1 ) *  EP 0.251 983 Bl 2 Description  _°
artjcle in a hot acid bath consisti ng of, for exanple, boiling hydrochl ofic

aci d (HQ). According to this genergl ure, a group of Technical Fifel
0 46

used single crystal afrfoil blades, h alumi- 5 %ide coating o
both the internal and external sur- This invention relates to refurbishi\n
gas t-urbine faces and an additional overl a coating on the ex- engine
conponePRSErPigRY nore particularly, to a artice in adplagd hath oposising ohdy Srampier s
in boiling HCl to re- nethod of reducing rg A 'loﬂcac §ral rdcBdultS al grou ioP 9! ©
nove t hmecematFiehys. After coating renoval, bé&e smglg’sﬁyﬁdtlﬁaﬁbl Blédhhlllﬁéin@aﬁ alarhit
bl ades a d ya vere §ns caatingancpo nglj apd gxterpal s r
fo" ol e v e hdl o, B SRR
i ni ti atMéhddrof tedeting 0&sidoS héhﬁle@f?e\msn@&lﬁﬁmt of anghbsﬁl [S1%
expos ederystat quberaligraitthil biads desveties. An axi al gabladel wbrenmsn; raed lans!dnmebets nigmber

10 19?% lwp
COITpI’ es é)RI?d ChOI’ d\M Sé CraCkS for a nitiat l e COI'OSIVS nvrfgr?ér(zgtcggg
conmbust T or? S€Ctlon, and an aft tur- Sucbaﬂa ibi6Al &pdakd 06“1 SHcE o6 e@g ts
i n signi Anh asdatgas mrburblengneamrdes):noon{aresposed upaﬂkhhﬂrdﬁakre clatksDfonea 89% tfhilDrR rate15

creasessof ﬁ?&}ﬂe 9?{5 Ng%%/vli ; ur Bydh e feaﬁ;ratarcéf?m @ﬁt‘ grt{u e

r ot at abiil A ohd ﬁﬁé §a§ Eh it 6 ol oﬁiees
Conse- gdtiat vapes/ aNEL ot AB onC SdabON  gagntyP@Réed arose to determmq trthlsy of tAe

need artygeghtthe le@rmwe, t‘lh@lrfelaug@safe t he t bredkinglproblere and) tdbélefiee prorer peedurehe

0
ai rfoil g vvev%ﬁ( mmgn I:g;%jj m a%d g) clegﬁn%?g%ﬁgf ngﬁt(fgétall'ﬁua?a >
r ot at ah‘(uy dt%?&uxm M s ﬁ,efg revent damagi ng
t he_sj rhmratur , Searhores wigpiethatl carobye ektrd:teﬂ(jp shaftDWskrebnheldremw\ng the corrpressor

ec t"fb' sP'f"B'FIIr:“ ﬂ??ﬂ%l‘ 'Qc ﬂhﬁgl"'refur bi shment i on and

°'% tps semgl m:m:@::‘m%em Wéﬁ“m&fwcan

auxi | | | 7%
be ext radi aﬁdwand Oéh th&terls rhaitai NVeENt ki) dirh@ tHe UérhdvalCot €Ha4tng irom lausad

effort mwhamlrsemtbatm:qimerf?bs .ne section opmieamsm upegaiipyeart fa{lhwr e n| cléheoln t‘E)ase
a Cl Se, |}

Su- rglrlet% S %ﬁirg%é{ sgdr?r% ‘iﬁ?‘ggg!ht I ”V‘Sért F(g th ode%chevent ckl f used

mat er i afﬁ&:héhf cal sverfy lﬁﬁt’dﬁﬁe sm cryst rall é’h@me

cracki nigg the ebtemiat mtmgluradanlunalbwfemmhatuhu ades vechavianes. Such mat er| a s

mai nt ai 9’3' undagigy thecalipye glpiotte: of a esen! bigctso ikl
o 2 PR e o Sl Py

arti cl ehanted tiparidl potattioh, with Iemg &h dvbraponl 38 chalstrhmem&mam ate during byclicSengine
f ur t her diisipre onded atumgnd rce@emmeneralbemm on t ooperajionniwhichi If riol selieved. aprofugeniress ar e

e T R

mechani gahogs for amn ures ovalS GEHalafy,
super al Iomymzaafst UsJ Regentiounibers .aaa.oasn Headt | ng t ing sqmntae anmclaio afheat trsatmrmatwnahpera

