; PQe3eRt OLh6 Tt 59YE3~ sS b~8  *0~2* PRODUCTI ON AND USE OF WVELDI NG FI Lf_éR
METAL This invention relates to the pro ion and use of welding filler
netal and, nore particularly, “Miimmmuous production of the wel ding
filler metl3DVIBAGKGROUND OF THEW\\ n one type of welding, two or
nore pieces of netal are heated to #hwei2r nelting points and fused together.

Optionally, additional nolten nmetal may be provided as welding filler
metal. In another type of welding, the welding filler nmetal is nelted and

applied to a face pROBDULHIDN AND BSEAOF WELDANG FYEER MEPAL| d up the
substrate. This second type of welding is used to repair substrates that

have becone thinned or damaged during service, or to apply a special facing
to the subldts atvensm kelatss &0 bhar proflaetiongand nseedt welding filen et |andnmore he

wel ding filler ta nel t ed a d fed into the Ite regi on. "Wl ding
filler metPdfte u}?ﬁ"& ihg BORRYHE P P‘&Wé‘t(}féhe WwRidee Eéne%i cally used in
manual wel di ng operations, or it nmay be of continuous |engths used in

aut omat ed yRCRGROURDOPTHE ANVEREIORr i ety of nethods are used to
manuf acture welding filler nmetal, with drawing or rolling being favored for

ductile netals such as steels. The met hods that may be used to manufacture
wel ding filler In@natyp@fofwedcam,awpaumﬁmpmgs efraetal @Réﬁat%@thgumlma oys are
limted by iIit f st _of th terlalstob ol led, or
svaged. | Rotugand R i CRHorBRRior bief it ma? sEuRATesd & um i de
or ni ckel ~hagifg M?ﬁﬁ{ah O dridtHRE typRGE weltify, ahdREMinporilldr Inh@4] iSBieftbd hifd cast

into a rod about 1 inch in dianeter. A nunber of these rods are pl aced into

an ext r usiapnlieshio, a fagedoftarsabsieate asrancoverlapdlapertto butbdup the/substragch Hiissasord . The

1/ 4 inch d d to.l L aced th

ext rust on WA SRR G E SIS P8 boSB MBS e WY et e:

Thi s apprcgeﬁmd 81 @ SBIteﬁéﬁleéiaFﬁ@th&&&E'sﬁbstllatétsubﬁ a$ £88A fhdind mleﬁme of the
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super al | oy wel di ng About 30 percent or nore of the [ength of
each extr i |vmhchng, th@weldmgeﬁliem niercai s meh@tl anddfed antp thermdelésdtregionofiWMebing  so

t hat they f usa | ding fi Ier. t al doubl e- ext r.usi on
o ese i et Sadiy IO S ot Bririedeharhs, Sl b3 arb AL B sl Sl %0,
| ess, of tJﬂ)%ra%h%r&} 1t9ﬁa}1153:‘5‘oﬁ§oﬁﬁﬁﬁdﬁ9 lé@?}%rdsé‘dl in a‘iﬁorﬁatéé%#él&m Ha@hlﬁ&St of 1
*159159* 13DV 14048 titanium alum nide welding filler % IS sonetines

as much as $3300/ kg ($1500/ pound), and the cost of superalloy wel di ng
filler nmetAawidevasistyeafinmslodsaramseth tcatganufacture welding filler metal, with drawing or

rolling being favored for ductile metals such as steels. The methods that may be used to
manufacture welding filler metal of titanium aluminides and nickel-base superalloys are

limited by the inability of most of these materials to be drawn, rolled, or swaged.

Instead, in conventional commercial practice the titanium aluminide or nickel-base
superalloy to be made into a welding filler metal is cast into a rod about 1 inch in
diameter. A number of these rods are placed into an extrusion can, and thereafter
extruded to about 1/4 inch diameter. The 1/4 inch diameter rods are de-canned, cut to
length, placed into another extrusion can, and extruded a second time to about 0.06-0.08
inch diameter. This approach is acceptable technically, but it leads to a high cost of the
superalloy welding filler metal. About 30 percent or more of the length of each extrusion
is lost due to front-end and tail-end extrusion loss, so that the yield of usable welding
filler metal from the double-extrusion process is typically less than 50 percent, and often

about 25 percent or less, of the weight of the starting material. As a result, the cost of

