Repl acenent Sheet oh SEP 2006 What is clainmed is: 1. A nmethod for repairing
a turbine engi ne conponent having an insulating ceramc |ayer tﬁ@ﬂlﬁ%eﬁ@h@et
met hod conprising the steps of: renoving oxidation debris fromat [east one
portion of said conponent; renoving said ceramc |ayer; and blengkqﬁpgé

| egst ﬁ@g surfife of, sai d conponent to renpve at |east one of nicks, @ris,
and cr 48RS, 15, CA*FBFSi Shet hod according to claim 1, wherein said oxidation
delri s renovi ng step conprises manual |y bl endi ng areas exhibiting thermnal
barlri er coating spall or oxidation. 3. A repair method according to claim]1,
wh reiﬁ-séiaeﬁgpﬁiﬁ@r ERGPAE LBGnpokerblagnErpses sorRrEchAyiNAY189 éadi ng
edge, rail 1L.Rg . ~aRn pefail, a a r.ei i.d
oxidat?gﬁhéggﬁrg Fggggﬁﬁglgygg ggﬁ%gféésggﬁgng%géggrgggﬁgﬁsgg%d%%ﬁeg Fﬁs edge
wi tih t bérmakmbarinigepxddating sipalkis 4rofA mépakerstebhedpactdodi o tsaid ai m 3,

whefrein said blending ii;s done by hand. 5. A repair _nethod according to claim
3. WiheFEITROBSRG bEERHTAGY Seafl CERBRLGedSHREAIRAG RLOTEAS0 dhe 15GFacE%f at

| ealst aperate 88 dadir thboakdtsSabd rBlalboLm hyaBandneborAnienal,r qapt-had
accprding to claim1, wherein said ceranic |ayer renoving step conprises
renpvi Agdsairdcésrani ¢ | ayer using a high pressure alkali solution in an
autpclave. 7. Arepair nethod according to claiml1l, wherein said ceramc

| aykr renoving step conprises renoving said ceranmic layer by grit blasting.

8 Repl acememtpSheetlethod according to claim 1, wherein said oxidation
debris removing step comprises manually blending areas exhibiting

thermal barrier coating spall or oxidation.

3. A repair method according to claim 1, wherein said turbine
engine component comprises a vane having a leading edge, a
trailing edge, and an airfoil, a platform and wherein said
oxidation debris removing step comprises blending areas on said

leading edge with thermal barrier coating spall.

4, A repair method according to claim 3, wherein said blending is

done by hand.

5. A repair method according to claim 3, wherein said blending
step comprises blending at least one surface of at least one of

said airfoil and said platform by hand.

6. A repair method according to claim 1, wherein said ceramic
layer removing step comprises removing said ceramic layer using a

high pressure alkali solution in an autoclave.

7. A repair method according to claim 1, wherein said ceramic
layer removing step comprises removing said ceramic layer by grit

blasting.




06 SEP 2006 8. A repair nethod according to claim1l1, wherein SaigR%ﬁé$nic
| ayer renoving step conprises renoving said ceramic |ayer using aReR\3gementSheet
9. Arepair nethod according to claiml, wherein said conponent qig a
depl et ed al uni num zone and said repair method further conprises r@fouf Ags
sai d depleted al.umn zone. 10, A repai.r .nethod_accaording to claim?9,

wheilei 7 sal & SEEp OB M ForiE TNt b1 orlpr 6E SRy SR Gbpl et ed
zone by o ahr a8t i9d RAdH -cokbr iA &L Rainfo il ad: 1L NG 110y @RS wherein
said depleted zone Tenoving step conprises Tenoving said depl eted zone by

abr asi vefgauder- grit blasting. 12. A repair nethod according to claim9,

wherlein said depleted zone renoving step conprises renoving said depl eted
zong using an electrocheni cal process. 13. A repair nmethod according to

claiim 15, whesegial rsaled leepaitdimas d adaliny 1depiteied ral i dubaiestand said
met Hod further _conprises rejuvenating said |ocally depleted al um num zones

by |raif@hd SaRkstEa 1FeveHum £00g @dishi S itk tifnd e dtdiany fortdies m 13
wherei %%ﬂséﬁi&w@dw%ﬂﬁm%@éc@%ﬂmm DAY al um num cont ai ni ng
t Cc onent | ocC

matarial to a surface of” said co ere sa ally depleted al um num
zongs are |located and diffusing said alumnum containing material into said

sur flace, 1§§ A repair %god accordi tq claim1, further c risin
restloring a* tiy o é%ﬁtg‘% l.nng%érﬁ t "R o?ajégg%]ﬁ%tegd
zone removing step comprises removing said depleted zone by

abrasive grinding.

