METHODS FOR REPAI RI NG GAS TURBI NE ENG NE COMPONENTS FI ELD OF USE

[ 0001] The present application relates to nethods for repairing
parts, and nore particularly, to nmethods for repairing various damage
experienced by gas turbine engine conponents. BACKGROUND OF THE

| NVENTI ON [ 0002] Frequently expensi ve gas turbine engine conponents,
| i ke turbine blades and vanes, experlence bur n-t hr ough,

di ffusion-control|l ed defornatlon & creep"), cyclic loading and

unl oadi ng ("fat i gUBTODS HER RERA TR NQCQA%MB@N@@GINSW@MWE@%l on"),
wear from rubbing contact between blade tips and turbine shrouds,
wear fromthe inpact of particles entrained in the gas flow
("erosion"), foreign object danage H*HEEPOY USHhd the |ike, throughout

t hei r ext endpxboagr viteepréidhoug 15@@1&3%9&&&%*‘%%& irgy of the
conponent may be relatively spall, the damage experienced by the

i nternal gecnBtry BesiHiréd ?de‘?c?I«?cPaEtjc%&ar’fﬁé ar® fesRede tFrh t he

conponent neyepad rithg evaRvaEedatdyd a88beridiR <daPRAM TRY:rBENS eéi—:%rlﬁe
enough to affect or danage the internal configuration of th

conponent . ETEers™5f this nature are often sufficient to cause
rejection of the conponent. In certain instances, the defect is of

such a nature that repairs ctor However, | acking a
sui tabl e nmeans for reliabl y%ﬁ%ﬁ%%ﬂu?%% e%pg Nt hese bl ades and
vanes are often scr apped [ 0003] Current wel di ng techni ques may

i ntroduce ad xI,sti ng damage

i nst ance, thgﬂotvt\)g?d%lrmt eria ii xggg{‘:l?ow °nt o %ﬂbelneex%%%nae %r?fngf?ﬂ%ﬁts’
geonet ry andixesgirrbine lpdpeciabivenenndixpeohends otchethamegs, such
as a trail i ng ddeon Wl rbepad ladFRyml E8M {(+Lhel{A 093?{1(? aaEQS and

internal geonetry, such as internal cooll ng r'es
unloading (“fatigue”), chemical attack by hot gas flow

(“oxidation”), wear from rubbing contact between blade tips
and turbine shrouds, wear from the impact of particles
entrained in the gas flow (“erosion”), foreign object damage
("FOD"), and the like, throughout their extended service.
Although such damage to the exterior of the component may be
relatively small, the damage experienced by the internal
geometry designed to direct a cooling airflow within the
component may be more severe. In fact, the damage may be
severe enough to affect or damage the internal configuration
of the component. Defects of this nature are often sufficient
to cause rejection of the component. In certain instances, the
defect is of such a nature that repairs would be gatisfactory.
However, lacking a suitable means for reliakly repairing such

defects, these blades and vanes are often scrapped.

[0003] Current welding techniques may introduce additional
problems beyond the existing damage., For instance, the weld
material may flow into the exposed internal geometry and
regsult in a rejectable condition. In other areas, such as a
trailing edge, weld repair way result in the closure of the

intexrnal geometry, such as internal cooling features, that may



then need to be re-established by | abor intensive bl ending or

el ectrodi scharge machi ning. [0004] Consequently, there exists a need
for a satisfactory repair technique for restoring both the external
features and internal geonetry of damaged parts. [0005] There al so
exists a need for a satisfactory repair technique for restoring the

i nternal geonetry of a part in accordance with the original design
specifications. [0006] There also further exists a need for a

sati sf act or y tRepaigett Eehbe gife s pbt Eshast brglalivg: iintensite gdending oof

a part and nau@&@hﬂﬁ@ghgpgésﬁg@gggggpf the internal core. SUMVARY OF
THE |1 NVENTI ON [ 0007] In accordance Wwth the present invention, a

nmet hod for repairing a gas turbine engi ne conponent broadly conprises

repai ring ongoofsia SHeddRBnELHE Her@ PLESSULE SbAG R A Bgtfﬁm% t
repairing internal geonetry of the conponent after one of the suction

side or the PFRISUIEEPHB DI ThERMpoWeReth STheepaFerral featrepmianing
the other of ihhernslictioReshderandnides paessure side of the conponent
after the internal geonetry of the conponent is repaired, wherein a
backing material is utilized to preserve the internal geonetry of the
conponent whenotsdle Dhder adkot bei SUChi ABe@imde anghiihgapLessUrpasi-de of
t he conponenEeégmpeing re aireq. ,

que for Testoring the internal geometry of a part in

accordance with the original design specifications.

[0006] There also further exists a need for a satisfactory
repair technigque for restoring the internal geometry of a part

and maintaining the symmetry of the internal core.

SUMMARY OF THE INVENTION
{00071 In accordance with the present invention, a method for
repairing a gas turbine engine component broadly comprises
repairing one of a suction side or a pressure side of the
component; repairing internal geométry of the component after
one of the suction side or the pressure side of the component
is repaired; and repairing the other of the suction side and
the pressure side of the component after the internal geometry
of the component is repaired, wherein a backing material is
utilized to preserve the internal geometry of the component
when the other of the suction side and the pressure gide of

the component is being repaired.

