METHOD FOR REPAI RI NG COATED COVPONENTS FI ELD OF THE | NVENTI ON The
invention generally relates to a nethod for repairing coated conponents
exposed to high tenperatures during, for exanple, gas turbine engine
operation. Mdxre particularly, the invention relates to a nethod for
removi ng and refurbishing a thermal Dbarrier coating systemthat includes
an inner netallic bond coat and _an _outer thermal insulating ceramc |ayer.
BACKGROUND OF THE | MEERFIOROE BREAIREEY SO &QMPENENLS f or gas tur bi 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 nul at i dAEBLP QfF ¢E INVENTKBbal t - based superal | oys. For exanple, sonme gas
turbine engine conponents may be nmade of high strength directionally

ickel s d_superal | These co nent s

solidifie r.single crystal base yS.

are cast \jdl\;htgﬁnvseﬁ{e]ci grnered trgﬁﬁ%‘f'ﬁo afrg%ltpﬂfgoéj TR ‘Ef’saéﬁ%lﬁowpﬁm\%ieﬁﬁorgp‘ﬁe core
engi ne 1 ew tdgidl e@péraives Bltig)afor COGMipM gaehabing @iphd Rpeabn. NI tO
provi de extélgir n@lrl I‘Fi%l m CO%{ n t%g reduce t@u rfoil terrp%lr;%_t g_r esé.rthonet hel ess,
when expo®adichigriyHec Hesal A @insthersfos rerpapng andoichisbisbingiariberosér at i on,
o dammge By b b ARE shHER R ieAsh ndHiHoGh bR AN TGS maliBEen . ©
mechani caknsphatpgcéramic lajidrus, these conponents often are protected by an
envi ronnental coating or bond coat and a top thermal insulating coating

often col] i thermal barrier coating (TBC) system
D ffusi onb@g{¢ﬁ§w§%ﬁé§q§mp&s and pl atinum al um ni des applied by
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order to increase efficiency. However, as operating temperatures increase, the high
temperature durability of the components within the engine must correspondingly

increase.

Siguificant 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



Ceramic materials, such as zirconia (Zr02) partially or fully stabilized by
yttria (Y203), magnesia (MgO or other oxides, are wdely used as the
topcoat of TBC systens. The ceramic layer is typically deposited by air

pl asma spraying (APS) or a physical vapor deposition (PVD) technique. TBC
enpl oyed in the highest tenperature regions of gas turbine engines is
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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.



TBC system i.e., both the ceram c |ayer and bond coat. One such nethod is

to use abrasives in procedures such as grit blasting, vapor honing and

gl ass bead peening, 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 may be
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However, airfoil and environmental coating dimensions/stability are particularly’
important 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 compohents 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
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nmetal loss as a result of coating renoval processes and restores the
airfoil section contour to its pre-repair or original coated airfoi
contour dinensions. In a first aspect, there is provided a nethod for
repairing a coated conponent, which has been exposed to engi ne operation,
to restore coated di nensions of the conponent and increase subsequent
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thi ckness t; wherein the conponent including the bond coat thereon before
engi ne operation has a weight, wo, and the conponent including the bond
coat and the top thermal barrier coating thereon before engine operation
has a wei ghta ﬁwl aspErt, tegre vd plgvrd@dplmeth®@/ fartrepaitieg aeoated comppnan avhioly
system wh 0 i s removed, and
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a top ceramc tEﬁ{Q mal barrier. c atig‘%hgtr&a_nom nal thickness of t+At,
wher ei n At ?8% léet%'ﬁ"feo?pef"r‘i’é’ng‘ﬂ??' Whase netal substrate renoved in
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di st ance precedl ng t engi ne run so that the dinensions of the coated
conponent bese m@zdt&ub@tmt@ alsabisuempiwsl, and determining thickness of the base metal

substrate removed, the portion of the base metal substrate removed having a
thickness, At; wherein the component has a weight, ';sz, after removal of the thermal
barmrier coating and before removal of the bond coat; and the component has a weight,
w3, after complete removal of the thermal barrier coating system;
c) reapplying the bond coat to the substrate at a thickness which is about the same as
the thickness applied prior to the engine operation; whérein after application of the
bond coat the component is weighed, denoted by wy, to determine a weight margin
- remaining, wherein a combination of at least two of wg, wy, wo, w3 and wy is
employed to determine the amount of IfemOVed base metal and calculate a thickness in
which to apply a top ceramic thermal barrier coating without incurring a wéight
.penalty;
d) reapplying a top ceramic thermal barrier coating to a nominal thickness of t+At,
wherein At compensates fér_ the portion of base metal substrate removed in b) to
restore adjacent airfoil to airfoil throat distance to about the distance preceding the
engine run so that the dimensions of the coated component are restored to about the
coated dimensions preceding the engine run to increase subsequent engine operation
efficiency, wherein the thermal barrier coating of d) is applied at a thickness greater
4



coat ed di nensi ons preceding the engine run to increase subsequent engine
operation efficiency, wherein the thermal barrier coating of d) is applied
at a thickness greater 4 than the thernmal barrier coating a); and wei ght of
t he conponent having the bond coat of c¢) and the thermal barrier coating
of d) thereon is denoted by w5, wherein ws is less than wi. In a second

aspect, there.i rovi ded a nethod for. repajiring a coated high pressure
fubbine bittnhe TP trisensRaie ot ieieh®@he rstoentiivaie B Bordials o
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run high pressure turbine blade including a base nefal  substrate nmade of a
ni ckel - badkan @l-1 oy having thereon a thernal barrier coating system the
thermal barrier coating systemconprising a diffusion bond coat on the

base netal substrate and a top ceramc thermal barrier coating conprising a
yttria stiahidecaRbaspetts itk ismbeided la, méthed tfoPrepaitiafi aCedabedr itph pbatireer
coating having a nom nal thickness t; wherein the conponent including the
bond coat NrREC#dey sfighchas hepm expaspd ixengine Rpgationd gastore asloilermtquse
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t hi ckness syﬁérh, Woeh&hl %%e?%ﬂﬂﬁ@%}fsteﬁ?éox@ﬂ‘ﬁh@ Btaifiidon BbAEEodt&Mal of the

thermal barrier coating and before renoval of the bond coat; and the
conponent bhsesmatalsibpitate aBl a aép eerameo themakbardmo vedtingf conipeisiriges rytthiabar ri er

coating s c) reapp] yi the diffusion bond coat. tp the substrate,
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ng
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b) removing completely the thermal barrier coating system, wherein a portion of the

base metal substrate also is removed, and determining thickness of the base metal
substrate removed, the portion of the base metal substrate removed having a
thickness, At;

wherein the component has a weight, w», after removal of the thermal barrier coating
and before removal of the bond éoat; and the component has a weight, w;, after
complete removal of the thermal barrier coating system;

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; wherein after application of the bond coat the component is weighed,
denoted by wy, to determine a weight margin remaining, wherein a combination of at
least two of wg, w1, wa, ws and w4 is employed to determine the amount of removed
base metal and calculate a thickness in which to apply a top ceramic thermal barrier
coating without incurring a weight penalty;

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) to
restore airfoil to airfoil throat distance to about that preceding the engine run so that
the coated airfoil contour dimensions are restored to about the coated dimensions
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base nmetal and cal culate a thickness in which to apply a top ceram c
thermal barrier coating wthout incurring a weight penalty; d) reapplying
the top ceramc thermal barrier coating to a nom nal thickness of t+At,
wherein At conpensates for the portion of base netal substrate renoved in
b) to restore airfoil to airfoil throat distance to about that preceding
the engine run_so that, the coated a;rfoil contour djnensions are restored

to about tPFECEAE BE cage Ry sheramthstharadl brriehoaEngPh® 1f appliciérei n t he
thermal bagiifls %gegiérrlﬂarpﬁledt)ﬂelgﬁl acﬁﬂjﬁéret%]gﬁ%%ﬁ); &B'&éﬁglﬂf@f %E%E‘gfo?irﬂan the
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coat of c)hazmmg thdeontdnemahef c)zad thetheoodthianiprabatthg ath teoeon & dieoted bg by * w5,
wherein wg ishl ess than . In a third aspect, there is provided a nethod
for repai ri*ny ge%‘gilégesé%d)ﬁlent, whi ch has been exposed to engine
operation, to restore coated airfoil contour dinensions of the conponent
conpri si ng}: aﬁi ‘grovi di ng an engi ne run conponent including a base netal
subst r at e Iradeirdfspget, fieskisiprodsedia aiettwd thardpaigingietoeted complnentawhishr ri er

bond Coat 1ok B S8 S (lBine oRRib S 0 ek Wadi 3 GRNRE BhBichsl | '3, "
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coating %%%gth?,%, and the component including the bond coat and the top thermal barrier

coating thereon before engine operation has a weight, w,;

b) inspecting the component;

