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
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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



(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)
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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.



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
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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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has been exposed to engi ne operation, to restore coated di nensions of the
conponent and i ncrease subsequent engi ne operation efficiency, conprising:
a) providing an engine run conponent including a base netal substrate
having thereon a thermal barrier coating system the thermal barrier
coating systemconprising a bond coat on the base netal substrate and a

top ceram r|er atln he. to mc thermal barrier
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the thernmal 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 portion of the base netal substrate renoved having a-
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nom nal n,of base
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t-hi ckness greater than fhe thermal barrier coating a); wei ght of the -
conponent Yy mﬂgaltﬂuéstmﬁ@lsoaatremoved and deterrnining 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; 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, wy, wo, 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 wéight
.penalty;
d) reapplying a top ceramic thermal barrier coating to a nominal thickness of t+At,
wherein At compensates fer_ 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



of ¢) and the thermal barrier coating of d) thereon is denoted by w5,
wherein wo is less than wi. In a second aspect, there is provided a nethod
for repairing a coated high pressure turbine blade, which has been exposed
to engine operation, to restore airfoil contour dinensions of the bl ade
conprising: a) providing an engine run high pressure turbine bl ade
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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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the coated airfoil contour dinensions are restored to about the coated

di nensi ons 4a preceding the engine run, wherein the thermal barrier coating
of d) is applied at a thickness greater than the thermal barrier coating
a); and wei ght of the conponent having the bond coat of c¢) and the thernmal
barrier coating of d) thereon is denoted by w5, wherein ws is |ess than
W. In athird_ aspect, there is_provjded a nmethod for repairing a coated
conponent , PRRsdRS ths sagine BRL sbstsisthethermalbaracisnating pid is epplicdf 8r e coat ed
ai rfof | capicRiics dramRAShaNhehormldl ©oRARABENE of WRRVSLAE @b BEhEHNg an
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thermal barrier.coating,systemconprising a diffusion bond coat on the
base netaﬂm%ﬂ’?FFEWéwlﬁﬁgué‘¥bp ceranic thernal barrier coating conprising
a yttria stabilized zirconia material, the top ceramc thermal barrier
coating having a nom nal thickness t; wherein the conponent including the
bond coat Ik adhisdaspset Breee smgpvidebparethaddir repsiring awsiatedtcomponeninehiche
conmponent i di.ng.t Iy at. and the to he | barrier .coatdng
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conponent jthegonipiteivi daghpeeitgt et el y the thermal barrier coating system by
stripping, wherein a portion of the base nmetal substrate also_ is renoved,
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system d) reapplying. the diffusion bond coat .to the substrate, wherein the
bond coat aﬁli a E’@a%%il‘%@dﬂlegnﬁ LWE’I’(H%@E’{g FHTRISING 218 1R StRidized Arcaaappl i ed
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calculate At; wherein after application o nd coat the conpdnent is
wei-ghed, wikersirethelrpmpdnent inchatieg therbond costeherhon befory engirermpiertitiog hasvber ei n a
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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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thi ckness in which to apply a top ceramc thermal barrier coating wthout
incurring a weight penalty; and e) reapplying the top ceram c thernal
barrier coating to a nom nal thickness of t+At, wherein At conpensates for
the portion of base netal substrate renoved in b) to 4b restore adjacent
airfoil to airfoil throat distance to about the distance preceding the
engine run so that the airfoil contour dinensions of the coated conponent
are rest orégoreadiasprfiairionh i diggtldhrogt dslaasdaabpridhe distges pecediss He run,
wherein t [ 1 j e) i j :
areater 1 ARTLE o APRF' Sl EARbL M RhaBls dAnBRRILE obordpl HABAREE | ent
havi ng t heolbaoat thoabdated dihemsivahs pheetling th@tbndine ringwheosd itegthedmal @arricher eon
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subsequent engi ne operation efficiency, Is disclosed. The nethod conprises
provi di ng etheremi indenated by mpowberein wck leds gnavibase netal substrate. The
base nmetal substrate has thereon a thermal barrier coating system
conprising,a bond coat on the base netal substrate and a top ceramc

thermal bafd b emiscbitta mElfod APbeH ATl IR Rk | er coating has a
r

nom nal thickness t. The netho r conprises renoving the thernal
barri er cowhichchasyt=ermxpoatedr i engine ppetaiion, of restoes beated démensiensbhefi that e al so

' d, and deternining the thick f . the.r. d b L. Th
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coat' is reapbd eétxﬁlﬁiskbgarmﬁﬁ{gr ah Cerftfind? rhl OijRBENt Mthiding % db@Umetdl he same
as the thickness applied prior to the engine operation. The nethod al so
conpri ses subsipgie.yithy baseopeleb subhteate hay thereasat thesmal darriaes FopBNG S nal
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I menst ons o € coated conponent

are restorgdtif® atheUbp tddtamichb@th Hamedsioatifg bae acsbmigal ticlaesd e Then to
i ncrease subsequent- engi ne operation efficiency. In another enbodi nent, a
net hod f ormethpdifvithyy wmtes doRPYRE fhe dagrmel bt seaish e FeAHad been

exposed t G, ¢Ag| BEHBRGEA R sub Rral AL [EreiRFEE bnfldelcinning the thickness of
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+AtL, '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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contour dinensions of the blade, is disclosed. This nethod conprises
providing an engine run high pressure turbine blade including a base netal
substrate nade of a nickel-based alloy and having thereon a thernal

barrier coating system The thermal barrier coating systemconprises a

di ffusion bond coat on the base netal substrate 4c and a top ceramc
thermal barrier coating conprising a yttria stabilized zirconia naterial
The top ceramic thermal barrier coating has a nom nal thickness t. The

met hod further conprises renoving the thermal barrier coating system
wherein a portion of the base netal substrate also is renoved, and
determnin e LEKRS, I . +d of the
base netalgg%EEP%gfe reﬁgvgﬁwhggnggq?ﬁﬁ@%ﬁ%@?ggigfﬂ$ﬁghﬁ%%ﬁ§ﬁﬂg%§%ﬁﬁ

conpri ses meagplyiTig @pdicdmisi tharmixd tdrrimatoating hhea noubsdlrthickness ta The

t hi ckness, which _is about the sane as the thickness lied prior.to the
engi ne oper“a‘iﬂil?dr:fmg}’?ﬂ CPERPSTY TR vAS g}? thery; 'l@r‘flﬂe?(??gilf)‘gﬁgﬂq“erw@f)eé? i!ng to a
nomi nal tisbﬁmeﬁ%h%a&eﬁﬁéml WRRH SR is CANDRAS AP detbBhininane Biitiess of
removed base nmetal substrate. Advantageously, the coated airfoil contour

di rensions of the blade are restored to about the di nmensions preceding the
engi ne run. Applicants have determ ned how to provide further substrate and
bond coat tenperature reductions for airfoils, which increases ceramc
spallation life, which |owers subsequent coating gromh to be experienced
in the next repair cycle, and which also provides further alloy nechani cal
property advantages. For exanple, this nmay be achieved through the
addition of the herein described At TBC t hi ckness. Applicants al so have
determ ned how to conpensate for base netal loss as a result of coating
removal processes, and also restore airfoil section contour to its
pre-repair or original coated airfoil contour dinensions, wthout a weight
penalty. Thus, an inportant advantage of the enbodinments is that resulting
airfoil throat area restoration will allow the turbine to run nuch nore
efficiently. For exanple, during conventional repair of an engine run
conponent, about 3 mls of underlying base netal thickness may be renoved
in the process. Thus, about a 3-m| |oss of base netal may be experienced
on both the pressure and suction side of an airfoil, which