[0008] In accordance with the present invention, a method for
repairing damage experienced by a part broadly comprises
removing at least a first portion of a damaged area from one
or more sides of a part; applying a repair material in an
amount sufficient to fill at least the first portion of only

one of the sides of the part; welding the repair material in
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[0008] In accordance with the present invention, a nmethod for
repairi ng damage experienced by a part broadly conprises renoving at

| east a first portion of a damaged area from one or nore sides of a
part; applying a repair material in an anount sufficient to fill at

| east the first portion of only one of the sides of the part; welding
the repair material in the first portion of the one side of the
part; blending the repair material with a contour and a wal l

t hi ckness bo ternaII and .e ernaII first rtion of the
one side of [:ge bart to- 1oornm E%%to&eea %r?ﬁt 5%‘3 %?)’bq"y?ﬁﬁn‘fhrfegre’ﬁal r

material in aspaimuatesidy iwditénd tantoest and aat‘wa[matsmlcampeetbcﬁﬁh of one
or nore integ ures of the esto d portion_of th

wel di ng the égﬂarlnra%n% gurlf?am-’errl ?ﬁ%‘f por[:ﬁ%n BTt RE- oHE E E@? fne side
i nt ernal feapﬂr@'@ pblrendh Myprsabdrespaen patteional amp g craetmyamf
the one or mpie.fnetpal, faalie es, A 4 D8. TestLaLed Dot han of, the,
part; applying a bac Ing materia t Teast a Second por dPSFthe
restored are@foing ey pare ;irgephyl nipatthoes eplaithenaesramdd pnramrarmunt
sufficient teyfill.cat é%ﬁ;gttﬂgzg qnd_po f

the repair mat erI%é: int second&%ort|mgnéjitz)lfé1 ﬁg tlw%w%ﬁ dg\ﬁg

repai r mater Pa¢ 9% "PKe W@lpﬁﬁﬁlﬁﬁ%fbﬁ@%r ﬁalab lre@sttler@attﬁmal

contour of ther:seceRdcpoF tdornal chdiePRbEe AR LeIONING Lhe pagki ng
material fromthe part. (0009] |In accordance with the present

i nvention, afPEiRHSCeROYECT FEbERR RAFEI nBPREFGh 8nb2 BHsEdrat eBiadr toes

a suction side;lengpr §S§éﬁ&1c§|p@§t1@fnd>faﬁhé ntalRakacavdd brdiapased
bet ween t he suctl on sLde and theggressure si de, wherei n one of t he

suction si de BRI FPesttRA*sPaESTialt iP 30 rupHPF R Hid-GiFBHet R iithed

di mensi ons aat peetethy,sddweid bbecidn erfnarhe GRMHEL Ywe BdirRPahk ethda r
predet erm nelq di_nmensi, on rretr t he ot her, of .t he_suction
#1929 hen

teriz lg. aﬁ’?r OFo ePBF i MEFdi R8s %ns and

side or the pressure
geonetry by uepduamagealdohmn nge ned@ntiabotiolq esetve e tot Bidialre

cavity. [00 Hﬁ? ? 0238&% %b:rg? L& o%ﬂ%?rgl arrg S agi:l %emov1ng

i nvention are set ecacconmpanying draw Ngs ‘af

descri ption be¢ mck@Qematfeecaiaﬁr ésom aglyeepest . and advant ages of the
invention wll be apparent fromthe description and draw ngs, and
fromthe clains.” BRI EF DESCRI PTION OF THE DRAWNGS [0011] FIG 1 is
a schematic dPEFlandn [Acgsriaremgridhgbize melbent Ergntéovarfe nepatred

experienced §g¢ &l gniab &¢diAEBESod ! Beodd B} IR 240 200t MLk ;

ribs; a pressure side; and an intermal cavity disposed between the
suction side and the pressure side, wherein one of the suction
gide or the pressure side is first repaired to predetermined
dimensions and geometry, then the internal cavity is repaired
to predetermined dimensions and geometry, then the other of
the suction side or the pressure side is repaired to
predetermined dimensiong and geometry by utilizing a backing

material to preserve the internal cavity.

[0010] The details of one or more embodiments of the invention
are get forth in the accompanying drawings and the description
below. Other features, cbjects, and advantages of the
invention will be apparent from the description and drawings,

and from the claims.



[0012] FIG 2 is a schematic diagramillustrating a side view of the
damaged gas turbine engine vane of FIG 1; and [0013] FIG 3 is a
schematic diagramillustrating a side view of the gas turbine engine
vane of FIG 1 after being repaired using the nethod(s) described
herein. [0014] Like reference nunbers and designations in the
various drawi ngs indicate |ike el ements. DETAI LED DESCRI PTION [0015]
In accordance with the present invention, a nethod of repairing
darmage experienced by a part is described herein. The nethod restores
both the external featuresahg bRiEIMAroRENBREEY pRiyiRg damaged part
in accordance with the original design specifications while al so

mai ntai ning the symmetry of the part's internal core and features.