fail urest m"éﬁﬁhﬂ% I‘=‘nd Héak graFL\"P ¥d pole Fe1)r|fPF thibourg i %
struct UE bined overlay, itl pr esgmevés é’ nﬁr@dﬁ réhglsﬁu é{rj rél"
usual | ypdténes! 246l Conimnonilp Absighet eC s@'l’e@-of ac plefentaiacklyg ik HisgletaistiReslesef 1 ned in
the\l/nd@pemeehmvempdes i ncreased corrosi4n resistance and/ or en-

cl ai ns ‘;@@f ul ‘§ ’Wf%l%{]/re’ggg gjfe‘m rel i &(etBesourtionpf the DEwiag  her nal

pr ot ectw&ﬁl parwa’h@r Vartfel 35  Fighal 1 Btd stbIpectiv Wi ofdL GdeBeingib €
during dgd Inpanama the cohd[ndirmf mmrturbmelaed al umcnystaleurbbalhden u?eﬂmeraaw: oal phoaiwise
T

F‘fb éEl 0y expogoe e air-
ggre;irt)gﬁ !SE% ":{% ;ﬁp% ofeg,,i%ufad %cks | g’qﬂ‘rg { °%1’°ﬁ'§?’“§e&“’"§'§ff % articles

when exmmd/ami castees i dibclabed The nethbiedden et Badt Modbi i Cadying Outthd ivéston t 0 a
COrrosi valvea g Vﬂseain’e\'owmfsuwﬁeug teh%blee i red. net hods for f%fﬂ'gj al um ni de

coat i ng “F&,W%PE% el ;@g‘tgmgzgg at 'bgitf"f’éfﬁgﬁlﬁ?h @% a%‘ﬁ&ﬂd"ﬁ#t -
|l oy art ngdkﬁ &d forte anu ﬂ?ﬁ tvari® 8, 026 4 e suffdde QL@ n?éi sur-
articl elust@;fé M@heral roeahatﬂeprboeattresafot atmper a- ﬁce alaleadl?%qb;eés,a@raangt 2 kablatform
over | ay2if¢y qj of %ig i n ﬁf $°°
. rfo lad so lativel

el - Pat gy béH@éﬂ@d’ anﬁo hg’ﬁq{leggg Je@Ulﬁeé§f di %‘f?&u eﬁa ?)fé’de to allow o re ;:;]r'\ t::)nc;:egr
non- oxi ai surfsgs, athemvip Batintental alloy rikiting may:uum C Qundal Miedblae i disd rﬁllolm;l ntlgbed a sur-
coati ngOCCN fumm@umg °Pefaimshies&ltes im suf f ifasp coatisgdlicnétshownhon bath e dfiner and

st r ai nS B S il o MoV e ¢ Gha e B! S i or vl ot

cracklng |n single"crysta the p ent rnven

45 An overhaul of a gas turbine englne |nvolves t he Brief Description of
the Draw ng di sassenbly, inspection, repair/replacenent of worn parts and
reassembly of the engine. O partic- Figure 1 is a prospective view of
a used single ular inportance is the cofdition of the turbine sec- crystal
airfoil blade, |IIustrat|ng a typical chordw se tion bl ades and vanes which

are sub_ect ,to 50 _ crack wl:u ch developed»d-uw%g—e*pe—s—u#—emmm t-he -

'corr05|ve enV|ronnent 4 176 433 to Lee et aI a nethod of renanufacturlng

e o "~ a2 A A 1 r



subsurface voids ‘or inperfections. Coating renov- outer surfaces which
was.renoved. The coating al is usually acconplished by i mersing the coat
65 ~ may have been gither a diff EpioRs1@83Byerl ay coating 2 3 '
EP0251 983 Bl 4 such as those described in U S. patfent
nunber s grain boundaries in single crystal articles results in

3, 928{ 0R@s thdseddebcrindBina . patdddwuBidls O Ag@RHBindaes in singlelcRBtalBitled GRiitsar O
di ffu$ 2¢. 19t504,848 g 4.1 32,.8161r alcdrabjnat | on t therhedmigpn atemgl diffusing iwdlawst inheSalloyPat en
nunbe " ‘ °’°°f S ‘i‘eé%'f’%@t‘él epa"%‘(g ‘r"%ﬂ?'at s v Pibﬁl' "4P' indg9g.

