; RSe3eSP| | 6JT8<25 June 2003 WELDI NG METHOD AND APPARATUS ng%ﬁﬁggéq? ELD OF
THE I NVENTION This invention relates to wel di ng apparatuses and nethods.
More particularly, this invention is directed to an apparatus and net hod
for welding a superalloy article using a polarity-reversing plasma
transferred arc technique that mnimzes that area of the article that is
heat ed during wel di ng. BACKGROUND OF THE | NVENTI ON Hi gh tewmmw&wmau
and ni ckel -based superal |l oys are w deiy used to formcertai of
gas turbine engines, including conmbustors and turbine vanes andisbb@des.

VWi | e high-tenperature superall oy conponents are often formed by casting,
ci rcunst ances exi st where superall oy conponents are preferably or are
required to b j ing. onents havi ng

conpl ex confi M%M@ﬁgﬁgfpﬁe$ﬁﬁ%Pﬁm@@mhr oud support rings,
can be nore readily fabricated by wel ding separate castings together.
Welding is also wdely used as a nethod for restoring blade tips and for
repairing cracks and ot her surface 25 June 2003 2 . discontinuities in
superal | oy conponents caused by thermal cycling or foreign object inpact.
Because the cost of conponents fornmed from hi ghtenperature cobalt and

ni ckel - based superalloys is relatively high, restoring/ repairing these
conponents is typically nore desirable than replacing them when they becone
worn or &Y .{%ﬁﬁlﬁﬂéEbE§€ﬁqsuperalon conponents of gas turbine engines
have been wel ded at an el evated tenperature (e.g., in excess of about 1500F
(about 815C)) to inprove welding yields. Wlding is often perforned in an
encl osure containing a controll ed atnosphere (e.g., an inert gas) using
such wel di ng techni ques as tungsten inert gas (TIG and | aser wel di ng

pr ocessePhisHeAYérMbon SrdliRisCabl Wwaaid® ABfaiusddduiid OmePhodd.t h foge use of

| anps, such as quartz hal ogen | anps.” Superal | oy conponents of gas turbine
engi nes particujqriyakhiy irtventiphl ys stireted rtel iaav egpbetas eanve| wiettwd dor el ax
resi dual stresses present nom engi ne service, and then stress-relieved

aft er wevgldiggtaosiraralloy astidgalsing pgaalasty-reNpreiagplasmg weorsfesedmre rom t he

wel di ng ration, Heat .treat t al so provides, styress relie .

di ssol ut Yoegﬁn&uea tlﬂ%tr mnﬁ%eshgﬁ%eﬁfﬁag cga aﬁsﬂ?etdf‘é e il}?a)geé scwréﬂ@t hened
ni ckel - baggdigyper al | oys. Generally, the heat treatnent and wel ding
paranmeters w [l vary depending on the alloy of interest, the anount of

residual stress relief and dissolution required, furnace design, conponent
geonetry and many ot her factors.

BACKGROUND OF THE INVENTION

High temperature cobalt and nickel-based superalloys are widely used to
form certain components of gas turbine engines, including combustors and
turbine vanes and blades. While high-temperature superalloy components
are often formed by casting, circumstances exist where superalloy
components are preferably or are required to be fabricated by welding. For
example, components having complex configurations, such as turbine
midframes and shroud support rings, can be more readily fabricated by
welding separate castings together. Welding is also widely used as a method

for restoring blade tips and for repairing cracks and other surface
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TI G and | aser wel di ng techni ques as descri bed above have bqﬂpmﬁﬂggﬂﬁﬁfully
practiced with superall oy conponents. Wth these techni ques, though a
general effort is made to limt heating to the area to be wel ded, a
relatively |large area of the conponent is often heated. As a general rule,
excessively high wel ding tenperatures nust be avoided to prevent undesired
- - 25 June 2003 3 recrystallization or nelting of a conponent, while the

m ni nrum conmponent tenperature must be,sufficiently high (e.g., 1500F) to

i nhibit cracking during welding. At such high tefperatures, the heating and
cooling cycles can be lengthy, and the confort of the operator of the

wel di ng- apparatus can be an issue. BRI EF SUMWARY OF THE | NVENTI ON The

present . i eperall V] p ug,a h | ding a
lper al 1SRRI RE Epekalfh? oo eaist by " RhediAl ScTE 0F 1l <

i nventi ofar@ibAvéliect Rhpa&cUBatRlsk GRNéds?!dfi AmpbRen8NidRIAAUR®NPThighvery

| ocali zed region of an article so that an optimumtenperature cah be

mai nt ai nledhperative | cubali zawd r eyclkel-thsed nguperalloys tis predatiredya lsigh) |,
controll ed wel dprent , and pronote the desired ph)igj cal and nechani cal
proper t | EStYINGHEPAHING | BesqheOmpRRerRtSudS ot RIGHLY | pEe: Assirflaethan v

vl ai ng S Ry BRRRAGED R ARG 1L Ty The' 1 ocal zed.

