5 March 2007 SURFACE OXI DE WELD PENETRATI ON ENHANCEMENT NMEMHEEh 2000 ARTI CLE
FI ELD OF THE | NVENTION This invention relates to an apparatus and net hod
for wel di ng nickel -base and iron- base superall oy conponents and to

ni ckel - base and iron-base superall oy conponents manufactured using the

met hod of the present invention. Mre particularly, this invention is
directed to a welding operation that involves an oxidative heat treatnent

step and akyiRg RS @Wﬁﬂ%ﬁLﬁWﬁﬁrmﬁW@XNﬁc@}gﬁﬁﬁ MYEWH @ND r on- based

and ni ckel -based superal l oys are w dely used to rmcertain conponents of
gas turbine engines, and other turBRA&EHRgi nes, including structural
conponents, conbustors and turbine airfoils such as vanes and bl ades.

VWi | e hi gﬁggg@gﬁg#mgﬁéﬁal | oy conmponents are often formed by casting,

ci rcunst an peral | oy conponents are preferably fabricated
or are required to be fabricated by welding separate assenblies. For

exanpl e, TiasMORENHS rdkay RGCHPatatxs arklonéthed fat weldkhg M base dndripdme

m df rames and shroud support rings, can be npre readi Iﬁ@fabri cated by

vel di ng s¥sapeerlioycompengits aprhio niskelbascad ken-bastruperbercomponests of t en
nmore prachlqah t qef V. i : €0 @9&89 t.5: by

wel di ng C%loget hg[Jra‘(iii]’{r% I vﬁhguﬁéﬁgggsogr%?ipfé?eﬁﬂat eI(r?tlt .gﬁh@é I ng %g’]ftglrsgi ng the
conponentineentian isidir¢caedytoar weldires opEhationehatiimeplpescmesiidaicdreat tvatmgedtabor

intensive, ti consuni ng, .an expensive, particularly when the pre-weld
sol ution %ﬁ%%@@%“ gﬁ%&%&%dﬁgf Yepare the article for welding nust be
performed in a vacuum GTA wel di ng processes are generally often used to

wel d ni ckehekesestyNanor THERPesRdosuper al | oy assenblies. The wi de wel d

area causes significant distortion and a relatively |arge heat affected
zone volune. Recent advancenents _in penetration enhancenent technol ogy for
f 1 ux- assil&mebpsetand piskelrhagedhatpsrabloys acawidalyfuses torfaray ¢asiain pRIMPIERtEi t s t he

use of 9%t éaﬂsj Q@l%ﬁn%ner@rﬁ:s, zgnqr@a'ler turbine engines, including structural components,
o * combustors and turbine airfoils such as vanes and blades. While high-temperature
superalloy components are often formed by casting, circumstances exist where
sﬁperalloy components are preferably fabricated or are required to be fabricated by
welding separate assemblies. For example, components having complex
configurations, such as turbine midframes and shroud support rings, can be more
readily fabricated by welding separate cast or wrought forms together. Therefore, it is
often more practical and cost effective to fabricate complex components by welding
together individual assemblies rather than casting or forging the component as a
unitary article. The welding procedures are very labor intensive, time consuming, and
expensive, particularly when the pre-weld solution process required to prepare the

article for welding must be performed in a vacuum.

GTA welding processes are generally often used to weld nickel-based. and iron-based
superalloy assemblies. The wide weld area causes significant distortion and a

relatively large heat affected zone volume.

‘Recent advancements in penetration enhancement technology for flux-assisted GTA
welding have produced a flux material that permits the use of gas tungsten arc (GTA)

welds to join material thickness greater.than about 0.1 inch (3 mm) in a single pass




welds to join material thickness greater than about 0.1 inENagGh 206 in a
single pass 5 March 2007 wth a square butt preparation; this processing
has been used in place of electron beam (EB) welding for nickel-base and
i ron-base superalloys. In addition, the same processing has been used to
wel d thinner sections but with significantly reduced heat input as
conpared with conventional GIA processing. A proprietary weld flux has
recently been created, known as FASTIG SS-7TM which is owned by Edi son
Welding Institute, conprising blended solid powders mxed into a carrier
such as melifyi s utt f&eeRBn dEHrocesehab beddgdd BP}G‘H&" S GBS bedn'd Ni O,
Ti 203, TiQ2, TiO and a nmanganese silicate conpound. FASTIG SS-7T contains
a pl ural i tFBdfwelding elosrmickatbase awskiivadasmduperalimpl ileddisionhehef auee si de of

articles : i . . . I i plied to
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costs to Ideuts wpmpebih® pletddasiotia tpowdier ehik@l MO @aFier hithad dhddiydRthynhen a
flux such as F?ﬁ&#ﬁ SS- 7TM.is used, the flux_may accidentally be applied
to the fayFige csbch Bifnded pawdas coperisiog AViGh oBelds 1021 HIQ andire s

accor di nghyangarR@edliéRd céipduli®! PXSHGE 8SHT GBirds pMRlE) BY adetehChea] made of
ni ckel -base and iron-based superalloys. The present i'nvention fulfills this
need, and oxidgy anveis applisd @ebe fask aide bl adhickastta de svelBANNAIRYfopE Of HHEDASRVENTI ON
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engine article c?nprising the steps of providing at |east two assenblies to
the superalloy substrate welding process. In addition, when a flux such as FASTIG SS-

7" is used, the flux may accidentally be applied to the faying surfaces, which causes the |
GTA process to fail.

There is accordingly a need for an improved technique for welding articles made of
nickel-base and iron-based superalloys. The present invention fulfills this need, and

further provides related advantages.
SUMMARY OF THE INVENTION

Herein disclosed are improvements in the welding processes used to fabricate and restore
gas turbine engine and other turbine engine components and parts to provide a less
expensive and higher quality GTA weld. A disclosed process permits the use of a GTA

weld process as a substitute for an EB weld process.

According to a first aspect of the present invention, there is provided a welding process
for an aircraft engine article comprising the steps of: providing at least two assemblies to
be welded together to form a unitary article, said assemblies each having a faying surface

~ and a face side, said assemblies each comprising a superalloy selected from the group




be wel ded together to forma unitary article, said assenbl$ dfarda2W7havi ng a
faying surface and a face side, said assenblies each conprising a
superal l oy selected fromthe group 2 5 March 2007 consisting of iron-based
superal | oys and ni ckel - based superal | oys; heating the assenblies in an

oxi dative atnosphere, at a rate to mnimze distortion of the assenblies,
to a tenperature in a range of about 1400F (760C) to about 2000F (1090C);
hol ding the assenblies at a tenperature in the range of about 1400F (760C)

t o about 2000F. 090 for a,.presel ected tinme suffjci.ent, to for.m an oxide
| ayer of aopraing kRPLet MnchuBl R ek s el hERE gl S i,

assenbl i edn ag ondatihg athesphas.anb kdtes hdiairb denttichofihe habmblgss, topr ovi di ng at

| east the faying surfaces of the lies substantially free of an oxide
ayer, | wirPs g areng diagou yaD- RO e Sherd RSB NEPPC e B ox e
layer of asREMAEE £6 t@herahlé BNESESge AABKU LIPFT789°@ wWeodt 2000 by pl aci ng
the assenblies so that their faying surfaces are opposed; welding the

assenbl i e19MrAforn presslepiah Hime airlicient tpfonn es exidolayes ofis presticted ycknasst i ¢l e;
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at nosphere to relieve stress in the article;, and cooling the article to
anbi ent t enpddiag atdest thchpind hintrctsef thesewmbliesssbaatiallyf frechod appadelayeri nvent i on,
there is pnhevided,.a turhin Ldframe, ..wel.ded with the process of the first
nepect  of g PR R he it AT A6 LATBRIARE P M Bt oBESEEIRL ¢ ho”pr esent
i nvent i on thickiess@angs; formoyg 8l @dldgoihtbyipldegrg Sy RieshbliedHa o theii Fayehgwetfaled Wi th the
process of the firs &ggggct o%_the,present i nvention. Accordi.ng to a

