;e3eydv| : $6TdKTO WO 01141970 A59159 PCT/ US00/ 27785 WELD REPAI R OF

DI RECTI ONALLY ‘SCLI DI FI ED ARTI CLES nrelates to the weld repair
of articles having an oriented gra-mmmlm “ produced by di recti onal

sol i di fi cejd Amgrand, nmore particularly, d rep@CF/USH2d78ect i onal |y
solidified nickel -base superall oys. BaCK ND CF THE I NVENTION 5 Metallic
articles may be nade with a directi onal ly solidified grain structure to
énhance t heir necHNBELDREPAIROBDIREC TAONAIVASOULIDERIBEr ARTDIGIES | n
directional solidification, nmolten nmetal in a nold defining the shape of
the article .S cool ed ni dj r ctional | ro ne. end of the pold. The netal
solidifies f'liLl"r‘%‘Pvﬂ’cmPﬁ algste ?Wﬁ%d\rmﬂé%fjﬁé‘ééfé' Ving 3p PEERLCL FFN AN ong t he
I ength of t hgodRkd bPirkétRnhEbRRIRAHIE aﬁ@ldm&eﬂp%ksia y/mﬁe weld Ebsir of
tenperature.” The resulting structure has a number of grains that are

el ongat ed aldiregtienally iselidjfied nitkeltbasesyperaleysal | el to the heat flow direction.

The grain boundarl es are par allel to the heat flow direction as well. The
grains typi gg KWP J@ﬁl(ﬁrjai n structure according to the
f ast est grovvr ng crysta Iogra irection or a seeded orientation

introduced at the end first sol [ d| fied. The grain orientation is 15
sel ect edl t o Metllisvastigleb anayi ighmadenydthae witectinnoPirsplidified |grain strwFyreeto t he

article md ! e heahicO bl A! ke RATIGIARET F'SLNAL N

maj or mechanical | oa para | rection
during sol i diofidifiestionn molier nmtalantaambldndeﬁmrtgwﬂxegrhapmoﬁthemm s plad el to

the heat flow.direc aces .t I hin_this

i recton. ARG ergr by e Bt fhe il The Pots ﬂ@lféﬁs 51 26 846 B8 FPBS

paral | el to yiienh Radts rédm@deérfdﬁtﬁéd Adhg tﬁé’!&‘ﬁgﬁn 6f|ﬂ§é thi8ia8 8RGEm ratGIeafhl'[s boundary
creep. Directional solidification is used fabricate cast articles of

ni ckel Blise dejner e saligys tealps@nugeﬂhq rasulting %P‘@léﬂshas gormpers gofinsdhatareaf t gas
bi b
turbine engid Ecﬁxéateg\gﬁwﬂgﬂkele%fé bF1E ndld géxfgﬁgltt{) ﬁiégre%yﬂo?&hfr&'n@h €he gﬂég{ € nmay be

casting defe S common rocesses al so of
t ypes uni québotndatiies are paralidito thelhieati ffowcditdction aSZ\SeIEHEfeegrﬂmf ypicsllyaexhitif t en

mani fested as crac articularly intergranul ar. crac at ..ext end

par al el to HAEeRs Bl Sebe wherdlagd e FRat PO ing Hane PR types
of defects pirqdbedRd oflbtithiith ifiRbdudbd AtGRE erINiBIdliaIfRA. THE bdth GrRMMLGR is WO
01/ 41970 PCT/ US00Q/ Zz7785 The directionally solidified articles are

rel ati V&l y oxrisetad toachieye gpodihigh temperatyrerpiepestiess e desirable to repair the
defects produced during casting or service, if such repair is feasible. In

one approac o ; ich the
Garect Pl oo I pH 1 ke, ek xRt padbigrags s et o1

procedur es. I@J&mcm@mhrlm isr appliad parallebto é@rh@@tefhbvardlrﬁetioelsduﬂmver

uhen 200! el @albRCTheBA RS bl chF Gl Bl 1 BEALSTHL loBidl

i nadequat e reparr as an I n €neous crostructuare an
mechani cal pﬂa:cpefhb |bﬁﬁteatrmatem1mcsﬁamﬂainlt§r1s Idmtloﬁhe\ddﬁmaaln)edleasﬁenmhm ofay al so

tendt beo I|t ef ect - fr article. here is a
need f {' E%thf’ﬁ? rﬂg FCCB?H P“é’étﬂ?"dﬂ%ﬂjﬁ’r&?cé’ Fet fi ed

metall i C ar tUoﬁﬁ&?y crI&? Eﬁ&%@ﬂil sbrurﬁéutroﬁrrs figeliftd fabficdtdbast 206K ofmlekeld Ut her
provides rel ated advant ages. BRI EF SUMVARY OF THE ) NVENTI ON The present

i nventi on proesd skperaloysetobe dsgdon thestindiest pagtiensraf girrsrigas Jrkine prgingsed
articles. This approach produces a chenically honpbgeneous structure, and a

grain struct tﬂréaxftigllétxs difec %ﬂaﬂ%ﬁfhﬁéd’ﬂﬂeﬁ thYy bPcas i deBots! B&n bPREsIder of

the article. eres st
common to all casting processes and also of types unique to directional solidification.

25 These defects are often manifested as cracks, particularly intergranular cracks, that
extend parallel to the direction of the solidification. There may be other types of

defects produced during solidification and also during service.
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repaired article has properties which are the sanme as or quite close to
those of the defect-free portion of the article. The repaired article may
therefore be used in service w thout substantial reduct ip?:ti/d Eb/ﬁgégperti es as.
conpared WQW498efect-free article. A nethod for repairi ~_’$ a
directionally solidified article conprises the steps of 20 furnishing a
directional Ly solidifjied article conprisi a base material. havi a
solidus te erﬁ‘ft’é’n%mcﬁ‘_)llf_ fed greigles éfﬁé?lﬁﬂ‘feg‘g?xameﬂm@dg‘féaﬁhm _%f‘ifg ure of
grains el onggiip@isieneparihedefeétsirbdick® dutify Sashing bidriisaltif @ﬁbh%?ﬁ&fs' on. The
repair region includes a defect that is elongated parallel to the

sol i di fi cat ifeasibli. rlaene approarhethe defeet|may be repeired by 8 weldingprapess tiewpishat ur e of

trom avout ot $5e R0t He  BREHTER el add BRIe WSO TR Pk 2 0220

mat eri af i n Sack heohijues ard khow Jormequiniedcirtivies. gdfowedvai, when bpgliedosi dat i on
of the base material. Th efect is filled with a filler metal while

mai nt ai ni ng dkeiopally \Aehg\%e_g m@eq:c% e/ B7aBanadeqyaiy éepéernﬁm_f&aé i r
tenperat ur e*inhUﬁf'og%ﬁ@d%s Hiclobrddntd ah@ WhdsesedBiRical lﬂgﬁerﬁés e Qvhsbepidblg sour ce
of a filler netal” of substanti al l]é/ the same conposition as the baSe
mat eri al of lowe Tte reneired aricleymay alsol temiddel baof jess ductiditidthanithe defeetifeeef i | |
nmetal into t ﬁ:l{jef ect progressively while noving the source of the fil
metal relative to the article in a 5 direction parallel to the
solidification direction, so that the filler netal solidifies within the
def ect 10 Opt iThee is », neké dor araiynprevesrappfdaach & the repair efcdiegttibnally sdhidifeedt i cl e i n

