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 for ei‘gn object inpact. To inprove yields, superall oy
conponent s ar BPOKFRAVNe | Qfe FHihi BN T98%i ned at an el evated tenperature,

e.g., in excess of about 1500F
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 maintained at an
elevated temperature, e.g., in excess of about 1500°F

(about 815°C).



(about 815C) - 1 21 June 2004 Superalloy conponents of gas turbine engines
nmust generally be thernmally stress-relieved before weldi2igJuoer ebax
residual stresses present fromengine service, and then stress-relieved
after welding to relax 5 residual stresses induced during cool down from

the welding operation. $Seperalbay nemtmpainen R oafd@sst li:a%bmée'ér?tj rp%:ened

di ssol uti on of ort 1 n re

n: (S:kel base sugﬂsgl I o%/ég{ér%leg’ﬁe?lg%] e g%mﬁegt tsi%ft(syﬁeﬁtelﬁggrgﬂe et?e‘sg%
vary 10 depend ﬁg oRSt e a??%@xoﬁfeﬁﬁ@eaéstswﬂ*ﬁesmmsmt fesind ualgisid ess
relief and dissekutcep aﬁqun:hed sftwe@eceelge%anaf‘ée!zfp%%aﬁ%eg%etﬂeﬁ and

many ot her, fact. n at errperatures tines and
cool>/| ng rates g§du%r essétrfee eETg d‘ﬁ]d&eu&{leéiso%ﬁtrllﬁﬁ heapl - (@ mefittam 15 her e
critical-in or bléildwgoepairﬂtme desiead steessent| akéo wrbhedbsaditerssl v
affecting the supees! by andbdiw.idH 0BEN 4 ChortohN%PARL, BE Sryeld and

ost-wel d heat_ treat ts have been perfor | arge
'Itoreat ment f ur nREEES t ol AnptAnd HAtFeRIGhSBS0f néekpbrieane  supexadiiyabl e
heat treat ment Geeﬁpelhgrur ethér ambatks t&eatﬁmhﬁtusgaefamé@éﬁg hgaiitreat

rocesses,i ncl Ay t at S d e .in. par 0 the nmass f the
Farge bZtoch fﬁ%ﬁ%{l:e and the ttn%egs %ﬁ?l he cf pi ¢ H195 T tar g(tghﬁunﬁé‘lo Bk opt
conponent s bei FgF el t?‘e’é@%"d rolief | éﬁdl Sspéngloque‘@qngrednefucmaue

whi | e bat ches de®iqssecoblsshas: geamatﬂfabnaomgteram%eg! gftér%‘cggf% gl  The, .

Therefore, us t drnace p
treat ments reglfesl?an%)gfl E%\:me’ d%?agk E%m?ﬂﬁa'fllué?n‘?bfhdd times and cooling

rates for stress rellef 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 components being heat treated. Additionally, long

queuing 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]



30 conponents through a welding line, and is an inefficient nethod to
metal lurgically condition conponents for welding. As a gol ghhenzdam t he
above, U S. Patent Application Serial No. [Attorneys' Docket No.
13DV-128911 - 2 21 June 2004 to G osskaus et aI teach an appar at us and

met hod for i_n nd.wel di ng superall nt s

particul arl y ﬁ“]i-osasppglr a'?euts‘;l grl]ablteesacg} egl\?\/el (ﬁ’péln tp'fgst ﬁef“&’cﬁggt ﬁ? eat nent s
to be perfonsetl arentcionpoaadt weldimg n supersameyenebrpuhents. Wiede t he

wel di ng operation _is_perforned. The enclosure is used in conjunction with

a nenmory stB‘?‘JéEEC‘d%@/¥%fér t F&E sIRR@E2EpDr 6parace greewed and pgusttiwel d
heat treatngpiqt efpar atyrg +RLefidl egoarge a ﬁ%ﬁln{&i tggpegatdé{lnﬁ)vﬁ[éﬁ]ﬂ le for

t he conponent. The 10 apparatus further cont rol t he
out put Sof whehidevike asmd EOCﬂneaUrehencwﬂrqmmmertthel weddjiust experrdsiash on t he

tt di t th t abl i shed | d
oSt -wel  hERy SEFGAERGAT  DErpr e rt BPOlng ™ GPOEE IR prarin os. 15

