28 February 2006 PRODUCTI ON AND USE OF VELDI NG FI LLER REF&rudtigi2€06 nvent i on
relates to the production and use of welding filler nmetal and, nore
particularly, to the continuous production of the welding filler netal.
BACKGROUND OF THE I NVENTION I n one type of welding, two or nore pieces of
metal are heated to their nmelting points and fused together. Optionally,
additional nolten netal may be provided as welding filler netal. In

anot her type of welding, the welding filler nmetal is nelted and applied to

a face of a substr VEI ' t ubstrate. This
second type of m?&?@?@%@é@#?ﬁ [ EE)LI) [ g‘ﬂé‘gﬁtq@ﬁ ve becone

t hi nned or damaged during service, or to apply a special facing to the
subst r at e 'Bhig linemtion elatks ft8 ah® rodubtic bh@usé P vel@hg MRlefinnGa) drfde n¥é§+ di ng
filler netal is nelted and fed into the nelted region. "Wl ding 111 er

net al " mayPasécudarly e the spatinuong productign efthe meldigpfiled hetalused i n manual

wel ding operations, or it may be of continuous |engths used in automated
‘wel di ng ' ' = t hods are used to manufacture wel di ng
filler mﬁgbwgmaégr%Wﬁ?ﬁg bei ng favored for ductile netals
such as steels. The nethods that nmay be used to manufacture welding filler
metal of titanilmnalyys ofive@dingehoniraatt phaseoSMBRAI Ae/hedSd & Beir hdhiigd . by
the inability of nost of these materials to be drawn, rolled, or swaged.
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inch dianmeter rods are de-canned, cut to" |length I nto anot her

ext r usi on tEperef vealding ja ysed| eorepais sbstnates thathave badzme thihneGedaiidiged daing

dianeter. This approach is. eptable technically, byt it |l eads to a high

cost of tﬁ%mcseuﬁlgtgéjpﬁlg’f %flgﬁi_aﬁ$ ?q & subsbrals SPM%P”&@% dBRtheGtYReor e of
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extrusion | oss, so that the yield of usable di ng | r neta omthe
doubl e- extfles mstalp maydwsofi disdrgtpilaegthsy whidsare tapicaly wed de mianuaingeldfdegen

about 25 percent or.less, of the wejght of e startjng material. As a
resul t tﬁgel' ﬁg?sa gk 1t may%ae, of contintions ie%g&xs useéi?lautomate wglding machines. :
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A wide variety of methods are used to manufacture welding filler metal, with dramng 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




28 February 2006 "titaniumalumnide welding filler nepgFebreay@WOEi MBS as -
much as $3300/ kg ($1500/ pound), and the cost of superalloy welding filler
netal is sometinmes as nmuch as $1540/ kg ($700/ pound). There is a need for an
I mproved approach to the manufacture of an acceptable quality,
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OF THE | NVENTI ON According to a first aspect of the invention, there is
provided a metrhad if OhectRdrdh r]’ﬁpr@ﬂad a@?ﬁoé&’ 18 thel MghuiRIUROS ah @E&%b@%ﬂﬁpdum ng

welding filler t al furni shing a wel er - et al
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wel di ng- fa!:lJa'n%PesrrEt al diameter; and thereafter nelting the welding-filler
netal conposition into a top of the continuous casting nold, while
wi t hdrawi ng a continuous length of the welding filler metal in a solid form
from a bBRIENSUMMARYOFABGIEIINVENTIONCaSt i ng nol d. According to a second aspect
of the invention, there is provided a nethod for welding an article,
- conprising the steps of producing welding filler nmetal, the step of

produci ng i nchewrdig tO@HéStﬁ%ﬁ%Ofdge F‘M‘FWP@%’P%@ isgpreyifig ey meghodyfor welding an
wel di ng- hitibik are methad ma@mgqsbdubmgwenarngmeamlaymat;taﬁsoﬁ acketed cont Ih nuou‘?vOI
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provi di NgheaomRlilsteg noSti ng mol d having a wel ding-fill er - met al dianeter;
and thereafter

According to a second aspect of the invention, there is provided a method for welding
- an article, comprising the steps of producing welding filler metal, the step of producing including
the steps of furnishing a powder of a welding-filler-metal composition, providing a water-
jacketed continuous casting mold having a welding-filler-metal diameter, and
7 melting the powder into & top of the continuous casting mold, while withdrawing a
continuous length of the welding filler metal from a bottorn of the continucus casting mold; and
using the welding filler metal to weld an article.

According to a third aspect of the invention, there is provided a method for welding an
article, the method including producing welding filler metal by the steps of furnishing a welding-
filler-metal composition in a powder form;

providing a continuous casting mold having a welding-filler-metal diameter; and
thereafter

melting the welding-filler-metal composition into a top of the continuous casting mold,
while withdrawing a continuous length of the welding filler metal in a sofid form from a bottom of
the continuous casting mold.