region, neans for sensing the tenperature of the |ocalized region, and

means f o gRNpagt] !;til}lﬂél'allb? Quipetiert of Ras hefihe @ngRriAshRASBELPWelded
0

tenperature of the calized region and according to a preestablished

wel di ng seapelatated templerdtare Aegoridi exgessoof AkounIEF abotth8150€)) teig neans
is an induction cail pl acfcfﬁgi n,_cl g,se proxg mty to th‘i | ocal i zed region of
the artiHRBIOWAVelRing evigldfy mARiSingeris eQftem Perépnsaedt by erbrencksWrecal i zed

et er m red Rtk sielPRabheltde suraLitSr e i Sufa8®dag, ai ng o
the i”VechhBI%ués*’%%ﬁ{ icéwir{&ag&s (BIG) & Blset Wl protesMdsaSHRBafingNst err ed
arc (PTA) wel ding apparatus that s operated at very low 25 June 2003 4

cur r ent sisofypicallynpefotinad Hyoirtdudtioneommith ther eseoflmpsdudmaseqtizan five
anps, so that the welding. apparatus has only a secondary heating affect
conpar edhalpgendamppic bnparatleyl companens pfgasstugbine engingy are typigally st or age

device | Bl SRl S5ea0 ARRLAPELALS WElhI%! BIRE' AL OIS e ™
from engine service, and then stress-relieved after welding to relax residual
stresses induced during cool down from the welding operation. Heat
treatment also provides stress relief by dissolution of a portion of hardening
gamma prime (y’) in y’-strengthened nickel-base superalloys. Generally, the
heat treatment and welding parameters will vary depending on the alloy of
interest, the amount of residual stress relief and dissolution required, furnace

design, component geometry and many other factors.

TIG and laser welding techniques as described above have been successfully
practiced with superalloy components. With these techniques, though a
general effort is made to limit heating to the area to be welded, a relatively
large area of the component is often heated. As a general rule, excessively .

high welding temperatures must be avoided to prevent undesired



The et hod enabl ed by the apparatus descri bed above generalb? 3h03
preestablishing the desired welding tenperature profile for ﬁe super al | oy
article, and then operating the induction coil and the sensing and
controlling neans to heat the localized region of the article according to
the wel ding tenperature profile. The localized region of the article is
then wel ded by ' polarity-reversing PTA welding at a |ow current while

mai ntai ning the tenperature of the |ogalized region according to the

wel ding tem 5erature profile. This invention provides a nethod of welding a
superal loy article, the nmethod conprising the steps of: establishing a

wel ding tenperature profile for a superalloy article; placing the

superal I 9ach§taméamdmolamémﬁ QFY EoPohbat, While tRé IREmRA| BthSindrite
article is adjacent to an induction coil within the enclosure,’ the

encl osur ¢ethpetdtare heust bg sutficienflprhighfeignd 56098 tpdnhibit erackirighdutingal i zed
regi on and neans for controlling heat output of the i nduction coil based on
the t errpéﬁ“%ldmga d§t gueh hl@baternzté@ramrgrsoth% ting andi qopling tyfées/\@murbﬁ

t enper at rofil operat,i the i n n co t he se ans and

t he contlrII F‘Xg%ghg CBBﬁaE PO IR ‘}(!e r‘gﬁt%gcﬁ‘pﬁaﬁﬁ a?‘cgea%r th the
i nducti op.e@i | according to the welding tenperature profrle and t hen

wel di ng t e [ocalized region of the article by polarity-reversing plasnma
transferred arc welding at a current of 0.1 to about 45 anps while

mai nt ai nIBRIEFISUMVARROF BHE INVIENITION i zed region with the induction coi
according to the welding tenperature profile) the induction coil having a