a heat-flow. dirgecti.on that is wfhi.n t.45 degrees,of the saolidification
i rocti on.  FUAEE bR, THE nritplibldiigh AR wf het ARG BR oG8l oy e
defect in thavaddesl e is typically a crack extending parallel to the
solidification direction, and nore 10 typically is an intergranul ar crack.
The inventi i r i.t. other types of defects as well.
Prior to he%ﬁé,%ﬁ@gﬁm‘@?ﬁb&ve any foreign matter present in
the defect. The renoval of the foreign matter is usually acconplished by
gri ndi ng awdhe basent imiestiongrovdesundethddbfod edpaieing dit¢ctiahallygotidifiad artiyle§.hat is to
be filled with thegféhllle net gl , .and chem'callg/ cleaniré% the repair region
cont ai ni ng t hs ARAreRsh pradyceta.chomicallythompgenronnStpicale @S 28R SANTE r egi on
in whigh thenid GHendld stfil#Bito tifat bf the fndthde? of B8 aRRIE THRIBGIAL tASthche base
metal of the article. The heating of the article to a high tenperature
during tha fepaired grtisle haserepertiastwiiehiargdhe saree dsnari quita céosefio theseapei bi ity

bet ween the jfth & | o 1 -

| i kel i hood g}fept éili‘{ed;rsg&s&'o ﬁ{}%éﬁ legs‘gﬁigqagﬁ : %lgle?%glt@vrv {Je(r:t%ﬂ#%?@] S%) the base
met al i n 20 withbet substantiad rédentier iatpropertiecang eesmpakbd with aidefest-frae amicke. of t he
repaired region that originally contained the defect is simlar to that of
the rest of theqarticle, .The graip structyre.of . th ir i @n has
grai ns of tf%nﬁé@g-%gtra? al%;mﬁg{sf‘%f 'F%"r?hgrsl%ielg ﬁgg a;r)técrl%l%f)@ggég @ge&%?iogi nal heat
fl ow d2g ect ifeishingth direct@hally sdlidifictinsttiel congprizingoa paseamarekial batifgaheat fl ow
direction. The 25 grain size mgy be different, but the oriented grain
structure ofCHHE FEREANEY aﬁlfgamﬂs RSRYIF Jegion Withi ngEAR FEHETULst °§8f&5)ért ies as
m ght be obggmysdd ishbdtdifially Farhilel {ataligiflcRidnNGirdBBAI Bk FGAIrORgMRT ©

equi axed or had grain boundaries perpendicular to the original ﬁeat flow

di recti on. includes a defect that is elongated parallel to the solidification direction. The article

er
| er

is heated to a repair temperature of from about 60 to about 98 percent of the solidus
25 temperature, preferably from about 60 to about 80 percent of the solidus temperature,
of the base material in a chamber containing a protective gas that inhibits oxidation

of the base material. The defect is filled with a filler metal while maintaining the



3 WD 01141970 PCT/ US00/ 27785 The present approach thus allows defects in
as-cast or service-utilized directionally solidified articles to be
repaired with very little, if any, reduction in the properties of the
articl es. wWe fgnoeat ures and advant ages of the present (RETEROVHMSwi || be
apparent fromthe follow ng nore detailed description of the preferred
enbodi ment, taken in conjunction Wth the acconpanyi ng draw ngs, which

il lustrate, agicleatytherepaix tammegatureh dbe step of flling instudes theistepe af prowidinglae scope

o B DEScr PR £ et B R anial S Borfibih 4 oY B aRRREMTOT -,
approach f orh@daedtiohally sblidified \agtidlé,oamd EieumFetha filler an@8) &it¢ehd defeti ew of an

article having a defecB; 10 Fi qure 3is a P an view of the article
under goi ng MEQEEEssIvels Whilemeving the squige; of the filleranetakrelatize i the articlegn arj gure 3,

taken akong dijeBor*p4talldlitd Eﬁ@s?‘iihdiﬁcaﬁoﬂldﬁg?tvdtnﬁ% @hat 3 BIEL &};&1 E&Rﬂ%éé ed by

anot her approach, nhot within the scope e invention, Figure 6 is a

sectional vivdthinthetdetectr@ptignellpfheat-may bpartifigially elteacted|fromytheiartisling; and 15

Figure 7 is,a [ Y I, ew: Of yii cal inner ar.euter duct |iner
panel . DETAMEREHSERER b Tt aBon B defises Bt pliaifedh ofi¥dlon 1 'ou
di agram of a preferred approach for practicing the invention. A

di r ect i onal |Theadidlelisfprefdrablyt madecofiasnitkel baselyeperalinyreFhel dePddt infthe artiele2

illustrates . such di rectional,l soll'#gi fifﬁd algﬁi}acl e 40, i.n this case a
turbine bl ad® Rigally 3 geck exfrndins paraliel to e splififieationfiisgtion,and Pges an
ai rfoilp42 %%?&aus'tis ahinefgritigaricha@ly The MOEntidh iAIHApeiabRAS rdphir thePGh&A When

t he turbine ade is in service in a,gas t ur bi ne engi ne. The turbine bl ade
40 is mount & detscts asuvell nBriex tokheating, ik ifoRtalernsy te, remaenet any| forignmaBer ext ends

downwardly f t: i i A 4 foit ereTok Fl.?m t: L isk. A
pl at f orm 46 péé%'tgﬁtatnlgéﬁlelad()eﬁ%?tthdﬁ %a I jg/il out vva'r?% y ?{rt%}ﬁ?tﬁlghgrg%égm\ﬁ (Eal%g he
ai rfoil 42 igsinding awdy basedhetefialREiund3be defedt3breptingrechvity thatas thoheefillddl 44. A
nunber of i nt.ernal...passages .extend through.the interior of the airfoil
2o ending PHOUBEANRGTe SR eusbY Seauhe ittt Eion Spmiktse BRAEE por ¢ | ons
of the article 40 may be coated with a protective coating. The present
i nvent i®n i Thepessatilapproadhprodirces @ esphirabiegion ihwhioh eecurighithl d¢fpdtiichiledon, and
with other 5 directionally, solidified articles a | 1. npl es of ot her
articles usd&ytthe gaee F’GWB‘%W@ %ﬁg?sﬁé‘éct?lr?élﬂlfc?éuslﬁr %berv:ﬁea\tf&ﬁg?a‘e ©nozzl es,
i nner and oyt ﬁfghtt%ﬁx?&‘ahlré’rﬂlﬁi'dgtthl:'ﬂi‘lﬁhglﬁ’cﬁnﬁksdefédidreaﬁéé@%é'iﬁ&d&‘;&@toﬁtrUF S.
Figure 7 depicts a typical inner or outer duct liner panel. ' The turbine
bl ade 20 i s irepimpatibility betwaen the & irayettlaand thebasei metal laad ajso rpduskethgbl y, but
10 not nece A | Ve, ' z ral.l JRre 1S
ni ckel - base,ﬁ(%l\r%}?idr?lXl ngfaftaﬁ%rg é(:stt 2%§%D§¢Egﬁn(ﬁlg Qgﬂo%yga\%%%hgtﬁ%%rggsgﬁb&%gn any
ot her 20 enentterniddéatpteafperatad ravigekel - base alloy is a superalloy, and is
strengt hened by precipitation of gamma prime (typically N 3(A ,Ti))
particles i ' The..al | qy. hdu 21pes at .which is
the tenper aﬁ&?egg %%ﬁ?‘#’ bﬁ%‘SnJaﬁae‘get“ i r%logqg%tla?rgg%% ec?qn(&ﬁ? aé/]?r%fe%t 18

similar to that of the rest of the article. The grain structure of the repaired region has

grains of the base-metal composition oriented parallel to the original heat flow
direction, and the grain boundaries are also parallel to the heat flow direction. The
25 grain size may be different, but the oriented grain structure of the repaired region
results in no impairment of properties as might be observed if the grain structure in
the repaired region were equiaxed or had grain boundaries perpendicular to the

original heat flow direction.