¢) removing completely 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; wherein the component has a weight, wo,

after removal of the thermal barrier coating and before removal of the bond coat; and

the component has a weight, w;, after complete removal of the thermal barrier coating

system;

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 Weighjﬁg the cdmponent to calculate At; wherein after

application of the bond coat the component is weighed, denoted by wy, to determine a

weight margin remaining, wherein a combination of at least two of wg, w1, W2, W3 and

wy is employed to determine the amount of removed base metal and calculate a

thickness in which to apply a top ceramic thermal barrier coating without incurring a

weight penalty; 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) to
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d) reapplying the diffusion bond coat to the substrate, wherein the bond
coat is reapplied to a thickness, which is about the sane as applied prior
to the engine operation, foll owed by wei ghing the conponent to cal cul ate
At; wherein after application of the bond coat the conponent is weighed,
denoted by w4, to determne a meight nargin remai ning, wherein a

conbi nati on of at least two of wo, w3 and w4 is enployed to
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t her mal ban) thereon is danotedbyp fvsewhersinapob lesd than vai. t hi ckness greater than the
thermal barrier coating a); and weight of the conmponent having the bond
coat of d) and the thermal. barrier coating of e) thereon is denoted by w5,
wher ei n W51 6nd @fodifaR, Wnettldd BPR: SRS Rl cofhodfibiod TOr repairing a
coat ed conmponent, which’ has been e pos to engl e operation, to restore
coat ed di nehishdrs twkn texposedlotep emging oamatmmctoeasbrts abated Wimensiongi efethe

operation efficien I s disclosed. The ri ses [
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substrat e Aahold @GRt FroeiaTR aﬂa&{guﬁ‘d rﬁﬁ&fdnﬁﬂnéﬁfcshﬁ:m&n@?rﬂﬂbhé‘d Rt bond
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base netal substrate renmpved has a thickness, At. A bond coat is.reapplied

to the subsethad dugier Lomprisrn semovingthe thermah bamrier cpating syste®. PRECIME ckness
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the removed base metal. The portion of the base metal substrate removed has a

thickness, At. A bond coat is reapplied to the substrate at a thickness, which is about

the same as the thickness applied prior to the engine operation. The method also
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 fo increase subsequentggngiﬁe operation

efficiency.

In another embodiment, a method fpr repairing a éoated high pressure

turbine blade, which has been exposed to engine operation, to restore coated airfoil

contour dimensions of the blade, is disclosed. This n}f;tlio_d comprises providing an
engiﬁe runhlgh pressure turbine blade including a base metal substrate made of a-

nickel-based alloy and having thereon a thermal barriér coating syétem. The thermal

~ barrier coating system comprises a diffusion bond coat on the base metal substrate
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conprises reapplying a top ceramc thermal barrier coating to a nom na

t hi ckness of t+At, where At conpensates for the portion of renpbved base
netal substrate. Advantageously, the dinensions of the coated conponent
are restored to about the coated di nensions preceding the engine run to

i ncrease subsequent- engine operation efficiency. In another enbodi nent, a
nmet hod for repairing a coated high pressure turbine blade, which has been
exposed to engi ne operation, to restore coated airfoil contour dinensions
of the blade, is disclosed. This nethod conprises providing an engine run
hi gh pressure turbine blade including a base netal substrate nade of a

ni ckel - bas 206 i : i Goak] ; em The
t her mal bgg(ri?zleképégatl n%%%@t%%%ﬁp%i@%%%%%?g? gﬁﬁ%ond C%eg?z l?r?ﬁﬁahe base
met al substuiAéeal. ACheatof) @rdmip themaatibaridreroatihg has ainemigd dhickgess dnprliesi ng a
yttria stabiljzed zirconia material. The tﬁp ceraq%gpthernal arr.ier

coating hadneththBirther compaRsetaquingrfe HGERHRATRER $HUPS SIS JBE ¥R Aovi ng

the ther mal, harri@he 6a&t hbdl SHSEER1ME kEhoved, aRPRSEAINRE tho Miklass et al
substrate glso is renoved, and determ ning the thickness of 4d the renoved

base netal. The portion of the base netal substrate renoved has a

t hi ckness, At. The nethod al so conprises reapplying a diffusion bond coat
to the substrate at a thickness, which is about the sane as the thickness
applied prior to the engine operation; and reapplying a top ceramc
thermal barrier coating to a nomnal thickness of t+At, wherein At
conpensates for the portion of renoved base netal substrate.

Advant ageously, the coated airfoil contour dinensions of the blade are
restored to about the dinmensions preceding the engine run. Applicants have
determ ned how to provide further substrate and bond coat tenperature
reductions for airfoils, which increases ceramc spallation life, which

| ower s subsequent coating growth to be experienced in the next repair
cycle, and which also provides further alloy nmechanical property

advant ages. For exanple, this may be achieved through the addition of the
herein described At TBC t hi ckness. _
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Appl i cants al so have determ ned how to conpensate for base netal |oss as a
result of coating renpoval processes, and also restore airfoil section
contour to its pre-repair or original coated airfoil contour dinensions,
~wi thout a weight penalty. Thus, an inportant advantage of the enbodi ments
Is that resulting airfoil throat area restoration will allow the turbine to

run much npegegbléd badet h¥tal. Foﬂ’hefe?ﬁsiﬂgz% &f thd ‘B?éeﬂﬂleﬁ? RYERLAL Hgl:m\{eﬁ IH%E ry of an

engi ne run conponent, about 3 m underlying base net ness my
be r enovedhicknesseApr dbegsethahalse cabpuisesaredpplyingl odifisforbbael comtalherny be

experienc t.he pressyre an uction side of an airfoil, i ch
transl at egﬁp%&g@gﬁ%h@%e > e Iﬁcagg'%st © Pime ﬁ?ﬁ’ﬁtﬁ'ﬁ%’ﬁ?ﬁé‘? ?’Fd(la’f(gtt%ﬁtee
bet ween adjngiterdperadiohf Mid reaSSIyin@NStoptefimi8 MRrARA) barBl b&andi 8 4 Mhigase in

gap betweepn the conponents nay not adversely affect the mechanical
oper at i on Bickngse o ({ijihevhesgip| ACegrapensates forgiée qromiiore df rémeovedplasatrieal

ef fi ci ency,gRkibe ' se affected. .Enbodi t resent an
i nnovative, rm(t:'% neegeégésbﬁ)l#@i :t%en&?a\éee({ ﬁlé% Oglb%véo%rcglﬁfﬂé ns\,\ﬂfhﬁet?%&q Eri@xpensi ve
to i npl engedtorad th stwas theaimensistisiRecodigi thé oipahe @ASt |y equi pment. Ot her
features and advantages will be apparent fromthe followi ng nore detail ed

descriptiaon, .taken in ¢conjunction with the acconpanyi ng drawi ngs, which

i |1 ustrat 2"%&"”&%&‘%’? é%&%‘lﬁfﬂﬂ teY pgPi REAVifleeduigher t pbstAlpe ped dhends cBr EF

DESCR! PT! @itybdratTiEr BRANGoF 1204512 Wiich SPEREPEGHINE YiBNoL T8 Bhal

pressure turbine blade. Figure 2 is a [ocal cross-sectional vi‘ew of the

bl ade of Vs sulisequdnsegatingn gravtl tarte exgledesced inhie mekt bapair eycle @ati ng

system on ade.. Figure 3.is a flow chart show ng an enbodi nent of the

process o?ﬁ’@eﬁéon?/rg‘ﬁ’tdf%ﬁl_r[hebﬁlm E@W@WW@tEE%E %W@Nt e repair

met hod of niahi®eRElEe R thidheR Md ARitich TIRERGEI ekl 23R ﬁ&xﬁ%})one“t s that
g

operate within environnents characterized by relatively t enper at ur es,
and are 1t%ge_efore subj ected to severe thermal stresses and thernal
cycling. NBPREIE aseahaye dstengined ol tonwppeasiteior bescudetal lnes hé ghesaltof | ow

pressure Luplh enbNg ék&%ss@&danlal AR store airfoil section contour to its pre-repair or
original coated airfoil contour dimensions, without a weight penalty. Thus, an
important advantage of the embodiments 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 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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shrouds, conbustor l|iners and augnentor hardware of gas turbine engines.

