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APPARATUS AND METHOD FOR PERFORM NG WELDI NG AT ELEVATED TEMPERATURE FI ELD
OF THE I NVENTION This invention relates to the welding of articles, wherein
the articles are maintained at el evated tenperature during the welding
operation, and nore particularly to the weld repair of superall oy
conponents of gas turbine engines at elevated tenperature. BACKGROUND OF
THE | NVENTI ON | iy oA Rio ANT® { mjlg@@ bt rawn into the
front of the engine, rggjnsgr essgﬁﬁﬁgbgjgﬁﬁﬂgﬁnte caﬁn%pejggg}rj, and m xed
with fuel. The mixture i s ANEDEVATED THMPRRATIORBUSt i on gases are passed
t hrough a turbine mounted on the sane shaft. The flow of conbustion gas
turns the turbine by inpingenent against an airfoil section of the turbine

bl ades an i he shaft and provides power to the
comressp%ﬁﬁﬁéﬁoﬁﬁ%mﬂgg\ies flow fromthe back of the engine,
driving i HAAGnlBRioH TERRS! 1f dekEaidd) dMGHITIS FRERN APPARBRY. alde
turbi ne bl ades are cast from nickel -base superdalloys. I'n service, the
tur bi ne blnzdetirede at whjvatle teriyersixte eleing dggvesding eopaatich, t Aehsmefe

el evat ed tenPera ure and harsh environnment. It is not uncommon that sone
of the ai PPBIqularlyato;the yeld rgpaimel pweralloy eruaponents ofi gas torbindenginesitne bl ade

is |ost g -%t&% -a e 'by a conbi nation of erosion, corrosion, and
a R

oxi dati on nage. e tip is renoved, gas | eakage around the turbine
bl ade and thence around the turbine increases so that the efficiency of
“the gas turbi ne engi ne decreases. Because gas turbine bl ades are expensive
- t.0. producBASKAGROUNKEOETHE INY ENT#M¥ever possi bl e the damaged turbine
fb,_j{'g'ades- are repaired rather tGa scrapped. _The repair involves addi ng new
mat eri al f‘b aPr?éfCH‘fg 28§ Wgﬁ@r %Fgﬁagma BB 8| GAwWefiniththe frontophthepengiee,by

vel di ng. h&nb#b%sé’ﬂal!))dia@Haﬁ-ﬂ?&uﬁéf&mﬁﬁ%@s&?&% ﬁra%ge%‘r\',vﬁi] ﬁ%l. tﬂlee mixture 1s

burned, and the hot combustion gases are passed through a turbine mounted on the

same shaft. The flow of combustion gas turns the turbine by impingement against
an airfoil section of the turbine bladés and vanes, which turns the shaft and
provides power to the compressor. The hot exhaust gases flow from the back of

the engine_, driving it and the aircraft forward.

In the most common approach, the turbine blades are cast from nickel-base
superalloys. In service, the turbine blades are subjected to extremely aggressive
conditions of elevated temperature and harsh environment. It is not uncommon
that some of the airfoil, particularly the portion near the tip, of the turbine blade is
lost during service by a combination of erosion, corrosion, and oxidation damage.

As the tip is removed, gas leakage around the turbine blade and thence around the

turbine increases so that the efficiency of the gas turbine engine decreases.

Because gas turbine blades are expensive to produce as new-make articles,
whenever possible the damaged turbine blades are repaired rather than scrapped.
The repair involves adding new material to the tip or other damaged portion of the
turbine blade by welding. In the welding operation, the same material of the

- turbine blade (or a different material in some cases) is melted onto the damaged
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turbine blade (or a different material in sonme cases) is nelted onto the
damaged t area and then allowed to solidify to build up the damaged
portion and return it to its permtted di nensional range. Sonme of the
ni ckel - base superal | oys used in turbine blades are subject to

enbri tt] enpé adthef altotied o WORM S RELYER dh Qﬁ% ?%éd d}?&ﬂbﬁ afifl ’}gﬂﬂ?ﬁ ﬁqPW' th the

portion of the turbine blade adjacent to t reglion at atively
| ow t enpetsgteomgted Kimantdomgdlrargde. t he wel di ng of these aI | oys, a process
termed Super all oy Welding at El evated Tenperature (SWET) has been

devel oped. e i b n us Pat nt Nos. 5,897,801 and 6, 124,568, whose
di scl osuré@né?r é’? ﬁ}‘? P%S" S§dSyReral YérB?ﬂf’e fntfﬁéblma@?%@&§ubmblt9es

prefeat ! ng,faARGHl A Sty bk B SRS ATARC cdflubli8 WO 1 egion

to an el evate ure prior ﬁgthe

turbi ne blpagtiorabf tthe tmhfb Blde tRIfRehA Y e waémré%k@l \é@ladtélvc&w%e'l@&l on. The
welding is performed in a controlled-atnosphere gl ove box or simlar

encl osur e tempereire quu@CC@mpdjah itha weldingeft thebd r&klobi: aaleproBes’sotmtie

| di b t t t, d
P T S A Bl St L S A g i TN A i Y
treat ment desﬂ?fbe%mwgﬂbﬁg N%O%‘;%Szé S Jhg e S4t 5@98\%{1&4& Mls%i%ebfeﬁg?oéo the

wel d repair of turbine des er super onent's

t he repai indosporafedttymforensd, ahe SWETIgocdse dhvdless pﬂeﬁéatidgeth\éﬁlidi’uﬂﬂ ofper at or
control a nunber of different facets of the welding operation at once.

Al though thfe tefhieattlade adiacantgtio ythekivialdiag regior oomang ekeMateqLemlmgg
cannot  bo Tesfb by e fuclaBBiand iiuplbieaiti Rybe &ﬂa&s ¢ % weblivgor an
prosent i SrRalt g HEC Kl O pg I Pife ReolBn R REbRIRER 7 oS The
advant agesontrolled-atmosphere glove box or similar enclosure to avoid undue oxidation of

the turbine blade. Before the welding operation, there may be a separate pre-

welding heat treatment, and after the welding operation there may be a separate

post-welding heat treatment,

The SWET welding process has been successfully applied to the weld repair of
turbine blades and other superalloy components. However, the repair is relatively
slow. It also requires that the welding operator control a number of different facets
of the welding operation at once. Although the operators are highly skilled,
- performing the welding operation may overtax their abilities, and in some cases the
welding cannot be accomplished successfully. Accordingly, there is a need for an
improved approach to the welding of materials at elevated temperatures. The

present invention fulfills this need, and further provides related advantages.

SUMMARY OF THE INVENTION
Herein disclosed is an approach that provides an apparatus and method for
performing welding operations on a workpiece at elevated temperatures. The

approach allows the




SUMVARY OF THE | NVENTI ON Herei n disclosed is an approach that provides an
apparatus and nethod for perform ng wel ding operations on a workpi ece at
el evated tenperatures. The approach allows the 2 workpiece to be

mai nt ai ned at the proper elevated welding tenperature with good precision,
and al so all ows pre-wel ding and post-wel ding heat treatnments to be

per f or med warkpicps ecbsmaireained at theeprapel ¢levired anldingd tengrudature ®ithreecidsel y
controlled inert gas environnent. All of the heat treating and welding is
per f or med PFEFISion,satily plso adloaysapigswelging gnd nosewslklieg theahtreatmants tobRpi ece

bet ween di . LI.ities. Th rkpiec e heat ed, much e

rapi dly ahlta‘tfgl\tl/lgér# Vltflﬁ)g#léva &eﬁﬁaeﬁ%\.\%ran .tgggfbglgtﬂggggb@}nail BFe&g\fbi %‘?r‘r%’rﬂggpar at us.
The | ongevidry g&f ehfitodiR@it. SAUN R tHeShedt TRIAANE Sind RGP R p AR it he
apparatus is self-contained except for the “welding equipnent. According to
a first asigle apparatus, rithoehithe meedt fcomovehtheewioskpeay beieteandidfepat at us

for perform.rt di ng.on a workpiece_ at el evated, tenperature, conprising:
a_ wor kp %éﬁﬂ%nﬁt%wgfﬁv?% f&%ﬁ%hﬁ%tem;/m@n@é@mdﬂw_ wbﬁ\f%l?ﬂ :T}mwn 2

wel di ng 1 : I n.interi wor kpi ece
nousi ng, Bar SRvAREIEhRAE ol M8 alBAED, TheBnd R diThe Boat YIS Tecer ve

the wor kpiep@vedier @h8 endidimefesLitie bifarieik ki REEcRMRED ExteptREahéi ¢ With
a heat-insulating thermal barrier coating on an internal surface thereof;

a | anp heweldingeqwpaentect ed t hrough the window and at the workpiece in the
interior of the workpi ece housing, wherein the |anp heat source conprises