The damage experieneed. hy ikhg RadmaPRY Peig Mt i{ﬁl&&%tkﬁl&‘e{ to,
burn-through, diffusismcontrolled deformation (“creep”); cyclic
| oadi ng and GRFOHRA FGIERE AGuERFt wmerieaedforekabyeisctgdanddeono
(" oxi dat i on" ke Weri 1fin@Medabbinad; 60MAA! rbed ween bl ade tips and
turbi ne shrouds, wear fromthe inpact of particles entrained in the
gas flow ("erosion"), foreign object damage ("FOD'), conbinations of

the foregoi ngotypesrod. danBge, s@tthathe dide@am 1i{0NQL6L:ReS 61 1diAE view
generally no -3, a trailin%pegge 10 of a gas turbine

w tquIGS. 1 ‘

engi ne conponent™ 248962 A FRIET SUPLPESTH S 88, FiF aillii ABdedge 10
conprises a suction side 14, a pressure side 16 and a danaged area 18
to be repair Jrailin ge 10 has,an. exposed internal cavity 20 in
damaged ar ea‘%g%a.'ul ﬁbé%c% ggcigr%cur?s"iagﬁ%e‘?wl aWs:anfeL}?g:é“gtéiL@gt%ﬁ‘ﬁ hgtew
exposed i nt ephathe @pst pulididse epgbtectaed bf Ofd.he aftewduthioremiirele
repair materal.g 19el Rhsn&idy EQ$CEE£Qp§gr%l_crlbed herein
incorporate repairing either suction sideée or pressure side 16, and
then repairing exposed internal cavity 20 to maintain the symetry of

the internal (601 and.d eakUL&5ce Th e | 1 it

Patent No. 6,742,698, which is incg@%ﬁ?i?%hagéiéﬁﬁigkgﬁtgﬁH%g%§%§%§§§
its entirety A iREsiAgivRitelibe fk8BESenpl oyed to prevent closure
of trailing edge 10 when wel ding the other of suction side 14 or
pressure side 16. Restored areas 22 may then be inspected to ensure
quality control nmeasures are saFF?FEk@%FFﬁ?R%EE;ON [0017] Referring
specifically nowto FIG 1, at least a portion of danaged area 18 is
renoved (i.eT oﬁﬁUtﬁg out% usin%ﬁn¥ sui tabl e met hod known to one of
ordinary ski FPOHH t 2 3GCPTSERTE (HER B BRSTREL o REEAPT Al SFPPE| ¥nt
to renove t heegineigy dadadd sxpartenuwdi bg arneat SsrésetbeaShefaw i N

FIG 2. The method restores both the external features and internal
gecmetry of the damaged part in accordance with the original
design specifications while alsgo waintaining the symmetry of
the part’s internmal core and features. The damage experienced
by the part may be, but is not limited to, burn-through,
diffusion-controlled deformation (“creep”), cyclic loading and
unlcading (“fatigue”), chemical attack by hot gas flow
(“oxidation”}, wear from rubbing contact between blade tips

and turbine shrcuds, wear from the impact of particles

entrained in the gas flow (“erosion”), foreign object damage
{(YFOD”), combinations of the foregoing types of damage, and
the like.



[ 0010] Once the damage has been renoved, a repair material nmay be
applied to fill at |least the renoved portion of either suction side
14 or pressure side 16 of trailing edge 10 of part 12. Preferably,
only one side is filled in order to permt one skilled in the art to
then, in a future step, restore the internal geonetry of exposed

i nternal cavity 20 to its original OEM condition. The anount of
repair materi gplled shoul d be sufficient to fill the renoved

portion of t H E)ﬁ EPHRTYI% gener Her RSN CES SHCSI db 314 2o Tt sy edge

side 16). Theor epairgamtarbihe rRyyihe applonest USi RG BAYr&ditrall s
conventi onal qgt hod known_to, one of ordinary skill in the arts

i ncl udi ng but " ABE T iM%t ed T bERdrAge 1 TerRIISES PhEVTRRRt Finat ¥ &
may conpri sepanyswed eriidal 16 oAt Bheaydd Iaréiﬂeleb&%ebal f@alli%ad to

constiuct {hagRR i) BucRLabe Sopal LS Lals combar L 2 il e
al 1 oy such aarbm-%g Iu:loarnehca ajﬂrxtuamﬂcabl etfr@mebhlﬁﬁa(yoruhgtnaﬂzé y the
commer of ai 1y et s S RE MRk, 18 a e her o Fren Hif el ppdiiion
Lauder dal e, Pﬁoth@wepgllm mgtelalalloy’zo ctdnisaenﬁng:hru mhehquntdeet:ribécht ed
on6 of the faresot ng o BRaT T 2o E g ey MbadRIPLIS 1 B 1 Phe
removed port PERS&HTE Wéd@né%ﬁwéi (ZheIé rerailrhey swoskdnizisgtmalicarity
pressure sideglé),mdieakapahd éﬁh@ﬁf@lomﬁetm&glm@&ﬂ?% 'dnEQ?lﬁlﬁge

usi ng any suitabl e wel ding net hod known to one of ordinary ski

the art. [OGDET T RErdEtedort PahtethFtatie? RatenigNar e TaySehen be

bl ended to theidrsig aacaepaﬂtredaagi yeddrehbl ckhass 9h ii@'én‘tﬂge%g,g% 10
of part 12. Eg contour of_ part 1%enerall constitutes the shape

and f eat ur es “8FFFGTR RS THrE I8 bien PrePyser B0 RESYSAE ngl s swef ded
portion may hleaéal::tm:'mmldlgshﬂﬂ mmgea@mgsuhéabilethedc&qmmgla@ onesrof

ordi nary skill |n the ncl_udi n ut not_limt

gri ndi ng, saRdr nsuresﬁﬁe Jé\%r asRESEO%%‘grﬁrﬁiaﬁg, and ggﬁﬁ eatﬁ“&ﬁggted £o
conpri si ng atenbeastquwiidtpfctaclomegoiney Bet hodssfetcordly met.

