21 June 2004 HEATI NG APPARATUS FOR A VELDI NG OPERATI ON AND METHOD THEREFOR
FI ELD OF THE | NVENTI ON This invention relates to wel di ngZdpganat a§é¢ and
nmet hods. More particularly, this invention is directed to an apparatus
configured to performboth a welding operation and pre-weld and post-weld
heat s treatnments on a SUPEEATION: ACPPRRATEBt FURI AewBrB¥eat i ng oxidation of
t he conponent. BACKGROUND OBFEHETINMEMRDOMEriicD teBPEse: Ure cobalt and

ni ckel -based superalloys are widely used to formcertain conponents of 10
gas turbine engines, including conbustors and turbine vanes and bl ades.
Wi | e hi gh-t emaetat bie st PeRENPYoycOnNponents are often formed by casting,
circunstances exist where supera?]]voy conponents are preferably or are
required to be fabri cat,gg.by wel di ng. For_ exanple, 1s conponents having
conpl ex configurations, “8hth A NEpPner e IRt akes waldise orbavmposds
rings, can beandremeghdiby faMoreat pdrbycubhdiyng sepse at tne@stidgs 1o

toget her. BegawsgrLhe &PSky,Oof nt rom hi gh- tenperature
cobal t and ni ckel -,bagedt%gu%%r,aalllioys%i%g 2€°Ifr1§{§€%§el ©hi ,fcﬁé’é{rgPF g 3and
repairing the¥&l8dRBonaReEatien; ymnd | prevreldestndbl @ostaweldpl deatg t hem:
when they betoeetments orordaaBgedpeAs]l Boy edddpone®ltdi RHils bSO e iqf v

used as a metgggd;{g{ Lest ogﬂ@g:&l' eerfti ps, and for repairing cracks  and

ot her surface discontinurties in Superal | oy conponents caused by thernal
cycling or foreign object inpact. To inprove yields, superalloy
BACKGRO OF THE INVENTION

High temperature cobalt and nickel-based
superalloys are widely used to form certain components of
10 gas turbine engines, including cowbustors 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,
15 components having complex configurations, such as turbine
midframes and shroud support rings, can be more readily
fabricated by welding separate castings  together.
Because the cost of components formed from high-
temperature cobalt and nickel-based superalloys is ~
20 relatively high, restoring and repairing these components
is typically more desirable than replacing them when they
become worn or damaged. As a result, welding is also
widely used as a method for restoring blade tips, and for
repairing cracks and other surface discontinuities in
25 superalloy components caused by thermal cycling or
foreign object impact. To improve yields, superalloy
components are often welded while waintained at an
elevated temperature, e.g., in excess of about 1500°F
(about 815°C).



conponents are often wel ded while maintained at an el evated tenperature,
e.g., in excess of about 1500F (about 815C) - 1 21 Junel2@déheSapénall oy

conponents of gas turbine engines nmust generally be thermally
stress-relieved before welding to relax residual stresses present from

engi ne service, and theaul_serekbeyreldoamea:fttselr3z\elgﬂgwgthigb&ﬁlaaxe,'§%irﬁe¢g dual
stresses i nduc uri 1qh ., d0 fr |.Ng _operat.ion.. Hed
t r eat ment alsoﬁgﬁqviéeseﬁﬁgé s W@%ILgghgggéﬁgﬁoFﬂ?%%ﬁp5piéeﬁgptP&ﬁﬁﬁre
har deni ng gam¥® gﬁpﬁe tQy yeiax yresgiiuadt trrabasiscketesase Super Adgiye
General |y, thesheat.céy eahﬂeIﬂheﬁ?rs%&%ts%g%e}lﬂib{veaa%ftélg_ @]g@gggbgggg&et&%gcon
all oy of inter ; amppunt of .residual stress relje
required,Sfurnggéldgggign,r%ﬁﬁﬁﬁnuﬁﬁaaﬁ? S ig8q ﬁﬁﬂ} Aer firambr $heThe
ranpi ng rat es, W§bakng epperatioes, rﬁﬂatttneatmm@tpapborg;owaagg &?&E%E{ess
relief and di sgel ubkomyhedissdi@adpnbs 15 ibht I pLRgQrder to optain
the desired stress re egf ,3ﬁthout adversel%BgFgectfﬁg Pﬁgdgﬁﬁ@?aﬁpﬂvaand
its properti eBT™TR tHe'past, Pprévwsrgtisacfospicked-base sursamidoys.have
been perfor medGémetal e, batleds hkaat 20tireaaienot bﬂﬁ:ﬂﬁ\é@ér%o mm% a&gr El dta
f : ui I q§§; treatnent tenperature. awbacks to
the Use 160Wp0&§§é§d1,~?% jorgatio g E‘ale S ]ln% F9% g HEat 3PEEEmeRE

the use of batch heat Treatnent processes inc _ .
times due in pEfTifRY netrees veliné padgdisseluhibnr mequized,t fermase of

the typical |y deeiign nusbasorn®f geonPerenhadbeiahg healed rEAMESYs.  The
Addi tional l'y, fémghng rates, soak temperatures, hold times and cooling
rates for stress relief and dissolution heat treatments
15 are critical. in order to obtain the desired stress relief
- without adversely affecting the superalloy and its

properties.

'In the past, pre-weld and post-weld heat

treatments have been performed in large batch heat

20 treatment furnaces to ramp and hold a group of cowmponents

at a suitable heat treatment +emperature. Drawbacks to

the use of batch heat treatment processes include long

heat treatment times due in part to the mass of the iarge

batch furnace and the mass of the typically large number

25 of cbmponents being heat treated. Additionally, long

queuihg times occur while batches are assembled as

individual components are repaired. Therefore, use of

batch furnace pre-weld and post-weld stress relief heat

treatments represent a time delay to the flow of

30 components through a welding line, and is an inefficient

method to metallurgically condition components for
welding.

