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COVPONENTS BACKGROUND OF THE | NVENTI ON The .present invention ;’m

“method for repairing . turbine engine conponents, such as, bl ﬂﬂmwmmmmms
whi ch have airfoils. Thernal barrier coatings are used on turbine ,engine
conponents, particularly airfoils, to reduce the netal tenperatures and
thereby extend the life of the conponents. Traditionall t hermal barrier

coat i ngd IFL&E :hi MERHQD KRR HEFAIR équb@ogyﬁwilc%pm%émlq%nd coat ,

usually MCrAlY with hafniumand silicon or a diffusion alumnide, is
applied. to a superalloy substrate portion of the conponent, usually a
ni ckel based or cobalt bas@ACHEROAD OF JHESINIENTIAGS the first |ayer. The

bond coat praovides oxidatjon and corr.osion protectjon. An insulating
cerani ¢ l'ayerfP®RERISP® W‘%‘ﬁﬁoﬂ areﬂzfrsct Salty asf“ﬁ%*‘?ingarzf?gﬁﬁh{’gi s then

deposi t &4, ;91 dd& COponkt Pon gpals Hladegphsal binssedrdchesause the
under |l yi ng ni ckel based or cobalt based superall oy substrate used in many

t ur bi ne agifiqiel conponent s does not have adequate oxi dation resistance.

Recently, a new gr super alJ. ve n_de xhi bi t
sufficient o&g}%ﬁq?a@b%%ga%%eﬁ C{Oé%sjéllg{g}nce.e %?eoﬁnﬁﬁéggﬁgu%ﬂg%ég not limted
to a ni derlpdraseds superel dyaontsairiaid soxwgeredatevehel mgeals such as
yttrium ané3 a ni ckel based superal |l oy caontai.ning re’guced sul fur, For

t ur bi ne AR CoPO AR SRR PRI Hée l_s‘éﬁef’gl B85 sCORREPBBRE- coat s
elim nat'le:dacf’i’\?j.é £/ AR Srrd 1S W A Nk | DA rg® Q&EEBELY39€90§¥5€%QH the
substrate. Before belng approved for service,” the conponents fornmed from

these newetalderal ¢eysing ccprlasbisdPnd darsroveradhyr YRER1Ef wihk kefmki®
o R SN AL 4 Cadrrue s B | Mo RO, 30813 LI o' KPEuBKPLPLdy

i npr oved arrier cating spa I'ves. ese
devel opreafiissrd te bpdvet hewt dydirtthe cynmuaers;, 'usuwal lgsat héckelfbabegooti ons of

bl ades and vanes, will| develop spall_and oxidation.,debris _on ong or, nore

syrfaces‘?‘%@]d"diei??%%g! ?%e’{?ﬂle]"{)%r r 'né“sc%oﬁéﬁﬁg éxFVFrdevgﬁ’%pl_’??élcks,
ni cks, and£efrSvads Nek UsL: Bsh @il drdifi drh@roxeeeiBneNVAKORAEALat thythi Ch
they operate. It becones necessary to regularly renove the conponents from

a turbi mexEmiaelayeer eSprekivd oftd i vet B RatdeblyhstrBAlLeelenove any

spal |, axidalon deprigen CEASIS ¢ dH &5 ehWUY AE8RLS: 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 adecuate oxidation resistance.

Recently, a new group -of superalloys have been developed

that exhibit sufficient overall oxidation resistance. These
include but are.not limited to a nickel based superalloy
containing oxygen active elements such as yttrium and a nickel
based superalloy containing reduced sulfur. For turbine engine
components formed from these superalloys, the bond coat is
eliminated and the ceramic insulating.layer is directly
deposited on the substrate. Before being approved for service,
the components formed from these new superalloys are processed

to improve adherence of the ceramic material to the substrate

AW

1 *G00002*



In prior repair techniques, the ceramc insulating |ayer was renoved before
any' other step. As aresult, it was difficult to identify those portions
of the turbine engi ne conponents where oxidation and/or spall had been