11. A repair method according to claim 8, wherein said depleted
zone removing step comprises removing said depleted zone by

abrasive powder grit blasting.

12. A repair method according to claim 9, wherein said depleted
zone removing step comprises removing said depleted zone using an

electrochemical process.

13. A repair method according to claim 1, wherein said component
has locally depleted aluminum zones and said method further
comprises rejuvenating said locally depleted aluminum zones by

raising aluminum levels.

14. A repair method according to claim 13 wherein said
rejuvenating step comprises applying an aluminum containing
material to a surface of said component where said locally
depleted aluminum zones are located and diffusing said aluminum

containing material into said surface.

15. A repair method according to claim 1, further comprising

restoring a tip of said component.




16.

A repair method according to claim15, wherein said tip has a

m ni -squeal er and said restoring step conprises scarf grinding sX&eplacementSheet
mni-squeal er portion. 17. A repair method according to claim15, wherein

said tip restoring step conprises grinding said tip to a nininmum G&gBEP )¢
thickness. 18. A repair nmethod according to claim17, further cor risin
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yi nf a Anel Pt 51104 ¢ CRF D hd Hddt tredth i ihi 319 - 1RiltaP <hi d
i e@nl"iﬁ%d@aeiré@andlgsaﬁ repaidr iRt had (&Qrﬁﬁiﬂﬂgeé 05 &4 3 ngABaa {4 t her
pri sing applying an abrasive materi al to said welded tip.”20. ATepair
t hod scicbmdimig-squed ledmporfiether conprising heat treating said repaired
ponent and thereafter applying a ceramc coating |layer to said conponent.
A nmethod for repairing a turbine engi ne conponent having an insul ating
ani c17 ayerrderneois t ed thd@fothE oPprdidng the wiepsin ofdid evdyi ng
dation debris fromat |east one portion of said conponent; renoving said
gm chF%tyféfrlTHé‘ t e R F ARy TR | Dl EHY SSakenpR g st é’f})lmdﬁlé)ms@ﬂ)%equent to

Mg dayer renoving step, blending at |east one surface of said

aonen to renove at |east one of nicks, debris, and cracks. 22. A nethod
repairing a turbine engine conponent havi ng an insulating ceramc |ayer
eon sal d net hod COI"BDI’I sing the steps i dentifying those areas on

) cojfﬁ)o NESRRA MeF JCT et OHhERT of© t%%ll%arﬂ%t?h%ﬁa??%r%%hw and

lat i o, defid 5 w@m%antgerm de debsi s  1,0m il B¢ e%eaEE@VéQQdS@iﬂ
pmc |'ayer after said debris renoving step; and bl ending at |east” one

surfacevbfh said apmpontrweld memeviaht | east one of nicks, debris, and
cragcks. 10

19. A repair method according to claim 18, further comprising

applying an abrasive material to said welded tip.

20. A repair method according to claim 1, further comprising heat
treating said repaired component and thereafter applying a ceramic

coating layer to said component.

21. A method for repairing a turbine engine component having an
insulating ceramic layer thereon, said method comprising the steps
of: removing oxidation debris from at least one portion of said
component; removing said ceramic layer after said oxidation debris
removing step; and subsequent to said ceramic layer removing step,
blending at least one surface of said component to remove at least

one of nicks, debris, and cracks.

22. A method for repairing a turbine engine component having an
insulating ceramic layer thereon, said method comprising the steps
of: identifying those areas on said component having at least one
of thermal barrier coating spall and oxidation debris; removing
said debris from said areas; removing said ceramic layer after
said debris removing step; and blending at least one surface of
said component to remove at least one of nicks, debris, and

cracks.
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D6 SEP 200E TITLE: METHOD FOR REPAI RI NG TURBI NE ENA NE COVPONENTS BACKGROUND
OF - THE | NVENTI ON The present invention relates to a nethod for repairing
turbi ne engi ne conponents, such as, blades and vanes which have airfoils.
Thermal barrier coatings are used on turbine engine. conponents, o6 SEP 2005
particularly airfoils, to reduce the nmetal tenperatures and thereby eXQend
the life of the conponents. Traditionally, thermal barrier coatings are

bi -1 ayer sysiens.METHOB!EOR | RERRERING  THE BE ENSINL COMPONEYTS! [y MCrAlY with
haf nium and silicon or a diffusion alumnide, is applied. to a superall oy '
substrate portion of the conponent, usually a nickel based or cobalt based

superal | oy substrate, as thegddgSiondyesr THe HeakTIemat provi des oxidation
and corrosion protection. An insulating ceramc 'layer, usually. 7 wt%