As a solution to the above, U.S. Patent
Application Serial No. [Attorneys’ Docket No. 13DV-12891]



gueui ng tinmes occur while batches are assenbl ed as individual conponents
are repaired. Therefore, use of batch furnace pre-weld andypaestzowl d
stress relief heat treatnents represent a tine delay to the flow of 30
conponents through a welding line, and is an inefficient nethod to

metal lurgically._caondi_tion conponents .for_ welding. As_a solutiaon to the
above, U S Qﬁa%ggr?%sqcﬂﬁ)lgl i%é;t ggh eeraicz{l RG. a[pﬂatr %ﬁlg’ysamﬁ)ogfgﬁloao.éor

13DV- 128911hea? tXealiiigy 2804 tweldDs§Kkaupeaialdloy t ea@boadnappang s and
met hod for heat treating and wel di ng superall oy conponents. More
parti cul ar | BRIt heUbpphY at (S CerdibP252 pre- REPY L&sd perTvell anHedtOtheat nent s

to be perfofopd bt coTRARGRNLCS WM K. t he STRRNIChASUL e ddhllEh the

wel di ng operation 1s perforned. The encldsure 1I's used in conjunction with

a menorys steiblyen deleceanbaensioseseappr opriicht éher evadelichg anmk ypdsiomel d

heat treatnent teggeratur profiles and a melgigg tenperature profile for
s

|
the conponeht.PFhE°18 8ppafat FPFHTHS THcrad EERPRRCHY W THE ¢ he

output of ihgefleyi,cetusadet acheat thetCamareNtagry Adjittiedhrdanad on the
conponent tenperature and according to the preestablished pre-weld and

post -wel d head Ppehrwehtf heafpdrzRalmetndtomPeragurenpsriidee prefid es. 15
Wil e Overcxﬁ’é’i&ﬂn(ﬁ hetﬁﬁb%?.agﬁereg%%%%m £ Raleh cd?@‘?}net:{&:‘?a.t S, use
of the apparatus taught by osskraus et al.” has encountered difficulties
associ atced awpparaoxs détrdhneof ihbheéudeapenepnhthieilnpyweirded tWe lweitged ed
along its fgyrtigdedg@{ég ?ﬂgxpagg’}ﬁgﬁ:egﬁéoig%ﬁxﬁﬁggbtis adjusted
based on the component temperature and according to the
preestablished pre-weld and post-weld heat treatment
temperature and welding temperature profiles.
15 While overcoming the prior art requirement for batch
heat treatments, use of the apparatus taught by Grossklaus
et al. has encountered difficulties associated with
oxidation of the component being welded. While sealed
along its four side walls and base, the enclosure taught
20 by Grossklaus et al. is required to be cpen at its top in
order to gain access to and weld the component within.
Though Grossklaus et al. flow an inert gas up through the
enclosure, and employ an overhead exhaust hood for drawing
away the inert gas and flumes generated during the welding
25 operation, oxidation of superalloy components has
nonetheless occurred. Accordingly, further improvements to
the apparatus taught by Grossklaus et al. are necessary to
improve weld quality and yields, in addition to achieving
improved processing efficiency for manufacturing,

30 restoring and repairing superalloy components by welding.

BRIEF SUMMARY OF THE INVENTION
Accerding to a first aspect of the present invention,

a method of welding a superalloy article is provided, the
3



20 by Grossklaus et al. is required to be open at its top in order to gain
access to and weld the conponent within. Though G osskl dlisdehea?004| ow an
inert gas up through the enclosure, and enpl oy an overhead exhaust hood

for drawing away the inert gas and flunes generated during the welding 25

operation. REtdah! QhuflliSARCEAL! 8Yo6ONPRNIatn RGNS Qtﬁéﬁ@égccur red.

Accordingly, further "I nprovenents to e apparat us g osskl aus et
al . are neckssfaryrearmampremnpenerdrguatdiiyleand yedlkddsg tempedetion to

achieving | ved essi_ng i clency far nyf LLn 3 toring
and repai ri%ggfsﬁlpeg’r aﬁag;% %%rsrgoﬁgé{isﬁ%%v\% ef&ﬁf%ﬁﬁééggﬁk)ﬁ/gﬁ\p%f{%

| NVENTI ON Atcorai supamld oyi estiadpecplatindepr espertral hwegnstrohele ainret hod
of welding a superalloy article.is,_provided, t 3.21 June 2004 net hod
conpri si‘ng ‘-ﬁl\eerg epso :wlé'%‘t gSﬁ‘?hFlﬁﬁt a Pt d-sﬂﬁelr{%‘e ﬁégfci?eﬁ? n%ﬁ]t

t enper at ur espded | |tthe &nsdlodung hevpes addsd@:i geef ithereandhacpestayel d heat

treatnent t erature profile. for a superalloy article; placing the
superal | oy gﬁ)”i' A h raNeEE&Pgsﬁ?%e%fWWq% fralLSBRE osléeal“?lg 9% icle on

all  sides,iidecteined 106 Wea thayi BHe as50LE B Sohdahey ewirt BefBenyay flow means
for venting gases fromthe enclosure , neans for  inductively heating the
article, nesfPFATEENSINGRE AFERPLR at IS T NShd OFr CPRFBOL ARG nidiths f or

controljg ngi Adiecdidrd MsGlingNmBeAL | PYsd® s hasedrprrbBerteppesd ure of the
article and according to the pre-weld heat treatnent tenperature profile,