~ 4d



translates into about a 6 ml increase in throat dinmension (distance

bet ween adjacent airfoil sections in an engine). Wiile this increase in
gap between the conponents my not adversely affect the mechani cal
~operation of the engine, Applicants have determ ned that operation
efficiency may be substantially adversely affected. Enbodi ments present an

| nnovati vetho MvaPBaetnsal UtTieMdiiod b AOBYS ﬁ%&?'sﬁﬁ@tm‘{@%&ﬁbdeﬁ g grpensi ve

to i npl enent and does not require ditional costly equl pnent.
features dhigkaersadt-adds mithoed plso appmmm reppoiminghe difbistaomborgl oot ¢o det ai | ed

d h whi ch
1 ust r at oapgf AR poiaR MR Ravid e iife 8 8 TRRBRcsA JeRi<toniorao g r

DESCRI PTI @NgiﬂE @dﬁnwd\i@aﬁplgmga tbplo%raameeﬁé‘rﬁﬁ%aﬁﬁ%r ¥oAMeQb aPndthighl
pressure t rbine bl ade. Figure is a local cross- sectlonal vi ew of the

bl ade of Rhigkpess of té%ﬁghqrﬁnemzccznmate% fywibie portivey phlrerbeedi ease gueiali ng
system on a r S har W ng an nt of the
process of t Iéa?‘%l n\%n?‘ﬁh%éb S‘ESE% F_%IB&JDE%B ?ﬁ# C@? ‘}%E"SI Rf/g%%éﬁfpﬁ"ﬁe repair
nmet hod of redterep testent therlaatdians preceg@ah@tbigingmal i cabl e to conponents that
operate within environnments characterized by relatively high tenperatures,

and are theif Dg g}a %iect ed Q severe thermal stresses and thernal
cycl i ng. %%‘m‘B‘F IP%h *CoRfYifken durther c substraten andy bmdasert| ow

pressur.e Eéjﬁlﬁﬁrﬂﬁre”féﬁﬁétﬁﬁls aQd ArGtesvhicHh n{c%bgléﬁ] c&%m,“ §érp atlhfl 8L Swgﬁg

augnent or hardware of gas turbine engines inclu
ai rf oi | s, lawergshseatient gaating gtavah ptarttesemuhn@d mathemexﬂﬂ@aﬁadsﬁcls; har

exanpl e i e urb| de 10 shown in FEigure For
conveni en%éﬁc'i'l I%e&%{aﬁ%glr%‘fi ?ﬂ PWW?@W&‘*’F %’ “B¥8 in the
cont ext ofnay®pathichal th}oagﬁ thé&idlthmﬁ\fﬁé her@iﬂ%es?dﬂb'eh %‘i’ﬁﬂt gt will
recogni ze that the method described below may be readily adapted to

repairing,any other gas turbine engine part coated with a thernmal barrier

coating s{BPUsAtsEl%o Ivgdeterping hopgigreempensatfoabhse ingtal lodess aresaltofoj | 12
Sgg' [‘3 £ b:’\é‘]ﬂeﬁgﬁ I?Qrﬁovaq gﬂ%‘égéﬁé OPd9AR s Bl Caiftof RSES IWE DY, ItB%{'ea-l%elpgl? ogf the
onglnal 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 mﬁch 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 éolution |

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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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 fromthe blade 10. The base netal of the blade 10 nay be any suitable
material, [ i f i .or Co, or conbinations of N and
Co. Prefe#ggﬁkﬂgéﬂgRﬁgiégﬁé€gﬁﬁ?gﬁéﬂghkgctionalIy solidified or single
crystal N -base superalloy. For exanple, the base netal nay be nmade of
Rene N5 metgirt alis Dpaim@tive dieRIrtanigh pREAW wdhifideihgdB. The as cast thickness
6 of the airfoil section 12 of blade 10 nay vary based on design
specifications and requirenments. The airfoil 12 and platform 16 nay be
coat ed wi tiigue 2ra arasal weassisettioalayiewpefshe biade of Figuen dwalong likegu? @nd. The
thermal b I g C [ a bond coat 20 disposed on the
substrate§%§&§{gﬁgﬂ%6ﬁgﬁ%¥§&§1f;n1%“$he?hg “parrier coating 22 on top of

t he bond coat 20. In an enbodi ment of the invention, the bond coat 20 is a
di f f usi on Fegyat B iep fiowd chdreshowdsgamemabdiafent sfxhdpades bPtliesinverdionect i onal |y
solidified or single crystal N -base superalloy. However, the base

mat eri al i <! i i j and Co, as described above.
Bot h the @kﬁgﬂfgih¢gé@#ﬂ93§@f@Eﬁ@%gbﬂggmﬁﬁgkkn in a cobalt-base superalloy
di ffuse outward fromthe substrate to form.diffusion alumnides, and the
super al | oYt Pyirinfsthatiler th@f}fbsé\llt TRVEALIOR id Sen¥aillyiapplidasleas toapeentY\liat € the

di scussion of the superalloy substrate nay be in terns of "N -base

super al | ofReratetwihin enpigonmenie charaeserizaday relatiyelyabigh depperatiresy asdbast r at e may

be enpl oy ). t 20 C Lise ALY coating

) one or frefoteSlitBiied o 4ed e B0y FO&bcsrmd TR ity A fYTs ey

sui tabl e &hawh @agiohags inohedeotheitigh tAd a6 Pidete TBMincOhodzte dndvisladdson, the
di f fusion coa{gi ng ){ conprise sinple or nodified al um ni des, containing
nobl e met HirQuds, epmaustes; lingcy, apd apgmeriar Sardwaes of Eoe tsbiapemeinesnPdgi ng, but

not |im tgbnt . T i T usd t b 0 t he
conponent in pgesn%{%%agé aigif%ﬁ(s:l’:—{{‘f (rﬁg%{l’ J\Kl/gygstaﬁl [r?]a?%réluéi? ,as ﬁ%es. su'tﬁ%{)épgl?%lgpnny be
exposed texaaiplanisrtherhighymrbssas toybine phadl 1prsho®asn Gigude ¢ hefdrcnvatdgre,