The DEGHE b varts W Eh aﬁrnee s ii:’? ¥ aws o, a"ét’%@r"’bbabl'
exaggﬂraataed:f thytybé o588 h tmdbwasmmm g;broea:ent I nvention ap-

t he r@§ ne 9 gineqjapd jane gopposad | ﬁnﬂpr OVI d| gé% peeverit isechfsyess it 45 necespant he

(vve SR T ERPEI A ct gt ﬁ%’érzfmzfg

engi ng, an are conpose sing 10 lief hedtGreRtmEM SWlich e e room
cr acki i@gnerally, ansvarlegle:é;saasyturbing/wm lnnr ckel tebueretursugmratlslr p bsioeha mshhdﬂtat
di 5= Yoe3 glsgemrmiiy ebociens epaenipeener 9@5' dual MY EPRSIEE *"‘F‘%ﬁg'ﬁ”d’g. e

U S. &eiloR Ed £ne§r2;f§.ge’p§gaf et fon. kSAVES (RaSHG AL sl the art

| ncor'qtmrcm toOthe BérstoopetatirgScnditions éﬂooun 15  that the threshold level will vary between articles :
10 E§ feebot ttyriing: $petion. TVWPH“!) \aiail d reddemmtrtqen rt@@mplmnfemaalwﬁmmumm haul

of o SCERRIRRP N S el o ur o SO A R el

t hr es abwedowsuuds-mwe obfthe lexiérpect i Ofpcting epameré roeaoheac t at a torpéRt
Wneren%tswrb% ltchas tbeen diso ramd | 200t tumof ﬁmmeasasemuc) fani ftdhhouits dn

h t

condi PEETER ct;gsew mmﬁpl o e A S v
- cﬁ/Btal rtic

be untéamstirobudw Ingn- miemshrebdeedthase ibdak art tp |Rbrr1]moh1|ef e ari témgsihwaqoiemratmang

P can bg guite thi a due fodhe hraSs h6|58%|rgl(y fon i rpslduglaﬁtr n ignt to
art i cf,)ggegeé:g” ra]i © gg&ﬁaﬁga'sect i 0 'e" g Eﬁ}c{m %b%ndr ng

on t hperalirés, &Jeear@ﬂt%iaﬂf‘radldéﬁ(yﬁ&bﬁtyred nunbe 130° m% ﬁreWn aoﬁlnglﬁ(% e GrighlSS 8@ Ay
be expgsthel rapidity] 6f(igermal &mﬂng resfses her nalredagier] affers amasiditionelamaegih of sefely. t he t o

[ERR] gh, fesid ahs""taﬁ ' a’a tual residual strain
evel mp% L'eﬂt thz,';,rst '°h ﬁ to [Eﬁﬂf ERR] gas on the exter-

J ect | glg cysial art“cles:hehet p)esandeaat:onbsfeaénne nt at /agrb@rmeseasmgtabrysal nicieCiease bipeas
romtf weieh may be temeum élmng g0 tur e"oasfaézl Ptﬁ br«rc@ﬂ tqa4>re|—r %S in

t l.

acea ,?E %T@&f&t@ﬁ%ﬁ that Becyph Gl ;at{A°{9r :ﬁa mate. |

non- Ogﬂb 2 Gbind. KRG é@ which blra rslecvacuumnHYéM féﬁthcnfat' Gbdnfatnd &Sth budy dwgl ne

oper a}:’l gos tyhirechngine opegatidni fon/2960 o 10OPY | ent pwe;dcbnoum whigh regperiehged a549r/earfams§t 0 es -
a T U

r apl dnﬁﬁ%ﬁi{%@%&% n?osﬁnc-g:we 3‘1}:{[.1‘2S Bu I r f&l l to hav adcu w@eg :gﬁs c{f’fgggrlt ile strai of i:lgnl n

Si NGl gpafiyeStesiduabie s!il& thaths of ¢, sod hi gh,wdh%\'rsba SPier t @%@at' ocal
For n‘m&torndfestphae isght werleesmbaemtedgreaté was freatieht.tTih ahubmaotnamm waé ¢dn bédteiis €S

can fre26 ob§8 g 50965¢Fe(0ROQ) @Rd held fopfoprchours |
S rfr"g” o o e e ons ¢ Fa T R e
tong:eMrIiiﬁﬁl SorE3S Hﬁrﬁgo gtn

eo;ﬁratmrc e toad alr £ nA@Gent GuiB LeV subittsae After gh
t ur bi fkese temratwnhg ttue mperalm rareo Rpasgre@ NV i romm thveplt lladgs weei a@tua@ma@ffmzl@-

per at I?X'%S‘e e o Fg%fﬁi%\n %E ent s erff ”ﬁ?t%’@"e ° sgp y;g,;ermf"e |

cr ack blidig Hrifoug® BEpodbrt il ahd §ohe 46@{6 o aeuesSuch

St r es gsezation. RefedngCtt iFigure ofd tw@l chordaigeli t | onaderermn rs;ﬂ msaaioeri Cl lotdweﬂnbr