the wel di ng@¥ehpkd &N @csesripe, tanthe tire pissd Werd keaetmerat nent
t emper at ur gtélﬁﬁgfzitﬁire RS NERY Re NP AL RLIRSBRSEEIL N L8
enclosure g£e post-weld heat treatment temperature profile;
establishing a nonreactive atmosphere in the enclosure by
15 sealing the enclosure with the exception of the one-way
flow means and then flowing an inert gas into the
enclosure, the one-way flow means allowing venting of the
inert gas from the enclosure while preventing air from
entering the enclosure; operating the induction heating
20 means, the sensing means and the controlling means to heat
the article according to the pre-weld heat treatment
temperature profile; without removing the article from the
enclosure, operating the induction heating means, the
sensing means and the controlling means to heat the article
25 directly from the pre-weld heat treatment temperature
profile to the welding temperature profile; welding the
article while maintaining the temperature of the article
according to the welding temperature profile, the welding
step being performed with a welding device manipulated with
30 gloves attached to one of the walls of the enclosure , the
enclosure and the one-way flow means preventing air from
being drawn into the enclosure by thermal gradients induced
when the article is inductively heated while the one-way
flow means allows venting of the inert gas and welding

35 fumes from the enclosure; and then without removing the
4



15 sealing the enclosure with the exception of the one-way flow neans and
then flowng an inert gas into the enclosure, the one-way Thaw peans
allowing venting of the inert gas fromthe enclosure while preventing air
from entering the enclosure; operating the induction heating 20 neans, the

sensi ng nea the contrallin an heat ..th rticle according to
t he pre-wel %Eﬁiéfe t%r}eoérf %glr?t &n gﬁ%%%t u$%é%arto]1%} é-';hevﬁtrl ﬁgﬁ% l?gn%%?%lgnq he
article fromeahe, Erclsessiag apenatandg the dcorductlildngheathagtoeass; t he

sensi ng neapns and the cantrolli means to heat the article 25 _djrectly
from the pre*%eld-Hedt dtlrrggt%r]rﬁn?g%ngé‘? A ngprtmplegaﬁ:Br?h%r%Jr ng

t enper at ur et priefie |RistwaledidnBetihetrastneh e ddhiderathirat prBENGet he tenperature
of the article according to the welding tenperature profile, the welding
step beihg perfo%ﬁ%%lr%ftqg & \ﬁeP&Fﬁadd@%g%%tg%imﬂ AEFSR h 30 gl oves

attached toi@penoford,he wWahkisngf abperened osdingovildee, enel Qﬁyéﬁafﬂ\f@ the
one-way flow neans, preventing air from being drawn into the encl osure by

t her mal  gr a8PBRESS iTHHu@Ed SPFRhEAVERe2BFR TR £ 915 GORFGEr Vel § heated while the

one-way flgundEans, ald,ews 1¥enthBdek1 dherd NaI 3A%and welkding 35 funes
fromthe enclosure; "and then w thout renoving the 4 21 June 2004 article

fromthe eneh®kefieg dper aritagleheni adliciidns pawt iangnenparsflewanearsi ng
ol di gt erocy atr e proPirer bn PRE g atra R e e e A ot atur e
profile. 5 Weeoradi igyadicatsedoddcadpelnen dfhe e grdsent indvenively a
vel ding appacatus S R 0¥ dedh ot DEnPPRETSE U s OTRLES LA AN G OSUr @
adapted for "¢containing a
induction heating means within the enclosure for heating
the article; means for sensing a temperature of the article
15 while within the enclosure; memory means for storing a pre-
weld heat treatment temperature profile, a welding
temperature profile, and a post-weld heat treatment
temperature proflile of the article; means for controlling
the induction heating means based on the temperature of the
20 article according to the pre-weld heat treatment
temperature profile, the welding temperature profile, and
the post-weld heat treatment temperature profile; means for
welding the article while the article is within the
enclosure and at a temperature of the welding temperature
25 profile; and glove means attached to the enclosure for
manipulating the welding means and the article within the
enclosure.
In contrast to Grossklaus et al., the present
invention employs an enclosure that prevents the ingress of
30 air into the enclosure during welding and heat treatment.
Oxidation of a superalloy article can occur with the
apparatus of Grossklaus et al. as a result of Grossklaus
et al. using an open-top enclosure, which was believed to
be necessary to allow an operator to perform the welding

35 operation on an article within the enclosure. However,
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superalloy article, the enclosure having walls for enclosing the article
on all sides and a one-way flow neans 10 that prevent aielfganebzdtdd drawn
into the enclosure by thernmal gradients induced when the article is

i nductively heated while allow ng venting of gases fromthe encl osure;

i nduction h i means, M 1 hi h I e .faqr ating. article;
nmeans for sg%{stjiér%% a terrplta\%rgtat%?ego%u?%gagri?' claé:%fgli\%mi#yg W lgc:ecnlaot elé'
encl osure; reEngreredeans.d or ste@tieng ssyfiféciwekbd héhdbrmatat ngnadienmper at ure

profile, a weldi t.enmper.at yr rofile, and .a post-weld heat tregatnment
t enper at ure pro ﬁ%‘é:e&\y Fﬁguﬁat ?%‘Ig’)er;’ean%%%sp?rcd)crlo@or??ﬁlr #‘% Ag -t HeSt ngk&%fti on
heati ng neanshdasedudnitde thebpeeatear elrafvst heir 2Qoanivh el By adedidi fige t 0 t he

pre-wel d heat_ t.reatnen tenperature profile, the weldi t enperature
profile,” and e YSst -%%E?‘dg eat%let r S&EMERE té?rpetre’hei ureémggﬁleFe; ehs for

wel di ng the @digl @nelticl gabhesacbhel gudss W thligwddhepwaneal esdEegRNEhat a
tenperature of the wel di ng terr{])erature 25 profile; and gl ove neans attached
to the encl CSHHESTEE 2RENPPEI BRFAYTR Nt h g tife &R CYRdNERE a¥Rfete within

