; ste3eKp"Km(6T"JP 4 June 2003 1 HEATI NG APPARATUS FOR A VEL[EH NGe@REBATI ON
AND METHCD THEREFOR FIELD OF THE INVENTION  This invention relates to
appar at uses and met hods for wel di ng superal |l oy conponents. More
particularly, this invention is directed to a reflective coating for
increasing the reflectivity of a reflector adjacent a I r eheat
and mai ntain a superall oy conponent at an el evated tenp w mm\“‘wm\m
wel di ng operation. BACKGROUND OF THE | NVENTION Hi gh tenp ur pobalt and
ni ckel - based superalloys are widely used to form certain co 80 ents of gas
t ur bi ne engi nes, including conbustors and turbine vanes and bl ades. Wile
hi gh-tenperature superall oy conponents are often fornmed by casting,
ci rcunst ances exi st where superall oy conponents are preferably or ar \
required to be fabric nponen N\L
conpl ex configurati onwm@f%Iﬁ%ﬁﬁﬁ%m shr ou\a\m\m \ gs,
can be rore readily fANRERATKINDANRMETHODSHAFREEORast i ngs t ogeisher .
Therefore, it is often nore practical and cost effective to fabricate

conpl ex conponents by wel ding rather than casting the conponent as a
unitary part. In addition to the above, welding is widely used as a nethod

for restorig i r repairing cracks and ot her surface
di sconti nui &é@%ﬁm&éﬂ

This invention relates to apparatuses and methods for welding

superalloy components. More particularly, this invention is directed to a
reflective coating for increasing the reflectivity of a reflector adjacent a lamp
used to preheat and maintain a superalloy component at an elevated

temperature during a welding operation.

BACKGROUND OF THE INVENTION

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

In addition to the above, welding is widely used as a method for

restoring blade tips, and for repairing cracks and other surface discontinuities



in superal |l oy conponents caused by thermal cycling or forei ghJus298

i npact. Because the cost of conponents formed from high tenperature cobalt
and ni ckel -based superalloys is relatively high, restoring/repairing these
conponents is typically nore desirable than replacing them when they becone
worn or damaged. Superall oy conponents have been preheated prior to welding
and then continuously heated during welging to inprove welding yields. For
this purpose, preheat tenperatures in excess of about 815C ( at out |500F)
and often above 925'i ( 1700F ) ~y ~ used. Heating and wel di ng of
superal | oy conponents in this nmanner are often perforned in an encl osure
containing a controll ed atnosphere (e.g., an inert gas) using such wel ding
t echni ques as tun?sten inert gas (.1 TG and |aser wel ding 8rocesses.

Pr eheat i ngnist Qyatomppaents causedby licyeling onfeneigmebjeckingpadtanps,

Conponent SBAUSRARAAS SAiCamImIeD FLAa! finih A e e mPEEr b GoBHEA ¢ b a
li shed a|.un f ar. th . | ation.int
bl osur e HANIBHEAC shpetdiors '3 EaliCllys MR RooBbMdAIS Bell o
a lanp is @mpdridss Ciﬁel?@i&ﬂy\'\hidteadééiﬁwé thaR Ufepladtih@ Oghebd ahih aghelne | anp
e.g. ala

is rated for, e.g., np rated for 90 to 100 volts m ght be operated at
105 to 11(Mecoinesvoiiher damaged. s a dramatic decrease in lanp life and | ess

t han opti mal conponent t erature control, According]y,.it would be
desirable if inpr ov@%@iﬁ%’nﬁo@i’f’%‘i"@ ecBegry preh Py toow | di ng

appar at us {Q i 1 I | riickes. In
AR Gt R Yo 0 Ay S R L R g
mor e rapi ghig Jﬁﬁ?o%,fp&h&nt&mg&aﬁréyﬁheﬁ&sﬁapabaﬁvmswté&u@alwoapﬂl ng
tenperature control "and i1ncréasing the life of the device used to heat the
articl es. and4oflern@bd@@ P25 GRAFEOSUMMMRY IGF uERE. | Natifig Ghad hveeldirgs ofit
invention generally provides a heating apparatus and nethod for welding
super al | o§upemailey components an dhiscmanpeoarerefien pestormsshimansenslesuget hod
a

a

entail welding.a superallo rticle wthin an encl osure equi p W th
thermal ' r SoRaMiBE4 BrafalRy stobPaeltee: Bp e Ay sidy Sch BREGise
tenperatu a ; 0 9r i dheni i on nore
parti cul ag‘ﬁ/‘ﬂfoqr‘g%i ggsﬁ%an ﬁezlrcnl%%lﬁyéﬁr%qugg?i ?/%&c}(ﬁflidndgg}grﬁg ?lédf&?ég%t%br menber
posi ti oneBreldiatingnis tylpicdllyepexformedibyt iindugiorevatwith thevuse of danipsg pur pose
of reflecting thermal radiation emtted by the device into the enclosure.

The devi cpastisufarby qyastzahalogen aeas. 1 fampy deat (their dnrgeted supesallayi t abl e
tenperature, e.qg. 815 15QF) ,or. nore,, aftgr ich.a wel ding,o0 ation is
per f or rredc%ﬂp?ﬂ%‘% ﬁiYe&’ffrF‘?a %F[Htiﬂné .a"_ﬁlh"i’rf &ﬁ&‘\ggﬁ SEteBreoquBgda‘gﬁéladi ng
appar at UspSiiHed! Alltingth Rl UHhSt ARCRAhSAhNERTARSN irftothe efBlosure

radi ati on-generating device for heating the inferior of the endosure; a

r ef | ect or tomeartahe adpgeeent tdbe algped. oWhesf ksedtdsrthe theat soirce cedlaatp &n
generated by the thernal radiation-generating device into the interior of

the endosafrtimesaperatedwithun highesinput voltagethanwhafthg lamprigaateddgron of the
refl ector nmenber, the, coat.i.n onpri si at | eas j.ace irs of

| ayers f oerﬁ’eg??fpprfﬁ“F%jr &’5?@ t?ﬂgﬁ Vgpﬁ “%‘ngP‘éﬂPFﬁﬁ%‘F‘%a{ %@?gﬁe"rﬁ?&t %enf rared
radi at i 0keBhleds Y AAFAICTHAELMPHPIARE ke ANPIAE thER Yol AftnBGRAN Pal TS Of
ayers conprising a tirst Tayer, a secon ayer on the first tayer, a third
| ayer on tbh@ei@l@x@édoh&ﬁﬁr, and a fourth Layer on the third | ayer, the