resi derar';l 1245 shpwion; i fickel pace Sinole &%%O,B of re ol dbier Abosarnispae, pore

t enpe APRY Gl i, e, ec b8 Po LE i f ﬁéﬁétq Ik e 35 M efsrausr

used hi gy £mg|mcr§stem~anigb£ hé/e YdidpRayed axhik | C45€S strarhstrh@erprrne\srertmsa t RO Bati sihgle €N-
gr oangcking rmpwlsmr Ieen@rsyrgts aryshii kel basastel LAtigles had tho mnttm@ysto crelf effer ata be

encouﬁ‘E’@z‘to a"e "“de'9°"§1aP'6y‘ ai r f oipm é9§‘d '!—1’% “'tgoth
. stresses an ram n en tio ot resr rams to vel wol
Pre-1 gdratked un ﬁifmla?ﬁ p n&ifins. [Vhi@r COatgh aJlurrng refurbt IIQ at
t r eat mnhotmbmmstert Ondasabd ugfs beliswd ahat Tknes @rdrrﬁmap;asﬁ'dsﬁ wdliéving I’ﬁﬂate&ldtemlphkreb base

ofere- gle

St e o AR o T

CONE K uﬁfeQ:Ws@Ué;Ei \.Stis bés- gas t b, ne engl ne oper at IO for
10 00@ible that dhesabdenge oli pjdwberchpcquamg eneied awWHiRhis ingantianr has lpeanr describedinin (relaack

froma stress corrosi on necha- rate. A control group was strain
gauged and found ni sm when exposed to certain corrosive nedia. Bulk 40 to
have accunul ated residual tensile strains of from spanw se residual tensile
strains of 1,000 to 1,500 1000 to 1300 m croi nches per inch prior to the
beat ntcrornches per |nch were sufficient to create treatment. The
”a'ect airfoils were then heated to chordw se cracks at airfoil Iocatrons

q:agim rnechamsmrl ies apcnteradionoler | cal icpting rameva)for &

U ' o L0 ) - . v i~ A " pe R~ - va . VvV
used |n thls wrse stral ns are deveI oped as the a| rfoil is subj ect 45

o o o o v . . o



stresses and strains.in engine operation have not residual strains to

bel ow a threshhol d | evel would cracked under simlar processing conditio

- Wil e prevent craé&king during EEfQRR8HBENt. Wilizig a it is not

conpl etely understood, it is believed that 60 prelimnary stress

relieving heat treatnent prior to the cracking nechani sminvolves an

i Nt er-aednitoan &idoil blade mamla'%’tm\eagmeor ag resyerta&em:hasannangcmhw%:w@ Ree
e S

t he f\l"@é"“ & eact i gphandiung R
ool - o LR e s i o

t
n‘:?‘C d pﬁﬁurvﬁ& iereftied NE
M Cr o-'tion:Ng part rejection an m Nni M zbNg Ay phauewaremtéralutuursawmemne of the

single crystal superalloy. It is pos- costk. Ve h ‘E"h sprughie3,

hydrog '%Ftcom)datl ng 65 VWhile this i %%ﬂggfq:) d’%,?st

rela- 3 i, A method for preventmg the crackingElgoP&51 983 elrdr mchtox;dlerenden Atmosphare au etzemn tO

an ai r pesute tblaa:de:susm i inreb agaortouatbg ne10eng|51eVerfaf89n viem \grhindey ﬂ,%?;%[;
at

A, Wobeqmoml r}g{g qrysta kpl siRrerdlet oo d ristafl-Nigksjs paq mﬁ
B behandlngmbdw sﬁcj! I::?b éﬁd ﬁé&t i %59 er:s%ﬁrﬁ*éz% hans(%fnﬁlﬁt@%turbmen
ulk

super alcle @yords expbeure 15 Hlep Bériosile dndiroheH -to per attrtebwaﬂo angegamm BabRA, 201 RETaun® 50 C) E
fOr ei mestréss refig¥ingohwat mﬂmmlsuelbmadth?a'nef P fauioHbe gf;?[fé!{@w%“ ga e ‘;’;"’(‘éﬁf’gﬁl "
gt U”deﬁ'd m@aﬁ Qﬁfﬁ“"éﬁ’ e 'Sif (’bﬁ'f)‘es)ﬂ Hp erend Afp%tr Gegenstand bevor er emer korrodie- }

H@th I i b G¥herdi kit I?@sﬂlﬂzuset Z€den Umgedargl Makyesstt Wad leindnByspareh 3,
' vvobe| dtr&s%redu@d@y awut 50%. nungswarmebehandiung unterzogen wird, so daB