O her exanples include airfoils, in general, and static parts such as
vanes. One particular exanple is the high pressure turbine blade 10 shown
in Figure 1. For convenience, the nethod of the present invention will be
described in the context of repairing blade 10. However, one skilled in

the art w i t escribed below may be readily
adapt ed toéélggiﬁﬁg%ﬁiH@%Eé?&gﬁgﬁqﬁﬁﬂgne engi ne part coated with a
thermal barrier coating system The blade 10 of Figure 1 generally includes
an airfoi IFi%ﬂeagﬁap@kpemv@hiethalﬁgﬂpﬂéﬁuk@&r&ﬁéﬁadére directed during
operation of the gas turbine enginé, and whose surface is therefore

subj ect to_severe attack by oxidation, corrosion and erosion. The airfoil

12 is ancHdsue 2tip adogal crasprseqtiosr! (inwtofsthe Warle wif Figuae doelenailine 242 fand ned on a
platform I : ' | 18 are present in the airfoil 12
t hr ough JS?‘g{]aEhlr%gléﬁb%ﬁ&%%@%%&é%&%“ﬁ?§§é§1?'er heat fromthe bl ade 10. The
base netal of the blade 10 nay be any suitable material, including a

super al | oyiguire 3 I a flow Chart showdngrim ambodinenpdf the peoeks GO thcAneégioabl y, the base
metal is a directionally solidified or single crystal N -base superall oy.

densi 1y oPERIHEPEOBSGHERGONTE e Bl EREINcness 6 of the airfoil section
12 of blade 10 may vary based on design specifications and requirenents.

The ai rf oiThe #6paniektRd 1 tBE Prebént TEYenBBn COMBHAIIMabMiAbINS [BRIpoR&tE igf coating
system 18, shown in Figure 2. The thermal barri‘er coating system may

conpri se SPHHAIVIEHRenvipenAEniy skasacterizedhey sldivelyahigh dembératicesl @ndret a

ceramc t Ll i to f the bond t 20. I.n an
erbod menteste Aty 08¢ fitatf it AR il SRy PR ERismPhg " and
the baseofmichl confpohérts bohet the High andiléwe Présenral thipirkOhdAidsi 84 ladesi N9l e
crystal Ni.-base superalloy. However, the base material also may include a
conbi nat i YRS, RPmbEerdiness gad gegwentpe bauiboe of Bay Hirbine augire Othickel - base

super al | oy Gacil . 1tz Y. Chi 0 . t he
substrate to form g?? %@?gﬁlhﬁég%&?ﬁ aélg;b? &g:ra]‘%flr@hstlalajl b Viifes %M\@ﬁgﬁgﬁlgﬂﬂ
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



superal | oys may include both Ni and Co in varying percentages. Wile the

di scussion of the superalloy substrate nay be in terns of N -base
superalloys, it will be understood that a Co-base superall oy substrate may
be enmployed. Simlarly, the bond coat 20 nay conprise a MCrAl'Y coati ng
alone or in conbination wwth a diffusion coating, as well as other

suitable k coatings. Acc i.ng.to an enpodiment of the jnvention, the
di f f usi on %gtggiarllrg‘)l;'rﬁ?/&lc?Br@r Pgéﬁl‘d%iqﬂﬂp%y FETNBRCE Bdesigmnpsridisaiions gdai ni ng
nobl e met aleguigdmgdntsas Pt, Rh or Pd and/or reactive el enents including, but

not limted to, Y, Zr and H The diffusion coating may be formed on the
conponent i n a nunber of different ways. In brief, the substrate may be:

exposed t ot 3P i and paiform 1fymay becieatsd vt e thmrmal barden cmling apsiem
deposi ti ong( GV te ratures, and the resulting
al um ni de  coat ni(g‘}]8 r rr%daﬁaltls?eaég%r{%}sﬁ e%%??‘%ﬁ&%?“&ﬁ‘?%&%ﬂﬁ%ﬂ??&%% y, a

ni ckel al @i dispbecd dit fie)sublitidieisf blad€ 00 hd g, cefiic BRrEAIWINidScoafing OYLEI coat

on a ni Ckﬁ _gft?le éql;geral | oy by exposing the substrate to an alum numrich
envi r onment? &p ‘E‘E’HZ@-errper atures. The aluminumfromthe outer |ayer
diffuses into the substrate and conbines with the nickel diffusing outward
from the swhgtehoRimd® off PhdABLRIA ' fis N fbfuusi - BpLOr mation
of the coating is T'Enklle roesult of é.%del ?@ﬁ%ﬁzgrlgge@é@m&fg\%{ﬁ% %121 t%lt%cogni zed

t hat t her &asgr metsh i thalblagleatl) énasdivdctibhalindolidified or amghelctysas Nithse
concentration at _the outer

el enents. rorAl_will .have a high rel ativ

surface of ,5%1%’\@6 1o ewecl??smaﬁmﬁhglfwm ?%@Wﬂ?& qfhe Al {H%si on
into theasd@stibat ﬂ)d%fé.egdtlﬁlﬁleq\lﬁinfﬁHﬁkél?ba%@%e%fo?%ﬁgg) iy 905&“9)21%&' gi nal
substrate, and thiis Al concentration will gradually decrease wt

i ncr easi ngRgraloy usepuiwariefrembe substrate ©ofoverdifision Mluminides, kaddha hi gher

concentr at,i it RILD rateand will diffuse dnto.the thin | ayer of

al um num %lg)% %(%]\r&ﬁ gfagil célglgqesog)lgﬁml :ﬁlll(gg? R YRS PEETPAE S o\k{ﬁﬂ? ﬂﬁ‘ﬁsq“ﬁﬂ?lhe

di f f usi onof dree supdrlloyasybsaatei iagli B s @8mRULINIthas® superanie iNwill- b&L a

| evel below the original surface, the initial Ni conposition of the

subst r at e"} rsr%ﬁdrfgéti Fileerbasqsyperaiey sybstaisaeant beemplaysda Siméladyfthebowh zone

will be | i r f unet i of .distance intg t di.f f usi on

Zone. | Theraa fey Srmpid peealy i ety 8 SfEGap gyt & fieblion
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) diffision 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



surface of the article, a gradient of varying conposition of NN and Al
fornms between the outer surface and the original substrate conposition.
The concentration gradients of N and other elenents that diffuse
outwardly fromthe substrate and the deposited alumnum Al, create a

di ffusion zone between the outer surface of the article and that portion

of the subsirate,havi,ng jts original c 0si tion., O course, exposure of
the  coat oub &UBEHAS PHY sleinonts, ey AlCRide Adigt tsiathf eguoeatitliansti o ¢ he
formation thé ofer s@ifasdidTahd aYiele WVEK willShdHrelGhandbally AiAlsirC @508 intb

pl ati num al um nide (PtAl) diffusion coating also may be fornmed b

el ect r opl db¢ Agpstate Gpaiingzydiffusipn gbae extendiog énto ttheongiokelubiinte asdiikisr ate t o

a predeter I .SS The exposyre of the..platin to

al uni num rjii‘]ﬂc%%gﬁ%/@ru%ﬁ %Iﬁtgr %c}uaiel?' g\?%rte%& WL{% r‘r‘bcé?%f%%gta%cfu@goghte%g%?&% h of an
out er | ayaonobrsEltyANi asll &bvimh RiphedédrcbigeRionighin #Tsube@at Sndvwild difife