fourth layer being an outernost |ayer of the coating, the second and fourth
| ayers being for nedAcfordingly.erit awoliddi bg slesirablex ibf impraved: itwatiog about 2
to 2.3, the first third | ayers ing forned.of a materi al Vi ng an
i ndex of QIE&?‘FE‘E‘X F@?ﬁg?e aghigyedqfos g W‘%ﬁmﬁﬂ’?q{éuﬁ ysed t&erffme H'GP &rs being
t hi cker than the second apnd fourih | . u cgor dance
with thi SRR SR, s?%eerapﬁ%rzﬁﬁﬂteg._ r yﬁ;ea%flf‘\l/léf}’cgta f rﬁlggg%rrp%r%ﬁiggg@a_ | east
one pair ¢4 efaelfdtyeéifdcl’e% doRY& b heB R oY Apidey BAd feBficeAt P fwith GRéIeRRAl t hat
is essentially transparent to el echromagneti’c wavel engths of between 500
and 3000 appasdtascwhilenmhinthining témperatuteheontedleand linarkadihg thatlife ofst | ayer
of the pair has a higher index of refraction

the device used to heat the articles.




than the material of the other layer of the pair. Coatings of4 time2003

i nvention have been shown to increase the reflectivity of a conventional
alum numreflector to nore than 90% f ox el ectronagneti c wavel engt hs of
about 700 to about 1250 nm which is within the spectrumfor therm

radi ati on (nearinfrared) produced by thermal radiation-generating |anps)
such as quartz hal ogen | anps. Accordingly, a quartz hal ogen | anp can be
operated at relatively | ower power inputg yet sufficiently heat the
superalloy article to performa desired wel ding operation on the article,
such as TIG or laser welding to assenble or repair the article.
Consequently, the apparatus of the 4 June 2003 4 present invention is
able to nore rapidly and efficiently heat a superalloy article to be wel ded

far a given pﬁﬁﬁ "[ﬂm{h 'ﬁ?l?ﬁ{ﬁﬁ al so be operated in a manner
t hat | ncreases Feé’ ITe %?Bt%‘he anp t’;i/‘[(?gguci ng the power required to

achi eve a desired tenperature when preheating and welding the article.
Finally, this invention pronotes the ability to control the tenperature of
the article through adjThepesent biventien ganerally provides anheatingiapppratent i on

| i d heat i | si pg: | i
Mnferor: o et veticd g SRR SIpd R MR fa A SER GrliBiar B ", e
encl osure; a ffakfes ahd adkivddiail WeldiRg® sipérall6y hrtild Wathicel dRfosgdi at i on

generated by the Iarrpdi‘nttg theri@ﬁ?_t‘g&i‘ or of ‘th&:ﬁenca‘(;fu;é{ tr:i? refllect or
havi ng a sur fequéppesgwish athemmal radiagien-genesating devier that preheats the article
Thermal | y-refl ective coati overl vi k: Se! €01 on of
t he reflector,??ﬂée"&f’ Prﬁd’?ggﬁ?ﬁ?ﬁqugﬁpﬂ@g@?{oﬁ%&'g%j@gﬁﬁghkygﬁﬁ of | ayers

fornmed of mtﬁﬂrﬁé\ﬂhﬂf%&hﬂ&s Al eidlfi RAbk@ld Yo A fdflectol nember
el ectromagneti c wavel engt hs of between 500 and 3000 nanoneters, an

out er nost | aymasitisined (adljasentr the thermpab radintion-generating) device fiercthe glurpaser act i on
than an innernost |a of .th air layers, the [npernost |ayer being
thi cker than ﬁgﬁ?fﬁ'f‘éﬁ : alf?a@%‘?mb_ efial@%lg}e e_rY\5C§"r‘§‘£q eﬁf‘ﬁ%ﬁ?’?i ﬁ‘ﬁl to
their indi ceyeRiceiSfHeAGpbRAld WIRAALR stpGalléyRtick IRSUARLIE térﬁ%é}%fre,a

superalloy article in the interior of the enclosure to a tenperature of at
| east 815C ( Ef)@F5°CTHEQ0F)ror erre, afterf whithha weldingwipdtiorais ipetfroedai theel di ng a
superal l oy articl t he, met hod conprising the steps of, providing an

encl osure ha\?l“ﬁﬁmiﬂyf’ﬂ:fc&’i or, a thermal radiation-generating device adapted
for heating the interimisoinvehigioangboebiasey wahding apphtaos crompreigiwy adj acent
the thermal radiation-generati ngBdevi ce, for reg‘?ect 'EL_ng thermal radiation

generat ed by3Phe"¢RFHE PRydrdt fBnhREET AT g d&FFE8Yinto the interior of

t he encl osur eradiatiormgengraing hdevied | for elidatiog | the datetiorn @f othet leaclogiiréiect or
menber, the coalg.hgy cﬁQcﬂP%Ha?fja‘&Qnt‘iﬁ? lafipStor RA&:HR l{li%t?rgﬁltraﬁgtg n &L%ag%ﬁr s formed

of materials that are substantially transparent to une 4a
infrared radi@t thertheqmal radiatiga gepefplingadeicreintonthenteder efuthe efglesuréayer of t he

pa; r OI i ayteL&\doaeit@_ﬁnéwrrmtti@rcoamﬁgaéx]?aitsghamfébreafoafmi rﬂﬁ&iorinﬁ@ﬁiér,o‘c t
rerracti on n an_, I nnernns a or .. e alr ers, e | nner nos

| ayer being tHe cRalingCREISRLAtICHSL odiagent Gt 5§ layers diemed of mplerialsi
proportional that alekibstantiallyeBarzspateaf tadifiaped radiatiohng a gragaemlidedy article

inthe interigr of the enclosure: . operatin he t her.mal
radi ati on-gen 5 el"ﬂ%‘ g‘gvﬁtgeggfﬁgohagéﬁcgﬁ %’%Sg'é“&%'%%?‘%a?'?? Elﬁést{ageraat enperature

of at | east 8ESGh] tag@on thy firshiayer, ladhirdusiyei enythelrecendlayar] badadourthcl e. Ot her
obj ects and i ihe bR N er BBindigh | ed fromthe
fol I owing det SR ch ¥ |g€fa5%¢g%.fb et Bndah 3%‘%@%%@% Figure |
is a graph sHbaisgeendnand feprths yarschieingefosmed wh @anatagal thaving an index of

refraction of about 2 to 2.3, the first and third layers being fonmed of a material

having an index of refraction of about 1.25 to 1.7, the first and third layers being

thicker than the second and fourth layers.