greater ing effect on the | oi:al i zed region than the polarjtyreversing
pl asma tr@lﬁsﬁ’éﬁm g}V@nﬂ@pdgﬁger lyogrg SZ@O?RF@WSS anﬁlv@mtheﬁ fQIrt her

provrdes t hod_of | d ral cIe si ng

t he st eps m%gtsgmef%lﬁqyn%ﬂgﬂeﬁeﬁ}gc?E b%lgfa’é't eeaBp %ap Fn?ﬁ?% al I oy
articl e; {RiAH{VEhHOREpRRARE Ak Qtcafdtbl/ @oﬁt?ol?ﬁtge RHpEratilrd BRla edyocal i zed
regi on of the artrclg I's adjacent to an I nduction coit wthin the

encl osur docdlirede regiosuioé aavartgleresanshtoans eptinmgm tempeeatater earofbd he
| ocal i zed reqi on and neans for controlling heat out put of the induction
coi | basenaiairkd fRriver lacatigeds ragien | dedngzweldiag & predtusecaramal, to the

welding te ¢ rofile er at th n ctron orI t he, sensj ng

means ancfogﬁ%ﬂ%g: %}Bfmﬂﬁ Pr@gtngrqxdoheegpe ﬁ% 1}"’6}; %ﬁgoﬁ‘e@a’t‘ﬁﬁi article
with the IBIQ’% 1L 08f GRIfrrigecording to the wel di ng terrperature profile; white
mai nt ai ni'ng“the tenperature of the localized region with the induction coif

according to the welding tenperature profile, establishing the article at a
first polHhé tapparstusséfatiis shveagtiom geherdllyo dntaildj a enicldshee aidaptéd fat an

opposite polarity so as to initiate welding of the article throu?h a plasm
arc gener%@@nmgmewqmﬂomrnélee mwafvé wekling gy tocalized gggiasmef ghe 0. 1 to

| ess than nps. .the.i nduc reater ating effect on the
| ocal | 2o Rl oo i aHgBwelh Pradeic c Mg fOf iR e,

mat eri al fogn éﬁhﬂ%eﬂb@aﬂfé@i@@ﬂ Eﬁ&‘%ﬁé‘éhstflﬁ &Jrﬁfdlllﬂgeché%&aﬁ?o@”' cle;
and then repeatedly reversing the po1 arities of the article and the

el ect r odethehhbatingi meansiibaged hen tthepengiaraturef of Itke [localizere degiogi amd wi t h
the induction coil according to the welding tenperature profile. This

i nvent i onaeROsAing tsw@ége%abtéqttﬁdn@/ehbpartamrémrpreiﬁiﬁ; A&ﬁ‘”@d@ﬁd@ fhe

contai nin e oy.article;. an.i t| on. eat onI calized
regi on of 9} ﬁg%'ﬁ?‘( b %‘i‘%t’?{eat‘ﬁés @ﬁ‘clpg gn Cﬁelalﬁéc?fg |H{8 'ém?%r%%er ature
of the loggli f dehepar f appel di ng
t enper at uggé r}ég%{ r?@t[og\e (gr tﬁrl%I éeljﬂ%#'e‘?aarﬁtg&frrtf)ljgeycont?‘g lrﬁ%ﬁs}[ %Ighrg%ductr on

coi | basetempertatard ofrpiee dbdalizedfrepion bochhi ded teraperaturc obthk hocalizedhe

wel ding tenperature profile; and means for welding the |ocalized region by
pol ari t y- Fegiendp rlgrgﬂlragheﬁeltmmdf and gpiglkly arttqredd@' she guipnt ehtherolless than

5 whi | h f th i
i nglrjrgts i onlAé%i’ Irg‘ﬂ‘:’;t‘%:]rt tﬁgh%o&tv}?g‘%i gkl%%ré\? S gH}éfﬁ?%}%g%p? d?qq?ré%gfehver?mguct ion

coi | havi P@as%w@h%%?én&?ﬁ%d &); W&m%“a;%ﬁ‘ﬁah@ﬁ&{dﬂ@@ E%b&%ttv'é% 16we

polarity-feversing plasm t erred-ar | di ng 5 June 20 4b As
descri bed above, the apparatus and nethod of this invention couple

i nduction heating with a | ow heat polarity-reversing PTA wel ding process to
enabl e accuturate control of the tenperature of an extrenely |ocalized
region of a superalloy article during fabrication, restoration or repair.
As a result, the tenperature of the localized region can be nore accurately
mai ntained within a limted tenperature range throughout the wel ding
operation that avoids thermal damage to the article. Additional advantages
of thrs |nvent|on |nclude a reduced meldrng trne Iomer heat i nput that