According to a fourth aspect of the invention, there is provided a method for welding an
article, the method including producing welding filler method by the steps of: '
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nelting the welding-filler-metal conposition into a tom péidr¢26@nt i nuous -
casting nold, while withdrawing a continuous |length of the welding filler
netal in a solid formfroma bottomof the continuous casting nol d.
According to a fourth aspect of the invention, there is provided a nethod.
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Accor di nthetcontmudusfchétingapict of the invention, there is provided a met hod
for welding an article, the nethod including produci ng wel ding filler
nmetal by the steps of furnishing a welding-filler-nmetal conposition;

provi di ng a cOfferdngdas fita epashofiies tvendon. Mprais\sgvitied @-methaddpr weldiag anli anet er ;

and theama&ttmmafad;d.h@@.ﬁd}ﬁodw.hgiwegmgmidrafetanwtﬁé stBYPOsi tion, -using a | aser
beam into a ouscstlng nmol d, while withdrawi ng a

conti nuous | e¥uprfﬁ1|“n8fa Wﬁﬁd'"%?rd]‘%é PP \pnmet al ina solid formfroma
bot t om of theprewmls‘u rfu6Uindeust ¢astindnwiolll hadrgo edwvelging-Bleametak tdismetgse @nd of t he
—inventi Omerehifgre i s provided a nethod for wel ding an article, the nethod

i ncl udi ng produci ng wel ding fil t he ste of : furnishing a
‘wel di ng-fillel® 'ﬁ’éﬂ %%%%@?E'F‘S{QFC ?%ﬂ ri'é‘"ﬁ & Ben L dte AP Bl d
havi ng acontihupus gasting meld - wible atithdriawimg eeontipliodsr lemgth aftibaitvelBing Biker imetdhint2o about
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into a top of the continuous casting nold, while wthdrawing a continuous

| ength of the welding filler netal in a soI id formfroma bottom of
According to a sixth aspéct of the invention, there is provided a method for welding an

article, the method including producing welding filler metal by the steps of:

furnishing a welding-filler-metal composition;

providing a continuous casting mold having a welding-filler-metal diameter of from
about 0.050 inch to about 0.080 inch; and thereafter '

melfting the welding-filler-metal composition intc a top of the continuous casting mold,
while withdrawing a continuous length of the welding filler metal in a solid form.from a bottom of

the continuous casting moid.

According to a seventh aspect of the invention, there is provided a method for welding

an article, comprising the steps of
| producing welding filler metal, the step of producing including the steps of

furnishing a powder of a welding-filler-metal composition selected from the group
consisting of a titanium aluminide and a nickel-base superalioy,

providing a continuous casting mold having a welding-filler-metal diameter, and

melting the powder into a top of the continuous casting mold, while withdrawing a
continuous fength of the welding filler metal from a bottom of the continuous casting mold; and

using the welding filler metal to weld an article.

According to an eighth aspect of the invention, there is provided a method for welding
an article, comprising the steps of
producing welding filler metal, the step of producing including the steps of
furnishing a powder of a welding-filler-metal composition,
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the continuous casting nold. According to a seventh aspect of the

I nvention, there is provided a nethod for welding an ar28 Eéeuarg@0péi si ng
the steps of producing welding filler metal, the step of producing
including the steps of furnishing a powder of a welding-filler-netal
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usi ng the wel d'rgﬁ o weld an article. According to an eighth
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article, conprising the steps of producing welding filler netal, the step
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wel ding-filler-netal conposition, ruary provi di ng a conti nuous
casting AHFe CARDTSG e YRASA ng-fill er-netal diameter, and nelting the
powder, usi ngpradicigeeidigdingr matdl,ahastépd peddutifein€ladng thelStess afast i ng nol d,

while wt hdramrﬂsgmg %8\%&%“'9%@%5%%&&% anﬂ:%suW ding filler netal from a

bottom of the con uous the welding filler netal
to wel d an ar®Pddieg ageptiigiygastiog anoi hwmga%rs@@angcﬁflertm@al diareqieri Hrfom here is

provi deda@ummﬂmﬁthﬁ@abd@pﬂ) oaongcraand arti cl e, corrprl sing the steps of

produci ng meldl | 1er e oduci cl uding. the steps
Bt i shi P, b refa e e in® bFRin s Rep e RAR AR PR i g a
cont i nuotmtineys lengih pighelwelding filpr metakfrai abetiom df the-cortingpusdiastingtmetd; erfid f r om

about 0. 050 |m@tﬁé)wg@9éjﬁuepmglg|qowg|ggn afiad nelting the powder into a top of
t he continuous casting nold, while wthdraw ng a

Herein disclosed is a technique for producing and using welding filler metal. The
production technique may involve a single step of continuously casting to size. The welding
filler metal may thereby be produced economically and in an acceptable quality. The present
approach is operable with a wide variety of welding-filler-metal materials, but it is most
advantageously used to produce welding filler metal of materials that cannot be drawn,
swaged, or rolied.

Also disclosed is a method for welding an article comprising the steps of producing

welding filler metal by furnishing a powder of a welding-filler-metal composition, providing a

. continuous casting mold having a welding-filler-metal diameter, and melting the powder into a

top of the continuous casting mold, while withdrawing a continuous length of the welding filler

metal in a solid form from a bottom of the continuous casting mold. The welding filler metal may

thereafier be used to weld an article by applying a weld overlay layer to a substrate or by
joining two articles together using the welding filler metal.

The step of furnishing preferably includes the step of furnishing a powder of a titanium
aluminide or a nickel-base superalioy. The continuous casting mold is desirably a water-
jacketed continuous casting mold, and desirably has an inner diameter of from about 1.3mm
(0.050 inch) to about 2mm (0.080 inch).