plot for an alum numreflector of the prior art; Figure 2 Sﬁg\L/j\geIZ%OB

cross-section a portion of a quartz halogen lanp reflector with a
reflective coating in accordance with this invention; Figure 3 is a graph
showi ng the refl ectance versus wavel ength plot for the coated al um num
reflector of Figure 2,; and Figure 4 is a graph conparing the power
absorption versus wavel ength plot for an alum numreflector of the prior
art and the coated alum numreflector f Figure 2. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention is generally directed to superall oy
articles that nust undergo a wel ding operation during their fabrication

d/ ir. Wil h d t dhis i t,k i1l b i bed
O o P Y L2 o ReRORABE 9580 b i ebFriake” B RSRE! 20 oo
4 June 2003%-datiiPbbeppists b l@asYaddeﬁPXirocf)f 2 At la?@ﬁs,'élcl{‘hhﬁ%} Boingrticle

is to be heated™by a device that enfts thermal radration. Entlosuré&s for

perform ng farmelddiofiga opateatal othas Lie hessanfldily drahspmeentwed delagromagnetient rol | ed

at nrosphere are known, as are thermal radiation heati n)g devi ces that include
g

a variety ovavelepsdeseighetwaen Yeand 000 \nameeetersn(s). qdaradditien.dfen | anps
have been equi dwth polished al um num.refl ectors t.o,.propote t.he
reflection %‘f&q%%jt(’f%ﬁeqlﬁﬁ’im?sgﬁ?%eﬁ ‘%ﬂ%“et% S &, BIgHoF éﬂ‘&%ﬁo ﬂ'iféi}cbpf‘oy
target. A WRaAURe! @blerfl O ShE 08 fafer SEUR balf?YCORIAG! BPMHIO ndhiBhNuM of
provi ded with an al um num coati ng. anples*of the latter are sputtered

al um num cdaivenbeen whowin f@¥ndieaser dleeflectivity lofaa xonventicral raemet@nt

coating to inhibit the formation of alum num oxide (alumna) that would
degr ade t hereflectosdoimpre than e for elettromagnetic wavelengths of about 700 to

about 1250 nm, which is within the spectrum for thermal radiation (near-
inﬁued) produced by thermal radiation-generating lamps, such as quartz
halogen lamps. Accordingly, a quartz halogen lamp can be operated at
relatively lower power inputs yet sufficiently heat the superalloy article to
perform a desired welding operation on the article, such as TIG or laser

welding to assemble or repair the article. Consequently, the apparatus of the



During an investigation |eading to this invention, the thermed Jurgd2QQ3 on
characteristics of a polished alum numreflector were anal yzed, the result
of which is depicted in Figure 1. According to the data of Figure 1, the
refl ectance of polished al um num drops considerably at wavel engt hs of

bet ween about 500 to about 1000 nm which includes the shorter wavel engths
of infrared radiation emtted by a conventional quartz hal ogen | anp.
Thermal radiation is generally in the inffrared range of about 780 to about
1x106 nm while electromagnetic radiation emtted by quartz hal ogen | anps
i ncludes visible radiation (about 380 to about 780 nm and thernal
radiation. As a result, the reflectance of polished alumnumis relatively
| ow for thermal radiation near the | ower end of the infrared spectrum

whi ch r educ @geden€ iav@ititn Esfalﬁl@db&ﬁlbr@?&}iiﬂ[ygah&&ifﬁ@l@ﬁﬂyshéﬁﬂ%s@ﬁérﬁﬂﬁii ng to
heat a superall oy specinen with a hal ogen’l anp. Represented in Figure 2 is
a cross- secaitinle ¢46 e weldest far a givarpowesdnpyt.t file appaatisocart alsor beot e t he
reflection of infrared radiation 4 June. 2Q03 enjtted by a thernal

radi ati on h@B?faé%{uFb%,m”é‘&Sﬁagé increases ﬂ}ethslfg&&.lgu&)' redicing thppowene
reflector 1Q include a 1.0UMm S te 412 whisch,. f.or he entire
base struct 8%“‘%?&]&%&?‘%% %c%;i F%‘F%ﬁg?s&ﬁ%ﬁ ‘}S‘ée‘} P Fﬁ[ie“élgﬂgé“go Yg’é{iﬁ% ét‘e‘bn t he
reflector 144 _cp{[@n%';, ' i 6tk j een
deposited on t%cﬁfcé surface of t §°‘§ u%ﬁgh%ﬁ[&s‘t%ls)?i?f;?(g 12.%gﬁgg\z,¥$%gr€ystem
14 (not shouﬁﬂtem&dythmuglmdjwmabéﬁldia}:ammamgonpri sing four |ayers
16, 18, 20 and 22 of ceramc materials, ich wll be discussed bel ow as
pﬁi red | ayefhis ll%?t%nm &Qlli&?e%.a ﬂéﬁ@ﬁa}dﬁmsmgﬂm elﬂosmeshahm?ti on
that any n er Q in TSt 9Pkl &EaRErR0y USi NG
pairs of |§9th)?%"- f"sq‘%géé‘%pogﬁ@%‘%ﬁfgp?‘?ca{(p?‘c?%g@&& *Iagal"l'gzl’ %?g‘fref er engrg‘gffect of

two mat er i abfeddratiacantthertame fos refineting dhamal pdidiongegemieddy thelampdte thepyt have

different indiqest @b &Rlosae! RN dBCEC Rhie aPARBEe F6Ere Mrikl T giflisidae
wavel engths to be reflected by the reflector 10. Those i’l‘(f‘lrl%gd in.the art
o .

wi Il appr eclugiBuriand afhemally I¥E £P7197 overlyine,nd ceairing °F s 16/ 18
and 20/ 22 td thawfedod ey esilting Bohprsingadt least 0ae adjanent \pawr [of 1dyers! fesperd ofear est

t he source of radiati0 e. I i X | ayer
22 of pair e"aet?lagﬁfr’es‘c' BBP ?% s%gﬁltﬁ%“f rﬁ‘é‘g'ﬁ“uag néﬁgi é‘n%grx. ﬁ%“gd‘é?{ell%ﬁ?}gt e |l ayers
of a gi ven hebweenH0@fand 390¢ naaqrecters; kb peamashiaye i d8e paip gy haying a

wavel g_ngt h tﬁgjheﬁ%déﬁu REL&BNAARSh bl Kinbridet RHEL bfvie i/pvﬁiil io€ eedf theGhreambiton .
accor Ing to t e, Uarter- e eguat n. = n wer 1t 1s.,t [ Ire
P knead dtves bepd e ah IS ofitst Fitpr by 3 etdt S bropRrubfif e ! T

i nt er est i rindiaiaéfeiction; ateirein ite bime it wdenablefto heht acuperalioyfartidieeincthgt i ng

