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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- ariz r epai refg r at hgr tGag scrapped. _The repair involves addi ng new
mat eri al t% 3PHAICHH 83F YOHE: Ogfd FBEWE. pbrisi Bawsfinihthe fromtyphthepengiee,by

wel di ng. ' ' ape, nateri f. the tuyrbine bl ade
(or a di fF@P@%ﬁsﬂg??g?ﬁigﬁg@%éﬁ‘g&énaéﬁeégﬁ&i g‘F ufegd{jwﬁh el NCTRIRESS t

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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area and then allowed to solidify to build up the danmaged portion and
return it to its permtted dinensional range. Sone of the nickel-base
superal | oys used in turbine blades are subject to enbrittlenent and
cracki ng when the wel ding operation is conducted with the portion of the

turbine blagdeamdiRe eMbwed tb R61AE lqﬁguﬂ& Q]b Q{i'?] aﬁmggﬁa‘ﬁ%%bﬂ glh% rb@¥h it to

tenperature. To acconplish the welding o ese rocess terned
Super al | oyts\ferditteg dimemlienadtragzeTenper at ure (SWET) has been devel oped. As
described in US Patent Nos. 5,897,801 and 6, 124,568, whose di scl osures are

i ncorporated by reference, the SWET process involves preheating the portion
of the tlﬁm%@fbﬁ’&dél%ﬁ“%@nﬁuﬂeﬁau(?ﬁ weadgitn gturlige oblades are subicst d8 wel di ng

t enper at ur, i 0, i i (i ng . the.turbine bl ade.at . the
wel di ng teglﬁbg@%%étea%ﬁlﬁgﬁgggﬂ‘gﬂﬁ i tr‘l)‘gélé(i)ﬁf} r%ﬁrl]%lnqn ‘Fh%"fb@é‘ic | ngltﬁsthﬁer f or med

in a conpogidredf aheo@Diey blagk Adadea tOhS WBlded r&isl a5\l R4t ey oW undue
oxi dation of the turbine blade. Before the welding operation, there may be

a separ at &mppaatuig| difagadeentplish ethe nentdingind ticserallohs aeprdcess tgrmedt i on

t here may be a.separate t -wel di ng heat nt, The SWET wel di ng
process Kggp%rggﬂy g&E@%?ﬁﬁﬁya‘\%ﬁpﬁ%ﬂﬂ?@r@ Né{}‘@)gﬁﬁseb%ﬁ“r &elonedr bf\ie bl ades
and ot her | :l,035<C S .5 ddemeye t ; L] l.at). vel sl ow.
It also rgéibi?frﬁgg l'ltn hgtS ?ﬁ%ﬁpme%i r?@ oper atEl Igri d(ff]gzn{’géoﬁ% %h%%nggf%tgk%gi%aer ent

facets oindonoratetl iyngfaprtathe S WET qt6esss Ahvdloe0prehbainppeedidtion @fe hi ghly
skilled, perform nlﬁgi he wel di ng operation may overtax their abilities, and
in sone cHi¥edur ediadipcerinriot thse vealdiogprégiore dos aoc eleyhletl| yelding

Accor di ng there i.s need for an .inptoved roach to the .di ng of
mat eri al S{eéfgpeé?rtg{/eapgar ?%%ei lggﬁrﬁﬁmaﬁ*ﬁgl?‘“& g@eﬁ’?&nﬁ ads 8h ﬂ'f‘hl“g‘*‘}l& this
need, andidnyidriffe RNAXE IR Wweldh @@a& { 0P M}ég | CN
Herein di ség?i{)sed ei S angapproach fﬂot pir%gl\'/i des a‘ﬁ%ijap El:ga%gfgggedd %F%gd for
per f or m ngomedltidrasmopeieat plave bor ar similkpemdesuad tehwidtuadué orfdatian wfes. The
approach allows, the ) )

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




2 wor kpi ece to be maintained at the proper elevated wel ding tenperature
with good precision, and also all ows pre-wel ding and post-wel di ng heat
treatments to be perfornmed with precise tenperature and tinme control, and
in a precisely controlled inert gas environnment. Al of the heat treating
and welding is perforned in a single apparatus, w thout the need to nove
t he wor kpiverkpibet welbnndirfthiacéat thef @mopén ¢lewsed Whklinw tdappeesara®ithl@olieat ed
much nore rapi.dly and evenly than with prior elevated-tenperature wel ding
appar at us PreehEon, pispyallops; pee-welding god qwsi-welding heok treatmpate tibbai nent  of

ccor of ng PO B ER CLUER R R obnTomtT ik PR FERVE: dea an

appar at us indrogaP enviesiFhéetd. WIS theOReR tmaﬁhgiﬁaewélkﬁrgg RV BE@Smi@MpeRat ure,
conprising: a workpiece housing having a quartz w ndow t herethrough and

havi ng a Wkl apparause sdthonerthe esdgte teveatheetvdepieae detweehedifferendf t he
the interior of the workpiece housing is sized

wor kpi ece .hausi n wher.ein A
to receiv Cﬁﬁ@%&?ﬁ&‘i"@%@‘@ﬁe‘?@f he hgafgd mychrraens repidlyand syeds thasukithg i s

metallic ws < i . art i ar t] n..an i nt.er nal
surface t#él?gg Yagaf‘%d%%&ﬁ@g% k"{ségid}rlggﬁ %@g‘t é%l etEl ﬂlrl%eﬁ/gt& qfﬁge \?\?tﬁsgg{f\;’eal d at the
wor kpi eceirmprobé: i Oheréntoddhetithef W lsppaais e Ui ebntdhed @xBepth®r thanp heat
source conprises a quartz lanp having a | anp out put beam a cooled |amp
housi ng | Weldhng pquip@enfuart z | anp is received, and a support upon which the
cooling Ilanmp housing is supported, wherein the support is adjustable to

establ i sh ngl e o inci depce of the |la oyt put bea on the workpi ece
‘and a di sf\gg%rglr%ftot%érsf[ ﬁ?ﬁ?cgf’fﬁ’r?n Hrﬁ%en\y\ﬂ}‘igﬁ{{g%éﬁe‘g lﬁa?vég]?ftjg%al?%@mﬁel ivers
a_cont ol kableanihits Helding NPk BAARS 40 tdPhbh e, OforhisiMeT kpi ece
housi ng, V\/ngé ein the geasngour ce ﬁa a geg:selg‘lt[agﬁ :t%{juﬁﬂgﬁ&esﬁr{@?%% %(n a

bot t om of wotlepieuer kpiserpehindng ianquarte vémger alicteBraghsaid hﬂﬁhgaaemﬁﬁn%
tenperature of the workpiece within the interior of the workpiece housing;

and a fed@ssiciherethonsh f@rra weldes do andateper af thenpworkpiges howsingpwhereds ponsi ve
oot o TRIRLNE B 42SNGRhieck BBLGRD id ffed G0N e NEAGILR GO hSd S
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.




