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
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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
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the inability of nost of these materials to be drawn, rolled, or swaged.
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operations, or it may be of continuous lengths used in automated welding 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




about 25 percent or |ess, of the weight of the startinggFaiQaiyaloosAS a
result, the cost of 28 February 2006 "titanium alum nide welding filler
metal is sonmetinmes as nuch as $3300/ kg ($1500/ pound), and the cost of
superalloy welding filler netal is sonetines as nmuch as $1540/ kg
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consi sti Q@ ffagss. titaniumalumnide and a nickel -base superalloy; providing

a continuous casting nold having a welding-filler-netal dianeter; and

thereafter nelting the welding-filler metal conposition into a top of the
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filler-metal conposition in a powder form '

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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providing a continuous casting nold having a wel di ng-fi4 F@adipbabs di ameter;
and thereafter nelting the welding-filler-netal conposition into a top of
t he continuous casting nold, while withdrawing a continuous |ength of the
welding filler metal in a solid formfroma bottomof the continuous

casting mol d. afGsHHgH vsiid ,“@,_,fngtwrgon, gsieact of the invention, there is
provi ded a net hH‘g'{‘P.for we art icle, the method incl ud| ngwﬁ)rodum ng

wel ding filleP™ ois| Wrﬁ‘fketgq &pYingpus sasiiag malt fayige Soveldngfigraidshg a

wel di ng- fliainkter; anethaleaitsonposi ti on; providing a water jacketed conti nuous

casting nold %thé‘@]e%e‘ﬂﬁrlgqht%étfﬂléoﬁl o%%%to aqbﬁgﬁhg E:ontlﬁurb%? tcgﬁﬁ'l& VAN

nmelting the welding-filler-neta osition 1nt cont i nuous
casting HBfevithdigiinga WQ"HEH%WW@“%WH’“Q’TUBUBQP'%@§‘H‘d&rmtf’f‘i’é‘ At fill er
nmet al i nthe centinualisfeastimg fiowin a bott om of the conti nuous casting nol d.
According to a fifth aspect of the invention, there is provided a nmethod
for welding an article, the nethod |nclud|ng produci ng welding filler
nmetal by the 4¢@pingde affifth 3pRsiet pigheinyntion. Hepre [s| revidedwtragtheddapueliliog am;
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beam into a ﬁ'?)np')smg] '"géb%rfm?{%o %sg'é’f'l ng nmold, while wthdraw ng a
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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 o 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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about 0.050 inch to about 0.080 inch; and thereaftér nmelting the

wel ding-filler-netal conposition into a top of the conti28Belsuag2006ig nol d,
while withdrawi ng a continuous |length of the welding filler nmetal in a
solid formfroma bottomof the continuous casting nold. According to a
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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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furni shing a powder of a welding-filler-nmetal conposition, providing a
continuous casting nold having a welding-filler-netal dl%’fﬁé@ﬁa faohg om
about 0.050 inch to about 0.080 inch, and nelting the powder into a top of
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quickly and in a small volune at the top of the casting

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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nol d, - m ni m zi ng oxidation or other damage to the powdgg Fesrh& 20061 tS
nmelting and consolidation in the casting nold. One or nore enbodi nents nmay
be nost advant ageously used to nake welding filler nmetal of materials that’
nmust ot herwi se be nmade into welding filler nmetal by casting and nultistage
extrusion. The conventional weld-rod fabrication technol ogy for these

~materials significantly increases the cost of the final welding filler
~metal due to the multiple fabrication stages and the |oss of material as
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require the use of the welding filler
finely di anddeagtihgpperatiangh as a powder. The remmi nder of the processing may
be acconplished relatively inexpensively and in a single continuous

mel ting- ang-casting operation., The net cost _of preparing welding filler
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to be [1/ 4veflaylifepto Lhubkdfle.Gagt of producing welding filler nmetal by the
conventional casting-and-mil t1 st age-extrusion approach. The welding filler