enbodi ments, the welded area nmay be bl ended by nmanually grinding or
super - abraswe machi ning the area until the welded portion and
surroundi ng dP8a7koReberning shecbiicgilhul noyorcoBEG ofl t r&i Leasr edge 10.
n the alterpative ot PRRLGELNIIRY BE 4 iehsoth | A Q1 detoldARRLT Aldky

restore the wel ded portion and surrounding area to t origi

contour of tPRRY| Fi-ddgemathiodriraopreforarensy veliappli ¢glllo iphghe art

surface of panbnléhddehudhsiehd ke m@wﬁ%m@ﬁifme&w eb ﬁ-é?no%eeﬂé ng the
wel ded portign and surroundi ng area. [ 0020] Once one side

ei ther sucti OA™BFHeAntY 16F ‘?J‘i“'é‘soé’&fién%l*&'é?al(’sf PIRVesi PP rrﬂ"céfﬂlgénlﬁlq s 2-
wel ded, the repair material nmay then be applied to restore the

i nt er nal geo adfetures of .exppsed inter cavity 20 tq

desi r ed condiTtB?)%%]s 8 S SN I Frt o e?}éﬁﬁmf’gegnea s’iﬁplaf‘\édm?{??rtlﬁé B
to restore the hm:erem?attogénlmtatyleasiexmmsedmwﬁdelp@atlmwﬂ wiPBet O its
original OEM, i kil |nthe a|r th

i nternal cavi tggggél% %&g &éa% es ggﬁ%h“éls‘? %o ﬁl%r%é% n%eeldge go of
relyi ng uponreiie 42 si Birpfprasient Osglrnm'ter scde imthiddedoin tdxeielrnt:@r nal
cavity. The %@9&!{'{ e sﬁl@ﬁiéa BN ‘Eﬁéaér@%' l:ﬁQnS*l%U'ad dr%’fsftla gient to
restore the features. The repalr material may be app usi ng any
sui t abl e con?@ﬁ??%aﬁhwﬁﬁw%ﬁ\%ﬁm@%ﬁé gfreFaft Aargrsid [davithy tHe to

arts includi fl@sbélhgﬁ%ﬂ b t &hdi@1Beadig. JASuHeSE LREL: Lalkkelal the
r| se any material conpatible wth the base

repair material %%/
al | oy used t @PELHRE ribe tihlée paftiepentsifior dble Fheparroved errgien of

conpati bl e withB basesiall 0y Se Of ofiWhbi N1 RAGH NS LOARNOBSN SeJMRY-cCRIRN | S€

any ni ckel - based al I oy such- as | N-939* commerci al | y avail able from
16). The Trepair material may be applied using any suitable
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any suitable nethod known to one of ordinary skill in the art
including but not limted to mlling, grinding, sanding,

super - abrasi ve machi ni ng, and conbi nati ons conprising at |east one of
t he .foregoi ng nmethods, etc. In enbodinents, the wel ded area may be

bl ended by manual |y grinding or super-abrasive machining the area
until the welded portion and surrounding area confomto the original
contour of the internal features of part 12. In the alternative, a
preformmay he Utili i 0 accuratel estore the we|ded
portion and s_u?&%t‘%%%’ﬁag gﬂr&ég&?g&tk@ g?iognlengf %%C{ﬁngﬁy S]fr‘lﬂhé‘ni Ll‘?%ralﬁﬁ
features of pacfludng The peeflimmtedytbéeagphy ed Geaetrhelgurthaceepfir
part 12 inclydi-ng;the,uel.de LN P t I Lng the wel ded
portion and surroundi nagear e&g% %‘8%2@%@%10%%&5 ggllgfw 1!r.hait}glgnlgg]jaseedge
10 (i.e., eitHepPYsyead ¢ shurtnutorhprogsui’. sishetab)earebaile
internal featyy8s;iQfs RabalfoBl ik BSLALLY; 51

trailing edge 10 %i .Sé. , Pﬁe ot h_erl gf su%%ﬁ%%%i%g%%%gjdﬁége% g];slﬁre si de
16) of part IPUREYEHS WEKJRRY-Seuhny Hiokedrkagrsl 119y $yrh as IN-539

enbodi ment s, @maaggimm%giiﬁlﬁmemgd | 280 101 @ﬂ@%tggn?ti‘.iogal

i nadvertent damage to internal cavity 20 when the sécond si,
the other of G&FT P AFET 1T lor Fr ¥R sPEensg)vagias r 8393 ng edge 10

i s being repaidedrcfeliyeeeaofahiackirsg MRhEHbSbaGOMRELSENhA , of Fort
refractory be

t al teri nay be positiaoned over the area to
repaired of n&r'aéhdfa?%%leed%éo b‘X"’E"o Sd%éi%ﬁtaltl%s eTRAN G- E het FSdai Prher
mat eri al i nt ardlated nalpecatibys 2bntSihimbheckel y agiorymbeiadionnt eri al