plati num At the sane tinme, N diffuses outward fromthe substrate

changi ng tHe the Hiie daver shalgminume tosfosmt 3 mickel alpmninidea) The eoneenigtion of Maar d

into and thr 2 }s ' - b L £fusi zone Qf th bstrate.
Thus, com:l) g%j &E{u %%@tﬂ&%gylgw&g ﬁh%‘ Ssegt?oéli‘?%rﬁ&ggo%@r&éexgb%% n§t ;H%\ﬁ strate
el ectropl &tlew thietdrigindl Birface] dyeanitial NPtcotnogifioR o EDdbE®Rate iLalnfaisddym num at
el evat ed tbeﬂﬁler tures. As th%ﬁﬁgfl um num di ffuses inward toward the

subst rat e "Fhtie NI GPFFLFEEEn thibe Kefesipoeqneevilidie lsss andrvillntasy ehe fipctie eat i ng
the dif f Usk aRiAB9fito FoAlBNIPRRS, TRY LRS! Bl AUSLONNIRT forfOLithi QlhePO ¢ hat

the resulting Pt-Ni Al internetallic matrix may a contaln

preci pi t aswdacgfol thenrdiclent gradisnabf varyingr empmisttehi cdNicfhd A ofmobeawesn i f Al
| evel s ab ve 2. & tal tilevel. ebg‘%m eved; .hel osﬁethi s level, the coating
i s consi déted gi Hgf%’ e—%"ﬁia g OTIIMPSUOR{T§IR COmRRSTHPR. b 1 he, conerRglon gragienis de

di f f usi onof Nakhd\Gthep cBhRfisRlt Rffusd! SRV FERCHE SulsRatd dRenabtigshedn ri ch
outer surface inward toward the substrate surface, and a gradient of N

and ot her almepin: Al, ereterasdiffusiom eens hstrwenrihs odict furfe ofitheaartclé pudibahe
cxanpl o, - Beyb o i ST LS Srp Bk, ditotine Smesre i bice,
whi ch maycoatal substritett anxadiziny Fbsphibidl Rl destit€ ke theaforihitind§San Whi | € a
di ffusion | ayer below the outer |layer isS created. As with the nickel
al uni ni dedBE3 layer oxvgnibs pickelluminidecoating
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 platioum 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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substrate to an oxidi zi ng atnosphere typically results in the formation of
an outer layer of alumna. Suitable alum nide coatings also include the
commercially available Codep al um nide coating, one formof which is
described in U S. Patent No. 3,667,985, used alone or in conbination with
a first electroplate of platinum anong other suitable coatings. The
overal |l thickness of th d|ffu5|on coating may vary, but t%glcally may not

be great dPLRRAL Aoyt thomlse i AheREade @f@SWﬂI@Ptl%ﬁad‘ gradignt hotluBinum npy pe
about 0.0Qg2 ur’s'?&ﬂ?&e%l&%u&%ﬁ%%te@uﬁad@ ih®k dtﬁwtml?# tﬁggl?o%ﬁrae Eié Lhgsi on
R Yypreal 1y may Beta

| ayer, whic rown 1n e substrate, out
0. 0005- 0. (a(g‘t&hemtdﬁéh a(ld)()ﬁ}eﬂelsmamtk sicqursmsr thesd glerheaai; Hi;fﬁ;sabmmtarcofrﬁﬁhjihe nches (1

ml) thick, while t ut er addi e | ri ses, the bal ance, usually
about 0. 0642520819 ﬂ?n%gm iy righ pdgitive yeéxg%geas léth%\li}nﬁﬁl%amn]ﬁnﬁ‘bnent may
have a di LiyssiheR I}i’é?ﬁgutﬁpﬁtsfelofs ﬁﬁﬁéﬂ aptlﬁo&ﬂeﬂ Elﬁﬁl%é LRRR Yhay?irtk e Sokn 1 N

t hi ckness, including an additive [ayer of about C.0012 inches (1.2 mls)
and a di platiginaluomredestandboekel @llmﬁnﬂes,MMa@dﬁmm khy@ reld g )the Thier wei ght

of the blade 10 w y.be. repre ented wo,. ..Cer a

Cher ol bUPET o LRy oy the SRk ARinkRE bR FXPoRceP! 45 RAYXE hen be
appl i ed ovglistratch® RPBAIEAR atdldspters BPicallyNRENR! inPRE fh@RatieAadf R0 odidr MRY
corrprlse fully or partially stabilized yttria-stabilized zirconia and the

| i ke, as Ve&RT odsalemper |<ﬁmt@16ﬁonl@mmqlq yoalings delse daelidy thecemmaraiaknown in

per cont "2 aRes PR aRhBles SR e RFR T e BB BRDS. SRR R g

ot her Kkno®y662@8snised hlvae walin banihstionC@ith ian@st elIdit@pmé aﬂpl&nmlitﬁr ambng barrier
coating 22 may be applied by any suitable neans. One preferred nethod for

deposi t i ofthFESuilablsicaatingsn beam physi cal vapor deposition (EB-PVD), although
plasma spray deposition processes also may be enployed for combustor

I ~ EB- h I
appl i cat i RS ovdiaft mfém%%@%meg affﬁ@@% gﬁﬁgﬁg@% eoogpcﬁﬂy qlwﬁbtcbé erma

barrier coating may b exanpl’es of suitable
cerani ¢ t perienthapaaboired. 084fatrichers(4at mils)lesd mdre dypicully. rﬁay B’atabom NBS2
4, 055, 705

6,055 105 SR04 000,000, 8 20600 a5 200,105 0 AR o
the substrate, typically may be about 0.0005-0.0015 inches (0.5-1.5 mils), more
typically, about 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, 2 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 wo. 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. Examples 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 is by electron beam physical vapor deposition (EB-PVD), although plasma
spray deposition processes also may be employed for combustor applications. The
9



t hi ckness (t) of between about 0.003 inches (3 mls) and about 0.010 inches
(10 mls), nore typically on the order of about 0.005 inches (5 mls)
prior to engine service. The design thickness and that manufactured nay
vary fromlocation to location on the part to provide the optinmal |evel of
cooling and bal ance of thermal stresses. The weight of the blade 10,

I ncl udi ng bond cpat a am . thermal barrier coating 22 may_be

repr esent _ec%nﬂgy ﬁﬁ?_s?‘ﬁgblﬁ_&g}'g- eé‘@}eﬂe‘&r%&ttgm E??éﬁp?tn}ﬁe&abfﬁ’& he

aer odynam e, HRH HARE ?artibﬂltaﬁ‘ BRREh1BY o8 Fa0IR co VGO HRIhET ﬁﬂﬁ#ﬁé&tiﬁgsr ce IS

t hus exposed to high tenperatures for extended periods of tine: ring

thi s expodigp@ibedhim Bbhd Petsat N@G. a5 Sgisw 4,680 4,328,285 5,21680H awilt h t he
substrate < Jhe_ extent of.the interdiffusian may.depend o t he

di f f usi on %ioédg‘%é t(oe%'?e caoge[W'ngT% g hempy baHEr £f t%nggé??ys B%‘?t Rate

al l oy conmokidss @Nof bétwe&! aoat D86 thches @NHi1§)SMRAbS Y. 1 0ARches i TBmDE),
exposure. In accordance with an aspect of the repair process of thé present

i nvent i onMerpdyRipdlyeon gisaerder of akmatt D005vinthds (GasilPepivrrtennge seraen. engi ne

service £ i eferm ne the anpunt . o ar _on the
part, pa???ﬁg 3%86{%1;1 ;ﬁ(\%\n e}ﬁ?@gg%%%la@gacgﬁéfm%gﬁyﬁ?%ioc ﬁo? FPelfOS%,ﬁ’é‘ronctB? ani ¢
thermal baartiterpreddt itigo@Bnall les¢lestt ¢odlingayid R lanc® RE UEdBA] BiYesRély TB&NS known
in the art, .inc @gi ng, Vi s_ual and flurosecent penetrant inspection, anong