fourth aspBAPPEiedH SREmMPlGHR{EMEes fYNEsten pie PERCSTH A &I™Le Y2l ng process

for an ai GajRf fes@MHnRR 2848 bt ﬁli&@:ﬁ%ﬂm& &iti0R ik NGorSEERSvOSmotheiitgi Ng at | east
two assenblies to be wel ded toPet er to forma unitary article, said
1

assenbl i eselisaesirenuipithrpricls ayd epglingthe fgiels tmebient feperaikdle, sai d assenbl i es
each conprising a superalloy selected fromthe group consisting of

i ron- based\ceeHaRE® 4 RYSndaBstcitif@lePresBia SR entonpMeRld BySdediaabing thildfisne
assenblies in _an oxidative atnosphere, at a rate to mnimze distortion of
the assensided @ithihs processplBiediest ppestof freprasepé inyentigBout 1400 F. (760C) to
about 2000 F. (1090C); holding the assenblies at a tenperature in the

range of aositling 40Othfrd aspect of the present invention, there is provided a turbine shroud
support ring welded with the process of the first aspect of the present invention.

According to a fourth aspect of the present invention, there is provided a welding process
for an aircraft engine article comprising the steps of: providing at least two assemblies
to be welded together to form a unitary article, said assemblies each having a faying

- . surface and a face side, said assemblies each comprising a superalloy selected from the
group consisting of iron-based superalloys and nickel-based superalloys; heating the
assemblies in an oxidative atmosphere, at a rate to minimize distortion of the
assembliés, o a temperature in a range of about 1400° F.. (760°C) to about 2000° F.
(1090°C); holding the assemblies at a temperature in the range of about 1400° F.
(760°C) to about 2000° F. (1090°C) for a preselected time sufficient to form an oxide
layer of a preselected thickness on at least the face side of the assemblies; cooling the

- assemblies to ambient temperature; providing at least the faying surfaces of the

assemblies substantially free of an oxide layer, while providing the face sides of the

assemblies with an oxide layer of a preselected thickness range; forming a weld joint
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(760C) to about 2000 F. (1090C) for a preselected tinme suf$ Mardn200fo form
an oxide |ayer of a preselected thickness on at |east the face side of the
assenblies; cooling the assenblies to anbient tenperature; providing at

| east the faying surfaces of the assenblies substantially free of an oxide
| ayer, while providing the face sides of the assenblies with an oxide

| ayer of a preselected thickness range; formng a weld joint 2a 5 March
2007 by placing the assenblies so that their faying surfaces are opposed;

wel di ng t senmplies in as_ tungsten arc process.t.o forma unitary
article; rdlf%?@%fmg%faﬁ%se?’ﬁges sgrtﬁzit eérfig"?qngs et 8 °§?‘§D"§%‘ﬁfg$ g‘,e and cool i ng
t he arti clagsetnbliegisingii gok amgekea httpRocess 1o dorntl: tigta-partick| ditdet agipedgle of the
present invention, there is provided a nethod of repairing a superalloy
article u@ﬁﬁéﬂl&a@é%teﬁteﬁ@g%m@a%n O&Pﬁgﬁ OAmGH TGt he st eps of .
providing a superalloy article to be repaired by wel ding that includes the
el ement of chrom um and nickel, said article having an area needing repair,

sai d ar ea Acperdiap fp fiffpapsct efdhe preseatinyeatien, theteds prppéed awgethag phg sur f aces and
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-at nosphere,” at "a rate to mnim ion
t enper at ustps of: provadngs wpeaboygrtité 00 bérepdifeile) welding ow incR@eHthe.  ( 10900) ;

hol di ng t| rticlke at _a te rature in the range of about 1400 F. (7600
o about  25Bank b Eellyeing BIRE SidilelsBebf€ of A9 G RimdREH sH%Rar im & ox de
llayer of aceddigaspdiekivarg 4t Mastkive 9ppeuinglaying ssfackhnd s tasiaivddaceof the
article; coaqli r]gethe article to _ganbl ent tenperature; proyvi al ng.at | east
the fayi n§"Ea5Py demedhe ariige 41 4 etidatn gRosphera et § ratg fodingpizg Aisiticle | ayer,

whi | e provf g Reticdd)® { @EBeahileh Hlandd 6 Bl 19be Mi(vdbeaMdatoderdogyer of a
presel ected thi ckness; welding the article using a gas tungsten arc process

to repai r (1AL )aheliling the ardele pia tempeatraindherangsefl abett WOPHE @A&CGrticle in a
nan- oxi dat s ° r.el.i : i i cla: ool ing the
ot ol e o1 WEPARRO PTG RoraBrigPltEie R R bl ot b Be BBFLEPT 0%,

super al | opreagledted thickoesp pit 8i lagpt dtc fhaeasdes bfihe ae®de odidlingshe dtidems ckel - based or

i ron- based bl | [ ded together to f it i cl
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free of an oxide layer, while providing the face sides of the article with an oxide layer

of a preselected thickness; welding the article using a gas tungsten arc process to repair
the article; resolutioning and stress relieving the article in a non-oxidative atmosphere

to relieve stress in the article; and cooling the article to ambient temperature.

- Also disclosed is a method for welding a superalloy article comprising at least two
assemblies. The nickel-based or iron-based assemblies are welded together to form a
unitary article through a process that first includes the formation of an adherent oxide

layer on the surface of the assembly substrates that are
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| ayer on the surface of the assenbly substrates that are 2bMarch2007--- -
-------- 5 March 2007 to be joined. First, the assenblies are heated in an
air atnosphere, at a rate suitable to mnimze geonetric distortion, to a
tenperature in the range of about 1400F (760C) to about 2000F (1090C) to
form an adherent oxide |ayer on the surface of the assenblies that are to
be joined. This heating step optionally may also serve as a pre- weld

sol ution {3eRtoihéEatiFRNhe asEQx%bE&s@@h@étéH n dnsauhﬁ:lrfasﬁﬁér@ at é‘ﬂﬂ@sﬁfab%ggm 1400F
(7600 to about 2000F (1090C) for a tinme sufficient to solution the

assenbl i ewinimite geeométor distortion.itde témpeatuns inghé fange efabathil dATESZOGE)t he

surface of e | 0 dif luid fl I n bsegquent A wel d
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mai ntai n di nensional stability. The oxide | ayer is then renoved from at

| east t heveldpphigos heptalceatment. t Fee tesansrabiteds hpbi ea jraigedd, about 1H¥EFfrom t he
face si de(%?@’fC) t§ Elf ?6@(5’3‘% el °chg§‘mat§rﬁ$§B‘ﬁm%ﬁt B <51 tt%%’%hél’%gﬁﬁ% gther to

forma unitary a ng procedure es is then

heat tr eab efdrmatanadkidp pryepof aﬁﬁicxehemmelhﬁbybﬁ tfl@@uﬂﬁbea@@ﬂﬁm’sb@ﬁlﬁlepﬁbl od of
time, both cff whi.ch are dependent on the e of superal] oy(s} that is
present i fi’eﬂlﬁélﬂﬁé’dne@rWﬁq&‘eﬁr@T@W@l‘bP%er P@%Seﬁ@élie?’é‘ﬁt ergeledit®i cl es may

then opt 'aﬂﬂ%ﬂtk’en@%et ﬁﬂ%?dt%tra@@uﬁ"fb?ern?mﬁv% b%tﬁ @&ﬁi dtfofi off%}véﬁ'ted ﬂfép{ jopriate

period of tine whi ch are dependen superal | oy(s)
that i s phessand tdmaﬂn&uméﬂmhadoaaltstabhlﬁyamﬂe bhide ﬂﬂ}@pfsrthemmbesd frenh.at As used

h th "fa rface" nmeans the tt| dj acent _surfaces
of " as it aing pacY o e S Rnbetoieds Ritenos P be Jode e a6 of on
when pl aqgd aise@Blifer Thé RSsWBIids b fkn Méﬂ%o&%@?fb ?dﬂ?ls& Mthey ddicipar al | el

to these adjacent surfaces. An advantzi%g of The nmethod of thé present
i nvent i orwsing Et ﬁ%ff-\ welders pineedyye. GThe walctks is tieon lat trsetdd iah aplapprepudte hi gher

et act arPAG S Edl il wiosGRF o FREBR ot Gyni by frheiaee ™
- type of superalloy(s) that is present in the welded article and the properties desired.
The articles may then optionally be aged at an appropriate temperature for an
appropriate period of time, both of which are dependent on the type of superalloy(s)
that is present in the welded article and the properties desired. As used herein, the
term “faying surface” means the abutting or adjacent surfaces of assembles that are to
be welded, which form a pre-weld welding joint when placed together, the weld joint

being formed substantially parallel to these adjacent surfaces.