15 the conposition of the alloy, a |liquid phase first appears. The
invention is operable with other alloys as well. Exanples of preferred

ni ckel - base superal | oys operabh; with the present approa i e Rene
80H, havi n&’oé’l)zﬁ’ﬂ‘? nal conposition, in u' sight percent, g&g@g}aﬁg 5
percent cobalt, about 14 percent chrom um about 4 percent nol ybdenum
about 4 20 {ARESIER thus ANOWS dete SR L R G1200 cent
titani um a%ﬁ%%Sé%er_centmha%% ume a{)ou'[vai)@fl%pg%enltl car %:ﬁ?ggrﬁd about
0.0'.5 per cenlidified aniclel & bawepairedotith veay tittlenif any, redustiorRartbe pOBertibsofi Ng a
nom nal conmppsi t.ion) LN ght percent, of. about 9.4 percent cobalt, about
8.2 percent tﬁwr&}ﬁ%%&ns){hgbﬁcﬁtugﬁaggagagms %P?B’ET@% fﬂveﬁtg%h‘f" .eE?pB%fF'?:te nt
tungsten, alwysh t&;t‘éumgeumre Hehilet destripiion bf tHe: fRefelePEMBRINnem! AREAM  about
0.7 percent titanium _ about 1.5 percent hafiiium about 0.1 percent carbon,
about 05015 eaiuBetan With the acepmpanyiag drawdags, aich; ilpsiwete, pr wayrEéakample, havi ng
a nomnal c L0 el ght r t . : p | t, about
5 porcont chibpiblEberhPiEhEll TRCE or Rl bRy P ERARERE ERRE L o
about 2.2 peaodenpreferedcmbodinadnbut 6 percent tantal um about 5.5 percent

al um num about 5 WO 01141970 PCT/ US00127785 3 percent iron, bal ance

ni ckel and i It &Sy ”&%H&E om nal conposition, in weight
percent, of a oﬁﬁggé%le}’rﬁggﬁtég%gg?&a ou §6. 8 percent chrom um about 1.5
percent nol ybdenum about 4.9 percent tungsten, about 6.4 percent tantal um
about 6.2 pdiigwatl inhd bleck flow ddgram o aiBapgproashifor practivingghe itvedtion; 5 per cent

haf ni um about 0.1 percent carbon, about 0.015 percent boron, bal ance

ni ckel and i ht:i £8. o i k.nal conposition, in

wei ght per cen%,Eg?égg%ra@%%%gg‘?ﬁﬁ?a%&ag‘ {g a é(;thft 8.4 percent chrom um
about 0.75 percent nolybdenum about 9.9 percent tungsten, about 3.1

per centl0t antEigured indplan vigvsofithe aioke wadengoimgmepaithout 1 percent titani um
about 1.5 percent hafnium about 0.2 10 percent carbon, bal ance nickel and
impurities. I; . i L S i oys as well.
The article F %ﬂfgllgéllggtalhg ﬁ&%%ﬁ% be‘gw%&?gﬁgég’%a a%sr%qlfngia%‘%’cati on. The
result of the directional solidification processing, which process is well
known in thdigare 5 ik ¢ plarpyigwaifianyardle gapaired by @nether appraaoh,enat evithim the

| engt hwi se t / rtjicle 40, 15 separating grains 52. The grains 52
are orient e&g(\;/\a%t{ﬁr?%etlgre% 8Iflfed crystal l ographic direction, such as [00l ] in
the case of nost nickel -base superal | oys, parallel to a solidification

di recti on 5Figureié iga shctionnd wicoefithearicleaf &igire 5, tpkanzalong) lined-6;Haad
solidification direction 54. These grain boundaries 50 are visible on ti ~
sur f acec of ch'é?]r - : : j i IO crystal |l ographic
di rect ?%ns of‘ tﬁzﬂég‘?g%?éggﬁé@gw?ﬁg%@g’r‘féfﬁr %%rﬁdggﬁxgggglgel.need not be
exactly parallel to the solidification direction 54, but are typically

wi t hi n aboutDEEALLER PESCBIPTION OF | THE IV¥ENTHANdi rection. The article 40 may
al so include sonme grains and grain boundaries that are not parallel to the
sol i di fi cat ifggdi [ABbANGH diaRid fG Préibirdd dpprdakh R Hrficifh BRSInvRBy.2S the
platform 46. The asfﬁc?{e}‘léfo lﬁas a'rteﬂpgglér re‘%f@n 56?5_\/\}11&% t he grglllns 52 are
el ongat ed subdlirgetionally solRlifiqskarti¢le il futnishedonendral @0f iFegare 2 illugtrateg suichn 54 in

h i.bed. L iqQn. 56 includ f 8..Th
e e Sy Ao B 5 h 38 S0 RS g LB o ik 5t
is a crack whgiah Fké aibine bhdardoliyclidesrintdidois 42 aggifstaviichibedlow 6f Bdtongat ed

parallel to the solidification direction 54. The defect 58 is typically
i nt er gfnul gxhaustgas i directed Whgo tg? Birhing, Blade i ip sStyiqsan dedt turhige SBgiBE ent

grains 52. SHtRuMine blade 40 is mounted to a turbine disk (not shown) by a dovetail 44 which

extends downwardly from the airfoil 42 and engages a slot on the turbine disk. A
platform 46 extends longitudinally outwardly from the area where the airfoil 42 is