ot hers. | e aEthgbjadelQeincludingRong copiihandqermair thermahbarferroptng 22st or e

part di mepsh®RSeprNetied tvfwneeded, the outer ceramic thermal barrier coating
22 may be rgmv% from ytv?]le bl ade 10, by neans known in the art, including
chem cal stripping and/or nechanical processes. For exanple, the ceramc

t her mal bahe i aforecdestiibgy 2Ratedy creporcahpvedtiy thnowsrodpiandds dergabions ng

caustic autocl aye .and/or. grif bJ.astin rocesses.. The ceram c thermal
barrier cH@?q%ﬁég%Ee%%& hr'?gfn éedrl&mggc%@ @W&XPWGG%S%QBB?@W%JHT in US.
Pat ent Noexténded$eRbls oA D&hﬁ? itBis efpdsuRARNMohdadg: 1RRAY] & 1RB8Eeh
referenced herein are incorporated by reference. 10 Aftef Trenoval " of the

cerani c tinearddfusioarvittethe sehstiatecpllny, The extantf thhe inbedifusionmyeysteperehgt oyed as
describ edth%bgi\fﬁls§08 E&H;?é/ P(e.rgfasc'ogfi'f;ié Al Te@%ls,blc%gt?ngl(%hiwesg,hgl?bs%%:e\l\gflgyhed

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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usi ng a conventional apparatus such as a scale or balance, and its wei ght
denoted by w2. The blade 10 al so may be inspected at this stage, for
exanpl e, by FPI techniques or other nondestructive techniques to further
determne the integrity of the blade 10. The underlying bond coat 20 may
then be renoved from bl ade 10 using nmethods known in the art. However,

prior tor val of t above hond coat, 20, .if _desired, conventi onal

maski ng te«‘gﬁoifa{?%aiﬁgﬁ%&efé%‘f gv&aalt bartigrsepating %f:n%lm%w&%%g%may k& bl ade
10 and pr ingibycda¥ dbRBED #ovRA8 kel 1t d1€ EA ad U mEY 'b@we?%laagh
tenperature wax capable of w thstanding the chemcals and tenperatures

enpl oyed iUfingtdeonyeriipnebanparamosieh astasisaleey bbleniejasd timdvdigittaletdted bpt er nal

portion of .t | 10, _After_an esire Ki ng, chani cal .processes
Bhch as cn olhs BRg b hEinsPRed S regnict sfpp B EBLE B
aqueous acir dtirphotidesthitotive YathhiubstoFuithet idetefnRit (R fnfdgfitPHttne BIGSPHOr i C
acids, may be enployed to renove or strip off the underlying bond coat 20.

In the caslﬁ]@of met.al | i c_coatings based on al um num chem cal etching
t

wherein updeslipg boad cophaY gty thende remesehiroohblade d0 esimhanethods ssol vi ng
e ot Mlodf ifid &P HowRlel AGE LPRLI'of A8 BHFLBING IBA ABCjeSRRY o

Accordingly, during the Trend rocess about
i nterdi f f gsedntiond miagking tbasdquer tnaly Submplogédto Mayk berenumeest draheby

resul ting L@Fa]é)gec({ ease in ai.rfoi{ wal |l thickness., The additive |ayer of
the bond & ang PEOtec) fuy dyewel posting frem gy akay e cxamriGed. high t er
conpl et e gQgerRereRARYAILIObS WBstRTiAT G ch ! ' ' and
under | yi ng bond goat 20, any err%l o;e ngsggﬁgﬁépggé%ﬁa%{é\eg%}eﬂ%@eeé%l Hi gh

t enper at ufe bong eeairemoval iep cuay oy ingicted finto tieciemad portipnaif ierblpdeoklesses  may
be enployed. The part may be conventionally cleaned to renove residuals.

For exanpl | ushin be enpl oyed, anpng other cl eanin

techn: quon e atilested mHShe de (R ER bR ¥ S ATRE Ay S brasti e
barrier cosdliengcat priced¥es Suchre AgN&Rls abilsolulibs, BN aNatk 1A Ritrid Bhé new
wei ght may be denoted by w3. ccordingly, V\é_ Wl "be |ess than w2. The
di f f er encibospbarigzacidsn napyrhesempleyeds tontemoave or wisipgeit et undsalyingobandrepat oat 20

8:* utshtehgoﬁn\gi g.g;tl[lg E%sfe*bit‘iﬂ&gﬁ{c'&éh&ﬂgs%t&é& bt tal urr{ifelunnqygﬁjemiga re;t(r:]'gné t]:v erSeEnr | ppi ng
the article is submerged in an aqueous chemical 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, w3 will be less than w,. The difference, w-w3, 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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Vel di ng/ EDM and ot her processes al so may be perforned, as needed, to repair
any defects in the underlying substrate, such as repair and reshapi ng of
tip dinensions. Bond coat 20 nay then be reapplied to the blade 10 using
about the sane techniques and thickness as previously applied prior to the
engi ne service. In one enbodinent, the bond coat 20 is a diffusion

coati ng, ich | ou he sane c osition and _thickness as the

previ ous| WF@%@Q%M ObPEROETRE Hap TRt Do B Pk PR bond
coat 20, tdegechiadiee d&eﬂ?ﬁg@@béﬁﬁfeg besh AGaddir 4 8GR Ep UliRendRinght margin
remai ni ng. The weight of the part with the newy applied bond coat may be

denoted hy w. Alternatively, the reapplied bond coat may conprise any

sui tabl e @840 may phandie reapnlisd e thenlade b using ehonsdke spnc teehmpquesr bond

coat 20, Il i the sane c Qsition as, prior
bond coat %gg.tﬁ%éa%sl g%tg %tﬁ %?cabhpé@sdsﬁ%?%i tﬁgﬁéﬁﬁ? ﬁ‘i"fﬁ‘g"enﬁ@@{%’ﬁl B‘gnﬁ’%d to
det er m ne thboichicakt r3dsis a diffustvincdvatingaphic it ABowetha ¥hsie tdagipdBitioRandi er

coating Z@i order, to restore airfoll . dinmensions wthout suffering a

wei ght  petBFkRess g3 th, aregiogely; iemeyed dH@sipmneqptiage m fierore-applicationgfnthe ~base
met al thi gkRESSatRY the I ' [ £ss g@%i- Y measur ed
usi ng techni q_ueaé kﬁomblﬁﬁptlﬁéﬁg ?J%eﬁg%ég %éﬂlat:)bpfll ca 1?§ﬁheg?¥%§ﬂ’la!rc%%“ ngs.
For exanplrananiogdddemmglitwd thepars withdhe aswlyl dapphsbbiordl, coat rmay banrizhysd s and

CAT i .b | d, th . Th iginal b t al
Chi chnoos P SEEHRER J0R B BERGbeL st Fimpies s SOOI EORb SRS ent
Si-m | arlyappliddgo bbdift kiteamethickit@s BRRR IR Bbndfdae QO{&W&?}J nd%fneéélgga ! nd coat

may be neasured. The base netal thickness |loss, At, as~ a result bond
coat renov@nprisedhe pangieanerasitivads pyior badaat 2 t he ori gi nal base netal
t hi ckness of the conponent to the neasured thickness of the base netal

after re ~.Jhe difference i asured thickness
repr esenp@{ %%vef%t{}n}]ﬁ ﬁg@g}?‘a@ﬁf{é‘?ﬁ %%lﬁ% TE8at E ¥ iuﬁ%‘{]tﬁ’g({g??ﬂléneptg‘?ttmgﬁbe{ﬁ er
di mensi onin whichlte apphsthea@ramis ithgmad bariiér Rkt BASH bided (GR&Hdrb @S f6iCVM)  or

l'i ght gag%gn. The three dipensional information fromthe engi ne exposed
part nmay BEESRPHIEhoytsupang? weighhpenidyi dn ong pmbedimenty gheanessurgment f f er ence

in di mensyPRR BRYinkebMeEHe@P thibkneld may be employed. This thickness may be
physically measured using techniques 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.

