust the coating process/tinme to achieve the new

t hi ckness. For exanple, a new targeted part weight gain may be established
based on the new 13 thickness, At+t using regression curves. The TBC
producer nmay acconplish the new weight gain by adding time to the coating
operation in a prescribed way. To establish regression curves, for

exanpl e, nunerous parts may be coated with the ceramc thermal barrier
coat i ng arickwsiss)it+inesasgiregrassios cimdeenThe TB& prodscer madyi avgomplistkthemses to

det i t hat f tj cul | t ant i.ght ti I i
thermal DU Epyodditg SF i e soRag toruich 18 PEGCHp Valh Temiishy o
parti cul aregresitt altves)efod RkampRi Muferhgeled We) Wt cOMINWithSthdesrisd, t he

ceram c thermal barrier coating may be ‘applied to the predeterm ned
t hi ckness thexmiabbarrieseating prd wekeht megmirermienietalien atgesnous Foatingdigkiasgest i ne may

th b J A I desi.red i ght. in.. Th d _hl ad
o vei ghod Stk tiak bl LES G b O bR G oA B flecs ¢ han
wl becaus&agfer tbgtingdbiRlne mallneed WieGiphiad FhusOifRIpactensdr rdsulthdvdifiat  of

t he renoved. base netal . Advant gige_ouslg, this newy coated conponent has the
restored @AWelidesisd waehkemaink ielcsiredithe cemere dyammal barrist epatingf mendepart and

be within | 1O E , | lyn the
process. orBpm ol IR Bl R ey 3 MU El AR Bt i,

penal ty. Apgingtant mahdive becidpntedde acidéwe thetesired vedghi@uaint 0 | ncrease the
engine efficiency in contrast to the teachings of prior repair techniques.

In particuylar l.icants have. .deter.m ned .how to, i ncrease engi ne

ef fici enc;HhS)y?CQégeﬁ bé@f%@f%ge d5ighg ’aafqd%lst%@g%‘a@ébe mr@ﬁ{“eﬂrg?ag‘m effénts with
that of tRAIGLISE tERABLmise T MR adasd térdi WHidEhs2olver dARHE WHaNRat
effective new thicknesses for application of the outer ceramic material.

Thi s proc@#shg emayepbiass mgtabndidvaniegenuslys this aeply ovatecewhpengst hfhthe

af ore-desgr| ' ljcable to r i r.,.and refurbi sh
conponent géétér%g(? gﬂlﬁ%glﬁ)%g Floglen%gtl thg £ ﬁgglaic%e§%(€lyngﬁ¥%mg‘ﬁ%ﬁ’ f fropart Hhdd ‘f"‘ghlﬁ’e asur e
and ensur eriginatl alldveabld tlepkires sis Showm echegiaBibdlly g tReHcEm leRhmpR]ESToARY

m ni mum t hi ckness desig requi rements. While various enbodi nents are

! n !
descri bed hEigar::iand dpey nop sulier A weiphtre@alty.om t he specification that
vari ous conbi nations of elenments, variations or inprovenents

Applicants have advantageously determined how to increase the engine efficiency in
contrast to the teachings of prior repair techniques. In particular, Applicants have
determined how to increase engine efficiency by, for example, correlating the above
weight measurements with that of the outer ceramic thermal barrier coating 22 to
determine effective new thicknesses for application of the outer ceramic material.

This process is surprising and in contrast to prior teachings.

The afore-described process also is applicable to repair and refurbish components
more than once. In this case, care should be taken to measure and ensure that the
thickness of the remaining base metal meets any minimum thickness design

requirements.