may possess g melting point in excess of 1455C1%%651 % and m)?‘lboys’

preferably a MeFEiRG PGint T &Xcess of° f856¢¥°(S0006FT "Etitab

refractory neital. netes ispbdiedyta rdkeudegovedt parteiomof] khe teck tode

ni obi um tantal um d dungst en: S i a | L]

poi nt hi gher 'ghttﬁgﬁﬁ%l ??ﬁ%g%g%ﬁ?go?éncgg E??é‘?ﬁcﬁq% %?)a’t it%n%ép%qr
iridium and waeriakenavafhbien Hed mwedldpdyinteeptace Ye0023pnihmrilyabke ng
material may Mdﬁ!ﬂ%%tﬁa@dokn%?tt%d onkfof1€8ki LRG0 1t he LepaiL 1S

hi gh, a diffusion barrier coating can be applied to the refractory
material. Candi dates include, but are not limted to, oxide ceramcs

such as al um paier mukl idBed@bbrtidn aRA0XH B EEK AT Lr &Ll NERdS ydsed,
an i nternmedi ti n%héa er, such as a suicide may be used to help

te go e / he

coating adhe Bé?ngr% oSt SH CREESTRARE, vt Y cBBePF etfefapt BH1%
_ ?i |C|ke| pl atle e@gﬁr 16 hef alawmi na. orruéul:bﬁﬁlcﬁnt efa}%aéiaﬂ QZV\@tahtfllﬁllty{'le repgi r

iller metal._ The.coating system may_al so include ni ckel al um ni de
| ayer |eft be%olnﬁglgﬁeésr t?‘?p%}il‘?'p‘? @r;ﬁgnﬁ?%%e?har’c%n&';l?’oﬂr?%?itsfﬁn of
t he coati ng. Parter nglenddinyg, chdevalekbtagdaripnmedal b ackbngl imiedr ialndray
.just be nick Si rolytic nickel .o t |east, one side,
1% heat | nputis “RLEbE nnto 3G Kb Gl (Srathd o ERS OBy A
coat i ng enhangesduties wattt abt| 1initell thenddhingrnimddrpal sahiiingg t he
- subsequent wel.dj-ng 835 ) Nagki ' -g@%[
’to conform tolgttyﬁe Eﬁﬁ%@%%f m??%?ﬁ%#' ggge 10%%%%% gc_}hng%lca |1l:a§ géoj%St
' The backi ng rRffeffafie froargpapd ynatRogdsf itic f of in eREFIPENPT addd Bokted
the area to hgezepaired knbit@ihy REANEHTE, HRinAg It tsabbe- Skl 08
ttechnl que known _in the art such as |aser cutti ng,%oto et chi ng,
| stanpi ng, or WETerifet rEutErAg™ et FhRayrlsiedupPT T ang BRI RELng
“backi ng mat erdxda. céhf@fm tche thacdadirg nadt edtaurhas heaen ipgséddeooned it
‘trailing edge_ .10, .the repair_nmaterial described, above may be

deposi tad- over™ AR BRATMG R LTT Aol St SeS o CHEFDI 1%y
operati on. Thecauepaely natsebical tishawldetepdeposi dedl surrannatmpinicea to
sufficient to 1_1zel Iolrit healarceattg bef rterga'ired gfﬁ t{@i i egg 10. As];Je
descri bed ear %P  Ph&E s SHAF P et oAl 1) C5P80" Lonprivs 8 &Ry hitEr T4l
conpati bl e widgpltieé basthealkhoyatsed porcdarstinuttdiime yher teldht@ortion

prior to blending the welded portion and surrounding area.

i )




one of ordinary skill in the art. During the welding step, the heat

i nput may be kept low to prevent alloying. [0025] The wel ded portion
and surrounding area of trailing edge 10 may then be bl ended to the
contour of part 12. The contour of part 12 generally constitutes the
shape and features originally present. Blending the wel ded portion
may be acconplished using any bl endi ng nmet hods previously described
herein or, in the alternative, a preformmay be utilized as descri bed
earlier. [0026] Once the repair material has solidified, the backing
nmaterial may [b&0lenved ohys ate ddi tapletieirhotetion endodiqrest preddige

backi ng mate y ved acid .chem cal treatnent ng a
nitric acid- H l}gﬁlcogm sofdt ?‘%# %}hf‘% G oﬁhwpﬁé%m%eﬁéf‘ s
nitric acid aemd thepabe mlfu@dl co acisttoad digtk tiat2rjpal toeowat ey .anthe
mxture is pE | veh t up to 150F to j.ncrease
t he di ssol utl%tntq{%tg eééf f%%)o%%i ?%@eot gP ga‘%btg’d%%en sé)estlﬁgdb%l 4lr'1: Ons-
mat eri al mayThe nresevedradiadgparmids dhei sigi lHedt it ridet ment to rramiabﬁé

fl bi
Component 12 TS L LA i L ey SCSTeS Tapet nrih & 8 Shnau L 400F

to 1650F and°Fegingeé PE%VMdtlﬁF@@gh Oinﬁt é]ﬁikilredcam the 20°tf vy arqreiirothof
about 1 hour ;§rhaR0dES: £ '&%doﬁéj'f%'aegr@§atsukﬁe§£ Y 1H§ycll?£’melf 00%]