The melting of the powder is preferably accomplished using a laser beam. The laser
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continuous length of the welding filler nmetal froma bottom of the
continuous casting nold; and wusing the welding filler negpdptisrywebd an
article. Herein disclosed is a techni que for produci ng and using wel di ng
filler metal. The production technique may involve a single step of
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eSSt Bt
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materi al s

Other features and advantages of the present invention will be appérent from the
following more detailed descripfion 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 weiding filler meial of nickel-
base superalioys;
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significantly increases the cost of the final welding $gFégtaryeas due to -
the multiple fabrication stages and the |oss of material as scrap during
the fabrication operations. One or nore enbodinments may require the use of "’
the welding filler nmetal starting material in relatively finely divided
form such as a powder. The renmai nder of the processing may be acconpli shed

“relatively inexpensively and in a single continuous nelting-and-casting
~operation. The net cost of preparing welding filler nmetal by one or nore
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of the cost of producing welding tiller e conve

cast i ng- anahdvedsting bpeyatieant r usi on approach. The welding filler neta

produced by One or nore enbodinents may be of sufficient relative density

and nechanj.cal properties ip the as-cast-rod formthat it nay be used in
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advant agesgriiial MePloSSEBtadt @At i on Wi I 1 be apparent fromthe follow ng
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“with the acconpanying drawi ngs, which illustrate, by way of exanple, the

princi pl esFigtrethis a schematicorlevalRh& F/iBESCRERT tHaNvEEng HEle DRAWI NNk Gy e 9 i s
a bl ock diagramof ,a prior approach for preparing welding filler netal of
ni ckel - basBICIEY 08FWFT- oys: Figure 2 is a bl ock diagramof the present
approach for preparing welding filler netal of nickel- base superalloys; 3b

Figure 3 iBE’@AH?EEMSCQUP?F@NQjI@THEiWE}ﬁmA\FOHU nuous casting nold during

the melting- and-casting operation; Figure 4 is a schematic el evational
view of using the welding filler metal to apply an overlay layer to a
subst r at e;Figitrg IRlegistsa priorsipproschémpréparing evehkingfilddr nvétsl vt afwaldinpdillehe
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. filler-metal material is cast, numeral 20. This bar is extruded to about 1/4 inch (6 mm)
- diameter in a first ex{rusion operation, numeral 22, In performing this first extrusion, a
number of the one-inch (25 mm) diameter bars are bundled together inside a steel
extrusion can which is welded shut. The extrusion can and the contained Bérs are
extruded with a 16:1 areal extrusion ratio. After extrusion, the can is removed from the
resulting 1/4 inch (6 mm) diameter rods. The rods are cleaned, and a number of the 1/4-
inch (6 mm) diameter rods are repackaged in another steel extrusion can and second
extruded, numeral 24, with an extrusion ratio such that the rods are about 1.8 mm (6.07
inch) in diameter after subsequent removai from the eitrusion can. Each extrusion
process.has a scrap loss of unusable material at the front end and the tail end totaling 30
percent of the wéight of the material introduced into the respecﬁvé extrusion process. In
commercial practice the net process yield is typically 25-50 percent of the total weight
that is first cast in step 20." Titanium aluminides and superalloys have a high material
.cost, and this low yield of good welding filler metal results in a net cost of as much as
| $1540-3300/kg ($700-1500 per pouhd) of usable welding filler metal.

By contrast, Figure 2 illustrates the present approach. The welding filler metal

is first produced, numeral 28. (“Welding filler metal” is also sometimes termed “weld
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of about 1.8 mm (0.07 inch) diameter. A one-inch (25 myrdhpudobgy of the:
welding- filler-nmetal material is cast, nuneral 20. This bar 1s extruded to
about 1/4 inch (6 mm) dianmeter in a first extrusion operation, nuneral 22.°
In perfornming this first extrusion, a nunber of the one-inch (25 m

- diraneter bars are bundl ed together inside a steel extrusion can which is
wel ded shut. The extrusion can and the contained bars are extruded with a
16:1 areal extrusion ratio. After extrusion, the can is renoved fromthe
resul ting %ot frebld (retmih thé antEs proddse thé’h@ldiﬁ% sillar el 308dingdifr.2 nuber
of the 1/4- inch (6 nmm dianeter rods are repackaged in another steel

ext rusi on BeiAl MAriale prskaably A titaniem aluminide ar a Rickelbast alloy @uch assi wickel-at i o

such t hat Q, af.ter
subsequentgargg?rlg)\%%?loﬁ’ gsrh

pei(s.

t 0.0£. i.nch) i.n. djaneter
‘eecelﬁjg}u?lﬁesf 03& &Zptarﬁ'é‘@ s PORPIISSS BHEREhas a
scrap | ositafiuats ahhim et aherdlehbis hich Bl nRBRAGichiMy hitld: SlldsLot al | ng
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typically -5 [ cent the total wei “that is first cast in step 20.
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- low yi el d thinigaoditietalihct biteeblefRhal results in a net cost of as nuch as
$1540- 3300/ kg ($700- 1500 per pound) of usable welding filler nmetal. By

contrast, Figure 2 illustrates the present approach. The welding filler
metal is firstAypsedbeen, “mokadrhase a8eans thag theticompbsitibe of thetalby hissneres o