AR
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$1540/ kg ($700/ pound). There is a need for an inproved approach to the
manuf acture of an acceptable quality, economcally produced welding filler
metal of 'titanium al um nides and ni ckel base alloys such as nickel -base
super al | oyISDVIH®48r esent invention fulfills this need, and further provides
rel ated advantages. BRI EF SUMVARY OF THE | NVENTI ON The present invention
provi des a techni que for producing and using welding filler nmetal. The
production techni que involves a single step of continuously casting to
size. The din L ar . £ Bk b j cal in an
accept abl etﬁ%tlg];nl %%/Jdn%deé ;‘)’{Egasle tﬁg%rp:ﬁ%@hkl gog%grﬁ%gl %C\?\rnﬂ‘?iﬂ ;aglwbﬁ%a(ﬁj\?/%i ety of
wel di ng- f i(§1 $00/porind), andhtierdost of superhlloyt weldingdiler amtah i sogecinrk Ws el ag o
produce welding filler metal of materials that cannot be drawn, swaged, or
rol | ed. AWF*W%E( Wo/pgand).-ng an article conprises the steps of producing
welding filler metal by furnishing a powder of a welding-filler-netal
conposi tion, prawkdi | i %}ﬁ

wel di ng-fill er-ﬂn%'%é; srhg?%ﬁecfgg% fﬁgﬁg%&@%&g&ﬂg e eg%‘ erd??rre]?)gag atcc(:)egt%)fle t he
cont i nuousquakit ecogpomidatly prdduced weldivey fivdrmgetal of ditdnivrm alsnihilegbtind mitkdlhe

wel ding filler netal i

n.asolid formfr a bottom of conti nuou
casting noage algys syghy aéinﬂfé‘eibquéFP%Bé{P PIERREE BYPRtgN %Bﬁhé@a nts%fe@cf d an

article by Y y layer to a substrate or by joining two
articles tfggg%}t%éﬂg%s?rﬁgﬁéaﬁagg\%@%%hg filler netal. The step of furnishing
preferably includes the step of furnishing a powder of a titanium alum nide

or a ni ckeBRIESSUNIMARY OBYHEMNVENTIONuUous casting nold is desirably a
wat er] jacketed continuous casting nold, and desirably has an inner

di anet er fromabout, 1.3 1 0.05,in¢ch) to about 2 mm (0.08 inch). 2
T30V 14048 MRS RGBS OSRIBIANT SrreRisREghy \SoE SRS AL Tt &
| aser beand hgodh AR ek iy AL oSk RS BOUh o iy SRl U Chy and i1

a small volu at the top of the castirng nold, m nimzing oxidation or

ot her danmageding fdleempahddherplyi moduced iccanomeédllyragd angh acseteble daslitpnThe t he
casting nold. The present roach .is npst advant ously used to mmke

wel di ng filresept m‘%ﬁﬁbﬁr‘)ﬂ?&%ﬁw&ﬁé WI%YMWWS?P@%QS&%&'“}? et Pt hel di ng
filler met; ' ' IGRE FUSE BBl JHRaEANY B bait bwel d-rod
fabricati ﬁﬁo%ﬁ?%ﬁ%%éﬁ;@?ﬂﬁwsggb%@% (gfﬁ% 1si gnig?al1 can?tlgygllgncrrteases t he cost
of the finhhwnedvwdiged) ok irdlledr netal due to the nultiple fabrication stages
and the loss of material as scrap during the fabrication operations. The
present approac equi.res the use of the welding filler netal stariing