per f or med elther in a furnace or by direct resistant heating
The renoval B$HRE BaCki T FaeehiaPrrasbeyareErier) natheeaidoppag of

the refract ofytdreiadl cabidyy fi theran@her bal rdpsi coRt 8 dapp 1 Q02 8L I
present invention.s advant\%geous inthat it allows a re?ractor

metal materi3F TGRS %0 REFEOTaCReNEEHIES! al THe ﬁeQF‘FBv@P%éﬂrdF‘ﬁg

over open caway ibesappliel neiagt abl Is&ﬂtkﬂl@l‘d&ﬁlveﬁ’@ﬂiﬂd]gmgemt]{n)bwhntca
part. The refractfo a Bt aI %fl’l al_,can | at.er

.renoved jf_ desired
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in the repaiEoﬁHrfs@V§§§rﬁayérggftéJM%Etible with the base alloy used to
congtruct the part 12, Suitable repailr materials compatible
with base alloys of turbine engine components may comprisge any
nickel-based alloy such as IN-939° commercially available from
INCC {originally the International Nickel Corporation), of
Wexford, Pennsylvania; c263° commercially available from MM
Aercspace Metals Inc., of Fort Lauderdale, Florida; similar
alloys containing nickel, other related superalloys containing
nickel, and combinations comprising at least one of the
foregoing nickel-based alloys, etc. Once applied to the
internal features of part 12, the repair material may then bhe
welded intc place using any suitable welding method known to

one of ordinary gkill in the art,

[0021] The welded portion and surrounding area of the internal
features may then bhe blended to the desired contour of
trailing edge 10 of part i2. The contour of part 12 generally
constitutes the shape and features originally present in the

part. Blending the welded portion may be accomplished using



[0030] It is to be understood that the invention is not limted to
the illustrations described and shown herein, which are deened to be
merely illustrative of the hest nodes of carrying out the invention,
and which are susceptible to nodification of form size, arrangenent
of parts, and details of operation. The invention rather is intended
to enconpass all such nodifications which are withi n its spi rit and
scope as defined h e cl ai VWhat is clained is: met hod for
repairing a §as %ﬂ#ﬁ?’ﬂ% ‘E‘?t%toﬁzkﬂ%‘?%&ﬁeﬁf‘e i e Srkéﬁél e n"d"eoﬁgt of
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area conform to the original contour of the internal features
of part 12. In the alternative, a preform may be utilized in
order to accurately restore the welded portion and surrounding
area to the original contour of the internal features of part
12. The preform may be applied to the surface of part 12
including the welded portion prior to blending the welded

portion and surrounding area.

[0022] Once one side of trailing edge 10 (i.e., either suction
side 14 or pressure side 16) and the internal features of part
12 are restored, the second side of trailing edge 10 (i.e.,
the other of suction side 14 or pressure side 16) of part 12
may be welded to fully restore part 12. In embodiments, a
backing material may be utilized to prevent inadvertent damage
to intermal cavity 20 when the second side (i.e., the other of
suction side 14 or pressure side 16) of trailing edge 10 is
being repaired. A piece of backing material comprising a
refractory metal material may be positioned over the area to
be repaired of trailing edge 10 to prevent the entry of the
repair material into internmal cavity 20. Suitable refractory
metal material may possess a melting point in excess of 1455°C
{(2651°F), and most preferably a melting point in excess of
1650°C (3000°F). Suitable refractory metal materials may
include, but are not limited to, nicbkbium, tantalum, molybdenum
and tungsten; metals having a melting point higher than the
melting point of nickel, such as platinum, iridium, and the

like, and their alloys, etc.



bl ending said repair material in said first portion with a contour
and a wall thickness both internally and externally of one of said
first portion of said suction side or said first portion of said

pressure side;. repairing internal geonetry of said conponent
after one of the suction side or the pressure side of said conponent
I's repaired; and repairing the other of said suction side and

sai d pressur ai onent after said internal geonetry of
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conponent ; e preferable to nickel plate over the alumlna or mullite to

aid in wetting the repair filler metal.. The coating system
may also include a nickel aluminide layer left behind after
repair to improve the oxidation resistance of the coating.
Alternatively, the refractory metal backing material may just
be nickel plated using electrolytic nickel on at least one
side, if heat input is low. Ag previously mentioned, the
presence of the coating enhances the wettability of the

backing material during the subsequent welding process.

[6024] The backing material may be cut to conform to the shape
of trailing edge 10 and internal cavity 20. The backing
material, preferably in a foil form, may be placed over the
area to be repaired of trailing edge 10. Any suitable cutting
technique known in the art such as laser cutting, photo
etching, stamping, or water jet cutting, etc. may be utilized
to cut the backing material. After the backing material has
been positioned in trailing edge 10, the repair material
described above may be deposited over the backing material and
subjected to a welding operation. The repair material should
be deposited in an amount sufficient to £ill the area to be
repaired of trailing edge 10. As described earlier, the
repalr material may also comprise any material compatible with
the base alloy used to construct the part. Once applied to
trailing edge 10 of part 12, the repair wmaterial may then be

welded into place using any suitable welding method known to



bl ending said repair material in said second portion of said
conponent to restore a contour of said second portion of said
conponent; and renovi ng said backing material fromsaid part. 3.
The nethod of claim1, wherein said backing material further
conprises at |east one coating layer. 4. The nmethod of claim 3,
wherein said at | east one coating layer is selected fromthe grogp
consi sting of_ oxides of ceramcs, oxjides of silicon and oxides o
ni ckel - al 8m AUl OQS?r r'Pfeg)f] Gf* EPQIThts, WHEYS fheartfHndl 8581 one
coating | ayertheshaackielpupl aby g kebt Tdhe weebheeenf achai-me, further
conprising inspecting said conponent once said backing material is
r enoved.