Bt | "wel d 28 Feb 2006 rod' or "weld wire" in the art.) T
o oduce. t RGP B g ot clftnch " Jop il e wperaliopare pmicoiy af s 0
pref er abl wo@Fgéiﬁ@mﬁm %&i@tﬁén@&b?[he%)r&%iﬁggbﬁ gpgg;nﬁg_ ﬁ&e(@?ggbrg_s%@tﬁgi ckel -

base super al , I's furnished, hunera L1 tanium-al um ni
conpr i ses Phrsendik nickel-base sipemaltoychllay typicallyhas tdmpdsitéon, &1 weight er@ugh as

ni obi um optLonal | esent~.in | esser mounts.. The titanum and al um num are
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- percent  alfigti dbdiR PRGLEEO Perlat hutheh RO 280 videh@d! with
t he bal ance ot her el erreﬂijs. As useéﬁr%gr%el n, aﬁ%@g@?{%ﬁ@%ﬂ%@%@, %’J(ﬁ}ét t he

. conposi ti abous B to hboy I8 prgcehtiBingsers fram eba@it 4p0 ebein 2 pbrenttaytalibd) goneh ement .
The ni Cke{o' al %ﬁ? 3 Eeg‘geentc g{almi%s, ﬁ@orn?ottgl gblo%? i)grcgrft rlﬁenium, from 0 to about 6 percent

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

0 to about 0.01 percent boron, from 0 to about 0.1 percent yttrium, from 0 to about 1.5
percent hafhium, 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 peréent
tantalum, about 6.2 percent aluminum, about 2.8 percent rhenium, about L.5 percent
hafnium, ab;)ut 0.1 percent carbon, about 0.015 percent boron, balance nickel and
incidental impurities; and Rene 195, having a nominai 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 hafnium, 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 thenium, from about 0.01 to about 0.03 percent carbon, from about 0.01 to about




conposition that is strengthened by the precipitation MFW-QDO(SWEF‘)AHéSeM”
I cal

or a related phase. The nickel -base superalloy alloy typ y 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
about 8 percent tungsten, from about 4 to about 12 percent tantalum fromO
to about 3 percent titanium fromO to about 8 percent rhenium fromO to
about 6 .peO.B%p@rcent@pmbajmcemom did tinideneil imfurives. CER prodeabappidach st 0 to
about 0.1 ertc(gnt ar bo fbrom Oaﬁo about 0.01 percent boron, fromO to
about 0.1 @B\‘E A t@‘??ﬂ‘?rkﬁ" P§eotHpsTallgys pilieh pres presented onlyhas skamplebaf ance

ni ckel andydefsy o j: ific . l.es ni ckel - base

superal | oysﬂeﬁﬂ%@ghﬂ({ﬁﬁg‘r Hééﬂeiggg%éﬁg eﬁrllécfe&n%&ﬁgaglﬁgrfg‘[ﬂ B%}e Rene 142,
having a nom nal conposition, in weight percent, of about 12 percent

cobal t, abBtmateBaipefitbe meldingfitied meal Btyeeferablybfupasieats SRwWRE MiGugRbOUt
t 6.4 percent tantalum about 6.2 percent

4.9 percent, t ten,. abo >
‘al umi num 0515%3{}1%@_ ‘g‘”ﬂéa é‘é‘ﬂ?‘)fkﬁéﬂvémld%@ws arepprablse fthe dimensionsyofdout 0. 1

i 015, | ) i ckel i nci dent al
Prpurt i edoner pRROKS aigot pfeh ol SBicaBORERER Ponivest, “Hhs wheabr cont
of from alsdthe Weldirpofilidhmutal ind; inetesdbé fBHERIA 48MBar EoeRbARCMher i@ bout

5.6 percer}l tantalum from about 2.9 to about 3.3 percent cobalt, from

~ about 7.6 P ﬂ‘t‘glf'BtHBBWéfEﬁtﬂoﬂ of| barrptackds diffienit &rouost Oitabium eluatinides 4hd1 8

- percent - hafhi sy @?8 t ut 0. ercent silicon, from about

3.7 to abou‘%ﬁr4 Jgraggﬁ ullr%:gﬂs1 Iel%&f%rogpr%%%lﬁéjﬁ?tgq?' to about 1.8 percent

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

about 5 28\ GutinueusycaRRREMOIA2eN3Y ¢eprovided ORigud ARSEaEy SKRh o d'og&i dent al
- ba

I mpurities. .The (ﬂrﬁﬁeg{l approach is not limted to these nickel se
super al | oy&tingaqld 40, dhe contamprsicasting mold 4 mehidesa ofold bodyr4ghineheformosi t i ons
whi ch ar e g2 8l &P et diBAG A1 Ldipg £iller. nmet The mpterial of the
wel ding filler rre%ﬁaél 'S %fFP g‘?%%ﬁ%%‘%}’ﬁ?%%eéﬂm&smfmﬁﬂmgﬁ AF CRERIRE ot her
finely di wathed6aftie nomtifuonsbastiel yioledo frenies an itQRe LR £3 11501&% fLgensi ons of
the powder particles are not critical, but would typically be about 325
mesh. TheS§rtiogalishape 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
1in 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 cohtinuously
solidified to produce weldin'g filler metal, step 34 of Figure 2. In the case of the preferred
powder Weldjng-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-




of the welding filler netal may instead be furnished aﬁSP@ﬁué@@@b or in

other undivided form although the production of bar stock i ITficult

for most. titanium alum nides and superalloys and therefore the use of
powder is preferred. A continuous-casting nold step 32 is provided. Figure
3 illustrates such a continuous- casting nold 40. The continuous-casting
nol d 40 includes a nold body 42 in the form of a hollow netallic water

j acket 44 which, in operation, is filled with a flow of cooling water 46.
The cont i nlasau$6c Bsiter pgwemdotroéOmiay bt ushdssuRh ak MBS or PO Rt hBAME NGifR CT 0SS-
sectional shape as desjred in the final welding filler netal. Preferably,