| ocated. This has been found to be highly undesirabl e because portions of

t he conponent which require repair are too easily m ssed. ' SUMARY OF THE

| NVENTI Accor di ngl it 1S 0bj.ect of .t. present i.nyention.to provide
an i npr Yret ﬂ%?f&fao/r}el}%spacifr ?Eﬁjglst Lﬁ%eneexg‘hgi?‘ﬁeEggﬁﬁgﬁgni{g?m?fikéa]élpjfeuﬁt her
obj ect afpdthighPrasert 1iwention to provide a repair nethod as above which
can be used to repair a wde variety of turbine engine conponents. , The

foregoi ng objReIRL R cLhasaiinde Ly daveongentsmetishise hasdpresent’ .

| nvent | Qyldh AECO! AANGE U thd N HASCRIHAXRR! RNy 840 BRd T4l epai ring
a; t ur bi ne " éngi ne corrponen% havi ng an ‘i'nsulating ceramc Tayer broadly
conpri ses. Ilendsi e xsmeltll eimdlehrida tdrort kisbtrisbonecesgbnencpepomeitces.

renmoving the ceramc |layer fromthe 2 tur bi ne engi ne, c onent, and
t her eaf %é?dl’%%:ﬁg’ 5o SEFP I3 (SRS o COTRETLRES Héf%nggﬁ%l_-%n%ﬁf'e’%ﬁ{ to
renove Rickss et SenPdU DN S kS asThe rmthed Uk beLepaREi ses renoving
or replenishing zones depleted in alumnum Still further, the nethod

conpr i seNvigmroremy B0 tWipl Gt thry (apgsiate -enditnbecorponBAceas Ty threr eaf t er

appl yi ng_t Sj es j bi_l i .FLn ] C
coat | ng B AT LS SRS o e bt BB e P B et 1 s
of the repaiod nef hothefaddegfasedh itheantioorenasewehly apabl hesxidygteids and
advant ages attendant, thereto, are /set orth in the follow ng detail ed

descri ptGiF 1 DETA 1EF DESHPTI /G iR REFERRED EMBODI MENT(S) The repai r
met hod of therprosent *dpyant I QUEHRYqRS P&HOEREneR _@nggﬂstm%'ﬁ e Pf

turbi ne engine run conponents including, but not limted to, Dlades and

vanes hawimgeneved | bgters ey ohleyr chimronedss anapsbéte hé;teWMi ch are
covered e POLin@ Pl -1 Sul; ANaHIAl AL 3L -CRR LG LA hackydes. a bond
uratimg 1ay ]

& . %
coat and a cefram c 1ns er “or 0se whi'ch axe just covered by a
cer ani ¢ compiradning wleges .oxbide riepaiandretthepaidghas heth Ldeatedi cahin of

those areas on a particul ar conpanent w t.h a hermal barrier coati ng
Spal | ORI R oo A CHP e HHRBHSA AT A L PaP PR A BABEEEbRE (e o0
conponeompsrtent henl pdiguiand Admiild neredges cgbiag alisbeil portion. These

areas are lightly blended, preferably by hand, to renove any oxidation
debris and to snooth each danmaged area. Any suitabl e manual . bl endi ng

techni que known in the art maywRErYSEE ¢HePEETAEMdHi s initial step.

Accordingly, it is an object of the present invention to
provide an improved method for repairing turbine engine
components.

It is a further object of the present invention to proﬁide
a repair method as above which can be used to repair a wide
variety of turbine engine components.

The foregoing objects are attazined by the repair method of
the presént'invention.