the enclosuidd.l N et kast ob@r& 0s8KI @uss etiflentibie REESERLreiAyBptiON
enpl oys an enclosure that prevents the ingress of 30 air 1nto the

encl osure dfIHEFPPRE dih§ham Hextve r é8ekenPermdG #atdadesof watBiperidte oy

articl e £an QeaWs et 4 hescaRparstys 19 ARIskl-ausssh A 1 dSpPet It of
G ossklaus et al. using an open-top enclosure, which was belleved to be
necessary tcidl |fgRraRedper gravnt bnperthe mihlosnaledi g B5ovpee artodsdN an

article Wﬁth&ﬁ-&ﬂ? §Pﬁigﬁ¥r§ndFQﬂ@V%%viég %%eﬁUQQJ%QQﬂi the article,

the present invention preferably provides gloves attached
to the enclosure by which the welding device and the
15 article can be manipulated while a nonreactive atmosphere
is fully maintained within the enclosure and the article
is inductively heating. As a result, in addition to
eliminating the processing drawbacks known for batch-type
pre-weld and post-weld heat treatments of superalloy
20 articles fabricated, restored or repaired by welding, the
present invention can alsoc prevent the oxidation of such
articles while at the high temperatures required for

welding and heat treatment.

4b



intense heating of a superalloy article by induction is believed to create
sufficient thermal gradients immediately around the heaﬂéddm@EtB@ﬁ4of t he
article, that' the resulting turbulence draws air downwardly into the 5
encl osure through the opening in the enclosure, even though inert gas is
continuously fl owed upmaﬁdhehéamgbcmbeanﬁu&dﬁﬁﬁgﬁ%%giégntﬁ?égﬁg?ghggohop

I nto an over he X S y . ure o I s_inventi .
preferably eqﬁﬁ&%e%_%ﬁtgggala\l})gﬁéa%t%céﬁ??m%f%mgﬁb s Wt -Ahedgbailed
encl osure to eSEESEIPKAPMs ot herwi se sealed to prevent air from bei ng
drawn into the enclosure. To provide access to the article and the device
used to wel d t BRI&Ft DESERIPThONPORSENE DRWENid®HN preferably provi des gl oves
attached to the enclosure by which the wel ding devicefar? the_l? arthcle
can be manj pul ated while reactive_ at here 1is fu nmaj nt ai ne
within thglgnclosune andF?ﬂgggrg¢c g ?ssgﬁ%ﬁgﬁﬁgelﬁgﬁﬁﬁﬁ? P EAE aofesul t
in addition toCCBPIRPRAPENgNEAE pEBEREEERY dRAdbackbdkmwappardatsh- 1y pe
pre-vel d and pestewdhrcbeaithreriseitiverafisiperal loy 20 articles
fabricated, restored or repaired by welding, the present invention can

al so prevent tﬁﬁTﬂfiﬂﬁtﬁﬁgﬁﬁfpffﬁﬁ‘ éx?%éﬂﬁﬁyﬁﬁﬁIbﬁhat the high tenperatures

required for welding an eat frea n e 2004 5 O her objects

and advantages of this invention wll be better appreciated fromthe
foll owing detailed desctiptPEAsenR ERVEESTRR PIFONCORTAMEYDRAWENESd to
10 superalloy articles that undergo a welding operation
during their fabrication, restoration or repair. While

the advantages of this invention will be described with
reference to components of gas turbine engines, the
invention is also applicable to a variety of applications
15 in which an article is to be heat treated before and
N after welding in a manner that will not degrade the
properties of the article.

An apparatus 10 for performing the heat -

treatments and welding operation of this invention is

20 schematically depicted in Figure 1, The apparatus 10
includes an enclosure 12 specially adapted for performing

a welding opérat:ion such as tungsten inert gas (TIG) or
plasma transferred arc (PTA) welding in a controlled
atmosphere. The apparatus 10 is also shown to include an

25 induction heating coil 14 of a type known in the art.
The coil 14 is preferably sized and shaped to closely
surround a very 1localized region of an article being
welded so that uniform and rapid heating of the localized
region occur. The enclosure 12 also includes an inlet 18

30 through which an inert gas (such as argon) isg fed £rom
below to the interior of the enclosure 12, so that an
inert atmosphere envelopes the article while at the



Figure 1 is a schematic representation of a conbination heat treatnent and
wel di ng apparatus in accordance with this invention. DEPAl LbkReDESCR PTI ON
OF THE | NVENTI ON The present invention is generally directed to 10

superal |l oy articles that undergo a wel ding operation during their
fabrication, resevrEedoProcesspagr .tanpdmtunese aﬂva:rhti@geﬁqx]fénﬁiftirtﬁ. b'A

I nvention w || - cripbed M r ce,tQ.Cco nts,_o s turbine
engi nes, the ioﬁg ﬁfgﬁoguigs adlgrf)&gépﬁ%ﬁ]egtzoqas v%?@%?yag?? Ib% |_58t |°g5’r?s 1s
in which an ar f"f“ﬁeoks ho gRohRHITe 1B ehRidh evhibeh tdfa emend] diamg aind a

manner that w Elmest chegrdoe tdxhaupgteger From f)féhbheeﬁéid}%&ﬁe Aifrh ?ﬁv{?ﬁﬁﬁt us
10 for perform « heat ..t s and_wel di,ng. operation_o I S.

i nvention is %ngéllg@njéﬁcéﬁy fg%pl c%éeléflqan_gﬁﬁ‘gj’ﬁr etEC THe® aﬁﬁﬁ}aﬁﬂ’s’? 162.