[0025] The welded portion and surrounding area of trailing

edge 10 may then be blended to the contour of part 12. The
contour of part 12 generally constitutes the shape and
features origimally present. Blending the welded portion may
be accomplished using any blending methods previously
described herein or, in the alternative, a preform may be

utilized as described earlier.

[0026] Once the repair material has solidified, the backing
material may be removed by any suitable method. 1In
embodiments, the backing material may be removed by an acgid
chemical treatment using a nitric acid-sulfuric acid solution,
This solution may have 2 parts nitric acid and 1 part sulfuric
acid added to 2 parts water. The mixture is preferably heated

to a temperature up to 150°F to increase the dissolution rate.

[0027] In other embodiments, the backing material may be
removed using an oxidizing heat treatment in which air is
flowed through the interior of the gas turbine engine
compontent: 12. The flowing air may be at a temperature of about
1400°F to 1650°F and may be flowed through interior cavity 20
for a period of about 1 hour to 4 hours. The oxidizing heat
treatment may be performed either in a furnace or by direct

resistant heating.

[0028]1 The removal of the backing material may be omitted if
the alloying of the refractory metal with filler material is

controlled.

[0028] The present invention is advantagecus in that 1t allows

a refractory wetal material to act as a weld backing material

10



7. The nethod of claim6, wherein inspecting conprises at |east one
of : performng a fluorescent penetration inspection of at |east said
restored contour of said second portion of said conponent; and
perform ng an x-ray inspection of at |east said restored contour of
said second portion of said conponent. 8. The nethod of claim2,
wherein said repair material conprises an alloy conpatible with a
base al |l oy of_ said component. 9. The nethod of claim8, wherein said
repai r mat eri® 3oABrSEST AYRK SPEBasRH tHeF0yT tol@e-Fheakisigfod of

claim2, whergiterappl ¥ddlgngabebie@R@ in MBIRAAl TICOHREFE 860 APRI¥RN]
said repair naterla# to 3% | east the ot her of a second gortion of a
trailing edgddfreal cFUCEBh & d&MBYed e fSRME oM BAUbIERE 18R faty
edge of sai d qxtessive misdeweldinthe18nt intbebschdqidh Racwhef®) Buch as

o601 Y119 ) dufERaLL LT LAl SRR SROLYLIL, SO, (epaLf qmter

ot her of sai drepadondf pornesanef ceakfnggicti on side or said second

portion of said pressure side.
[6030] It is to be understood that the invention is not
limited to the illustrations described and shown herein, which
are deemed to be merely illustrative of the best modes of
carrying out the invention, and which are susceptible to
modification of form, gize, arrangement of parts, and details
of operation. The invention rather ig intended to encompass
all such modifications which are within its spirit and scope

as defined by the claims.
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12. The method of claim2, wherein applying said backing materi al
conprises applying said backing material into at | east the other of a
second portion of a trailing edge of said suction side or a second
portion of a trailing edge of said pressure side. 13. The nethod of
claim 2, wherein blending conprises blending said repair material by
using a nethod selected fromthe group consisting of mlling,

gri ndi ng, Wsandiclagmehd: super - abrasi ve machining. 14. The net hod of
claim 2, wherein renoving conprises at |east one of: |eaching said
backi ng material out of said part; and heating to renove sai d backing

mat erial from sahdihdefof repaiting a BASBhOQG R coflpBhit LompPhighei n sai d
backing material conprises a netal conprising refractory

char acteri st i ci§pairingonerpfen sugti¢ibtidoer aprassuielsideisridicamseriettbacki ng

mat eri al conpry : | : . ]

consi sting of ﬁ?%%ﬁEﬁ?mﬁgﬁ%gﬁﬁg?gﬁgﬁ§gg@hEﬁ%ﬁ%ﬁ&%ﬁﬁ%épgﬁgﬁa%gfmfhe
met al of #&kmsiaft 1, wherein said backing material is platinum iridium
or their alloys. in regglrln

| 51183' 'eThie mtat‘hg]d of Cluajr sqﬂff%dien\/t@gr ohi of SR e o st
i nternal geonet Py LohPFis 8¢ He " épy BrS 4Ppi i figk &' ¢ eihfits _
materi al  pdrtianc@vnicticUfifid 6 £filst ptbiePRRId REsshiRasde; @ portion of said
internal geonetry of said repaired first portion of said conponent;
welding said repair material in at least one of said first portion of said suction side
or said first portion of said pressure side; and
blending said repair material in said first portion with a contour and a wall
thickness both internally and externally of one of said first portion of said suction side or
said first portion of said pressure side;
repairing internal geometry of said component after one of the suction side or the
pressure side of said component is repaired; and
repairing the other of said suction side and said pressure side of said component
after said internal geometry of said component is repaired, wherein a backing material is
utilized to preserve the internal geometry of said component when the other of said

suction side and said pressure side of said component is being repaired.