12



Al ternatively, using conbinations of the weight neasurenents w0, wl, w2,
w3, w4, the anmount of renoved base netal nmay be determ ned. For exanple,
wo - w4 may 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 will vary

dependi ng on th articular .allqy enpl gyed. However, the density of the

superal | 0 'W“‘i%i é’é‘m‘ﬂg)m%@aa%saqféhe PRIZR! MeATurGReT 0. e PanVo WealJisr .

Accor di ngl 3modnd 81 FEESy<ANARY iR InREbE QEkRhAEET 5}@ rea. igaped

bond coati ngo and densi t% of the b@ge rrettégm?lw}hgoggge la’tgﬁ ?Jr‘{i %{? ggs | oss,
|

At, is rdised éel detstmine theseeighttaf] thalrbrogvalie baset metah dissitming plead ahoeathewhi ch

are known lues.. The.thi ckness, At, .n be. det ermi ned by: At = (wei ght
renoved) / (sé&‘éaa °>?d_dce°r?|§?py‘"’)q.ﬁ)°§ X Sfmeyt,hq%e? Hi repRplisd: glé‘?ﬂe%s(’)té(t of @S¢ o be
reappl i ed,refnbfed®is@ et imdte el vRasRpERliAL ugé@bhe%rtfcﬁﬁ@'allé/y gapryea.ned by,
for instance, W2 - w3 m nus an assuned wei ght for the original Coating

addi tive |Egregver.cthy deasity of vlee sungeallogews typically be satséart then thay/afhdeand

about 7.5 ' . Al _diffusion.coati . hespectively: e.g.
noight of ChlCiEE MOaRRS, Bk lasEblabb? bl veRRleRY 0 BRAPE S AR 3y er
density). bbhé cuatingearaf densy ofWBe bassagigtak MY HGe Wkl thizkhdi€ 180Me At

cal cul ati og. ;’hi S tBi cknes!sj ﬁnay need tqQ be increased or decreased
dependi ng ToRCE He thepage Metahpleefeisy and siidened; ares, | wiish argkaapas falupe

ori gi nal s t i .bonc NI .det er m ned,
t he base (r?e?t@ gl?latalﬁig%%rﬁ’elggy Féogeg‘?rﬂﬁlﬁ%d\%yggg(‘g%g%t& @?%%E.;h@ of ?ga%ﬁsé&? ceramc
thermal barrier coating thickness, t. Accordingly, the ceramc thernal
barrier Suuilarhyifzpdifierent bend doat iapepbé exkpplied, e weightyofdehaval medngtabat er

t hi ckness_of .t +At.. a/\,here t, al.so rgrpresents t he additional .thi ckBess of
the cer anfiy Padeaiy ek D T IRIcenW: p s gnips &7 2gspmed Sreight rdhiBst ¢ at e

as a resubfigiahl doaEn@heUBvORDE (€ 22hddifiRIRYA dedlity RRY BE aRERFCAMCES and O
exanmpl e, the value aof At may be between about T nil (0.001 rnches) and

about 3 nhbant (705 g’ tes MEL) and FuAhdifEusigmieatingy, mspactvely; apoweight ofii | s
0.002 | i 0g..22 t her. .sui.t abl ic, t | barri
Coating mesite ORI EMES fonk Aebieh 200TienGt 8RN, 1Bh &R 8 hods,
and one s wed w.p =t ey BE usetidl tHe abUVE thRNGHBAW ThD BitkHsk nidyenee@add | NY

process/tjne to achieve the new thickness. For
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 suitable 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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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 tinme to the coating operation in
a prescribed way. To establish regression curves, for exanple, numerous
parts may be coated with the ceramic thermal barrier coating and wei ght

rreasurerre&ﬁl,? t aken at .various coating ﬁhi cknesses to determne that for a
par ti cul artiCkess(Ahkt Using wRresyan qurvgs- pkhe TBEI pipducer sy @ceqraplichithe Bayr r i er

coating t RiGHNesm W dddidldaRte IPmB %Ojﬁﬂ%lsdp Btiod TS préséri]?ed%r#. I Fpb@prigesul tant

[
wei ght gain (targéted weight gain) I esired, "the ceramc thermal barrier
coat i ng nuggrbssionappiése dot exathplep nagetoas miarte dndyhbe kwesd, withithé cemsi¢ t s i n

t he targeted i ght gaj.n. The . coating tinme may thuys be adjusted to achieve
the desir 3‘3“%8 efd%?#‘ﬂ.’g %‘HQWP@EH&F@H?@&F&&&& tyanqRs ‘“g)ﬁBBé Hﬁﬂ@efsﬁ s wei ght
may be reps asenhiad thy fda pMbicudt kdsultgnt VRS ShttAR) aWarhGARUSBaRE thiiafdded

ceram c, which has a |ower density than that™ of the renoved base netal.
Advant agebasiey coating shigleess wilbateddo be applivdn Thng s ¢ harticules tasnlgmbt gieighhsi ons t o

nmeet the Qrigi [ namic_int.ent .of the. part d be within original
o owabl o 21 Bhed R AN s B R el Bt dbapmie e fanphe Yoot
forth i napplipdne thd prédetera@asl thitknsyf Wikth fositd Bithe REFAEd WeighP@lih CRI S have
advant ageous] y determ ned how to increase the engine efficiency in

contrast PoAHBLmMeIRRRthyg ke adiupied bt aqhigyaithe desisedhwvaightgainn parti cul ar,
Applicants have determ ned how to increase engine efficiency by, for

exanpl e, GRE FELALM Bt Bery AR E UL A thil FRTME SIE HehoMlebliudd 6y wol virhe out er

ceranmic thernal barrier Coating 22 to det I've mew’t hitknesses
for appl i wal bolsothan he becanss ofthe addad ceednaic; which hdhi fovoradersisy than that pri si ng

and in contrast to i or teachi.ngs. The afore-descrihed process also is
appl i cabl %} g fF‘@-BXﬁ‘f basggnst uMY%ﬁa%’?BHSSErfL’rﬁ@WqMP@GE (FQFIPOREE hap the hi s

case, carRsehQuitheRfotsalk $ect %é’fﬁ‘i’gﬁhﬁfl%eﬁ)ﬁﬁn&@ﬂ% Yteni dFathe Eﬁ? and DL GA@gSS of the
remai ni ng base netal neets any mninumthi ckness desig requi renents.

Whi | e var 9w@ginalaitoweblerérlerancasecasishowni soleaindtienky m the pradess dmmpppsee &irtk ed from

the specjfd.cati,on that vari.ous conbi nations of elenents, variations or
i mpr Ovene%tﬁégﬂe 3, and do€s not Surfera welgtg? penatlty.

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 fhe 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, which has been exposed to engine operation, to restore coated
di rensi ons of the conmponent and increase subsequent engine operation
efficienc;t3 )rising: a) providing an engine run conponent including a
base net al rate having thereon a thernmal barrier coating system the
thermal barrier coating systemconprising a bond coat on the base netal
substrate and a top ceram c thermal barrier coating, the top ceramc

t her mal bdr ¢ 8rethogator Tgpaieng agcoatedorampenentyivdiighebas beennrostchta prgivonponent