o o . o o, o o



O her objects and advantages of this invention wll be bettgég%;&{)reci at ed
fromthe foll owing detailed description. 25 June 2003 5 € 2003
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic representation of a

wel di ng apparatus in accordance with this invention. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON The present invention is generally directed to superall oy
articles that undergo a wel ding operati@n during their fabrication,
restoration or repair. Wiile the advantages of this invention are described
with reference to conponents of gas turbine engines, the invention is also
applicable to a variety of applications in which the tenperature of an
articl e nmusurbstacdunett vioye rthantfaitydived ampsg prefetibly nodArmepp dhan fivel0 f or

perform ng a wel ding operation according, to this invention i.s schenmatically
depi cted | ARPYLFR HHat %‘f’ewa?;g ARRRrasRS g saasf?cg'ﬁ@%sﬁ?ae%a Eteral Iy

of a type ki A" tPehd GhAhAthn foile! BhaGpPRRAAL i A5 SrEHloPs al ke aser
wel ding in a controll ed atnosphere. Sche ically represented withi'n the

appar at us Itorageadevicdtiat stmecan hpprbfriate hedddinggempemgtura prafjle ot thel e ( not
shown). The cail 14 is g{&fﬁeratﬂy si zed and shaped to closely surround a

very | ocal ilggdlt & @951 cl e so that uniformand rapid heating of

the localized region occurs. The enclosure 12 is shown as including an

inlet 18 thyRAIGReMYL RnaBlel NBY tthe Appaisthsd8eskii®ed Aboveegeh&allfiCeritiiier i or of
the enclosure 12 to ﬁ‘gvent oxi dation of the superal‘leaé article while at

t he el evat epresstablishinggtheedesires welding clgmpesatuss proflenkordthegsupsealiay on. I n

Shown 1 Fi LS e R RS TeoaRCudh el anBnERERY P Fopledfulel o

typically i heansadshedt daaetalibdOfesicib0aithd betidle Rictolding thhie Wwélding
temperature profile. The localized region of the article is then welded by
polarity-reversing PTA welding at a low cwrrent while maintaining the
temperature of the localized region according to the welding temperature

profile.

This invention provides a method of welding a superalloy article, the method
comprising the steps of: establishing a welding temperature profile for a superalloy
article; placing the superalioy article in an enclosure so that a localized region of the
article is adjacent to an induction coil within the enclosure, the enclosure further having
means for sensing a temperature of the localized region and means for controlling heat
output of the induction coil based on the temperature of the localized region and
according to the welding temperature profile; operating the induction coil, the sensing
means and the controlling means to heat the localized region of the article with the
induction coit according to the welding temperature profile; and then
welding the localized region of the article by polarity-reversing plasma transferred arc
welding at a current of 0.1 to about 45 amps while maintaining the temperature of the
localized region with the induction coil according to the welding temperature profile, the
induction coil having a greater heating effect on the localized region than the polarity-
reversing plasma transferred arc welding.



25 June 2003 6 recrystallization tenperature of the article,

monitoring the bulk tenperature of the article. The heating %af%p%&QQB
general |y dependent on the type of heating el enment used and the size of the
encl osure and article being heated. Once the weld tenperature was attained,
welding by TIG or laser was initiated, wth any additional heating
occurring if a sufficient tenperature drop occurred. In contrast, the
wel di ng apparatus 10 of this invention abl es accurate control of the
tenperature profile of an extremely localized region of an article

under goi NOriis wﬁbﬁtid?ﬁuﬂﬁ&rawaas w;ﬁahad bhﬁeen@ ! ghdrer ef ore
offers the o rtuni Xf}ﬁp@ oan n@g ga erat nvx/ml

i mpr ovi ng 'P%tﬁg‘gr“&f‘lﬁ’f'%‘ % e r BF ¢ ekl 'Pgl e '\3/3 %d’é é’chl eved
in part bysugetatiop artige‘tﬂlmclmgatmpesupdraﬂow avficle incanl em@lsumes@ thatgi localieéd tdgk)narti cle
with a sui 4 i gal or a