~metal produced by One or nore enbodinments may be of sufficient relative

density anfdigmechesni sshémgticogevational viiew ol esiag tlpasélding dillef afefal tbaeld fwgmay be

used in eitBelr ﬂ)an al or conti-nuous wel ding operations. Ot her features and
advant agesof <t f8°Pfesent invention will be apparent fromthe follow ng
nore detail ed descri-ption of the preferred enbodi nent, taken in conjunction

with the BETAMDﬁEMDMP@MN@ETH@IS@&h rate, by way of exanple, the
principles of the invention. BRI EF DE | PTTON OF THE DRAW NGS Figure 9 is

a bl ock di agram of a prior approach for preparing welding filler metal of
ni ckel - badgureispicty agrigr apprpactef? prepasing weklinglfilkgmamlalf atvradipg FHRAL
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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 to géther 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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overlay |ayer to a substrate; and Figure 5 is a schenuig gehphpyabogpnal vi ew
of usi%g t_%e welding filler netal to weld two articles togeﬁer DETAI LED |
DESCRI PTI ON OF THE I NVENTI ON Figure 1 depicts a prior approach for
preparing welding filler nmetal of a welding-fill er- metal material such as

- a-titanium al um nide or a nickel-base superalloy in a standard size of
about 1.8 nm (0.07 inch) diameter. A one-inch (25 nmm round bar of the

wel ding- filler-metal material is cast, numeral 20. This bar is extruded to
about 1/ 4 todthr (Geldyire"dhahese) Toprdhis Gib veidind SlIONMERE AvblaRhe-flREr al  22.
In performing this first extrusion, a _ nunber of the one-inch 525 mmy
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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 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 thenium, about 1.5 percent
hafnium, ab;)ut 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 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




base superal loy), is furnished, nuneral 30. A "titani ups BebHiaArgi2006
conprises primarily titaniumand alum num wth other elenents such as

ni obi um optionally present in | esser anmounts. The titanum and al unm num are
typically present in at'om c percentages of from about 45.5 to about 48
percent -al um num and from about 48 to about 50.5 percent titanium wth

t he bal ance other elenents. As used herein, "nickel-base" neans that the
conposition of the alloy has nore nickel present than any ot her el enent.

The ni ckel 0.8 percent beron) badgree aickeltapdiincidental tfipaitios. OTIROSrEdenDibpkdbah is ot
strengt-henled. b%tt[t:% Ere | pitation of gamma-prine phase or a related phase.
The ni ckel THHEE tQ (Hgs dP“rﬁMg 459 JAPeraigy s avhigh [9ee; peesesedh @l aoaxarplesvef ght

per cent, A1 OEBARR : e al t... from.about 1 to about
15 per centﬁ%ﬁr om um ﬂ}!i}ﬂ%ﬁ@%@%?%&%@bﬁ:ﬁ%%ﬁﬂfp \%@?]@grﬁﬂeawmlhum fromO to

about 10 percent nol ybdenum from about 3 to about 8 percent tungsten,
f r om about The metetibionftthd Yefiiing iier hatat Bl preferablyofiir@shdds ded, AMBOAAN!

‘titanium fromO. t bout . 8 percent rhenium fromO to about 6 percent

1 ut heni um Otﬁ?r(rﬁﬂeb' ‘ﬁ&l%ﬁgﬁ’ﬂﬂ n‘?}l'gé‘?IEélh‘fld‘?ﬂ fopnunge opershieo Thy ditmentions. of theer cent
carbon, fr t rgm about, 0.1 percent

Vttrium  ooebpdBRpa oot i Sthid bR b SR0D 18 Lt e aiehel

i nci dent alofithepweldirigefilier Spsalirfiaycineteadrpé ApnighedisHsP btocP 85 i SHASKAI @S Wi th

which the present inyention is operable are Rene 142, having a nom nal
. conposi ti cfﬁfml £ PRastugtion of ber staploistdiffipuls dorauest titaibeh tljundbides arél S