yttria partialThe spobséizelnvenitiomizelates Hen al@sddiodedoon repeisdng coat .
The bond coat.is, _typically needed hecause -t-he, undery yi ni cke ased or
cobalt ba ré%p%?%%/ﬁe%yc%tﬁ%%??éﬁsef ussq'b i?‘is‘rpa%a)ﬁetsurag-ﬁdngag‘%& h&lcélonﬁgﬁent s

does not hJave-agdequate oxidation resistance. Recently, a new group -of
superal | oys have been devel oped that exhibit sufficient overall oxidation
resi stance. ThBsermaliparuter kpatiedhars iwieden Fugbinekendiased superal | oy

cont ai ni ng e ctive, el ytiri d.a .ni l, based
superal | O%I%gnlg%ﬁn hgp?ﬁ%%lg%ff%#ﬁ%grs’t u%%i%%au?r%git%ee h%?r%ﬂ'onent s forned
f r om t heseempees tht 6y Sand heh &osisly caatend tiod | I featofd thed do®ot@na.C

i nsul ati ng. Igéfr is_directl eposjted on the substrate. Before being
appr oved Yerd% V?%%}thﬁ%eE%%% LS or PRI T AL &ds 1RNR s FYSTEIPoy sPar e

Processedpet£1 i 1Pr oy BHRCEENTES OF Bdied CE5AN) CudTBhaN Moz vt A tUBSFhaLA
1:3 and silicon or a diffusion aluminide, is applied. to a superalloy
substrate portion of the component, usually a nickel based or
cobalt based superalloy substrate, as the first layer. The bond
coat provides oxidation and corrosion protection. 2n insulating
ceramic 'layer, usually. 7 wt% yttria partially stabilized
zirconia, is then deposited on the bond coat. The bond coat is.
typically needed because the underlying nickel based or cobalt
based superalloy substrate used in many turbine engine
components does not have adequate oxidation resistance.
Recently, a new group .of superalloys have been developed
that exhibit sufficient oveﬁall oxidation resistance. These
s include but are.mot limited to a nickel based =uperalloy
containing oxygen active elements such as yttrium and a nickel
based superalloy'containing reduced sulfur. For turbine engine
components formed from these superalleys, the bond coat.is
eliminated and the ceramic insulating.layer is directly
deposited on the substrate. Before being approved for service,
the components fcrmed from these new superalloys -are processed

to improve adherence of the ceramic material to the substrate



components. It is a further object o

1 (c)u SEP 2006 alloy. Conponents of this type exhibit inproved thernal

barrier coating spall lives. Despite these | atest devel opnents, turbine

har dwar e conponents, such as the airfoil portions of bl ades and vanes, wll
devel op spall and oxidation debris on one or nore surfaces. g%igﬁnally,
t he turbine engine conponents will develop cracks, nicks and d dlhb ng
use as a result of the extrene environnent in-which they operate. It becones

necessar ylfey.r egomporyntenode thie cypporehtsifr dmpactedbtherealimerafder a
period of tine and refurbish themto renove any spall, oxidation debris,
cracks, ARPEELRI SREAdr d&Ss. In prior repair technlques ‘the ceranic

|nsulat|ng 'at%%plW%ﬁt%%%%VQQtQ%EOH%véﬂﬁgﬂhﬂﬁé,S%ﬁ?blﬁ@ Baf@std. 1t was
difficult to identify those portions of the turbine engine conponents where

OX|datlonoap@h@nt§pa$MCha@5b¢hﬁ Rd¢doéd. pohkionkasThledadésummd tvames hi ghl y
undesi r abl, cau orti.qns f th conp nt which require_r are too
easily n1§§& ae ﬁiﬁﬁﬁ PER-TRR Iﬂ%ﬁﬁfF §8§FaFnﬁpy°n?t°¥§m%5ed% %?c%ﬁ t he
present hAVERECRRING, RHRVidehaARe BB FQﬁédcaﬁﬁbﬁdntgrwiﬁpadévémbﬁLﬁfﬁéﬁtenglne

the present invention to provide
repair nBEN&S é@daﬁﬁméswﬁméhngaHSEeaﬁsédr?§uﬂ§p9frtbemﬁﬂbremar|ety of turbine

ero! ne SURALERLLTIE, RIOLIG gL o el bOLURL: Dloblee{Epor et hod of
for repaegulgrdy tremoivee térgicoepomepasefirohasi hgrainensngahe ngfter a
periocd of time and refurbish them to remove any spall, oxidation
debris, c¢racks, nicks, and/or dents.
ij In prior repair technigues, the ceramic insulating layer
was removed before any other step. As a result, it was
difficult to identify those portions of the turbine engine
components where oxidation andfor spall had been located. This
has been found to be highly undesirable because portions of the

compénent which require repair are too easily missed.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present 1nventlon to
provide an improved method for repairing turbine engine

components.