st andar dt yéégﬁigd'%lgﬁpngéﬁ E&ft% %ﬁq'?d?fctl& %orﬂzdgiﬂirheﬂ's%l Qﬁgﬁ@:}t‘ergﬁ t%gﬂaﬁ 94 is
used as i ripeanstfer sensinggr @mmtﬂtwetoékhﬁelpeah@%fwarm meansAgr canyolling beatpar es
the si gnalggdyererttie lﬁmgﬁ oot BaRed Noh &@swnqﬁrawedbmet RERREA Y iral i | e
stored in nenory 28 fo he article. Powe the i nduction coll 14 is then

regul at ed ﬁ?&%‘é‘ﬂ‘gotﬁ tf‘ﬁéveéﬂ“i‘g lamppERtung %noﬁer‘i%t'rﬁ £ Nl Shepnsiiidori | e
and the cupéidt adeieesaitrdlify dleahb @o |Heanttiezddalizegiregion b tHehadiclerwithethe

essentially. a vveldln te ratur raofile r |redfor gl ven erallo
and arti cl'éd"tcﬁﬁn be B ogr aﬁ?’%rgngnd gc?u&&?el y g@ ier ol Itﬂﬁpetr%uachl é’\f%H? d
obj ects ofwtiilei maintaiging i the. tefpectuwie nof the 1dealizedntegioni with thel bdugion scoil

per f or med MJ&.@ pa{e%&.}sg E&xﬁrau%reﬁlﬁmbméwh@ Gt a’%@cﬁf{f’%}. Viftlgder 20

oper ated at ver OW curr pre era t nor e
t han f or t yestahjighiagnes elegigdp r@k@?'ﬁtﬁh? am% ay gReorpotite PQ'%‘S% sp rpgntor inlfiatea npss .
At such | ayeigiHg rarthe | Rt Shroligt &l ﬁamtarageﬁératehao@n&erc R agielr sndathed

It of th t t f th
ool | zed SERHO0R 2@ GHETE L Pa @ 15" o PPy, 6 s for ST GPheL SRR § on
coil 14, wieating oeffgutt ons the clocalized v regiort r thhh e dveltingd esitr | the d plesoae . arc;

Pol ar | {yr CYELlath REA Wb 19 e iHGRE S Bt Rol s SueBR 0 bicbRodeP 205 10

Fl ower s et I'S assli gne e assSi nven I on and
i ncor por ataticleeansi themiepeatedly sensesingithetnolajiies ghtheagigierandehe glectrode while

pol arity- r:ﬁxﬁfmmnewna@mm&tﬁéﬁs@Am@@r RInSAiththe BidadtioRcBF hddofdiyte With a
direct electric _current between a pair of electrodes, transferring the

el ectric a‘lh‘é“"(ﬁf‘l“wt&ﬂ‘pﬁ'i?&f’f’pfﬂ‘!?sna gas (e.g., argon) to the article so that
a plasma arc is established between the article and one of the el ectrodes,

and then mﬂﬁneemntélsb pmwatsta weélding atpbarawst tothwishiyd aflefsbs@de at a | ow
frequency. ractice,, the, 0 arJt%?tlgxccﬁﬁgﬁ?{aneters di.sc] osed by, Fl owers
[

et al. ar §°‘btf'“ r$ Stparglioy, At % ghying NSO Adpealizea regigngfithe
reversal aitticte Withda) ﬂmm)clashreahmahs fortsendifg @ tétnperdture bgthvamcahzetdhegbﬁ logrity of

h I
;ega? IE/;CI"% %H{:l{aﬂqerﬁ er |aﬁ% 6 é@-ﬁgoas*’&glxg %r%e[r ure g@%ﬁ %‘ I"‘Léu: tS abl e
means 22. farheortiofling rth‘mitl@dlm caihybased jon tﬂeetenmemtme of ﬂ'@pbca{izewyempm e or
powder Wh@zgorGiRE Pk weiding feniPatatire Wrdlild ahd YndaRERA Wellify #ib idtafiZedtredibn

t he
article and appropriate for the gperating environnent of the artlc{)e. Whi | e
di scussed P VﬁF‘“ﬁr%@%@%?’ﬂ‘W@[ﬁS’eﬁ“&l elJing At A quaient efjessathan Baames 10 of

t[nh S i nvtewwlrmsimhﬁhgaltus@ t&&p&ﬁml@)&dhé Olbcdlied tregiah NwitH tﬁmdndmhdh rwntl Ofl t
0 er naterl als ar t1.C S C S| I.I’ES accur cqQntro a
ol tvnt od. Bkt R fnettalsfy ivarrae AhAS 6] WMot revind 5 G vt