" percent. ' . nol ybdenu about 4.9 percent

tungsten, %a %ﬂl}d@aﬂ&lg{e‘éﬁfgﬁtﬁe Pgé;l@%&v - gﬁ’?ﬂ%‘?“%‘!g percent al um num about
2.8 percent rhenium about 1.5 percent hafnium about 0.1 percent carbon,
about 0. 0¥ecqmueustcastmomoldxade3ir és provided. Pigfre I MobERES &lch b ¥BMILLES: and
Rene 195, hauvi rllfgo no‘?hnal conposition, in weight percent, of from about
mpid b A

’i

7.4 to ab&fHng £ coiyaiegsting seldddinclugesa roldbalyt45n6hgfrment
tantal um o5 Q. : -3 percent cohalt, fromabqut 7.6 to
about 8 pgrceﬂiltl&pgjf%ar%&nﬁfaﬁte&ra ?%e?nugﬁlg}{lj%’&i@r qgnaggﬂ'{ed@_n%a QY L Frolivgs ni um
from aboutwa@r 86t Thabontinudubcaspiag aRiM 46 ilch&RS an (@B HIRLUS Ravin z?cx?psQUt 4
percent tungsten, from about 1.5 to about 1.8 percent rheni rom about

0.01 to abwtend shapessdeaind in shastnnl wolding HBensuctald Rigfetably bevinterior 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,
. s

_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-



5 28 February 2006 0.02 percent boron ‘bal ance ni ckel @@ﬁ Iﬂ&?@?@%
inmpurities. The present approach is not limited to these nic ase
superal | oys, which are presented only as exanples of operable conpositions
which are desirably made into welding filler netal. The material of the

wel ding filler netal is preferably furnished as a powder, although other
finely divided and non-finely divided forns are operable. The di nensi ons of
the powder particles are not critical, but would typically be about 325

mesh. The lasaré6i Blther powertsoumes tiap be ﬁs,'eldl Quch AR indhctioiyor hsdRRE hbfers Uil Shed as
bar stock or in ofher undivided_ form although the production of bar stock

is difficut2PPHP esx%nﬁi#rfmwmq@m@@germ &ﬁl@na]lld loges Sérisidireated>f or e
b ovi ded PR Sfugicte B2 SyBL4 Bl Po Bl Sieh 3a RadPig STof Freligt orne

cont i nuoustermatmoltgnpobbe6l0 i ncl udes a rml d body 42 in the form of a hollow

metal lic water jacket 44 which, in operation, is filled with a flow of
cooling water 46. The continuous-casting nold 40 includes an interior bore

48 having a cr dssnolisavsldingfillstmptel ragteu@lsnﬂ@dnqﬂwnmnel &ammsmwwmgm. |l er

nmet al . riQ e. | cyl i nder I n | ndri cal
-~ wel di ng- fﬁ?ﬁggrﬁbd rr%(%tta}nb? h}%d {Bbf%%z ftl aé%‘?)@f 31/)1 eca'éserfﬁ'? (“%1159% €0. 08

i nch), no&tucpiﬂeﬁféb@bzlei;ge&bbblboﬂmﬁom With theQritelitttdle 48 NEE L HINRARLP RSy ar € not
- critical limting.of the invention, and are presented here to |?tlustrate

comon wélsdllﬁgnq‘)ltm interigstbere 48 fivmr thesrucible 21 the lﬁﬂtanfwéldmgrﬁiled-nﬂ@ai t he
interi . f ble 52 whi ch
ol ten et SofE 8 Wk SRR iles bl S4valuR e rinbore s e el
const r uct iagial Reatidho MR GIlIAHRAIG] ﬁ&:&%srmhﬁn a0 mt%h&xeﬁdd?@hs ﬁﬁ%e coﬁtP& eff ucible