The quar t SRS P BB SLhB treSEE BreBitib oot Erowire BRGNS | anp
I R S T
di st ance wbrkhecel boysing having a quartz window therethrough and having a welding

access therethrough for a welder to an interior of the workpiece housing, wherein
the interior of the workpiece housing is sized to receive the workpiece therein, and
wherein the workpiece housing is metallic with a heat-insulating thermal barrier
~coating on an internal surface thereof, a lamp heat source directed through the
window and at the workpiece in the interior of the workpiece housing, wherein the
lamp heat source comprises a quartz lamp having a lamp output beam, a cooled lamp
housing in which the quartz lamp is received, and a support upon which the cooling
lamp housing is supported, wherein the support is adjustable to establish an angle of
-incidence of the lamp output beam upon the workpiece and a distance of the lamp
from the workpiece; a gas source that delivers a controllable flow of a shielding gas to
the interior of the workpiece housing, wherein the gas source has a gas distribution
structure in a bottom of the workpiece housing; a temperature sensor that senses a
temperature of the workpiece within the interior of the workpiece housing; and a
feedback controller having a setpoint input and an input responsive to the temperature
sensor, wherein the feedback controller controls the power to the lamp heat source

responsive to the temperature of the workpiece.




fromthe workpi ece; a gas source that delivers a controllable flow of a
shielding gas to the interior of the workpi ece housing, wherein the gas
source has a gas distribution structure in a bottom of the workpiece
housing; a tenperature sensor that senses a tenperature of the workpi ece

within t hel‘He%Spr%ce%a§ he YPLKPI, ggﬁbﬁogfék Nt pe@ﬂn% el e‘/ﬁ%ﬁgtgglgg t gol I er

having a setpoint” input” and anin onsive €% sensor,
wher ei n t kecldiagdbackotpiddeobt BlosC ibre® & 4 bas PAMRTe EOmphitent 3RIcheRL Sour ce
responsive to_ the tenperature of the workpiece. 3 The workpi ece may be of
any oper aii<ket-ppse superallpcivich es 2 ghetrabiod blageper at ure  wel ding. A wor kpi ece
of nost interest is a gas turbine conponent made of a nickel-base

|1 [ | Th h b d
o any opansaitEREe FodR by s Sk i Byoneranly malkeh bl A Tugbecleos
st ai nl ess sgdieg] 2 360- @éﬁé‘s%'i:aﬁﬁléss $tB8 NBFBIEE CTROWIHEH ety FIRY r¥f r a wall

having an interior shape that Is curved in i1ts corners to ead gas

3a spaceshwnawhélhmmmgastEhermmgkphauechnmdungmpﬂﬂﬁﬁsa@hymﬂakmdg@@ﬁovable
i nsul ated top cover that provides the welding access. The wi ndow is
typically made of quartz. The | anp heat source may conprise at |east tmo
quartz | anps, and preferably at |east four quartz |lanps. There is
desirably a cooled | anp housing in which the quartz |anps are received.
The | anps are preferably supported on a support that is adjustable to
establish an angle of incidence of the |anp output beam upon the workpiece
and a distance of the |anp fromthe workpi ece. ' The tenperature sensor is
desirably a non-contacting pyrometer or a contacting thernocouple. The gas
source preferably includes a gas distribution structure in a bottom of the
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wor kpi ece housing, to ensure that the shield-gas flowis evenly
distributed. A nethod for welding a workpi ece at el evated tenperature may
conprise the steps of furnishing the workpi ece and furnishing a wel ding
apparatus of the type discussed herein, and a wel der that may be
positione I kp QU9 3ese t hod
may i ncl uggﬁ%lsggll g%é {bﬁ’%r kgﬁgg"é"‘fkﬂ 3e H%ﬁs“%]ﬁg‘%ﬁg%drﬁ%(’) h%sr\%l-rg&g?lgﬁe
housi ng sodnsudated thyacevért that erpedet theewsldigeacdays. t Mhe WRIFDGT Rt @Fﬁ:aﬂ?nsor
operating t as source to envelop the workpiece in the shielding gas,
heat i ng tﬁ@“ﬁé&@ﬂ A8&e by powering the | anp heat source responsive to the
setpoint input and to the neasured tenperature of the workpiece, and

wel di ng t _ r e st f heat i | ude

st eps of QZIF :‘/tglrgl %e%?go%r%%%\%@; 'g&ﬁ%\ﬁ%egc leﬁ-’[g BWPE"h@‘ﬁ\&ﬁE%g@Xea%prl or to
the step ofastvaht qiGirtzaBsHe! TRES & BENALE Q%E)re\ﬂezbﬂfp%usﬁ@afn whitghtdgnt of
the workpiece after the step of welding, as well as maintaining the

wor kpi ece qaartalamismm geqeevrvple rIedampsl arci prgferdidy sumnrtwﬁ oned slippgrt thids pr esent
appr oach I‘OVI n| ent ap roach for _perform ng superall oy  welding
at el evat éﬂuﬁ@ Foa?fiﬁ? I @tﬁfl}g dPﬁSemPh%f E}ezl@nwr optRut (R piperehe 4

housi ng wor kpi eces at a tine. The
nunber a%ﬁ%ﬁfﬁ%{ﬁgﬁ%@‘?ﬁgﬁﬁgﬁgglgﬂpglﬁpqgo{r@&%gl so be optimzed to the
nature of the workpiece(s) and the precise treatnent to be perforned. Heat
t r eat ment The neypb@neaenyoeds idesiedhly ti Ath-tontbiitnd Bfictndt@NBEs AoMtaRtigeNt r ol at
the wel di ng tenperature. The present approach reduces the ancillary duties
of the wethermgcoupberat or, all owing the wel ding operator to concentrate on
the wel di ng operation. The present approach al so nay be used for brazi ng

fepal r wet B g SreeartPbh e s o RETRERRR B PoftnAY B8 i ng of

two or nDyHBrREdeHRERE; to ensure that the shield- -gas flow is evenly distributed.

A method for welding a workpiece at elevated temperature may comprise the steps
of furnishing the workpiece and furnishing a welding apparatus of the type
discussed herein, and a welder that may be positioned to weld the workpicce
through the welding access. The method may include placing the workpiece into
the interior of the workpiece housing so as to have its temperature sensed by the
~temperature sensor, operating the gas source to envelop the workpiece in the
 shielding gas, heating the workpiece by powering the lamp heat source responsive
' to the setpoint input and to the measured temperature of the workpiece, and

welding the Workpiece using the welder.

- The step of heating may include steps of performing a pre-welding heat treatment
of the workpiece prior to the step of welding, and/or performing a post-welding
heat treatment of the workpiece afier the step of welding, as well as maintaining

the workpiece at a welding temperature during the step of welding.