| ayer materjal dn2idbark 3/ & fenfpefitird 9f SHISiseB1shE in Figure 2 is
preferred 'hlgh?]ruo-rgteh%Z(S‘OS l% bece'leuse il'fr prov?éges a éﬁ@;@e bet ween perfornmance
(reflectivity) and processing and cost considerations, though the desired
optic effect can be enhanced with additional paired | ayers. Suitable
ceramic materials for the layers 16,18, 20 and 22 include refractory
fluorides and netal oxides such as silica (SiQz). alumna (Al z03), titania
(Tid), tantala (TazGs), zirconia(Zi Q), thoria (Th4i) and ni obi um oxi de
(Nbi Gs), th ' Eﬁgf !L?I i als: e

cat egori zed?#gpmg{%ﬁigésfg@%ﬁﬁ?ﬁ?% ?rﬁ@%ﬂﬁg’gwgs' tghe ﬁ'g‘ﬁ“‘??&ﬁﬁ'g?vgi ndex

mat eri al s. ethogkeamprisingstbatstepscef: pedviding an enélpsigeitiwing arn interietamd al uni na
have rel ati | oweiandi r C ':1$E’ed L Vi r of about
1.25 to aboﬁ}%h%l‘?%%\’éﬁaﬁggﬁgrtagn a, L{cgn%fia a, glﬁl’ conl t{a}%:}.ﬂ{rﬁ“gﬁioﬁgng(gxi de have
hi gher i ndi enclossie,rarid ageflentor membeaadigcent the, tharmaedistionigeneraing o about
2.3. Wile I : ia t .. 20 and 22
of it he coat JOUG TarCtchef®] Heh e FREAlop Sbénacb i e Wehal Badilion?, P

i s possi bl egetesatingt devicersinter thel interivn| of the eadeburé; fomingnacthernally- ¥

requi r ement t . el ] 00 F)

1 anspar encipae HEAT on IE by ol TR ol SelBNG of Lt e

refracti on adiapentippirof lyets fotragd olgnatedals that\are subsitantipty tradspacenbito ng syst em
14. Based on the quarter-wave equation noted above, suitable thicknesses
for the coating system 14 will be dependent on the materials used and the
nunber of layers that formthe coating system 14. Al so fromthe equation,
the coating layers with the |lower indices of refraction (e,g., 16 and 20)
are thicker than the layers with the higher indices of refraction (e.g., 18
and 22). More particular, for a given wavelength of interest, the |owindex
| ayers (e.g., 16 and 20) are thicker than the high-index |ayers by a factor
inversely proportional to their indices of refraction. In one exanple,

| ayers | b and 20 are silica, while layers 18 and 22 are titania. Based on

4 o, - Y N o a e ~ O~



4 June 2003 8 having a wavel ength of between about 700 and 1400n¢gP9% to be
reflected, a suitable thickness for the silica |layers 16 and 20 is about
117 to 217 nm and a suitable thickness for the titania layers 18 and 22 is
about 80 to 148 nm The total thickness for this coating system 14 woul d
then be in the range of about 394 to 734 nm Mre generally, a coating
system 14 of this invention has a total thickness of about 100 to about
5000 nm with a preferred thickness being about 480 run. In practice,
coating systens simlar to that shown in Figure 2 have been successfully
sputtered on polished sputtered al um num coatings of conventi onal
reflectors. During the investigation leading to this invention, a test
identical to that used to generate tK4e data of Figure 1 was performed on a
reflector having a polished sputtered al um num surface and coated wth four

I f i C... 1.0 ' - 1 Ri 2tively, of
Figure 2) BEPRY r%f'nahefia%Pfeée?eﬁﬁ'"kéi%aﬁa‘eéﬁ%??iaﬂ’?ﬁﬁg oo 02 °

respect i vebilayas beingufoand ofeimaterial bainga hioher inde loheaf@etionsthanian i rst and
third (sil] cg%n%ﬁavgggon%epaﬂ_gﬂ?g e}éjthé‘mn@moslﬁepﬁbfnﬁstﬁa@r'tﬁ the Wil e the

t hi cknesse¥®™ and fourth (titania) lTayerS were about 97 nm and
87 nm r espeuteimestyayey ibyl alfactpr invepiell propattiondl tortheik indices of reflastien481 nm  As

evi denced in FEigur cat: f e dridios }@V@;&é’t ibited a
reflectivi P@C"Eb %rsg’ggrearug{)ﬁaéfri&%ld@)q{%?mgﬁgtt roﬁrqragnetig wavel en tﬁ?séhof about
700 to abotierhals@adiatiotrgenesatinge deviget to theat et supergby @rtidde olgaet z hal ogen
| anp, and | 597 (186 SF)C Bsd fen Kb about 1200 nm
Over the r err?lng]e o@égtf)gﬂteggg?) to( about)81300 rrllm “?H%%ﬁ%ﬁyﬁr exhi bited an
average reéttietlet i vity of about 95.7% A conparison of Figure 3 with Figure 1

i | | ustr at egehebjb@s aihd sdvahtagessfanie nearition will e Bettet apprdgatéd frdnfle coat ed
reflector of this i nt | - r the uncoated reflectors of the prior art
when eval u&leé‘a'nﬁ'ﬁ'ggr?ayaﬁﬁéeﬁ%%g%%ﬁbondi tions. In effect, the coating system of
this invention conpensated for the relatively poor 4 June 2003 9
reflectivi bgreF petcriedrahuorngm=borARERGYavel engt hs of about 500 and 1000
nm A further conparison of coated reflectors in accordance with this

i nvention and uncoaFiguredfisacgmph dowing the irefleciancecegrsue wavelength Fi gure 4,

whi ch co r.es the, power ahsorpti i.n BTUW (ft2 hr itm) of a conventional
uncoat edng)g?tﬁgﬁ%%agﬁﬂ?ﬁ“ﬁﬁﬁqfeé ré)ég%f’lg'é{ﬂﬁ e polished al um numreflector
coated with the foufla¥er slREAM erds9abétith 8YSdrBiBhdsSs GuBae ”RY Under
i dentical test condi télugns,st he coa% ed refl ec%/%dr of thi gul nvent %‘%ﬂ exhi bi ted
a mar ked thmop reflegpovwithabxefeqiveswaking ivearropdake withwhis éhengions of about 0.6

and 1.4 mcroneters_(600_and 1408 nm. In contrast, the uncoated reflector
of the prior art exHigsieddsa gapk shovdrgthe setifctangs ergusgwiavelepgth er s