Wi | e overcs)mnéﬁokpesﬁbrggeaabv&equrth@mfersttofx@rs hatibphieate tyeatvE s, use
of the apparatus taught by G ossklaus et al. has encountered difficulties

associ at ed #ehPogkriatlomestt t@@%@ﬁmeﬁ@m@@ﬁ@uw Hé@fl‘l‘\ﬁﬁl @ngeaﬁ ed
along its f@@iafhg w@%%érgegréaﬁro%pﬁeen% bgsuly kl aus
to open at ts

et al. is require op in er t |n access o and
wel d t he coazwaneemtuw fhi:nherTﬁmughdesoaschauwoét Jor wthJodwvtﬂre mﬂrgutgas up

t hrough the 0S and enpl o over head exhaust hood for dr
away the i n%T't 3’& ?ﬂfli(f:? unes eﬁé i’t@@& dEF?ngjx’t“}?éjqﬁé}tdl e i on
oxi dation opase@enanl koy UMMM t@fperature 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



nonet hel ess occurred. Accordingly, further inprovenments to

t he apparat us

taught by Grossklaus et al. are necessary to inprove wekd quati2§04and
yields, in addition to achieving inproved processing efficiency for
manuf acturing, 30 restoring and repairing superall oy conponents by wel di ng.

BRI EF SUMVRY, 54 T NENT] ONcAgeapdi 0. 14 @il iohl ngsBegl ol e presen

invention, ~a nethod of wel’ding a Superalloy articleis provi

the 3 21

June 2004 nipedddt eeahmEngi rt@mhéasuepspmfl@t@blweslmng aelpperweme heat
treat ment tg?&gﬂfé Ufa%dofoﬁa'o's%uwé &Bﬂgé@%éﬁa%er eBrQuf

post-wel d h fFeatnent era ure profi Sdpeéra

?o?f/r cI e;

pl aci ng t hefsuperaigaxaldmoty aIrEmmeS phacig) o eumeirlalm/ayl srthale e:m:l ose

t he artlcle on_ al| Sld enc éosure avi n assogla ed the{] W th

e O%%

one- way 5t B HEAS ST %Rt ?"’ﬁ B3 1 T8 I DT PS

for

i nducti vel ysh@eaé,l Nghet I‘eelcabtsUQEEhaﬁEﬁ@Saéﬁcm m;gleaewtenpeﬂi@%w;e of the
article, gjumeans for cont rolli n t he Cﬂ‘i‘ %uct I on heating neans_based on

the tenperatt?® HeRhdor, VFP(J?IIEga TRt

& EPCHESPFE- neltPieator

treatment 1eapetaidiie Hekefingerntherwelh nandLmpenat deasprgfal e, and the

post-wel d heat treatnent tenperature profile; establishin
at nospher e FHRHABHA SLurBehpriscleal 3 M e fOroSAPELGL

B

a nonreactive
¢ hid*®excepti on

of the Qne-wayucfiWwHmansgaRdahbepa{d@WNG RN dRBkl-a8ase i HE Ochdre

encl osure, the one-way flow nmeans allow ng venting of the
the encl osURECihig e’”ﬁg

inert gas from

SreRTHARJale Fromramitedd hgathéreathesure; operating

the, | nduct ! oawheating 20475285, hbe,SERSINC ARANS.ARG Lheeeontrald | ng means

to heat the article according to the
profile; wi tmmostemhdn@etaﬁetae@tmmtfiremnetrwécure profile;

heat treat ment tenperat ure

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



encl osure, operating the induction heating neans, the sensing neans and
the controlling nmeans to heat the article 25 directly fram theepzessel d
heat treatnment tenperature profile to the welding tenperature profile;