The present approach provides a convenient approach for performing superalloy

welding at elevated temperature (SWET) welding. The size of the workpiece
4




f +The present approach produces substantially better controllability and
reproducibility in the welding operation than prior approaches, leading to
a high- quality welded article. The present approach also significantly
| nproves repair/ manufacturing operations in regard to efficiency and
wor kflow. In prior approaches, the workpi ece was pre-wel ding heat treated
i n a sepahaising aaly-d &AlddN® adcaminhdda¥e bhdor W?&eﬁ%ﬂste\igﬁﬁssaﬂ A iAot Irge
bui I ding or even at another site, noved into the T-wel ding facility,
heat ed t ongmbenndiportioning of tieuhaatingdamps dexy, alswb egtimizambiedht matire

cepar ot Def RSSHaR 50 b S Lo P kg o, doesied e
Ve PR o, G BEKLN RRLLLY oSG G pece

per form teeneedturl Theadiredeheapprdgch 20ELdes ithe RntiMAryVarkey 6F 8% WRldihg Wel di ng
facility. In the present approach, the pre-wel ding heat treatnent, :

wel di ng, eprdatenstllowengithegveldiag operasart temoncentmtaon trpweldirgropanatiorsi ngl e
facility in a continuous manner. The wel ding apparatus nay be placed at a

conveni e location in the repair facility.to .allow a snoath_ flow of

wor kpi ece hg P%eﬁ?'Bragpﬁ%F%?ﬁa ‘%fg’gk?ﬁa‘fﬁegrfef b{%wgasﬂ@'}se%}l??&i’er?l& thgdeqRI di ng
facility, padide"@AcdBpRe&! brish iEQve@lp%r i ifig0a! iddgg- The
efficiency of ntgﬂe (r:erg%i r prroce s? ist err%%%lg%l%%r%yg\%gﬁiéﬁlgﬁ?h‘g&g%gétcggr educed.
5 O her faskmnbspeodjccngwodiag oftwbd benreswakpietdsent i on will be apparent
fromthe following nore detailed description of the preferred enbodi nent,
(‘\t_ia,?ken in_conjunction with the acconpan}/i ng _draw ngs, which illustrate, by

vay of exSifpl BTeseRthcaRPRt pPrGuEEs { febs a:]ikviéHYi d?fﬂtterrhaéoatf@%%biﬁty t Ad
i i on..i . Jmited.. i 1 i . BRI EF
Tison prERRARC I AAT el ohdtioh P bRoP AFisBRdIGE. BRERE P LhiRE o g

- wor kpi ecepuafity hgelded Mudicle? t UhBi PResent approach also significantly improves

repair/manufacturing operations in regard to efficiency and workflow. In prior
approaches, the workpiece was pre-welding heat treated in a sepafate heat-treating
facility that was sometimes in another building or even at another site, mov_ed nto
the SWET-welding facility, heated to the welding temperature and welded, cooled,
moved to the separate heat-treating facility, and then post-welding heat treated.
This process could require several days to complete, considering the need to move

the workpieces to the heat treating facility, accumulate furnace loads of

——

workpieces to be heat treated, wait for an available furnace, perform the actual

heat treating, and return the workpieces to the welding facility. In the present

approach, the pre-welding heat treatment, welding, and post-welding heat
treatment are accomplished in a single facility in a continuous manner. The
welding apparatus may be placed at a convenient location in the repair facility to
allow a smooth flow of workpieces from pre-welding operations such as cleaning,
to the welding facility, and then to post-welding operations such as final coating.

The efficiency of the repair process is thereby improved and the costs reduced.
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.bl.ade; ( Figure 2 is a schematic view of a wel ding apparatus and a wel der,
with the workpiece housing in side sectional view, Figure 3 is a schematic
top view of the workpi ece housing of Figure 2; Figure 4 is an enl arged
sectional view of the wall of the workpiece housing, taken on |line 4-4 of
Figure 2; Figure 5 is a schematic side view of an enbodi nent of the wel ding
appar at us Dthdri ﬁuuueesﬁaﬂdsmaﬁiag_@i< of k@j&&aﬁﬁﬁ%ﬂ%ﬂa@ﬂp@@ fp&ent #6mP@E! or m ng

t he wel din operation; and Figure is a schematic tenperature-tine

di'agr am f sellavisgwelods rdgtailedr desaiptionDET Aht EprehiESORIcRHoONNGR, Thlker NWENTI ON
Figure 1 depicts a |.di ng workpiece 20 in the formof a gas.turbine bl ade
22" whi ch® Enﬁ}%f‘@}%\ﬁﬂw PRIPARYIEE Wiraygings, whigh iNystrate, by Wiy Hiex38Plhe a

new- make bl -Ur bi . an -aj ' i.ast which
the 11 ow SFbales SR BRRlith RE SBRERe e 1088 bt Rhyerd A2
downwar dl 1 #id srefiried epdtvdimed6, and an attachment in the formof a dovetail
28 which attaches the gas turbine 6 blade 22 to a gas turbine disk (not
shown) of the gas turbine engine. A platform 30 extends transversely

out war dIyBBﬂEE%wP&iO&QEe HE¢ /@Bl 24, on the one hand, and the

shank 26 and dovetail 28, on the other. There may be one or nore internal

22, eni nHERC et bR e Fe? afrs orekeind irkPis® qmdPE G9ER L *raiEe 22" may

"~ be descripgge-as having a root 34 and a tip 36. If the length of the

airfoil 24 between the root 34 and the tip 36 is shorter than the nininum
acceptabl e di nmension, either due to renmoval material during service or an
(under si zeFigawt ¢ isadleschematid eriew e aiwélding Zgparatys bmdl engelden ewithythe

workpiece housing in side sectional view;

Figure 3 is a schematic top view of the workpiece housing of Figure 2;

Figure 4 is an enlarged sectional view of the wall of the workpiece housing, taken

on line 4-4 of Figure 2;
Figure 5 is a schematic side view of an embodiment of the welding apparatus;

Figure 6 is a block flow diagram of an approach for performing the welding

operation; and

Figure 7 is a schematic temperature-time diagram for the welding operation.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 depicts a welding workpiece 20 in the form of a gas turbine blade 22
which has preferably previously been in service, or which may be a new-make
* article. The gas turbine.blade 22 has an airfoil 24 against which the flow of hot
combustion gas impinges during service operation, a downwardly extending shank

26, and an attachment in the form of a dovetail 28 which attaches the gas turbine

6




.wel ding additional material onto the tip 36. The present approach is
described in relation to such an addition of material onto the tip 36 of
the airfoil 24 of the gas turbine blade 22, as that is a preferred
application. O her types of workpieces 20 of particular interest are

hi gh- pressure-turbi ne nozzles (vanes), | ow pressure- turbine nozzles

(vanes), anfieInre4das HBIMRMESk (dob ShdWhOSThe SRPNAARY chgink A pledoin®30t hese

- ~types of workpieces, and may be applied in relation to any operable
- wor kpi ece egi@ndsThangveesety vetivardlyoal adotation hatwhbér dk amfaikP4t dwithe onehe gas

turbi ne bl ade 2 ich s previously been in service, and that enbodi nent
“will be d e%fﬁiaﬁéaﬁgﬁlaqﬁl&%ﬁa@cﬁéovthﬁﬁ{% rathelb e T herednase beene of MArE! at i on
to newmy ¢ ' ' , ' : ljously
been in sgﬂr% Vi 82?6(\5}21%6 %ﬁ%&gc%ﬁgy%@rg?%he%eﬁﬁeﬁ goaf'/s}E|H % %B!}ﬁl}ﬁ gl\ég;g and
t hen used2premingciafgeniipgidne service at | east once. During service, the
gas turbine blade 22 was subjected to conditions which degrade its

structure. Specifically, a portion of the tip 36 of the gas turbine blade
22 was buhpetfahdd osdetas turbing badgpd? maﬁbaid%@frrsh_ edris helmggeroobdhend por ti ons

may be burne e and.c | ngs _ar.e pi d or, burped. .Because the

0o Cur bi ReP Bt ARBSBRRE i RiseilR heliped tePof b hud fhedite b dustibet

rel ativel yhal (RR'mBAABLE t ' on' PR rkNgugas turbine
bl ade 22. fhe prnelsent a%%%ggggeolaigﬁﬁglrog\’/i%ggg?%@?&egilﬁﬁ?are ur bi slﬁ,ﬁénd

rej uvenat servive qyas tndebdine nblviidmade asticlé,hidk diffoild mhg beclengtheskd by ser vi ce.
Such repair, refurbishment, and rejuvenation is an 7 inportant function

@hi ch i npisidisg additiens taredabentpithe tp 36 Bha preasnt agaoachip describeddi nes by
. returning_otherw se: unusahl e s _turbine bl 22,1 0. t _service
i tor appFORRIR e Eh SRR helel pPB BaZ0CT: 6 e BRI e 55 ot or apl
made of anpbimk®laRABE a8 YRR 8kl Referdd AppGERIonL SRk RY JFaForkBleBesnEKeEl by
wei-ght percent than any other "el enent; and a
of particular interest are high-pressure-turbine nozzles {vanes), low-pressure-
turbine nozzles (vanes), and shrouds. However, the present approach is limited to
these types of workpieces, and may be applied in relation to any operable

workpiece 20.