Tt or | a1 - A DI PR R s 16 sips SLRHone pgRaTer HE bbrmi nder
of the progAsifg al povries QTR Weligth-fiRbaht e LIMpOEHREL PRoMBINY AQ6ntidhods Si ngl e
continuous nel tingand-casting operation. The net cost of preparing welding
filler metaabtingmoldehapingsentldmgdilteratetalgliameien, padmalting thepeyydesmrio esep mat ed

bonvent i oriithe R R et SORE pRie iR RE 2 GrfiniSs tensir s GEMRGRY (| T er

met al  prodygechdiy it RS RefttorRBMOASAN IR @htifkdusicaitBRimblal aht VRIHRESI Y
and nmechani cal properties in the as-cast-rod formthat it nay be used in

ei t her manfiiklr netal aoaytthereaftes bembdi tn gvebdan aticlerhy.applytngra Weldoweray layet to
advantages of the present inventjion wll he par.ent omthe foll ow ng
nmor e det aiq%’%sﬁﬁg(‘}ﬁ%ﬁ%ﬁg byo pitigles fogether yging O‘H‘Flﬁ’é'ﬁtgl{ef meW i n conjunction

wi th the acconpanying draw ngs, which illustrate, by way of exanple, the

princi pl estipf stdd¢f fupihitg sreferddR FkcludesSHRIsEpl PRitshibigha AR BEStitanium
aluminide or a nickel-base superalloy. The continuous casting mold is desirably a water-
jacketed continuous casting mold, and desirably has an inner diameter of from about 1.3

mm (0.05 inch) to about 2 mm (0.08 inch).



Figure 1 is a block diagramof a prior approach for preparing wel ding
filler metal of nickel-base superalloys; Figure 2 is a bl ock diagram of the
present approach for preparing welding filler metal of nickel-base

super al | oyg8DB140483DV 14048 Figure 3 is a schematic sectional view of a
continuous casting nold during the neltingand-casting operation; Figure 4
is a schematic el evational view of using the welding filler nmetal to apply
an overlay layer to a substrate; and Figure 5 is a schematic el evati onal
view of using thg pekidl Bgthfe'ﬂokxﬂér ﬁ%ﬁ'ﬁtra{)g’ é@’@&ﬁpl&é‘f@d%ﬁﬁlg%ll%r bORet PRE -

DETAI LED DESCRI PTI ON THE I NVENTIFON Fi dure 1 Icts a prior approach for
preparing lmmehmgfdllbmnhdMer tmfbeanul&ldd;ur@l}fdddlmlamﬁlvohmmn}aitopuﬁh as a
titanium a ni de a .ni.ckel - hase su loy in a standard si ze of about
1.8 mm (0. ?CQSHE&WO » HRETRAI0E RXIGFION; Of ERE| ‘%‘3"‘"}%)‘011’6@[%}7 desriopto itgaelting

wel di ngfi l ' t, nunmeral 20. This bar is extruded to
about 1/4‘rj!n(rachg%gﬁlcltl ﬁré‘!r:re Stlhénﬁﬁl& first extrusion operation, nuneral 22.
In performng this first extru5|on a nunber of the one-inch (25 nm

di anet er bars dfle presedt guproavtéd mest a'dmznitamoaslyluml toendkewsdlding €idlar mbiath i s
wel ded shut. The e hr usi on an and the cont ai ggrs are extryded with a
16: 1 ar oal OfcRFFTES ShAt BEH HOYEr 0% #pG dRERWol g tof DYFASENG A t he
resul ting

number of TRy ERridp LIt ST Rorf sl 0P HARRIG! ReBhARRE for B2,

st eel ext rmstensls (sfgmﬁmdtlg mmeeﬂmramdedf theLt‘marl a\l'eldlég fillet metal dmetto uké on
rati o such tha gllhe rods are about 1.8 mm ( 7 inch) in djaneter after
subsequentmvwﬁiﬁv pricatiom tages apdrthsiless efa wateeah AS &P (lirigs the deluications a
scrap | oss, S allng
30 per cent ¥atf6ﬁ% {?g‘%’ gﬁ?&h ? bk lec“?r%etcﬁel{r}:e?sa %?1%% OFH‘Q ngg %%&eét?légagtéﬁ
extrusi on mitedssis. relativelp Miretyc dinidedrfaah] a@htdiea pewd@ar oTies senydigdel of She
typically 25-50 percent of the total weight that is flrst cast in step 20.
Ti tani um anre?ﬁSﬁpa@sacawaplsabs@ree\qltw@izfslnﬁav@ﬂ&elﬁ ApG imhsingle gpntiyiens mghimet hi s | ow