4



WD 01141970 PCT/ US00/ 27785 an intergranular crack may be forned during the
directional solidification casting procedure in which the article 40 is
cast, or it may be formed during service. The invention is also operable to
repai r ot heootypms of defects. Exanples of such defects RGRVYHWHEBhose t hat
are formed generally during casting, such as inclusions, regions of S

non-fill, and porosity, and defects that are associated nore directly with
di recti onal J@@‘Fq 9ithe éa‘t’?tblh%r demumber of dnfemabpassages miap extend thigugh thes grai n

nucl eati on. o‘f'o?;ﬁ'lgdagrtf@:&f e @ﬁ% L. Cg{ngg 4fﬁ1qﬂpél§facé gﬁp&hﬁﬁ% t Sy &OF r osi on,

and hot strea ect’ as variou €S 0 or ei gn

mat t er enbegdeidns of theartielyi 4hmag btafcoated widf eprotective h:oanngil G‘hg ptasentsi des of
an int ergranul ar._crack. . The. f i.ncl.ude, anpl e,

oxi des, i nplftY P{’i 115 9Petables W‘t%ﬁﬁglf’gglalgﬂ %ihe W@Fgg ém’r?a?%éf‘g; H"‘Weﬂti’("ér i's
presents it dirsctiohaliyedoRbifitd artitry adwén. omﬁmesr&@tueﬂaxa@epﬁseahe sah@ile 58 prior
to the subsequent steps of the repair process, nuneral %‘he foreign

matter, if gogineseinelidel turhing vanesnmixer ogeles, inmer ped outed mgntmn dusklinkst ect and

o 50 1 ea B SRR ASL bl o TSI higlnd 5y AN FEL L'

away on t hepsnales of the defect 58, typically to a width of at |east about
twice as wide as the original width of the defect 58. The region 56

cont ai ni ng 1 G II cl eane s by. usi ng an acid
to renove atljlﬂg;t}ggmgt% atdgggsur ?af’céé% 'ﬁ Q?'?@ %Sﬁ "@%‘ 4??8 é’§%lﬂ:'iagf3f g{the rem
val of 10f or engrmeoessarily, a mickeb-baselsypezallogr ghe pne@dmﬁen@,f istdkekrbasé, rheaning fill ed

than the size of the 20 i nal, defect, but for the present purpagses the
vol ume wi | | that iy IFaSH%OrFé’I“%?th Aesight percent thprp any pther elemgnq«.exbeearef%res repair

t enper at ur emcﬁélfB:éE@Allo?‘}sa%@mﬁh@%ﬁ&li&%ﬂ&n%tﬁénkdﬂﬁ preBiBtéion OF gl gnﬁwperfor med

at the elevated repaif tenperature l'ing" op ratlon may
performed aftypiseliy NistpoTaN magticles i kogasma enguk.at The aﬂh}arhas heatsolégueci f i ed

next for th r epai r cessful. The
repair 25 tgmf%rag‘f u’r‘;é}??ﬁs)%ft?%{#hﬁl r&ﬁfr %tovslfl h’élB%nPeagggﬁé&bd eggl &0l i dus
t enper & ur e)heproﬁfpeslabh vf fhealtoy adiguiGphakofigbappea8O The inefitiorDlk ob&ableol | dus
tenperature, . t he_al | oy tfase material that makes up the article 40. If
the repair P ébeétall?iés as®¥qllwer) the subsequent filling operation will not
be successful and/or the final repaired article will not have adequate

properti es. Exiifiples pRpreférRAnatirl-bie sopétalidyspefabheith tRSprédeat fipréache 7 WO
01141970 wi |l be at risk far incipient nmelting. PCINSOJ Z7785 During the

subsequent fciudeRyng $8Hahaving atnﬁeumé ﬁﬁ'@P%ﬁlmlb I 2ighe PRTEgitopf BUEDAt ai ni ng
the defect B&cR¥%obAt, aQGLﬁl 1'4%’;:&&3@&%&%%&9& ?ér@&‘lt fxﬁdlilt?d’c {Hﬁt Moubgi NG

nelted into the defect repal r tenperature speC| above refers
t o t he2d enpeeraenitengstent aimu53m¢rq¢nbdumlm ebputl 5 p¢r0¢me1ta1nmnc¢lmun0 Thear to

t he def ect ner i rt| but, not within
t he defect g%.cg{f'?\lgﬂlg ’i%ﬁég?%g%f"? %er?g’r%g ?’&%’g}ﬁ%@% e’&"'\i@?‘i&’."nﬁa‘%‘}?&mer by
any oper abl sick¢lndanpuritidseRemd 1H8N Bavih@ahemimalicsmpustifon] iewéight peréent t h a

i idation of the article 40 during the filling

Pt ocedur o, IhabPites-dr PR GORbL PRt Gha PEEPARG B Hma oML PSS BEFEMS | { ght | y
above one apjERRABRAIME, atlolt DIEY&Eint i@sRAC btk 3.1 Bécent tantalum, about 5.6
25 percent aluminum, about 0.7 percent titanium, about 1.5 percent hafnium, about 0.1
percent carbon, about 0.015 percent boron, balance nickel and impurities; Rene 150,
having a nominal composition, in weight percent, of about 12 percent cobalt, about
5 percent chromium, about 1 percent molybdenum, about 5 percent tungsten, about

2.2 percent vanadium, about 6 percent tantalum, about 5.5 percent aluminum, about



chanber. The protective gas may permt sone small amount of oxidation, but
the anobunt of oxidation is greatly reduced as conpared wth thée anpunt that
woul d occur in the absence of the protective gas. The weldipgopiagber is
pref er abl yW2 B3#E57% box operating at a slight positive priéglggre (typically
about 1-2 pounds per square inch 15 above atnospheric pressure) of the

inert gas prpcessed.as pust descrd bed .to achieye hi yeity. The interior
of the gr ovel BERERG b REpest AERFLARE GhipnBtds Neheot 4Bl ig, ¥ noBfiel as
oxygen, noi sfowipRsitioNdinoWeipht hezkstyaf abastes2 pertehtheotaltebbete8l8 GReRntOf

wel di ng under a high-purity inert argon gas, care is taken to maintain the
oxygen cont eforaiunt, ;gboytnky pergens raelng@m, BBeNtfoD percant surgstene pbawt 614 on 20
(ppm, beca i oxi d] i I ts in the
Ay Cke! - bace [eiesnt Bpfeiah, SRGPER il alubnitbhs bERE 23 bt ol IRELS. L0

t he noi $t ur epecent lefinivimg alicnel.1 pexcent garbon,aboweti 074 18 pesdntborgn, baluncewidkhl t he dew

poi nt of the inert . gas of. | an. about .- 80F. The oxygen and noisture
contents naf“gémﬂ‘éﬁ“?fﬁa?'ﬁégargﬁéfi_ EnE gfie F@BV“E&E?‘%@&‘W&”FW@? gas
through a nigpkel 1bBaperca@scabdlt] hbet vRepataf oA Fabbat EFD1Rrdeht ent ers
t he wel di ng chanber, and conti nuously nonitoring the ox%/agen content of the

inert gas. TRelybdsnugy abeut %2 pRisant fupBsteR, abrut 3.4 rRsteent BntalyReabit fetter) s

filled with i : i : 1 C i i Lhe ally at
the 1 epai r (ionont ABTE Heolll pgdnt & hish o but b mEseP BT g0 Y 2
fillindOproqesesnt artwoubalance hickelfand impurities.aThd pregentinventidn ismprebllwith3. The
filler met alqﬂ']s ﬂf subsétnanti ally the sane conposition as the netallic base
mat erial fr oK & hearticle 40 is forned general ly. However, m nor
variations in conmposition are acceptable. The objective of the filling

process is tThefdrlitle ¥0ds defialyt prepdréd by diataional siliddvation.t The sasnk of dreposi ti on
as the netal].i c.base erial, and al so .to achi.eve directjonally oriented
grain str uct‘{)’fcét.m“l“ﬁéd?rqiﬁ?aé’fm r?é‘?‘:&?m?ﬁay%ﬁ%h PIPCE]tyS B‘f?gﬁﬂ'ﬁr"é‘ PIPHPPSES er r ed
forms incl udguiitydof @ehiRHBuRIRISTSO Extendifs Ishglisisd thlolipts ithakRicldao) epai r