The preferred embodiment is utilized in relation to the gas turbine blade 22 which
has previously been in service, and that embodiment will be described although the
invention may be used as well in relation to newly made articles. The gas turbine
blade 22, which has previously been in service, was manufactured as a new-make
gas turbine blade, and then used in aircrafi-engine service at least once. During
service, the gas turbine blade 22 was subjected to conditions which degrade its
structure. Specifically, a portion of the tip 36 of the gas turbine blade 22 was
burned away so that its shape and dimensions change, other portions may be
burned and damaged, and coatings are pitted or burned. Because the gas turbine
blade 22 is an expensive article, it is preferred that relatively minor damage be
repaired, rather than scrapping the gas turbine blade 22. The present approach is
provided to repair, refurbish, and rejuvenate the gas turbine blade 22 so that it may

be returned to service. Such repair, refurbishment, and rejuvenation is an
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.nickel -base superalloy is a nickel-base alloy that is strengthened by
gamma- prinme phase or a rel ated phase. The nickel -base superal |l oys of

i nterest are susceptible to enbrittlenment and cracki ng when wel ded wi t hout
heating the workpiece, as described in US Patent 5,897,801. Exanpl es of

ni ckel - base superalloys with which the present invention may be used

i ncl ude R%?JMI&%Q&M ich mgﬁwésl the CRBRORIE VIABIlit) oFSliRbift BSS GRBIeO! about
.14.0 percent chrom um about 9.5 percent cobalt, about 4.0 percent

mol ybdenurngiatoby kidmpey otmrwisengesahle gdsotirbilicOblades @@nto abbswijnenty about
5.0 percent titanium ahout 0.17 percent carbon, about 0.015 percent

bor on, abéﬂ?“@?@@rﬂ@ﬂ@ﬁﬂyﬁiF?%%ﬂP&ﬂ] bal ance nickel and minor elenents;
ReneTM N5, having a nom nal composition in weight percent of about 7.5
percent c L ' t L5 ypbdenum
Sbout 5 paneehiR therfnObBRE BS pEERBLY adB P mick 1R BRRRITL X!

t ant al um nickblobdse Gi1dy PRk esit nadkeNbi wdighahRiten? tHdn A6 SB&L clBABM, HAA aabout
0.05 percent carbon, about 0.004 percent boron, about 0.01 percent
yttrium bigkelnbasesipirallonirnia nigkabbase| adloprihat isatrdnSboedbi g2nmrapmiimg a

878 por contienr el nste The el Bt soretionoh ipreRbuESuse BB ent
‘tungsten, eﬁBﬁH{en?eng 4l %Ec{giq'[ﬂg?%g}eﬁmwcﬁiﬁau%i@oﬁé heQﬁ%%ﬁtpE %gqﬁ%ﬁ%gmasabout

6. 15 percent alum num abou percent hafnrum a et cent
carbon, abesetibfd Gl UBEPaemt 5807801, bEkamprsndf kidkebbabenkiiRiallosksewghit s. The
pr esent ‘apg_r oach is operable with other alloys as_well, and the use of the
i‘nvent i onWhishni@e nresant davensionoae beiused dnelbde KRengi g $le havisg e namingd| | y

Gep! 12 2y ARREAL Hon PRyl B RETLCHT LIRS Mol MELKBECE.20 2
et A e SO i 2 9Ot gl al trmoteel - ¢
wor kpi ecepé&fent aluminum, about 5.0 percent titanium, about 0.17 percent carbon, about

. 0.015 percent boron, about 0.03 percent zirconium, balance nickel and minor
elements; RéneTM NS5, having a nominal composition in weight percent of about
7.5 percent cobalt, about 7.0 percent chromium, about 1.5 percent molybdenum,
about 5 pefcent tungsten, about 3 percent rhenium, about 6.5 percent tantalum,

- about 6.2 percent aluminum, about 0.15 percent hafnium, about 0.05 percent
carbon, about 0.004 percent boron, about 0.01 percent yttrium, balance nickel and
minor elements; and Rene™ 142, having a nominal composition in weight percent
of about 12.0 percent cobalt, about 6.8 percent chromium, about 1.5 percent
molybdenum, about 4.9 percent tungsten, about 2.8 percent rhenium, about 6.35
percent tantalum, about 6.15 percent aluminum, about 1.5 percent hafnium, about
0.12 percent carbon, about 0.015 percent boron, balance nickel and minor

elements. The present approach is operable with other alloys as well, and the use

of the invention is not limited to those listed above.

Figure 2 schematically depicts an apparatus 50 for performing welding on the
workpiece 20 at elevated temperature. The apparatus 50 includes a workpiece

~ housing 52 that is preferably made of a metal such as a 300-series stainless steel.

8




therein and to permt the use of the proper conbination of exterior heating
| anps to heat the workpiece. The workpi ece housing is sized to receive
three workpieces 20 in the illustrated enbodi nent, see Figure 3. As seen
in the top view of Figure 3, the illustrated workpi ece housing 52 is
general ly rectangul ar. The workpi ece housing 52 may have any operabl e shape

and si ze tAQnteSof B3 bof $He Weklkdibed ﬁﬁasﬂ{§§%2§ hﬁ@&i t9re@iRAfHe! fecp‘ﬁlfd;p![ gge'

For exanple, the workpi ece housi ng may exagonal or octagona

vi ew. The theweirkmdtepdrmitibegrsb 2f ks paopet tbmibiratios dp&tepior iHesting ldmp6 t hat
preferably is curved in the corners 58 to avoid dead gas spaces in the
corners i i hedtdhe srprkpiees el hg workpiecethousiogiia piapdip tpasive shreuwarkpiscesi scussed

subsequenggﬁn&%’gg%u\éﬁ_ét@@%@d}%%@h%glPEgZLFﬁ as a renovabl e top cover 60,

pref erabl y 'na t provides a welding access 62
t hrough the open top of the workpiece housing 52 for a welder 63 to the

interior 9% edent he tN®tHPIvaRE 0&'@‘1%%11%93,5%13 Tingstdaf @{éﬂﬂ#ﬁe&%@&sm@%\% is

illustrated three-workpi ece enbodi nent is preferably fornmed as t

hal f - covergsnenalntreetangulatoy ¢he vadrkpiete hbhasing|5di mgy dave any Gperabde shate hal f  of
the interior 54 of the weldi ng% housi ng 52 i.s_accessible whi]le the other
hal f renmaithd 475 fisd d§ gt ;unied o (B pracessme of 2t PRtipWeR oskpisge. ATseen in

Figure 4, 3 r I sy ' . 0, | nt-gr.nal :
surtace b6 TTRREHe WL OARY it ChBloo R A AR R Wl TS ¢ o
the wor kpigkgielOhaiindd? Bag@iBit@lidrshbp® BT ith Svallis eibaP preddrablly ik Rerwar kpi ece
housing 52. Due to the use of the heat insulation 64, the interior of the
workpi ece ihthgstargers 538 tararoidhdeadgak spacss ig the bameisrinrelptibe th¢et Bowmfch nore
rapidly than sible in .the absenc f the he i nsu) ation 64. e heat
| Poul i ofiRGoltE N & Seraawiﬂ}f FRaRa shsravenh b rerkases ﬂ‘gﬂ%%g de of a
mat eri al gyc bRy bihi L L =3 QH!eﬁl_a Lreeily to the
i nternal sur 5%20%%&%F®wa%v% gb’b%%%r% ogtﬁﬁt%h%‘rtéggﬁggﬁa? [ gblgesfﬁzégni awth
typi cal | y aaiddithg2cdsds 6 itigfolgh eieceith,top of the workpiece housing 52 for a welder

63 to the interior 54 of the workpiece housing 52. The top cover 60 of the

illustrated three-workpiece embodiment is preferably formed as two half-covers

that each cover half of the welding access 62, so that half of the interior 54 of the

welding housing 52 is accessible while the other half remains enclosed so as to

retain heat in the interior 54.