responsive to the tenperature of the workpiece. 3 The workpi ece may be of
any operable type that requires el evated-tenperature welding. A workpiece
of nost interest is a gas turbine conponent made of a nickel -base
superal | oy, such as a gas turbine blade. The workpi ece housi ng may be nade

of any op ri.al 10 i.nl.e e -series
st ai nl essqggt%g‘lgﬁrk:ﬁzécgrﬂé erbre eéc’if m%héb\%l? epﬁ@géthﬁtote&uﬁég %%%%gaé[g%e%ﬁgg a wal |
havi ng an vidldiagi oA wbekpiedehdfl most @teresdisi A ghé SuGMHB5BpbRnPYRARE dead gas
3a spaces in the corners. The workpi ece housing preferably has a renovabl e
i nsul at ed Maksl-besesuperalloy.pueh iasla gas hubinelbliideg access. The wi ndow i s
typically nade of quartz. The | anp heat source may conprise at |east two

deai rabl y e uEREAEE BREAEmEy By i o ke mafrl i p e L v
The | anps saéieady %@Eéﬁésﬁtaﬁﬁl&@ﬁt&&ﬁs ?ﬁbg‘é’rrédJ PPRE Wwokiibed Eousﬁ% rpi?f]egﬁl to

establish an angle of incidence o | anp out put™ beam up rkpi ece
and a di shaneevadf havieg hanpefiooshdpeahas lepiveden iherhaspe aabidrdeag @asor i s
desirably a non-contacting pyrometer or a contacting thernocouple. The gas
source preferably includes a gas distribution structure in a bottom of the
wor kpi ece housing, to ensure that the shield-gas flowis evenly
distributed. A nethod for welding a workpi ece at el evated tenperature my
conprise the steps of furnishing the workpiece and furnishing a wel ding
apparatus of the type discussed herein, and a wel der that may be
positioned to weld the workpi ece through the wel ding access. The net hod
may include placing the workpiece into the interior of the workpiece
housing so as to have its tenperature sensed by the tenperature sensor,
operating the gas source to envel op the workpiece in the shielding gas,
heating the workpi ece by powering the | anp heat source responsive
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to the setpoint input and to the neasured tenperature of the workpiece, and
wel di ng the workpi ece using the welder. The step of heating nmay include
steps of performng a pre-welding heat treatnment of the workpiece prior to
the step of welding, and/or performng a post-welding heat treatnent of

t he wor kpi ajqt t ep tng, - wel i I nJ e
wor kpi ece ° g&g {}\IB?%QI rfgﬁ%ezér'rpeFQ% u@@h@?nﬁ%@ﬁ%@ﬁa@wv@%?ﬁ nqjgﬂl%ﬁlggpr esent
approach pnsvitelsom coorvihiai erdvidgspiheaedldingy agesd. orMiiengirsloRelsadybllywel di ng
at elevated tenperature (SVWET) wel ding. The size of the workpiece 4

housi ng méjRdsetg@artad t o acconmodate one or nore workpi eces at a time. The
nunber and positioning of the heating | anps may al so be optim zed to the

nature o o [ e preci.se treatnment to be perf.orned. Heat
treat ment ?h%gg?\ﬁgﬂeéégﬁp gg%i‘)ld" fﬁ%et £|R01§asttiwtoh%ua%t&g?@pf”e?&éprg?%?@y@gﬁt rol at
the wel di ngst fRFMeladtzUbRps. TR 85 88iraBRPE QB6IRAIIBANCRstdRCin®RRich! @By duti es
of the welding operator, allow ng the Wwel ding operator to concentrate on

t he wel di qyatp ks aye recefted. Jhedamps appprefectblplssppored duea sippartithat ibr azi ng.
Thus, as used rein, the term "wel ding” epconpasses brazing as well as
repair wePdt BE@f to ?ﬁﬁ"l‘h}}sglﬁ ajgle iIB@QEHCGa%th?unﬁmp- phiguebpam Mipeg thel di ng of
two or no | . uces substantially better
controll agﬁrl é&%génrgﬁ??lg%a?ig%ag{hgﬁffﬂ]%;@Efﬁ%ﬁﬁ&@kﬁ?ng operation than prior
approaches, leading to a high- quality welded article. The present approach
al so si gniThe canpémpniraenseess desipely /anBowtashetind gy@patét boAsohfictiggard to
efficiency and workflow. In prior approaches, the workpi ece was

pre-wel di ﬁ’@ﬂﬁéféﬂuﬁl@eat ed in a separate heat-treating facility that was
sonetinmes in another building or even at another site, noved into the

SVEET- wel di il d h .di.ng.. J | ded,

e on 1B g Shlh braBEBE ek A SR RSy Bl
post - wel divgkpigthdukBal RFensurtVhit tAE SRRRE £ ii@ﬂiﬁw &isﬁﬁ;\ﬁ@ef]c@' days to
conpl ete, considering the need to nove ghe wor kpi eces to the heat treating

facility, accumul ate furnace |oads of
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 wor kpi eces to be heat treated, wait for an avail able furnace, performthe