region 56 in greater detail. In ,Figzure 3, the original defect is _ indicated
as nunefal 5Separatingaereins Sdeflbeeraing &F arecarionted with 2 greferead crpstahipgraphic( st ep 22)

i s indicatedyas;: ; fo e nfdl al. i lted into
t he def ect &gtrlé(}gggé@%‘sv@l%l @rﬁllgLe&gr?g?/i?ﬁggtﬂéeﬂg85%%%%%“@#8’ k) ﬁﬂgﬁ?li er netal
rel ative to sblidifisatianc Hizeotioni §#. a Ther grin doupderigs 1581 are crlsch pambikl th thecat i on
direction 54, ..l.na the il lustration of Fiqgure t he .squrce of-the filler
et al st ar ¢ SoLfReseR drpe i a5 aheP et borirtes 0ot ViR 00 8 de v e
paral | el to drfice 30)andpénctrate iBrintdfise Mhe@fysteflopfaphic reaione nfithe gehisS2 Thi s

relative notiqon may be acconplished by keeping the article 40 stationary
and mo#Png tamd thegmaip bowpglan eqd nothe %My@@tfglgl tgtha sofAlicytion e saf ng t he

article 40, @Qr j 1 t P H 5 f the
P11 or ot i SO Me SUTRRAIGN oBbyt FOAG AR LaidiiRoR AUEAOnT T e

numer al  30. article 4@ mayglso wicludesoine|graing andamfaindodndapids thatare ot namallebtour ce 59
20 may be ed. i J e £ ur nd the
ot e a0 s Sfiditeith SHEfb 5L AREuBH Il RRIBEL MIECRbERAT A" |

feeding the filler netal into the arc, by laser nelting, by a separate heat
source, or bBEheaniclo4hias aoppaiadegion 36 awhere theqgraing 52 sraelongated sfbstantimiper

9, the heating,. i shed b | , h
oper abPs hedhralalipue Sudiitaith ARERIF o) I EF matnd AR TR IRP 11 1'C
the vol ume &k ihdmedesl g tefett 588 Théinokthent@iRtypd drRiefedess, whicthewil bagfsadsednuner al

32, fromthe article 40 in a heat-flow direction .
in greater detail herein, is a crack which extends inwardly from the surface and which

is elongated parallel to the solidification direction 54. The defect 58 is typically
intergranular, that is, in the grain boundary 50 between two adjacent grains 52. Such



64, or nultiple heat flow directions. The heat-flow direction 64 is
desirably parallel to the solidification direction 54 and opposite to the
relative novenent of the source 59 relative to the article 40. That is, if
t he sour cavGodimees fromthe first end 60 9 WO D1/ 419RSTASHRIIR 0127785
toward the second end 62, the heat flow direction is fromthe first end 60
in a direction away iromthe second end 62. The heat flow direction 64,

whi | e pr ef epmiintergpmular (cedck tmayt brefoswkd divfing: thei dinectionab selidificaBion castingdevi at e

fromthe solidifi Lonsdirectiomn 54 _hy as _nuch as about 45 degreges.

However , thgrogfilggﬁbvghcgqhée@i%ﬁh ‘{c?))nlscg?sq’t?‘fe'§ﬂ"§§?’e§°‘i“?egl\/é)“@ingés?’i‘°3n 1213 fromthe
sol i di fi cat iifv@ntibin ie @lso @perable tb Fepair efhRr @Esd sfafefRtsl Examples of flchdefedfst ur e of
the repaired defect. The extraction_of heat causes the filler nmetal to

progr essi veRpluisithese fiat axs farmed gegerally, quring cegtingniichias B lugionpiregionseoty ol une of
the defgct Ry [l A ddi6sifyl A dé%%tﬂseﬁgte{égfé‘fspg\a}vkg%&Eﬁﬁéﬂly%‘{’h Gizectibhidl

directional heat extractron in irection 64 occurs naturally
as a result sdfdifitation giragesses, snshendreckies add spurious @naio enub@atddn. f Bedviee net al .

Optional ly, ;the heat.extracti.on may be artifi.ciall i.ded and accel erated
wth the usdeSfis a5 1o Bmmielolat Ve shroth g ol Rk ngi ng o« he
surface of the article 40 or a chill block, placed such that heat

extracti on [The defeetl 3 tgpieallyphasngribbetypessdf-foteign matter @hibeddeddin the ggioas 3 and 4

illustrate the.grain structure that, results fromthi ontraolled weld 15

repair pr ocgggf g‘?’ﬁ%{;ﬁ fycaps %P%&eﬁggs %ﬁ?ﬁ?ﬁW@@‘ﬁPﬁ?‘n & Jorragn, matter

conpri § Ng efadi iRSIuds m&éﬂmlé,h&idﬁﬁﬁw@@%ﬁféﬁs, gnd erdireg Here hikg first
e pre

end 60 toward the second end 62. T erred orientation of the grains 66
i s paral | el feseignE@etes/s peesent) ibjs preferably rerovedifiam: theiregionisé elcthe defees 48 and

thence par abil o\l 3SedbeFl 268 (b AEAR il B! S Al of the

base net al the articte e grail Uridar | graiis 66 20
within the iepairemdvalinsght Hiferfeore withrthé [fdlingof theaddfsct pad allioeleateothche

solidification, djrection 5 and thence.to the grai n,bqundaries 5Q of the
base et ar. ropirel Jelies wRaly > The Btob PTG ot HRed s PLREND BRBBI
conposig i onby aginding thé bhermeml af tHehadiclt 40l Swayhéh Rl SddsofaBe defesubst antial Iy
of the same conposition as the netallic base material of the article 40.

The grai ns, NPl wyidhehatdeast ghoyt Wecens vode pnte prgmabwidth ef the defay and t he
grains 66 okgl g fe ﬁ'S'B%QTtlﬁtzl?'l%}Qe defect 3 al rb%%hé(m%nfakﬁféd)’usgﬁélﬁﬁg' r

preferred directiofis para e solidificationdirectio The grain
boundari es, an agtl taliempvb etlayer htthgsuifave o thedegipr §65Tho fesul of Brgemnutleri al and
the grain boppdaries. 68 of the repai.red regiaon 5 re.lapgel Liented
paral | el toofﬁém%lpi’%ﬁrf’ﬁ ‘gg?lﬁyo%lafﬁeFE@WBH %’gg.engfiﬁgg? g@ﬁf@“’bﬁgﬂ%gm’)mgenei ty
of conypsi t bAginglridfest) blitcfoNht Yresént QliipBss #iel vafurhGwil [still Dékeriibl 41006t
rcT/usoon77ss that the repaired article has properties that are the sane

as, or quite,close tq, an . article that has no defec or._repai .ed regions.
Ater the 1 nF ARGt disad o8 pigsair epriandp MFret. oRs PipspBieALATDer oot od
nuner al  34. ofditidnamist bé SafoRBd at thEIE Patddephir tempEraturd | The ARhE6HRMioho provi de
the optimum structure 5 for the properties desired in the final article.