As seen in Figure 4, the wall 56 preferably has heat insulation 64 on an internal
I surface 66 thereof. The heat insulation 64 aids in reducing heat loss from the
workpiece 20 and more generally from the interior 54 of the workpiece housing
52. Due to the use of the heat insulation 64, the interior of the workpiece housing
52 and the workpiece 20 therein méy be heated much more rapidly than possible in
the absence of the heat insulation 64. The heat insulation 64 is preferably a
ceramic thermal barrier coating 68 made of a material such as yttria-stabilized
zirconia (YSZ), applied directly to the internal surface 66 or with a bond coat
therebetween. YSZ is zirconia with typically about 2-12 weight percent,
.preferably about 6-8 percent, yttria added to stabilize the zirconia against phase

changes. The ceramic thermal barrier coating is preferably applied by air plasma
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.preferably about 6-8 percent, yttria added to stabilize the zirconia

agai nst phase changes. The ceram c thermal barrier coating is preferably
applied by air plasma 9 spray (APS). The preferred ceranmic thermal barrier
coating 68 is at |east about 0.015 inch (380 gn) thick to provide _
sufficient insulation, but not nmore than about 0.03 inch (760 gnm thick so
that the gerprAP 9h61'H@ﬂ>reib?fefdl &raiRAtheRdalOBartiee sotls 68 liakelandasqml | of f
as a resul't of thermal cycling the workpiece housing 52 during repeated

wel di ng op.€d atindn@80Qun) thivkl typrovitie pufficber ihsplatont butndtayee thdmalioud. 001-
0.005 inch (25 - 130 gm thick of a bond coat such as a NNCrAl material is
appl i ed @Q tlh@?l (?ﬁoelimdrth@lg spabas the dsrsmeicgheimanl haraern eating G%adoss ot i er

B s i i
shape of @atle ‘HE 033%1{2& v 8 mhIQﬁ* ‘l’)ﬁi ?&f%}ﬁ&ﬁ%ﬁ ng%y&oéﬁ?)%'i 9.008 -

prOV|d|ng Xce Ient of ‘the workpiece

housi ng 53003 echt @B -CIB09imPhickyf BYR] b sGEl admh BiCHAT ABlerBRls dpplied cOat i ng
68 applied to its interior surface. Mre preferably, the flat top cover 60
i s i nsul @atthd inheript sutifanedrt bafofedbe cairantmic ahérog bamamoatmg K8 .is Ipplmbr kp| ece

T e LA A R
but th
p lrJ ef er g[)let;/dmrré% pgat]% guar %Pagrgwg% ﬁ%:oﬂ‘gaé L’torf gﬁg 1%Vgxggf¥¥[r?sfcle"36ﬂ %l%gl t}slgr te o]

resi st thewrv&l evesdss eifpeidaigicaslibhtthefh sl RXBREDE riﬁlemebofralums\mrth@l ece
b0u5| ng 52. There may be any conbination of nunber and size of w ndows 70

requi red workpieoei ifmisingedd.i Afiedop ewyer 60 may hivew Har c@hmpedlevmakbmes 20.

For exanpl e e ndows .t hr al s 56, .ta heat the
wor kit o BOMAE AR STEVNLO 1 INEdeh Fatice. NQHUTBIEIY, OF RE toredst & H80- my
have a wi BQ'&M E‘”ﬁl@lﬂﬂeﬁ“rﬁ @wtlt‘ﬂpa ﬁ&%f’efarﬁ?é%ﬂehave an openi ng therethrough

(w thout a rovi de access for

The workpiece housing 52 has a window 70 therethrough. In the preferred
embodiment, there are two windows 70 on opposite sides of the workpiece
housing 52, but there may be other windows as 'well. The window or windows 70
are preferably made of quartz so as to be transparent to light and also to resist the
clevated temperatures that are experienced by the workpiece housing 52. There
may be any combination of number and size of windows 70 required to provide
heating access for particular-shaped workpieces 20. For example, there may be
windows through all of the walls 56, to heat the workpieces on all sides if required.
Additionally, the top cover 60 may have a window therein, or the top cover may

have an opening therethrough (without a window) to provide access for a top

lamp. A virtue of the present approach, as compared with alternative heating
techniques such as resistance furnaces and induction heating, is that the heating
may be made very rapid but also precisely tailored for each type, shape,

configuration, and number of workpieces.

~ A lamp heat source 72 is located outside of the workpiece housing 52. The lamp
heat source 72 has a lamp output beam 74 directed through the window 70 (or
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-lamp. A virtue of the present approach, as conpared with alternative
heating techniques such as resistance furnaces and induction heating, is
that the heating may be nmade very rapid but also precisely tailored for
each type, shape, configuration, and nunber of workpieces. A |lanp heat
source 72 is |ocated outside of the wor kpi ece housing 52. The lanp heat
source 72 hageR th@%mﬁgp&&eéa /& e GESk NP BReitbh 49 7o O 10
t hrough the wel di ng access) e wor plece ﬁe I nterior 54 of
the wor kpicekgicbohsushee 52. Theer 8 prefem’tfbj" arlaipiheat $cuige ’V@asso@mwd;mtm
associated with each of _the windows 70, so that in the enbodi nent of

Figure 2 eadrel thearadews 7o thahin the smbediment of ‘fgur@anbergwmmddwrt@@t ed

t hr ough t t - hand a th wn) . dir d
througn ¢ fk BRSRIRRE T2 BER Yo ottt Mg ahe HEBlmRRT Yahadi TS

| east onehedhen(ridh @ﬁ@\bhydﬁ‘écté&ﬁﬁbuéﬂ‘ﬂle KA \*/ﬁ’ﬁ&% ’F(ﬁ E%ﬂ l’z‘:un}I?ﬂ@atC”c whi ch
‘is visible in the view of Figure 2)°7 The quartz lanps 76 (al so ‘terned
guartz habagea 7Ean¢isdesaatdeasﬂapnbamidepmfmﬁﬁycalt Wasytwa @a@0mpalo (snlge, so
that in the ? %ffil rred_enmbodi nent of Figure 2 there are two quartz Iarrps 76
associ at e8Pt Whickigs yisthle im the vigw eifewed). Jderauagz tamps g6 (@15@ targedof 8000

wat t s - of Lrected.t onwa wor k as the
o out pat it AR e R BRI ELaBR 85Uy PO Vo oo M fREEERs0% o be
heated r apicitryed\Bi@Bodiafint &€ Fidie etheP@ Dy P EhaT, HRtRi THRhisobmtf withmp heat
sources, and in an alternative design being “devel oped for another type of

wor kpi ece@aCﬂlmfrtbe two i hedisputcaa@2hfeata totalint 800Mwats bLavdilmbbagatiag openi ng

R R L Ay RN A R )
k
Koo eI Aafe el datlicd s W Rl SRS PUB B! SBhke’ oS’ Ve

- control | ablay b%ldtlﬁ‘dﬂo@hftﬁhdt%m@ﬂlhlﬁﬁlﬁedt%mcbs?léﬁﬂnigan alternative design belng
| ~ developed for another type of workpiece, there is a further lamp heat source
directed through an opening in the top cover 60. Thus, the combination of lamp
heat sources may be precisely tatlored to provide the optimum heating for the type

of workpiece that 1s to be welded.

The quartz lamps 76 are preferably received in a cooled lamp housing 78. A flow

of a coolant, preferably water, is controllably circulated through the lamp housing

78 by a water pump/radiator 80. The illustrated form of the water cooling
‘structure is a closed-loop recirculating cooling system, so that external water
source and drain éonnections are not required. However, a non-recirculating water
flow system may be used as well. A flow of pressurized shop air may also be
provided to cool the bulb of the lamp 76. The cooling of the lamp housing 78
cools the quartz lamp 76 and the pressurized air flow, if any, cools the lamp bulb,
thereby prolonging the service life of the lamp 76. Additionally, a flow of cooling
air may be provided to move heat away from the operator of the welding facility,

and to blow or draw any fumes away from the operator.
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.78 by a water punp/radiator 80. The illustrated formof the water cooling
structure is a closed-1oop recirculating cooling system so that external
water. source and drain connections are not required. However, a
non-recirculating water flow system may be used as well. A flow of
pressurized shop air may also be provided to cool the bulb of the lanp 76.
The cool i i . t al e
pressurizggmg%?&¢§%§?ﬂ$?@gﬁéfﬁgg%ﬁge?%gbﬁggggﬁﬁﬁﬁ?ﬁ&¥%€§g6§§1 gﬂ&%ging t he
servi ce | iThe soppoth &2l iappeféfablyAddjustableablegtabisif houngle ofdatidegee of ¢achmy be -
provi ded tq nove heat away fromthe gperator of _the welding facility, and
to bl ow oof dpaamnyoutpweBCamm Y4t vRan thee wopresco?), and ple taepablithspang 78