Ther ef or e effettidnghe lhealizedaagiomthandse palatity-temcindipldsman tramsfersedadre avelding erred
enbodi ment, it is apparent that other fornms could be adopted by one skilled

in the art. Accordingly, the scope of the invention is to be limted only
by the follow ng



25 June 2003 cl ai ns. 25 June 2003 WHAT IS CLAIMED | S: 1. UEth985§”
wel ding a superalloy article, the nmethod conprising the ste€§ g
establishing a welding tenperature profile for a superalloy article;

pl acing the superalloy article in an enclosure so that a |ocalized region
of the article is adjacent to an induction coil within the enclosure, the
encl osure further having neans for sensing a tenperature of the |ocalized
region and neans for controlling heat output of the induction coil based on
the tenperature of the l|ocalized regigg and according to the wel ding

t t of i | e; i ng_the inducti il, the ' d
the cont r kP (AFeHEEA R eh 4T APRATIHE A SHPEG B (P THERGPR Bt « h ¢ he
i nducti on jagultigh HRAHHE ikl atbG-Nel Poltdity aeRersiid PEAPKELdihe gr@&‘és then

wel ding the |l ocalized region of the artiCle by polarity-reversing plasna
t r ansf er r ezhable agetirdtapninol of the teerperatfure of an@xtiemely Idcalingd region ef

mai ntai ning the tenper.ature.of .the l.ocalized.region wth the induyction coi
accor di ng gﬁ‘_‘?ﬁ’@h\%ﬂf a{? ci‘é‘i‘r%f%ﬁrlﬁaboﬁ'r {ﬂ#@g?%ﬂ)@ TERAc thDA ’Eﬂqf'%ﬁﬁvi ng a
great er heghhhtabiletith®bchlifed a%%ﬁ &&Ubé aiRackiRkel) hRaiRRliAdd WiedikVer si ng
pl asma transterred arc welding. 2. A nethod as recited in claim1, wherein
t he wel di ng lshited detyiekstues ramgd Sironghotte ther wieddingadperation shatpaveidst y and
est abl i shi an.electrode adjacent to the article at an. opposite polarity,
and then r RRLERGRES db o ity SR poRdriTarid advabies; of ARB Bransfe

el ectrode. irjude H%Bﬁéecﬁﬁrelcﬁﬁ?ttﬁﬂe,' 1Bwek Helt rputtBRACHAUCBE sBHLEHt @ Endt ep
entails supplying a filler material to a plasma arc generated between the
el ectrode meldmient gracking low power usage, and the ability to produce a near-net

shape weld buildup with little or no subsequent weldment profiling needed.

[ o)

Other objects and advantages of this invention will be better

appreciated from the following detailed description.



4. A nethod as recited in claim3, wherein the filler rrateréghu,{esz 3
material selected fromthe group consisting of superalloy wres an

powder s. 25 June 2003 to 5. A nethod as recited in claim1, wherein the
tenperature of the localized region of the article is sensed with an

optical pyroneter. 6. A nethod as recited in claim1l, wherei
step is perforned with a current of 0.1 to less than 5 anps.

n the wel di ng
7. A nethod of

wel ding a superalloy article) the nethod conprising the steps of:
establishing a welding tenperature profile for a 'superalloy article;

pl acing the superalloy article in an enclosure so that a | ocalized region
of the article is adjacent to an induction coil within the enclosure, the

encl osurﬁeR#mym IR A erature of the localized region
r corg}?ol I | ﬁgbﬁsﬁqﬁ Wr@d;,‘@

and neans To eat output of the induction coil

based on the

tenperature of the |localized region and according to the wel ding
t enper at Eigaireriofsid echapatiatemgsérdtationdifct maddingi dppdaeusnacrgdarens and
the controlling neans to heat the |ocalized region of the article with the

i nduct i ovitdothis BeeEstigilng to the wel ding tenperature profile;

DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally directed to superalloy articles that undergo
a welding operation during their fabrication, restoration or repair. While the
advantages of this invention are described with reference to components of
gas turbine engines, the invention is also applicable to a variety of
applications in which the temperature of an article must be accurately

maintained during welding.