T o o S o T S T

(19750k PRt hod T 05, \RHWEA ek Andb aq srmwmaewpon
ex+ elhB@ﬁ mruﬂﬁzahtaaw dldﬂhgeaduesphe@é mgﬂnar e awmw&mmmwwecez'ewweeor r osi ve

a~/ u HVedahren o arme-
o S i e o ENELEET S T

Ei nkri Stﬁ &rf P Goury i B Gor-dx0el - aliek IStunéenvdniwelier haamelo'dmrroﬁdi}tesdbn
resi duaiizmghmsplheze sal profl I gegenstand AmOSRMEtm’ef ;é@ﬁ”c g‘?,ﬁﬁ‘wg%

met-hod chdyBetog iqr peyen al u%ﬁ‘ W%ﬁ" i o Tem

S T e RN R CE

envi r orgimint arfide vihfch labcuilgieds aasmhlt haberrer nightoxidiRtenden Atmpsphiselauszusetzans ess
zur Cber zugsabt ragung

relievisr ndn‘eatlght sydiatuseeinta gaswbing ﬁmnet h re Qedla on
it ei ridfnmeses e '«g@ﬁ%ﬁ .@ :ﬁl"f s ar AVPARAINS 1o a | evel bel ow which
Medi um %@g (VA7 pq@'@g&t,e% FABRT 1 regekennzel @ hProdgaé@sdat él'gpekmel' Ia fasrmauoocde lﬁssu-

net, dail dmins@gemmm a lteeel gyelogr whidhner konnets » Gelfed-!'expositip & CQHPS' e
wher ei rfr qjmlftﬁ al m5 A’e?l.’}‘den %’s”%%bung 4 ﬁ%ﬁfaﬁin@ﬁ Illadé?mfﬁkcnegﬂfn
strainsg g ﬁ (RO U B~ 40 de nickel, cet RHIEIQ SYSAT ACORMUR GRS '“'ﬁg

unt er zogenrhWewlod ar@araledawraremtaae heatrtend of cleardsiddelieshes ppaddés étard careeﬁﬂst PrRER -
20 di leeansql\@ P c%%sng ?rwe éraon@m t r edgpife soume ;;t b us t e Texpo
S Ub-l - eCt Ejorﬁ $ i ( {[a I;é] f%é%l% de des L{ﬁiel é’hfgiﬁte g on
erfo or T OF RR 45 OféddeeaitsD ek Crhlttramtes reﬁuelb@ @hnien

na@@/ Ans prtretma&pd vﬁ:elam 7 dhegeirR@itheatreatr s | n esap.hendessous glyausk jadiomatiey da fiss¥Pher e

or undeweﬂtﬁ%ﬁﬁwé mﬁ a%gs in a@%ﬁ?"gdum er Faﬁmﬁ géétrfiﬁq%dlcanon 1, caractérisé

7. Verf gl di e VagATEe qub. lesT astiuaibs §dnarem|t35
wherein said heat treat- 25 behandl LAag benprmalhttvemem@ém % nstand

Tem neRatentangprliches subj ecting said articl e, @E{%E’e"e cgmﬂef;s‘i
954- 1121QC \ohfnfl- 0P Qhinded cé Aoy, t Ur € 8 A%%g kS oot

QBohind bér tore l’oorhp)ldé S
N a NoRedXlein " BhkAstallDh dméifmlem ng&@gen- i N ei Bie 17E0e3060°P Ob4H1 t2 Wi de poudhiduneyef
at nosphetam, in dem sich Restspannungen angesammeltha- 55  riode de hp4 @séome at;ppgphare ngtxyu m
auszusePﬂ\eH" Fglmgqgg en iU eau%ﬁ%z%f ng t hgaﬁﬁgﬁz Ion \aprgﬁn&&%ﬁlon 3, &aracténsé
Ver f ahr §f] r?&#% ﬁa'?der VAT TE-en RO EQtrditemaRt BeNnlgQSimpldusTe itde T OF
cl eani ngtasy; b@ﬁ:atdr I"dj}ter fddiererizied hw bei nkairetye , ratiden 2aCangetempssaite de ¥y Tem
renoval ausgésert wirdh gihes ﬁuﬁ%%ﬁs‘"ﬁﬁ"@k@w%as@ s P‘%reﬁon °§:m KAt eHresy BYs YRFsBnes

|

(19750F)Ung e?‘e'ﬁggfr I? fesisparoii®l oi | a ant

uf eifien obthe alADERECIH Biaok de
r esi dualrippiiduhtferiolfd n , eren en At rTDSphalﬁ&uﬁbl%ﬁlté%bmﬂhon&tmalllias cdriosiis g h