——

actual heat treating, and return the workpieces to the welding facility.
In the present approach, the pre-welding heat treatnent, welding, and
post-wel di ng heat treatnment are acconplished in a single facility in a
continuous manner. The wel ding apparatus nmay be placed at a conveni ent
l'ocat i on houdihe ntagPRi §calediCiol dAdcyminfodadd bAWoR nddFB Ak drkblcodd & a WREKPirgees from
pre-wel di ng operations such as cleaning, to the welding facility, and then
t o post - webeberanshpestioning of (hehheasingilaabs cogt dlsgbe optimizdd tocthematuref t he
repair progess i§ thereby .ipproved and the costs reduced. 5 Oher features
and advan?g W %W‘F?@(Sgr"égetgg PrefrenitFmeE (e b reaspmedntHeat draafments

fol | ow ng r ' - deserl pti - di s1laken in
conj uncti glﬁyvm% %ﬁ{pﬂdgj egg‘é‘o%%‘gﬁ?‘?ﬁg()@?g‘gvﬂs}n"gge,“%vﬁ%‘@ﬁé fég? tgéffﬁgtakﬂg%@ﬁ y of
exanpl e, tehfp@erftnienCTht gFeseht tgrohely @8dices thd RAciHEAPEuRds bhehd MERhEON IS
not, however, linmted to this preferred enbodi nent. BRI EF DESCRI PTI ON OF -
THE DRAW NEsater.ilowving the veeldmgspentonte opneentutte an tiedl weldingwpdipice i n t he
formof a turbine blade; ( Figure 2 is a schematic view of a wel ding

appar at us-and_a | der 1th the rkpiece haousing in side sectional view,
Hbure. 3 PO fredelEntiioeh Alsh bl wietHEbRBign ! Hats. Rotdty o Hegens. o
Figure 4 4ypelahgethadfsbseAshbinpak walE @bait 8108k bor HaibidG VOLHRIRES
housi ng, taken™ on line 4-4 of “Figure 2; %I gure IS a sc%errat C side view
of an entodl mehi-piete jdienpetalding ofppanaime wikguss. 6 is a bl ock flow

di agram of an approach for perform ng the welding operation; and Figure 7
(s a sch tic tenperature-tine diagramfor_ the wel ding operation.

DETAI LED CRIPSTRONEREO PIgESes ONvbstaptiely 1 hesist c conollghiithgabr kpi ece

20 in t herefaﬂfd%ﬂ)ﬁli@ i 3Re %f(ﬁﬁg%pgﬂaﬁgg tl%azn prior approaches, leading to a high-

quality welded article. The 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 tréated, 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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«whi ch has preferably previously been in service, or which my be a new nake
article. The gas turbine blade 22 has an airfoil 24 against which the flow
of hot conbustion gas inpinges during service operation, a downwardly
extendi ng shank 26, 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 t OthérRaRRg AR advaplagkd of M es&ittiﬁﬁéiﬁiohrﬁﬂ}s‘ﬁ@ra? ¥nOfbMehdl y at a
| ocati on between the airfoil 24, on the one hand, and e shank 26 and

dovet ai | fdlovongt merotdetailedTdesceiption b€ thoeprefernat embodimental takeolinng
passages ext.ending through the interior of the gas turbine b|lade 22,
endi ng incﬁtﬁgﬂ?t}%’gwgg theptgompanyng dsawiges. weaich illustrata, byevay effamplemy be
descri bed i a i .- : . irfoil
24" bet vee  tefBgo e HlenfifnThe sBubd & ditipleasblify h6Y Bhelin, kst

accept abl & ghigwesdred enfiddiiaentdue to renoval material during service or an
undersi ze newy nade article, the airfoil 24 may be | engthened by wel ding
additional _material onto the tiE 36. The present approach is described in

rel ati on BEIEHOESEREGION OF BH iG8nto the tip 36 of the airfoil 24

of the gas turbine blade 22, as that is a preferred application. Oher

types of workpi 20 of particular. interest. i gh- If -t ur bi
novates (UINES) S opstoheebleREby i el kbt n s o S bt "

" However, blagepresent approach is limted to these types of workpieces, and
may be applied in relation to any operable workpiece 20. The preferred
enbodiment is utilized in relation to the gas turbine blade 22 which has
(prievi ous| Figheed isna sehematés vaewd dthatweldbgdapganatuwidnd beweldex; riiikdhal t hough
the invention be used as wel| jn relation to newy nade articles. The
gas tur bi Warkpages fousmg 1 side seqinal yieWiousl y been in service, was

manuf actured as a new make gas turbine blade, and then used in

aircraf! - FAK S ISPLnbR A8 od GRRTMRE RorkhiEs egursg@fea'ﬂlﬁgmés{ze gas turbine

bl ade 22 ubjected to ndi tions ructure.
Specifically, a portion of the tip 36 of the gas turbine bl ade 22 was
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
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.burned away so that its shape and di nensi ons 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
m nor damage be repaired, rather than scrapping the gas turbine blade 22.
The present approach is provided to repair, refurbish, and rejuvenate the
gas turbi pidel22ds adds ebinealisk (nofBYowmoftBE bisachih® cagh¥ Aeplatibieh30 epai r,
-refurbi shnent, and rejuvenation is an” 7 inportant function which inproves
- the econorkiendd abhdvietsghobutwardlyaétt a Jacatiourimtween ¢hrgawts] B¢, omtthe oheg

ot her w se- unusahl as _turbi bl a 22 to subsequent ervice after
~appropri af@? ra&?éﬁ%?h@k #é@ncgﬁ?w%ﬁjégsoq thespther” o1 here mey S OBF &F 81961 y made
of ‘a nickel,: ner . i - I y wei ght
per cent ¢ ertah SodREb R oftndlEliEb P R Mot JXe TR Bt Blag®
ni ckel - bage, @ldifyintdphinigs 38t r engt hened by gamma-prinme phase or a rel ated

phase. The ni ckel -base superall oys of interest are susceptible to
enbrittl ement and cracki ng when wel ded wit hout heating the workpiece, as

descr i bed Tha auBiFA efthemagmbanibladedhmlazdedeseribsdels Houng awoephrrdys wi th
whi ch the pre i nvent i may . b d inglude ne 80 avi,.ng a nomn nal
Comosi 11 BP b et iESe dant ot EabBevent BeiBi At o AR B85t o 5
percent  gplhalht mARAHN 4edlpRBIL aiterdiRlny RISHUHLe 80 PkhotalOmBRHEE Bhrihkingst en,
about 3.0 percent alum nu% about 5.6] percent titanium about 0.17 percent
car bon, abguice db. dhldndeesize nbwhonade aafidielt the. ol dceay bei leagiheasd bpal ance
ni.ckel and m.nor _elenents; ReneTM N5, having a nom nal _ conposition in

fei ght pelskhng addifipadlimaterial onde dbtipbal ke PreBtappraichds dessribedhimm um