While various embodiments are described herein it will be appreciated from the
specification that various combinations of elements, variations or improvements
therein may be made by those skilled in the art, and are within the scope of the

invention.
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therein may be made by those skilled in the art, and are within the scope
of the invention. 14 CLAIMS 1. A nethod for repairing a coated conponent,
whi ch has been exposed to engine operation, to restore coated di mensions
of the component and increase subsequent engine operation efficiency,
conprising: a) providing an engi ne run conponent including a base netal
substrate having thereon a thermal barrier coating system the thernal
barrier Qﬂ%%b§§1systen1 conprising._a bond coat on the base netal substrate
and a top ic thermal barrier <coating, the top ceramc thermal barrier
coating having a nom nal thickness t; b) renoving the thermal barrier
coating system wherein a portion of the base netal substrate also is
renoved, and determ ning thickness of the base netal substrate renoved,
the portioon of the base nmetal substrate renoved having _ a thickness, At; c)
reappl yi g a b%ﬁﬂet%(gtf"’t EEPRHEES f Forfedt eomaRongnt Yyl &as brep cKPessddBout t he
sane as t L I 1 Of; : LN ti,on;: eappl yi ng
2 Top cermprs. REHRER SpoRRtok Coblel Minlefsbil® of W VoriRER R infitde

wher ei n Aubssqupe esgine spdretiornt ¢fficipacy,icompadfinpase netal substrate renoved in
b), and the dinensions of the coated conponent are restored to about the

coated di Srensi ons recedi ng the engine ryn to.incre ie ubsequent engi ne
oper ati off eﬁ?vdi%é‘ﬁc& e’ig.mel'ﬁg“ FRPRSRCH Ingluding, ﬁ,b%&% r?“f’ﬁtéat‘é YiRE run
conponentthdrSord itBdiniAl Esugiére codtitigdishiterh] 3R, thanth cRAfgd caﬁﬁﬁggis&st&ﬁnt our

di nensions of the coated conponent are restored. 3. The nethod of claim]l
or cl ai meempgsnEarbandreent e g bapremetab pubstratgeing ki tap cetamic thermpdriamieraf t er
step c) . i.ng. SR i i.n.ste ... The, net hod of any
one of t%ggﬂﬁgggﬁ%ﬁé&%ﬁ%fﬁ%ﬁaﬂﬁkre.ﬁ %ﬁ%}hg%%ﬁﬂgﬁgéﬁééfh§mﬁF|s and about
10 mls, and At is at least about | ml. 15 5. The nethod of any one of the
pr ecedi n@) cieaioving thb éltezmal bareiehorating agdternf whgreandpeortion of iy bae snetaldi f f usi on
al umi ni d%u[():s %}el ng is removed, and determining thickness of the base metal substrate

removed, the portion of the base metal substrate removed having a thickness, At;

¢) reapplying a bond coat to the substrate at a thickness which is about the same as
the thickness applied pﬁor to the engine operation;

d) reapplying a top ceramic thermal barrier coating to a nominal thickness of t+At,
wherein At compensates for the portion of base metal substrate removed in b), and the
dimensions of the coated component are restored to about the coated dimensions

preceding the engine run to increase subsequent engine operation efficiency.

2. The method of claim 1, wherein the engine run component is a high pressure
turbine blade, and coated airfoil contour dimensions of the coated component are

restored.

3. The method of claim 1 or claim 2 further comprising the step of weighing the

component after step c} and calculating At to be applied in step d).

4. The method of any one of the preceding claims, wherein t is between about 3 mils

and about 10 mils, and At is at least about 1 mil.
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6. The nethod of any one of the preceding clains, wherein the base netal
substrate is a nickel-based single crystal superalloy. 7. The nethod of
any one of the preceding clains, wherein the bond coat of a) and c)
conprises a MCrAlY coating. 8. The method of any one of the preceding
clainms, wherein the conponent is an airfoil. 9. A nethod for repairing a
coated high pressure turbine bl ade, which has been exposed to engine

operatio r irfoild.contour dinensions of .the blade c rising:
o} brovt o mifeERRERE e b iyt BRb&lhe PaED NPk e soa® o RO #T S bsce

net al suh@ﬁﬁabgaﬂﬁﬂ@kﬁhhamka&QMﬁg?sed al l oy having thereon a thermnal
barrier coating system the thermal barrier coating systemconprising a