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



deposition (CVD) process at elevated tenperatures, and the resulting
alum nide coating formed as a result of diffusion. Mre particularly, a
ni ckel alum nide (N Al) diffusion coating, may be grown as an outer coat
on a ni ckel -base superal |l oy by exposing the substrate to an alum numrich
environment at elevated tenperatures. The alum numfromthe outer |ayer

di ffuses | t he, substrate mbi nes wth_ the_njckel diffusing outward
fromthe séufgttg? raélrttﬁ)e11 Sffcgmf’oﬁn?%ﬁﬁ fn(::l rEH XEThB2ssE o desiengpesifisaliansentlor mat i on
of the coakquigemhentd he result of a diffusion process, it will be recognized

that there are chemcal gradients of Al and 7 N, as well as other
el enent s. ‘have a high relative concentration at the outer

However, Al will ]
surface of 'herarfgy 12 and plgifosm 16 may tisesonsdywitine deering! bariierecdating diétémsi on

into the gu : ti i sion zone extending into.the original
substrate, éng tﬁl ?1&';{?%32%&% raai ?%rﬁle{mcqal%mﬁl% My %gé’oﬁﬁ?f:?lat

i ncr easi n@0diispoaeten tietsabsthute s£bIadE 20 and aCenms SRtMal Biridh dohtih@ye og hi gher
concentrati on i substrate and will diffuse into the thin |ayer of

' t\lﬁll hi thg
al um num P PPN eeak &P al uni ni de. The concentration of Ni  in the
diffusion zone will vary as it diffuses outward to formthe NNA . At a

l'evel  belgwntdaoafmh & R& S HIVERES:, BdGorddbdd 3b N, cﬁ&[m@ﬁ '05%81% Rl thoe
ut th nin e di

substrate is maintained, b the Ni concentrati o usi on zone
will be | bsss mstal wiflthe ade 4@ is af dinextionally oblidifisd ancingla toystah eNidbdsé usi on
t hat .al.t ho the quter surface of the

. Th I Ni f
;S? iecl e, ezsiﬁpger%%icﬂtyéln 0“6?%&?%}?%%%%%!)@:5? P'g’lg{rlr’g‘fh? a copgppationnf N ad Geen ¢ he
out er sur hadescabell iife OB BRI NSMOS i RIE50 SRREII0L ARd d’h{ﬁ &?&%‘t%aﬁ@t ion
y e

gradients of N and other elenents that diffuse dutward rom-t
subst r at eS¥sERlopdidassonitvay fremuhe subsirad to formatiffusion afunisides) andrtke bet ween

the outer : i &k e d.that. portion of e _supstrate having
its origi %@éf%%%%gghécg%e%a&ﬁ @I(l)ﬁl?(g ?%XWW@%’P{)&E% W%B%#@dﬂgcl?%?ﬁ‘ ate to

an oxi di zofgheatngesgilgr subisitpicCaby Ybe @5 UbinSs bh Nilisé aupBhilon, of wan p&l uni na

| ayer over the njckel alum nide _coating. A platinumalum™nide (PtAl)

di f f usi on"REEPThal 60-hase sypemieyiabsgteanasche epplaydda Fimilarlini the bayckr of

pl ati num gyenotRe, Bidifsle PREEAYOSLE tq a.oredeterm ned thickness.
Then, exposure o?y ﬁe&ﬁea*?. nur%q?o&tgﬁgéle‘lﬁom narmk r°° Hbaﬂ\%r“gﬂ}@wt‘ Oh| evat ed
t enper at uwraating,aas Seedl dslochey suivdble lafowancoatihgy, | ayer of Pt Al as al um num

di ffuses into

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



and reacts wth the platinum At the sanme tine, N diffuses outward from
the substrate changing the conposition of the substrate, while al um num
noves inward into and through the platinuminto this diffusion zone of the
substrate. Thus, conplex structures of (Pt,N)A are fornmed by exposing a
substrate electroplated wwth a thin layer of Pt to an atnosphere rich in

al um num at.. el evat ed .t enperat ures. As the.  .alumnymdiffuses inward toward
the subst rar & ¥5d RiCHH PREtRs” Hie® s ey e a&?Mﬁ“&fﬁ CPRRCBIENAD b
creating tihe oflief kuFacerofaR aticRviidh IR SES¥BYn 81 yPdAw iss @WhsiBh int§O! ution
so that the resulting Pt-Ni Al internmetallic matrix nmay al so contain the

preci pi t attBe syfstipiegreatingtecdiffusian Zpee eperdinpiintatthooriginalRubtiqeoditkisi f Al

| evel s aboye tainyl re achi eved: below.this |evel, e, coating
i s consi dejirﬁec 3 ngalQléﬁgﬁgs%X%H?IgF?rﬁ?S)eA %tﬁ/l%%ﬂsﬁsi% ipfandg; It’f‘ﬁ)eﬁleaf*luﬁ%aﬁﬁ‘de
di f f usi on Custisely, Na wgll ddvenhightr edndBhtrition Wiskin tig fidswad Aed Jinaimee rich

outer surface inward toward the substrate surface, and a gradient of N
and ot her TBiedhe iR laygt ot ahvadnunm tostorm) aomskelsaleninides sThsuroneerdration of Nie

substrat e ;j tche- al 1 | et r,. [ in,th i or
xanpl o, - an BOithiicR AL STSEhER birblatunBidiy 0 e R} oot SlrRice
whi ch may belost thdeoripidh surfheas itreinital diicogesitian df Mcdidktrat Wrinainttesed, whi l e a
di f fusi onblg er,_.bel ow t he ou&lgr .JJayer is created. As_with the nickel
al umi ni de PBRFINFONEsHiaLoR & Be diffesiqyzanegvilihayless: andevillovarn avi facipmg

at mospher @£ i¥Rh6RInkY tHe@BAdich Jdhe! Ffic tQNITRY QD18 uf H?Hf R%ms heNEonf
I ? ug e the I Py

al um na. Suitable alum nide coatings also inc conmerci a
avai | abl esadtepidheiaitinlede geadaint nfyanying domapostfonwdfiNihanidAldesas béteden n U, S.

