SURFACE OXI DE WELD PENETRATI ON ENHANCEMENT METHOD AND ARTI CLE FI ELD OF THE
| NVENTI ON This invention relates to an apparatus and nethod for wel di ng

ni ckel -base and iron- base superall oy conponents and to nickel -base and

i ron-base superal |l oy conponents manufactured using the nethod of the
present invention. Mire particularly, this inventionis directed to a
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solution process required to prepare the article for welding nust be
performed_in_a vacuum }g;T wel di n”CIlI rocesses are generally often used to
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area causes significant distortion and a relatively large heat affected
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superalloy components are often formed by casting, circumstances exist where
superalloy 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
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| with a square butt preparation; this processing has been used in place of
el ectron beam (EB) welding for nickel-base and iron-base superalloys. In
addition, the sane processing has been used to weld thinner sections but
with significantly reduced heat input as conpared with conventional GTA
processing. A proprietary weld flux has recently been created, known as
FASTI G SS-7TM which is owned by Edison Welding Institute, conprising
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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

The present invention is directed toward 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. The process of the
present invention permits the use of a GTA weld process as a substitute for an EB

weld process.

The present invention generally provides 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



wel ded together to forma unitary article through a process that first

I ncl udes the formation of an adherent oxide |ayer on the surface of the
assenbly substrates that are 2 to be joined. First, the assenblies are
heated in an air atnosphere, at a rate suitable to mnimze geonetric
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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 use 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



used in place of EB welds, resulting in a | ess expensive wel ding process.
Anot her advantage of the nethod of the present invention is that the
pre-weld solution heat treatnent and oxi dati on 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 the weld joint is reduced to the
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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 least 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 another 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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conbi nations thereof. Preferably, however, the conposition of the
assenblies are of the sane or simlar materials to avoid probl ens
associated with dissimlar netal welds. Put another way, preferably

ni ckel - based superal |l oy conpositions are welded to nickel-based superall oy
conposi tions and iron-based superal | oy conpositions are welded to
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preferred embodiment, one assembly comprises repaired cast INCONEL® 718 and a
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second assembly comprises wrought INCONEL® 718. The next step of the process
110 is 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 are heated in an oxygen-containing
atmosphere, preferably air, at a rate suitable to minimize geometric distortion, to a
temperature in 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 assemblies. In a preferred embodiment, the oxide layer will be in the

range of about 0.0005 inch (13 um) thick to about 0.005 inch (130 pm) thick. In a
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at nosphere, preferably air, 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 oxide layer on the surface of the article and as
a pre-weld solution heat treatnent. The tenperature of the assenblies is
then held in a range of about 1400F (760C) to about 2000F (1090C) for a
presel ected period of time in the range of about 0.25 hour to about one
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t he assemshffiient ¢ maintaimdinoensivonkdtahibtyat a rate sufficient to avoid
precipitation of unwanted netal | urgi cal phases and at an appropriate rate
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the face si present Invention does uire an oxide fayer to be
present omembeed fom al dertiohs pfi¢he assemblds eepinfonhibd favke|side oThe phsemel d
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appropri at & HBIRSFEEJOh T qémt‘?yarbrolefgi fﬁ‘é{erofo rREessnl Ofti thg T9pt 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 of 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 area 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
6



t he oxide | ayer. The oxide |ayer should be renoved fromall surfaces of the
article after welding in accordance with the present invention. The oxide
| ayer may be renoved by machining the newy welded article or during the
final cleaning of the article, depending on the nature of the article. The
next step of the process 140 is cleaning the faying surfaces of the
assenblies with an appropriate cleanlngbagent to renove any renaining
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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, creating 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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substantially oxide free, such as by renoval of any oxide that may have
been formed on them The renoval of such oxide may be acconpli shed

mechani cally, 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 assenblies also include a thin oxide |ayer 24.
Optionally, the thin oxide |ayer 24 on the back sides 28, 30 of the

assenbl i esleprggserhe madthad dherweldrpoob buabentiy. pareenfiwhen isempargd it theodTANat

ot her wel h QL. [t hgquratl V- 101 Nt S ble.Vioints,,.Uoints,
etc., all %\%{1 ?b(anog\%nqp%lg%ﬁtdﬁtghgg%@%gﬂ%? g% ngghat}fse e .ogi‘?drel3 cé)ﬁ%?éie ep‘fvslfder red