wel ding the article while maintaining the tenperature of the article

according to L he yebdling Lemperature PLoliLend N e lding, o5t ep el
th 3 Wel'a™ bu? 25 W 0 g e

perforned w evi Cé nani oves 1YW to one
of the malImeamsxfuh&ﬂndn@ingemeahheanént&eunnniﬁmmi1mbemeaﬁsmﬁg Hdav means

ti ir f b to th | byt her nal di ent
hduced  Mabh HEERT S ESeE L ndnEr VRt y HERTI) WIRCEEHESORESRhY: 11 on

means al | owso viend |p1gst94‘wetlla1ehbaertrga5m@rmtd Rl rag ude busEsIELOom t he
encl osure; and then w t hout renDV|n% the 4 21 June 2004 article fromthe
e

encl osur®e, oper atFRYF Y TG SRGATAeAPPRGE PeaMi® RUFESénsi ng neans and

the control { ivhtEH)S 4 Qel@dhg bpBassitis! s drRaidan,f £am LBsawet gl ng
tammaUMemnhle1mthe9thMdtmm HeMnmﬂtmmmaUuepmﬁHe 5

Accor di ng t BOBPEETOIY FEpEECLIBFUE A PRRSTNTOT RABHEIBANIa2 wel di ng appar at us

is provi dedsybdie, ARRATAUS 1 CORRET 8HATH s @k qrwl%uwlaga%ﬁd for contai ning
a superalloy article, the encl osure having wal|'s for enclosing the

article on erftlesiges témdaaftéﬁée\/\ap #1 bve e ant & vae-prgvEhew dhgans om
bei ng drawnj it Opﬁélﬁenetn%' 195 e V\%ef. eclfn[r@w n 9 %@lfesehegegﬁﬁe%fn the
te I11e all ow S

article is |nduct|ve y hea ng venting of gase romthe
encl osure; theduet igredisatisngnasand whemithe e tdrdleodar énfloct featy ng  the

article: s LensasiagoR; hTHERR ML & Pleddle ubiicke Lo MiLe ai thin the

encl osure; " tr'8a efnfperature
profile, a mndmhtmpnthammangtmeenprmitmfn EhﬁianqimﬂurweEdthaatimgalnent

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,

4a



tenperature profile of the article; means for controlling the induction
heati ng nmeans ‘based on the tenperature of the 20 articl@lacaned2d@sito the
pre-wel d heat treatnment tenperature profile, the welding tenperature
profile, and the post-weld heat treatnent tenperature profile; means for
wel di ng the I.Gl.e ' he-arti [ it hin .t o nd; at a

t enperat ure %gée% géa V\%%%%% t(gﬁpérast ‘r%éjazgg%ro illgl;igar}i) g*rg@gétﬁé%nsl%ttached
to the encl dmirievfegt nEni pulEadtrg t ffelcdeng nmeahsraatl t hgradtexste within
the enclosure. Jl.n.contrast to, Gossklaus et .al., the presen i nvention
enpl oys an éﬁ%?%%ﬁ?éﬁﬁhSFoﬁng%%?s ?%ﬁ?#ﬂﬁﬁ%ﬁi?nopftfgeaﬁf ?ﬁi%’t{kﬁt

encl osur e duthiengrestlit hyy andrbeaente eatrm®nt . a {Xi dathearalya isuper hé oy
article can occur with the apparatus of G ossklgus et al. as a result of

& osskl s BL=ITgs] EAHTopes o BERCRES LB, i clFNGISSHEF ovetR 0 be

necessary tahlewidR@pgrat 05 E£6nPEihaisy e Rldinga28 epesagh okhoN an
article within the encl osure. However, 4a 21 June 2004 intense heating of a

superal | oy &Gy 2PAdAEET BRT PR pehg hrR g o PBardeshirrf ceehiviher nal

gradients ingmRdi atieley aneupdutbe heatgdh portdmi@bnt hesarpickeraghpt the
resulting turbul ence draws air downwardly into the 5 encl osure through the