or et er bl Jistals<RaBF dod T GnHE Rk trg o oR R ebafifuens O HIEHRS! ' pe | °
| anp out pyge nﬁﬁmmﬁélingw ah#8h¥RIkPleeampdd. 76tk igh1y %#gﬁéﬁ&i bahha

di stance of the lanp 76 fromthe workpi écé 20. In the enbodi nent of Figure
2, the | aoppdrbddimeptatishtie: disianceof the 1dmpi6 SHon? theawerkpidcd 20| yndmpport ed on
the support. 82 to establish the distance of the lanp 76 fromthe workpi ece
20, and mR§ fixsd i plage at #sqlptedsiding locapant Ehe synnortye 1ssawetedat thewed suppor t
82 is piv e - Gl tg t rkpi ec ousi n ng the
renot e e-ngfotggstg%)p{pﬂér‘{Vgﬂ&%%(%aﬁggszﬁ usgt ﬁt@ﬁeﬂgr mH@ie 1(:ae Hgtﬂn%l rgfg‘:rlmo\%‘e to cause

t he suppopdjuStabledith $OBRE MalR thevadl tohQusd the sﬁﬁg«fiﬂgz,té]ﬁl theRd(&p 1ffipt 0 be

pi voted about the pivot point to adjust the angle of incidence of the |anp
out put behousidg GRtand: the wopky)i Hcw BO pivadedishiutghe pimeot | ot &) adfsstithet hi s

(manner hel to.optimz he power ipput to, and thence the eat.i ng of,
the wor kpPREE O ﬁn%?%ﬁiozéé%?%@? OYipyi gg@?]‘li‘%ﬂtﬁ’ %WPS?%%‘@S&rﬁ HUStOGni f or m y

heat th tl Ni L:f o] ff]Ci ti f
he. vor kpf S ahBEIT/G 8 B indither LB 16 0pkitidc 8 Wl 6.0 b L0, 0
t h.e I || ubédthipedf, efbodlomitce drswodtiesk! 20! YTypeatedit is not necessary to

uniformly heat the entire workpiece 20. Instead it is sufficient that the portion of

the workpiece 20 adjacent to the region to be welded (e.g., the tip 36 in the
illustrated embodiment) is controllably heated.

The welding operation is performed in an inert gas shielding atmosphere, such as
an argon atmosphere, to prevent oxidation of the workpiece 20. To supply the
inert shielding gas, a controllable gas source 86 delivers a controllable flow of the
inert shielding gas to the interior 54 of the workpiece housing 52. The gas source
86 includes a gas supply 88 and a controilable valve 90 that meters the shielding
gas from the gas supply 88 to the interior 54 of the workpiece housing 52.
Experience with a prototype unit has shown that the shielding gas must be
carefully introduced into the interior 54 of the workpiece housing 52 to ensure that
the entire workpiece 20, or the multiple workpieces 20 where present, are fully
enveloped in the shielding gas. To ensure the qu envelopment, the shielding gas
is introduced through a plenum 92 that delivers the shielding gas over the entire
area of a gas distribution plate 94 that forms the bottom of the workpiece housing

' 52. The entire face of the gas distribution plate 94 has a plurality of holes 96
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.The wel ding operation is perforned in an inert gas shielding atnosphere,
such as an argon atnosphere, to prevent oxidation of the workpiece 20. To
supply the inert shielding gas, a controllable gas source 86 delivers a
controllable flow of the inert shielding gas to the interior 54 of the
wor kpi ece housing 52. The gas source 86 includes a gas supply 88 and a

control | affepetiiugl tHG: 'ﬁs]?l!%hd 431 %!h?el&fﬂ% St eVl e cfiRe Bt tdrea @ESheuppl y 88
to the interior 54 of the workpi ece housing 52. Experience with a

pr ot ot y pewearkpiedeakousingvi2t hAt messeot bieel wionh 9§ds plasd ot theapkeiui §2
i ntroduced .into the .interjor 54 of the workpi ece housing 5 0 ensure that
the enti rgelmtﬁsigé%élswu%n Ripte 94,10 fugher %ﬂ&cﬁngé tﬁm@é@fdﬁ%g@n, are

fully en I: ' ' . r f nt, the
Shi el di ng O ag e helaigfel 1 BldAiGcaRR PO of e rkp Y BoRHHE

shi el di ng5gyatie ev@ideti ROreRs 5B helptctenstfe hadtRrd@ind SuinAS] et @uidst hat
forms the bottom of the workpiece housing 52. The entire face of the gas

di st ri but Withimpthet wtgiprnyk ofl the woskpiese bousiag 2. 96he FRiclding @ak reseapies t hat
- spread the shi.eldi ng..gas over _the entire bottom area of th rkpi.ece
ousing. SErOH eSS aees (2 of stiop of Bre v eH PSS SOENBE o 92 Ohel ow ¢ he

gas distry !éh]le‘i’élng'gﬁé 5 c?e‘éirﬁﬁ’lty‘;dég&l%ﬁéd f’d‘{aé Hfﬁigh%l&ﬂlé"éh&’g%{r g;‘fes? el ng gas.

Once the shielding©gas 1s Introduced Into i nterror e wor kpi ece
housi ng 3, lotvhe floausitiddeldiignessss aSed) eliPmbyp déffisseriatd thetintchier S4asfaheo

. stagnated gas volunmes within the interior 54 of the workpiece housing 52.
('I;he shi el WpHgiesgshausmgpes and priskigehthcheorkpiage ny cleyewdsieppergurchdfttop of t he
wor kpi ece_.hpusi n .. the flaw of. the shieldin as. 1.s, desirably

cont ol | Skie0 8 TP oF SHiPliie s hasceh oo may B S e Abat ST ol oMy of

shi el di NgiE3%ri53. WiBGhe &lifie dedinftziﬁ‘ééﬁs} . the interior 54 of the

~wor kpi ece housing 52 and oxi di ze t e workpi ece at el evated tenperature. |f

too high a flow of shielding gas is used, there may be turbul ence that
draws ai rAitempetamae sens@ar 1@ s&abes wi temperetusaniethdi wadipaedea?fe ovithin ébell t s.

interior 54 of the workpiece housing 52. Multiple temperature sensors 100 may be
used for each workpiece 20 if desired, but typically a single temperature sensor
100 for each workpiece 20 is sufficient. The temperature sensor 100 is preferably
either a noncontacting pyrometer or, as illustrated, a contacting thermocouple 102,
or both may be used. The temperature sensor 100 provides a real-time
measurement of the temperature of the workpiece 20 in a vicinity of the region to
O be welded. The lamp heat source 72 and the welder 63, when operating, provide
the heat inputs to the workpiece 20. Heat is lost from the workpiece 20 through
the walls 56 and top cover 60 of the workpiece housing 52 by conduction,
radiation, and heating of the flow of the shielding gas, and, when the top cover 60
is removed in whole or in part, through the welding access 62. The temperature

sensor 100 provides a measurement of the actual temperature of the workpiece 20.