Accor di ngl ymay pat beqregforrard 3t &eam termpstatisn oF 2 lowss el thap that pesifisfeci f i ¢
alloy that has hegf lreﬁﬂfe"tén%ratgﬁf oﬁﬁﬁr%bﬁr Wil §i08 bt ishé@ssful. The repair

25 temperature is from about 60 to about 98 percent of the solidus temperature,

preferably from about 60 to about 80 percent of the solidus temperature, of the alloy
base material that makes up the article 40. If the repair temperature is lower, the
subsequent filling operation will not be successful and/or the final repaired article will

not have adequate properties. The repair temperature cannot be higher, as the article



may be solution treated and aged, and/or stress relieved, according to
procedures specific to the alloy. This structure is superior to one where
the conposition of the filler netal is 10 substantially g%{'fi}?tfoﬁf%sf romt hat .
of the basWOMHH™ and where the heat flow direction is controll ed so
that heat flow i s pri ITB.I’I ly general |y along the solidification direction
54. As shown 11% ﬁuk c 1dt l\/\/nereaheat flow direction 70 is

per pendi cul a lltc?att oI i d?F? AP direction 54, the grains in the

repai red defect are also generally perpendicular to the solidification
direction 54)uri|iigahe aﬂ:sbquehtsﬁlhhgbperhtiontﬂxetérﬁpemmtm ithe regionf56tchmainidg er net al

di ff f th I h
Strengt h, oot BSPuS Taybedoraly Tope Brepof ks oetalReng daatet KUARA r ect | on
i's perpendi G4kt 58.0Thd Gesudt teﬂtbéﬂaﬁ@é’t s@@mfted Sove Pérers t&tﬁe Wriheisuterdr e

repaired defect are oriented So that the gﬁal n boundaries are perpendicul ar
to the §oli d:uikbmm@wndhqféhqmeﬂhnmw&m et 58 pradheedbyiargenesalcheatiries of t he

article in S clcTﬁUtﬁoPMtfﬁFtﬁet&c?&tgg can lead to premature failure. An
equi axed gr al n s uctur e reparred defect would also suffer fromthis
problem Al'though a particul ar enbodl ment of the invention has been

descri bed i Theertiile 49 sracpenalip beatedoin a weldigrchamber, by amyi apesabiroapipfoachit i ons and

h f th
erhancerentsrgpy i Py BBl deHR 8 SAET ST B B o L1
t he appendedxidationef the hrticle 4D duting 1/flih ptocedure.| Thewefeired pﬁfe’&xm 27785 1.

A nethod for repairi n a di recéaéonal ly solidified article corrprl sing
the stéPs ofis aFEQP A §m ure sghthe AhQysAne AtmpTphgser fuprexit ltqkége(w@a Heonpr i si ng

a base mat efchghb&iaViHag r@te@tﬁje' éﬂb‘?na&%ﬁﬁﬁ gbie §m§Fleaﬁf{t' ITDxRatiSR tHeeg' on
(56) with a grain structure of grains 5 el ongated substantially

paral | el to amoyntof@xidaton is greatly reéqu@mcqramd vitethe aprahnt thas giogld qcse)
' .nCl Ud! ng aé&?ﬂ eaﬁge%]tgég? th ?ottedtx% r’l?l%é‘fe(ilcpggél?arn{eb%g is rp(??f%gglgs aé(lb ' cation

direction ( |ng arti re Of from
about 60 t o opbratihg 88a pigm @nsmvﬁf ptebsires (rypidally abenpetzqiomnds pér stirre lreche

mat er i n at nosphere of tective ga oxi.dation of
The bale rmeBPYSATOSAF gresnyce) dhghe et s BRCSEabR INLArSSienoy Aot o whi | o
nai nt ai ni ng Ly, PheSinfeiB) ofthe E160e X8 bfehtREPFHR 1R 1stahhi¥w%lc§ﬂg of filling
including the steps of providing a source of a filler nmetal of

subst ant i al [o}tgapexyeeAameisiisd and pther wsidpdleapsse material of the
directionally solidified article (40), and nelting the filler nmetal into

the defect (Rihe fefRAELSHRE XS?iv}éld‘i}i} UrRefPNiRPurity hEe afpBH ghE ca% lt taﬁertﬂol Ler

netal relative to the article in adirection parallel
solidificat |rmmtdtnrtbepxmn(®n§ent of thvheerhsamatdeasfthm @bqw i PaW‘R?F @llHlotlhe step

of furgjshi i |1 oy. 20
3. The et el SeaR e 415 ieh Blonkly Wil dfofhnf e BURENFHEERA, | OV, OO
of furni shi mgperaliiyctoatdizasie welp(qudityoyohmszmge a-ammhasmdmm contenvei ght
percent) selected fromt consi,s of . Re 80H, havil a _nom nal
conposi t i on 0§ He ?Sg'ﬁtrmﬂg?lgg‘it ety (B?w’a“blgh{h gg?:" pﬁ@’rt(?gﬁ‘(e ‘E%%“tstofl ]?fggli‘f’ 14
percent chr @.B@)LLWBO"@bOIHe ék eﬁﬁ@mhm;’ﬁurmbmlad@%uy behaittaidedrth@Btlowungst en,
about 3 percent al um num about 5 percent titanium_ _about 0.75 percent

haf ni un) abdgyel S@y:papﬁéw&:@ﬁtn%saﬁémouawma%ﬁtamga;mnﬁerrmmte%rlé °Fpal ance

ni ckel ,and Rsidn %"1 I , wei ght

per cen%"ﬁa Ib Ergaithﬁer ce%1 co bgfl%(p&b @ 55 pnétrggag?é &#%Hca%&tabout 0.5
per cent rml ybdmnnmgaabout 9.5 percent tungsten, about 3.2 percent tantal um
about 5.6 percent

The defect 58 (as modified by the removal of foreign matter) is filled with a filler

metal while the article 40 is maintained generally at the repair temperature, numeral

8



30 al um num about 0.7 percent titanium about 1.5 percent hafnium about
0.1 percent carbon, about 0.015 percent boron, bal ance nickel and
inmpurities; Rene 150, having a 12 WO 01141970 PCT/ US00127785 nomi nal
conposi ti oo ol/mo¥ei ght percent, of about 12 percent cobabcT/Usdoamss5 percent
chrom um about 1- percent nol ybdenum about 5 percent tungsten, about 2.2
percent vanadi um about 6 percent tantalum about 5.5 percent al um num
about 3 perdéninﬂlcﬁﬂingbndmsﬂ:eswmw@aﬁihdmetabisrp'm\ii@ miRgeral 284 The ffidlei ng a

nom nal comnposi,t.i 0 ercent. out erce bal t, about
6.8 percent n& ldﬁoﬁﬁ?bsgaﬂmyg@ cgg}?t‘)s'ﬂﬁ?%% Fﬁaﬁﬁ ?eél Eg’P%nt
tungsten, akhith e 4rtiRly 4068 forirRa iganeratly. Hewdver) nﬁn&&a@x@ﬁénsdﬁ vofpasifionabout 2.8
percent iron, about 1.5 percent hafnium about Byrcent car bon, about