An advantage of the method of the present invention is that lower energy GTA welds
may be used in place of higher energy GTA welds, resulting in a less expensive

welding process and manufacturing processing than without the usc of a welding flux.

Another advantage of the method of the present invention is that GTA welds may be

used in place of EB welds, resulting in a less expensive welding process.

Another advantage of the method of the present invention is that the pre-weld solution
‘heat treatment and oxidation does not need to be carried out in a more expensive

vacuum, neutral, or protective atmosphere, The substantial portion of the clean-up of




Anot her advant age of the method of the present invention i$Mandi20GTA wel ds
may be wused in place of EB welds, resulting in a | ess expensive wel di ng
process. Anot her advantage of the nethod of the present invention is that
the pre-weld solution heat treatnent and oxi dation does not need to be
carried out in a nore expensive vacuum neutral, or protective atnosphere.
The substantial portion of the clean-up of 3 5 March 2007 the weld joint

i's reducege {v@ldtjhﬁtﬁﬁééhﬁ&d%'fﬁﬁﬁng‘ﬁﬂjf&c%, bhiffe flf%cfﬁceééidje%%aﬁﬂ”&le uifEaEid-e cl ean-

up to renove | oose residue grease. Anot her advantage of the
met hod ofuptthecmpoeaslense iesidan irband grasset he GTA wel ds  associated with the
present invention result in |ower geonetric distortion and significantly

| ess heat, affected zone vol u t ha typi cal. GTA ..t her features and

avant soaitE GRS R BRI e | ABisE inFhRan bl i TR BRI et ng
nmore det aiJsécﬁChtéiESﬁfH phd qji‘eséﬁt Ez!ik%nﬁéxefﬁélﬂte(ﬂn elﬁhr@ﬂigmtetrict aketiol and

conjunction with the acconpanyi ng drawi ngs which i1llustrate, by way of

exanpl e, sigwficagtly desp peat gtfeeted pene volwne then a tRRFEGTASER: PTI ON OF THE
DRAWNGS FIG | is a process flow chart illustrating a process by which a

superal | i i S; t i G 2is
an ent)odiqyrrt%eu?{'tJ OP’&%I gfadugcrhéa\f@lﬁg %egjf giﬁ énp Hag%‘ﬁt lﬁg&gg@s‘gﬁl{ g|5 %\9@%’% I|Sj[o)‘l%.9m TAI LED
DESCRI PTIfallovaiag Titoré NYEMNTddONleRafptioni of thewpraferdrdds. endbddivecrs, itakahdwn a fl ow

chart of the nethod qf the presenf jnvention as applied to wel ding

Loget her CAMEREFOEL fheciocomaninetram gy VAUsh HEEABRY WA SSRTPIELBEr al | oy
articl es gigchRsBraeShPdt@nni ckel - based or iron-based (or conbination
thereof) "article. The i1ron-based superalloy article(s) preferably conprises

at | east about 18 vveiTght ercent chrom um and at | east about 8 weight
per cent ARIEEIDESGRE DN%FJE%EWBW&I loy article(s) preferably

conprises at |east about 50 weight percent nickel and at |east about 12

We_i ght P§I&eNs § Bfo%ggslﬁgw Il%ﬁt iflliugéattingtaepﬂogéss B? Svhich a superalloy substrate is

welded using gas tungsten arc welding,.
FIG. 2 is an embodiment of a square butt joint of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1 there is shown a flow chart of the method of the present
invention as applied to welding together nickel-based or iron-based {or combination
thereof) superalloy articles to form a single nickel-based or iron-based (or
combination thereof) article. The iron-based superalloy article(s) preferably comprises
at least about. 18 weight percent chromium and at Ieast about 8 weight percent nickel.
The nickel-based superalloy article(s) preferably comprises at least about 50 weight
percent nickel and at least about 12 weight percent chromium. The first step of the
process 100 is the provision of at least two superalloy assemblies to be welded
together. The assemblies may be iron-based superalloys, nickel-based superalloys or
combinations thereof. Preferably, however, the composition of the assemblies are of
the same or similar materials to avoid problems associated with dissimilar metal
‘welds. Put anotller way, preferably nickel-based superalloy compositions are welded
to nickel-based superalloy compositions and iron-based superalloy compositions are

welded to iron-based superalloy- compositions. In a preferred embodiment, the
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process 100 is the provision of at |east two superall oy asShfabdh 287t 0 be
wel ded together. The assenblies may be iron-based superall oys,

ni ckel - based superal |l oys or conbinations thereof. Preferably, however, the
conposition of the assenblies are of the sanme or simlar materials to
avoi d problens associated wth dissimlar nmetal welds. Put another way,
preferably nickel -based superall oy conpositions are welded to nickel-based
superal | loh, wel ded
o T T on. RAENRERIAGAS oAk, ESPlo RGlAR B CAIRAE NSNS, | 2o de
Mar ch Zommmsaeimda Wetlsknewa miekel-pasesupératiop INGONELRR7 Hor BVGONERRY ied
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of Hunti ngber é&?ﬁaﬂ\fé r GhbidmendtD théNRsERBIA! bRT Pétalri @dgﬁgg%' Mepf .ant he
assenblies are repaired castings. In an al ternatlve enb ment, each

assenbl y dismative embedigtent, N@@I\&leylympnlsm casb INGONELR &t hali weotksrbodi nent ,

cast 1 NCoRErPH TS PRRod Ry G screer phles Hoae N RERRE b et ne ar 1

| NCONEL ( rdombbSitioss af B@tﬁlcﬁﬂaIlNCC(D\NEQiE A8 ahd WYO@FINC@NM@bQSJtaréL&eHV\B' ght
percent iron, about 18 vvelg %rcent chrom um about 5 weight percent

t ant al umkeREMAN & @ty NGRYEL ight dosignatéan foren phele semprizag akoud 18 wei ght
per cent é%lﬁ”f)éf@%ta} QL %SIW% %?Ee‘h‘?@ %M %gﬁt §b\9$i { 8%§a | ght

percent car ercen oroh out 1
wei ght pesamtaiotn mﬂhabmumaabdmax |wmght@broabnublyﬁd&ﬁnmb@hto Epene@npertmmganese a

maxi mum of about_ O, Wei percent si]icon, a maxi num of about 0.1
wei ght pelaBpL %'wbﬁg PFW&“%&‘F‘EW&‘@= é«?‘ﬁ& U5y el g perqent easbop), B0 at i ve

embodi Meny.e000 Rk SRARNY Hopor gqﬂﬂlﬁﬁﬂl ORSbode S FRight ﬁﬁgwc&u &bapnd assenbly

is newy manufactured or altérnatively repaired forging. In a mor e
pr ef er r ednaxiipooh ofmbbut brewaghepdtent mw:gamwasa mexniuned dwst O.CNGONHRL(r) 718