In accofdance with the present invention, a method for
repairing a: turbine engine component having an insulating
ceramic - layer bro'adly conprises removing oxidation debris on the

turbine engine component, removing the ceramic layer from the



Fol l owi ng the bl ending operation, the ceramc insulatihg |ayer is renoved
fromthe conponent. The ceram c..|layer renoval nay be carried out by
"various nethods such as exposure to high 3 pressure alkali solution in an
autocl ave, grit blasting, or using a waterjet. Git blasting using 240
alumna grit is a preferred approach for renoving the ceram c | ayer because
it is less time consum ng, econom cally beneficial, and can be perforned
anywher e Ul inm esndioes esomronest artrgbneien fkirchlerpssese¥XPRSednponent to

hi gh pressure al kali,.sol ut.l | n..ap . aut a 459 t] t

sol uti orf Cé:ft%orbsl’ 5 e o&%% oe:@':lﬁEL ps?%%\?%};‘%gt' £ érré%@ggérféf%}?é)ﬁg%%gsd 48DF
may be usedl/odfcehekshoomes Hothisd Ruriesr jceptrd seenpenotheg cer ani ¢ | ayer,
the waterjet should not contain an_abrasive grit. F-(,'E,llfliOWi ng renmoval of the

cer ani ¢ 7eREsnishinGceanet 4eRl el die Rl dBER - as SE L of PEERRF 0rthR at for m
surfaces,.. | i e 1 a C Ssqarea
wher e su%c' tgﬂ%r?czlic %K%%%S% kel'y t%ﬁoéc?l]?:\i%s%tﬁgate r gi%?ii:%aeegg%E%? Jt&?{r(‘ap €
conponerdnd sticdresttée dpplying tdyetofastivesaitof gestoFhechlbhrg ng i s again

preferably done pal l y using any. suitahle nmanual ,teghniq known. i n.the

art. Durty® iggp%& A €2 %’\'/Ber%act R l&%&énﬁgﬁaﬁgoggsgﬁ% Iééc)%m%rr?dn t he
super al I@yrﬁgggﬁéhggiﬂ@ cofponedt . substrate and the ceramc coating. At the
all oy-ceramic coating interface, a protective alum pa scal e devel ops during

thermal barri@khebadeheyl by RESERhIgEEPHE Fedtect ofe tRPURFRE®REAl e grows
during engl 0s . um 9&%% r sopes from
the all 0%9‘:7%1&}9%%&2% e#%e%%ﬁbwg% m%‘; e. ,gst%aa?lgg\l%d?,ﬁfgﬁbglgu%%ﬁ? depl et ed
zone fortseretoheant| o9t i hoeth airl thoddwomiagpdetadiededasonipbicital e.
Further depletion may occur after the thermal barrier coating spells,
raising the, local tenperature. The bare alloy is exposed to additional

oxi dation. Thi spEepiEkpdDESORI PRYON ORI THR PREGERREDC BMBODIMENT ¢kness;
however, it may grow further wi th additional aoxidati.on exposure.

or
certai n conpofieht SeRAF-ENeRPBi ¢ t Hhe REGABted™IEREOPNB2 ePSi P‘?r‘tEPrm%t hod
of the p%ESE%%&QVGQf:iQ‘Enyft'ﬂ@fbiﬁ’éloéﬂ/ﬁ%er LR ickapbhendsph stedazone or
repl eni shing the depleted zone with nore alum numso that the surface of
t he repadbutdnat| dbymstbdt tat ebhidés cond ivanest davdng ehsfpidt pertiensd um na
scale) If, it _is chosen to renoye denl d this I
acconpl i@ﬁ%dc%@pﬁl?ﬂgf %%Yt}f’ﬁgt}f%éeggﬁ}’f%c%%%f ctzo%%%’e,d cgkpgégg;)g\?\% 1 hrﬂa%gr)lgsi ve
gri ndi ngegethabl Batrher Wb it fhg ashate pminetess uc boasl abuli aad arcédyamic

el ectrochem cal process wherejn 'the conponent .is di d,,into an acid
bat h. | PpEU{atingstpyes PEst ?%et‘ﬂé"%érﬂr& é'd‘sfoﬁé’f’egggapb’yad‘éfﬁ%rﬁ’e‘a zones