An apparatus 10 for performing a welding operation according to this
invention is schematically depicted in Figure 1. The apparatus 10 includes an
enclosure 12 generally of a type known for performing a welding operation
such as TIG or laser welding in a controlled atmosphere. Schematically
represented within the apparatus 10 is an induction coil 14 for heating a
superalloy article (not shown). The coil 14 is preferably ‘sized and shaped to
closely surround a very localized region of the article so that uniform and
rapid heating of the localized region occurs. The enclosure 12 is shown as
including an inlet 18 through which an inert gas such as argon is fed to the
interior of the enclosure 12 to prevent oxidation of the superalloy article while

at the elevated processing temperatures required by the welding operation.

In the past, welding operations performed within an enclosure of the type
shown in Figure 1 involved heating an article to an elevated temperature,

typically in excess of about 1500°F (about 8159C) but less than the
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I nduction coil according to the welding tenperature profile, establishing
the article at a first polarity and establishing an el ectrode adjacent the
article at an opposite polarity so as to initiate welding of the article
through a plasma arc generated between the article and the el ectrode at a
current of 0.1 to less than 5 anps, the induction coil having a greater
heating effect on the localized regiog than welding with the plasma arc;
supplying a filler material to the plasm arc generated between the

el ectrode and the article; and then repeatedly reversing the polarities of
the article and the el ectrode white maintaining 25 June 2003 tl the

t enper ateesystillizhgoh Oeahpéeturee Biforhav irfticld)e whillu ahofitotiak! thechild ng to
the wel ding tenperature profile. 8. A welding apparatus conprising: an

encl osurtenyearating ofthe artigle: alheheating chte; wan gendradlyl deparuldnt matheng only a
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was initiated, with any additional heating occurring if a sufficient

temperature drop occurred.

In contrast, the welding apparatus 10 of this invention enables accurate
control of the temperature profile of an extremely localized region of an
article undergoing a welding operation within the enclosure 12, and therefore
offers the opportunity to perform a more rapid welding operation while
improving temperature control of the article. These advantages are achieved
in part by detecting the temperature of the localized region of the article with
a suitable temperature sensor 24, such as an optical pyrometer or a standard-
type K thermocouple. The temperature signal from the sensor 24 is used as
input to a programmable temperature controller 26, which compares the
signal from the sensor 24 to the desired welding temperature profile stored in
memory 28 for the article. Power to the induction coil 14 is then regulated
based on the difference between the desired temperature profile and the
current temperature of the localized region. In this manner, essentially any
welding temperature profile required for a given superalloy and article can be

programmed and accurately controlled to achieve the objects of this

invention.

According to this invention, welding is performed with a polarity-reversing
plasma transferred arc (PTA) welder 20 operated at very low currents,

preferably at least 0.1 amp but not more than forty-five amps, and preferably



means for controlling the induction coil based on the tenperature of the

| ocal i zed region according to the wel ding tenperature prof2pdunead@dheans
for welding the localized region by polarity-reversing plasnma transferred
arc welding at a current of less than 5 anps while naintaining the
tenperature of the localized region with the induction coil according to
the wel ding tenperature profile, the induction coil having a greater
heating effect on the localized region than the polarity-reversing plasm
transferred arc welding. 9. A welding apparatus as recited in claim8)
wherein the wel ding neans conpri ses neans for establishing the article at a
first polarity and establishing an el ectrode adjacent the article at an

opposi t deppkiddir five anPseansutlPlowenaaémdleyelss it hegtihf ofPbleadriicies of the
article and the electrode. 10. A welding apparatus as recited in claim?9,
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to a pla arc generated between the electrode and the article. 11. A

wel di ng fiﬁ"?a%lf Legionse tlkeoar.tﬁfeclﬁaarwwfy aﬁ@r@wf he the mductigneil al is a
25 June 0 [j.a [ r sisting gf, superall oy
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recited in clarm 8, wherein the wel ding neans operates at a current of 0.1
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aKs by reference. As taught by Flowers et al., polarity-reversing PTA welding
involves generating an electric arc with a direct electric current between a pair
of electrodes, transferring the electric arc with an inert plasma gas (e.g.,
argon) to the article so that a plasma arc is established between the article and
one of the electrodes, and then reversing the polarities of the article and
electrode at a low frequency. In practice, the polarity cycle parameters
disclosed by Flowers et al. are preferred for use with this invention -
generally, polarity reversal at a frequency of about 1 to 1000 Hz, during which
the polarity of the article during each cycle is positive for a shorter time than it
is negative. A filler material is then fed into the plasma arc by any suitable
means 22. The filler material may be in the form of a superalloy wire or

powder whose composition is metallurgically compatible with that of the

article and appropriate for the operating environment of the article.