The r ocaseon TR mpGRPRaF Rpa FLEHEhLatriroh o oA e BARGF PERE] ' 0r der

to form apckexi Hlead ABatiO embodiment, one assembly is a repaired cast assembly and a

second assembly is newly manufactured or alternatively repaired forging. In a more
preferred embodiment, one assembly comprises repaired cast INCONEL® 718 and a
second assembly comprises wrought INCONEL® 718, The next step of the process
110 1is an oxidative heat treatment of the assemblies in order to form an oxide layer on
the outer surface of the assemblies, to optionally solution the assemblies to relieve
stresses in the assemblies, and to. optionally place in solution the appropriate
precipitates in the assemblies. The assemblies arc heated in an oxygen—éontaining
atmosphere, preferably air, at a rate suitable to minimize geometric distortion, to a
temperature iﬁ the range of about 1400°F (760°C) to about 2000°F (1090°C) to form
an oxide layer on the surface of the article and as a pre-weld solution heat treatment.
The temperature of the assemblies is then held in a range of about 1400°F (760°C) to
about 2000°F (1090°C) for a preselected period of time in the range of about 0..25
hour to about one hour to form an oxide layer of sufficient thickness on the surface of
the assemblies to modify fluid flow of the molten metal during a subsequent GTA
‘welding procedure, to optionally solution the assemblies, and to optionally relieve
 stresses in the assémblies.. In a preferred embodiment, the oxide layer will be in the
~ range of about 0.0005 inch (13 [.J;m) thick to about 0.005 inch (130 pm) thick. In a
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the outer surface of the assenblies, to optionally sol uti chMaheh 2082enbl i es
to relieve stresses in the assenblies, and to optionally place in solution
the appropriate precipitates in the assenblies. The assenblies are heated
'in an oxygen-containing atnosphere, preferably air, at a rate suitable to
m nimze geonetric distortion, to a tenperature in the range of about
1400F (760C) to about 2000F (1090(3 to form an oxide |layer on the surface

of the arhalfurBRth afhdiReR: Rk dnaghilld A0 RRLNEAEAL FBRL: ?@gggﬁo@ﬁperat ure

of the asse les ISt Ina range o out about
2000F ( ldgﬁﬂfﬂ)ﬁmabaupmmbdwcﬂlﬁ@emmM onl thef nathirapsite) andlia*rafgatagiﬁes)ﬁndaﬂheut 0. 25

hour to about .one or,m an i de ] a) of suffici I ckness on
the. sur f EPGHS e hieudbior B Beemtiiee 1306 led Tl oy vBhabt 81 ot a
during a ﬁﬁb%&‘%&méﬁf%cm&hg't&ﬁFﬁﬁﬁFeeﬂigﬁold &ﬂ;@%ﬁﬁﬂ@hif%ré@'f&t tRR the
assenblies, and to optionally relieve stresses inthe assenblies. In a

preferr echsesidpli Fhecompiritiandiithe bmyle laygi isldebendent erhthe Cpmlpgﬂtloﬂ ofibout 0. 0005

1nen 13 laehthg Sudsfta? Wy, itk Tolsiion S Reod) ot B iy TRt el e

t enper at Wreceed 12H& essippthé asseinblibeiddambicabRpernzfat a(BROGIfidiafh tabout one
hour. Depending on the nature, size, and irregularities and the properties

to be activeifererimtation oA suwrastade motablupgical thaess aushet 1eer anpyonstaliralg, t he
re- wel erature and hold tines nay be
gl ffer engL uhﬁ?éné%c&ﬁ%%%@ﬁ%«fh% H%!lhs@ﬁalﬁt oo Y

osition of the oxide layer is
dependent on the conposition of the wunderlying substrate. Such oxide
formati orifhesaekmjamof the phecess 130 iFhenowdng thetoxpdedbiydrifeom fheofaeiag stifkcek s cool i ng

t he asse es to, anbi ent tenperatur t arate suffi |ent to. avoid
pr eci pi t ﬂ'a a%f’mhﬁ%n’gﬁﬂ“ﬁté‘f ?31*@3 aXsh 54 earfa’eat@ AR EPFERE Pt e rate

suf fi ci enhe BQinFRuhetssudh rgg B9 h%%hg %@ﬂhh?%ﬁrfaé@@ e TH@i‘ﬁas}%hg e?lpifheﬁ Be process

130 is renoving the oxide |ayer fromthe Taying surfaces
assenbl | ggmoyd: affanghe @éidjltlom lo€ tlx fade sidey.erOpgimnalbe the ewisietleykerfmayrbé or ni ng on

Egﬁ Iﬁglnnglgts)x%d RSHa1 36 po rc]msa of 9}% assesnkd)l & etx%gptffa Y uidaes rsIda S Phie I-Jrrrt]agent aski ng

invention does not require an oxide layer to be present on the root side of the
assemblies in what will form the weld root. The oxide layer on the faying surfaces
may be removed by any appropriate method such as by grinding or wire brushing off
the oxide layer. The oxide layer should be removed from all surfaces of the article
after welding in accordance with the present invention. The oxide layer may be
removed by machining the newly welded article or during the final cleaning ef the
article, depending on the nature of the article. The next step of the process 140 is
cleaning the faying surfaces of the assemblies with an appropriate cleaning agent to

remove any remaining contaminations.

The next step of the process 150 is forming a weld joint by placing the assemblies so
that their substantially oxide-free faying surfaces are opposed as to abut or form a
small gap therebetween. The next step of the process 160 is welding the articles using
a GTA welding procedure. The welding is preferably performed by mechanically
fastening the articles together and by striking an arc in a preselected arca where the
articles meet so as to locally melt the superalloy in the preselected area so that the
articles are fused together into a unitary article. A backing strip may be utilized as
required. GTA Welding is performed in accordance with well-known procedures. In
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renoved after the oxidation of the face sides. Optionally,5Mwcho¥i0de | ayer
may be renoved fromall portions of the assenblies except for the face
side. The present invention does not require an oxide |layer to be present
on the root side of the assenblies in what will formthe weld root. The
oxi de | ayer on the faying surfaces may be renoved by any appropriate

met hod such as by grinding or wire brushing off the oxide |ayer. The oxide

layer shoup@fdrd @mviadedt GEwalld iSyERrRImed v&lhﬁuaﬁnércmenaf Wwaichwel ding in
accordance wWith the present invention. The oxide |ayer may be renoved by

machi ni ngeonheoHEWngwines deaitegenped weldr during the final cleaning of the
article, depend| ng on the nature of the article. The next step of the

oo, dfanghemalife0hAGh0S Y0 WAHHLESSE LA ATRET ERRE" 20

appropriate cleanin
next st emsafmilize. wﬁnasﬁat&ﬁ:ﬂ thet i§ Coripanileawitke kit Haob Rietdd f MHeambdngblicse
assenblies s that their substantially oxide-free fa surfaces are
opposed d‘%usttgeéﬁlﬁ?te‘é)r Fegthgtiinnes jeints 15 4be tange ebup \%é@?? glﬂ@k © 8Pdp of the

process ]tﬁlgkl y/Bh % WQ%Q?SQ{SIHE]@@%&BI ng a GTA wel di ng procedure. The

wel ding is pre y pertornmed mechanically fastening the articles
together and by striking an are in a preselected area where the articles
meet so ds & prefastsd| dmybadishenty the @&qné:dias IarwwieldedPaEamqesrel‘teijeﬁltamidaaso t hat

my bo ulPicRRsh e kP E Rl B el oB i o o Ml hneFi 1S oREr bR e i O

wel | -knom%d@bf&&ﬂddr@ﬁbodhﬁent&hésdiv(ﬁt"r&&t?%?t ha@a@lﬁlemrsg ﬁﬁh@%@%mﬁm the weld

is awld formed without filler material, which is comonl’y known as an

aut ogenoWs23ierk (6 mam)de ahqﬂlt@rﬂétlmbe(lﬁrlmnhihmfdfntsllchhé)u@ﬂmﬂt\éq) ] Srhgwpﬂ@c ess uses