(about 10@%‘3??thtetk%%te‘gfﬁyﬁ@&&&‘@hgﬁog{)pﬁgyﬁ&%%@r t han the absorption of

the coate ect or sane wavel en I the wavel engths tested,
the uncoat ed ref | eCrpiur@lb el RettapRAUmPAIROS Pdwdil hbsobplioftidisidian t he
coated reflector of thhis invention. Based on the enhanced reflectivity of
ref | ect or wavebingth iphotaforcard aluneineint refldutor ofittenprion art tnd thpasatdd e to use
quartz hal ogen |anmps (or another suitable thermal radiation-generating
lanp) at Pleminumppeflectanafdigure2o achi eve the sane heating effect as the
sane lanp with an uncoated alum numreflector of the prior art.
Accordingly, a particular benefit of this invention is that inproved

refl ector ppgt, Eﬁsﬂ@ i fﬁﬁgﬁd—r ting of a superalloy article
prior to wel |[g'gm\?/ﬁlgg a oﬁvv?p;rtslggera Ioi;ﬁgorrponent to be nore rapidly
heat ed and/or heated to a higher tenperature. Another benefit of coated
reflectors of this invention is that reduced voltage inputs can be used to
achi eve a desired hEae pregentingentiemisigegerally disected kasyperplloy adficles conpar ed
to the prjor art in ich the use of excegsi.ve voltage.|l evels sulted in
short enedh\aérfﬂ“ﬁ F&dﬂehﬁgma W?d'f‘ﬁe%%‘&ﬁ?ﬂg Wi e ef4%g1“cf“ﬁf’§ dftion 4
June 2003} idr ORRRS tld1GdPhiMabey of A0 v lidel Seilie B CABLHbEA Oiel 2 L cl e
t hrough adjustment of the input to the |anp. For exanple, i rotation of
the arti cleferensel tos companensl bergasutirbbe angindopithg wwpatded isoalsoe | anp
while the lanp is operated near full power, cooling would occur because
addi ti onal power would not be available to increase | anp output and
maintain the article tenperature. However, with this invention, a |lanp can
be operated well below full power to achieve a conparable tenperature, so
that additional power is available to conpensate for article rotation.
Whil e discussed in terms of a coating for a reflector of a thernal

radi ati on heat source, the coating system 14 of this invention could al so
be applied to the interior of the enclosure in which a superalloy is to be

Y T Y " . e - v o,



enbodiment, it is apparent that other fornms could be adopted oyurne@®0oski | | ed
in the art, such as by substituting other suitable coating and substrate
materials, or by utilizing various nethods for depositing the coating

| ayers. Accordingly, the scope of the invention is to be limted only by
the foll ow ng cl ai ns. 4 June 2003 Il VAT IS CLAIMED I'S: 1. A welding
appar atus conprising: an enclosure having an interior; a thernal

radi ati on-generating device for heating the interior of the enclosure; a
refl ector nmenber adjacent the lanp for reflecting thermal radiation
generated by the thernal radiation'generating device into the interior of

th I th | 1y-reflect [ f
he rof| oot SHPLRBHP 3 AR ARG Gonst FON L Ret & GbaBitiedy hai rs of

| ayers for éln?gtlﬁ% {S%gr %d h%nsubstantl ally transparent to infrared
radi ation at a pr ede erm ne ength the at |east two adjacent pairs of

| ayers conprising a fEﬂ&ésdréé/Rfr péfsesiapch W&hg%pérﬁﬁoﬁlshéﬁ asaI€T or @ third
| ayer on the second |ayer, and a fourth”layer on the third | ayer, the

fourth | aydaséxswelghwgmnamentmﬁed htmespheire abeknorhj aﬁgaraﬂh\ermebmuﬁamm fourth

| ayers being for d ,of mat eri.al having ndex, of refraction_of about 2
to 2.3, Q\eﬁ%t ees: that fﬁa 6rasvbré?tbfg°ffa @smaieeavrgna mét Ehe Bestnlampy an

O A s o S S g

recited in (eHai@hs o WIBHRKE thilRefI&oRCHD helP @gfmm ridibbens aaRD thas a

reflectivity of greater than 90% for electro netic wavel engths

700 to abolntéeled superalidyetages. Adumthaimng:flrptoas dnosvrain the iattethalynbel ai m 1,
wherein the material of the second and fourth |ayers is selected fromthe
group consifermad obpluminum er prexided avithy pn ebiminag coating.ubixamples of

wherein thel

group consi §{IH%§£%%%F%%F%£%‘;§)L?¢IHS$W&E%$ nglF‘alg:[%%th%sel e lz'lrtlg\n%/vtelhgl ng
AN R i el o
refraction,(ahiiflina) that mla%@d& the reflectivity of the aluminum.

During an investigation leading to this invention, the thermal

radiation characteristics of a polished aluminum reflector were analyzed, the
result of which is depicted in Figure 1. According to the data of Figure 1, the
reflectance of polished aluminum drops considerably at wavelengths of
between about 500 to about 1000 nm, which includes the shorter wavelengths
of infrared radiation emitted by a conventional quartz halogen lamp.
Thermal radiation is generally in the infrared range of about 780 to about
1x106 nm, while electromagnetic radiation emitted by quartz halogen lamps
includes visible radiation (about 380 to about 780 nm) and thermal radiation.
As a result, the reflectance of polished aluminum is relatively low for thermal
radiation near the lower end of the infrared spectrum, which reduces the
amount of radiant heating that occurs when attempting to heat a superalloy
specimen with a halogen lamp.

Represented in Figure 2 is a cross-section of a reflector 10

employed by this invention to promote the reflection of infrared radiation



the third layer is thicker than the fourth | ayer by a factor4i/H0®P8@3y
proportional to their indices of refraction. 5. A welding apparatus as
recited'in claim1l, wherein the coating has a thickness of up to about 5000
nanoneters. 6. A welding apparatus as recited in claiml ( wherein the
coating consists of the first, second) tghird and fourth |ayers. 7. A
wel di ng apparatus as recited in claiml1l, wherein the materials of al

| ayers of the coating are substantially transparent to el ectromagnetic
wavel engt hs of between 500 and 3000 manoneters. 8.- A wel di ng apparatus as
recited in claiml1, wherein the surface region of the reflector nenber is

formed of al um the coati .over | i ng and,contacti the syrface
region. 9. emaéﬂé @ﬁ’ﬂ&?gf‘”{fg‘g‘&%ﬂ ?ﬁéﬁg%%r%fehsqﬁha?wﬂuﬁf}}%h@]loﬂe? ﬁ%ercond

df th ' th
?inrstog:\d t(hlaerlﬁ{% é\rﬁgl%ga\fgétﬁi ckngfs?{sdgggg‘;gla ou%ﬁls}ggggteéﬁgut gigﬁgm io. A
vel di ng apfefmtihe @girecbiseestridtugd af rthd reflb&tdoeil0, ohambj e timiteddidtal on

generating device is operable to heat a superalloy article enclosed in the
encl osur e tcoating emptreateaflectorfllat A eeremig roating 5pstEm 14 s répresented s