cyclic use Veifah@ngash Ansprixihe’ wobsjidiecRestsai d nwbendel netioyace gﬂ-‘ Je' "tsqﬁfb']e’é?@fl ng
'said ar spanhusgenmE\aBIRFO%ARdkERTIIeIER or t o eSFpoSBPteddd U AT P SYPCRPOBNS PORYRER
toa 35 stress relieving heat treatnent, such that the resid- 1. Proc6d6
-pour enpecher |la formation de fissu- ual strains are reduced to a | evel
bel ow which. -~ res, su1te a |'exposition a des mlieux corrosifs desti-
~cracking wiil not occur. - 4 nés au nettoyage ou a
" 1" enl evenent de revetenent, 6. The method of claim5 wherein said residual
dans un article en superalllage nDnocrlstallln a base strains are reduced
_b_about _de. nic oLl

r65|duelles ce procede 6tant caract6r|se en ce nent |nvoIves subjecting

v o M



en ce que ce traitenent therm que conprend le fait 1. Verfahren zum
Ver hi ndern der RiBbil dung, de sounettre |'article a une tenperature
conprise wenn ein Einkristall-N ckel superlegi erungsgegen- entre

1750- 2050F (954-11210&), au cours Epuyss1mes it and, in demgsich

Rest spannungen angesammelt ha- 55 node de 1 a 4 heures, sous une

at nosphere non oxy- ben, zur Reinigung oder zur Cberzugsabtragung mt
dant e Oj4n &OUSainbh HiSde BbdR B gak RFFBShgteenden Nbsiwmhnﬁwh%mmu Whteldie Warme;
4. Pr oc;eﬁmbe;ad:damobmwﬁmmguenaﬁ therart that car ac tbetiangiengbaidheiteihd eﬁagemtaedeu é'er,n
daB deranpéingle srysal ay article supjeqt do fere ce trPaﬁaﬁ-'e 6411 3 Pn{ 1 fR9e295

fait delidPRRIONSFRYSPENET T NEPREY MG er gndd Y%%%ﬁﬂ;:uu ﬁ ée"de"
| art|c| e & une tenperature de 1975*F ausges.et\zetfaHMn h @inEpRich 3, wobei die war.
Entsparﬁi@mgsm&r rrebehand- 60 (108000, peneﬂehandl uaherrg%ler(?gmeesGegsmd

at mos- llm.lgml{nc Oeq V\fhe gr 59 ud nBexdl e Re F%]rbeﬂichrfx g{ggﬁen Atmoézﬁgtg gzen
Oxydant&suréﬂf edrt@é} forﬂfea‘:kﬂdg 'patl rdgn, Ug rfaﬂ rlS @R U&hindern d bilRGR
desti n&er&mlenpeeingié ciy&talfrﬁl:kéhtheO@pdﬁl Bbi | d‘te einf 6:]] stawuuakelsuper!egnerungsﬂugel-

fi ssur eticestid aﬁ&@“@%@*‘@?ﬁ'ﬁ" it eu %ggﬁ%ﬁ B e SR
Anspr ucls nm, mﬁf gem,,,on Hlu net GATAEE & Riguillloder
revete-a &Wﬂa‘%@ﬂre&iﬁ@a@éﬂh@su tHattReltez | exd  \aor aéizugsabtraguﬁ‘gB mu mmt korrddierendem
articl e‘s;r?éi:ﬁmw%?gcc?gnce@_m@lev@ fpelow p@ph 4 Mgdium beaufscglag‘t wird, dadurqugqyerzlrm ‘;2983 i
Bl The, method, of cla‘ﬁ'l ]f W Q ngau?‘r%s f oil tff g%% e{ge ; ’ﬁ‘ fi[lglﬁgr tspan-

engi ne,stralgs art/ RElREbdbol 868 ANSP , WO Db Qlunddiv@mithériuh uWer'z gebamrd so daB

under st oddr! He)methho)sfe:lmu Wwhereln saiﬂ I!elaereairt gthatdie Bestsaandingery ali esinam MNertaeduziert wer-

Gegynst B ﬁ%ﬁ%ﬁ?’“ﬁ 5 oL Sdﬁﬂ’é‘\?‘%l.ﬂ e *"@,ﬁﬁg SR bie (st
ther- ek her é)r'fbn ;Jr u ZOSOG}JaJ'fn geﬂ:rﬁ‘&w E6% zneﬁpﬁfd al.l ons

coul d bewngin. rom t he resent inven-  vier Btverighen nactt Avsprach 5, ol die Warme-
ni cht oxi &i 'Ehe aim 3 whereln said heat treat- 25 behandlung beinhaltet, den Gegenstand iner Tem-