opening in t¥BUIERSCosHEER e¥veraioudhatnePerphis | YageRt | Hibhsry thowed
upward {hr ough iiieireeNncd OssE G andueut s5hraugh- e tan iat Oi@nppy@émad _
exhaust hood. The encl osure of this invention is preferably " equi pped with
a val ve t hataigerfimoms bgasegsdnpvhi hintheth® enwlamunee o psoupde dotess

otherw se seg egd,d OaﬁEJ‘?é/fé‘.ta &ty r%@b?g%”%s%a% i‘{‘él% t{l‘? eﬁﬂ?éy 8. To
provi de access to the article and the device used 1o wel'd the ar icle,
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



the present invention preferably provides gloves attached to the encl osure
by which the wel ding device and the 15 article can be mafilpuluateed@O@li | e a
nonreactive atmosphere is fully maintained within the enclosure and the
article 1is inductively heating. As a result, in addition to elimnating

t he processi ng drawbacksOkhewn cttxg‘reclna;; Gind yaaf\raarwa@e@et | £k 3914%9?3%2}43@%20%;&
treat nents of r 0 rt fahrjcated, .restor 0 :

wel di ng, the ?riggef]i%é i_)ré)\(/agir)i'éa?oné arﬁescé']ag%dprg\r/%[ﬁt t&‘ﬁe %gle]d%ﬂlr% getadéad
articles while98SCERBLAPER tenperatures required for wel ding and heat
treatment. 4b 21 June 2004 5 Qther objects and advantages of this invention
wi |l be better BREEFeDEACRUPTION dheThel brawngsglet ai | ed description. BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic represgnt atlo_nt ﬁftﬁ'
conbi nat i heat treat nmept | di,ng_ a ratus in__accordance w i's

i nventi on.%nDETAI LED DE,SCER‘T‘%#%VV%:Q‘T‘H |%%%ﬁ$f" CTHE BT HRRentfork i s
general |y di reCPBRIPAL1GD shpakal FEgatirent| eand have libtey goappawhti®g in

operation duri agcthéancéabitlathDg, ikRsttorgiion or repair. Wile. the
advantages of this invention will be described with reference to

conponent s of gg@ﬁﬂgﬁiﬂ%@@ﬂ,mh&ﬁ;ﬁmﬁ W@N{ s also applicable to a

variety of applications 1s iIn o be heat treated before
and after welding in a manner that will not degrade the properties of the
article. An apparatus 10™%%rPpefeRF nitAYenREéoReds generally directed 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
- 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



treatnments and wel di ng operation of this invention is 20 schematically
depicted in Figure 1. The apparatus 10 includes an encl gaurmnt22gpecial ly
adapted for performng a welding operation such as tungsten inert gas
(TG or plasma transferred arc (PTA) welding in a controlled at rmsphere
The apparatus edevatads@professing itanpaimtanre?S bAdutiiizon feaid fig Coi Iy

of a type knomnénwgpef%g‘, co?ﬁ%oQO'\Laﬂwﬁe@ rlg eék?&ﬂ?/ s%é?%laags\éfgga ed to

cl osely surroung ¥ Eﬁ | ocal i zed regi on o an ar
that uniform af811 aPF d“HRatPrtrsHe he2 i ooy whigi dhheodaert Tee and

encl osure 12 aFsmesnctamlesean extlagistEd 3@rbhr ovgh Weh&lo@ird neert 9831 %ﬁ“Ch
as argon) i s f eri;or of it eeclosur so. t hat
gon) g N iré:?f’ln% lia?W 9 Webé:m%l drapm, i e egcigﬁugg

an inert atnosp ere en opes e ar né22004
el evated pr ocegéﬁlﬁbllfenﬁb?awa@flst Hi%s {svehokon. tcA imelzdayaf ewdeent r ol