di ffusion bgnd coat gn the base netal substrate and a top ceram c thernal
barrier ddallisgetbadpf pm ong of the preseding¢laims, wheiginthe basimetaleubstraig is t he top
ceramc t I dl | ing a nomnal thickness t; b) renoving
t he ther%FE%rbﬁﬁé%%ggﬁ%i%@g{agﬁ' wherein a portion of the base netal
substrate also is renoved, and determ ning thickness of the base netal
subst r at €/. Tramwgibdd of ey por ofi thepeteding cloass wheteal thelosd cadt@f apamived havi ng
a thickness, At: regpplying the diffusion bond coat to the substrate,
wher ei n t%@%ﬁ%a@i)qtﬁ?é’ga%@appl ied to a thickness, which is about the sane
as applied prior to the engine operation; d) reapplying the top ceranmc
thermal bgr Mhermeéméd bR@ny @na ofald Pedcedifp RS Swhtreint e, comMIRER1 15 aht
conpensates for the portion of base netal substrate renoved in b), and the
coat ed ai#f®eill contour dinensions are restored to about the coated

di mrensions preceding the engine run. 16 10. A nethod for repairing a

coat ed  camPONGRmod irClahate heES X RRATSHeL A RBIE bIARCHALIORas bl oSt or e
coated airfoil contour dinensions o e conponent conprising: a) providing
an engi nesxposedc tmpogieatoperationd i gestorb asgfoitetatous uliskensivies pAdke dlade

ni ckel - based al}nl oy having thereon a thermal barrier coating system the

t her mal : :

a) providing an engine run high pressure turbine blade including a base metal
substrate made of a nickel-based alloy having thereon a thermal barrier coating
system, the thermal barrier coating system comprising a diffusion bond coat on the
base metal substrate and a top ceramic thermal barrier coating comprising a yttria
stabilized zirconia material, the top ceramic thermal barrier coating having a nominal

thickness t;

b) removing the thermal barrier coating system, wherein a portion of the base metal
substrate also is removed, and determining thickness of the base meta] substrate

removed, the portion of the base metal substrate removed having a thickness, At;

c) reapplying the diffusion bond coat to the substrate, wherein the bond coat is
reapplied to a thickness, which is about the same as applied prior to the engine

operation;

d) reapplying the top ceramic thermal barrier coating to a nominal thickness of t+At,
wherein At compensates for the portion of base metal substrate removed in b), and
the coated airfoil contour dimensions are restored to about the coated dimensions

preceding the engine run.
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coating systemconprising a diffusion bond coat on the base netal substrate
and a top ceramc thermal barrier coating conprising a yttria stabilized
zirconia material, the top ceramc thermal barrier coating having a

nom nal thickness t; b) inspecting the conmponent; c) renoving the therna
barrier coating systemby stripping, wherein a portion of the base netal
substrate also is renoved, the portion of the base netal substrate renoved

havi ng a i gkness t: d). rea i ng the diffusion bond co to.the
Cubst Fat e e PETRY AL g Hiae GOPlef SOhepng gt Bosh PeREct STch | s
about theg ndto RPBd Retedlhir®il dontdud AirBBione ofﬁ@%ﬁxﬁ)bﬂéht chaptaned by
wei ghi ng the conponent to calculate At; and e) reapplying the top ceramc

thermal barrier _coating.to a nom nal thickness of t+At wherei n At
conpensat s PEYdinganggineomn sonpesent rasiuding gHasse ametalysuhgivaie made9f 2 and  t he

airfoll CARkaWast JRNTHa0RS dRedl\Pnea 8o BRRAGY o Bhome ARbbPBhrtig aPOU!
the coate i mensi ons précedl ng the engine run.
coating system comprising a diffusion bond coat on the base metal substrate and a top
ceramic thermal barrier coating comprising a yttria stabilized zirconia material, the

top ceramic thermal barrier coating having a nominal thickness t;
b} inspecting the component;

c) removing the thermal barrier coating system by stripping, wherein a portion of the
base metal substrate also is removed, the portion of the base metal substrate removed

having a thickness, At;

d) reapplying the diffusion bond coat to the substrate, wherein the bond coat is
reapplied to a thickness, which is about the same as applied prior to the engine

operation, followed by weighing the component to calculate At; and

¢) reapplying the top ceramic thermal barrier coating to a nominal thickness of t+At,
wherein At compensates for the portion of base metal substrate removed in b), and
the airfoil contour dimensions of the coated component are restored to about the

coated dimensions preceding the engine run.
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