filler rial l.gr
conpat i gﬁgévmbt Stﬁgm{ygélggi(?m zﬂ%%ﬁ;%%‘ﬁe as‘?%ég |Se12 lgrrﬁltsetﬂljil)%d agpi I%t t?] For the
t hi nner jonkahsthemnwith ¢heiefagmgGhriigestlo, azbwng)eakﬁ otteeh Thé tepdr fabdikidk, only

one GTA wel d pass_is required. In a preferred enbodi nent, the assenblies
are wel déarfgqes 305%?“51,0@1 Eﬁtﬂﬂm 06}%1&% Eﬁ However, the faying surfaces 16, 18 are

substantially oxide free, such as by removal of any oxide that may have been formed
on them. The removal of such oxide may be accomplished mechanically, as by
grinding or other process known in the art. A backing strip 26 is provided where the
weld root will be formed, and the back sides 28, 30 of the assemblies also include a
thin oxide layer 24. Optionally, the thin oxide layer 24 on the back sides 28, 30 of the
assemblies may be removed prior to welding. It will be understood that other weld
joint configurations such as V-joints, double V-joints, U-joints, etc., all well known in
the art, may also be used. In another preferred embodiment, the assemblies are
welded at a square butt joint having a thickness of about 0.125 to about 0.18 inch
(about 3 to about 5 mm) and require one pass of the GTA welder to adequately weld

the assemblies together.,

The presence of the oxide film on the surface of the superalloy assemblies alters the
well-known dynamics of the GTA welding process. Instead of the GTA process
creating a relatively wide and shallow weld pool, the GTA weld pool created by the
-method of the present invention is relatively narrow, and penetrates deeper into the
metal thickness, .cfeating a weld metal zone with a greater depth to width ratio than

normally obtained with conventional GTA processing. The present invention
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t hi ckness in the range of about 0.125 inch (3 m) to about5 Mabch 206 (13
mmM. In a nost preferred enbodi nent, the square butt joint has a thickness
in the range of about 0.25 inch (6 mm to about 0.375 inch (10 nmm thick.

- Such a butt joint 10 is showmn in FIG 2. As shown in FIG 2, two
superal | oy assenblies 12, 14 are placed adjacent to one another with their
faying surfaces 16, 18 facing each other. The top or face side. surfaces

20, 22 i nfelide detiim dﬁhéjﬁreﬂd%%l b ﬁbodﬂq\@eﬁé%mt %vlﬂen E&Mbﬂgd fPiages 16, 18
are substantially oxide free, such as renmoval of anhy oxide that may

have beerwdldpaeldf aomeldmd\e oFfsscrmbiioy tat dfb ngifeive en iodilewagtittse Hmﬁﬂl i shed
h | | b d K th A backi
rechant okt Sl AL ACh PR, 8 I B SRR a0E: W 5B e, o0 0

si des 28,thRRgRtheldipteAS SR IESTRY STA WEldUS SoundtidnRviaking ©xldeer 34-
Optionally, the thin oxide |ayer 24 on the back sides 28, 30 of the

assenbl i dBe rayenilios erabiaves pde@ate pepelrationg fo Ireplagd [EDheveldiaer it sonet hat
th | t,S Vv t
other we ‘ gplé«%afﬁog | %9“12{14 grg%aeﬁéc%ﬁ x%{ﬂﬁ epr§§ef-s}/ tﬂe%ﬁ* We@ioﬂl%c& dcrelsollloq S,

-joints, nown 1n Used. Y99 another

pr ef er r edequifeadvarenh entitennaas duiihg %ldﬁlf,ethe\&ﬁeﬁfbﬁe@&lrﬂe SRUETA Wdldihg] oi nt
havi ng a thi ckn of about O. 125 to about 0.18 inch (about 3 to about 5

‘) and MPERRERY @ ot}si% prasat iveptien covivs| deoxids oeiqaat e SuRisre oft the
- assenbl i ggeha@et, hﬁb}dl Elafn &h&%ﬁﬂg*ﬁ%&é} cOREtAR thd bLAP; Qﬁtﬁﬁf’lg} g of the

~superal | oy assenblies ters t nomn dynami cs o meldlng
process. thewhead obimpéregGThAuiprdfoe e GTAaadlding ﬁamr slioat BS/pd:r;zeanI eband shal | ow

wel d pool,,. the A weld I eat.ed met hod he ent

i nvent i oniRST %‘i%ﬁ%ﬂg} GER g g Eeﬁ%éf%?‘é?n&?&@@ feg fioad hel o o

thi cknesgy (ﬁ(ﬁ&altag&g @TAek e diBtB¢hd Qe aﬁﬂtEB Vel SALRAnI SR e KAoWh RN ratio
than normally obtained with conventional GTA processing. The present

i nvent i ofhe &t.5 March 2007 decrease the width of the weld pool by about 30
percent when conpared to the GTA weld pool of a weld nade on assenblies

that do Fﬁ)l% r{é %)aﬁ g ?‘ﬁ i? 01?0: 1@9650@%11 E}CLi‘ld s%% rﬁlligj‘“ \rﬁ)ﬁrlq‘%%gt ?%»!ﬁ?gat ©a

rever sal vVes
the welded art1cle in a protective atmosphere at an appropriate preselected

temperature for an appropriate preselected period of time, both the time and
temperature being dependent on the type of superalloy(s) that is present in the welded
article and the desired properties. Such times and temperatures are well known in the
art. The optional next step of the process 180 is an aging treatment in a protective
atmosphere at an appropriate preselected temperature for an appropriate preselected
period of time, both the time and temperature being dependent on the type of
superalloy(s) that is present in the welded article and the type of microstructure
required to be developed by the treatment, and the desired properties. The final step

of the process 190 is cooling the article to ambient temperature.

EXAMPLE 1: As a first example of the present invention, illustrating the capability

of the present invention to reduce weld heat input, a GTA weld of 0.06 inch (1.5 mm)

thick nickel based or iron based materials performed in conjunction with the process

of the present invention requires a current in the range of 40 to 50 amps (or about
33% less current than conventional processing) and a typical voltage in the range of

about 7 to about 10 volts and a rate of welding in the range of 4 to 6 inches (100 to
~ 150 mm) per minute to achieve a full penetration weld in a single pass.
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t hrough the center of the weld. The GTA weld in conjuncti chMard¢h200fe oxi de
| ayer on the assenblies achi eves adequate penetration to replace EB

wel ding in sone applications. Unlike the el ectron weld process, the GIA
wel d process does not require a vacuum environnent during welding the
assenblies, since the GIA welding process of the present invention
requires an oxide |ayer on the surface of the assenblies. Holding all

ot her welgk RRIMAIES A SecoRD Sk @Rble, iRBall ARSI ideINEBipaBlity SOUESRvenkiBR amount
of anperage required for the GIA wel ding from about 33 percent to about 50

per cent |toweduce heat i@ms, aveiTdi weldt ¢zt 09”2 Femnfm) ekl nisheldssedbt iresbasedt do not

have an oxide |aver. .GTA wel din echni ques and EB | di t echni ques are
enown | n oatps, R iied 1 ot Bachal b R BraSE 088 PR Sl Bpafieie g and
stress rel t@yénmOn the riligee6t aB@itNES to BHEanR! dRGbRLE 38YE 1dsH carBkolaRt i ve

at nosphere at an appropriate presel ected tenPer ature for an appropriate
pre ts ﬁl e ;: teaviiond prefestingeyith s tvrltegraintthereangn gt alt?lﬁfa’ dp d@dlMO@S ped Agatdepen g e ?L
on ety . Vi(.S) r 3 article an e
dosired 11ar b R RApo 1ACHEE | o BETSE Ayl Ber PGl SRia R b1 P e
The opt i grattratextwedd Byonefpatdie process 180 is an aging treatnment in a
protective atnobsphere at an appropriate preselected tenperature for an