. about 1.5 rcent  nplyb um ~about. 5 cent, t upngst en,...aho 3 percent
heni um EEBU & woh e Ao ARG SuBIhERB 3 e PR bou

0. 15 per capbinBsHelrD, a3 IR4tlis Q- 1HefePRAGPPLcatioR! POther 2R oyl ficRey TENt

boron, about 0.01 percent yttrium balance nickel and mnor elenents; and

ReneTM 14af paswubg anteresti aed highvpassure-dmbine wergbd (penasgniow-piesaleut 12. 0

ercent cobalt, about 6. ercent chrom um about 1.5 percenf
P turbine nozzles (vanes), gnd shrouds. However:?, the present appl%ach 18 ]t1m1ted-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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.ol ybdenum about 4.9 percent tungsten, about 2.8 percent rhenium about
6.35 percent tantalum about 6.15 percent alum num about 1.5 percent
haf ni um about 0.12 percent carbon, about 0.015 percent boron, bal ance
ni ckel and mnor elenents. The present approach is operable w th other
alloys as well, and the use of the inventionis not I[imted to those

l'isted ab@vBortdrit FuhQich GAREMRIArERL thedRBhGhE FabARPTALNPatPBad Afrbi@r f Or m ng

~wel ding on the workpiece 20 at el evated tenperature. The apparatus 50

i ncl udes angwek biyesturning) ilrgwi2-uruaable sgasr afrbmabbladen@? 6f sabsegueadt such as
a 300-series . stainless steel. 8 An interior 54 of the workpiece housing 52
is sized PYVIEALLYBPRIFBINGIRYICEHBE20 therein and to permit the use of the
proper conbi nation of exterior heating |lanps to heat the workpiece. The

wor kpi ece j: ' B | |88 | e

Il lustrat ggggﬁ%%%dﬁe%ﬁﬁlﬁggghgizgﬁg@i‘é\i&akisv %%gg%{fﬁ% eeqﬁj g%@%ﬂg\%l fc())S" If?&gur e 3,
the il | ushicktlebhseetlspibas endiousdkeDbp dight fRERE Mdnyaryesthe€lemadt, addea

wor kpi ece housing 52 may have any operable shape and size that is nost

suit ed t onickel-basesupealgy ivé nickphbasealloarthaloisispicagihendtbby gesampprimet he

wor kpi ece _housi n e he onal ,or octa al-in top view The workpiece
| housipng 5@%&@ &?reﬁ%de?%aaﬁ- ?ﬁgﬁéc%%ﬁess%?qm% of Ha?regtr %’Fé]‘%{’ﬁpgblﬁéocur ved
in the co . ' S es,: p ' cel.aton to
e 11 ow Shefiftinibot St kiR digfo wRRAPTitBuL Mealfl 1 SbilEROt 1

wor kpi ecedésotibedign S35 Paentas80M80ab| Bxioples oy hidk@l-bideehgietdlloys meiig of the
same material, that provides a weldi ng .access 62 through the open top of
the wor kpWBisd theunrsegt 32venbion ange begersed daclude thane ni8ds havings ppmined

VoL kD! CC RS By phRat B Do kB Ao S, A S K21 £,
e a8 4, pER kPR, 05109 S50ty Mlled L0
retai n hepdrcem dlinaidunt,esbiont 554 perdsnise@nivnm, Fha@iir(el? peideat vabbnSébaqutef er abl y
has heat (I)B%J lpae}cie%? b%?ozinat?orlllt‘iOrT(t)??rpr(]a?(lzent 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.
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surface 66 thereof. The heat insulation 64 aids in reducing heat |oss from
the workpiece 20 and nore generally fromthe interior 54 of the workpiece
housing 52. Due to the use of the heat insulation 64, the interior of the
wor kpi ece housing 52 and the workpiece 20 therein may be heated nuch nore
rapidly than possible in the absence of the heat insulation 64. The heat

I nsul ati o fogh | de of a
mat eri al g?fgﬂmgléo‘;)? frﬁﬁ%@b@lfﬁg&{%@r g%ﬁ% gﬁ %‘%‘{g rédegv:)ep dbfg%%eggt y to the
i nternal ghereacandt® pennﬂthl&mehncﬁmlds pragier cbﬂxblﬂh@h\ﬁ@iten\ﬁsliehﬁng langni a with
typically agl out 2-12 wei ght percent, preferabl% about 6-8 percent, yttria
added to 40a87the équh@e‘i‘? r“élamwarl@wrk@pswga% aized Huregewe thee vewkpieres t her mal

ore err ed o o EsRAFUER AR PR et o5 P30 ) cast about 0. 015 i nch

(380 gm thick to provide sufficient insulation, but not nore than about
0.03 inch As766ngM ek v oiatighiees C @AM gtaher %kkd?@éer h@ﬂisuf%%@' g 68

does not flake and spall off as a result of thermal cycling e wor kpi ece
housi ng 52Zedenlipgectaepdat eThowtatkpigeo ponsing cﬁismay)ﬂiamraaylopeta]nﬂe shafeer abl y,
a thin | ayer abo 0.001- 0.005 inch (25 - gm thlck of a bond coat
such as a?Ril 178 thatiis tpegt suited 4g) thepr F‘Eﬁs’cnrgeo ﬁtléfiﬂTlﬁlﬂ lag; warkpiecs e Bt ore t he

ceramc t d ion to
Che it or ixaiBle, R bR iy e RBRLORE or deadtinfh Ilkob Vg 1R,

coating 68ekpibos hbusits §DBashapeerddr shife bNits Walll 56tHat pfeBerfbly ik Rahwedi ng the
curved corners 58, providing excellent thermal insulation for the walls 56

of: t he V\mﬂm@n‘eemé@stpragoazdeaﬂi@ﬂsmresonehe eornausyin ralation he theeflawiaf t her mal
barri er at 68 applie t0|tS| rior s r efera , the
flat top Tvaclding gad %ﬁé’ﬂ cistiord srssmusity, TS i aike oG hPYIRS adr am ¢
tile. Thehﬁ@%ﬁ&g%ﬁ)l@ r@g ﬂl@ﬁmﬁﬂm i O%fﬁgﬁrsg}ﬁé A& At #%v‘i&&