t he i nt er i By2PpEpLiatedesign of the aricibleS2h Ay laser hean a8 fnemitkelaser 56 is directed
wel di ng-fi; 2 b apx X rom.abou . - 2 .0.05 - 0.08
i nch), grmsl%liogélg?}eﬁf gdl%? ?’%?Bi%p Er}n‘tv‘rallr T f."tgjﬁi‘y ?%&ﬁ%ﬁt%ﬁ%%\gdegﬁéﬁg}egﬁ%to are not

critical dormhiamdliengoof60,he i nvention, and are presented here to illustrate
common welding-filler-netal dianeters. At a top 50 of the nold 40, the

interior bore 48 enlarges in dianeter to define a crucible 52 in which
mol ten metal i S\YRpk@gveldingfillemets| watsrialiaihe meltea podlsOsaones dewaividdly wal |

constructi kpde the.,nol d 4 Al ternatively, .the crucible
52 porti oggg?ﬁ%h%&%é’f %Bﬂ%ﬁém%%le%dg lﬁgadH‘%l%BQé)ﬁ%{iQW?q?,tLgWa%lﬁ@ fhet i ng

mat eri al  sneiblas2 acwereth be tontheucRith IR iAREs: &E’]e Jf@%%té&ﬁﬁiﬁéﬁﬁ&'r‘ th;tt he
e

~walls of the crucible 52 into the water 46 within the water Jac 44. The

vel di ng- f P18t inethe ieriarbose 48 Somethearudible 521 the multen Wedimgdiltep-mdtatuous| y
solidifie : i filler t al tep.34 of Figure 2. In the
case of t E%&t%}az% (glgdrﬁei% t‘éﬁ%ﬁ/@@% W%@Em%ﬁaﬁ@i&? ﬁWP@F‘P’é oreihe The

wel di ng-f iakiablocatiincdf tiBdoBiifthti ROMEIR6 553 S _ﬂfet%ﬁ‘teriﬁl%}ﬁé By g))é £Bhtralled

sem -continuously froma powder feeder 54 into the cruci
materi al b¥ admating the ppwer inputefibe thstnSoandithe Aowef povlig water 46, Agkigter abl y a

hi gh- “ebruary 2006 | . b d, such
s nuct e B8 ebef RIS RE) wobiner el BE oy wel ghowtmt e
cruci bl e §8 of thelnkl¢0 RO e RO UDE ThESSHaifEy @9&#@&% Bl bAMAyBEC

cruci ble 52, with a beam power intensity suc
to farm gutfeskehlepsds, @Eoiled tonfotrh arsemilcontimpofis lehgth; aedediredrédrehié gpei N the

mol ten pogg wglgingop\{‘gcsesg \%1%“\&%181' ¥ 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 deseribed 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.




toward a bottom 62 of the crucible 52, it is gradually¢pQ)edybegause 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 fromthe
crucible 52, the nolten welding-filler-netal material solidifies to form
the welding filler netal 64 within the interior bore 48. The axial

| ocation of the solidification front 65 within the interior bore 48 may be
controlled by adjusting the power input of the laser 56 and the fl ow of
cool i ng waipesvided.as fhetthitesial ofBe Wil ! y el 4 Lag filler
met al 24 dm\/var dly out of a bottomfrlal g?@ﬁé&%e}?{%ﬁg‘%ﬁﬁ%ﬁggwge mol d
40. The sofndithepagionef thevplding filer matal g rétingragorithe swfiice TDtosfoat b gt hs, or

coiled to a - contd,nu I t as desired for the type of

vel di ng. pr %{g&eﬂsﬁsg vﬁ%ﬁl\’/ﬁar?h'}”ﬁ at“%iliée W@Bﬁ@%@émﬁ’fﬁ@&a&%&@? mstyedielative thel di ng
filler metaichbsthdrSasindiphied By tH@rotekel AY i | ndepsed
metal structure approachi ngy'one hundr ed E%r%élﬁnedﬁtg?ﬁ/@ggﬁgﬁwﬁﬂ%hat IS,
there is alasenZ iteesly tosfoanithawoldraveddy laperdi Oghdriypebof Wedkt speesf duchas met al .
A small apgunt of porosi i s acceptable, inasmuch as the welding filler
metal is tgggsemg%?gﬁﬁgﬁtwh?@ls?‘é"&eBﬁyﬂlﬁﬁbﬁﬁﬁ‘?ﬁ-ng process described next.
The welding filter netal is generally honpgeneous in conposition across the
dianeter and al Be agpPodch B Fidursd YROKAE; LAl ' h _di mensi on

i s acceptable, The d_‘i;-p;rret er i(5’1%1yrttie wel g‘f’ﬁ?ﬂ?ﬁ‘@&%ﬁ‘g&é%%sﬁgimaﬁ%‘g?by t he
di anet er oo JohetwWonartieles PO laod §246getiiire Avbdseli Mhétd h ¢sintRicdin 96 tofolel 4 0
perf.orm a din er af j,on . 0 narticle.. Figures 4-5 illustrate two
types of \/\%‘?hflhﬁ&dg)gr %ﬁ"* ﬂﬁs"?égwg[h{@far&&i&édﬁ fogt intp the molien pool\@sl dTkeverl ay
llayer 70 isticlepomot &l tHP AR E@noSHlid: Acal te 74 . A heat source of
any operable type, but here i%sqﬂustrat égﬂ%ér%rﬁggezx’;eiaﬁggm%hg%a%@& by a