ield of i t
2 840 3300 B EOh i | Bhe AR\ SCRbIda BelfifdChudidptinlty 83 JUEh 25
contrast, dppgnack 1s’2s1'gxhﬁuatt]|yaé$$aﬁd’lcsnmamletltbeap@bt)teesh of chdsebﬁﬁmgucﬁhg | er

metal is first produced, nuneral "Welding filler metal” is, also
sonet i mes Vefingdillergpgl by the f@bvnﬁ%@heawwandsmuhwag&em%@n anpreash ke ) To
produce t I
Do DSl iud Bl Al R0 SRR R By an
ni ckel basemsdhagical proportied i thefagicaitedd foarunmhaalt nsd): beﬂusetinhanhuﬂmaﬂuanbﬂl de"
conprises primarily titaniumand alumnum wth other elenments such as
ni obi um OMH%H‘]SWW@%%?”WPS} esser anounts. The titanum and al um num are
typically present in atom c percentages of from about 45.5 to about 48
percent -al Um nug@nRaf QARG hEs bAne PR BcRIAPAAPE aphtcAl byl th the
bal ance ot her enent s

following more detailed description of the preferred embodiment, taken in conjunction

with the accompanying drawings, which illustrate, by way of example, the principles of

the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a prior approach for preparing welding filler metal of

nickel-base superalloys;

Figure 2 is a block diagram of the present approach for preparing welding filler metal of

nickel-base superalloys;



As used herein, "nickel-base" neans that the conposition of the alloy has
nore ni ckel present than any other elenent. The nickel -base superalloys are
typically of a conposition that is strengthened by the precipitation of
gama- pri nBDPHA®48 or a rel at ed phase. The ni ckel -base superall oy all oy
typically has a conposition, in weight percent, of fromabout 4 to about 20
percent cobalt, fromabout 1 to about 15 percent chromum fromabout 4 to
about 7 percent alum num fromO to about 10 percent nol ybdenum from about
3 to abouty;8,p8S 8 8heliang §éc5'8nalf\fi%f£’ EHtinflotseal oﬂi?dd?ﬁg q}%qltnﬁlttiﬂ tal um
fromO to about 3 percent titanium fromO to abo 8 percéent rhenfum from
0 t o aboutan8-cpdingeoperationheni um from O to about 5 percent niobium fromO
to about 0.1 percent carbon, fromO to about 0.01 percent boron, fromO to

about 0.1 percent ytirium fromQ to ahout 1.5 [ce haf ni um bal ance

o okel and e Adsmsshenali slpvatoual i o o be e wBRine Ber neRbioriash ar

super al | Omeﬂéﬁt Fyé’i‘lb%'luf;ﬁﬁt&%ﬁ&em invention is operable are Rene 142,
havi ng a nom nal “conposition, I n weight percent, of about 12 percent
cobalt, about 6.8 percent chrom um about 1.5 percent nol ybdenum about 4.9
per cent t UHgsténs aabllamatis. edlevpdood iew afitsihgithe vadiding f8le metal ¢emeldtwori num
about 2.8 percent rhenium about 1.5 percent hafnium about 0.1 percent
car bon, aﬁ@ﬂﬂaﬂméﬁgabercent boron, bal ance ni ckel and incident al
inmpurities; and Rene |95, having a nom nal conposition, in weight percent,
of from algutAl.Eb DESEIGPTIONDPeHEaNtVENTN um  from about 5.3 to about
5.6 percent tantalum from about 2.9 to about 3.3 percent cobalt, from
about 7.6 to about 8 percent alum num from about 0.12 to about 0.18

per cent hdfigurarhdepictsn prierapp®ash o padparing veblipefillermetsl ofiacweldingridiarabout
3.7 to about 4 percent tungst.en, . fr.om about 1.5 to about.1. r cent