valve 32 is shpan atfrachesider one wlﬁr@fefm;fna' QS €21 2p %2%%‘%%% whi ch

the inert gas and _funes. can be exhausted fro he enclosure
preventing air TP beY g dg%zf/ﬁ'??efﬁ N ﬁg"aé:ncﬂ arefglingrigysitieps Fﬁeld
apparatus 10 iBesheed.to Thfcl fitleler wektieria20 mathebaveiAernnd0 fsrmpr&f egabl y

a TI G or 18TA wgk o] t r that .qth l.di_n t ens
could be used. eaﬁ‘%&ljl]e?i.g;t erﬁ%gegay I n it (% fo?sm E'Fthl gg Eﬁlﬂ oy
sv

wire whose corpd&aFigHS aFF%YgP@aItlIV" %’6‘?13&%1]&@ b@'édmﬁphrohmabé fhe
article and apyreprpetat ifrey ertvfiero@nemt IolfgtelléVIaerl‘j_I@_@t ofNOttggl?r thebfe

Not ably absentg,. g“igrghtehe gﬁg Egs }ﬁ gan, ac::egcss en| ng .to h 8enlgn%te(raljor

of the encl osure aust " hoo for
during the welHHiRyrisgerafi Gll‘ile AREEOFTHURE t 82t harichvent |ecmtn,auelue fephr abys 10.

i5 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 ¥ -



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’ t hewelwher 2204can be
mani pul ated within the 20 enclosure 12. The gloves 30 elinmnate the prior
requirenent for an opening in the enclosure 12 to pernmt access to the

wel der 20 and theengthened beiingceleldee. Aspepal BSY, t, Ly tﬂﬁ:&hﬁdéxgqﬁb on of
t he one-way va £ emalns seal e Ile the article is
at an 25 el eva%éégt%%n%h&uggg cgﬁ%frev%%f & P8 n#"l? herrdspings e 12
from bei ng dr amhawhto Foblennpsir i dude tartsioler endeaals gr adiconlls or

ot her potenti ahe@aumatMtapnaf:ﬁ&HS @%QeOferfJi'o% Lavensiop,i s, preferably

enpl oyed Lo pelr_forctqn%e ﬁe 5 %el heat treatment s on suBBVaI | oy

articles wel ded"Wwitkin £ ’éesﬁ‘ﬁﬁl o5rES d"B’é‘F’&r etRe| WRpAGingn cperiagiont i r st

under goes heaintreacoedines t hwith heGeostlobau® 12tt oal el ax thesi q,gggm%

stresses pres I rticl | f
p p%@hé %GJ de Ap J'euﬁfe\ﬁetrl%é)ogff f%?cm%&yh gﬁ"g&aﬁﬁ cEoRtEal s

t he ar.ticleis 6]59 stren
superal | oy, td° dEe‘alP‘P tu’é%f%‘é‘?n hieyrEpEsbe uw‘éhl@f thepentiloauné t he

har deni ng y' :phasa EFOIhduﬁlVE]ﬂgthEtdlf@@,lltlhatlagt |ﬁgm@r&3@spgsgeggfg
heat tre 5rrent n 12 .to rel ax esi dual _stresses
i nduced gurl ng t e melr%?gsﬁog%%% |oﬁ:ea ] n&@co?ﬂ nc"é g gredRPaukhet
al ., the wel diSRfiofp® atdisudinefat ﬁFlegilﬂve'm-‘u-ahlpFe(ampabhyuﬂaabhesm@pnt rol

of the tenperaiap@nang tinBta¥Oldd esdpdhie tﬁ@c&pcéﬂ’c?%glﬂ ' PudnBODET
t hat famhtateﬁi L 1recg and ﬁost Id 10 stress re Feat nent s
and wel di ng wit ntt o5tfe PR usi NS 1%?‘?15?%"%@5%%5% efipe¥ibedr e

t her mal expos3t}¥te, innsthad wéldiapwar appalbatob anel welefiaigflyf Nd6es 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



as required in the past. The preferred process carried out in the welding
apparatus 10 preferably does not 15 involve cooling the &l ikine Bé0deen
tenperature cycles, but instead cools the article directly froma pre-weld
tenperature profile to a | ower-tenperature welding profile, and then