| aser 76, ¢aseindi dissctieniparpeidiatarttd ehegibirfead ehefdge OF tenlthishuass TiIRadorh t he

wel di ng fi llfg ﬁid% 64.is . 28 February 2006 provided as the material of
the over | &PF &40 .Sas‘l"rﬁénq@%%‘i"a}bé%mﬂthf’jaﬁﬁé%éo o asi9lifl aeld jpint thehjbinshe
portion Ofthéhﬁomkfé'h?@aﬁ&g er nmetal 64 resting upon the surface 72 to form
a nolten. pool 78. The substrate 74 and the welding filler netal 64/l aser
76 are noved relative to each other, as indicated by the arrow 80. As the
mol t en pool 78 Theweductiomin éasoof thhevelding 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. |




laser 76, it cools to formthe weld overlay layer 70. $§§hgfirypegs Of heat
sources, such as a gas tungsten arc (GIA) heat source nmay al 50 be used. In
t he approach of Figure 5, the welding filler netal 64 is used as a filler
material to join two articles 90 and 92 together. A laser 94 heats a joint
region 96 to forma nolten pool 98, and the welding filler nmetal 64 is fed
into the nolten pool 98. The articles 90/92 and the welding filler netal
64/ | aser CRAIM®ve rel ative to each other, in this case in a direction

per pendi cular to the plane of the page of the illustration. The nolten

Poi nt _t nith ek e ol s aHER, Petetod Metis AR@lyiunbRe i TRal of the

wel di ng By theetepsef al made by the present approach, as conpared with the
prior art approach, significantly reduces the total cost of the welding
operations. Although particul ar enbodinents of the invention have been
descri bed i n fdeishirig a weldingdillposetal odmpdditiont sebdctantfrorw #el gragp cardistingat i ons
and enhancene : ; it i fromthe spirit and scope
of the inventé}tgﬁ!té‘ﬁ%rg%@éﬁﬁ@???wtah@&%e%%{)%%}aﬂ& not to be Iimted except
as by the appended clains. 28 February 2006 CLAIMS: 1. A nethod for welding

eps of fur mierg S38pilel B homhal NeRg « B Rier oo i@l 2pd Y (e

group consi stthergaftesf .a titani um al umi ni de and a ni ckel -base superal | oy;

providing a continuous casting nold having a welding-filler-netal dianeter;
and thereafter nelting the welding-filler-netal conposition into a top of
t he cont i nuouseltiagthemeldingfiier-netall compiosilich s a tppeoftiantontinools dastigg h of t he

casti ng mol a "y il bl p SonkPoll ehgif et B e Aer Rl e o

i ncl udes t he feme froof a bottom of the continuous casting mold.

2. The method of claim 1, wherein the step of furnishing includes the step of
furnishing the welding-filler-metal compqsition in a powder form.

‘- 3. The method of claim 1, wherein the step of furnishing includes the step of
furnishing a titanium aiuﬁinide.

4. The method of claim 1, wherein the step of furnishing includes the step of
furnishing a nickel-base superalloy.

9. The method of claim 1, wherein the step of providing includes the step of

providing a water-ja_cketed continuous casting mold.

é. The mefhod of claim 1, wherein the step of melting includes the step of

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




furnishing the welding-filler-nmetal conposition in a 3 “The

met hod of claim1, wherein the step of furnishing |ncI udes t step of-
furnishing a titanium alumnide. 4. The nethod of claim11, wherein the step-
~of furnishing includes the step of furnishing a nickel-base superalloy. 5.
The nethod of claim1, wherein the step of providing includes the step of
providing a water jacketed continuous casting nold. 6. The nethod of claim
1, wher eT.rThsheethbe pf ciéimrs vhiengjn thecdterslefSproviding aepntruocusehstinggnsiie

wel di ng conposition using a | aser beam 9 28 February 2006 7.
The et hhﬁl é?sr@”%&%ﬁf wherein the step of providing a continuous casting

“mold includes the step of providing the continuous casting nold having the
wel di ng-fille I about 0 inch t 0..080
Meh. 8. The el s CaREN e Bsing. iR YRS oS e BB e
step of nel tlﬂugnabbutvﬂe(Dﬁﬂm@ @rabaut 0.08@ineki ng the welding filler nmetal. 9. A
met hod for welding an article, conprising the steps of producing wel ding
filler metal, the step of producing including the steps of furnishing a
powder o8. Tanewméttoa gt dlaiinl & inchoslirg arcadditcsiat stem, after thei stepnaf neeltivay, ef - | acket ed
continuous casting nold having a welding-filler-netal dianeter, and
nelting the powder into a top -of the continuous casting nold, while

wi t hdrawi ng weldiogenmadinlesudimgiye welding filerwedtali ng filler netal froma bottom
of the continuous casting nold; and using the welding filler netal to weld
an article. 10. The nethod of claim9, wherein the step of furnishing

i ncl udes?. thmethiod florovelding am adiclen goraphxingthe stdpsaft i t ani um al um ni de.

producing welding filler metal, the step of producing ihciuding the steps of
furnishing a powder of a welding-filler-metal composition,

providing a water-jacketed continuous casting mold having a welding-filler-metal
diameter, and |

melting the powder into a t_pp of the continuous casting mold, while withdrawing
a continuous length of the welding filler metal from a bottom of the continuous
casting mold; and
using the welding filler metal to weld an article.