Patent No, 3,667, 985 d .al ' mhj.nat | ith a first
el et r opl MUt Sy miPE Erfinal Sthus Solpralion. LomeotsgRrirRESIGIS

t hi cknessopNi b othief ElifieR thAKING IV ardBy FromOUE shshfedlayndBYpdiftd be
greater than _about 0.0045 inches (4.5 ml’s) and nore typicall )Pmay be about

0.002 i nalesnwnobb createrrediffisionzond hefween thhiovten surface Dhthedirfidle sidthat ayer
Mnches. ( oFeayh o thesythlie HARHG U el RofaiitioR Dy ASnReporiee i i ¢ i ok,
whi | e t hecautddesubatiatitto \ue dxddigihg GaiBiphaRstypichy BRLURDGE theUhAhdoh St
0.001-0.002 inches (1-2 mls). For exanple, a new make conponent nay have
a diffusi @HmB@Hay‘i?&é’Ff@Fn%ézﬁlu@watm&hes (about 2.4 mils) in
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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t hi ckness, including an additive |ayer of about 0.0012 inches (1.2 mlSs)
and a diffusion zone of about 0.0012 inches (about 1.2 mls). The wei ght
of the blade 10 with bond coat 20 nay be represented by wo. Ceramc
thermal barrier coating 22 or other suitable ceramc material may then be
applied over the bond coat 20. Ceranmic thermal barrier coating 22 may
conprise full partially _stabi]ized yttria-stabilized zirconia and the

li ke, as Web N)Sé% atshwih thanicks plnmide Jiffusion foating @ ggdigal o MM own i n
the art. XAl fb ikl Hth ARk SudRAMhERL torvggi 9 GuRRM sufiBed Iny el ght

percent zirconia st abi w t h about percent yttrra, anong
ot her knowgraxhelamlemhéoﬁm elb@emts eccuroad thlagseleﬁbl&s ddfuagrowtwahdk froml the bar ri er

coating 22 na bea lied i.tabl e ns. referred rrethodfor
deposi {1 ofPareis i Hie rlsﬁlrma'ésﬁrn% ﬁ?@flzfsr APhp dterBetiosi o8 bF BHOY EEAIBRIS) aI t hough
pl asma Slahfi‘fﬁnﬁﬁpi%}i bhONIREOREPERSI 3 R 6'Lﬁ¥r Qﬁfa@%ﬂ%ﬁ%&f Inchfd

applications. 9 density of a suitable EB-PVD applied ceramc thermal
barrier cpéﬁ’flmngl admymbées&nﬁ nigket aﬁl,rmaldds mohiée palrﬂfusmﬂ hyereb@immlths oofer sui t abl e

ceram c thermal barrier, co |be S

F08s, 70515 qo et “ASSRh /B8 hidlel AlTEREle, Aiting, s¥povrsof S SRS f ew
The cer anisghsthes fPdn btz tﬁ@g;ﬁnerw tﬁﬁc YreB@Cinthe tfbﬁ@iﬁaﬁscﬁf éﬂ buRf between
about O. 003 inches (3 mls) and about 10 inches (10 mls), nore

typi cal | ylayar 19 ealowgy ofSuablﬂgtalmngm@e |cﬁ@trr@§ a0 inglade the spmmereiAly ne
service. ,Jhfnfl dcﬂB aM?x'tl ﬁ{ﬁ”%ﬁ&m rgn foﬁlé 'lnol%‘Ct escn%eﬁr%’UVSarP%tenEﬁW | ocation

to location on t 0 pro eve ¢oolTng and

bal ance of 66h98&alse$hroﬁ6$)e&1 cobhifinatiedl @ith aOﬁrst é’l@cthip@eiﬂ@oﬂ@],atlhml wdbiilg bond
coat 20 and cerapjc thermal barrier coati ng 22 nmay be represented by wil.

The af or e?BEsHiBEEORFEed conponent, neeting the aerodynani ¢ di mensi ons
i ntended by design, when entered into service is thus exposed to high

tenper at UFRs ol &fall tﬁfetq%%@ tﬂ@ﬁifﬁfé% éoartlhg‘“ama)pv’ Nyd @Etﬁzﬁg%ﬂ?ﬂa;“ﬁ@t bd he bond

coat 10 may grow through interdi usron W th t e su | I oy. The
ext ent  of giehter ithmneabdinf . O@4ﬁ)mchay(4d:'enels§i and mdré @)’Iﬂ(DEﬂIB’UBa}Obe abogl @0Q%k. g.

Co g bR ot et MRS By vl R O ™
aspect of theh@ibk@Ral fypRialsaasy Ot 4H38t HRMSIT.0013YARALL .51 nBRYV fiore
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



coat ed bl ade 10, which has been renoved from engi ne service may be first

i nspected to determ ne the anmount of wear on the part, particularly with
respect to any spallation of the outer ceramic thermal barrier coating 22.
| nspection may be conducted by any nmeans known in the art, including
visual and flurosecent penetrant inspection, anong others. |If necessary,

the ti h t. i dto t t di i . Next,
e U b e SPRVETLLCTA bt cpal e, festpie part dmrcione et
the bl ade gléw’, Bid WRAO HaHiBAMP ckdinf1BE oA fitable etk 'ﬁg:nﬁgﬁﬂrﬁ@ﬂ co%fiﬁ%éaﬂla.ng

and/ or nechani cal E{r?ocesses. For exanple, the ceramc thermal barrier
coati ng 2Zepgxipedein b PagnbNdsn ch®s 5Eish oH89 %003, 04328285 us 21686 utand| ave

and/ or gri lgstin rogesses. The ceram hermal bargier coating 22
50ty BRI . o e SRRl b ot e PhdEH, TR A0
6, 544, 346 thigkisg(tPbheétHeer¥HoupP@ 0O irkha@ mADRIE &LV 0 iaEiRE e IEREsEr i n
are incorporated by reference. 10 After renoval of the ceramc thernal

barrier cdRQF m}nszaéf,gf o1 Henerder of sk H¥)Snimphdse(5 ity Py doamgiheseniied above

to renove i I hen be i ghe sj ng.a conventi onal
appar at us @E?ﬁgg@ ]&gc%%%e%nlagggg% g‘ﬁ%g%e%ﬂlﬁy 'ts %:%Pg%ctagﬂléﬁ)of?g%wn . The
bl ade 10 @hsdo mayvitie thespaailedvelt oft d‘ﬂoﬁn%taﬁdﬂ)alﬁ@é OEHETRIE str&¥edPiThe

niques to further determne the

techni ques . qQr her nondestructive tec ] )

integri ty“(?fg%lt Hgﬁ'ﬁﬁ’é"ﬂgl Ol.nc{“ﬁﬁg hamd spptyd Ovpdissrianie dharmabbareast qoning B2 r enoved
from bl adg,,1QcYsiBGniRiQ¢s known in the art. However, prior to renoval of
t he above t%%ng ;é:ﬂoat n20, y?)gl'desi red, conventional masking techni ques nmay be

enpl oyed to mask internal features of the blade 10 and protect any
i nternal dbat dfprg-desoribade rroetatl. chinporexgnpieeting thi g herotlprmpdc atlimensionx capabl e

of wi thstandi,ng,the.chem cal d, temperatures enployed in the bond coat
r enoval s{rg%ldﬁgw E\ESI%jvg]?PQB%F%}BF‘{W IPhS ‘ffaﬁXpB‘%Btt? %Pg?‘d'?mi’?fémﬁ?safﬁ% 10.
After anyeftefded§RribBsH tidle. [‘)ﬁﬁlﬂg@hi@%kpd%ﬁ&?md%ﬁbl@ﬁla}r%?o\k'%oﬁ h abrasive
materials.  or chem cal processes such as aqueous acid so ions, typically

a m xt ur einggrdiffusionviniie syrstratstedlol c The extent ofdhe bterdiffobiop eyt dsperehayve or
strip off,the: rlyin nd, ¢coat ,,.20. |In the case of netalljc coatings
based on g’lreu?ﬁffr‘;lg%]g ‘(L’:(I%dé’rlﬁqc(g% erentn I:fs iﬁoa?%aﬁglrc{“i‘??ﬁes bstrg bﬁ'@‘p@ed in an
aqueous  céummpositlongNE@To-Biss8)) atidnemp&emeORd e 8BexPosure.