nmay be rghuMenaigd byyeaising alum numlevels .through the application of
al um num cont ai ni ng coatings of appropriate conposition followed by a
di ffusi on treibpenepaihempbhedcoegine daltihg ded B iggsiradofothoparareas ar

conmponent i L Lon | f ' n r nd
e o L R, S R R
and ref oom axpdeteohj veuahuas nthecktadimherndi ftiradilimgt edgesenf tlhe be
carried out after applicagtion of,the copating.compasition is a.funciion of
the 1 ypeSTFPEBEET ngBLBpOSF L BROLRR B | & A, BACETAO L) SLFETTbe any

sui t abl epdi-tigai onThegat aALskapun i ghithe Hldnded) priifeabbdyfbyshomnd,
treatnent conprises heating the conponent after application of the al um num

cont ai ni kY EBEPVAQaRY exidapérhtderb aARbIP tF e2rhr damagpd pE®Pod in
the ran f .4 h : ap4a . fur r.inv

restor a?‘iﬂ%g Sﬁl?%gitai %ggﬁg%hg%%%% gtn{ su W?”g%j%tgﬁlel% phgf ageb éa%?%r
vane. Fregaeéntbypebfardesthisvantsifhveiep.m ni -squeal er section. The .

m ni - squeal er _i resent.is,to be scarf qground..Thereafter, th ip.is
O ound Lo s nFRFABHEBED DR Bl Raetnd TR n b R Ry oG SRESEPEARY | ndi ng
nmay be capgbediguiemsiyBE 8P¥mSthéabbfpdRGitl UK RAMANIE. 1Bell temoval

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



5 After the tip has been ground, it typically needs.to be welded with
weld materials, such as cobalt-based, al um num containing or nickel based,
“alum num containing weld materials, to restore it to its original shape.
The wel ding step nmay be carried out using any suitable welding technique
known in the art. Followng welding, the tip is polished to smooth the tip
surf ace and is subkgcted to a stress relief heat treatnment. The particul ar

stress rBFPEFUEPeatiehi G62BLICNAIR AR AV T2 Mve Hitoy RSHAPAy PRe
conponen h Bt ef| Lehii s wsed; Afd e/1disat igR ilkag sbgen
inspecteﬁ?ﬁggpga ?gg% gganagkgg %%p??g%?to ?ﬂ% melgi tig Fgl?egfoge t he
tip's cuptefigrakil epprodbk fop abmasivesthmcdmminilaysor becausei dE is

ticles which lied el ectrolytjgcally to th lded tip. Wiile it i
bref err oieES SHBPy CRRBIBLBEr RCRPP: el PRI e hab 4 78 B° Beher
abr asi veg.pR¥rRedaRRlvRdrkl desi pad. cid £ds tihe meneppribaRhhasibaen

restored, the conponent is subLected to a heat treatnment at a tenperature
of 1900Fe¥po2EB0khencamhgtrBehcah et pieeeSHie £ X¥haddd spdwddPrnt 1sf an40F for
atinme perj Ln.the ranpg h i ] Qui e_he
T SR P L
coating, 425 pppl bed wotbhpecanmoaenf. 400RF cder ABIOCF coay i g werd be MHppirieed

usi ng any, sui tabl e techni que kno in the art. Typically, such_techniques
i nvol ve SPRESESt FRaPFENE g6g§€aE£ﬂF°tEFT?¥Feﬁﬁﬁi W%H:éﬁyﬁﬁe E8Fani ¢

coating, ywhkeheheahohl8ahBeNbohtadnf HRCih LI Bfe theitharticul ar type of
ceram c coating which is applied. As can be seen fromthe fore%0|ng
description, FoRépuindnsemodahasibEbh peRAMRd aWRh BPFacesy ey thkd