A feedback controlier 104 has a setpoint input 106 and an input responsive to the
temperature sensor 100. The feedback controller 104 controls the power to the
lamp heat source 72, and thence the heating power delivered to the workpiece 20

from this source, by controlling its lamp power supply 108, responsive to the
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_,A.tenberature sensor 100 senses a tenperature of the workpiece 20 within
the interior 54 of the workpiece housing 52. Miultiple tenperature sensors
100 may be wused for each workpiece 20 if desired, but typically a single
~tenperature sensor 100 for each workpiece 20 is sufficient. The
tenperature sensor 100 is preferably either a noncontacting pyrometer or,
as 111 ust r@hgstatude spfﬁea@bmpgedehﬁédm&atw fheiBrhiperaBireRhSHRY0 £ foSi8d- The
tenmperature sensor 100 provides a real -tine neasurenent of the tenperature
of the woskpoatens 106. a Alfhobgh tsyheshatichlly ribgstomed as abmamed] deatrol kel anp
heat source 72 and t 63,. when operating, provide the heat inputs
to the vmeRtBP’é‘Eén% %&ﬁuﬁky plsatinglpden ¢ Hrewsesamees tanesrtyirgprofilee wal | s

56 and to | t adi at i on,
and heat | R9CarEin BpP ot BR-ARECEIPERy IR MRerdina e FRRRNE aRT peribBhier 60
IS renovegrd-welthed %e@tr h‘eé’cn&fﬂfst and HoSUGBIdiAE heR HeMeheAEC 88 Uchided),TRRA
tenperature sensor 100 provides a neasurenent of the actual ténperature of

t he wor kpimedaindt at the frebdibg tdnpaaturadd that thesvdldimgafsit poikptiederfilmag 06 and

an i nput es onslv he e erat e sensor 100. . The feedhack controller
104 contr lbﬁ'ﬁé ]ih& ﬁeﬁ‘@ nﬁ %ft 10dolpe desirably has coriFRlOWPS heat i ng

pover del (ygk lding its
| anp poweFd/s u%té&uﬁr%@égﬁgﬁ%&ﬂge%ﬂ@%g fhe E%Etg labpé/%%cs%h{ec%m%l F kpi ece
neasur ed Byiedeh@ntrenpeipatsuny 5€RERsle bADIROGhtids td@nmﬁ@ﬂﬁ@ tHse iffgiond 06.
Al t hough schematically illustrated as a manual control, the setpoint input
106 usual Bxg @egatmgn@r theysmay pe selottog taennidol thapeagnitude oftos ater fiov ect ed t o
kring the ece 20 a desired welding tenperature (and perform
pre- wel di ﬁ%é) B OWr &SR Wf‘lé’ and post-wel ding heat treatnents as desired),
and maintain it at the welding tenperature so that the welding of the
wor kpi ece \Y; T, %&ﬁﬁ&ﬁs nt I
- desirabl yF%gsérgolrlllp ?tﬁat@%%?%ﬂ&%‘ég&'ﬂ ?%r%lhcgptm}/%t punp? rgaddlrg% o?ﬁ%%&gn%j ta % t he
- val ve 90 désctibed glovierio blidbine gé&bls bLO with&6Gontrol panel 112 readily accessible

to the operator. The various elements 80, 88, 104, 108, and others (and the

interconnections, not shown in Figure 5) are built into the table 110. The table 110
may be furnished with wheels so that it may be readily moved about. The
apparatus 50 in this form is fully self-contained except for a power input, and
sources of air and inert gas. The air and/or inert gas sources may be provided in
bottled form and carried on the table 110, so that only a power input is required.
This form of the apparatus 50 thus is readily moved to convenient locations in a

factory setting.

A method for welding the workpiece 20 at elevated temperature is depicted in
block diagram form in Figure 6. The method includes furnishing the workpiece or
workpieces 20, step 120, and furnishing the welding apparatus 50, such as that
illustrated in Figure 2 and/or Figure 5, step 122. The workpiece 20 is preferably a
component of a gas turbine engine, such as the gas turbine blade 22 illustrated in
Figure 1. The workpiece 20 is placed into and positioned within the interior 54 of

the workpiece housing. 52 so that it may be heated by the lamp output beams 74
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.These‘ control outputs may be sinple on/off controls to ensure that these

~that illustrated in Figure 2 and

T

functions are operating, or they may be selected to control the nagnitude
of the water flow and gas flow, respectively. Figure 5 illustrates a
preferred formof the apparatus 50. The apparatus 50 as described above is
built into a table 110 with a control panel 112 readily accessible to the
operator. The varjious el enents 8 88, 104, 108, and ot hers d.the

Pt er connat fete 1 fEPe Seoed Bﬁrtge SSIRFTANEERiSERsr > St 10 a0 The
table 110 ¢ 1 0 Wi : (I y be readily noved
about . TthPig%géére%t us,stagg&?n %%‘is&e%@f@?ﬁ?@s‘s‘ ?Iﬁggont ai ned except for a
power input, and sources of air and inert gas. The air and/or inert gas

sour ces niijic mspsouvee 86 isncoindilabld cheratedansl epgelopedhenwbikpidcabinethk10, so
that only a power input is required. This formof the apparatus 50 thus is
readi |y noiielding gasnveep eh20. octimndiaseoushy iff dst profersed t thaty. tha mestdrod for

| di h Di 0 | re LS dep) d i | ock
i agr am  BIMPFRERIOE &P BeoPemBarié topi BrpuRL e 7f ahf REF 1 v deece or
wor kpi ecegpadBhiont 8P thé0.coRREIIABIE ”};g{' aarédeggehgi ngearpakaiiale SQatguch as

Figure 5, step 122. The workpi ece 20

i s pref erpirhy/radiaworfib(ent anf adr gadingusystenes)esgpreferatdycdonasliedédyoiks t ur bi ne
bl ade 22 iIIu?trated in _Figure 1. The workpiece 20 is placed into and
posi t i onetPRFalisr A0¢nie avaid tlioshange dhat apreper@ek pilld dergsbinsivag tem €8 arhat it

may be he the | . yt _bea 74 . 14 and have its tenperature
ensed byfil V%%?’ér%&?%@%&%@éﬁ%%?ﬂ%,S Igfllceepleiéﬁ'. The workpiece 20 is

@upported as necessary by tooling or supports. The gas source 86 is
cont r ol | ahl heatipghvad @dlgtcgcleny pbapendd) 8teporieDi MGhis dycld) ehe WG sHe® Mas, step

126. Sinultaneously, 1t is preferred that the water "punp/radi ator 80 be
oper at ed bheatesbby poweringrthe baus hagt FBirem @2 réspohsivg t@ Ghe Tipoint input 106
and to the temperature of the workpiece 20 as measured by the temperature sensor
100, step 130, and the workpiece 20 is welded using the welder 63, step 132. The
heating step 130 and the welding step 132 are usually performed with both
sequential and simultaneous substeps, and Figure 7 illustrates a typical operating
cycle. The workpiece is initially at room temperature, numeral 140, and is initially
heated at a controllable heating rate, numeral 142, There may be an optional pre-
welding heat treatment of the workpiece 20 prior to the step of welding, numeral
144. A typical pre-welding heat treatment requires the workpiece 20 to be
maintained at a pre-welding temperature for a pre-welding time. The workpiece
20 is thereafter further heated at a controllable heating rate, numeral 146, to the
welding temperature and maintained at that temperature for a period of time
sufficient to perform the weld repair, numeral 148. After the welding step 132 is
complete, the workpiece 20 is cooled back to room temperature at controllable
rates, numerals 150 and 154. There may be an optional post-welding heat
treatment, numeral 152, that is performed between the cooling segments, numerals
150 and 154, typically requiring that the workpiece 20 be held at a post-welding
heat-treatment temperature for a post-welding heat-treatment period of time. The

temperature profile, including the temperatures, times, heating rates, and cooling
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operation of the controll able gas source 86 and the controll able water
punp/ radi ator 80 (and any air cooling systens) is preferably controlled by
the controller 104, to avoid the chance that an operator will forget to
turn themon or have to be concerned with their proper service |levels. A
heati ng/ wel ding cycle is perforned, step 128 In this cycle, the wor kpi ece

i h he | h h
St poi nt - RS @R A B CaBP OSENEONY f fhEiaR KPRl 208, ¥ o asur ed
by the t enpaatdl RtRAPE Providbd to %111% g‘t%p 180, %Qfé t‘%b %%%Otu:ng Jel ded

using the wel der 63, stép 132. The heating step and t ing step

132 are useglitey s,mtlfabrtlnmdre\]tdmg’n obetaltlon&ﬂaudbltdoaiplaadl sThHahdeastehigampbst eps,
and Fi gure1 7 illustrates a tépl cal operatin cycle. The workpiece is
i nitiallyD§et 088 tenpbiswelkinsylated workpiece mgssz aliaw she tpmpieestersd at a

[ 142 b I -
wel di ng. hasiIE . h AT and BV e R0 E L P Yo @GRS o i ng,
nuneral  idfperftd Rir6fle Of %g‘tﬁéd? age heRbtelir RALIRM 8 Qi eaﬁmh?gwﬁp! ece