i ncl udes an en€tald® 19hepepParpfusdd edls f shoper fior nimglude wal diender
operation suchzas twml dt@@m@@rﬁogaﬁs( +éFePibl |QS%GF r@pf&gﬁ;ﬁ%\%ﬁg&( PTA)
welding in a cgntrolled . at posphere. appar.at us Is als

i ncl ude an 25 ??1%%@?%% a{T(i‘))If'l eceiﬁ%lelfiﬁéoé’ttfﬁ% &IGHRS evistemgr couldhe
coil 14 is preperubkd.si Bk aftlliénpedteriatl asat )r/]be smﬁ_r;wl@d @I\é;eraf_ g

| ocal i zedyr eqi r tyb+ | : at; uni form.and.ra

heati ng 219 tgeﬁ:i%%%ll:?lrbgﬁ ﬁlqﬁeoﬁmgc%ur%Tﬁe gz%oglsurlés 1> e%la?c}‘ﬁrﬁ’&fjﬁgég an

inlet 18 30 t IR MHiTH AT i HBRE s thsucaricle gand Rpprepriaten foel ow
to the interi orhefopdmatang esuriachtenso dfhatheadrtiRQkt, amgg@r gpgaye! opes

the article wm%fé%la%h&heabpgra%&sjuﬁg 2004 an access opening to the
interior of the enclosure 12, and an exhaust hood for
15 removing fumes generated during the welding operation.

According to the invention, the apparatus 10
further includes a pair of gloves 30 attached to one of
the walls of the enclosure 12 so that the article being
welded and/or the welder 20 can be manipulated within the

20 enclosure 12. The gloves 30 eliminate the prior
requirement for an opening in the enclosure 12 to permit
access to the welder 20 and the article being welded. Aas
a result, with the exception of the one-way valve 32, the
enclosure 12 remains sealed while the article is at an

25 elevated temperature to prevent air surrounding the
enclosure 12 from being drawn into the enclosure 12 due
to severe thermal gradients or other potential causes.

The apparatus 10 of this invention is

preferably employed to perform pre-weld and post-weld

30 heat treatments on superalloy articles welded within the
enclosure 12. Before welding, an article first undergoes

heat treatment within the enclosure 12 to relax residual
stresses present as a result of the severe service of the
article and, if the article is formed of a ¥ -



el evated processing tenperatures of this invention. A one-way flow control
valve 32 is shown attached to one wall of the enclosure 2I2,Junker @ogl whi ch
the inert gas and funes can be exhausted fromthe enclosure 12 while s
preventing air frombeing drawn into the enclosure 12. Finally, the

appar at us 10 i stséogibhé¢med notitlela basledesupaRal 1bp, wet derp 20,4 g praqflgﬁ,zgl;y

TIG PTA W . 1gh. 1t s fqreseeable that of her vvelding_sys'
2oul d O[)e use\é\gggﬁ%nwgﬁrlg? (?rgla%ééﬂ%l?ﬁ{ayé & i RPTHET d?én %}e PAFALERG &' oy
wire whose conPBafei onFekloming |welliow | ythe empidtdllel emdetiycdzata efecbhg

arti g: e and appé?@r i@ieﬁltfn&rnt tG?tﬁ@?é%i@gﬁ‘gi?gggggggﬁﬂaéthgr%aj{]aé:i ClF‘ﬁYeri or
No t e _appar at ys . .
Lohe endl oS SR e RBER A d2 v AEHa G sthentel Aingumpsresnenat ed

of the encl osuré _ _ \
during the wel B ngacperdencn. wechr déngssllile ievension, the appagapys 10.

encl osur e 12 sRFRA KU 48 B T A TR0, prlieRoro3tTehn be
mani pul at ed wi%hi W hEePReERERER y7rd 18.1‘“erhér@fbl/%swéghéﬂli kheaeecibsupei or

requirement faor2 atnopennagnén thetemelcadutatdd Wrdaidlid aR¢CessclReife

i i h e_exception of
;Aﬁladg:]e-z\%%in\?aéfé\}:e%f Ir'%lﬁgegglnlg %%fltgr%%fm'r%s@ﬁ?négég;‘%@tﬁuﬁﬁl té"r}ttlli’é'rnar Feleis
at an 25 el eva@adserk weing pr evegleavardabiedheinpgratrere eohbpaar e 12
o hor POt ent | o) s Auaets. The. Shparatue T e TR e et iatny ELpd gt
gtrgfcr)yggt ;a(r)\t Ingr gr&négf%%%+% gﬁa 88§t§':melﬁ‘%0pﬁ%%€inf%a@ﬁ%%?%5 ofiaskied al | oy
articles wel dethtini & nthfe welding apparatus 10 preferably does not

15 involve cooling the article between temperature cycles,
but instead cools the article directly from a pre-weld
temperature profile to a lower-temperature welding
profile, and then reheats the article directly from the
welding profile to a post-weld temperature profile, as

20 described in Grossklaus et al., which is incorporated
herein by reference. The pre-weld and post-weld profiles
preferably do not include constant-temperature soaks.
The result is not only a reduced cycle time by
eliminating cool downs to room temperature, but also

25 shorter heat treatment cycles before and after welding.
However, it is foreseeable that pre-weld and post-weld
treatments performed with the apparatus 10 of this
invention could include soaks.