Phent um AP aBE S A GG e Spa Pkl Rt Fugor i aBBITSE 01 (o
about 5 k3BMtU4DAB. 0.02iMRRY GidReteP ONhe-iRS ABGAMY k&l#ll bad BHtHeRGIIGiBRL al
inmpurities. The present approach is not Iimted to these nickel-base

super al | oyfdlersrtadhmatenial b east mumdrad 20y This bex sreplrudedoto abpet ldbinchd6mpoki t i ons

whi ch are desirably.mde into wel.ding fill,er netal..The. material. of the

wel di ng £ I9HBFRREAS, S B SpHBIgR AOPT A2 LS P BIRRIEIS DS SHOSGR Bt her
finely di viydad: dRGhd6Re-IicRaDY MY idetetEOpdrS afd Buidel BlYether TRRdedh FRBFI ONS  Of
t he powder particles are not critical, but would typically be about 325
mesh. The exttusiph &hn ofhiches welddd shutf | The eximesicr camagnd thet eathinesl bars arshed as
bar stock or in, other undivided.form although.the production, of I stock
Vo a1 cuireagh R il realeffisiort il Aokr S ubo e Bor BEmare FmtER or et he
use of pPowdGNtidgS1/MiRh6 nff) diAnERPEJIBUPKSrodd afel RAnEM lafld & hERbe&ofite PEOVI ded.
Figure 3 illustrates such a continuouscasting nold 40. The

cont i nuousnduft nmy dimhetert dsraed tapeckagedniyl endblaatystesd extmsidrecdnoand sseord hol | ow
metal lic water, jacket. 44 which, in.operati i.s filled wth a f of

cool i ng waﬁxé'f"d .nu‘?ﬁ@_l 2%’&‘@?1%%5{?5’&@%%5%8%3%3? ﬁoﬂifrﬁ&ggma}nhg R Lq?wor bor e
48 havi ng jAcHriABaRsk: MG subbRPentaRndeal fr66 the ckigsibh Rad. Watiex@udidd | er
netal. Preferably, the interior bore 48 is a cylinder having a cylindrical
wel di ng- f igroeass hastasicrapi lassatfenugableghattridat thediant ¢nd3and the taph ehd t@Bling 3) 08

inch), nost preferably, about 1.8 m .07.ingh). These di mensi ons are not
it eal derenhptPegehtehbe misdal PRt A E pedtieaten BEeS M ust rat o
common wel dififerbial p@bridBhehethradmE GreRt isApidallyDB-5Tp@Eent BEtHIRLE] #Right he
interior bore 48 enlarges in dianmeter to define a crucible 52 in which

mol t en metthat is Sirsvehsten stePRE. diitaviupt elufinides aridsyperaleysshave arhiglamaterialyal |

construction as,the renai nder of e | d 40. Alternativel the crucible
52 por 1 orfo0k IR Ghepod el FBr met il At Koot BRes REER BT ng
materi al %&%ho@%o@kg%mgo@q)ef E&Hﬁ?ofﬂﬁbfe&bﬁdﬁﬁ iiRAmetapSs through the
wal s of the cruciblfe 52 into the water 46 within the water jacket 44. The

wel ding-filler-metal material is nelted into the nold 40 and continuously
solidified to pBycutesiEiglira?diliusirates thegiredent anpegacB4 Toe weldjog &llgr metal t he

case of the_.preferre owder, | ding-filler-netal material, the.

SeT i ng- {1 P DHEbiar pRmer a5 BoValaretiqr Sy Eaise Tirlrdisyergped “weld

sem -conti nuously froma powder feeder 54 into the crucible 52. The
material in the crucible is heated by sui t abl e power source, preferably a
hi gh- power 6 13DV 14048 | aser 56. O Her power sources may be used, such
as induction or resistance heaters, with an appropriate design of the

cruci ble 52. A laser beam 58 fromthe laser 56 is directed into the
crucible 52, with a beam power intensity such that the powder 53 is nelted
to forma nolten pool 60. As nolten welding-filler-netal material in the
nol ten pool 60 noves downwardly toward a bottom 62 of the crucible 52, it

o " Y o —. o o v




7 13DV 14048 provided as the material of the overlay |ayer 70. The |aser
beam 75 heats the surface 72 and the portion of the welding filler netal 64
resting upon the surface 72 to forma nolten pool 78. The substrate 74 and
t he wel di NgDV14048 netal 64/1 aser 76 are noved relative to each other, as

i ndicated by the arrow 80. As the nolten pool 78 noves away fromthe | aser
76, it cools to formthe weld overlay |layer 70. O her types of heat
sources, such as a gas tungsten arc (GIA) heat source nay al so be used. In