I ncl udi ng .t he.. e i ¥e) | ght, wo,
and the - SBaaseEd 8B BHELFAARIRL S0P AwRRRL s MR SOt o1
coati ng t lkegieonpdrafiar eficengy, tempfigingt i on has a wei ght, wl; b) renoving
conpl etely the.g%hermal Jbarrier coati_ngl ystem wherein a portion of the
base met af) Bipyidingpengingruncomnepeatdncludine adass meri pgpstrate erwgsheeon he base

met al sua%érafaﬁbglﬁepa&?ﬁn §%erROhL PR bafiG c%aﬁlggsggg{eafle F"Sﬁ?ﬁ%& Smgcfm)ved

havi ng a thickness, erei n the conmponent , after
renoval ofoathm thedraselmdizlr substrate @oditai top @nanioehemenl rbamior adoatidg, tthe tdpond

t; and the. t.h i ght, w3, aft. | et. | of th
T LT T
substr at ejffuding fHeCkdIRISSoatMth&GBor BeBROUAEiHOSp&aiBn Afs al WEhDvRK S SheaPp! i ed

prior to the engine operation; wherein after application of the bond coat
t he conpor@nporest inslughedthe dendreat dpg thetopttberiwl damien eoatinggherhon hefoi n

remai ni ng ein.a.c i nat.ion of at |east two of wo, wi, w2, w3 and w4
is enpl oyg%é’m?e{;)pe&ge}%oglrhr%ggw?ﬂg’ Yhount of removed base netal and calculate a
t hi cknessbj remdvirghcdple®bptie et beeTeR Fotidd§/staml, Wiadrih &l psifiad oheheM t hout

incurring a weight penalty; d) reapplying a top ceramc thernmal barrier
coating tB2ss meRl pulistrale; el és serpved. ppd deigrpininan thigkneempb Hivabase mesal t he

portion oL A {Rbd, ﬁ%%%%ﬁ&ﬂ 8¢ thE BRSHethuBltcdt® removed having a thickness,

At; wherein the component has a weight, w,, after removal of the thermal barrier
coating and before removal of the bond coat; and the component has a weight, w3, after
complete removal of the thermal barrier coating system;
c) reapplying the bond coat to the substrate at a thickness which is about the same as
the thickness applied prior to the engine operation; wherein after application of the
bond coat the component is weighed, denoted by wi, to determine a weight margin
remaining, wherein a combination of at least two of wo, w1, Wa, w3 and wy is employed
to determine the amount of removed base metal and calculate a thickness in which to -
apply a top ceramic thermal barrier coating without incurring a weight penalty;
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) to
restore adjacent airfoil to airfoil throat distance to about the distance preceding the:
engine run so that the dimensions of the coated component are restored to about the
coated dimensions preceding the engine run to increase subsequent engine operation
efficiency, wherein the thermal barrier coating of d) is applied at a thickness greater
than the thermal barrier coating a); and weight of the component having the bond coat
of ¢) and the thermal barrier coating of d) thereon is denoted by ws, wherein ws is less

than wy.
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restore adjacent airfoil to airfoil throat distance to about the distance
preceding the engine run so that the dinensions of the coated conponent
are restored to about the coated di nensions preceding the engine run to

i ncrease subsequent engine operation efficiency, wherein the therm
barrier coa p i erwm
bar i or coat g eaies U sl aP Bk & ekl i RARorh R iy MM ARG CE )
and the tméﬁn&th@awﬂanﬁnbanmmgduhmdﬁnmhéﬂﬁnmawdcdﬁmomaﬂaﬁyemﬁﬁdmhere|n wo
is less than w. 15 2. The nethod of claim1, wherein the engine run
conmponent is a high pressure turbine blade, and coated airfoil contour

di mensi ong_ Phe iehoeQACRENCIO FRRSNE 154feﬁvéeﬁ%9ﬁteﬁmll§ana_ Q@oﬂ’mb%fg Qha &t aim 1,
whereint is between about '3 mls and about 10 mls, and 1§ at | east

about 1 midatleast ateut kerihod of claim 1, wherein the bond coat of a) and c)
conprises a diffusion alumnide coati ng. 5. The nethod of claim4, wherein
the diffusion alumnide coating is a sinple alumnide or a nodified

al umi ni de 4. @he hi@hdtebheldindfl, GihadeM the BUMErRatof AEakPEEcOMrRks & URGIsigi e is a
ni ckel - based single crystal superal loy. 7. The method of claim1, wherein

the base ABMiNJ§GBAiNEate is a nickel -based directionally solidified
superal l oy. 8. The nethod of claim4, wherein the diffusion alum nide
coating is a nodified alumnide coating conprising a netal selected from
t he groupS5cdhsi mtihod aff clBim Rrwherdin B d¥fusibhealodiiiioel ohtigd & @ dmplher ei n
the diffusjon alumni e c0 t| n further conprising reactive elenents. 10.
The met ho&VBHEF &F APt qehe ceram ¢ thermal barrier coating
conprising yttria stabili zed with zirconia. 11. The method of claiml,
wherein the bond coat of a) and c) conprises a MCrAlY coating, wherein M
i s sel ect édThe orethddeofyelainp 1c wheiest theghasé metdrsubstobalis a nivkekedsedsihgle

crystal superalloy.

7. The method of claim 1, wherein the base metal substrate is a nickel-based -

directionally solidified superalloy.

8. The method of claim 4, wherein the diffusion aluminide coating is a modified
aluminide coating comprising a metal selected from the group consisting of Pt, Rh and
Pd.

9. The method of claim 4, wherein the diffusion aluminide coating further comprising

reactive elements.

10. The method of claim ‘1, wherein the ceramic thermal barrier coating comprising

yttria stabilized with zirconia.
11. The method of claim 1, wherein the bond coat of a) and ¢) comprises a MCrAlY

coating, wherein M is selected from the group consisting of iron, cobalt, nickel and -

mixtures thereof,
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m xtures thereof. 16 12. A nethod for repairing a coated high pressure
tur bi ne bl ade, which has been exposed to engine operation, to restore
airfoil contour dinensions of the blade conprising: a) providing an engine
run hi gh pressure turbine blade including a base netal substrate mnade of a

ni ckel - based Al i t-her r Lrier [ t he

t her mal bzsilrgi iﬁgrnjl ég%og‘ ?drfg ?/ﬁs]'? gn@le g%hrtr%dr }hls‘@ ng&gmg?{‘%rhgeolﬁgg%n@%%@g g’ri%l% he base
met al  sulegpoesat etoannizine toppratienand aedtdver amfoilbegntier dinweationg ofother bladeg a
yttria stabili.zed zirconia material, the top ceramc thermal barrier
coating h&/MRE*A8noni nal thickness t; wherein the conponent including the

bond coat af BeivanRs RebRiife RAMIANEpREREGHIIDRe BRfe fhel BN base WRetal st
conponent 1 ncluding the bond coat and the top thernmal barrier coating

t her eon bétasieeotedh giakel-bised ailppharimg thexgen ghthermil; baghienr eoatinigreysteonphet el y

t he ther Ler i n st em .wher ei.n. a rti,on of the., base t al
substrate aeir%%f Péél%F %%g%}él& sq"'gn 8%%??}?%% ?@F}P‘g%ﬁggs“’%ﬁ‘ op ﬁlée Bﬁ%emﬁr@ al :
subst r at e sulssfavedad bh@pparimienthefmalNearkias eodikigabonspthaly at wiricsmyBEedavi ng a

t hi ckness, . At; wherein the conpaonent, has a weight, w2, after renoval of
the t her mgitcoHs pagsriab dhg top geranye theprpldagriorceaing haying hpomwbthidkaess tand t he
conponent iR el : ﬂap . arrier
coating s;@t% Izerlrll‘lel C) 0%839({??‘%8&@%31’%? uéso%ﬁle{)eoﬁg)\ég%%g ﬂ%%@? %éergtg%‘gggfsr%t e,

wher ei n t eight,net, camdt the sompeaq linddding the bbnd kostsmd thbiteh thesmabbartiet he sane

as applied riog to the engjne oEer tion;igglnerein after application of the
bond coat RHEEIRFEYhRGPIE SLEIREOGHEHON DIFhWEIBHL B w4, to determine a wei ght

mar gi n r egRidhd\Gng WABPRIY &heCRBRAA Fat R c%gtixg% syste%ﬁ%léér%aag otfiBn ofne W2, W3

and w4 is enployed to det'erm ne the anount renove netal and
cal cul at ebaset inctak walsstratenalsdiic hemavedpphy datetrojminge thackiness b fireabasbanetaler

Coat! 10 AR AEHIE RGP RSRhuSl FSR T o

conpensatgg for the portion of base netal substrate renmoved in b) to
wherein the component has a weight, wa, after removal of the thermal barrier coating
and before removal of the bond coat; and the component has a weight, ws, after-
complete removal of the thermal barrier coating system;
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; wherein after application of the bond coat the component is weighed,
denoted by wy, to determine a weight margin remaining, wherein a combination of at
least two of wy, w1, Wa, wj and w4 is employed to determine the amount of removed
base metal and calculate a thickness in which to apply a top ceramic thermal barrier
coating without incurring a weight penalty;
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) to