The above operational capabilities require the

30 ability to detect the temperature of the article within
the enclosure 12 with suitable temperature sensing
equipment 24, preferably multiple optical pyrometers,
though it is foreseeable that one or more standard-type K
thermocouples could be used. The temperature signal from

35 the sensing equipment 24 is used as input to a



encl osure 12. Before welding, an article first undergoes heat treatnent
within the enclosure 12 to relax residual stresses presetit Jmeaz08d4ul t of
the severe service of the article and, if the article is forned of ay' - 6
21 June 2004 strengthened nickel -base superall oy, to provide alloy

softeni ng by ddssptamnableof tampetticofeof cdierdiaradenhag Whicﬁfba%%mgﬁ%lso""i ng

wel di ng, the art.ic, s_.a second e treatnent within th
encl osure 12 ?%ﬂér e%%%?%e%?%u%@ﬁwe&%g% itr?dﬁ:i?d%@ﬁllirﬁg PEE-Welldi ng
operation. | Wektord@neestiirvaldr peoiflides etoaed, ithenemelrdi @ Appacabus 10

of this inventadanquref erehd VeeRepLESE o tk a d.tinme
profile w.thi rl_[the encl ci%lfjrec Jbzqdi)ﬁ giﬁfg%%e{:ot E%,'ta ?12%%???% eésg{‘)feilgeﬁﬂ and
S t

post -wel d°10 stH¥hs Tt ShaPasasht ht £hend didiferagoni t hERweRB the

encl osure 12 uBsigesl stemgberzturablpeofdlperaidir ehé heieracupeswe, ¢jost ead
of separate bagf,ghy and wel gi ngfur as l.red.in the past. The

preferred process c,‘gi%(rjri ed o%thl%nn‘?%lgé‘\a/@ dieﬁéggl%ﬁgrg%ﬁfusarﬁfo gFE‘P@F%EP’E/edoeS
not 15 invol v&@xHdiiengremelzed i EPE ot gbeant SHperalley eythiede dut bast ead

f:ool s the artipn:i@ﬂimlm(?@tl)arfd o][a_ola:u&ra%@dwl ﬂcohemfﬁﬂé&aurﬁopfgéhiié’vég_@he |
ower -t efper at 4l g [ 1..€ na then reheats t article directly
fromt hegcpwel (ﬁﬂr?%c\gr%of !P?e' %121% ﬁéléﬁgr&/elloai't errp']é?edt UPE pPof ifWe /% 2pore
descri bed i n GY&esKteys das prefasriash by tcor poranttsicon ey ahdnbyor efigs ence.
The pre-wel d and reestityel deprofd | es-cipnef etalbyr80,00t Jfc! ygde
constant -t enpefatuyre sé&gk%& ,Tlaggr esult i,s no _gnﬁflgé; raé.lgﬁcgg c}flﬁ?\ée?trrre by
elininating cSEC d8@NETt F i FodRAMEPEParBie, 1huifapip of the pyrometers
senses a -false temperature for the article, as would
15 happen if the weld arc crosses the optical path of a
pyrometer. For this reason, the controller 26 1is
preferably programmed to ignore a temperature spike
reported by a pyrometer.

In view of the above, it can be seen that the

20 present invention enables a superalloy article to be heat
treated and welded within a single sealed enclosure 12

that prevents the article from being oxidized while at
elevated heat treatment and welding temperatures.

' Accordingly, the invention achieves a more reliable

25 process for performing three discrete high-temperature
operations in a single thermal cycle. 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

30 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

35 in the art. Accordingly, the scope of the. invention is



25 shorter heat treatnment cycles before and after welding. However, it is
foreseeabl e that pre-weld and post-weld treatnents perfddiheting t390dhe
apparatus 10 of this invention could include soaks. The above operati onal
capabilities require the 30 ability to detect the tenperature of the
article wthintehke ehtnbsas only wivt hsuificdBlosringmpandtgr,e sensi ng

equi pnent 24, preferably nultiple optical pyroneters, though it is
foreseeabl e that one or nore standard-type K thernocoupl es could be used.
The tenperature signal from 35 the sensing equipnment 24 is used as input to
a - 7 21 June 2004 programuabl e tenperature controller 26, which conpares
the signal fromthe equi pnment 24 to the desired pre-weld, weld and
post-wel d profiles stored in nenory 28 for the article. The control signal
to the induction coil 14 is 5 then regul ated based on the difference
between the desired tenperature profile and the tenperature of the
article. In this manner, essentially any tenperature profile required for
a given superalloy article can be programred and accurately controlled to
achieve the 10 objects of this invention. The use of two or nore

pyronmeters is preferred by this invention to nonitor the wuniformty of the
article tenperature and to prevent cycling of the induction coil 14 if one
of the pyroneters senses a false tenperature for the article, as would is
happen if the weld arc crosses the optical path of a pyroneter. For this
reason, the controller 26 is preferably programred to ignore a tenperature
spi ke



reported by a pyroneter. In view of the above, it can be seen that the 20
present invention enables a superalloy article to be heatlt Jeate@dl0ahd

wel ded within a single sealed enclosure 12 that prevents the article from
bei ng oxidized while at elevated heat treatnent and wel di ng tenperatures.
Accordi ngl yerhhgsi nvention achieves a nore reliable 25 process for
performng three discrete high-tenperature operations in a single thermal
cycle. Wiile discussed in ternms of processing superalloy articles, the
appar at us 10. of Rhiethew et iwgidiogl d abhperdeleynpl myied e,t téat mehhodnd

wel di ng of Qgﬁﬁfiﬂﬁﬁfég%J%t%%g gg:mhose processi ng requires accurate

control at tenper properties. described in apparent that 35 in the
art. to favoi d degstdatignimaf thepforwdlik henti ctesatredravatedparitate
Therefore, while the invention has been ternms of a preferred enbodi nent,

it is othePTPotH coultPIsE "adoptRP B Wite BRPTiy ABforai REPYTWeke scope

of the inveptien tfeacfent 21 MPE AL T RSN LAS OnLY BYLDG {9} 1 owi ng
, article;
placing the superalloy article in an enclosure with