0.015 per cerdfe #56ersable. bah@ﬂbséctmcaféhc flling prasessiis r0e§14 rﬂffqvhmtmmlhav. ng a
nom nal wﬁk# gﬁn& | t, about
8.4 per cen[% T%Mdn(rﬁgbn‘?a% a ogftlogea% pe?tgglﬁtb%%#ﬁtaﬁg}ehuﬁmg %%per cent
tungsten, alirettichally peentedgrainastruetirem Thafillet mstabmag be amnyadpumblufﬁnn.abo ut 1
per cent ti t bout r.ce um about 0.2 percent carbon,

bal ance ni CE%FP%H PR UPE P?%‘geldlc’é]ﬂfgpq%‘i frod of any.of clains 1-3, wherein
the defect (58) is a crack extending parallel to the solidification
direction ( Fdguresl® ahd 4'Iiliestmadi ﬂmd'cpeﬁr sagyorn$6 il greater Hewdil. iIﬂthgl.di: 139 thaen

additional ste r eat i novi ng for ei gn
matter pres@ “iahgetﬂﬁg é‘:@f é‘j‘g‘e@t‘ 5$hgnﬂ@?&n@§e%ﬁgﬁq rﬁf“r‘h VPRSI 0t he
step ofgr enpydteg stei)Q'Z}lﬁemdea{t@d & rftinepd] 58 MDsouR@ mfmmlme&ﬁ s helged t he
regi on of the de ectb§5 8) by |nd| ng away 20 material < round the defect

(58). 7. Théntariherdgiechis Erngremv \sdn#psmqvmg thers@mre@lﬁﬂhgf the filleranetalaelativest ep,

after the 5 @% %lgél') el 40 {hgarﬁﬂéctlbﬁﬁﬁ gﬁlfe?% 'tﬂl:gsc#ﬂaﬁ?&hlaﬁ (a&'gc}{oﬁoﬁ Wi thet he

repaired de Iudln

addi ti onal shweptigreof ElgntecB 2be siuncel difaheﬁlueﬂ metal sthrté hea ftsepnd 60 msékltel ng, of
artificially gxtgactin t from C heat -f.l ow di rection
(64) that i el B8 grocaliy e duisiel ee sPRgrsoa; S5 a0R S4dPon (54)
so t hast he sédonti @hd HE! This seddtivdinhdtRa xﬂuytﬁv decériplished BE kedpitip)the Brtic qoepai r ed
dlrectlonallégsolldlfled artlcle§40) corrprlsm 30 an article (40)

conpri si ng ateHenraey #ikraeying the sourer; % keepinedhe sq statigRary aRdimRERE R a repai r
regi on (56) h&@éwbpgn &%hn@@esé%@ﬁﬁrg?' ongated parallel to a

solldlflcatlon directio he artic 40) havi ng a grain structure of
grains (52) elongated substantially parallel to the solidification
di rection (94 :sounsel S9E thw\@llmmmgmgqadnalmmwgw approptiate hastingr i al

WN D (e EkGehe (SRl 50° i necEle SRR S G AUASLAN Bt he sare

conposi tion as ase rmter i al ’having a grain
st ruct 20 e wintdy bgmadled bgun @kciresard ﬁﬂl)ck(bbmegntlmjsosmbwandthcldryclgao Ayl el tv

the solidification di ect on 10., The .articl.e (40 claim9, wherein
the base. miEiics % & yefiesn an Bskueamyai il =0 Kednadbe flercndatlal) of
;:I aut rr? 9 olr gﬁe]?arm tfﬂl,adegﬁé]ﬁht Hymeseg@:fa&c fﬁf &%ﬁgj!s%z%yféhﬁféﬁmﬁéb&aﬂbﬂﬁatpar al | el
o the solidification direction :

CACA [ Al r. Aoyee.3In the aassr0 Appwder source 59, the heating may be accomplished by a

plasma spray or any other operable heat source.

25 The molten filler metal forms a pool that fills the volume of the defect 58. At the
same time, heat is extracted, numeral 32, from the article 40 in a heat-flow direction
64, or multiple heat flow directions. The heat-flow direction 64 is desirably parallel
to the solidification direction 54 and opposite to the relatiye movement of the source

59 relative to the article 40. That is, if the source 59 moves from the first end 60

9



. A H3r. Aur %/78LI h

Uco8E~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJcal] cal] ca]c
Ta] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cTa! ABgknpr 9<{ v calUca]c.
a] ca] ca] cay¥e4)/¢qfta] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] -& caJ ca] ca
] ca] ca] ca] ca] cal X
"Tul 13" Y" #$] $$9 Ax ** G+ b a] cajca]calca
] ca] ca] ca] ci‘% %5[‘)]1 cé( L@ﬁ%ﬁf gg%’%f%ﬁ?’lgﬁ hﬂ%‘lctg’ffgf{%ﬂad] g‘?% fcalcalca]
calt,,.. % 4dirédtﬁh’fh|w% %3%3%5%&&5@6%71@& flow direction 64, while preferably

888A992t ni d_ZU] ca] ca] cal.ca] caly cal] ca] ca] ca] ca&ca] cal ca]ica] caj caj caV] ca] ca]

ca] ca] ca] capa® lﬁié? the|selidificatipn ditpctiah 64)reay| Qpaxag;/ om theseldificatian Im]tlARAA#Bx BBCT

|l ca cal oAt La] A0 a4t Capelpel AR AR I AR AR 2L L

flow dlrectlon 64 from the solidification dlrectlon 54, the less desirable is the final

9;?82’5 . ] cap ElREE b PRy Q486 CUnSrFRL g i Ll Aol e o

Z]ZB[ ][ \\ } ] V} bio]"g?éﬁjﬂ@ “sORGBOHRLAD i ddtw] ﬁltb]eﬁx\é]ldlbsadx?ﬁl ﬁha]v]@ﬁhfeadf?ﬁel jae‘f&ciia] fnggLC
a] ca] ca] ca] cal ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

qiiiijnmmm §8Fqm theskirs %?.HAW%@] mﬁﬁim}e] digestiens k@at@m%@u ca] ca] cg
] ca] ca] ca] Cﬁl fhehealdR) Girdcnad G@b&&%ﬂaﬁﬁlms%ﬁﬂd SaheRlARE GRveRkGR] call cal
ydddghﬂ i ii phersowice§9 of ﬁ}ieismtalu@\pm»allyxnhyhgasnmbﬁommayp]a}amﬂcmﬂyaui}zdaU] cal ca

it et WA il slin -

XS10%a&' () tHeAurfageX6f the) drfk EI¥E40( 9r- £3cKa! BIOAE place Sisi@h tlﬁf’/(&ee(t)exffadt@'lw‘y& ()-Y
S9! 109%& () - 2! S9! 109! ( ﬁl‘ﬁgﬁ' @ 1088 () - gL0%B& () -Z10%B& ()- 10 10
10<109& () - P lpng  diggetiongd; () - S3109B& () - 109B& () -

M 1098B& ()-ys109B& () - 109B& () - co8dELC!

@ @ 1098&' ( Figh¥ki38and)4 ﬁﬁﬂt%&e(@ralﬁkﬁ%ﬁ&e(thatfré@‘}@&o&ﬁ thid ddaiBfed weREAJELC!