enbodi nentppol henassedbdicetso aeeersabbfi@didtion thauafigeshihib thoftedtruibaleivig a
t hi ckness Ofbég ut 0.12 0,18 inch (about 3 to about 5 mm) and

to apou .anot : C
require of@o egeniehal thex |E}té? Gl welddnsownyetign with theoxidedayssianes
t oget her. [BIRHC ' ' n f -th ral | oy
assenbl i estﬂ-é;f‘af ers rt%ﬁe&;l‘l\%f}e§fl‘e% t@ ﬁmg?ye&]lg%mcog g# ht%%%b%% mgg}n:ggﬁbfslggjgss.
| nst ead ofappliaatiGish idikesthe aleatani weldaproetsat thee G Avivabdd pineteshdbésonotwel d

ool, the GIA weld pool creat by the,. t hod qf, the present invention is
ol at i vel §oE AoNEe R qmpEnER s Cutie e find s Corepmlies RncBihe ol GHag e
creating arovebd ofBhélpréRie iWehion 8 BRkCIn SRRIN 1AL WndiR §&HL dhafk

normal 'y obtained wi th conventional GIA processing. The present invention 7
decr ease ®@pempligs. hHeldingal etberiveld phrapyeterd const®Q, the present imtestior mdpegsed t o

t he GTA I l d . n enhl,i es. t hat not have. an oxi de
coati ng. ﬁée&nvxﬁ'ﬁl SOf%](;)l %aé\égreﬁlélrr r%&é%edﬁzﬁt‘gggmgz(?& g'équgg? PACEitfo PB\% t hat
drives theohetdepslowkl thatl GIDARveldihg i@l pdttoraRAbAas@imbIRE thae 6 not hgeGTA wel d
in conjunction wth the oxide |layer on the assenblies achieves adequate

penet r at | 8 oxHlerlapira @TApvilding teehniqres ond EBpisiding technigues prei knewnhia

el ectron yel g process, the GTA wel d process does not require a vacuum
envi ronnment during wel ding the assenblies, since the GIA welding process
of the present invention requires an oxide |ayer on the surface of the
assenbl i eThe Hektditepgofithe poadesy 1 eis degodutiomixtgears] stesstelinving) dralifpcesgng,

' ' , ired f t GTA wel di ng from
;Bgﬁ? t ggnblipfguﬁﬁésdt C?E'tgnﬁ%ﬁ{rrlo uantprgtgct?vrgp%lﬁgg&)hg%q Bt & ap%gopn%% prese ecteg d

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
peried 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.
8



50 percent |ower than GIA welding that is perfornmed on assenblies that do
not have an oxide |ayer. GIA wel ding techniques and EB wel di ng techni ques
are known in the art. The next step of the process 170 is resol utioning
and stress relieving, or direct aging, the welded article in a protective
at nosphere at an appropriate presel ected tenperature for an appropriate
presel ected period of tinme, both the tinme and tenperature bei ng dependent

on the ty L& pecopd syamplgs sipdaghy dbwshetingthe kepapdity efithisinyveation and t he
desired pr, ' : h, {4 n r [eS. Al e | nown i,n the art.
The opt i bioredit st inblfis GIIERRGE d QAR Hhick ifcdPhiselfiF Hin hsdd]

prot ect i venatatalvpafeneddh camuagonopith dieeprpcaes ef drtmescheiiperfittinifequir€r an
appropriate preselected period of tine, both the tine and tenperature

bei ng depénti¥Fnt dn thadangmel ghoutlmin &P Bypss (o phaut 33% less efirent thase wel ded
article a H%)q & I LT t he

t reat nent ,%%%1‘%%{) %‘g&g%%}(ssrle pfr?%%é}P %)[ |5 si?l tkl‘%]gﬂ’%%r?ggbé@e@% @?yc?ﬁce%g%o@%éss 190

i s cool i ngftweldiaptdfcibeut 6 tan®iishes (Eifper a5Qmem) EXAMMEe o abhiese fai fudlt

exanpl e of_the pr esi‘?t i nvention, illustrating the capability of the
present i MYBHIAUGR Wl IRGP2S%hel d heat input, a GTA weld of 0.06 inch (1.5
mm thick nickel based or iron based materials perforned in conjunction