It 'is a further object of the present invention to provide

()

a repair method as above which can be used to repair a wide
variety of turbine enginé components. ,

The foregoing objects are attained by the repair method of
the presént‘inVention.

In‘accofdance wlth the present invention, a method for
repairing a: turbine engine component having an insulating
ceramic layer brdadly comprises removing oxidation debris on the

turbine engine component, removing the ceramic layer from the



ceram c' |l ayer broadly conprises renoving oxidation debris on the turbine
engi ne conponent, renoving the ceramc layer fromthe 2 fl~ SP 2D06 turbine
engi ne conmponent, and thereafter. blending exposed portions of the turbine
engi ne conmponent to renove nicks, dents,' and/or cracks. The netggdﬁ%Uﬁbwer
conprises renoving or replenishing zones depleted in alumnum Stifd
further, the nmethod conprises restoring a tip of the turbine engine
conponent +, R4 nLNeREALLEE R Bh¥h9?,£h8 £10E ASA MESr 0L diRBILOY @xpdisleling  ability-
Finally, a ceramc Coating I's applied to the repaired turbine engine
conponent po@thensdetfaiths btfirbhaer epaine netihpehait tie memwsenmicksvedentdsa, as

wel | as other, obj ects and_advan s attendant thereto, are set forth in the
Fol | ow ng>BEY 871 EA°GRSr | BLFoReBEFAT LEPDECCHITTICH GETfE MSRSFERRED

EVBODI MENELS) efiRShl 8B2k-6nBBt Regd1atelihen P4 BRI uA NV ei 10N FEtHRE PeLtor ned - on
a wde variety of turbine engine run conponents including, but not limted

to, bl ademeshddvaneprhaesngeatetdnt potip ond . thahauduinpo rattifergpnpenensse

whi ch are_cavered by.both_a,bi.-layer er barrier, coati that includes a
bond coat agﬁd%éegglaﬁ%eg SPRLGIEE| ﬁbpl 3§g?sﬁé? h%gserﬁﬁoc%e acrueq% Elgt covered by
a ceram cablinstlyat i FankaYey, . aTherempai coseimedi begiplsiod tio ithentrehiad gedon of

those areas _on a particular conmponent with any thermal barrier coating spal
or . oxi dat FBAP18§cRRELPLhECPRABRFRG-and trailing edges of the conponent, e.g.

the leading andetial Ling; 64087 PhotReplifohcnd®'ds Ao Piaatrr cas are

lightly bl ended, prefera and, "to renove any oxi dation debris and to

snoot h eathveatmigad asewellAry sthtabbk]ewhs sdnd| msmwhnig det atitgoelakitown i n

t he '
)

art n%%e?%to, are set forth in the following detailed description.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

The repair method of the present invention may be performed
on a wide wvarilety of turbine engine run components including,
but not limited to, blades and venes having airfoll portions.
The components may be those which are covered by both a bi-layer
thermal barrier coating that includes a bond coat and a ceramic
insulating layer or those which are just covered-by a Ceramic
insulating layer.

The repair method begins with ildentification of these areas

on a particular component with any thermal barrier coating spall

.
L

or oxidation, such as the leading and trailing edges of the
component, e.g. the leading and trailing edges of an airfoil
portion. These areas aze lightly blended, preferably by haad,
to remove any oxidation debris and to smcoth sach damaged area.
Any suitable manual .blending technique known in the art may be
used to perform this initial step.

Following tbe blending operation, the ceramic insulating
layer is removed from the component. The ceramic .layer removal

may be carried out by various methods such as exposure to high



used to performthis initial step. Follow ng the blending operation, the
ceram c insulating layer is renoved fromthe conponent. The ceram c. |ayer
renoval nay be carried out by various nmethods such as exposure to high, 3 bb
SEP 2006 = pressure alkali solution in an autoclave, grit blasting, or using a

waterjet. Git blasting using 240 alumina grit is a preferred appPOABER Mewr
renmovi ng the ceramc | ayer because it is |ess tinme consum ng, economcally

benefi ci abressdreanlioel i peslothed wyahenetodlfavene gidnddssttdrgsecan appr oach
whi ch exposes the conponent _to hlfh pressure al kali _solution-in an
aut ocl avelSEPA53, FAEETI 8t pot GSht sBfet tRe d’tsjél%rzésns@rlé’wazﬂ?ttol%% psi and

a terrperalgy £cPLc4005p 10480k RSy e dhd fc QERAS HeR MR draker ] et

p% ﬁn¥e
to renove t e ceramc [ ayer, wat erj et shoul not contaln an abrasive
grit. Folless n’glmenumumingheecemmcalwére,nmdlades agfd tfa@ beonponent,