P S S8V Enbodbe AL A AT D LA b 0
adj acent t g, ARy deft 14500t ShbR foMly Phreatl LIS isSRORAPL oriprib g ' 2

4 June 200
four layers 16, 18, 20 and 22 of ceramic materials, which will be discussed

below as paired layers 16/18 and 20/22. It is within the scope of this
invention that any number of paired layers could be used. The significance of
using pairs of layers is based on the optical construction interference effect of
two materials that are transparent to the wavelengths of interest, but have
different indices of refraction to achieve phase augmentation of the
wavelengths to be reflected by the reflector 10. Those skilled in the art will
appreciate that phase augmentation requires each pair of layers 16/18 and
20/22 to have different indices of refraction, with the layer nearest the source
of radiation (e.g., layer 18 of paired layers 16/18 and layer 22 of paired layers
20/22) having the higher index. In addition, the layers of a given pair
preferably have different thicknesses based on the wavelength to be reflected
and their respective indices of refraction according to the quarter-wave

equation:
t= /4n

where t is the required thickness of a coating layer in nanometers, (lambda)
is the wavelength of interest in nanometers, and n is the index of refraction of

the coating layer material.

The four-layer coating system 14 shown in Figure 2 is preferred



13 into the interior of the enclosure, the reflector having 4 Juneao®
region formed of polished alum num and a thermally-reflective coating
overlying and contacting the surface region of the reflector, the coating
conprising at |east one adjacent pair of |ayers fornmed of netal oxides that
are substantially transparent to el ectromagneti c wavel engt hs of between 500
and 3000 nanoneters, an outernost |ayer ﬁ% the pair of layers having a

hi gher index of refraction than an innernost |ayer of the pair of |ayers,
the innernost | ayer being thicker than the outernost |ayer by a factor

i nversely proportional to their indices of refraction; wherein the lanp is
operable to heat a superalloy article in the interior of the enclosure to a
tenperature of at |east 815C (1500F). 12. A heating apparatus as recited in
claim 11, whieeiuset ie peividet o baldrdcet betweat | pafdmsariver ¢dfloetivity) Yaref
greater than 95% for el ectromagneti c wavel engths of about 750 to about 1200
nanonet ers. pBocessimgaaid goah gensideratignsr mﬂggdthend@imdrmpﬂis: effeet eam biche

coating has a }hickness of ,about 100,t.0 about . O nm 14. A heatin

appar at us as@%‘é‘?”teg}wi‘a‘ i‘#‘é*"rﬂ"i‘!l?abmrléyﬁst E'Lé‘“g’g’g? CRGOUS FHAk gf”’f&\‘ast

| ayer adjace r P0i [ I loo &
third | ayer ghh'e%{g@?gfgg?\da%irl@ﬂﬁdn% a é%t%‘ﬂ?‘%&g%ﬁ%&?ﬁé ({:%cliersﬁ\égyagr, t he
first and thiilida (i), Saleging di@his (TiOs) taktata (RGOS AARSniLE DY), ayer s
being fornmed of titania. 15. A nethod of welding a superalloy article, the
met hod conpr teiriag(THR) sndpdobium pxisle (NQs)h thaugh other exidesicogldabe usdckr i or

a thermal radiation-generating device apted for heating the interior of
the encl osur des® | Gy Cﬁ@ﬁﬂ@@‘i&?‘é?%é’ ttﬁﬁwnhon as either

radi ati on-g at i devj ce for.neflyect )y er ' gdiati on ner.at ed by
t he t her mal e% é’f ?@W %%dr%r %&a?é\rb{l“gev[%%eé’%@g’t ﬁg&ilt%ﬁegr $e§1:acgqrytgﬁléo%ﬁ ‘osur e;
4 June 2003 dific{ ahdiAdndnd PavaBElaYvERT love indieCOPEFARGOR, k@ﬁerﬁﬁg iR $he"
menber, the coating conprising at |east one adjacent pair-of |ayers forned
of materi al srangatofabaus 1125 tindbaiti 7, twhils ttardat tantala,fircunda and diiebivan at a

predet er mi ned wavel ength, an _outerngst |ayer of the pair of |ayers being
formed of a ¥ddelaxe ghengdices; acHarxgasteralf i éhe sangenahabout hfer nost
| ayer of the,pai f er. the | el t hi raef ha he
out er nost | a%/bg’r;lt_ 3?0 a acto(%(?&elsna\fg $e ?/Ir eg?‘%%*&%%rs?ﬁéﬁ‘ %%ﬁgbg li?’nzéllt %b‘gz%f
refraction; Jfl @@l fhtimgSsiResm! 10be@iisk Jrahbit RiBR feipRihteie RhpibIfiggEliPsUr €]
operating the thernmal “radi ati on-generating device to heat tﬁe super al | oy
article to gpassibbethatouthenimateridle estlddicGsedl BADE) meetithe répriramérds figr t he

superal l oy article. '
P Y thermal stability at temperatures above 815°C (1500 F) transparency to the

wavelengths of interest, and provide indices of refraction compatible with the
reflectivity sought for the coating system 14.

Based on the quarter-wave equation noted above, suitable
thicknesses for the coating system 14 will be dependent on the materials used
and the number of layers that form the coating system 14. Also from the
equation, the coating layers with the lower indices of refraction (e.g.. 16 and
20) are thicker than the layers with the higher indices of refraction (e.g., 18
and 22). More particular, for a given wavelength of interest, the low-index
layers (e.g., 16 and 20) are thicker than the high-index layers by a factor
inversely proportional to their indices of refraction. In one example, layers 16
and 20 are silica, while layers 18 and 22 are titania. Based on indices of

refraction of about 1.5 and 2.2 for silica and titania, respectively, if radiation