preferred I ment ere are t on opposite stdes of the

wor kpi ecea weidisgngedss ,62h)hlfouglil diecopmttop ef eieeorkpidtd hvasiag Seebt a wilderwi ndow
or W ndows 70 _are preferabl ﬁ made of %uartz SO as to be transparent to
| i ght and®3Iteotbeoiniesinrsi4 phdhe 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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.el.evated tenperatures that are experienced by the workpi ece housi ng 52.
There may be any conbi nati on of nunber and size of windows 70 required to
provide heating access for particul ar-shaped wor kpi eces 20. For exanpl e,
there may be w ndows through all of the walls 56, to heat the workpieces
on all sides if required. Additionally, the top cover 60 nmay have a w ndow
therein, gfray TAPSPP TRVSEiGRM ch@uR MRralehirfigr thaift 5% auahlday ihawt a

wi ndow) to provide access for a top lanp. A virtue of the present

appr oach, 0.835 cucip@86 qumy thickatb tpeovide iswEfi div t Rsudatione birndo uesre Shiarhatamit

resi stance furnaces and induction heating, is that the heating may be nmade
very rapi @0Buncla(Ed pme dhisk|sy thati the cerhnpisrthemmetl hayriesr, coghing &8 does not

confi guragion nd.n er of workpieces. A | eat source is |ocated
cotsi de. ohaenind ST B8 Rl R EBERA Ricting thY Sroebinees st 57 dudng T arm
~ out put bel%gk ' T OLg ' wel di ng
access) an %ttéd ?ﬁ%‘%ﬁ%ﬁ%ﬁf%@ gy'zg) pittffra{‘ﬁ%1 ]\f{:% @’?ﬁ?%e??fgﬁ’%ﬂ ‘%1?1 liaﬂéeloél%gl; PB@ éce

housi ng 5¢.003 heshe25s 130818} Kl ofa beiPch aticts 844 BRCYRI Askeal Atpplividt h  each
of the windows 70, so that in the enbodi ment of Figure 2 there would be two
| anp heat tosthanstesio 2yrfapel 66 biforerthdicesmtie dhertmad bgtridriveating 68 -ih apptisd, ndow 70
and the other (not shown). directed {hrough the | eft-hand wi ndow 70. Each

| anp heat!© Bé‘gm ﬁt% a‘%*?si%tpdh%gﬁ%ﬁoq Sé‘é'ftg"“?e 85@? ﬂéﬁﬂa{& Paf dMGISERIAE th t wo,
quartz | |.CH..I RSy ] Y Ei e 2).
The quartz Srrg%”{%] %Saf(gﬁc}gpg% Fr%ﬂ:le %lt??rgto\zf tﬁ%?@grélr)\p?&ﬁﬁ%g)é@?{éagglgqug%I e
comrer ci aturyed BomkerO98) mBbidirg eselleft tHaphal thshlfion FoefiRy wells sgt@dheent of
Fi-gure 2 there are two quartz |anps 76 associated with each of the two
I"anp heatwedkpieseshomgingf 4. dhedoplcower 8000axheve thef caremid tisrmahbatrieng power

directed toward the.workpiece.20 as the |a ut put b 74. Thi.s high
pover | evERAE CSVEPLAG (G R PG BICF o Moo CHU BB P A TR < 8LT o
There ”ﬁ)ﬂsxh%tcﬁ?dﬁ‘%{s iﬁﬁmu?%ké%ﬁﬂgat'c%%ﬁ%h sources, and in an .
al ternative design belng evel oped for another type of workpiece, there is

a further |lanp heat source directed through an opening in the top cover
60. Thus, Thdevarkpiece dtousingo$2 Ilmspa 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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-heat sources may be precisely tailored to provide the optimum heating for
the type of workpiece that is to be welded. The quartz |anps 76 are
preferably received in a cooled |lanp housing 78. A flow of a cool ant,
preferably water, is controllably circulated through the I anp housing 78

by a water punp/radiator 80. The illustrated formof the water cooling
Structur e thidugh GhOSRMILE OR RS ALt NFoiRALNT B T Mrofr SR fiet er nal
wat er source and drain-connections are not required. wever, a .

non-r eci r swarkpiccghowstier 52.f Mheresipgireferatly alempded: fareel? assdcldiedvwwith
pressurized shop air my_al so be Brovide_d to cool the bulb of the [anp 76.
The cool i faclodt theavindewss RG.ussi that inghe embrdinens of fiigure 2thers woildbg twhe |
pressuri z vr o flow i-f, any, . cools t a | b, her eb r al.ongi ng t he
servi ce l?a?nﬁégatts%rqea%, (’Féw’ Sgagﬁqaﬁgq%i @{or%qbcﬁgwggf-hg%%mﬁcﬁw glbl‘ y be
provi ded i SER¥E(dWRhoRMPNirédtOMHDRIP B RiMan@ winbgwVR). dEAeh {Ag) hbdty, _and
‘to blow or draw any funes away fromthe operator. 11 The | anp housing 78

and t hencesourhe 72angl(dgs atdesst ensuppbprctdaliy o laaspiwa, tquddz lape 76 fpplgrt 82 is
preferably ad'tuiicab,l e.to establ.ish an angl e of incidence of each of the
o

| anp out plke B hag vigtels 10 Hie iewkedi lagered), Thedartsdamps 48 (alpe teymed

di Kpi 20. he,.enbodi f Fi
2 the 1 St bBDadhsL HE R AR S BlerGRn Ry o S04 PR SRS I B or ¢ 2d on
the suppgfdferBai ERbeSinaRL 'b? Fig1e Miretapeed qldie: laaifR 7P adsoemdd@ithor kpi ece