such as airf d/o | at forp.surface lightl bl ende nove

ni cks, deWtE Oﬁlﬁﬂ cPEFRSST¥ne At ¥ ﬁh‘gl?%d%‘?ﬁ:& é‘%aﬁ:l%" a?rpé’rﬂalgg’i )V’%tl(? cecur
the trailingosdgernt &@ﬁp@@@@@ngatm@wcﬁ\r@s%ﬂﬂte din@illi neb1edaeofint ke ali rfOl I -
The blending is again. preferably done manual |y using any suitable nanual

t echni queakhoahave, t Aed ¥ t cabeEiAgrerphesERFonr &t sensessuey ofl éfenttar y
processes C I n the super a. Io for sponhent subst at nd t he
o AT R AP herarpepRterdnrt DF k"B aRE pd Whndr et e

ceramc C oy cer am c- coat’l ng ote

al um na sgpbesdevebopse dyrwﬂgefﬁetrmé Mdvertmaiemld)n@q&&sl e The
protective alum na scale grows during engi3 exposure. Al um num needed for
growt h of W#heraeh eheBhdsiPt ofpntainan abrasive grlt

Following remcval of the ceramic layer, surfaces of the

iv) compecnent, such as airfoil and/or platform surfaces, are lightly
blended to remove nicks, dents, and cracks. One area where such
cracks are likely to oceur is the trailing gdge of the
component, such as the trailing edge of the airfoil. The
blending is again:preferably done manually using any suitable
manual technigque known in the art.

During engine exposure, several key elementary processes
occur in thg superalloy forming the component substrate and the
ceramic coating. At the alloy-ceramie coating interface, a
protective zlumina sc;le develops during thexrmal barrier coating .

processing. The protective alumina scale grows during engine

s

exposure. Aluminum needed for growth of the scale comes from
the alloy immediately below the scale. 'As a result, an aluminum
depleted zone forms in the alloy immediately below the
protective alumina scale. Further depletion may occur after the
thermal barrier coating spalls, ralslng the local temperature.
The bare alloy is exposed to additional pxidation. ‘This

" depleted zone may be up tao 0.002 inches in thickness; however,
it may grow further with additional oxidation exposure. For

certain components which exhibit this depleted zone, the repair



the alloy imedi ately below the scale. As a result, an alum num depleted
zone fforns in the alloy inmediately below the protective alum na scale.
Further depletion may occur after the thernmal barrier coating spalls,
raising the, local tenperature. The bare alloy is exposed to add|t|©1=1a.$Esz]E
oxidation. This depleted zone may be up to 0.002 inches in thickness;

however, it may grow further with additional oxidation exposure. For
S certain ceEQuRies Wie peadin tiddirg ideplfeiredezonavoll besr gpAbyin @Ee SEP
2006 nethod of the present invention further involves renmpving t ; depl et ed

zone or r EFRNRINH PN oW GRRASTE SRS vihen depleted GRRAUNLED PAge the
f fy | tect
U na. sGAraRERd Fhd, e LI br el AR e o 2ok R TbERER LT P

. be accorrplmslh‘!ecbdlytmxmetro b i Nigh & f;&-cﬁ:wdtame eflukhaz segpenent wit h abr asi ve

grinding,' grit_blasting with agbrasive powder h as alum pa, or
eIectrochen1caF[ rdcess RIS Ot?ﬁ?Qﬁﬁnﬁﬁﬁa Pi§%89pﬁ885rnF 1§nr§%? a%ath

@m@% ted SP D Sndd S fep @lead panand eael kyrrdenl gkedngones may be
reJ uvenat y raising alumnum |l evels -through the application of alum num

cont ai ni ng:q;mnmgis with mmV%t@ml drdds bdkstied Byth dbréadven

treat nent . partlcular coatin be _ap articular onent is
T T R e iR Tl sk
sel-ect ed such ddigioddter aid lel;k];_a@ t;ha;cataﬂ idoid ®ar@t.ain ,strength and reform
a protective alunmina scale. The diffusion treatment to be carried out after

appl i cation of ¥heleokiithpsewifosiastorrs $he depdeted 8pnenelegpélyf coating
cor_r)pom U Qflp M ED S Sndd 1104 7 8sk and R AUBP 5S¢ 233 nfuLh @Rk fiudll 1EY8LON

e through the application of aluminum containing coatings of
appropriate composition followed by a diffusion treatment. The
particular coating to be applied to a particular component is a
:function of the alloy forming the component substrate and should
be selected such that the alloy has the ability to retain ‘
strength and reform a protective zlumina scale. The diffusion
treatment to be carried out‘after application of the coating
composition is a function of the type of coating composition
which is utilized and may comprise any suitable diffusion
treatment known in the art.. A typical diffusion treatment

comprises heating the component after application of the

e

e aluminum containing coating to a temperature of 1800°F to 2000°F
for a - time period in the range of 4 hours to 20 hours.