reheats the arprojwamialeid | ¥epetratbee V\@dndiflﬂlw@fblse t%?cmrgo%%mﬁﬁkgs
i C

tenperature pr |bed in kl aus .et al .,
i ncor por at ed ﬁ{erel r?rgafll rZP]ference eqlhlep’?)er%t 4 ¢a ﬁﬁ‘%@?@l\ﬁgﬂdpﬁr‘i‘ofﬂ’?ﬂés
preferably do ¥otdiaed uB@SéoHQﬂ-énprpétxﬂesatsmoe'eéoaks membyy rESUEbri snAOL

only a reduceobszfdl%tlr@h@ycoﬁtfalnéuﬁﬂglce tHQWE.‘ ﬁi&?”&}%ﬂpg&at”re
but also 25 sharter heat. tre trgent cyc es be ore an
freeacet r batweans the

However, Tt i sc49}esesibiat

performed wit rﬂ&mereabpaeapesaﬂ@r@f ptrh)lf‘ilel rat&ilt the cewpdrhBghddesogks. The
above operationgl; gapabiljtie :. % Lt he es?’sgn%?%é\ﬂ}#xﬁru? tg%pgrafr:]ure

tenperature of the _article w't é encl osure
tenperature séfahige crripieed f@r ot eHéVem| gurarelpbe epticak p:yzmrméers

though it is fporeseemkide tha Q{o‘.ﬁztﬂ’fat@:}@e %gﬁlﬂ@%ﬁﬂe&ypﬁo a&ﬂfé@@ﬁf 4 |s
coul d be,ysed., e r rom e_sensi pg ui pme

used as fﬁ ut g’%%tts gB%Zi‘Elﬁlune Jf%&?t 30gr a e YPENDRY a ‘ﬂ&b e5ntFer¢ er
26, which conﬁéfrré@ettehré sisgrettefewrad rtafemuepnamemzndm ttmancakesudszedthe

pre-wvel d,  wehgjgesmae &@I dtlE\fE Ofd G313 OEE he,
article. The co%ﬁrol §t o t he |nduct|on négt IrB % {72k ed
based on the &t éiﬂgn&g é’ﬁluf:ﬁéondgglﬂea% éﬁp@Pat Qfetbﬁopyr@ﬂ%wfé he
t enper at ure ofsefises aat |ﬁalese | cetmpesamanaerfoesshat i atdwialy henpesaidr e
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



profile required for a given superalloy article can be progranmed and
accurately controlled to achieve the 10 objects of this idlehtricor200Bhe use
of two or nore pyroneters is preferred by this invention to nonitor the
uniformty of the article tenperature and to prevent cycling of the

i nduction coi | t@4b¢flypktest atHe Bp drhest diod loseingeslaifgl,se 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 spike reported by a pyroneter. In view of the
above, it can be seen that the 20 present invention enables a superall oy
article to be heat treated and welded within a single sealed enclosure 12
that prevents the article frombeing oxidized while at el evated heat
treatment and wel ding tenperatures. Accordingly, the invention achieves a
nore reliable 25 process for performng three discrete high-tenperature
operations in a single thermal cycle. Wile discussed in terns of
processi ng superalloy articles, the apparatus 10 of this invention could

al so be enployed treatnment and wel ding of other materials and 30 whose
processing requires accurate control at tenperatures properties.

described in apparent that 35 in the art. to avoid degradation of the for
the articles elevated '



article Therefore, while the invention has been terns of a preferred
enbodi nent, it is other forns could be adopted by one skill Pede 2004
Accordi ngly, the scope of the inventionis - 8 - 21 June 2004 to be limted
only by the follow ng clains, 21 June 2004 CLAIMS: 1. A nethod of welding a
superal |l oy gfitgtée, the nethod conprising the steps of: 5 establishing a
pre-weld heat treatnent tenperature profile, a welding tenperature
profile, and a post-weld heat treatnent tenperature profile for a

superal | oy larti 8l eetippdcihgralidd ngupesabeoyl bey i attwidle,anhenweobade with