the approggh f «\d1g Wik In tﬁm.)gﬁ*dimguéei tht SeldTRg lleSthelal atk%@ldingsmf’erf i1 er
material to join tw articles 90 and 92 together. A laser 94 heats a joint

regi on 96 metalfroatania, preferahly p itini®8 aluandide loe a wekdi-bege hildy @nchnast amickel- i s f ed
into the nolten pqgol 98, The articl 90,92 .and.the.wel ding filler, netal
64/ | aser PASHBPERIEYaisHimEd et Re A tifnipmyalimigide™ epmprlsss e

per pendi c : Rinfih o ' en pool
98 sol i di 13 ilté{slu%gngtg novlgg’e‘gl%?/ﬂl r(%m t Eség{cgtgg?logh%npté%{ %trlfrpraese-sﬁgﬁlgg \t/i\l:al d

j oi nt t hatanjomntss Thb étanum aad talunhiesm@€e ypdaldPpresineinraanctpementagesad $tonof t he

wel ding filler netal made by the present proach, as conpared with the
prior art 2Bpprdacho abPYtS P%ra?nwwp@&at@sda e stonus 48 g APOBY 50 epetRent ng

oper at i oNg;iaf hgﬁﬁ%&@i&&@‘dhﬁ? cRiRagi ments of the invention have been

described i n det or lpur poses of Illustration, various nodifications and
enhancenents nmay be made without departing fromthe spirit and scope of the
i nventi on. Acccokdasedhyreir, Heickelviant’l mearisghatdlie ¢ompsitionrof tlechlloydhepmoas by t he
appended cl.aips. 8 13Dv14048 CLAI MS:.. 1., A nethod for weldin n article,
the met hodtissL pEsaridhast %Hu@ﬁwgelmﬁlai criiphebarroriaeralgys s RN Ehs of
L2 L 4, OREGR 0  ha

phase. The nickel-base superalloy alloy typically has a composition, in weight percent,

of from about 4 to about 20 percent cobalt, from about 1 to about 15 percent chromium,

from about 4 to about 7 percent aluminum, from 0 to about 10 percent molybdenum, from

about 3 to about 8 percent tungsten, from about 4 to about 12 percent tantalum, from 0

to about 3 percent titanium, from 0 to about 8 percent rhenium, from 0 to about 6 percent

ruthenium, from 0 to about 5 percent niobium, from 0 to about 0.1 percent carbon, from

0 to about 0.01 percent boron, from 0 to about 0.1 percent yttrium, from 0 to about 1.5

percent hathium, balance nickel and incidental impurities. Specific examples of nickel-

base superalloys with which the present invention is operable are Rene 142, having a

nominal composition, in weight percent, of about 12 percent cobalt, about 6.8 percent

chromium, about 1.5 percent molybdenum, about 4.9 percent tungsten, about 6.4 percent

tantalum, about 6.2 percent aluminum, about 2.8 percent rhenium, about 1.5 percent

hafnium, about 0.1 percent carbon, about 0.015 percent boron, balance nickel and

incidental impurities; and Rene 195, having a nominal composition, in weight percent,

of from about 7.4 to about 7.8 percent chromium, from about 5.3 to about 5.6 percent

tantalum, from about 2.9 to about 3.3 percent cobalt, from about 7.6 to about 8 percent

aluminum, from about 0.12 to about 0.18 percent hatnium, from about 0.5 to about 0.6

percent silicon, from about 3.7 to about 4 percent tungsten, from about 1.5 to about 1.8

percent rhenium, from about 0.01 to about 0.03 percent carbon, from about 0.01 to about



and thereafter nelting the welding-filler-metal conposition into a top (50)
of the continuous casting nold (40), while withdrawing a continuous |ength
of the welding filler metal (64) in a solid formfroma bottom (68) of the
cont i nuousl3Past404§ nol d (40). 2. The nethod of claim 1, wherein the step of
furni shing includes the step of furnishing the welding-filler-mnetal
conposition in a powder form 3. The nethod of claiml1 or 2, wherein the
step of furnishing includes the step of furnishing a titanium alum nide. 4.