20, and may be fixed in place at a selected sliding | ocation. The support
82 is pi veadhdbfdhe te lammpl heatlsosess 72 pfor adotab ok pO@watious aviglabk; heatidgt he

frerote end is supported gn an adjustable arm 84 that nmay_ be ppved to cause
f he suppoP?W%rzﬁlrgﬁ%f[ toveand dhe weorknipes 5@6@&%@%%@ 79585 Thp @S ight o be
pivoted a i o] . hyst t | NGJ c the | anp
DLt o0, 2l 148, RS oREL G5 15 o e BByl SRR el e, 1
- manner hehag beotigptdoffibiations op hédRbirck®) andiélah BRAGELVE GesifeBEingy of ,
- the workpi ece or workpieces 20. Typically it is not necessary to uniformy
heat the denclenedwiorkasiother Pe ofnwoslapiede, theresisft 4 ifuithent larhathegheopmet i on of

' 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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.the workpiece 20 adjacent to the.region to be welded (e.g., the tip 36 in
the illustrated enbodinent) is controllably heated. The wel di ng operation
is.performed in an inert gas shielding atnosphere, such as an argon
at nosphere, to prevent oxidation of the workpiece 20. To supply the -inert
shi el-ding gas, a controllable gas source 86 delivers a controllable flow of

the iner N gindh AR t | § t | sgNg 52.
The gas sf)rl??ce 86&%}10 ﬁ%tgisadatﬁ g“adgq?%%’%(sggﬁgéﬁﬁ §aﬁ%%iﬁ€%d;§11fa;§1@9§a§%e 90
that et efBhetsappaithis2lidipneferabhs adjustablehte egmblistupp bygl8Sftincidbece off eschor 54 of
t he wor kpi ece housing 52, Experience with a prot O;%/;Pe uni t has_shown t hat
the shi el @f ribe Ja@pnerputybeanas /4 wpany thenosknied2dnedd @l hestabish 84 of the

o £l o SRR 4BE St 7GR b Honchidfe 50, mh In BRbBIERGS S FBire L o1 i ng
gas. To emsilfnp %u§iﬁ%|7seﬁﬂ§|tﬁé}%”ﬂ1e LM eldl BeIAAS su'p§oﬂt£ﬂ bAdueed

t hrough a plenum 92 that delivers the shiélding gas over the entire area
of a gas dumgort 8lta estabishtle Gdtanbaof thedasp 75 drano tHeowoikipidch € Onandmiag c e
housi ng %2. The entire face of . the gas distribution plate 94 has a

pl ur al i t yP6fixgdmaplage at a seleqteq didipgiomationadbe prrpost §4s raveted at the egds over
the entir t r f.th i usi , teel wool
98 is pl agle &ltt ntt%:)q ht%hg%f) é%c%mﬁ%%\{\ﬁ)%ié? O\%I% h@gg%}sn%%fs% (rii igu%{]l%gjﬁﬁ%{l aqsne 4 to

further ddjusanledit §4 Mt flaytRensiidelodians: @RSuppdh8e, ddiethshdeaihdilftpgas is

introduced into the interior 54 of the workpiece housing 52, the Tounded
corners 58oimihg 768 candntherlemplrlt 76 teebe parctedebatt dho pied mast toohdjusisthewi t hi n

{the interior, 54 0of .the kpi ece housi ng _52. The shi el di ng gas.escapes
thr ough tﬁ%glﬁéﬂ%d’i“?ﬂlﬂe%&\ggée B OuiPRE bl TBrontmdhe P ofi4iusHn82. The

flow of Rt Alnadatity S6RIBRRNEANE Aol il S Al baf el ume and

| ow pressure too of s sed, air may diffuse

into the hedthip of B4 whrkphiee wowoBliReRs TSI MpidllyandisoxdtdheRsdabe tywor Kpi ece
at- el evated tenperature. If too high a flow of s%'i el ding gasis used,
there mayusidonmlyhepetheeentinaworkpiors 20.r Instead it iesuffigicat that tle4poriipnieft he sane
di sadvant ﬁ]%e\(?v%%kﬂigcseu% Sa'djacent 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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.A.tenperature sensor 100 senses a tenperature of the workpiece 20 within
the interior 54 of the workpiece housing 52. Multiple tenperature sensors
100 may be used 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 pyroneter or,
as il ust fik&Hsough CBBE 8Fdehd Ghé NBIIBIBEURIsCod@2the QftirB OBt YarEe ofBE. The
tenperature sensor 100 provides a real-tine mneasurenent of the tenperature
of the wowkpipes R@using 82vi Ai massyobstechwork§Bda placedbimtovthal plbnumh82 | anp

heat 72 d t.he weld 63, wh rating, | 1 heat | t
e ot e BTt AERERST IR OB bl B Tt
56 dt ' i ng.- b ' .adi ati on,
o ORI 5 RSBy PRS2 SRR Pyt "

I's renovesy ithe Wha@lded @orddts B8 Help thé&uahthahthey@h@d Mi0stashetsd ghlvollifies
tenperature sensor 10253‘8“)\“ des a neasurenent of the actual tenperature of

t he wor kpivitbm #i@. intexicr e b ¢le womkpiotd bousige! SRasThe shichbngtgas reseaped 06 and
~an input responsive.to the t rature sensqr .10Q. The feedback cantroll er
104 cont r ¥R e SidiPe £6casR 62 F e JOROL B RkDIEC FOUSIRG S2h ckhedOH & heat i ng
ower delj . ' i | lfkng its
p {h4&h ] ﬁylg Jgggfs d@frmk%ﬁu%ﬁed &Lg@bfiglgﬁ vORUhE Gnd ¥ SRt Ik N

| anp power sup responsive tot tenperature o e wor kpi ece
measur ed foy lbtvea Howpel fiieldmgs@R <o usdd) Qiramdy idiffiidaantcsticraichior iSAftthd 06.
. Al'though schematically illustrated as a nmanual control, the setpoint input

06 usual Wyrkgliess howsingdes ard prislizsy dgruetkptece ahglavatedriempetyice [fded ected to
bri ng the workpiece .20 to a desir wel di t erature (and. perfporm

ot e el o WaRRaSw oF siipidi: S sdsh e atay g RlcR ARy irBEogB | ey
and mai nfalRrist. fintthe gi so that the welding of the