efficiently r iL.rs biLne_englrt r zﬂgﬂgg@ i pPRAL t hat
t here ha§°§€8ﬁ8%?évfggé %% gggg?ggng§&6¥?ﬁﬁ% e pregﬂ%ﬁﬁ¥%%zn?f%nﬁggﬁggxod
of repaibilegdedr lioneemengi néchs, denpsneatd avraks f uldne sateiaswheset bach

obj ects, neans and adyant ages set _forth hereinbefore, Wi t he present
inventioﬁrﬁﬁgsbééﬁ géﬁ&EVb 8 PﬁcPﬁelﬁoﬂ?%fo I¥%ﬁﬁHﬁQQQ;° &8 ment s .
thereof , combenealk!, eshghl ¥es theDeirbl Cahy 0O8Sge adtfl tidd i Alld M9 W IThebecone
apparent to those skilled in the art having read the foregoing description:
Accor di ngitgnding &sj agahRe BTS2 EABL cRORM JBT A+ BY ikt it SR SEi A4S ons,
and varighheas 28chakuw khbhn tRerReoadr scope of the appended clainms. 7

During engine exposure, several key elementary processes
occur in thg superalloy forming the component substrate and the
ceramic coating. At the alloy-ceramic coating interface, a
protective alumina scqle develops during thermal barrier coating .
processing. The protective alumina scale grows during engine
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 éfter the
thermal barrier coating spalls, raisihg the local temperature.
The bare alloy is exposed to additional oxidation. This
depleted zone may be up to 0.002 inches in thickness; however,
it may grow further with additional oxidation exposure. For

certain components which exhibit this depleted zone, the repair



WHAT IS CLAIMED IS: 1. .A nethod for repairing a turbine engi ne conponent
havi ng an insulating ceramc |ayer thereon, said nethod conprising the
Steps of: rempving oxidation debris fromat |east one portion of said
conponent: renoving said ceram c |ayer; and bl ending at | east one surface
of said conponent to renove at | east one of nicks, debris, and cracks. 2. A
repair method according to claim1, wherein said oxidation debris renmoving
step conprtbes ménGhel PrEFeRdi A§vanrbien ekBT Bher nfThsiafIraFwvingr tdeat i ng

Py o BKLARELOR e o0 LERALE: RLAQUACCALH] Dkd IR, iy ol n sald
ur bi ne engi né conponent Conprisés a’vane I'hg a Teading edgé, a.
trailingagdaénuandoanhair thel suafptat $0r thandepdiored maldaiyd satkisdataiten debri s

renovi ng s;gp conpri ses bIending areas on, said |.eading edge with thernal
barrier toati REREPRME. T2, TRTRphPr PREEROE YR OV WP tX°3%h%i m 3, wherein

sai d bl ending 3t ¢ 4QTRELSER bbendhBdeatnl 6885100 SHHACKIs FerlofRs! one

1
of said airfoil an platformby hand. 5.” A repair method according to
cl ai m 7. maghbeepgcoapd isbednby Eayberreedving thepuniand ofs thenovi ng said

R L I e L S
renovi ngpsiveprcenphi €S alenmyangogabyd &8rédetrochemical process whereir
the component is dipped into an acid bath.

If it is chosen to restore the depleted zone, locally
depleted zones may be rejuvenated by raising aluminum levels
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
Ffunction of the alloy forming the component substrate and should
be selected such that the alloy has the ability to retain
sStrength and reform a protective alumina scale. The diffusion
treatment to be carried outlafter application of the coating
composition is a function of the fype of coating compositicn
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
aluminum containing coating to a temperature of 1B00°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 a blade or vane.
Frequently, blades or vanes have a mini-squealer section. The
mini~sque§1er if present is to be scarf ground. Thereafter, the
tip is ground to a minimum cap thickness. The scarf grinding
and the tip grinding may be 'carried out using any suitable

technique known in the art.



| ayer by grit blasting. 7. A'repair nethod according to claim1l1, wherein
said ceram c |ayer renoving step conprises renoving said ceramc | ayer
using a waterjet. 8. A repair nmethod according to claim1, wherein said
conponent has a depl eted al um num zone and said repair nethod further
conprises renoving said depleted al um num zone and wherein said depl eted
zone renoving step conprises renoving said depleted zone by abrasive