bl ng" deEdis segrratiecir YE@reent Superch i fee) desabed & 5788 SE I he wel ded
article aggkild QifftBf afenthlies OB UNE probl W IR b QP findRYG] ARGHIHY the
treatnent, and the desired properties.” The final step of the process 190
is coFI [ ﬂvfg mﬂgé tar wild| ?pleio ﬂlntbitwlft. t’l;é]tvpmtnat En_eps af&mﬁﬁdgprlcﬁguﬂyfircfa
example ¢ resent. i nventian, i strati.n he capabi | i of. the
resent PIVERDPORSE B httER et on adiels e hasti GERGR Brefaisrincn (1. 5
MM thi Glid hadikglat RasEGvOfayidgOsirRPReLshdRiledst ks fRRY fi@dksedr tHe Fiefdsyinct i on
with the process of the present invention requires a current in the range
of 40 t oMY kepeed(terfonpmatr ofbuinkegesorcetheressting defeets v easti emmonpitycessi ng)

of et d nrop HRE PRk {ER Foma@fth oher BRI WP b £o

~achi eve an hdditiopengli¢rahaterialvef] ddnipatibleshatelisl n@sbe used to fill cracks in the

article. The process of the present invention does not form any visible slag on the
surface of the article, although some oxides may form during the welding, creating
discoloration and forming and/or depositing non-continuous oxide particles on the
face side of the welded article. Such oxide particles would be removed from the
welded article during the mechanical cleaning process of welded article that is
routinely performed after welding to remove discoloration as known in the art. If
such oxide particles are left on the surface of the welded article, corrosion or moisture
absorption into the oxide particles could cause additional corrosion to occur.

However, post-welding cleaning is typically performed on all welds.

Numerous types of gas turbine and other turbine engine components may be -
manufactured or repaired using the method of the present invention. Such |
components include turbine midframes, turbine shroud support rings, combustors,

centerbodies and flameholders.

While the invention has been described with reference to a preferred embodiment, it

will be understood by those skilled in the art that various changes may be made and
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8 5 March 2007 EXAMPLE 2: A second exanple, simlarly ill|uMMadt200§ t he
capability of this invention to reduce heat input, a GIA weld of 0.09"
(2.3 nm thick nickel based or iron based materials performed in
conjunction with the process of the present invention requires a current
in the range of about 65 to 85 anps (or about 33% 1l ess current than
conventional processing) with a voltage in the range of about 7 to 10 volts
and a rat ulvgfeni’ﬁhg}‘ BQSLQ;SU%IE’&P%r ehi2n@ th&gmltﬁ&gg 1%] I[ﬂg)] E&)ﬁj mnute to
achi eve a penietration weld i n one pass g according to the

pr esent aﬁbh@awmﬁhas.heﬁhﬂdmsnmnbaﬁﬁuhmnemnmapbewmwdnmgdqtagmﬂhahrdlfferent

bl Ho th t t | sp  be used
o vl o B Flarael 8 8% SR, L P e, VDR B Goare

pr ef er abl asdaielschpé tHend tWeathdrof @B 2it lis Aferdbd kifak %e%va{dohq{o%e MigMicAdo an area
needi ng repair and having at | east two faying surfaces and at |east two

face si debe paticelaecpbedisest dlﬁdysqdeasdh@best@qdwrcqn@gmlatecbforsqarxwmga@é or ot her

castin ts essl v hani removal of
et er i o1 Dot IR BERRRERE v bl e e PR R

mat eri al mépmmpﬁeh@ecrmmrsl al may be used to fill cracks in the article.
The process of the present invention does not formany visible slag on the
“surface of the article, although sone oxides may form during the wel ding,
creating discoloration and form ng and/ or depositing non-continuous oxide
particles on the face side of the welded article. Such oxide particles
woul d be renoved fromthe welded article during the mechanical cleaning
process of welded article that is routinely perforned after welding to
renove di scoloration as known in the art. If such oxide particles are left
on the surface of the welded article, corrosion or noisture absorption
into the oxide particles could cause additional corrosion to occur.
However, post-welding cleaning is typically perfornmed on all welds.

Nuner ous types of gas turbine and ot her turbine engine conponents nay be
manuf actured or repaired using the nethod of the present invention. Such
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conponents include turbine mdframes, turbine shroud suppdf MarchriZf}97
conbustors, centerbodies and flanehol ders. Wiile the invention has been
described with reference to a preferred enbodinent, it wll be understood
by those skilled in the art that various changes nay be nade and 9 5 March
2007 equivalents may be substituted for elenents thereof w thout departing
fromthe scope of the invention. In addition, many nodifications may be
made to adapt a particular situation or material to the teachings of the

i nventi on GLARMSt departing fromthe essential scope thereof. Therefore,

it is intended that the invention not be limted to the particular

embodi ment 1 i Sol gaefly BRolsdforAf feriPUR AN BABHEHs iRkpadt vi ng out this

i nvention, but that invention w i nclude all " enbodi nents falling
within the scope .of the appended cl|.ains, 10 March 2007 CLALMS: 1. A
Wl i g pr ocesTPUIR A JFHL P BERGl G oabe MEIBd AORAY 4P g™ ReTiBhs of

provi di ng aticlt,8adlasseitBlicd @ Havine s fythaarMe! 8 d e it REIH absembisBach Uni tary
article, said assenblies each having a Paying surface and a face side, said

assenbl i escoBEiingcoprialosheplopted fivan drq gpun epnsisting of frewrbrssd sgreEisYonsi st i ng
of i ron-bagad;HRaialshRYdloy@nd ni ckel -based superal | oys; heating the
assenblies in an oxidative atnosphere, at a rate to mnimze distortion of
the assenblies, to a tenperature in g range of about 1400F (760C) to about
2000F(1090C) ; HrEREn et dreemalics i aneexidgtivg 3Rpbets @ @ 19 ihéREHEe of about

1400F (76Qfiskortibn ofahOMbendieo 4 £0BAGrd Rla rihgB beARhE i8S (7biRe) B3dtoliC ent to

form an oxi de Iayeg of a preselected thickness on at |east the face side
of the asdOBBIF(EER°@ooling the assenblies to anbient tenperature;

holding the assemblies at a temperature in the range of about 1400°F (760°C) to
about 2000°F (1090°C) for a preselected time sufficient to form an oxide layer of a

preselected thickness on at least the face side of the assemblies;
cooling the assemblies to ambient temperature;

providing at least the faying surfaces of the assemblics substantially free of an
oxide layer, while providing the face sides of the assemblies with an oxide layer of a

preselected thickness range;

forming a weld joiﬁt by placing the assemblies so that their faying surfaces are
opposed;

welding the assemblies using a gas tungsten arc process to form a unitary

article;

resolutioning and stress relieving the article in a non-oxidative atmosphere to

relieve stress in the article; and
cooling the article to ambient temperature,

2. The method of claim 1, wherein the step of holding the assemblies at a
temperature in the range of about 1400°F (760°C) to about 2000°F (1090°C) for a
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providing at |east the faying surfaces of the assenblies subktditddal |y free
of an oxide layer, while providing the face sides of the assenblies with
an oxide layer of a preselected thickness range; formng a weld joint by
pl acing the assenblies so that their faying surfaces are opposed; wel ding
the assenblies using a gas tungsten are process to forma unitary article;
resolutioning and stress relieving the article in a non-oxidative

at nosphere to relieve stress in the article; and cooling the article to

ambi ent t eprpelesied fime sufficignido fasmnigp @xige layprafl mpresclogind thicknepsen &y G  hol di ng

t he asse J I; { @Qgﬁ t 1400F (7600C) to
about 2ogg%¢f%%%%c af%gﬂgglﬁ%ggsggggﬁaggg p?%%e eg$ed time sufficient to

form an oxide | ayer of presel ected thickness gn_at | east .the face side
of the assenbl lBsmEEoLp § fyreiprgompriging Hiegtep ohagingthg adisledh i es. 3. The

"EthOd'Ofa%kﬁk&h%mx%ﬂkhﬂﬁ&mﬁﬁgﬁﬁBﬁk&ﬂn&ﬁﬁgﬁ&ﬁﬁpﬁﬁdﬁg&gg the article in a
protected atnosphere after the step of reSolutioning and stress relieving.