The repair method further involves restoration of the tip
of the component, such as the "tip of a2 blade or wvane.
Frequéntly, blades or vanesfhave a mini-squealer section. The
mini—squegler if present is to be scarf ground. Thereafter, the
tip is gfound to a minimum cap thickness. The scarf grinding
and the tip grinding may be 'carried out using any suitable

technique known in the art.



treatnment known in the art. A typlcal dlffu5|on treatnent conprises heat i ng
the conponent after appllcatlon of the alum num containing coating to a

t enperature of 1800F to 2000F for a time period in the range of 4 hours to
20 hours. The repair nmethod further involves restoration of the tip p©&t hgg
conponent, such as the tip of a blade or vane. Frequently, blades or vanes
have a m ni -squeal er section. The n1n| squealer if present is to be scarf

ground. There er, tthe tipds r n t e he scarf
gri ndi ng andq%%EF#i&p%ﬁﬁﬁﬁhrﬁfrﬁ% °§%FY|g§ %gﬁgEéﬁﬁg g%éégufgagge
t echni quesknaym witH hes1ad tma@erﬁﬁl@ip 521%@16 asAbei1thBakkg, hasulespmgr ound, it
typically needs to be welded wth meld materials, such as cobalt-based,

al umi numcEBi B APORIEKe bassskd 21y RuRy GORSALEL RIS We | Baharérial s, to
restore if_t r I I, di-ng p t using
any suita 39 é’% é)gi?e&ﬁnll%e C:)I-V-F\{’léq‘l \r%%a% ar%lth% Egﬁ%\%ﬁsnﬁ% %gﬂ Bgt he tip
S poI|shﬂdrine$rmmnrusingtaqy ssuirtfaide w&dduagsmbphnuqdethnawstlnstheel|ef

heat treatnent. articular stress.relief treat t used js fupction of
the all 'qorﬁ? Wéﬁ dﬁ%ﬁ#ﬁﬁi hE e %él&ohéﬁgﬁgg Omﬁ?ﬁﬂt* tﬁ%eﬁ PAfter
the tip m&@s@@ AR PES L Ath] dd e RUAY LT FRY r@ile@pﬁbhﬁdti‘ea{:ﬁénwe' deget i p
to restore the tip's cutting ability. The tip abrasives nmay be cubic boron

nltrlckarRﬂItkﬁQ%ﬁEWﬁtﬁﬁ%ﬂe;elmﬂﬁ|H§¢a§m@@¢r@BFﬁJG§IByfvbcth@nmefdéhetlp
VWile it

ot her abral %E%*ﬁﬁﬁgﬁgﬁ’%¥gﬁé§$¥£§ﬂ %P Fﬁg%%%n% %ﬁ% eﬁéggbeen

restored, t-he.chwprmr& tio m&auﬁs&ﬁdnrs@e&tbaat tipeabrepivak ﬂayemerat ure of

1900F to

o applied to the welded tip tc restorxe the tip’s cutting ability.
'é) The tip abrasives may be cubic boron nitride particles which are
applied electrolytically to the welded tip. While it is
preferred to apply cubic boron nitride particles to the tip,
other abrasives may be applied if desired.

After the component tip has been restored, the component is
$ubjeéted to a heat treatment at a temperature of 1200°F to
'2050°F in a hydrogen atmosphere at a fixed dewpoint of -40°F for
a time period in the range of 1 hour to 8 hours. |

Following the heat treatment, a ceramic coating, such as a
7 wts% yttria stabilized zirconia cbating, is applied to the

component. The ceramic coating may be applied using any

)
\ )
N

suitable technique known in the art. Typically, such techniqueé
inveolve a heat treatment subséquent to the application of the
¢erami¢ coating, which heat treatment is a  function of the
‘particular type of ceramic coating which is applied.
‘ As can be seen from the foregoing description, a repair
method has been provided which effectively and efficiently
repairs turbine engine hardware components.