) : y
grinding or byfbdr atheetirover haan gEraed nd ok YBycatingreddel &t cheni cal

g or byt astecth _ g e
P | oS JARABTERe d E bR Fors Shrt &5 QORBLoH Tt her koRar] oo

rej uvenatdiga 5aidg | 96 ahi oksleipiert] alluminum zonesihyng aivsldguatemdailsn
| evel s and wherein said rejuvenating step co i ses_appl yi hg an al.um num
RBReRELER

cont ai nitRy HEEEPTAI LTt (%P ol SUrFRcE 6 SARR conpofeNf Rerd 85 IF%%atF?y_ _
depl et Edcéiyféaug%ﬁws &r&%%ﬁ&%ﬁn%@d&h@s icR@nhf 2bfle Ak UM CORE @i Ni ng

material Tnto sald surface. '10. A repair method according to claim 1,
further aoopriBohyowisy ovékding,t ifheftfipsdisd poddsperehe . snaotlh ¥epafiP net hod

200010 19,9514 10y WOSLELAL SN0 o s BTl MUERLPL PRl O0 e
A repai rpaethedlagcotskog 6l d mitpcHimentenaiod 438i d fipcteshoeinghst ep
conprises grinding said tip to a mninumcap thickness and applying a weld
mat eri al a%goxafarmiwame hedRPQnHt iy Fhie Vsl %PFﬁréaid‘c’l%bgﬁi iﬂ ‘3%%
material . 13. pA LePalL OB hods 306a ding,ddod, aivTpl dprh Wi b8 megnpéi Si ng
appl yi ng an a%ra5|ve mat e |5? to saléﬂ%klded tip. 14. A repair nethod
accor di ngppbietaim thefwelded tigphd siastdrsatther 4Pl Agcybhtang ephi t ety -
o e 8" NEEEALE 5Es AREY B L £ YR FAULO pRYEEC] 8 5FhEen axe

applied electrolytically to the welded tip. While it is

preferred to apply cubic borcn nitride particles to the tip,

other abrasives may be applied if desired.

After the component tip has been restored, the component is
subjected to a heat treatment at a temperature of 1900°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 wt% yttria stabilized zircenia coating, is applied to the
component. The ceramic coating may be applied using any
suitable technique known in the art. Typically, such techniques
involve a heat treatment subsequent to the application of the
ceramic 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
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1. .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; and

blending at least one surface'of said component to remove

at least one of nicks, debris, and cracXks.

2. A repair method 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 step comprises blending at least one surface of at

least one of said airfoil and said platform by hand.

5. A repair method accordingito claim 1, wherein said :
ceramic layer removing step comprises removing said ceramic.

layer using a high pressure alkali solution in an autoclave.
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ceramic layer removing step comprises removing said ceramic

layer by grit blasting.

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

layer using a waterjet.

8. A repair method according to claim 1, wherein said
component has a depleted aluminum zone and said repair method
further comprises removing saild depleted aluminun zone and
wherein said depleted zone removing step comprises removing said
depleted zone by abrasive grinding or by abrasive powder grit

blasting or by using an electrochemical process.

9. 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 and wherein said rejuvenating
step comprises applying an aluminum containing material to a
surface of said component where sald locally depleted aluminum
zones are located and diffusing said aluminum containing

material into said surface.

10. A repair method according to claim 1, further

comprising restoring a tip of said component.

11. A repair method adcording to claim 10, wherein said
tip has a mini-squealer and |said restoring step comprises scarf

grinding said mini-squealer jportion.
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13. A repair method according to claim 12, further

compr;sing applying an abrasive material to said welded tip.
14. A repair method according to c¢laim 1, further

comprising heat treating said repaired component and thereafter

applying a ceramic coating layer to said component.
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