2. The method of claim 1, wherein repairing the other of said suction side or said
pressure side comprises the steps of:

applying said backing material to at least a portion of the other of said suction
side or said pressure side;

applying a repair material in an amount sufficient to repair at least the other of a
second portion of said suction side or a second portion of said pressure side;

welding said repair material in said second portion of said component;

blending said repair material in said second portion of said component to restore a
contour of said second portion of said component; and

removing said backing material from said part.



wel ding said repair material in said internal geonetry of said
conponent; and blending said repair material with a contour of said
internal geonetry of said conponent. 19. The nethod of claim 18,
wherein said repair material conprises an alloy conpatible with a
base all oy of said conponent. 20. The nmethod of claim 19, wherein
said repair naterial conprises a nickel-based alloy. 21. The nethod

of claimi8, wheieitRoddRM NG wERRRT dafeBackIngNeH: k| falifd: E&Pﬁis@s matgri al
by using a nmethod selected fromthe group consisting of 1 ng,

gri ndi ng, O"$£AMIEGEd super - abrasi ve nmachi ning. 22. The nethod of
claim1l1, wherein said repair material conprises an alloy conpatible
with a base alloy of said conponent. 23. The nethod of claim 22,
wher ei n shi d rgpanstherbefeddial 3, odepii swbatdeasi @lealoatldasiagerad sebacted from the

group consisting of oxides of ceramics, oxides of silicon and oxides of nickel-aluminum.
3. The method of claim 3, wherein said at least one coating layer is nickel plating.

6. The method of claim 2, further comprising inspecting said component once said

backing material is removed.

7. The method of claim 6, wherein inspecting comprises at least one of:

performing a fluorescent penetration inspection of at least said restored contour of
said second portion of said component; and

performing an x-ray inspection of at least said restored contour of said second

portion of said component.

8. The method of claim 2, wherein said repair material comprises an alloy

compatible with a base alloy of said component.

9. The method of claim 8, wherein said repair material comprises a nickel-based

alloy.

[0.  The method of claim 2, wherein applying said repair material comprises applying
said repair material to at least the other of a second portion of a trailing edge of said

suction side or a second portion of a trailing edge of said pressure side.

I'l. The method of claim 2, wherein applying said repair material comprises applying
said repair material in an amount sufficient to restore a wall thickness of at least the other

of said second portion of said suction side or said second portion of said pressure side.



24. The nethod of claim 1, wherein applying conprises applying said
repair material to at |east one of a first portion of a trailing edge
of said suction side or a first portion of a trailing edge of said
pressure side. 25. The method of claiml, wherein applying conprises
applying said repair material in an amount sufficient to restore a
wal | thickness of at |east one of said first portion of said suction
si de or Sihfl d fThettiethod bf daino?, veleirdln ppEgiagked Shdkéng mariaaenpiedshod Of

claim1l, e|n endin ri ses blendjng_.said repajr terial
Gsi ng & A0S ST SRR TR LHe BB B STRGBPOHONIOf Agraling cdg?
grindi ng, osaRKuBG0REEe SIUPRECRDEARSHYVEr MBEMINIRT of said pressure side.

3. The method of claim 2, wherein blending comprises blending said repair material
by using a method selected from the group consisting of milling, grinding, sanding and

super-abrasive machining,

14, The method of claim 2, wherein removing comprises at least one of’ leaching said
backing material out of said part; and heating to remove said backing material from said

part.

15, The method of claim 1, wherein said backing material comprises a metal

comprising refractory characteristics.

16.  The method of claim |, wherein said backing material comprises at least one
metal selected from the group consisting of niobium, tantalum, molybdenum and

tungsten.

7. The metal of claim 1, wherein said backing material is platinum, iridium or their

alloys.

18. The method of claim 1, wherein repairing internal geometry comprises the steps
of:

applying a repair material in an amount sufficient to repair at least a portion of
said internal geometry of said repaired first portion of said component;

welding said repair material in said internal geometry of said component; and

blending said repair material with a contour of said internal geometry of said

component.

19. The method of claim 18, wherein said repair material comprises an alloy



compatible with a base alloy of said component.

20.  The method of claim 19, wherein said repair material comprises a nickel-based
alloy.
21.  The method of claim 18, wherein blending comprises blending said repair

material by using a method selected from the group consisting of milling, grinding,

sanding and super-abrasive machining.

22, The method of claim 1, wherein said repair material comprises an alloy

compatible with a base alloy of said component.

23.  The method of claim 22, wherein said repair material comprises a nickel-based
alloy.
24.  The method of claim 1, wherein applying comprises applying said repair material

to at least one of a first portion of a trailing edge of said suction side or a first portion of a

trailing edge of said pressure side.

25, The method of claim I, wherein applying comprises applying said repair material
in an amount sufficient to restore a wall thickness of at least one of said first portion of

said suction side or said first portion of said pressure side.
26, The method of claim 1, wherein blending comprises blending said repair material

by using a method selected from the group consisting of milling, grinding, sanding and

super-abrasive machining.
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