Wi th the weldBsSaccoldidd'® MeqHesRht hiptedthi 1R Heel WeS@bed if YR Wadipe range
of 40 to 50 anps_(or about '33% | ess current than conventional processing)

and a typitegsthey different assemitiies Beyevertthe amsets of thopihentinveotiomitay alsed a rate

f | di ' . 6 i 1Q Q.. )
achi eve a P8 ERORE dh blliche 50 Rephe Sent s (Bl oVl Wl o

exanpl e, prefedablyl wsed fdruhé meld fegait A8 aftibabi drtitles Bivib$as aicd\reBdih@Repatro reduce
heat i nput, ?‘FGTA W?I d of Q.09" (2.3 m thi ck ni ckel based or iron based
mat eri al s 2PEOPHNES [§ast o faring sufrca anfl ahleasityedace sides hOT the wsess

OSSP SEPN 8 P S 6. 62008 Sl ol Byl 200
of about wWithoutl &xoesdivesmacithnical sneovabbf metediahy mEpabidornt fof thowsld mphies (100
to 150 mﬁ[n ggéiti%,néj hﬁert I%at%lglai St c%rr?pa];igiel material may be 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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penetration weld in one pass. Wl ding according to the present approach has
been described in ternms of welding together different assenblies. However
the process of the present invention may also be used to weld repair an
article. The sanme steps as described previously are preferably used for
the weld repair an article or articles having an area needing repair and
having at |east two faying surfaces and at |east two face sides. O the
process reapivelenisdaey bosubstitutespfar elegtentsitheraptgithort departing &ast thageesf ect s i n

cast conp t £ hout Ssi i.cal removal .of terigl .in

prepar at | 3)2??%?‘? I\f{1¥}aotn\7\/(301}1{cla draié%ai If%a}{? P}l%%gﬁ(;%ﬁ? ﬁsgﬁl,ayaefrflﬁeéff’ aﬁg!%ear I?aéﬁc"g?r

conpat i bl eitoaticer oainataial be thes edcliiags of lthe idekton Rvithdgt degartind Goml iR process
of the present. invention _dges not forn1an% visible slag on the surface of

the arti clegsentipk $560¢ Hesoke Theredus, s ntended dent ithryinvartionepatibsdimitgdetst | ng
e antic : . ol i . . 19
on the " § nePabtlal OB AMeANGEAbARTRL bbnO BTG, GG, B\ o

oxXl
renmoved f thimitveatiomehud ¢bbt dhe imertictuwilbnchide aileahbodimahts chidagiwithiptecess of
wel ded articlgglgat 'sd r?utinely perfornmed after welding to renove

di scol or atFHF UNEIRGAISILIHAES art. 1t such oxide particies are left on the
surface of the welded article, corrosion or noisture absorption into the
oxi de particles could cause additional corrosion to occur. However,
post-wel ding cleaning is typically perfornmed on all welds. Numerous types
of gas turbine and other turbine engine conponents may be rmanufactured or
repaired using the nethod of the present invention. Such conponents

i ncl ude turbine mdfranes, turbine shroud support rings, conbustors,
centerbodi es and fl anehol ders. While the invention has been described with
reference to a preferred enbodinent, it wll be understood by those
skilled in the art that various changes nmay be nade and 9 equival ents may
be substituted for elenments thereof w thout departing fromthe scope of
the invention. In addition, many nodifications may be nade to adapt a
particular situation or material to the teachings of the invention w thout
departing fromthe
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essential scope thereof. Therefore, it is intended that the invention not
be limted to the particular enbodi nent disclosed as the best node
contenplated for carrying out this invention, but that the invention wll
include all enbodinents falling within the scope of the appended cl ai ns.
10 CLAIMs: 1. A welding process for an aircraft engine article conprising
the steps of providing at | east two assenblies to be wel ded together to
forma uniglamarti cle, said assenblies each having a faying surface and a
face side, said assenblies each conprising a superalloy selected fromthe

group consji sti iy =03%5% . . L.ekel - uper al | oys;
heati ng tﬁlé asggﬁﬁl%é%ﬁ&gn OX|%%?$€%1%€%%T§§H§P@?8§§ E{til%?sge?pg 0tib 0 mnimze
distortion of the assenblies, to a tenperature in a range of about 1400F
(760C) to aboytrododgrat(1&90@p; askahldiasgot tee wakkednbpétha @t foamt e rgpétast ure in
t he range of .abo 1400F (760C) . to ahout 2000F (1090C), for, a presel ected
time suff G ehsaldasegpRicsra %\6%3 &Yng su acemnésae#%@%ﬁlé& i exehabicnn at