AL mosphih %:\3%%? &‘3& B0 P IR zon. £ IR %ﬁ‘%%fﬁ}mcgég o

wobei  déigin Atmosphére oder unter Vakuum auszusetzen.

nebehandl5u(4;1/?\eibei fnh@aévesing thd erackBggensexand ei nep- VEdahwarnactuAnsprogh 71 @8R dle Warme-

(19750FesprRio 3 paifosiay mprieler dlaqning °w°n'ﬁ§ hod® f e ﬁggﬂeﬁgg'ﬁ b RGrgeastand giner THbn.
S L R s
nmedi a f afaing keaugh RELiOGseGO atgas) Girbine lddgine . Verfahr en zum Ver hi ndern der

Ri Bbi | d ethcemb%faﬁﬁeﬂzesifbvaum | sgid @t St aI ni Revendiggiens superal l oy wenn ein
Ei nkr i SE’FE Eﬂﬁ @%ﬁf ?‘@L?\ Ba bibel * ar t i cheoathpeh oHERG MRMGH lhs
resi dualal S&ra.ad , reSdted to 3f lR¥el Ibgiog aihich and i rBs, \sGileGiTexposiicala dee Billiaux oIS E-
met hod erh@smawﬂlemlomd by s%b j ecting sa}l d user!#sapmﬁoyageduradh"lgmﬂtdre lff:fg:g‘e
GEbr auc%gh aré red d@é'%tnqﬁ HER sa|e|r%s|dﬂe ! Or%t %g«fmﬁf a% m @?‘s contrain-
environ $ o{‘éi?rwg en@nQﬁ@maL habenes it é @RRY carhciBiisk &% e
relievi mgmh@amest S’UB]&ﬂIIﬁi‘ﬁ‘did artideCth d fa@perd-he r e-que b soumgtuget Eﬂn@e Zsags clvdnt g Uexpe-
mt, ei ne'rﬁ of K GEQ-BRFPEr @FAJA1C) Buare WifPi ns -ar ?’tﬁeﬂdﬁ'{s | o 3 s "e soném{:e % ch
Medhum éwgé'm [ HPES “BIRTER e ennzei B Clia o il ook CAltn o
net, dai gleHe @GRS EANT, whbieM Qlid Réat daRer Kor veadli érdesdous Tdu Quenmt hmlanori de |fiasuras 1
wher ei nmegtiinyolesssuieing said arh@n@emtemg?bung a d? \ n nt s an-
st rai ns i 8 DL EBW By or b 150 GO onng oce ssfom jfé gE
unterzogen W'rd, so daB 3. The method ofsoclazhpmo Erhéhk 50os Al d heat treat-

20 di eatessdsppheiungen auf einen Vert reduz|3eF’tocallxiérselorlrrtilnllevelﬂf’lﬂ;@éj1>f\/(1>s<=an'=1<=ter;set
al

subj ectin d articl L3 den %?ﬂﬁgﬁcrgggﬁec@egﬁ'g@ gﬁm e,
erfol geq,eﬁq \?ﬁam% I éta@ﬁulﬁﬁ%]legigﬁ o HPHBL2050°F (054-0121 r? L ARIrEAune g6
ANSpr uc Rtahd, in&erh 6ith REskpanas ar&maltm e| tsher rictle HONa oxeuehszsousgmahmsqnhe hen nxy
under Qw rréwr nnm%mﬁmw%gg rt vver@?@ gr;c;%:’» t@%’ﬂ}ﬁ( ﬁéﬁ, '?3‘3 f’ ffﬁ‘:s”se
7. Verf Lol € V\r e d

wher e %ﬁ%ﬁc gfg&agr eﬁ%%nodl den gp?% ung bg}ﬁhbﬁg trericle deﬁheeﬁﬁﬁé?&ﬁra €I78¢T
Tem rreransgese\zochsemsubjmmunggwaraebdhadt | ghe t108QaC)t eempmt guatre meurest, ewuswom atmos-
954- 1121""93”(“2'791130 Mﬁmmﬁﬂﬁﬁrﬂ%ﬁs%?P@ ture

d
em) ch f rmatlon de
eonon SR GO En BoRr e ne gl e Al
phe £.Verfahren nach Anspruch 1, wcbei die Rest- vueA Vegt evodierendvintht &(A kaveten
-auszusetsnamnungaq urfetwesdvoddiien wgdeavent i ng thememtac!alms nfgamm)enur@ste portant@ _en super-
Ver f ahren nach Anspruch 7, wobei die WArnme- posure to a corrosive nedl a for
cl eaning or coating 30 behandl ung bei nhaltet, den ]
removal , of a single crystal nickel base superal I oy pe von 10800C
(119750F) fOr vier Stunden in ei- airfoi} article wmchUM mﬂl ﬁﬂm
r esi dual ner ni cht oxi di erenden At nbsphare auszusetz gh
cyclic use in a gas turbine engine, said method characterized by subjectlng
said article Revendications pr| or to. exposur e to a COrr OSi ve _enwronrrent