4. The nethod cl ai , ,Wherein the iron-based superall oys conprise a

chr om um for cenee BSTHSAST IS bivhireials HORHBHE RTHUPE CHEy ael Ght and a

ni ckel  coRBA&In p@EenbéondositieRstat RRQUbou? 19 BEESNbyY WYighRing Athickeld t he

ni ckel - based superal |l oys %gnp ise a nickel percent conposition of at |east
f)u

‘
about 50 PEPRRSHENB{2tgas Fheut Figregnt byrireiaht and thomplssbased punsrallays | east about 12
percent by, Wei@hthickel perkdf cgﬁk)gsqgorpcffaﬁegét Bk 5%\5?%53% %&h%/t‘rf@ht'ah@g' base

t
superal | oy assenblies are ovi ded and wel de 6. The net hod of
claim1 , clwhmiei eontppeitior eflebleass alsut Edjpregeat hyoyeighhssenbl i es are provi ded and
wel ded together. 7. The nethod of claim1l1l, wherein two assenblies conprised

of an all 8y W fhe method of claim 1, wherein two iron-base superalloy assemblies are

provided and welded together.

6. The method of claim 1, wherein two nickel-base superalloy

assemblies are provided and welded together.

7. The method of claim 1, wherein two assemblies comprised of an alloy with

- about 19 weight percent iron, about 18 weight percent chromium, about 5 weight
percent tantalum and niobium, about 3 weight percent molybdenum, about 0.9 weight
percent titanium, about 0.5 weight percent aluminum, about 0.05 weight percent
carbon, about 0.009 weight percent boron, a maximum of about T weight percent
cobalt, a maximum of about 0.35 weight percent manganese, a maximum of about
0.35 weight percent silicon, a maximum of about 0.1 weight percent copper and the

balance being nickel are provided and welded together.

8. "The method of claim 1, wherein a first superalloy
assembly is welded to a second superalloy assembly using a square butt joint having a

thickness of about 0.125 inch (3 mm) to about 0.5 inch (13 mm).

0. The method of claim 1, wherein the thickness of the square butt joint is about
0.25 inch (6 mm) to about 0.375 inch (10 mm).

10, The method of claim 8 , wherein a first assembly is welded to a second
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about 19 wei ght percent iron, about 18 wei ght percent chrohMamh28dut 5

wei ght percent tantal um and ni obi um about 3 wei ght percent nol ybdenum
about 0.9 weight percent titanium about 0.5 weight percent al um num
about 0.05 wei ght percent carbon, about 0.009 wei ght percent boron, a

maxi num of about 1 wei ght percent cobalt, a maxi num of about 0.35 wei ght
percent manganese, a maxi num of about 0.35 wei ght percent silicon, a

maxi nrum of about 0.1 wei ght percent copper and the _bal ance being nickel
are provi ABEURNYSIAE R FeET Y deiRdiving a thrpkacsrit th rrge oEabaPTH 25 RgRerein a first
superal | oys A5 &0 0.3 6 Gefinf Qi AEFARET BLBRIBILLN RIRGIB! Y UsiNg 2
square buttjornt having a thickness of about 0.125 inch (3 mm to about
0.5 inch (13 m). 9. The nethod of claim11l, wherein the thickness of the
square butt joint is about 0.25 inch (6 mm to about 0.375 inch (10 nm.
10. The nmethod of claim8 , wherein a first assenbly is welded to a second
12 5 March 2007 assenbly using a square butt joint having a thickness in

t he range of about 0.125 inch (3 mm) to about 0.18 inch (5 nm using one
pass of the gas tungsten are welder. 12a 5 March 2007 11. The net hod of
claim1l1, wherein the step of providing the faying surfaces of the
assenblies substantially free of an oxide |layer further includes renoving
the oxide |ayer forned during the tenperature holding step. 12. The net hod
of claim1ll, wherein the renoval is acconplished by grinding off the oxide
| ayer. 13. The nmethod of claim1l, wherein the step of providing the Paying
surfaces of the assenblies substantially free of an oxide |ayer further

i ncludes the steps of: prior to the step of heating the assenblies in an
oxi dative atnosphere, masking the faying surfaces with a nmasking nmateri al
and follow ng the heating step,
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renovi ng the masking nmaterial fromthe faying surfaces. 143 Mezeh 2¥’hod of
claimb5, wherein an iron-based superalloy assenbly is welded to a second
i ron-based superal |l oy assenbly using a square butt joint having a w dth of
0.125 inch (3nm to about 0.5 inch (13m). 15. The nmet hod of cl ai m 6,
wherein a first nickel -based superalloy assenbly is welded to a second

ni ckel - based superall oy assenbly using a square butt joint having a width
of 0.125 inch (Bwmjeticd flotith 10whertifche {tdBofProviding thefaying blredeodf the ai m 14,
wherein the width of the square butt joint is about 0.25 inch (6m) to
About 0. SyEsaihies f“%é ally ke of ot IAYeF rthering s somqyig e e i r of

ni ckel - baggglr sd+RRA LAY the $s@iEhlre holdindhged to a second ni ckel - based
superal | oy assenbly using a square butt joint having a width in the range

gas ungstZn. anbensiied o et £ ket gyl it g ealerd Py SRR R | ayor

i s renovedhd 6688 Rerl east the faying surfaces by grinding. 19. The method
of claim?7, wherein a first assenbly is welded to a second assenbly using

a square tt jyeiLnt havieng.a.-wigdth of 0.1 inch (3. u .5 inch
(1o e Ot i Bl ki i W o' Glorb e e Tinb SRR e O

wher ei n t esendbdithsubbtahtivdlySepe af en brtitié layen fatthdrSndhides the s@pRbfii nch (3m) to
about 0.375. ipc 10 ...21. The t hod of.claim 19, wherein an article is
oo ded t o ok B R Pl heariEs the FpemBlii an BBt Aot Bedi Bl 1 Che
range of -about fB4idPdurfabshvili3mhsking mnedil; hdliBllowing hdiREMg 4§, ng one pass of

the gas tungsten are. 22. The nethod of claim 7, wherein the step of
provi di ng t he FHYewRE e magkiag mgterighfgom thedayipe swdacsybst antial |y free of an
oxi de | ayer further includes renoving the oxide

14.  The method of claim 5, wherein an iron-based superalloy assembly is welded

to a second iron-based superalloy assembly using a square butt joint having a width of

0.125 inch (3mm) to about 0.5 inch (13mm).

15.  The method of claim 6, wherein a first nickel-based superalloy assembly is
- welded to a second nickel-based superalloy assembly using a square butt joint having

a width of 0.125 inch (3mm) to about 0.5 inch (13mm).

16, The method of claim 14, wherein the width of the square butt joint is about
0.25 inch (6mm) to about 0.375 inch (10mm).

17. -+ The method of claim 14, wherein a first nickel-based superalloy assembly is
welded to a second nickel-based superalloy assembly using a square butt joint having
a width in the range of about 0.125 inch (3mm) to about 0.18 inch (Smm) using one

pass of the gas tungsten arc weld.

18.  The method of claim 5, wherein the oxide layer is removed from at least the

faying surfaces by grinding.