10. The method of claim 9, wherein the step of furnishing includes the step of
furnishipg 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, wherein the step of using includes the étep of

joining two articles together using the welding filler metal.

10




11. The method of claim9, wherein the step of furnishigigesluges the step
of- furnishing a powder of a nickel-base superalloy. 12. The et hod of:
claim9, wherein the step of using includes the step. of joining two
~articles together using the welding filler netal. 10 28 February 2006 13.
The nethod of claim9, wherein the step of nelting includes the step of
nmelting the powder using a | aser beam 14. The nethod of claim9, wherein
t he st ep1afThemoathal ofgclaimE) mihereirothe steysdfimgtimpihdudesthe stbpsoft he st ep of

provi di ng the continuous casting nold having the welding-filler-netal

di anmeter of from about 0.050 inch to about 0.080 inch. 15. The nethod of
claim9, whermeling tre mweler osingiailasgr bearhudes the step of applying a weld
overlay layer to a substrate using the welding filler netal. 16. A nethod
for welding an article, the nethod including producing welding filler netal
by the stégsieohethad of cdimtywhesdl therstpf oflpreviding s abnthoopoeadtingmalch a powder

form pr.oyi.di opti nuous casting nold having a welding-filler-netal
di anet er';f%x'g%%g]ﬁ?%tee ed(?ifter melting the welding-filler-nmetal conposition into
a top of the continuous casting nold, while wi thdrawi ng a continuous

| ength of the Fof| [k ' i t f the
conti nuous ¢ srpﬁ!rjfgb%%d.nlnég(gu%éﬁkrge'{nﬁEggﬁagﬁgéﬁea‘fvén@&'@}fﬁléﬁﬁﬁgﬁl ﬁ%bﬁgépg ep of
furni shi ng i ricdrodbeuttiS0dnehploabofit0.08Gincing t he wel di ng-fill er-netal
conposition selected.fromthe group consisting of a titanium alum nide and

a ni ckel -base superalloy. 18. A nethod for welding an article, the nethod
i ncl udi ntp. ghe mathatphvsind i9nghéiein the skt ailusingyndudes sheegisp of 11

applying a weld overlay layer to a substrate using the welding filler metal.

16. A method for welding an article, the method including producing welding filler metal
by the steps of '

furnishing a welding-filler-metal composition in a powder form;

providing a continuous casting mold having a welding-filler-metal diameter; and
thereafter

melting the welding-filler-metal composition into a top of the continuous casting
mold, while withdrawing a continuous length of the welding filler metal in a solid
form from a bottom of the continuous casting mold.

17. The method of claim 16, wherein the step of furnishing includes the siep of

furnishing the welding-filler-metal composition selected from the group consisting
of a titanium aluminide and a nickel-base superalloy.

18. A method for welding an article, the method including producing we!ding filler metal
by the steps of

11




28 February 2006 furnishing a welding-filler-netal comppigd@9r0860Viding a
wat er jacketed continuous casting nold having a welding-filler-netal -
dianmeter; and thereafter nelting the welding-filler-nmetal conposition into
a top of the continuous casting nold, while withdrawi ng a continuous

| ength of the welding filler nmetal in a solid formfroma bottomof the
conti nuous casting nold. 19. The nethod of claim 18, wherein the step of

furni shi ng i naknighirgy 4 weldsigelepetal compdbititg; t he wel di ng-fill er-net al

conposition selected fromth ro consistin of a titani al unj ni de and
a ni ckel - base”8YI{@y EIV\’%?'J""%.?G‘%C‘?@BH% %5 "%gﬁi hying A we! 'PE#'H%FT?]%} met hod
i ncl udi ng pr ofismeteg aneltictragrtdri | | er netal by the steps of furnishing a
wel ding-filler-netal conmposition; providing a continuous casting nold
having a welding-filler-nmetal dianeter; and thereafter nelting the

wel di ng-fil | aneltimg the weddipg-filldrinatal avipogition Inks & toposfana cd')milfnuows iﬁﬁ?@f ht he
conti nuous cast,ing.mold. while wthdrawn continuqus | ength of the
welding 11 1 rEpe gl fhgraiog B cibiriiohs Fngfh & i elediS: metlba idous
casting nol d.fo@d frorhleebatieirhefthe tortinabus eitinghwicei n t he step of furnishing
includes the step of furnishing the welding-filler-netal conposition

sel ected fromthe group consisting of a titaniumalum nide and a

ni ckel - bis &he uethaal df @laim 28, whernsiet the dtep @f funsibitihg thckleatha stépeof t he net hod

i ncludi ng producing welding filler metal by the steps of furnishing a
wel di ng-filler-nmetal conmposition; providing a continuous casting nold

-havi ng a wel dumighfnglthe welfirigafilledimatat temnpaditich ek tdceipor dveygra 0P Gorfsisting about

0.050 inch t f %Qf?auntiwg a%érgn(?ni'dg %rqél a it elt-t?aes[aes%];)ér%ﬁoy.

- 20. A method for welding an article, the method including producing welding filler metal
by the steps of

furnishing a welding-filler-metal composition;

providing a continuous casting mold having a welding-filler-metal diameter; and
thereafter

melting the welding-filler-metal composition, using a laser beam, into a top of the
continuous casting mold, while withdrawing a continuous length of the welding
filler metal in a solid form from a bottom of the continuous casting mold.