| east the eﬁ&?%oﬁipﬁji@ingfatﬁﬁeﬁﬂwrﬁ@ieﬁ%&ﬁ&ﬁotﬂengr&lgec&}ﬁ%ﬁ | bfrohBadiiidi ent
tenperature; providing at |east the faying surfaces of the assenblies
subst ant i ahpsralieyseindmickal-based superallpys;, whil e providing the face sides of
the assenblies with an oxide |ayer of a preselected thickness range;

f ' | d 4.0 i-ng- | ] h i favir
curfaces are - ASAn i aBRARGO o 47 GIETHR, 4E0aRn 8 4 18 GpBiR

process t d@idtaitiohaf uid hsdeniblds) e h @emp@s0telini DRinBE 0B BB TIMO0F (AIOPEVioNg t he
article in a non-oxidatiyve atnosphere to relieve stress in the article;
and cool i #§O¥HO0GH (10PR° Qo anbi ent tenper at ure.

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;

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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2. The nethod of claim1, wherein the step of holding the assenblies at a
tenperature in the range of about 1400F (760C) to about 2000F (1090C) for a
11 preselected time 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. 3. The nethod of claim11 or 2, further
conprising the step of aging the article in a protected atnosphere after
the step dresclsstsddimosnithgienirie fanm anexidejayeypfmpresclecherbthicknpescnott legsly one of
t he precedj I i i = rall . conprise a
chroniun1ggggg%%ﬁ%gﬁggﬁgg%%ﬂﬁ%F;a?J$%a§%ﬁ§§gﬂPﬁ§§8§%§%%ﬁ{w%y wei ght and a
ni ckel conposition of at |east about 8 percent by wei ght and the nickel -
based supé}.al | éite methpd dbdaim hioe Refurther canprisingrthesitdp afragirie the alt@dsin about

50 percent b i ght and chrom um conposj tion of at | east about 12
percent by %?éﬁt\%ﬁ?gg‘ﬁpg?f@ aﬁaﬁﬁsateafo?m%ﬁ@ms@ REesreiieng cl ai s,
wherein two iron-base superalloy assenblies are provided and wel ded
together. £. ThhenRielhod & a@PYneuT Bk Fredddi®y bldifs AwhbRE! Shd ibWhased

ni ckel -base superall oy assenblies are provided and wel ded together. 7. The
met hod of SéP%Fﬁ]E@)G,COWF@ﬁ@Ii shropgumnmeseeal comgositmerfit lesst zhout p8 peicaedyand

wel ded t ogget her _ 0 e t he ecedin ai wher ei n
Nt irat ourapfiand 8nidldf cHEDAMLOr A RasP PR s ReREREb Rl g I kst r
using a sdiassdesupsitatloysoéoniiprisa\al Higked petdehtClongssitih @ dasOabbab 50 ?@f&eﬁﬁ mm to
about 0.5 _.inch (13 . 9. The nmethod of claim8, wherein the thickness of

) . ] )
t he squar @YBYRIBhta8d archromigmgiempogition of atlsayt gbewyl 2msresnbl weighZs i nch (10
nm . 10. The nethod of claim8 or 9, wherein a first assenbly is welded to

a second sassenfy ' e t o deQl i g el ess kNt he
range of about Pﬁgkl‘?gﬁﬁ"’ﬁg%@a‘?’g%m% Of?g{eagiggét:d]%gf r1}%}{{9“%’(: rﬁf@ﬁlﬁﬁtﬁ? ﬁgrll Irl?gseone pass
of the gasuperalinstasserablicswed previded 2nd welded together.

6. The method of any one of claims 1 to 4, wherein two nickel-base superalloy

assemblies are provided and welded together.

7. The method of claim 6, wherein two Inconel 718 assemblies are provided and
welded together.
8. The method of any one of the preceding claims, 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 8, 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 or 9, wherein a first assembly is welded to a second
assembly using a square butt joint having a thickness in the range of about 0.125 inch

(3 mm) to about 0.18 inch (5 mm) using one pass of the gas tungsten arc welder.
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