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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result of reaction with the etchant may be enpl oyed. Accordingly, during
the renoval process about 1-3 mls of the interdiffused underlying base
nmetal substrate may be renoved thereby resulting in a decrease in airfoi
wal | thickness. The additive I|ayer of the bond coat 20, typically about
1-2 mls, also may be renoved. After conplete coating renoval of the

. under| bond coat 20, any

cerani ¢ t hegnal barlri er coati.nqg 22 and ' nq
enpl oyed rfgé?{e{ﬁ?m&? & tf’r%ﬁerﬁlé“‘f‘ .ar‘flfrg‘}?at“ﬂ%%?e‘f SRS PORBESUMEY PR vaccum
or air furdgiered 18 aBREHE] HSFveRb P&E&;%%siﬂil?ﬂs.bﬂie AR R)&%?;é th-EH%eW%eHay be

conventionally cleaned to renove residuals. For exanple, water ushi ng
may be enplsBgedconypiingabepnerated swhiasg scelchmibglasse, aithéts weigldaleifled hpw havi ng

its previqusl i.ed.thermal .barrier coating.syste 3 ved, may then
be wei ghed" agaieraeitalso e dfperiag ai/hts e %i‘;m%alby RRLSr sy wa

wi |l be | esstiehashdetruclive téthhiq@eLaTRrthMeBnind e mikssity SAHEBRAE 1dhe  wei ght
of renoved bond coat 20 plus the weight of the underlying substrate renoved

during the]gl;tri ppi.ng of the bond coat 20. 11 Wl di ng/ EDM and ot her
processes Redrayng dopd crat AR dayathen dediemoved fioaphlade dfyusingmedhodsi n t he

underlyin t : | ]gﬁg | ' [ sions. Bond
coat 20 nag%/ﬁ?ﬁzlﬁl ﬁ%eﬁ.% eg%g{éivedp th gpﬁlfae ahép%g%ﬁé?%a&gdo%éﬁ 2? hgedsggﬁ%’
t echni quesonantonahincisking tectmiques mhayuisd ymplopéd Rdmpsk aiterhel fehRrens the

.the pbond, coat 20 is a diffusion coating, which

servi ce. I[b 0 en{}c)odi nent , )
i s about Pﬁge glg)nﬁ“ SHYES PRbANEHE cOMInG fregsTamOhe Btte oy 2 rkighyed
di ffusi onig@rtdtng -Waﬁféaﬁﬁbdlé Bf %ﬁé&&ﬁﬁ%%ﬁglﬁ%ﬂ ang ?ﬂﬂp&%fas %&ﬂ’é‘;ﬁ%‘p I ade 10

. . fs .
may be wei ghed again to determne t mar renal n e wei ght

of the pathe band Roat memerealisiep appayl bheddjcbted dnto tizet inteanyal pertibarudiiechladeyl (w4 .
Al ternatively, the reapplied bond coat may conprise any suitable bond coat
at. 20, and may not

applied t sa t hi ckness as the prior, bond \
necessar i W%&n‘%&?@e_ én%’e{ﬂ%c&’%l IO SUD aﬁrtp‘?)}lseo‘?.‘fcr‘?gméﬂ’&fmi@?ﬁsrhe
wei ght / t hbcHrescl pRicgises st AgieusaYidisORAoRE typi@liyOmAeR oFufifc hite
thickness in which to apply the ceramc thermal barrier coating 22 in
order to PRESPRATE agids; glay begemplaxedivsremonn oustripud i dhe wedealyws opmid geehal ty. | n

0 Do T2 M PR TRAAUER b basUF of aluifith, BREFcAiNing WhRAPSS ™Y
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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physi cal |y neasured using techniques known in the art, prior to application
of any coatings. For exanple, nondestructive nmeans such as ultrasound,
x-ray analysis and CAT scan devices may be enpl oyed, anong others. The
original base netal thickness also nay be known from design specifications
of the conmponent. Simlarly, the thickness of the base netal after renoval

of the bo at b asured. The base tal ,thickness |oss, At, as a
result of r@%@%"%%@@%ﬁ%@gﬁ ProgeRses,tlsey mayy PFEE’“E‘?‘} aéd’r‘?ﬁ‘éei‘f FYTIPRE AYi gi nal
base net a|defd&iﬁh'ﬂl@@@@ﬂrh@%u@éﬁﬁ&o&%tastr@pﬁ%d'ﬁﬁﬁﬁn@@f tip Rirh&RRRS. of the

base metal after renoval of the bond coat. The difference in measured
thickness represents At. Simlarly, after bond coat stripping, the part's

out er di nErEidg9at Hhipaydranchesgpridied (e thayblede b)Y using abovidassamaigchmagitsnes
(v or |Lj : r.ee.dj ' |l .information fromthe engi ne
xposed pery ticBRECS: prk 0ol B BRSNS crathd PR 1R Pah PSR el ot age
di f f er encehd homtl nendlossa difusion cometly,awhidh.is hBod the sR@E i cotipvsitivs iangd

conmbi nati gns, of the wei ght neasurepents. w0, wl, w2, w3, w4, the anmount of
r enoved bé@é‘“f?é? as thmprepouslyremey ek diffysinn eoaiing eAftgrore-apalicatiop dfetheused t o
det erm ne I gt r ] t he
sane bondbgggtcwgoﬂgtthifﬁlgggq? h@ggg%e?ﬁfe?k%g&s@{q g&%g%%ﬂ%e%%%%%si ty of
the renovadaibiage Thetvedightetf ¢lrd pdrt withltheaewlydephatibagl cpomayve deasted cul ar

al l oy enmpl oyed. ,, However,. the density of the superalloy will typically be
gr eat er th&ry’fv“t h‘é][telB\f,‘\E‘feﬁ’é the PR '%S]%"Hi}/je?".at A SOHIPRIGE 1y FWéabﬁea_E%nJc)%ge may
be correl ggaikdte abhif i QethicRidst BPER prf%?'Bigré&%tt b%ndRsh ; h@l&%eﬁsﬂl%é[]gl base

metal . The 'base netal thickness |oss, "At, related t ase
al | oy densempriserilic sammg ¢nmendsdioaas pvibi béndgoat Xhown val ues.  The thi ckness,
At, may be determ ned by: At = (weight renoved)/(area x density).