10 walls th e article on all sides, the enclosure having
associ at ed ?ﬁﬁ%%%ﬁ?eo%% v?gf/a%fsl 8\%’ nmeans for venting gases fromthe

encl osur®e , neanssfabplisidiugt i ael yréreatlidighethe arddtalemt meampetotusensi ng a
tenperature of the article, and neans for controlling the induction
heating 15 RE2hsiPaséd B4 t ePfRI R oPrehkler t PBHe aanBogEToRHing to

brof 16, aniethe BESTCURTE hEalPers Bl rert: {emer ot i o fr oPPrgEaIToy © 1€
est abl i shi ngr@j 05y eacti ve atnosphere in the 20 enclosure by sealing the
enclosure with the exception of the one-way flow neans and then flow ng an
inert gas into phecing| oser eppthelboe- wayitlewineans atdiowurg weidh ng of
the inert gas_fromthe enclosure while preventing air from entering the
enclosd%b; 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



25 operating the induction heating nmeans, the sensing neans and the
controlling neans to heat the article according to the pteduetddmeat
treatment tenperature profile; without renoving the article fromthe
encl osure, 30 operating the induction heating neans, the sensing neans

and the Conﬁﬁglvbéi}giﬁac%ﬁgggggﬁ?{% ﬁpgf%éj cle directly fromthe pre-weld

heat treatnent tenperatur eto 21 June 2004 the wel di ng
tenperature profiébiingl thegadtie1ar titghe whiiheafBiAkatReNgehberd@mer at ure
of the article according to the welding tenperature profile, the welding
step bei ng perfoneredamiidieaa weldhimigny dewi ceheaniwplbahed wetbe tHves
attached to one of the walls of the enclosure , the enclosure and the
one-way f| owokbis Prevealdhg askepr baibei mgrdoamadi micht e esbdiosure by
thermal gradients induced when the article is inductively heated while the
one- way f | oW Wi P PMEteEnti A SO aT-gahet tgasnantt weleli vl ¥unes

fromthe enclosure; and then _wthout renovin he article_fromthe
encl osur e, o’%)ptesr}eateir?? BRES ndbET %ﬂc#%%ﬁ%&rﬁgiﬁﬁf, OPﬁéwggngi%‘@ Tdhs  and
the controllj te,.heat th iC jr |y om | di.n
t enper at ur eﬂ) pr o rl[ﬁgﬁtso the poos -\%g?égheafaﬂwﬁﬁr%gatgn%ent e{%?r}%gfvl\g urbé/g
profile. 2.tuerfRihogh ACCANY NhdR: alHBnl, ciihes £i 1t fdhe; wel dinge 5 Jonper at ure
profile consists of tenperatures below the pre- weld heat treatnent
t enper at ur engetdd |¥hi120 the AoBthiod BICEOIEENG 010w Mehthg?, o tWhalei n the
wel di ng tenperature profile consists of tenperatures below the post-weld
heat tridat nemrit ggrercaturwelpgiogi feves 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



25 4. A nmethod according to claiml1, 2 or 3, wherein the welding
tenperature profile consists of tenperatures bel ow the pieJdwekdzadd
heat treatnment tenperature profiles. 11 21 June 2004 5. A nethod

post - wel d

according to any one of the preceding clains, wherein the pre-weld

post - wel d
absence of
of the pre
wWith nmulti
t he preced
i nducti on

the grou

article is

conpri si ng: °an ehcl B3t

t he encl os
one-way fl

hgat treatoeMg LIRS re.profiles are characteri
a constant tenperatﬁ?ggsoge. %h%.(K%%efﬁgdtggcopééﬁgd?%g
cetaiv@s, ChiakPBin WoRE ebPeliield eAREY ?BHEerid tRgadr kheheméSt
pl e optical pyroneters. 10 7. A nethod according to any on
| hgmpetatiums phiaTidien the ichduattepi heat bpgtheasss SorProses