10 walls that enclose the article on all sides, the enclosure
having associated therewith one-way flow means for venting
gases from the enclosure , means for inductively heating
the article, means for sensing a temperature of the
article, and means for controlling the induction heating

15 means based on the temperature of the article and according
to the pre-weld heat treatment temperature profile, the
welding temperature profile, and the post-weld heat
treatment temperature profile;

establishing a nonreactive atmosphere in the

20 enclosure by sealing the enclosure with the exception of
the one-way flow means and then flowing an inert gas into
the enclosure, the one-way flow means allowing venting of
the inert gas from the enclosure while preventing air from
entering the enclosure;

25 operating the induction heating means, the sensing
means and the controlling means to heat the article
according to the pre-weld heat treatment temperature
prefile;

without removing the article from the enclosure,

30 operating the induction heating means, the sensing means

and the controlling means to heat the article directly

from the pre-weld heat treatment temperature profile to

10



21 June 2004 CLAIMS: 1. A nethod of welding a superalloy article, the
met hod conprising the steps of: 5 establishing a pre-webkd bea¢ 20@at nent
tenperature profile, a welding tenperature profile, and a post-weld heat
treatment tenperature profile for a superalloy article; placing the

superal l oy agtigl gy acrém?’ggggﬁ%e%%fﬁezlo wal I s that enclose the article
e

on all sides, the enclosu havi ng associ ated therewi th one-way fl ow neans

for venting gasesldimgm the enclOsungilemanstbhehih§dusti vehyeRealing the
article, means for sensing a tenperature of the article, and nmeans for

control lingof hetheaduzttiorntieheatdargdingneans hhsedwendihe teapeeswdtuse of the
article and according to the pre-weld heat treatnent tenperature profile,
the wel di ngreiehsor atle ewpiding estandbebagprsirinasirddhedtth ta et ity
tenperature profile; establishi ng a nonreactive atnosphere in the 20

encl osure bY=6ed Mg 28REl BEER eI IR TS taidasheshttroanef of t Hee grelifay f 1 ow
nmeans and tggntﬁlow'ﬁ an ineglt’J gas into t he, encl osure, tgf one-vvasy flow
nmeans al | owf hg Vent19 g’sblﬁfe t hERP nBPT s S B e SRETBRYr EX Qi TeAD
preventing aj epteri h | o : p ti he .l ndyction
heating mea s%v%itgmgenglaﬁg f%eﬂangegﬁg tcﬁ%g@on?rﬁgﬁl ﬁ'ﬁ\% rr%gﬁgoggr%eay t he
article acemshald §fadigty ertlbdederd raal MRt dRIPES at gt AR | €;

wi t hout removing the article fromthe enclosure, 30 operating the
i nducti on hesdtiet) wredls, tHdeoxBN&NOFImANSeans allows venting of the
10 inert gas and welding fumes from the enclosure; and then
without removing the article from the enclosure,
operating the induction heating means, the sensing means
and the controlling means to heat the article directly from

the welding temperature profile to the post-weld heat

15 treatment temperature profile.

2. A method according to claim 1, wherein the welding
temperature profile consists of temperatures below the pre-

weld heat treatment temperature profile.

290
3. A method according to claim 1 or 2, wherein the
welding temperature profile consists of temperatures below
the post-weld heat treatment temperature profile.

25 4, A method acceording te claim 1, 2 or 3, wherein the

welding temperature profile consists of temperatures below
the pre-weld and post-weld heat treatment temperature
profiles.

11



and the controlling neans to heat the article directly fromthe pre-weld
heat treatnment tenperature profile to 10 21 June 2004 theiwdhdengo04

tenperature profile; welding the article while maintaining the tenperature
of the article according to the welding tenperature profile, the welding

step being pgerfogfned. wWidd awedisng S5.devige ngni pyaAat egd wi Qe%&iﬁhe

attached to one of the walls of the enclosure , the enclosture an

one-way flowlaeads wRELYENtERE BHE-F& 0 BRI NGo gt 281 4 NHOat NEreREhOSHr € by

t hermal gradients induced when the article is inductively heated while the
one-way fl otempearstatd qwso Addrisi g eofchbtectOri pedt bgashangoyehsh ngr f aines
fromthe enclosure; and then wthout renoving the article fromthe

encl osure, copsrant Menderatndecsrak. heati ng means, the sensing neans and
the controlling nmeans to heat the article directly from the welding
tenmperature profile to the post-weld heat 15 treatnent tenperature

profile. 2. A rre}&hod ccordi n% to claiml1, wherein the welding tenperature
profile conists”of™ r &UPESEBE| ot i hr ehSelof héBE t PESERRHRY

tenperature,pl( é ! eWhg]_Q?J?ril e&?k@%ﬁa%&f&%é’i ng ttgﬁfgaggt?&]l \?Vriqzh%gggé I_Cve][ ge

wel di ng tenperature pro consI'sts o enper a

heat treat npnin LRMPRENALULSLREQ T LEromerdes A Method according to claiml, 2
or 3, wherein the welding tenperature profile consists of tenperatures

bel ow the pre-weld and post-weld heat treatnent tenperature profiles.
10 7. A method according to any one of the preceding

claims, wherein the induction heating means comprises

induction coils surrounding the article.

8. A method according to any one of the preceding
15 claims, wherein the welding device is selected from the
group consisting of tungsten 1inert gas and plasma

transferred arc.

9. A method according to any one of the preceding
20 claims, wherein the article is a component of a gas turbine

engine.