52 portion of the nold 40 may be nmade of, or coate nsu ating
material SWadjustingthe ppwet inputofithellaser Iohamdrthe Bowfof lealing water 4611 Aulivet he

Il's of 46 within the wat ket 44. Th
%I disng fHéﬁer- ngﬂoxgﬁétpfs@ﬁﬁg*wgﬁa@l W\{g\l ﬁéldgrwwgr %H%(rQ Jég;‘tt@emuousl y ©
sol i di fi eds bothenasldae aebelioTehe thbli @, f’mte%hdlﬁ&ﬁwelﬁﬂlg‘}ﬁlefhﬁﬁﬁ 84 fiaybd the

case of the preferred
cut to short lengths, or coiled to form a semi-continuous length, as desued 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 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.




powder welding-filler-metal material, the welding-fillsyrapial o84erial
~powder 53 is fed continuously or sem -continuously froma powder feeder 54
into the crucible 52. The nmaterial in the crucible is heated by a suitable
power source, preferably a high-power 28 February 2006 | aser 56. O her

power sources may be used, such as induction or resistance heaters, with

an appropriate design of the crucible 52. A laser beam 58 fromthe | aser 56
is directed into the crucible 52, with a beam power intensity such that

the powder pbdidesl aswhicistetisl of kidd dheflayRyéem. N9RNasECbe 7fm?éatts§ﬂe surface 72
wel di ng-fil Igr-rret__al material in the nolten pool 60 noves ownwar dl y

toward a bétd Bgpetioppf theavelding fillkranatal 64iresting uppmetle alrfage F0 o) fofin hegdse t he

Ils of t ible 5 { ith the interior b
ha acCa sBo R ik B ARSI ol Yile? Giian 64 Fttertt wF msved reluiveriom ¢ he
cr uci bl e S2achidler/m heiBaté byl itdk B ATR Aol 1R mARL by 63 o Form

t he wel di n? filler metal 64 wthin the interior ‘bore
| ocati on of2semd, ¥6polaid formtthoweldrayetlaydiGyani70h Othdr hgpek BF Rédt S6urbRl fichs My be

controlled adj ust i ower input of the:-laser 56 and the flow of
cool i ng wa?é?y‘lf’éggt%‘ad??\g"é”ﬁ%é@ﬁa‘ﬂﬁc%magaf%g’%gedt he solidified welding filler
metal 64 downwardly out of a bottom 68 of the nold 40 and out of the nold

o | ane, Sop & F et WpkeHoR G Figkes, iPH AR 0 eMP fitked @SR oal 01 NS O

coiled to forma seni -contindous |ength, ~as sire
vel di ng pri@desstwi articies P8 land 92itegdtherb A lmseado4 hbs pricidtEdgionodio foaa ave! di ng

filler metal,64 i o] te. The lding filler netal has a condensed
net al strﬁ?ﬁ?%p%%gﬁo%ﬁﬁdvg&@gfﬂﬁa@&r%éﬂ inte the mpllenipeali®8y . TheThat i s,
there is aarfictb00/YEANM BEReldi B W hotdbeltSe el ding filler nmetal.
A smal| anount of porosity I gegg%%lggﬁ)%?&%\ﬁég%% augg\f\(f%h\ﬂg)‘eam $iller
metal is t@sbaditsstiouperpéndionddrite thel plarielof thegag BOHBIMGAEE0E CBRahHIRG next .
The wel din igé]l ol .%r:et al is en}}eﬁ_al | y hongfgeneous in conposition across
the di anet SPIiIR gs 1t moves dwphiron thedassy P, te fwm asolidavcldjoinit thaejoits
di mensi on thé t3S 5Bblcabh ng e di aneter of the welding filler netal

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.