Simlarlyqyl LI fer )at 1is to be reapplied, .th ight of
renoved )t;ggéetﬂr?%h %ﬁé@g%g@rﬂg% |a?@ln%é%%’rtﬁlelﬁ§8 uﬁ‘iﬁ?l%f(i)e?eqnﬁéet ti‘ﬁ\@@fﬂg?ﬁfs - W3
m nus an aswhivhdovapphhthe foaraniibehertial itk cogaig P iR delict ity GestddY QMirféi€- 9.

addi tive [&]_S{er, density rr&y_be about 6.1 g/cnB and about 7.5 g/cnB for Ni Al
and PtA @Riengens e spHEane ¢ weigbt peradyy In engembedipient, gfc measticment | ayer
(wadd) =1. Zr Me SriXindl I} hve densi The val ue of w2
e acythe Sriingl el SR hibkiesd 46k Y eryila, BN Wkknel{ Brlichbes "y
need to 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.
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be increased or decreased depending on the relative difference in additive
| ayer between the original coating and the alternative bond coat material.
Once determ ned, the base nmetal thickness |oss, At, may be added to the
original ceramc thermal barrier coating thickness, t. Accordingly, the
ceram c thernmal barrier coating 22 may then be applied at the newy

determ ned,greater thickness of t+Af, where At al so represents the
addi t i onal ™ ?{P?:kvﬁbéém&g cf’ﬁ‘gl g?%ﬁﬁﬁ%&’&@&t PSR EHPERS We-aV 1> Par Wi I HiSse et al

| 055 of 't Nndukbs} kéHhSycAalo bl rhayObe HlnAHRON C HRPRfOR! w, L HIOKAY /! 11 PPI N

procedures. For exanple, the value of At may be between out 1 "ml (0.001
i nches) arised o detegnimiel the (WEig0 Dfi the sy yedabasenmetel, tagpinaing liyat aboliethst  about
2 mls (0,002 inche he coating 22.qr other suitab er am c. t her mal
barri er cosg{rﬁeﬁ%onﬁa _agéoa%pﬁ’%tdg}eos e511 % Ki ’?ﬂﬂg?g uiﬁ%ée‘&sbtﬁfv‘_éfn onal
met hods, ad@loRabA8K inldi ndtétidl REll dhdy Wpehding UpSLIRARGuRSWISPedfioysd. the

coating process/tine to achi eve the new thickness. For exdnple, a new

target ed gEWeYRbi Ghtdegaiin ofdlye Bepesatoabiwilk dcdilysbel sovatarhibamdhat df3the

t hi ckness, =+ in Sk ON r,ves, The TBC uger nma cconpl i sh
e nowcefdntt 18l NSRS e ThaEbbnifiBe ml Do LBireld SRt s fEGRET
prescri bedondyoatiy &gl adlsitshf thepiRSHeRAN TWeVRSe mMdpdl tBXRAFEE QossNAREKOUS

parts may qe goated W th tEe ceram c thermal barrier coating and wei ght
measur enehtlles 48 dbe Gpse,metab aldos: density gnd ritdmsdsges; whish @i knowmealupmt for a

parti cul arpyt gkl d-a A iR i agti eyl ram raml. s barrier
coati ng thickness v’\ﬁ’l n)ggéjdgéhgged? pilétiadf‘yéll%tsrféﬁf)?éﬁy{%r%??idgﬁlm' resul t ant
wei ght gain (targeted weight gain) is desired, the ceramc thermal barrier

coat i ng m&ymidaly, dppdiffecknt bontdreapis éalbe evapphiet] thdweikhtesaemubdddase esullt s in
t he targeted,.wei in. The _coating time may thus be adjusted to achieve
the desi rgﬁy\kgirﬁ%ﬁfyg(%%ﬂmlwg’yr &fd%%%‘&%bmaéﬁ ﬁ%’é“%%ﬂ G%P@ﬁ@d‘l,elé’zﬂﬁgoftth?s wei ght
may be repfigingnicRtn®idibve Mber (Wigl hddigvd R§S: dcnsify #ky BE GBI D. Of/chP Gn@dded
ceram c, which has a | over densHY than that of t%e removed base netal .

Advant agedbsity.5 gty foeiipl codtRidl difipomeneatings, tebrectivalyt ogedeightrefisi ons to
nmeet the ofj.gQi odynam.c intent of..the part and be w thin . original
al | owabl egéd_é%éé:%k%e -,ad"gsln‘g O %rg?‘lér’ﬁgf?lgﬁIaﬁ?%ivﬁﬁﬁ}ﬁégﬁqsgggsiﬂ%ygﬁﬁPt set
forth inwkieyrev,3=magdbdeesl inQke sbHvEN: cAlcORIBR! TRENBIckiess may need to

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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Applicants have advant ageously determ ned how to i ncrease the engine
efficiency in contrast to the teachings of prior repair techniques. In
particul ar, Applicants have determ ned how to increase engi ne efficiency
by, for exanple, correlating the above weight neasurenents with that of
the outer ceramc thermal barrier coating 22 to determ ne effective new

t hi cknesses. for plication of the outer_ceramc material. _This process is
surprisi ngﬁ]ﬁ%bes?&&tﬁ)ﬁl}ga@gmﬁﬂome&tIE%%‘HBﬁg%g?dWﬁém&V FeepRiSh hHBY process

al so is aRpplijHaBinty QdfRRALE 1AM cbaf a@e%oﬁmgfegaﬁﬁedvg@{.%gmp ce. In

this case, caré€ should be taken to ure and ensure t I ckness
of the remedraising buses, fet akamplet sumapusipaiteumayt be contedswilk shereramic
requirenents. i .e various, enbpodi nrents are descrihed herein.it will be
appr eci at Elber?l?g&ﬁr‘??{ecoaé%%‘fdf WE‘&?‘? ’BﬁaSPF?ﬁe“\tﬁatPlF% VB FRREPS HUCKHPSSES enent s,
vari ati onso QétefnHRE ML TR partichRf edshltaRYwdight REE aParlilAfCeetdthic! tRmndal t he
art, and are within the scope of the invention. 14 CLAIMS: 1. A nethod

for repai bpmgr acating thicknesnpydhaend, tobhiappliddaShbsdaha paposledresultann gieight

operation, to0 [e. ted .dinensi ons of the conponent and incrgase
subs equenigalhe%%rge:\té(?c‘?%é%c" g%agﬂ léfdgiﬁﬁde ey?eIEIB’r?p&‘le’%? arrie C”&FIB%i“&%Ynﬁe an
engi ne r uapplidNe tRiredefEitidBicRn&8.SehiBR taaliltsuhbe faadRedWiightedileTRON A
t hermal barrjer, coating system the thermal barrier coating System
conpri si n§eANE Sie menthits be adinaied ixachipve e desived Weaight gai a top ceranic