While discussed in terms of processing superalloy articles, the apparatus 10 of
this invention could also be employed for the treatment and welding of other
materials and articles whose processing requires accurate control at elevated
temperatures to avoid degradation of the article properties. Therefore, while
the invention has been described in terms of a preferred embodiment, it is
apparent that other forms could be adopted by one skilled in the art.

Accordingly, the scope of the invention is to be limited only by the following
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WHAT IS CLAIMED IS:
1. A method of welding a superalloy article, the method comprising the steps of:
establishing a welding temperature profile for a superalloy article;

placing the superalloy article in an enclosure so that a localized region of the article
is adjacent to an induction coil within the enclosure, the enclosure further having
means for sensing a temperature of the localized region and means for controlling
heat output of the induction coil based on the temperature of the localized region
and according to the welding temperature profile;

operating the induction coil, the sensing means and the controlling means to heat
the localized region of the article with the induction coil according to the welding
temperature profile; and then

welding the localized region of the article by polarity-reversing plasma transferred
arc welding at a current of 0.1 to about 45 amps while maintaining the temperature
of the localized region with the induction coil according to the welding temperature
profile, the induction coil having a greater heating effect on the localized region than
the polarity-reversing plasma transferred arc welding.

2. A method as recited in claim 1, wherein the welding step entails establishing the
article at a first polarity and establishing an electrode adjacent to the article at an
opposite polarity, and then repeatedly reversing the polarities of the article and the
electrode.

3. A method as recited in claim 2, wherein the welding step entails supplying a filler
material to a plasma arc generated between the electrode and the article.

4. A method as recited in claim 3, wherein the filler material is a material selected
from the group consisting of superalloy wires and powders.
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5. A method as recited in claim 1, wherein the temperature of the localized region of
the article is sensed with an optical pyrometer.

6. A method as recited in claim 1, wherein the welding step is performed with a
current of 0.1 to less than 5 amps.

7. A method of welding a superalloy article, the method comprising the steps of:
establishing a welding temperature profile for a superalloy article;

placing the superalloy article in an enclosure so that a localized region of the article
is adjacent to an induction coil within the enclosure, the enclosure having means for
sensing a temperature of the localized region and means for controlling heat output
of the induction coil based on the temperature of the localized region and according
to the welding temperature profile;

operating the induction cail, the sensing means and the controlling means fo heat
the localized region of the article with the induction coil according to the welding
temperature profile;

while maintaining the temperature of the localized region with the induction coil
according to the welding temperature profile, establishing the article at a first polarity
and establishing an electrode adjacent the article at an opposite polarity so as to
initiate welding of the article through a plasma arc generated between the article
and the electrode at a current of 0.1 to less than 5 amps, the induction coil having a
greater heating effect on the localized region than welding with the plasma arc;

supplying a filler material to the plasma arc generated between the electrode and
the article; and then

repeatedly reversing the polarities of the article and the electrode while maintaining
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welding temperature profile.

8. A welding apparatus comprising:

an enclosure containing a superalloy article;

an induction coil heating only a localized region of the article within the enclosure;
means for sensing a temperature of the localized region of the article;

memory means for storing a welding temperature profile of the article;

means for controlling the induction coil based on the temperature of the {ocalized
region according to the welding temperature profile; and

means for welding the localized region by polarity-reversing plasma transferred arc
welding at a current of less than 5 amps while maintaining the temperature of the
localized region with the induction coil according to the welding temperature profile,
the induction coil having a greater heating effect on the localized region than the
polarity-reversing plasma transferred arc welding.

9. A welding apparatus as recited in claim 8, wherein the welding means comprises
means for establishing the article at a first polarity and establishing an electrode
adjacent the article at an opposite polarity, and means for repeatedly reversing the
polarities of the article and the electrode.

10. A welding apparatus as recited in claim 9, wherein the welding means
comprises means for supplying a filler material to a plasma arc generated between

the electrode and the article.

11. A welding apparatus as recited in claim 10, wherein the filler material is a
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material selected from the group consisting of superalloy wires and powders.

12. A welding apparatus as recited in claim 8, wherein the sensing means is an

optical pyrometer.

13. A welding apparatus as recited in claim 8, wherein the welding means operates
at a current of 0.1 to less than 5 amps.