The net hog) @f perdet Bdrdn Yaladee NIBRI Bhdlinkidenil @puitied, UrippdiempbriatiRes t he
step of furni'shing a nickel-base superalloy.” 5. The nethod of any one of

t he precedimiedctonthese nidkel-brisa suheraloysp vdfictpawyprtsanted nolyuateexanmpdes b€p of
providing a er jacketed, continuous casti.n |.d 0). 6. The nethod of
any one of°Pf I‘“*|d"f° gitegs Wlhéﬁ%r?ﬁe, d%ﬁéﬁlé!i“i‘? H’ét%s"t’r%%‘ng%‘%ﬁé{nﬁahg i ncl udes the
step of nelting the welding-filler-nmetal conposition using a | aser beam 7.

The met hodrff mABNal UFehOlveldify ANGGRELNE (%?ét@f Blr‘y futhi§HeR! A8 of vk, elthBhgh

provi ding a continuous casting nold (4 I ncl'udes the step of providing the

cont i nuoustikadginelyglividedi afdi@n-hinely diyidddeforms ahiervperablel erherndemeansichsarfeber of
from abOUtpo]\i\id%r Ir)Te{nrtigloeé grSe nio? grrlj&catl,%u??w%ld}d t%fplrggfl}( Ig)e' gb8ouit QSP Liesl?. The material
of the welding filler metal may instead be furnished as bar stock or in other undivided
form, although the production of bar stock is difficult for most titanium aluminides and

superalloys and therefore the use of powder is preferred.

A continuous-casting mold step 32 is provided. Figure 3 illustrates such a continuous-
casting mold 40. The continuous-casting mold 40 includes a mold body 42 in the form
of a hollow metallic water jacket 44 which, in operation, is filled with a flow of cooling
water 46. The continuous-casting mold 40 includes an interior bore 48 having a cross-
sectional shape as desired in the final welding filler metal. Preferably, the interior bore
48 is a cylinder having a cylindrical welding-filler-metal diameter D, of from about 1.3
- 2 mm (0.05 - 0.08 inch), most preferably about 1.8 mm (0.07 inch). These dimensions
are not critical or limiting of the invention, and are presented here to illustrate common
welding-filler-metal diameters. At a top 50 of the mold 40, the interior bore 48 enlarges
in diameter to define a crucible 52 in which molten metal is melted. The crucible 52 may
have the same metallic wall construction as the remainder of the mold 40. Alternatively,
the crucible 52 portion of the mold 40 may be made of, or coated with, an insulating
material such as a ceramic to reduce the rate of heat loss through the walls of the crucible

52 into the water 46 within the water jacket 44.

The welding-filler-metal material is melted into the mold 40 and continuously
solidified to produce welding filler metal, step 34 of Figure 2. In the case of the preferred
powder welding-filler-metal material, the welding-filler-metal material powder 53 is fed
continuously or semi-continuously from a powder feeder 54 into the crucible 52. The

material in the crucible is heated by a suitable power source, preferably a high-power



13DV 14048 8. The nethod of any one of the preceding clains, including an
additional step, after the step of nelting, of welding an article using the
welding filler netal (64). 9. A nmethod for welding an article, conprising

t he steps BDVYI4Od8ci ng wel ding filler metal (64), the step of producing

i ncluding the steps of furnishing a powder of a welding-filler-netal
conposition, providing a continuous casting nold (40) having a

wel ding-filler-netal dianeter, melting the powder into a top (50) of the
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a ni ckel -base superal loy. 12. The nethod of claim9, 10 or 11, wherein the

step of providing includes the step
As molten welding-filler-metal material in the molten pool 60 moves downwardly

toward a bottom 62 of the crucible 52, it is gradually cooled because the walls of the
crucible 52 converge to be continuous with the interior bore 48. At a solidification front
65 just into the interior bore 48 from the crucible 52, the molten welding-filler-metal
material solidifies to form the welding filler metal 64 within the interior bore 48. The
axial location of the solidification front 65 within the interior bore 48 may be controlled
by adjusting the power input of the laser 56 and the flow of cooling water 46. A drive
mechanism 66 moves the solidified welding filler metal 64 downwardly out of a bottom
68 of the mold 40 and out of the mold 40. The solidified welding filler metal 64 may be
cut to short lengths, or coiled to form a semi-continuous length, as desired for the type

of welding process with which it is to be used.