- restore airfoil to airfoil throat distance to about that preceding the engine run so that

the coated airfoil contour dimensions are restored to about the coated dimensions
preceding the engine run, wherein the thermal barrier coating of d) is applied at a
thickness greater than the thermal barrier coating a); and weight of the component
having the bond coat of ¢) and the thermal barrier coating of d) thereon is denoted by -

ws, wherein ws is less than w;.
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restore airfoil to airfoil throat distance to about that preceding the
engine run so that the coated airfoil contour dinensions are restored to
about the coated dinensions preceding the engine run, wherein the thernal
barrier coating of d) is applied at a thickness greater than the thernma

barrier cqats . el .t Al i . n t of c¢)
and the tﬂgi?rﬂagmb%P Fii%grglacoé 1%5&%]1‘11 t[cji§mt%gere§§d1%uso eﬁgiagﬁélgi‘)ﬁ&@‘?‘ Eé:i\%grei n ws
is less thpaammi . 17 13. The nethod of claim 12, wherein the nickel - based
all oy has a density of about 8.64 g/cnB. 14. The nethod of claim 12,

wherein the yttria stabilized zirconia material has a density of about 4.7

g/ cmB. 15.14Thee TRENGE 0P cidi@i N JheREHR! Ririd Stab TR DG Enih SnABrid fids0) | - _16.
The nethod of claim 1, wherein the conpohent Is a static conponent. 17.
The met hodensfitycifabout#67 giatwdr ei n the static conponent is a vane. 18. A

met hod for repairing a coated conponent, which has been exposed to engine
operation, to restore coated airfoil contour dinensions of the conponent

conpri si ngs. Pie MEMYH o HGin2 N, WAGENShE bonSARROBARkirfoic! udi ng a base net al
substrate made of a nickel-based alloy having thereon a thermal barrier

coating system the thermal barrier coating systemconprising a diffusion
bond coat : sybstrate and a top,..ceramc thermal barrier
coating céﬁbﬁééﬁﬁtgggggggl%?g’ vg]tfegr lﬁtﬁ“’z%"a“ b %olﬁﬁgta'ﬁjﬁtcg?lpgﬁl?ntt't he top ceramc
thermal barrier coating having a nom nal thickness t; wherein the conponent
i ncludi ng_the bond coat thereon hefore engine operation has a weight, wo,
and the d&énpsrasthod pbelaim Ky wheeelp Sircptalisompeaentisa Y- t her mal barri er
coating thereon before engine operation has a weight, wi; b) inspecting

t he conponent; c¢) renoving conpletely the thermal barrier coating system by
stri ppi ng}l8waaenethod dor ppaitingra cfatécheorhpeentyptldth dubbédnaéposddn égieenoved,
the portion of the base netal, ubstrat.e rem)v%d havi ng a thickpess, At;

wher ei n t ARSTRH T BhEROrHepgied aioif Fientoyilimengions,o OnGRL QOMPIISHISH nal
barrier c@abidVilliRd dn RAEREEruh &FRY R ne Rl int RGO Ba&ORleial sBHGrate made of a

nickel-based alloy having thereon a thermal barrier coating system, the thermal barrier .
coating system comprising a diffusion boﬁd 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; wherein the component
including the bond coat thereon before engine operation has a weight, wo, and the
component including the bond coat and the top thermal barrier coating thereon before
engine operation has a weight, w;

b) inspecting the component;

¢) removing completely 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; wherein the component has a weight, w»,
after removal of the thermal barrier coating and before removal of the bond coat; and -
the component has a weight, ws, after complete removal of the thermal barrier coating
system;

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; wherein after

application of the bond coat the component is weighed, denoted by wy, to determine a
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t he conponent has a weight, w3, after conplete renoval of the thernmnal
barrier coating system d) reapplying the diffusion bond coat to the
substrate, wherein the bond coat is reapplied to a thickness, which is
about the sane as applied prior to the engine operation, fol I owed by

wei ghi ng : ; ' | on of the
bond cogt TR AN Ehatnhel SHEHLEL SobinaOELPUNAN 1Y of BB Mg

wei ght mamvgi 3 dsmpiayemi ng detetainei the canc@nibiofateinonedbagd mMedSindt wclctclﬁtevm, wi,
w2, W3 an oyed to determne the ]ejam)unt of renoved base net al

hnd cal cuftiphess b WH@L&%@EFW R <ernRiG thgspiel, bariehpratiBeatHiot MEPHHIE Dar ri er
coating V““téTQHP ﬁr{d ng a weight penalty; and e) reapplying the top
cerami c thermal bafrier coating to a nomnal thickness of t+At, wherein At
conpensat € rdapplyirigethp dont commad thoasal baetied costihg ta anemimtthiekhdss oBb)+Atp

restore adjacent, . airfoil to.aitfoil thr t di s about the, distance
precedi ng “%hr‘fé 0 Mg I ofpe Ifliﬁﬁessg)r!tnj?ﬁtpl%@ 3 P%ﬁ Ifn i"i Eﬂfa??jlr%%éqd st)olfo t he

coat ed comeraujaam di@sil @6 kol GraROdiktahdietoCRIE thel BiRNSS 9&%@{1@@1%1' ng the
engi ne run, wherein the thermal barrier coating of e) is applied at a
t hi ckness epgiBa Y sot thairthe pisfaiheanteur diraensians of da ¢qagedagommnmt apefagioredof t he

conponent , the ther rier c i.ng of e)
t hereon i 331%%6#2'[% edgbglte%vége\%ﬁgﬁs ﬁlfece\g/j\%n § 1 BESHHEN" V\fn31 R‘}Eﬁ%ﬁg

REPAI Rl NGe&BhpESD d;(i}vaismﬁurasa m&ﬁ@é@emmthaghé@aahmeﬁb@@mmgrm a&fd t he
invention, a nmethod for repairing a coated high _pressure turbine bl ade,

whi ch has "5tk obthesemgonent baying dhobrdgonbef dy andsthe thspmaldsaieroating oloj |
contour d 1SGl The net hod conpri ses

provi di ngbgﬁl@%kﬁgﬁ%&éﬁg%ﬁl gsﬁa%rsreelsdsﬁ/ fegliésgrﬂg‘%ﬁg bl ade i ncludi ng a base netal
substrate nade of a nickel-based alloy and having thereon a thermnal
barrier coating system The thermal barrier coating systemconprises a
di ffusion bond coat on the base netal substrate and a top ceramc thernal
barrier coating conprising a yttria stabilized

19



zirconia material. The top ceramc thermal barrier coating has a nom nal
thickness t. The nethod further conprises renoving the thermal barrier
coating system wherein a portion of the base netal substrate also is
~renoved, and determ ning the thickness of the base netal substrate
renoved. The portion of the base netal substrate renobved has a thickness,

At. The nethod al soveITHOD FER RERRM NG TOAEEDIdOMPONENPHD coat to the
substrate, wherein the bond coat is reapplied to a thickness, which is
about the sane as applied prior to the engine operation; and reapplying
the top ceramc thermal barrier coating to a nom nal thickness of t+At,
wher €in At conpensates for the portion of renoved base netal substrate.
Advant age%@m e coated airfoil contour dinensions of the high pressure
turbine blade are restored to about the coated dinensions preceding the

engine run. (FIG 3) 20 _
According to an embodiment of the invention, a method for repairing a coated high

pressure turbine blade, which has been éxposed to engine operation, to restore coated
airfoil contour dimensions of the blade, is disclosed. The 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 compﬁsin‘g 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
the base metal substrate removed. The portion of the base metal substrate removed
has a thickness, At. The method also comprises 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; and reapplying the top ceramic thermal
barrier coating to a nominal thickness of t+At, wherein At compensates for the portion
of removed base metal substrate, Advantageously, the coated airfoil contour

dimensions of the high pressure turbine blade are restored to about the coated

. 4, . -
dimensions preceding the engine run.

(FIG. 3)
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