It is apparent that there has been provided in accordance

with the present invention a method of repairing turbine engine



2050F in a hydrogen atnosphere at a fixed dewpoint of -40F for a time period
in the range of 1 hour to 8 hours. Follow ng the heat treatnent, a ceramc
coating, such as a 7 w%yttria stabilized zirconia coating, is apgkied to
the conmponent. The ceranmic coating may be applied using any suita otP 2006
techni que known in the art. Typically, such techniques involve a heat

treat nent subsequent to the ai plication of the ceramc coating, which heat
t r eat ment CPEPSREHNE FBACH! TRALY EﬁF%FEhF%rt¥?p%bhﬁcF§weﬂﬁqpﬁxﬁﬁ¢ng which is

appl i ed e f h de i has
been proC?gggﬂwE % g%Fe???%%l§Eggéﬁg€¥?%?enfﬁﬁi£%réﬁguéigtur |n§H§ﬁggﬁé
har dwar e haapbaentdesbtlbsdappathetcbnbexth@fesmeslemHEmhmﬂamhntsn
accordance, with th res i nvention a thod of re turblne glne
5 P11 obEaEPeo8060 thBim I CREBAMATER, 1EPRYTLOFT 4hes T B Y LoRtatie and
advant agegesehef %bﬁr@ﬁ'i:e'teb%fn%g sMhilgat pe pResgpt 15 ﬁ(@#'f&hd% been
described in the context of specific enbodinents , thereo ot her

al t er nat i fesegnddiof deacicdrsionnd hactadinabymi it l&emtm'l@ﬂ)at@rﬁmltﬁqmose

killed h h d th
“htended FRoRRLRAEe AR SeSE PP bt robloe aipd carH iRk AT R el
fall w thtne btbedbseagesegpehef appenappestietng] aims. 7 O SEP 2006 Wat is

claimed is: 1. A nethod for repairing a turbine engine conponent having an
insulating ceram c |ayer thereon, said nethod conprising the steps



of : renovi ng oxidation debris fromat |east one portion of said conponent;
renoving said ceramc |ayer; and blending at | east one surface of said
conponent to renove at | east one of nicks, debris, and cracks. 2. A repair
met hod according to claim1l, wherein said oxidation debris renoving step
conprises manual ly bl ending areas exhibiting thermal barrier coatiogSBpaiik
or oxi gation.g 31 Alepaiys. method according to claiml, wherein said turbine
engi ne component conprises a vane having a | eading edge, a trailing edge,
and an airfoil, a platformand wherein said oxidation debris renoving step

[ bl [ i d | eadi dge wWth th I i ti
Cparl | 2 PATVEGSES T R AAGB g 8 DA PSR SH 0 B SHING |

done byirandti%g Adrepdld 1MBE0G RGCTDI RGP nehdidd Sompiersiny saidd legndi ng
step conprises blending at |east one surface of at |east one of said airfoi
and saidd ‘plrarcormcb Y Haed.1 B debrdgaifr ofetffod cacdoradien G- iciraiah Saiwher ei n
said c ! l.ay Vj . i r.enoviy i r.am c yer_ using
a higﬁkb é§§ﬁ¥é g%ﬁgﬁﬁyg%gh1%%§%F%8g%!§%§%ﬁra§§d!%1§§§é%£?¥3g%?ﬁ%gone
accor disig flaeeClodi Malid Wisiinersaith cemave atl dyelst ey ioT mitais ,C aguiisss
removing said ceramic layer by grit blasting. 8 D6 SEP 1006 8. A repair
met hod B GTHTTF to claim 1, wherein said ceramic |ayer renoving step
conprises renoving said ceramic |layer using a waterjet. 9. A repair nethod
according to claim1, wherein said conponent has a depleted al um num zone
and said rPepaipeineteddddurtdrerrding to claim 1, wherein said oxidation

debris removing step comprises manually blending areas exhibiting

thermal barrier coating spall or oxidation.

3. A repair method according to claim 1, wherein said turbine
engine component comprisés a vane having a leading edge, a
trailing edge, and an airfoil, a platform and wherein said
oxidation debris removing step comprises blending areas on said

leading edge with thermal barrier coating spall.

4. A repair method according to claim 3, wherein said blending is

done by hand.

5. A repair method according to claim 3, wherein said blending
step comprises blending at least one surface of at least one of

said airfoil and said platform by hand.