10. A welding apparatus comprising:
an enclosure adapted for containing a superalloy
25 article, the enclosure having walls for enclosing the
article on all sides and a one-way flow means that prevent
air from being drawn into the enclosure by thermal
gradients induced when the article is inductively heated

while allowing venting of gases from the enclosure;

12



11 21 June 2004 5. A nethod according to any one of the preceding clains,
wherein the pre-weld and post-weld heat treatnent tenperat Jueep0bil es are
characterized by the absence of a constant tenperature soak. 5 6. A nethod
according to any one of the preceding clains, wherein the tenperature of

the article is sgﬂa@&laﬁtmmmgg! ‘FneQHE: Cﬁit@yﬁm@{eﬂ%nﬁ&%szaﬁf* pg1 hod

according to any one of the preceding clains, wherein the induction
heating nmeansaconPrirsesardiRdeGti on coils surrounding the article. 8. A

nmet hod according to any one of the preceding 15 clains, wherein the

wel di ng devi ce isesetsetdedsénsimyhe geappreonss sbfnghef akungsé enphinert gas
and plasma transferred arc. 9. A nethod according to any one of the
precedi ng ®btlkimiths anvdosiwrethe article is a conponent of a gas turbine
engi ne. 10. A wel di ng apparatus conErising: an encl osure adapted for
contai ni‘thg a supBFAPTvHYMe28syrfqre| BLo¥IRI edcIEUME YoV PRl waFP3theRt

encl osi ng tgg sides and. a ope-way fl ow neans that_ prevent

air from bel nrég%%%%reei (r)é]rog%#lee’en%l %%g(?len%y THEY h uregr%%‘? % c®d when
the articl epbstiwsuctingly heateehmei | Eodbd oW VG VeRLdNg Of gasespdrom the
encl osure; 12 21 June 2004 induction heating neans within the enclosure for
article;
means for contrelling the induction heating means
10 based on the temperature of the article according to the
pre-weld heat treatment temperature profile, the welding
temperature profile, and the post-weld heat treatment
temperature profile;
means for welding the article while the article is
15 within the enclosure and at a temperature of the welding
temperature profile; and
glove means attached to the enclosure for
manipulating the welding means and the article within the
enclosure.
20
11. Welding apparatus according to claim 10, wherein the

welding temperature profile consists of temperatures below

the pre-weld heat treatment temperature profile.

25 12. Welding apparatus according to c¢laim 10 or 11,
wherein the welding temperature profile consists of
temperatures below the post-weld heat treatment temperature

profile,

30 13. Welding apparatus according to any one of claims 10

to 12, wherein the induction heating means comprises

13



heating the article; means for sensing a tenperature of the article while
within the enclosure; 5 nenory neans for storing a pre-wdldJuagt 26P€at nent
tenperature profile, a welding tenperature profile, and a post-weld heat
treatnment tenperature profile of the article; means for controlling the

i nduction heabipgisRansi1slGhasRdd9Agt Bt erpesAt ure of the article
according to the pre-weld heat trea?nent tenperature profile, the welding
tenperature profile, and the post-weld heat treatnment tenperature profile;
means for welding the article while the article is 15 within the enclosure
and at a teffer a%ﬁﬂ@l%‘f fRB2GRTEF ngCCPERPRY akar ényr 6id of aplriovel neans
attached to,_the.e osure .for nipul ating, t he wel di means and t he
article wi tﬁlgn??hgﬁﬂleelflecﬁnost&reewe%lﬁ. eI Y Sa%lpeacrtaetc{}%r%‘cgﬁai A5°T® cl ai m
10, whergincbheiswehdli BE HEIRAHRIUT endFOf Lhs Cé?ﬂﬁ'%l§sr@$ teapsEaLYLgs bel ow
the pre-weld heat treatnent tenperature profile. 25 12. Wl di ng apparat us
according terclaim 10 or 11, wherein the welding tenperature profile
consists of tenperatures bel ow the post-weld heat treatnent tenperature
profile. 30 13. Wl ding apparatus according to any one of clains 10 to 12,

wherein the, gndugtign, heating ggpans,copprises 13,21 June 2004 ., .,

method of any one of claims 1 to 14.

14



‘i" naduction coils surrounding the article. 14. Wl ding apparatus according to
.any one of clains 10 to 13, wherein the welding neans i.s, sel fromthe
group S consisting of tungsten inert gas and pl asna trahs? Jugﬁ%ﬁgéc 15.

Wl di ng apparatus operable in accordance with the nethod of any one of
claims 1 to 14. 1HEAHENE NEPARRARATIRER RORELDNEDIONGRAMERAT RN ANB:METHOD
THEREFOR ABSTRACT OF THE DI SCLOSURE A heating apparatus (10) and nethod for
pre-weld heat treating, welding and posi& heat treating a superall oy
article in a single enclosure (12) while avoiding oxidation of the
article. The encl osure glzé is preferably equi pped with a one-way val ve
(32) that pernBSTRAGE LEcAPE BESEHRIRE but ot herwi se seal s the encl osure
(12) to prevent the ingress of air during welding and heat treatnment as a
result of thermal gradients induced when the article is inductively
heated. To provide accesd heatheg appatatend 1) denilceetROd fsedhio wald t he

el di ng' devi ce T35)  SRAF e ar MG "BaneBE e platbd RoRk | BYSR PR odct i ve
at nosphere i s fupbeyaddopt aanetcle t him 4a heiantkossheldddyeantiihe ayiljicl e
I's indUCtivelyangakH 'oigggéfb&'of the article. The enclosure (12) is
5 preferably equipped with a one-way valve (32) that permits
the escape of gases, but otherwise seals the enclosure (12)
to prevent the ingress of air during welding and heat
treatment as a result of thermal gradients induced when thé
article is inductively heated. To provide access to the
10 article and a device (20) used to weid the article, the
enclosure (12) is equipped with gloves (30) by which the
welding device (20) and the article can be manipulated
while a noﬁreactive atmosphere is fully maintained within

the enclosure (12) and the article is inductively heating.

Figure 1.
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