thermal barrier coating, the top ceramc thermal barrier coating having a

nom nal tiphekREsed biad 'e%gi\l%gecpgﬂa)ﬂgg%%liaﬁ%kégi% egé}ﬁedﬁ%n?“ ceat thereon

bef ore engi ne operation has a I ght, npone cl'udi ng t he
bond coat walhbe tehethapp; bbamsadf the mdde cecaomitj wigich hey £ towdrelensiy thangane
operation s a weight, .. b), .renoving conpletely the thermal barrier
coating s?@&‘grﬁem\% r 31%h I’ﬁgﬁblprfxflﬁwt%ﬁm?sglé tﬁﬁdéeé"lméqe SOBPPRet diag e i s
renoved, ABRréiRdifEMRiNNS rhétt B\ GinA aclodFndRE SntBRIGH the PAP ahd idfmoved,
the portion of the base netal substrate tenoved having a thickness, At;

wher ei n t ¢regindraoweble tdleraneeswes slown salismadically inr thapradessodxatpde seb frthal

barrier ;) Figure 3, and does not suffer a weight penalty.

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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coating and before renoval of the bond coat; and the conponent has a
wei ght, w3, after conplete renoval of the thermal barrier coating system
c) reapplying the bond coat to the substrate at a thickness which is about
the sane as the thickness applied prior to the engine operation; wherein
after appkgﬁﬂﬁﬁgn of the bond coat the conponent is weighed, denoted by
w4, to de a weight margin renaining, wherein a conbination of at
| east two of wo, wl, w2, w3 and w4 is enployed to determine the anount of
removed base metal and calculate a thickness in which to apply a top
ceram ¢ t Hedniltethody for aepaivng |ar@awdt mnonﬁmemhi¢lh§a9abm ginos ﬁabmgme d)
reappl yin | al ess of
Loa T unep e, S b Bl TR Gk Rahiegedud RO b
r enoved Imn@hebp&ﬂMﬁSﬁﬁbﬁmQﬁpﬁ@pﬂhm@irfOI| to airfoil throat dlstance to
about the dist receding the engine run so that the di nensjons of the
coat ed coRpBIPY n%?lgeq‘%’é? BitggmpengHditluding a bagmmet &Fh?ﬁﬁ@l@ﬁ@gﬁh@é@ﬁl ng the

engi ne rup thQmalG4E8SE&atH %gémh B r w@rﬁde' n the
t her nmal barrle? coatlna' ? 'S %ppﬁh %uéé§%¢ﬁ€ﬁﬁessb :égﬁé% an the

t her mal baeati @r thedzse rmgetd) substnate \aed ghtopodferdriie themmmd rbanicr rmuﬁimm théréorbond

coat of C?:r and..t he .t her nal ar i er coati, nzﬂ de)S%t herean j s denoted by w5,

f
whor ei n WASTAZIG thermal harier oatnyg haying-p Aominal dhyclgy bavhAram th,eqmpapeph

engi ne I Ufnch@iio BRMordS et Mh@Bord e Efsihd! bPrfon lhh@gewelgﬁ@ @0%&%@' rfoil
contour di nensions of the coated conponent are restored . The method of
claim1, epmpaicnt includingethadend sbasuind hertopshemuh] bbuwier Ctlzﬁln@thgeozahcfom is at
| east abo hod of claim1l, wherein the bond coat of a)
and c) cogltl &ege%rauog'l}agu& ‘51 um ni de coating. 5. The method of claim 4,
wherein t hpraﬁmvﬁngs c(ﬁﬂplatelgrrml et dhtritd costiy Sistepd, Svherbit ]gkirﬂ@n OF tie

nodi fi ed aI um nide. 6. The nethod of claim1, wherein the base netal

subst r at eP#§ metal élv@tra@a%lﬁfa is; ropppved, éﬁ@xé@@ﬂnmﬂm%gs of7 theThase maetAlod of
claiml, wishek @erhg\?edbﬁ*n%%o%&?&)f BB AL duBstParl] &ngved%%%%g 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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directionally solidified superalloy. 8. The nmethod of claim4, wherein the
diffusion alum nide coating is a nodified alum nide coating conprising a

netal selected fromthe group consisting of Pt, Rh and Pd. 9. The nethod

of claim4, wherein the diffusion alum nide coating further conprising

reactive ol SRE Mefnod i-clalfa , Wakhadnafon tg%lé:ni'iﬂz %‘th%hﬁ 57 h&%ﬁﬁ&hﬁéﬁu&%@er mal

barrier coating conprising yttria s zirc
of cl ai m bladeherdeiontetl i fdibemhtap dimefsiomy ofide: whted compbsas a rddfodlY coati ng,
wherein Mis selected fromthe group consisting of iron, cobalt, nickel and
m xtures thereof. 16 12. A method for repairing a coated high pressure

turbi ne bhagge mMHoad RESMNC WherdhX PRIREVIR BB NRICREH FbdRM0 hifs, hESheT €
airfoil contour dinmensions of the blade conprising: a) providing an engi ne

run hi gh pyatdeast eboutil mike bl ade incl uding a base netal substrate made of a
ni ckel -based all oy having thereon a thermal barrier coating system the
thermal barrier coating system conprising a diffusion bond coat on the base

nmetal  suldsThaheetiitoBclh@dp 1€ hardit tHelndBdoabaf k) &1d §0&infies @PfbSONI a
yttria stabilized zirconia nmaterial, the top ceram c thermal barrier

coati ng halwHpids cA¥Hinal t hi ckness t; wherein the conponent including the
bond coat thereon before engine operati on has a weight, wo, and the
conmponent including the bond coat and the top thermal barrier coating

t her eon béf dihe wnthiodeofopleimatd, owhdrain thewdiffyhion wumikijle roeating ng acsimplet el y

the ther arrier co stem wherein a portion of the base netal
substrate? PEBldFQTF‘ET?S\‘?‘II&S‘ ?‘éﬂé‘iﬁeterm ni ng thickness of the base netal:
substrate renoved, the portion of the base netal substrate renoved having a
t hi ckness, At; wherei n the conmponent has a weight, w2, after renoval of

t he t her nl Thenrethexd @ﬁ)aamng, whareth theftese matatopbbtraé it haidrohbased atngleand t he
conponent h w3, after conplete renoval of the thermal barrier

coating s¥s a@}ﬁuperaﬂg

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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c) 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; wherein after application of the bond coat the
conponent is weighed, denoted by w4, to determne a weight margin