6. A repair method according to claim 1, wherein said ceramic
layer removing step comprises removing said ceramic layer using a

high pressure alkali solution in an autoclave,

7. A repair method according to claim 1, wherein said ceramic
layer removing step comprises removing said ceramic layer by grit

blasting.



conprises renoving said depleted al um num zone. 10. A repair nethod according
to claim9, wherein said depleted =zone renoving step conprises renoving said
depl eted zone by abrasive grinding. 11. A repair nethod according to claim

9, wherein said depleted zone renovi ng step conprises renoving saitd dephsed

zone by ra5|ve po [ astlng air method according to
claim9 &@%%zﬂ W}Péjpgaéi S\L’st T&othrises $eiVitg said

depl et q(byiéanéﬂ&JMQa%te%l Qsarmclm q@mdamfgesesaldl%er%n{lecpala B0t g
according to claim1, wherein said component” has |ocally depl eted al um num

zones eg3ied -net hod further conprises rejuvenating said |locally depleted
al um num zones by raising alum numlevels. 14. A repair nmethod according to
claim 13 wherein said rejuvenating step conprises applying an al um num
contai fi.ng meatedrd aletttod stodratinftcsaild igorponarer aiherss ishi dbrmoadrlty

depl et i’ld al um num zones are | ocated and diffusing said alum num cont ai ni ng

mat er i 4129 it GRS LA NS ZO0G G 1St HodPRde Stk Ry (I iR 1, furt her

conpr i Shdighr 1R Wdrlif i i b i cise?}jlcetfe%ﬁmrtﬁfmnun? AneEP 2006 16. A repair
met hod according to claim 15, wherein said tip has a mni-squealer and said

restoring step conprises scarf grinding said mni- squeal er port| on. 17. A
repair t hod accordi claim 15, wherei.n sai d t| rest.o e

conpr i s]?reHe 31%&3%5 %ntg‘qqopaqco Hihi ke ’h| éﬁpgq%lpeaq 9 et hod
accor didtthd ol iRgl bt dgIrddi r U Nigiditing said depleted zone by

abrasive grinding.

11. A repair method according to claim 9, wherein said depleted
zone removing step comprises removing said depleted zone by

abrasive powder grit blasting.

12. A repair method according to claim 9, wherein said depleted
zone removing step comprises removing said depleted zone using an

electrochemical process.,

13. A repair method according to claim 1, wherein said component
has locally depleted aluminum zones and said method further
comprises rejuvenating said locally depleted aluminum zones by

raising aluminum levels.

14. A repair method according to claim 13 wherein said
rejuvenating step comprises applying an aluminum containing
material to a surface of said component where said locally
depleted aluminum zones are located and diffusing said aluminum

containing material into said surface.

15. A repair method according to claim 1, further comprising

restoring a tip of said component.



applying a weld material to said tip and heat treating said tip wth said
applied weld material. 19. A repair nethod according to claim 18, further
conprising applying an abrasive material to said welded tip. 20. Aﬂﬁggpbm 8
met hod according to claim 1, further conprising heat treating said repai éd
conponent and thereafter applying a ceramc coating |layer to said conponent.
21. A Bt hbdTEBRIFeParRPAgasCcPEebnaetengi-aencbipoNBREShAYSAGCaiipi hsal &t i ng

ceraniﬁih§¥§§u_ﬁ Ldgmethed, ¢q Ekéb a9%3g&§ﬁ8Yh g

gEg0lngSa n i 368P
oxi dati1on debris %ron?at Feast one pogPlon ogoggﬁégggoéﬁonen removi ng said

ceram ealidyminaftgnesaed prirdabthon debris renoving step; and subsequent to
said ceram c |ayer renoving step, blending at |east one surface of said
conponent to renove at |east one of nicks, debris, and cracks. 22. A nethod

for repairhngepat UrhkBRcBNEERErEQABORBNE1RANI 19, ahel-BSH! LERYLGEram c | ayer
thereon, said nethod conprising the steps of: identifying those areas on
sai d c8RpéAEANIhAVRPAgCATPIrégss onéndohat Reidaribakri er md¢pamumgcgpal | and
oxidatkgﬁcﬁggggs; renoving said debris fromsaid areas; renoving said
ceram Cc [ayer after said debris renoving step; and bl ending at | east one
surface of said conponent to renove at | east one of nicks, debris, and
cracks.1 10

8. A repair method according to claim 17, further comprising
applying a weld material to said tip and heat treating said tip

with said applied weld material.

19. A repair method according to claim 18, further comprising

applying an abrasive material to said welded tip.

20. A repair method according to claim 1, further comprising heat
treating said repaired component and thereafter applying a ceramic

coating layer to said component.

21. A method for repairing a turbine engine component having an
insulating ceramic layer thereon, said method comprising the steps
of: removing oxidation debris from at least one portion of said
component; removing said ceramic layer after said oxidation debris
removing step; and subsequent to said ceramic layer removing step,
blending at least one surface of said component to remove at least

one of nicks, debris, and cracks.

22. A method for repairing a turbine engine component having an
insulating ceramic layer thereon, said method comprising the steps
of: identifying those areas on said component having at least one
of thermal barrier coating spall and oxidation debris; removing
said debris from said areas; removing said ceramic layer after
said debris removing step; and blending at least one surface of
salid component to remove at least one of nicks, debris, and

cracks.
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