is defined by the diameter of the interior bore 48. Theg peddih2ohs | | er

nmetal is used to performa welding operation 36 on an articlel Figures 4-5
illustrate two types of welding operations. In the approach of Figure 4, a
wel d overlay |ayer 70 is deposited upon a surface 72 of a substrate 74. A
heat source of any operable type, but here illustrated as a | aser beam 75
‘produced by a laser 76, is directed against the surface 72. A continuous
feed of ChAIM& ding filler nmetal 64 is . 28 February 2006 provided as the
material of the overlay |ayer 70. The | aser beam 75 heats the surface 72

and the i |.di.n iller tal .64 restin on,the surface 72
to form {;0;(”}61 Fﬁ@ ﬁ%rp\%%@n%p%ﬁr@, g%@?ﬁhgggncgjﬁ]'ngrpdofwg’%ﬁ?@ﬁﬁEj"?ri'I“?tgir net al
64/ | aserbyrtbeastepsmbved rel ative to each other, as indicated by the arrow
80. As the nolten pool 78 noves away fromthe |aser 76, it cools to form
the wel d overlay |ayer 70. O her types of heat sources, such as a gas

E:) un?ﬁt en ia(rj c fgm;rgmjngmweldmfﬂleempmycmhmsitm sd@tbl-d from tII(eegr_am;;lncm:sisIting)f FI[ gure
: e wel di : ' i.S:Used. as ioll.er mteria o join tw
articles 90 2‘%& tgé*'%gam@rd?% dﬁjl—'s'éek?iag%%hsé‘g?gsa"é ‘joint region 96 to forma

nol ten pool 98, and the welding filler metal 64 is fed into the nolten pool
98. The arti .90/ 92.. . ] J1ller .. I I ve
relative to e@éﬂélg?%g%ﬁtl@gﬂ? tﬁlg%m%%&éﬂlg\rqﬁ%a I Idéﬁﬁ@ﬁ'"ﬁ%é’é’zaﬁﬁ‘%‘ﬁ%ﬁaot o the
pl ane of the thergeftesf the illustration. The nolten pool 98 solidifies as it
noves away fromthe laser 94, to forma solid weld joint that joins the
two articles 90 and 92. The reduction in cost of the welding filler netal
made by the pneétrntheaysidiogdifer-matal comppsitienintd & kopt dféhercondinuaus castimy oach,

significantly : : I e i j.ans. .Al t hough
particul ar er{%@gs#r%e%t%yslmgfav%'ﬁ%Qicﬂ'\q/tgﬁll@%%nh{aﬂvog tpl{)&g‘lél%dﬁggﬁgﬁ@%l ',R%Sé’g ail for
pur poses of ifoinudtoma botiom whthecobtinuods tastimgineeld. and enhancenents may be
made w thout departing fromthe spirit and scope of the invention.

Accordingly, the invention is not to be |imted except as by the appended
cl ai ms. 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 aIuIninide.

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.

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

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




28 February 2006 CLAIMS: 1. A nethod for welding an arg ; t hod

i ncludi hg producing welding filler nmetal by the st epsﬁ%?éﬁﬁ?gﬂﬁg a

wel ding-filler-metal conposition selected fromthe group consisting of a

- titanium al um ni de and -a ni ckel -base superal |l oy; providing a continuous

casting nold having a welding-filler-netal dianeter; and thereafter

nmelting the welding-filler-netal conposition into a top of the continuous

casti ng 7.rledmethbd bEclaint hdvhavein thesstepot providing al contyidvueicastimg meitidi ng fill er