- wor kpi ece 20 rl{ay’ be ac%égﬁﬁ%ol iss e%lg@ﬁgﬁég{él back controller 104 al so
desirably has control outputs to the water punp/radiator 80 and to the

val ve 90 Aftetiperatunet seokdrabde sgass swoigmperddéce ofTtheswodgn¢aecl( oritlputtbe may be

sinple on/off controls to ensure that these functions are operatjng, or
they may HErioEPe i dke verkgderer kusinge relyiitinketeneneratiee seapeis 100dnaY 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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.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
various elenents 80, 88, 104, 108, and others (and the interconnections,
~not shown in Figure 5) are built into the table 110. The table 110 nay be

furni shed ihpdratiief ﬂles\ﬂoﬂ@?éceixheﬁﬁﬁédhﬁr fHRASMp¥r AL AR AW0: anli@ th@ppar at us

50 in this formis fully self-contained except for a power input, and
sour ces ofsetppmt amphiti Hié t Adteugh Behemnaticaliy/iBustratat s gamaswalrcagofethe be
provided in bottled formanpd carried on the table 110, so that only a
power i npdEPPRE iRl G usu fii alSe dnsindes g HEepposeRml BuonegyTs profladi |y

noved to ' . ' ' -Qray ting. t f wel di ng
t he wor kp%ggé@@b@gﬁné?%%ogﬁjﬁ%dg%@oa% _ﬁgstél%fiswgg%llgctt%g] eﬁﬁ% b(rf}‘g(? Pelg?%r am form
in Figur eiﬁe-wmen ehto thedtitdntkd 88d fpekiveldin}d hbiie rafineptL 8¢ dREired)Olii@i eces

, step 120, and furnishing the welding apparatus 50, such as’'that
i || ust r at shintainAf githe walding tonpdEFayur @ that St eyeldidg. of Thewadigigieslemap i s
preferably a co nent_ of _a,gas turbjne engine, such as the gas turbine
Dl ade 22 PP RGRERAIGHY THeHeRUck conpletuk e desimably Sapremed TRees and
posi tione Lt LI ar ] ' | hat it
oy b host g B EEARL! 80 wifsihe vhhf S0 SR IRNN 8 BRERG e
sensed byThes doafpEo@pUisense BE imple @n/cFt edhtiold to ditRire ViRAE Kitis€ Enotidni S
supported as necessary by tooling or supports. The gas source 86 is
cont r ol | abteyopspdingt et they way bk oplected éo wontkeli the anagnitulde of ¢he slathirftpwgas, step
£26. Sinultaneo ' preferred that the water punp/radiator 80 be

sly, it.i
oper at ed %@ofrow’ﬁgsﬂeﬁ%glﬁousi ng 78 and the |anp 76. The operation of the
control |l abl e gas source 86 and the controll able water punp/radi ator 80

O To A S R} 5Pt e aPphms T o
- have to bdescobedabme inbtiit inkeea tabbs biewitheroonoel panwdl142 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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. wor kpi ece 20 is cool ed back to roomtenperature at control

T

.A.heat‘i ng/ wel ding cycle is perfor med, step 128. In this cycle, the

wor kpi ece 20 is heated by powering the |lanp heat source 72 responsive to
the setpoint input 106 and to the tenperature of the workpiece 20 as
measured by the tenperature sensor 100, step 130, and the workpiece 20 is
wel ded using the welder 63, step 132. The heating step 130 and the wel ding

step 132 are,usu erforned oth sequenti al d si ous

subst eps, a%‘ﬁé‘aﬁ? atﬁr m%efe}hl"i?sﬁepé‘ltlgeg’yég‘? JPPREE BéFﬁﬁqrnlg)rb WEM E@

wor kpi ece 40, and isinitially
heat ed at “)aﬁg%%% (ﬂ Pg& ﬁée‘g%@#\ég“%% e%%%egrqﬁﬁg@ here may be an
optional pre- weldi ng heat treatnment of the workpiece 20 prior to the step
of wel di n@he ngagescairce Bbdis éorttptplabg} optatetk keliongelopatthe reaikpivet ineth¢i res t he

wor kpi ece 20 to be nmaintained at pre-wel ding tenperature for a
pre- wel di fyeldinge . gaphestopr k- eceSIHBdtaHGOQSher eiaflﬁ eprerf@nredneﬁhahe@@ewaéﬁr

|1 ap] d
i nt i nobo e ROt e p ook i e hoifing Tt and s FEREAE “i’epZ‘Pf or m
the wel d pefRation OF M2 cohttBlaBi  §hs tSRr¥E! 86 NAnd! #R Jc%ﬁtrbp bg&o'iﬂ%l kgte, the

rates,
nuner al s fEsfpaadiatts RO Thel enyray beolay optdnag)ais Pefdrable| dinnglladdly the
treat ment, nur@r al 152, that is performed between the cooling segnents,

numeral s © hd045te, a‘t%tlaea«chayweélw.anucri&ratﬁawﬂtl Heragbik e tkerp 0nKE hel d at
t-wel di
Eegg)s: r‘é"e%gve’} bﬁéﬁr%%aléd%Sﬂ%{‘ﬁﬁg‘%" effgwgcfa@e‘ﬂ%rﬁeapfgfi I \éve i In(r:llgudl ng t he

enperatures, tinmes, heating rates, and cooling 15 rates, nunerals

142- 154, A&ldaﬁﬁgﬂvde}’dlﬁg@%l@'lh 9arfbﬁnéd1@tefpelez®ba{@1kth@0@ueokﬂeewoﬂ@ﬂece\@a11@ a
manual interrupt provided to allow step 148 to extend for as long a tine as
requi r ed h@tqchgy poivering|the rkgnpﬂneataﬁqmﬁ Vr%yeSpenmUﬂm) ¢heesctpdine ings 166 t he

| anp heat at ed wor housi ng 52 all ow t he

t enper at uf tO&LS??‘%éer% g’f’)té? ei@:‘%%’ilkg};leg% Opffse‘E‘P%Sé‘F'if{){%%lertﬁmpéEﬁmr?W@ﬂ%em fic
par amet erPO(?fstei)hﬁ’;O Eﬁg?l?éﬂrbfiﬁﬁ o%rﬁffl\?elﬁé %1%&3 gveﬁf 6884E t1§? gggor di ng