21. The method of claim 20, wherein the step of furnishing includes the step of

furnishing the welding-filler-metal composition selected from the group consisting
of a titanium aluminide and a nickel-base superalloy.

22. A method for welding an article, the method including producing welding filler metal
by the steps of |

furnishing a welding-filler-metal composition; .
providing a continuous casting mold having a welding-filler-metal diameter of

12




mel ti ng' the welding-filler-netal conposition into a tompébfﬁé}ézgg@t |nuous -

casting nold, while withdrawing a continuous length of the welding filler
nmetal in a solid formfroma bottomof the continuous casting nold. 23.
The net hod of claim 22,” wherein the step of furnishing includes the step of
furni-shing the welding-filler-netal conposition selected fromthe group
consisting of a titanium alum nide and a nickel -base superalloy. 24. A

met hod f or wefrain aboatrd. @80t inct ©,aboohM08Ginehy; dridethereefter of produci ng wel di ng
filler netal, the step of producing including the steps of furnishing a
powder of a welding-filler-netal conposition selected fromthe group

consi sting ofme!tang trenveldingdfillerimetdiccoamdsitioniintk eltefhaidthe sotipuald eastingr ovi di ng

a continuous havi n | er-netal di ter,. and

rel t1ng the. poRepAIk PRGBS o Jinthuls iind b ReulBil foRlR Simire

wi t hdr awi ng farne émin anbatteen bfthg tontiniotdheastimgdiatdy filler nmetal from a bottom
of the continuous casting nold; and using the welding filler netal to weld
an article. 25. The nmethod of claim?24, wherein the step of furnishing

i ncl udes23 fee siatipododf cldimra?| wheneo the ptepad furpishiag iriciuaies the sttpiod ni de. 26. The

. method of claim24, wherein the step of furnishing includes the step of
furni shing a powder of a nickel-base superalloy. 27. A nmethod for wel ding

an article, domghigthg WEW@ﬁllepmewl ch@padtidredaiened fr@d Ot groop consigingel di ng

filler netal ’oftagl‘?arﬁﬁrﬁ%ﬂtﬁlﬁlnlgégﬁb'%' é:se%% ﬁ'%“ he steps of furnishing a

powder of a wel er-mne 5| 6 ovi ding a continuous
casting nmold having a welding-fill er-rretal di aneter, and nelting the

powder . 41 Wieiod T SIIRREN ol el Mihcdh LiBogpnt | nuous casting ol d

whi'l e wi'thdraw ng a conti nuous 1 ding filler netal froma
bottom of the contl nuous casting nold; and

producing welding filler metal, the step of producing including the steps of

furnishing a powder of a welding-filler-metal composition selected from the group
consisting of a titanium aluminide and a nickel-base superalloy,

providing a continuous casting mold having a welding—fil!erémetal diamete'r,. and
melting the powder into a top of the continuous casting mold, whife withdrawing
a continuous length of the welding filler metal from a bottom of the continuous
casting mold; and
using the welding filler metal to weld an article.

25. The metho& of claim 24, wherein the step of furnishing includes the step of
furnishing a powder of a titanium aluminide.

26. The method of claim 24, wherein the step of furnishing includes the step of
furnishing a powder of a nickel-base superalloy.

27. A method for welding an article, comprising the steps of
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using the welding filler netal to weld an article. 28..glf@ Bl bees of cl ai m
27, wherein the step of furnishing includes the step of furnishing the
wel ding-filler-netal conposition selected fromthe group consisting of a
titani um al unmni de and -a ni ckel -base superalloy. 29. A nethod for welding
an article, conprising the steps of producing welding filler netal, the
step of producing including the steps of furnishing a powder of a
vel di ng-fil | eprodeding weldimpaért metal, thy st¥p 6 prodecipntiuting dee s18sd Mg nol d
having a welding-filler-metal dianeter of from about 0.050 inch to about
0.080 inch, ‘and nelting the powder into a top of the continuous casting
mol d, whil e Wutrishiryd powder of @ meldingpfiteringngtdonpbsitieg wel ding filler netal
froma bottom of the continuous casting nold; and using the welding filler
metal to weld an article. 30. The nmethod of claim29, wherein the step of
f ur ni shi ng i nEbvidieg atdvatimiozp caftirgimslt Haiing atweddineg-fitbrmgetél didraeternenal
conposition selected fromthe group consisting of a titanium alum nide and
a ni ckel -base superalloy. 14

metlting the powder, using a laser beam, into a top of the continuous casting

mold, while withdrawing a continuous length of the welding filler metal from a
bottom of the continuous casting mold; and
using the welding filler metal to weld an article.

28. The method of claim 27, wherein the step of fumnishing includes the step of

furnishing the welding-filler-metal composition selected from the group cohsiSting
of a titanium aluminide and a nickel-base superalloy. |

29. A method for welding an article, comprising the steps of
producing welding filler metal, the step of producing including the steps of
.furnishing a powder of a welding-filler-metal compaosition,

providing a continuous casting mold having a welding-filler-metal diameter of
from about 0.050 inch to about 0.080 inch, and

melting 'the powder into a top of the continuous casting mold, while withdrawing
a continuous length of the welding filler metal from a bottom of the continuous

- casting mold; and
using the welding filler metal o weld an article.

- 30. The method of claim 29, wherein the step of furnishing includes the step of

furnishing the welding-filler-metal composition selected from the group consisting
of a titanium aluminide and a nickel-base superalloy. -
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