16. A method as recited in claim 15, wherein the reflector neh¥ére 2808h the
coating has a reflectivity of greater than 90% for el ectronmagnetic

wavel engt hs of about 700 to about 1250 manoneters. 17. A nethod as recited
in-claim15, wherein the outernost layer is a nmaterial selected fromthe
group consisting of titania, tantala) zigconia and ni obi um oxi de, and
wherein the innernost layer is a material selected fromthe group
consisting of refractory fluorides, silica and alum na. 18. A nmethod as
recited in claim15, wherein the coating consists of a first layer on a
surface of the reflector menber) a second Iayer on the first layer) a third

| ayer on thg second I a fourth | he thirg | ayer, the
second and ﬁ% UPEH W&V@ F}éPEg 7@5 ﬁ0§|nrﬁd§ltﬂ e Pﬁﬁéxaof
refraction d of a
mat eri al ha%lﬁagjl?%k\ﬁlf:%;ﬁéesg fé fr}(gac{a‘b'gés lofflgrg% %Sr %’@Wﬁﬁﬁﬁy ond and
fourth | ayeéxﬁtdlﬂé’&ﬂ@kﬁé&b%f‘ﬁ?éﬁénﬁ la?@%“IB 8Rd 0o ighBYht 8d & ) ﬁﬁﬂ The first
and third | ayers having thicknesses of about 117 to about 21 4 June 2003

15 nm 19. thtalethivkthessfarehist@adting sgbteimi4 Syould ¢hen be i ehe ﬁﬂ@oﬂfmbomtm aer
has a surface regl on fornmed of polished al um num_ and the coating is

deposi t ed o4 ?ﬂa ﬁﬂth@l@gﬁWfﬂb’ra@sCQmséﬁm]t%@fﬂm invaentionghasna 20. A

nmet hod as re in cl ste of f orm t.h oatin

conpri ses al ?)lu %[ﬂeﬁﬁog ag;cf’égslo g@OA %p;e%%e .§§C v\ ’>gA Al
.AY LAY(. A

CCIQp~| WI(’ mcﬁgﬁ%a%aﬁ%% ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] c Rdlncprctiad, cetlatidpChiseahs filnildr # that shown in Figure 2

have been successfully sputtered on polished sputtered aluminum coatings of
conventional reflectors. During the investigation leading to this invention, a
test identical to that used to generate the data of Figure 1 was performed on a
reflector having a polished sputtered aluminum surface and coated with four
layers of ceramic, the first and third (layers 16 and 18, respectively, of Figure
2) being silica while the second and fourth (layers 20 and 22, respectively, of
Figure 2) being titania. The thicknesses of the first and third (silica) layers
were about 141 nm and 156 nm respectively, while the thicknesses of the
second and fourth (titania) layers were about 97 nm and 87 nm respectively,
yielding a total coating thickness of about 481 nm. As evidenced in Figure 3,
the coated reflector of this invention exhibited a reflectivity of greater than
90% for electromagnetic wavelengths of about 700 to about 1250 nm when
subjected to the white light of a quartz halogen lamp, and in excess of 95% for
wavelengths of about 750 to about 1200 nm. Over the range of about 700 to
about 1300 nm, the reflector exhibited an average reflectivity of about 95.7%.
A comparison of Figure 3 with Figure 1 illustrates the beneficial improvement
in reflectivity of the coated reflector of this invention over the uncoated
reflectors of the prior art when evaluated under identical conditions. In effect,

the coating system of this invention compensated for the relatively poor
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aluminum reflector coated with the four-layer ceramic coating system
described above. Under identical test conditions, the coated reflector of this
invention exhibited a marked drop in power absorption between peaks at
wavelengths of about 0.6 and 1.4 micrometers (600 and 1400 nm). In contrast,
the uncoated reflector of the prior art exhibited a peak absorption at about 1.0
micrometers (about 1000 nm) that was about nine times greater than the
absorption of the coated reflector at the same wavelength. Over the
wavelengths tested, the uncoated reflector absorbed about 96,600
BTU/(ft2 hr) more than the coated reflector of this invention.

Based on the enhanced reflectivity of reflectors coated in
accordance with this invention, it is possible to use quartz halogen lamps (or
another suitable thermal radiation-generating lamp) at lower input voltages
to achieve the same heating effect as the same lamp with an uncoated
aluminum reflector of the prior art. Accordingly, a particular benefit of this
invention is that improved reflector performance results in improved heating
of a superalloy article prior to welding, which allows a superalloy component
to be more rapidly heated and/or heated to a higher temperature. Another
benefit of coated reflectors of this invention is that reduced voltage inputs can
be used to achieve a desired heating rate, leading to increased lamp life as

compared to the prior art in which the use of excessive voltage levels resulted

in shortened lamp life. Finally, the coating system 14 of this invention



10z~~ @ 10z 10%#H & ()- F 10%4| & ()-0#10%4| & ()-1 10M 10M 1GMUnEROORE, () -
IN'MLO%&' ()-; dYNC' 10z 104| 104|

104] 10%# & () - &s10%4| & ()-F10%4| & ()-10%}| & ()-L10%t| & ()-{ dEYNC' 10z

- MLOYGE' () - 109638 () - 10963&' () - &10%G&' () -S10%G& () -$10%& () - " ###
#H#BYC' 10zI F 10%@& ()-3 10%@& () - #10%@&' () -

promotes the ability to control the temperature of an article through
adjustment of the input to the lamp. For example, if rotation of the article
results in a smaller surface area being exposed to the lamp while the lamp is
operated near full power, cooling would occur because additional power
would not be available to increase lamp output and maintain the article
temperature. However, with this invention, a lamp can be operated well
below full power to achieve a comparable temperature, so that additional
power is available to compensate for article rotation.

While discussed in terms of a coating for a reflector of a thermal
radiation heat source, the coating system 14 of this invention could also be
applied to the interior of the enclosure in which a superalloy is to be welded.
An additional benefit of the coating system 14 is to act as an anti-stick coating,
making it easier to remove deposits that form on the reflector and enclosure
during welding.

While the invention has been described in terms of a preferred
embodiment, it is apparent that other forms could be adopted by one skilled
in the art, such as by substituting other suitable coating and substrate
materials, or by utilizing various methods for depositing the coating layers.
Accordingly, the scope of the invention is to be limited only by the following

claims.



10G 10G 10G79109%6G& () -. " 10%G& () - SBYABNEZEIEDC' 10z#10%@& ( ¥-JUbeR@R3()- @
109@& ()-- 109%@& ()- | 109%@& ()-109%@& ()- & O''' (dEbC"

102/ S10%@& ()- S, 109%@& ()- * $109%@&& ()- (109%@& ()-' 109%@& ()- Y% 109%@& () -
(\(((.)/)0)1)=)xnbC" 10z#310%Z& ()- 10@ 10@ 10@810%@& () -

61004 ()-510%@& ()- "L3,10%&& ()- =)?))))z,,dEnbC' 10zY g109&Z& ()-

1092& ()-1 gl09%&Z& ()- "yl09%@Z& ()- 109%&Z& ()- LSt109&Z& ()-, 0C0000000bC
10zSs10%m& () - #10%m& ()- 10Zm 10Zm 11

WHAT IS CLAIMED IS:

1. A welding apparatus comprising:

an enclosure having an interior;

a thermal radiation-generating device for heating the interior of the enclosure;

a reflector member adjacent the lamp for reflecting thermal radiation generated by
the thermal radiation-generating device into the interior of the enclosure; and

a thermally-reflective coating on a surface region of the reflector member, the
coating comprising at least two adjacent pairs of layers formed of materials that are
substantially transparent to infrared radiation at a predetermined wavelength, the at
least two adjacent pairs of layers comprising a first layer, a second layer on the first
layer, a third layer on the second layer, and a fourth layer on the third layer, the
fourth layer being an outermost layer of the coating, the second and fourth layers
being formed of a material having an index of refraction of about 2 to 2.3, the first
and third layers being formed of a material having an index of refraction of about
1.25 to 1.7, the first and third layers being thicker than the second and fourth layers.