The production of the welding filler metal 64 is complete. The welding filler
metal has a condensed metal structure approaching one hundred percent relative density.
That is, there is a relatively small amount of porosity in the welding filler metal. A small
amount of porosity is acceptable, inasmuch as the welding filler metal is to be
subsequently melted in the welding process described next. The welding filler metal is
generally homogeneous in composition across the diameter and along its length, although
some variation in each dimension is acceptable. The diameter of the welding filler metal

is defined by the diameter of the interior bore 48.

The welding filler metal is used to perform a welding operation 36 on an article.
Figures 4-5 illustrate two types of welding operations. In the approach of Figure 4, a
weld overlay layer 70 is deposited upon a surface 72 of a substrate 74. A heat source of
any operable type, but here illustrated as a laser beam 75 produced by a laser 76, is

directed against the surface 72. A continuous feed of the welding filler metal 64 is
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t%;two articles (90, 92) together using the welding fil
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each other, as indicated by the arrow 80. As the molten pool 78 moves away from the
laser 76, it cools to form the weld overlay layer 70. Other types of heat sources, such as

a gas tungsten arc (GTA) heat source may also be used.

In the approach of Figure 5, the welding filler metal 64 is used as a filler material
to join two articles 90 and 92 together. A laser 94 heats a joint region 96 to form a
molten pool 98, and the welding filler metal 64 is fed into the molten pool 98. The
articles 90/92 and the welding filler metal 64/laser 94 move relative to each other, in this
case in a direction perpendicular to the plane of the page of the illustration. The molten
pool 98 solidifies as it moves away from the laser 94, to form a solid weld joint that joins

the two articles 90 and 92.

The reduction in cost of the welding filler metal made by the present approach,
as compared with the prior art approach, significantly reduces the total cost of the

welding operations.

Although particular embodiments of the invention have 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 invention

is not to be limited except as by the appended claims.
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providing a continuous casting mold (40) having a welding-filler-metal diameter;

and thereafter

melting the welding-filler-metal composition into a top (50) of the continuous

casting mold (40), while withdrawing a continuous length of the welding filler metal (64)

in a solid form from a bottom (68) of the continuous casting mold (40).

2. The method of claim 1, wherein the step of furnishing includes the step of

furnishing the welding-filler-metal composition in a powder form.

3. The method of claim 1 or 2, wherein the step of furnishing includes the step of

furnishing a titanium aluminide.

4. The method of claim 1 or 2, wherein the step of furnishing includes the step of

furnishing a nickel-base superalloy.

5. The method of any one of the preceding claims, wherein the step of providing

includes the step of providing a water-jacketed continuous casting mold (40).

6. The method of any one of the preceding claims, wherein the step of melting

includes the step of melting the welding-filler-metal composition using a laser beam.

7. The method of any one of the preceding claims, wherein the step of providing a

continuous casting mold (40) includes the step of providing the continuous casting mold

(40) having the welding-filler-metal diameter of from about 1.3 mm (0.05 inch) to about
2 mm (0.08 inch).
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the step of melting, of welding an article using the welding filler metal (64).
9. A method for welding an article, comprising the steps of

producing welding filler metal (64), the step of producing including the steps of
furnishing a powder of a welding-filler-metal composition,

providing a continuous casting mold (40) having a welding-filler-metal diameter,

melting the powder into a top (50) of the continuous casting mold (40), while
withdrawing a continuous length of the welding filler metal (64) from a bottom (68) of

the continuous casting mold (40); and

using the welding filler metal (64) to weld an article.
10.  The method of claim 9, wherein the step of furnishing includes the step of
furnishing a powder of a titanium aluminide.
11.  The method of claim 9, wherein the step of furnishing includes the step of
furnishing a powder of a nickel-base superalloy.

12.  The method of claim 9, 10 or 11, wherein the step of providing includes the step

of providing a water-jacketed continuous casting mold (40).

13. The method of claim 9, 10, 11 or 12, wherein the step of melting includes the step

of melting the powder using a laser beam.

14,  The method of any one of claims 9 to 13, wherein the step of providing a
continuous casting mold (40) includes the step of providing the continuous casting mold
(40) having the welding-filler-metal diameter of from about 1.3 mm (0.05 inch) to about
2 mm (0.08 inch).
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