@)!109B& ()- (109B& (ﬂl %409B& () -&$109B& () -"109B& ()-,!!109B& g%-ABdYNC!
@ 108%10B repalr process. The filler metal has an oriented grain structure, comprising grains

1OB7 109B& “Bén

M 100 0)-. (1” %&]% iéﬁai%%%/%? %C)Q 10&11@%&‘; %ﬁ”q’ Hﬁ@ %&«% ':g‘tya& % Enpa’%&%

@ 310%& () - "&blm)%&h(eyl -orie Cim )the BOHME 64 5 pamm 69 nmbﬂ/ﬁarél)elrt@dﬁé/NCl

@) 10% () - So%dlfo @or( Ehréctxo% 94( angl)thence 8:/r§'lle(l )to thx%)pe@néd) oriengl{ n(n}lthmdtl\{NCI @10

grains 52 of the base metal of the article 40. The grain boundaries 68 of the grains 66

20 within the repaired defect 58 are parallel or nearly parallel to the solidification

direction 54, and thence to the grain boundaries 50 of the base metal.

This repaired structure is substantially homogeneous in composition, as the filler
metal that fills the defects 58 is substantially of the same composition as the metallic
base material of the article 40, The grains, including both the grains 52 of the base
25 article 40 and the grains 66 of the repaired region 56, are largely oriented with their
preferred directions parallel to the solidification direction 54. The grain boundaries,
including both the grain boundaries 50 of the base material and the grain boundaries
68 of the repaired region 56, are largely oriented parallel to the solidification direction

54. The result of this homogeneity of composition and uniformity of orientation is

10



10 10S7s109%& ()-, 34G 10%&' ()-,210%&' ()-,010%& ()-,f/!110%& ()- X dEYNC! @
,,10% & ()-,GLO% & ()-, z10% & ()-,L10% & ()- & f10% & ()-FF10% & () -
"lul113"dEYNC @, %0% & ()-"10% & ()-,, T10% & ()-10% & () -

s10% & () W6 R ()-3"Y"#3] $$UEEYNC! @ PCT/US00/27785

410% & ()- 310% & ()-@10% & ()-90!10% & ()-)10% & ()-s' 10% & () - 98660884 %
&C @0% U& ()- 10% U& ()-& f10% U& ()- 3Y10% U& ()- 10/ 10/
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After the filling step 26, the article 40 may optionally be heat treated, numeral 34.
The heat treatment, where used, is normally selected to provide the optimum structure
5 for the properties desired in the final article. Accordingly, the selected heat treatment
is associated with the specific alloy that has been repaired. For example, the article
may be solution treated and aged, and/or stress relieved, according to procedures

specific to the alloy.

This structure is superior to one where the composition of the filler metal is
10 substantially different from that of the base metal, and where the heat flow direction
is not controlled so that heat flow is primarily generally along the solidification
direction 54. As shown in Figureé 5 and 6, where a heat flow direction 70 is
perpendicular to the solidification direction 54, the grains in the repaired defect are
also generally perpendicular to the solidification direction 54. The result is that, if the
15 composition of the filler metal is different from that of the base metal, tilere is an
inhomogeneity in strength, corrosion, and other properties. Because the heat flow
direction is perpendicular to the solidification direction, the grains in the repaired
defect are oriented so that the grain boundaries are perpendicular to the solidification
direction 54 and thence to the main load axis of the article in service. This orientation
20 can lead to premature failure. An equiaxed grain structure in the repaired defect

would also suffer from this problem.

Although a particular embodiment of the invention has been described in detail for
purposes of illustration, various modifications and enhancements may be made
without departing from the spirit and scope of the invention. Accordingly, the

25 invention is not to be limited except as by the appended claims.
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888A99/ : dEDC! 10% & ()-, 10% & ()-3 “110% & ()-, 10% & ()-

10% & () - 100/% é +<< 9>dEbCl
% 10% & () ! )me 15006 & ()-10% & ()-,! 10% & ()-,f10% & ()- 9>??2A4A5A6A
7TACAXmbC! FZ109B&' ()- 10/ 10/
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bC a solidus temperature and having a repair reglon (56) with a grain structure of grains (52)
"1 10988'5( ) - %68 GhbsihABRYalle Bio LAUREi6atioh QB o 548 thé QB régiorse) O1 1 1111d
E:/ 10B including a defect (58) that is elongated parallel to the solidification direction (54);

heating the article (40) to a repair temperature of from about 60 to about 98

percent of the solidus temperature of the base material in an atmosphere of a protective
gas that inhibits oxidation of the base material; and
10 filling the defect (58) with a filler metal while maintaining the article (40) at the
repair temperature, the step of filling including the steps of
providing a source of a filler metal of substantially the same composition
as the base material of the directionally solidified article (40), and
melting the filler metal into the defect (58) progressively while moving
15 the source of the filler metal relative to the article (40) in a direction parallel to the
solidification direction (54).

2. The method of claim 1, wherein the step of furnishing includes the step
of
furnishing a nickel base superalloy.
20 3. The method of claim 1, wherein the step of furnishing includes the step
of

furnishing a nickel base superalloy having a composition, in weight percent,

selected from the group consisting of Rene 80H, having a nominal composition, in

weight percent, of about 9.5 percent cobalt, about 14 percent chromium, about 4 percent

25 molybdenum, about 4 percent tungsten, about 3 percent aluminum, about 5 percent
titanium, about 0.75 percent hafnium, about 0.2 percent carbon, and about 0.015 percent

boron, balance nickel and impurities; Rene 108, having a nominal composition, in weight
percent, of about 9.4 percent cobalt, about 8.2 percent chromium, about 0.5 percent
molybdenum, about 9.5 percent tungsten, about 3.2 percent tantalum, about 5.6 percent

30 aluminum, about 0.7 percent titanium, about 1.5 percent hafnium, about 0.1 percent
carbon, about 0.015 percent boron, balance nickel and impurities; Rene 150, having a
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10BS&! 10%&' (ajuniifium, about 2.8 percent iron, about 1.5 percent hafmum about 0.1 percent carbon,
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&S10%& () - @10%&' () mmmmmmop_= 'IW!} " SE109%& () --!S 109 () --!3y1l09%& () -
Y109%& () - The method of any -of claims 1-3, wherein the defect (58) is a crack

extending parallel to the solidification direction (54).

15 S. The method of any of claims 1-4, including an additional step, prior to the
step of heating, of
removing any foreign matter present in the defect (58).

6. The method of claim 5, wherein the step of removing includes the step of
removing foreign matter from the region of the defect (58) by grinding away
20 material evound the defect (58).

7. The method of any of claims 1-6, including an additional step, after the
step of filling, of
heat treating the article (40) with the repaired defect (58).

8. The method of any of claims 1-7, including an additional step, performed
25 simultaneously with the step of melting, of
artificially extracting heat from the article (40) in a heat-flow direction (64) that
is within about 45 degrees of the solidification direction (54), so that the filler metal
solidifies within the defect (58).

9. A repaired directionally solidified article (40), comprising:

30 an article (40) comprising a base material having a solidus temperature and
having a repair region (56) including a defect (58) that is elongated parallel to a
solidification direction (54), the article (40) having a grain structure of grains (52)
elongated substantially parallel to the solidification direction (54); and
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superalloy.

11.  The article (40) of claim 9 or claim 10, wherein the defect (58) is a crack
extending parallel to the solidification direction (54).
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