2. A welding apparatus as recited in claim 1, wherein the reflector member with the
coating has a reflectivity of greater than 90% for electromagnetic wavelengths of
about 700 to about 1250 nanometers.

3. A welding apparatus as recited in claim 1, wherein the material of the second and
fourth layers is selected from the group consisting of titania, tantala, zirconia and
niobium oxide, and wherein the material of the first and third layers is selected from
the group consisting of refractory fluorides, silica and alumina.

4. A welding apparatus as recited in claim 1, wherein the first layer is thicker than
the second layer by a factor inversely proportional to their indices of refraction, and
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the third layer is thicker than the fourth layer by a factor inversely proportional to

their indices of refraction.

5. A welding apparatus as recited in claim 1, wherein the coating has a thickness of

up to about 5000 nanometers.

6. A welding apparatus as recited in claim 1, wherein the coating consists of the
first, second, third and fourth layers.

7. A welding apparatus as recited in claim 1, wherein the materials of all layers of
the coating are substantially transparent to electromagnetic wavelengths of between
500 and 3000 nanometers.

8. A welding apparatus as recited in claim 1, wherein the surface region of the
reflector member is formed of aluminum, the coating overlaying and contacting the
surface region. '

9. A welding apparatus as recited in claim 1, wherein the second and fourth layers
have thicknesses of about 80 to about 148 nm, and the first and third layers have
thicknesses of about 117 to about 217 nm.

10. A welding apparatus as recited in claim 1, wherein the thermal radiation-
generating device is operable to heat a superalloy article enclosed in the enclosure
to a temperature of at least 815°C (1500°F).

11. A heating apparatus comprising:

an enclosure having an interior;

a quartz halogen lamp adapted for heating the interior of the enclosure;

a reflector adjacent the lamp for reflecting thermal radiation generated by the lamp



10 10! | @ 10%& ()-,| @ 10%& ()-, x| @10%ITd& ()-, 109%& ()-  4June2003
Lft 109 ()- NNNQTQRRa?QC5" 10! 10%& ()-10%&Z& ()-! 10%&' ()-

109Z& () -y1l09%&Z& ()-# 10%& ()-RTTTT) T, T@cTbC' 10! Z 109%& () -

109& ()-fFL109%& ()-# 109%& ()- 10Z 10Z 10Z% 109&Z& () - cTTTXUnXXAYdELC

10! *109& ()--,) 109 ()-y10% ()- F109%& () - g10% () -

1098 () - AYYYZ2[ 3[ 4[ 5[ Al yoeF" 10! #

10%& ()-1010101 610%&' ()-2z210% ()-g010%& ()-/ 10%& ()-A[D[[[ \*\}\dEoeF"

13

into the interior of the enclosure, the reflector having a surface region formed of
polished aluminum; and

a thermally-reflective coating overlying and contacting the surface region of the
reflector, the coating comprising at least one adjacent pair of layers formed of metal
oxides that are substantially transparent to electromagnetic wavelengths of between
500 and 3000 nanometers, an outermost layer of the pair of layers having a higher
index of refraction than an innermost layer of the pair of layers, the innermost layer
being thicker than the outermost layer by a factor inversely proportional to their
indices of refraction;

wherein the lamp is operable to heat a superalloy article in the interior of the
enclosure to a temperature of at least 815°C (1500°F).

12. A heating apparatus as recited in claim 11, wherein the reflector with the coating
has a reflectivity of greater than 95% for electromagnetic wavelengths of about 750
to about 1200 nanometers.

13. A heating apparatus as recited in claim 11, wherein the coating has a thickness
of about 100 to about 5000 nm.

14. A heating apparatus as recited in claim 11, wherein the coating comprises a first
layer adjacent the surface region, a second layer on the first layer, a third layer on
the second layer, and a fourth layer on the third layer, the first and third layers being
formed of silica, the second and fourth layers being formed of titania.

15. A method of welding a superalloy article, the method comprising the steps of:

providing an enclosure having an interior, a thermal radiation-generating device
adapted for heating the interior of the enclosure, and a reflector member adjacent
the thermal radiation-generating device for reflecting thermal radiation generated by
the thermal radiation-generating device into the interior of the enclosure;
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forming a thermally-reflective coating on the reflector member, the coating
comprising at least one adjacent pair of layers formed of materials that are
substantially transparent to infrared radiation at a predetermined wavelength, an
outermost layer of the pair of layers being formed of a material having a higher
index of refraction than an innermost layer of the pair of layers, the innermost layer
being thicker than the outermost layer by a factor inversely proportional to their
indices of refraction;

placing a superalloy article in the interior of the enclosure;

operating the thermal radiation-generating device to heat the superalloy article to a
temperature of at least 815°C (1500°F) ; and then

welding the superalloy article.

16. A method as recited in claim 15, wherein the reflector member with the coating
has a reflectivity of greater than 90% for electromagnetic wavelengths of about 700
to about 1250 nanometers.

17. A method as recited in claim 15, wherein the outermost layer is a material
selected from the group consisting of titania, tantala, zirconia and niobium oxide,
and wherein the innermost layer is a material selected from the group consisting of
refractory fluorides, silica and alumina.

18. A method as recited in claim 15, wherein the coating consists of a first layer on a
surface of the reflector member, a second layer on the first layer, a third layer on the
second layer, and a fourth layer on the third layer, the second and fourth layers
being formed of a material having an index of refraction of about 2 to 2.3, the first
and third layers being formed of a material having an index of refraction of about
1.25 to0 1.7, the second and fourth layers having thicknesses of about 80 to about
148 nm and the first and third layers having thicknesses of about 117 to about 217
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19. A method as recited in claim 15, wherein the reflector member has a surface

region formed of polished aluminum, and the coating is deposited on the surface
region so as to contact the surface region.

20. A method as recited in claim 15, wherein the step of forming the coating
comprises a sputtering process.

-