and
t he
any one
sensed
e of

coils surrounding the article. 8. A nethod according to any one
of the precedisigpnt]l Segr@naturaherekn t he wel ding device is selected from

consisting of tungsten inert gas and plasma transferred arc. 9.
A nmet hod® according to any one of the preceding 20 clains, wherein the

co onentch a gas turbine engine. 10. A welding appar
a

&dLP8r EBntdPhi S SfpetBel opreosding

at us
icle,

el NRLBLLS TAL ORbORL NG e e S | S S8R e by

ow nean's that prevent —arr from being

thermal  gragieni$ dipducedwhgn %pfbﬂg%éﬁgﬁ is inductively heated while

al l owi ng venting of gases fromt

10

15

20

25

e encl osure; 12

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
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
claims, wherein the article is a component of a gas turbine

engine.

10. A welding apparatus comprising:

an enclosure adapted for containing a superalloy
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



21 June 2004 induction heating neans within the enclosure for heating the
article; neans for sensing a tenperature of the article i Wenew20dén the
encl osure; 5 nmenory nmeans for storing a pre-weld heat treatnent
tenperature profile, a welding tenperature profile, and a post-weld heat

treatment tenper ahuhee 5,0f iﬂe‘%tclfngt heeafibti gl &nifeans f o, 5eat Lol ! 155;9 the

i nduction heating nmeans 10 based on the tenperature of the artic

accordi ng tpebbeng pires WRitd N1eat treatnment tenperature profile, the welding
tenperature profile, and the post-weld heat treatnment tenperature profile;
means for wel di ngeahe &oti ekesihg| 8 thepardtete o685 thd wrtbitbet hRi®aC| Osure
and at a tenperature of the welding tenperature profile; and gl ove neans
attached t owipeirndiosunaddsowre: mani pul ati ng the wel di ng nmeans and the
article within the enclosure. 20 11. Wl ding apparatus according to claim
10, wher®in t he MGRPEY n§eRBAPAt uPEOPIRT | Pe RIHEISdGs fat efperbleres bel ow

accor di ng. t SBTaT IS P Ry B HEHE BT Y e e e
consi sts of posenperdt unese bet puntRenPostempd thihpad treatinent fenpepature
profile. 30 13. Wl ding apparatus according to any one of clains 10 to 12,
wherei n thearndelkdi on heati ng nmeans conprises 13 21 June 2004
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



i nduction coils surrounding the article. 14. Wl ding apparatus according to
any one of clains 10 to 13, wherein the wel ding neans i £lselwet 880&rom t he
group S consisting of tungsten inert gas and plasnma transferred arc. 15.
Wl di ng apparatus operable in accordance with the nethod of any one of
claims 1 to;hducifon HEATING ARBARATHS FOR 4A-MELLI NG OPERATI ON AND METHOD
THEREFOR ABSTRACT OF THE DI SCLOSURE heating apparatus (10) and nethod for
pre-weld heat treating, welding and post-weld heat treating a superall oy
article in a single enclosure (12) while avoiding oxidation of the
article. Thélencl8idted (2RParatypt epEFaBiin@qtPpPaY Winch &f orbaifey VAl ve
(32) that p £SGape of, .,gases, . but, oth rw.se als he encl osure
(12) to prgég%é %Qﬁﬁj}es§ O l&?? SalFPHY Wt ndﬁﬁﬁh ﬁ%ﬁ&tkﬁrgﬁ?ﬁ%nt as a
result of taeﬁgnétw@dbentt%dg%&edlm bhe aﬁ{é'ﬁhgsmé 'trigﬂgtfbl‘ﬂeéf
heated. To provide access to the article and a device (20) used to weld the
article, thercenclosure (12) is equipped with gloves (30) by which the
wel di ng device (20) and the article can be mani pulated while a nonreactive
atmosphere is fully maintained within the enclosure (12) and the article

I's IﬂdUCtIV?Ey hﬁé&&{%h [qﬁ%af%tus operable in accordance with the

method of any one of claims 1 to 14.
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