The met hod of claim 7 wherein said heat treat- veau, endessous duguet
lja formation de fissures nent invol'ves subjecting said article to a
empera- n'aura pas lieu. ture &P 0IBTOB BERR] for foum hours in a
Procede selon la revendication 1, caracterise dizing atnosphere
en ce gue les contraintes re5|duelles sont reduites 50
priage meriochseiie al basé Ye nided, &t &tspr i che
3 Pr desumiglg ?F@&tfqr@#eMP@eﬁvl@wﬂl-l caracterise en ce que ce traitd

t her nicibieny : gbgea:ogmer]lcget; c}feahr en zum Verhindern der RiBbildung,
de scwaf&tdernex searat,l e crrddi @ aremer atgire conprise wenn ein
Ei nkrfh%'tmrrmtw désme avel legcaptrainiggsdpegen- entre 1750-20500F (954-112100),

au cd ég We':; o essgﬂ‘;(‘j'gﬁﬂl’(f 31 ch Rest spannungen angesamelt ha- 55
[ i odegy seao e . Une afnnsphere non oxy- ben, zur Reinigung oder

yur Ubereru@aabéldnal ue’vgndimﬁon 5 calargriée ouosous vide. einem Kkorrodierenden

Medl @dqﬂta{g'tes\msldde"es sont réduites  Pr ocede selon |a revendi cation 3,

Car ac eé'?"ﬁggdggg gbevg%%gzseM% daB der benutzte Gegen- en ce que
ce traldee,ueegtrt nmhqvuﬁug aaa{pteqw@f.e fait de stand, bevor er einer

kor r oi$i aypreﬂtrjsel‘art mperature conspgsenetibre | article a une tenperature de

1975-920l1] %_‘ f YA atrggs l%"re"nmpgpannungswar mebehand- 60 (1080cCQ),
pendadggteqy 8ares, sous atmos- |ung unterzogen wird, so dai die
Rest s panfrogédé seion la revpdlwaﬂbnﬂomrm@yiﬁbante auf einen Wert reduziert werden,
unt erengagy |"ﬁ ment thermigyie impliguedafalt d2stPre a enpecher la formation de

Rl Bbl y ?g?z é‘;ﬁ: "Ii‘p@"at“’e e 1975°F fissures, suite a

sous une atmos-
wsﬂehbﬂﬂy@nwn mlieu corrositfs en 2. Verfahren nach Anspruch 1, wobei

§d|e Rest - . vue du nettoyage ou de |'enlevenent du revete- spannungen um
‘et wa 50?6reduziert wer den. 652 nent. dans un article a surface
:portante, en super- 4 7 EPO251 983B1 (r"age
‘monocristallin a base de nickel, cet article waynt accunmul e des contraintes
‘residuelles via utili- sation cyclique dans une turbine a gaz, ce procede
etant caracterise en ce que |'on sourt cet article, avant de I’ exposer au
mlieu corrosif, a un traite- 5 ment thermique destine a rel axer |es

contraintes, de telle sorte que |les contraintes residuelles soient re-
duites jusqu'a un niveau, en-dessous duquel les. fis- sures ne se fornent

‘pas. 6. Procede selon |a revendication 5, caract6rise 10 en ce que les
contraintes residuelles sont reduites d environ 50% 7. Proc6d6 selon |la

. revendication 5, caracterise en ce que ce traitenent therm que conprend |le
fait de sounettre |"article a une tenperature conprise 15 entre 1

750- 20500F (954-1121 oC), au cours d'une pe- riode de | & 4 heures, sous
une atnosphere non oxy- dante ou sous vide. 8. Proc6de selon |a

revendi cation 7, caracterise en ce que ce traitenent therm que inplique le
fait de 20 sounettre |"article a ung tenperature de 1 9750F (108CC),
peidant quatre heures, sous une atnobs- k phere non oxydante. 25 30 35 40
45 50 55 60 65

50
55
60

65

—_—
Ny MW

3]