to the speci type iece eri a of c ructi on, and

are knownhgating hgemr 1300 aniM the xls)eidmg 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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devel oped for various types of workpieces. The present approach has been
reduced to practice wwth a prototype apparatus 50 as shown in Figure 2,
and has been operated using the approach of Figure 6 and a tenperature
profile such as that shown in Figure 7. Although a particul ar enbodi nent of
the invention has been described in detail for purposes of illustration,

vari ous ificati enhancenent s b d i tho arting from
t he spi r??gegéfdl “é‘&%gpés%‘?%“e 5 W@ FBI?FOIE%BCI@? ﬁﬁe%?‘ﬁ’,acﬁnﬁgnﬁ&iﬁ?g i%ﬁ’i s not
to be |'i migt REn@NCRRINAS RYviube tap@@:%W%PCi {&ex%ﬁd%ﬁ'aéf% g L M@RRratus

or performng welding on a workpliece at el evated tenperatute, conprising:
a wor kpi ecequiedssonthahalve mglding wpetarioni makp e tdoadpdétbd o UHe @rdothiiei lagpa

wel di ng agcess therethrough for a welder to an interior of the workpiece
housi ng, ﬁﬁﬁéﬁ@fﬂf? thand theavelininsytatedhworlaniegs havsingotsaltay ike tempethters r ecei ve

t he wor kpi h LDy:.and, wherein th kpj,ece housing is nmetallic with
a heat-i n?gﬁf it?])ggé ? %%irﬂ#afug%gmq%e:]y (983&?’:%)&'0%% Sli’ff‘fﬂfz? ﬂ?ﬁﬁ%n'é%?rﬁ afggh]tﬂher eof ,
a |anp he@ém?&ﬁﬁu@@ pRbARCHE Bidit OMGRe SBRcAH NARUARRS (8Lt NpelBEKRpESE 1 N the
interior of the workpiece housing, wherein the |a heat “sour ce” conpri ses a
quart z | amprkgiecad0 and atspnatetiplusf doeatmctaon; andl @ck kadpn irotisd arg ot wilMbiech t he
quartz la i,.s received, and a_ support upon which the cooling |anp housing
is supporgg‘éplo & VATPHEYPELPHWPEkPIGSeRd| ust abl e t o establish an angle of

i nci dence of the |anp output beam upon the workpi ece and a di stance of the

| anp T romry,pe, 40 Rﬂggﬁ‘ h RadGe 5;%811'%&% & ngeh'ﬁ, trollabl e,fl f
z’a'cns'hi eIr'gi ng.g B %1%3 gEChI nterior of t ehﬁ%(r: cpl Ie}(;eraﬁr%raﬁg’ﬁﬁ%? é??&%?arg‘i" ﬁot hce)ngS
h.. ur ce hass sh@as irdFiluié DUiddRas tsdeh Wpletbt&d hﬂng ﬂ@ﬁﬁﬁﬂ&cﬁ!ﬂc oftlh'lgul‘% kRd gce

ousi ng;

temperature profile such as that shown in Figure 7.

Although a particular embodiment of the invention has been described in detail for
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 tenperature sensor that senses a tenperature of the workpiece within the
interior of the workpiece housing;, and a feedback controller having a
setpoint input and an i nput responsive to the tenperature sensor, wherein
t he feedback controller controls the power to the |anp heat source
responsive to the tenperature of the workpiece. 17 2. The apparatus of
claiml, WeipR:the sensor is selected fromthe group consisting of a
pyromet er "and a thernocouple. 3. The apparatus of claim1l1, wherein the

wor kpi ece housing has a wall having an interior shape that is curved in
its corneds toApperausifagedasnmgarddingnorn hevorkpieoeatselevated teenmepptaregt us  of
claim1l1, wherein the windowis in a side of the workpiece housing and the
wel di ng atCRRESIE: t hr ough a top of the workpi ece housing. 5.. The apparat us
of claim1, further including: a welder having access to the interior of

FOR PERFCRM No VETT RS AP RE ok Tt e BRRE Rt A iy =0

appar at us wehiihg iaoedss desetaratgh Kpi @ Geclausi andinfdRy dfdlyd %rlépl&%dﬂdﬁi&‘hfgm)
t her et hrough and having a wel di ng access therethrough for a wel der (63) to

an i nt er Woerqim Ahe éiTtCItIWeOﬁ\ﬁ}ekWPﬂ@éer%mlsﬁ{g 7(8552;ed tm@cmpktbﬂ ewkpmgsl ng (52)

is. netal %\Ath aﬁ]ea,t ] suI on_ an ter urfaclsl\%}(1

t her eof . n‘paﬁ%a"f’ €8u g?}lecle ‘EH ’éﬁ:t‘%&nfftﬁl ISUE e@\ﬁ“’l’i‘a &0) and
at the V\Dﬂiéﬁhﬁplﬁarﬁé’lo&oahﬁgbﬁ%n 1hﬂéh?dl's19§facfe51ﬂére9f' the Workpl ece housing (52).
A gas source (86) delivers a controllable fldw of a shielding gas to the

interior (54) of the workpiece housing (52). A tenperature sensor (100)
senses a tenpes &np beajfsovire divectepiteoagh #0) window and at the workpiece in the

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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within the interior (54) of the workpiece housing (52). A feedback
controller (104) controls the power to the |anp heat source (72)
responsive to the tenperature of the workpiece (20). To perform wel di ng,
the workpiece (20) is placed into the interior (54) of the workpiece
housing (52) so as to have its tenperature sensed by the tenperature

sensor (160), e ( i p, e t
wor kpi eceg( 20) 3[:?1% gragﬁsfce)f g#‘?% ba‘gﬁé?L@t}{v%oﬁgére%este?efg%w?‘Jggﬁgnaet g@) uBy
power i ng ichesistipaf Mpadbmerubee aflebndcegplensi ve to a setpoint input (106)
and to the tenperature of the workpiece (20). The workpiece (20) is wel ded
using a welder (63) operating through the welding access. Fig. 2
The apparatus of claim 1, wherein the workpiece housing has a wal? having
an interior shape that is curved in its corners to avoid dead gas spaces in the

COTrners.

4. The apparatus of claim 1, wherein the window is in a side of the workpiece

housing and the welding access is through a top of the workpiece housing.

5. The apparatus of claim 1, further including:
a welder having access to the interior of the workpiece housing through the

welding access.