20 to be maintainéd at a pre-welding tenperature for a pre- Ing tine.
The wor kpmlqale@mi) snd hisrmeatttiar off constrectidie ahé dreaknewe dntheodrt abivéll fbeat i ng
ral, 146, to the welding tenperature and naintai ned at that

rate,
t enper at Uﬁ@v?‘aﬁ’edafoﬁé(?ﬂ%ﬁ‘iﬂ?e?t?ffféor f-cient to performthe weld repair,
nuneral 148. After the welding step 132 is conplete, the workpiece 20 is

cool ed ba r | e. nuper al s 0 and
54. Ther g‘ﬁﬁg)?esgﬁpgé#rgg?ffé%ta pos{j %ln[él ﬁn)lja&%'%a&th é§ dr%?ﬁ 4D %§§ 152,
hat is pes Sleywieth BRiuneenaridBasarehi operE&DTERE $he %&tﬂ%ﬁc’ﬂ &f FikaR GRAd 54,

typically requiring that the workpiece 20 be hel t a post-welding

heat - t r eatomivratvesiproiile snch abdhatshpwstin Wedwie ig heat - t reat ment peri od of
tinme. The tenperature profile, includi ng the terrperatures times, heating

rates, %&%88% %Sﬂ%gl}f{ra S l?JIﬁE rf%ile aneIltIOI] has f)ee e%grllll)éél in etatlotblred by

t he feed ba
purposes of illustration, various modifications and enhancements may be made

without departing from the spirit and scope of the invention. Accordingly, the

mvention is not to be limited except as by the appended claims.
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a manual interrupt provided to allow step 148 to extend for as long a tine
as required so that the wel ding operation nmay be conpl eted. The use of the
| anp heat source 72 and the well-insul ated workpi ece housing 52 allow the
tenperature profile to be readily and precisely controlled. The specific
paranmeters of the tenperature profile of Figure 7 are sel ected according
to the speqgiAiqst ype of workpiece 20 and its material of construction, and
are knomnTn the art or will be developed for various types of workpieces.
The present approach has been reduced to practice with a prototype

appar at us 150  dgpstatwnfor pefogoing Weldmpdohasvdrkpiecopeslatatel temipegatithes
approach of Figure 6 and a tenperature profile such as that shown in
Figure 7. C%“Pﬁglﬂ‘gh a particul ar enbodi ment of the invention has been
described in detail for purposes of illustration, various nodifications

and enhanceren iiche RGR: MividPH quIRDALHOR HERMbDR, 3R Hldnd scope

of the invention. ACcor vention Is not to except
as by thevahfisgdectss kiirethrough 6t AvMider th. anpRoatofshd @origrédOidishg, wel di ng
on a workpiece at el evated tenperature, conprising: a workpiece housing
havi ng a dgran the wienien ek thet wedmigeediansingvisngzed towsicdivaghacrarkpiece

t her et hr oygh_.f or | der .to_an i.nterior of th rkpj ece housing, wherein
the int erﬁ%?elg’f altlﬁeW ?Iﬁ‘pfhgc‘é’oﬂ?&%“lenéo?%n% iliélale%?lﬁgr‘gg i % e?thléls\%gﬂ%i ece
therein, aRemuleiAbNcdifg WRKRARERI Baaielcormetal lic with a

2

heat -i nsulating thermal "barrier coating on an internal surface thereof, a
| anp heat source directed through the wi ndow and at the workpiece in the
interior of thealawpkeiteoerchdirsited throkgh dhawindew amimt katvosipiecdnahepr i ses

interior of the workpiece housing,

wherein the lamp heat source comprises

a guartz lamp having a lamp output beam,

a cooled lamp housing in which the quartz lamp is received, and

a support upon which the cooling lamp housing is supported, wherein the
support is adjustable to establish an angle of incidence of the lamp output beam

upon the workpiece and a distance of the lamp from the workpiece;

a gas source that delivers a controllable flow of a shielding gas to the
interior of the workpiece housing, wherein the gas source has a gas distribution

structure in a bottom of the workpiece housing;

a temperature sensor that senses a temperature of the workpiece within the

interior of the workpiece housing; and

a feedback controller having a setpoint input and an input responsive to the
temperature sensor, wherein the feedback controller controls the power to the lamp

heat source responsive to the temperature of the workpiece.
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a quartz lanmp having a | anp output beam a cooled |anp housing in which the
quartz lanp is received, and a support upon which the cooling | anp housing
i s supported, wherein the support is adjustable to establish an angle of

i nci dence of the |anp output beam upon the workpi ece and a di stance of the
| anp fromthe workpi ece; a gas source that delivers a controllable flow of

a shielding ga J EQr rkpiec i rein.the gas
Source hag a ganecpar P S| Ambich M SLEER, SR fina IEF Bislate

housi ng; a@ohdstigy efta@onens and bhBémaRogele. a tenperature of the workpiece
within the interior of the workpiece housing; and a feedback controller
having a setpoint input and an jinput responsive to the tenperature sensor,
wherei n tBe feddBapRaraBystaf slaiay 1,cwrareis) the weskpiesedhousing bes 4 walh haviegt sour ce
responsive._t. rat.ure of, the workpiece. 17 .2.. The appar.atus of
o, naRsHOF REPC IR Brii el s SFreEs 75 vivaic) AGieh B SRERR RIS or
pyr omet er cghdrd t hernocouple. 3. The apparatus of claim1l1, wherein the

wor kpi ece housing has a wall having an interior shape that is curved in
its corners to avoid dead gas spaces in the corners. 4. The apparatus of
claim1, dherelhewhparaimadwlaim i, whersindke sfinddve ismardkgide ofthenworkpiege and t he

wel di ng agcess is,throygh a top.of the workpjece housing. 5.. The apparatus
of claim %?P%“E‘ﬁi‘ &ei"ﬁlc{&‘l?&iaﬁ@f?ssés tbé%éwmfﬁbe wosgHece ROUSIE- i nteri or of

t he wor kpi ece housing through the welding access. 16 APPARATUS AND METHOD
FOR PERFORM NGT%E%A}Q‘M of claim 1, further including:

a welder having access to the interior of the workpiece housing through the

welding access.




AT ELEVATED TEMPERATURE ABSTRACT A wel di ng apparatus (50) includes a

wor kpi ece housing (52) having a wi ndow (70) therethrough and having a

wel di ng access therethrough for a welder (63) to an interior (54) of the
wor kpi ece housing (52). The workpi ece housing (52) is netallic with a heat
i nsul ati on (61@*{5’” an internal surface (66) thereof. A lanp heat source
(72) is direct/RPARAILEhANI2 MERIOR FOR)P RMIWG WBLRENEce (20) in the
interior (54) of the workpiece housing (52). A gas source (86) delivers a
controllable flowof a s or (54) of the workpiece
housing (52). A tenper at%?ﬁ@ﬂéﬁﬁ%’{@&éﬁ@&h? tenperature of the

wor kpi ece (20) within the interior (54) of the workpiece housing (52). A
f eedback controller (104) controls the power to the |anp heat source (72)
responsive to the tenperature of the workpiece (20). To perform wel ding,
t he workpiece (20) is placed into the interior (54) of the workpiece

housing (52) so as to have its teMBE8TRAGFR sensed by the tenperature
sensor (100), and the gas source (86) is operat ed to envel ope the

pone ﬁg% heltng fhpariag (B iR onkpgs ROIBE TEDASRe MR 106)

SO v ey e
interior (54) of the workpiece housing (52). The workpiece housing (52) is

= metallic with a heat insulation (64) on an internal surface (66) thereof, A lamp heat

“-’) source (72) is directed through the window (70) and at the workpiece (20} in the
interior (54) of the workpiece housing (52). A gas source (86) delivers a
controllable flow of a shielding gas to the interior (54) of the workpiece housing
(52). A temperature sensor (100) senses a temperature of the workpiece (20)
within the interior (54) of the workpiece housing (52). A feedback controller (104)
controls the power to the lamp heat source (72) responsive to the temperature of
the workpiece (20). To perform welding, the workpiece (20) is placed into the
interior (54) of the workpiece housing (52) so as to have its temperature sensed by
the temperature sensor (100), and the gas source (86) is operated to envelope the
workpiece (20) in the shielding gas. The workpiece (20) is heated by powering the

: :) lamp heat source (72) responsive to a setpoint input (106) and to the temperature

of the workpiece (20). The workpiece (20) is welded using a welder (63) operating

through the welding access.

Fig. 2