r emai ni g, 1 Whe ki, shORPhiRaL il - and w4
I's enployed to detern%ﬁglgpt Eeéaar?g%ér?i%d gl;ghr %D%%%glgeblxn@%a%g% ?:a\égllljl ate a
t hi ckness eixposghi ohenginampesatiant 6p resomniicfoflhesmmlr Barensiens ofotbiei bigdev t hout
incurring a weight penalty; d) reapplying the top ceram c thermal barrier
coating t F°#PHIMPNal thickness of t+At, wherein At conpensates for the
portion ofy) p@s/aiiﬂgm@éng%@ﬁﬁlr@g@?fe&mﬁﬁbihabnhe tRIudi8SS BAsR rRdthll Rbbtrdi®

airfoil throat distance to about that preceding the engine run so that the
coat ed ai mpasie| ofce midkghbasedratloy dagingr terees toothstmalobatieucoating ystame dhe

di mensi on r i h ngine run,. wherein the therml barrier cpating
of ") i o SsRRERALER Soddie, SR Sopblpd A ob 1Ent iEHTRD BEPaReBES: | ne
a); and weilgddateofind hetoposm@nRntherM@Vbaiger bathenebneMaingdh Ririaasdbilized t her mal
barrier coating of d) thereon is denoted by w5, wherein ws is |ess than

w . 17 13Zir49Ha materigh th top|caramiq thermplchagiion copanghaving 2 persingl tigkagssiias a
density o : . T | . .ein the
yriri a st STy g contbondiibuibd g N Behl Becth 815t Bhaife BTG BidS 1
The met hoaveight,cwai andlthe whmpenent tihdudiognban boid icsataandathe fiep therthbl bakier met hod

of claiml, whei;ei n the conponent is a static conponent. 17. The nethod of
cl ai m 16, “GFEedhereempeiaresngine opaatiAR hes 4 weight e, 18. A nethod for

repairi ngb?r&ﬂéﬁilﬁ?c&ﬁ R fHe: thlé‘f‘?ﬁa‘ig‘)aﬂ?e? B&EE f&;ﬂﬁ,%érﬁneang&xﬂ@n oPRGs ati on,

to restore coated airtoll” contour di e conponent conpri sing:

| Mensi ons
a) provi dbery matabsghstrater also ¢ ngoered; - aind deedhingng thicksessref die basoshetal-e nmade

of a nickel:based al havi n her eon t hermal barrier. coati system
Che t hor naesaE rapeed, e Ao b BhEReR SRR el Sru eGSRt on T he
base netajtsubstrate and a top ceramc thermal barrier coating conprising
a yttria stabilized zirconia material, the top ceramc thermal barrier

coat i ng h#hipisln therforipanént thas e kveigly, vy, afiee rereval oé theothpored iarrier 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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i ncl udi ng the bond coat thereon before engine 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 ght Wi ; b) inspecting
the conponent; c) renoving conpletely the thermal barrier coating system by

The. bo (013" B6E flcthof of BAlh 197w RErelulife RRESTRLAMNSHIS LI SBplon GF ™00

the portion o enbved - hav ness
wher ei n t lgendonponent has a weight, w2, after renoval of the t her mal
barrier coating and before renoval of the bond coat;. and the conponent
has a weight, w3, after conplete renoval of the thermal barrier coating

system d)4r %Q%é’th&g Otfhl%alﬁltl i3 Uk irpﬂﬁdm%%tabﬂlz&gpmré&ﬁ thatbfal Wf3efein the

bond coat is reapplied to_a thickness, out t e same as applied
prior to ueesityrdiaheut 4Gpgicati on, fol | owed by wei ghi ng the conponent to

calculate At; wherein after application of the bond coat the conponent is
wei ghed, denoted by w4, to determne a 18 weight margi n remai ni ng, wherein

a combi natisonhéthethbd bfag#m | Woh&EinWhe coipon®Rs isWR affl. WA is enpl oyed to
determine the anount of renoved base ms% and calculate a thickness in

which to apply a top ceram c thernal barrler coating without incurring a

h I h | . b [
(o & nom g 1 BRRELBATPRKY R e o RhefEh Al BBty L e "por th on of

base netal substrate renoved in b) to restore adjacent airfoil to airfoil
throat distance to about the di stance preceding the engine run so that the
airfoil cdht %m@h%ﬂg?lm Sivher@n hetdis OBIOBAIEAT 2 ¥41C. r est ored to about

t he coated di nensions preceding the engine run, wherein the thermal barrier
coating of e) is applied at a thickness greater than the thermal barrier
coati ng a}§. Andethuifghtepaiting heceatadpomapinehgwitich hitebémnekposat tooéngije and t he

t her mal barrler coatlng of hereon,.i s denoted by w5, wherein ws is |ess
than wt. ﬁh@%ﬁf%&&#@@%@@%@ OMQETERiAEMPUSING:

a) prov1d1ng an engine run component 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 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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According to an enbodi nent of the invention, a nethod for repairing a
coated high pressure turbine blade, which has been exposed to engi ne
operation, to restore coated airfoil contour dinmensions of the blade, is
di scl osed. The nethod conprises providing an engi ne dun high pressure

t ur bi ne bl [ uqLng: ] i ckel - ed

al | oy and vﬁeg@}tng %ﬁgkégﬁﬁ?g?ﬁl&eﬁg%%g%@%géﬁ g%%tlfeér%gvg?/g gﬁﬁ‘gl’%élvf er mal
barrier coatisngnsygdden dewpningethe aantnt Wi lemobed daso atctnaridhealbdste 4ret al
substrate and a top, ceram c thermal barrier coating conprising a yttria

st abi | i zedMoknest BhvBichp aPplY| 2 topiferanyp thamahPTEchedatiae WHoN BICUEEEE ng has
a nom nal JdMizBe3S: ind The method further conprises renoving the thernal
barrier coating system wherein a portion of the base netal substrate al so
i s renoved) reapglydet the iom cergmi thetrhal ameerscoafing tdhe nbaseal kitkdess nbstAtat e

renoved. The portion of the_.base netal bstra r ved has, a fhi ckness,
e Tre R At S b8 RE RIS AF Datre i UETES ool DLl [ b
subst r at e restdie radjadert B fHIORE 26rBGHE tHiBat! BRI RUatioRt 2hd BisthBE pRocedthl Gl 1 S
about the same as applied prior to the engine operation; and reapplying

the top cERgine & secthptethe aistik ¢antous slimennipns of shanenatadadomponentries estofed +At |
wherein Al sat .or_1.h rti.on,. of rennved, base t al bstrate.
30, IR UL diflentiOf B s tnelrg R e PSR ol PR e sur e

Advant ageous arr contour MENST ONS 0

t ur bi ne bkealgasfe)iesfplicddt aahrkasis ghdaterab@i 8@ thehalie bairRP SoNin@ehdanig t he
engine run. (FIG 3) 20
g weight of the c)omponent having the bond coat of d) and the thermal barrier coating of

¢) thereon is denoted by ws, wherein ws is less than wi.
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