19:  The method of claim 7, wherein a first assembly is welded to a second
assembly using a square butt joint having a width of 0.1235 inch (3mm) to about 0.5
- inch (13mm).
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| ayer formed during the tenperature holding step. 23. The hkkhd2007 claim
22, wherein the renoval is acconplished by grinding off the oxide |ayer.
24. A turbine mdfrane welded with the process of claim3. 25. A turbine
shroud support ring welded with the process of claim3. 26. A welding
process for an aircraft engine article conprising the steps of. providing
at least two assenblies to be welded together to forma unitary article,

said assembl i ghearatbddBViaE 19 WiRybinthestbiaThAdae bhRanSh dutsai d
assenbl i es each conprisin suger all oy selected fromthe group consisting

of iron- b&%HHC%@HWHPIaW%%é%éi kénupased superal l oys; heating the

assenblies in an oxidative atnosphere, at a rate to mnimze distortion of
t he assentdli es, Theaméthédsfptdiat 19 @heminamlaaiuleis Weldddas b sdodbd afticle(af 60C) t o

about 2000 F. (1090C);. hol di he ass | i t enperature. in the
range of AHBAED wtg?‘ﬂ{l%@f iy ea%ap?%‘egﬁ?? tﬂf@é%@q? fo Oaﬂﬁléesa ect ed
tinme suffiigdiBinnt) Qs bl pids BKILE @as tuay®én £5. @ presel ected thickness on at
| east the face side of the assenblies; cooling the assenblies to anbient

tenperatur.ge; providin t. |l east, the faying surfaces of the.ass lies
oo aat |28 | PR e ot A ndrdl ale Mo thaRVidiRE R Rtin RECFEREM oo of
t he assenbkdicablivd substamiallyifde ol ayetidOfyd fufhe sihelet athdviigakeeside r ange;
formng a weld joint by placing the assenblies so that their faying

surfaces aer igped duing thotemperalire RoldmgatePyel di ng t he assenblies using a gas
tungsten arc process to forma unitary article; direct aging the article in
a protect @d. at mhs pleehod of elath 22 ovlichgn theeemotal &l secdraplahid Bngrindingtér at ur e.

27. The we] di ng process of step 26 wherein the step of holding the

assenbl | edhegxidp layer.

24, A turbine midframe welded with the process of claim 3.
25. A turbine shroud support ring welded with the process of claim 3.

26. A welding process for an aircraft engine article comprising the steps of:

providing at least two assemblies to be welded together to form a unitary article, said
assemblics each having a faying surface and a face side, said assemblies each
comprising a superalloy selected from the group consisting of iron-based
superalloys and nickel-based superalloys;

heating the assemblies in an oxidative atmosphere, at a rate to minimize distortion of
the assemblies, to a temperature in a range of about 1400° F. (760°C) to about
2000° F. (1090°C);

holding the assemblies at a temperature in the range of about 1400° F. (760°C) to
about 2000° F. (1090°C) for a preselected time sufficient to form an oxide
layer of a preselected thickness on at least the face side of the assemblies;

cooling the assemblies to ambient temperature;

providing at least the faying surfaces of the assemblies substantially free of an oxide
‘layer, while providing the face sides of the assemblies with an oxide layer of a
preselected thickness range;

forming a weld joint by placing the assemblies so that their faying surfaces are

opposed;
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tenperature in the range of about 1400 F. (760C) to about 2BBR&h Z8071090C).
for a preselected tinme sufficient to forman oxide |ayer of a presel ected
t hi ckness on at least the face side of the assenblies is also sufficient
to solution the assenblies. 28. A nethod of repairing a superalloy article
using a gas tungsten arc welding process, conprising the steps of.

provi di ng : i | \ j .includes the
el enent ofﬁlcgﬁglﬁ?%éﬁ]ﬁélﬁﬁlﬁ?@k%a% %sr%?tgﬁ glrr'a?)l} %C%% tﬁﬁ%ﬁ% gllg%g}é%%gfeh eedi ng
repair, sdirdctaging thavatde nga pwpaied ahpesphgeand cealsty thewrticlspo sinbigntf ayi ng

surfaces and a Ieg%h two face surfaces; heating the article in an
. . [ cra C. .. . . . .
oxi dati ve atnosphiere, at a rate to mnimze distortion of the article, to

a tenperature in a range of about 14000 F. (760C) to about 2000 F.

(10900 ; | di the.article at temperature in fhe range of about 1400 F
(7600 1 0 bout e Seistrotereiisr Hoornaip AsiapaPebimts HesSa s tont t o form
an oxi de kayRiatek iftheRERS 8bdue U440V k150sS) B RbaAI 206@ st (1obeed)aeea si des of

the article; cooling the article to anbient temperature; providing at |east
the fayi ngreselpstedidme suflicieat tgdfpmranoxidmlayaf p arasglegteddickpesyengkicas | ayer

whi | e proy 'Mi&é‘tﬁtﬁ%ge\:l\rgl}lg:?% Mo kil Id Sl fioWdhdas@ingitde | ayer of a

presel ecte t hi ckness; ng the article using a gas tungsten are
process to repair the article; resolutioning and stress relieving the

article igga ngn-gxi ive.at mpsphere to relieve stress in.fhe article;
2nd cool i 48t na Biedetsygil CRERAROLaBle e d'Es wRbhETRC MM 1 ¢ S 1 16,
wher ei n t becsdsengirisinglthlé sigpstdfie article at a tenperature in the range of
about 1400 F, é?GOC) 0 abpﬂhasooo F.. (10 resel ected time

|

, 990) for
suf fi ci enPrvyli %?W&’f?h%}&?% %FGPB‘FedabSb‘P’%‘g’é‘BéWéI&ﬁ{dﬁg theglezmentof ot | east

12d 5 March 20@fomium and nickel, said article having an area needing repair, said area

needing repair having at least two opposing faying surfaces and at least two
face surfaces;

heating the article in an oxidative atmosphere, at a rate to minimize distortion of the
article, to a temperature in a range of about 1400° F. (760°C) to about 2000° F.
(1090°C);

holding the article at a temperature in the range of about 1400° F. (760°C) to about
2000° E. (1090°C) for a preselected time sufficient to form an oxide layer of a
preselected thickness on at least the face sides of the article;

cooling the article to ambient temperature;

providing at least the faying surfaces of the article Substantially free of an oxide layer,
while providing the face sides of the article with an oxide layer of a preselected
thickness; _

welding the article using a gas tungsten arc process to repair the article;

resolutioning and stress relieving the article in a non-oxidative atmosphere to relieve |
stress in the article; and |

cooling the article to ambient temperature.

29.  The method of claim 18, wherein the step of holding the article at a
" temperature in the range of about 1400° F. (760°C) to about 2000° F. (1090°C) for a

preselected time sufficient to form an oxide layer of a preselected thickness on at least
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the face sides of the article is also sufficient to sol utioMardie2007
assenblies. 30. The nethod of claim 28 further conprising the step of aging
the article in a protected atnosphere after the step of resol utioning and
stress relieving. 31. The nethod of claim28, wherein the step of welding
further includes the addition of a filler material of a conposition
conpatible with the article conposition. 32. The nethod of claim 28,
wher ei n anhé faoasibessdhesarpde & dloysuffididnt teesohgioprinvisekaehlics.33. The net hod of

cl aim 28, wherein a nickel -based superalloy article is provided. 34. The

~ method of s ai mhgﬁaetmagf%ia tzg‘fud'ﬂ%?%%r%ﬂié tﬁglsjtglg HP&%@Jkethgatftigfe iﬁgsm utioning

and stress relieving I1s selecte e gro consisting of nitrogen,
i nert gas,pretadecamobpiwtd ajies thelstep @b fesolufiening and stress relieving.

31.  The method of claim 28, wherein the step of welding further includes the

addition of a filler material of a composition compatible with the article composition.
32.  The method of claim 28, wherein an iron-based superalloy article is provided.
33.  The method of claim 28, wherein a nickel-based superalloy article is provided.

34.  The method of claim 28, wherein the non-oxidative atmosphere for
resolutioning and stress relieving is selected from the group consisting of nitrogen,

inert gas, and combinations thereof.
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