metal in j formfroma bottomof the continuous casting nold. 2. The
PBBEE 18 ekl

net hod o erein the step of furnishing includes the step of

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

met hod of claim. er el.. e e furnishing.includes the step of
ur i shi ng. a torame St Si mBla ey 6 MERingTRHMe HRBEI R he 1 ep
of fur ni shi ngfroam@aboads030hactstoegboot 0.08@inchshi ng a ni ckel - base superal |l oy. 5.
The nethod of claim 1, wherein the step of providing includes the step of
provi ding a water jacketed continuous casting nold. 6. The method of claim
1, wher e8.Thetmethoepf ddimnk linduding archddikenat step, sftepthefstepnefinelting, bhe
wel ding-filler-netal conposition using a | aser beam 9 28 February 2006 7.
The nmethod of claim1l, wherein the step of providing a continuous casting
mol d i ncl udegelting aptagjrlefising tiveivetldigg fillee meatait | nuous casting nmold having the
wel ding-filler-metal dianmeter of from about 0.050 inch to about 0.080
i nch.

9. A method for welding an article, comprising the steps of

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
furnishiﬁg 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




8. The nmethod of claim1, including an additional stepzgpfdiryhgssStep of
melting, of welding an article using the welding filler nmetal.” 9. A nethod
for welding an article, conprising the steps of producing welding filler
~nmetal, the step of producing including the steps of furnishing a powder of
a welding-filler-nmetal conposition, providing a water-jacketed conti nuous
casting nold having a welding-filler-netal dianeter, and nelting the
powder i f3.d’he nethodéf ddim & ehbranuthesteppsitmeltingintiddesthe Istepwaft hdr awi ng  a
continuous length of the welding filler nmetal froma bottom of the
continuous casting nold; and using the welding filler netal to weld an
article. 10. makingttemavdefl usihguataser bedrer ein t he step of furnishing includes
the step of furnishing a powder of a titaniumalum nide. 11. The nethod of
claim9, wherein the step of furnishing includes the step of furnishing a
powder of4.dheinukiedd dfatmO,) phestin e stdPof pTinvidinga lcodkinmbug tasting @noldvher ei n t he

step of .usj j s the step. of joining two articles together using
t he wel dﬁﬁlggﬁqhggre%dn@t al. 10 28 February 2006 13. The nethod of claim?9,
wherein the step of nmelting includes the step of nelting the powder using

a | aser beam , . (o] ' ' . . iding a
cont i nuous ca%rgj ?iﬁlaa-% %B%'E'F'(rj\)(gisué 3@%@ ds ag?éﬂgrﬁee%glgwg‘lI%%ﬁ??zﬁago ?e:fﬁ)ﬂous
casting nol d frawabouttOHiSOvirthdiorapofii 0.08¢ inolet al di anmeter of from about 0.050
inch to about 0.080:inch. 15. The nethod of claim9, wherein the step of

using includes the step of applying a weld overlay |ayer to a substrate
usi ng t htb.vibk dnathpd oficlaim Spwhaiein the step of using includes the step of

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




16. A nethod for welding an article, the nmethod incl udigigprpguehg vel di ng

filler metal by the steps of furnishing a welding-filler-nmetal conposition
in a powder form providing a continuous casting nold having a

wel ding-filler-netal diraneter; and thereafter nelting the

wel ding-filler-nmetal conposition into a top of the continuous casting

nol d, while withdrawi ng a continuous length of the welding filler netal in

a solid for nfufrishingea wekitrgHilief-mele caapéditmpus casting nold. 17. The net hod
of claim 16, wherein the step of furnishipg includes the st of furnishing
Che vel di ng. (HPVERS Autdl-Rietribitsirslnof e rrdrBt e sherbt i ng o
a titani um al diametetlandniceraaftérckel - base superal l oy. 18. A nethod for wel ding
an article, the nethod including producing welding filler netal by the
steps of 11 28 February 2006 furnishing a welding-filler-nmetal conposition;
provi di ng a wagléng fheciadingifilermeétalmonpositsh :crittgam‘ﬁ?ftlwud:mi%ums casting

wel di ng-filler-met dianeter; and thereafter nelti t he .. )

wel di ng- 111 apeiebBle wiidBiEng psaPihiel Brife e Frahadfies mielio aseld ng

mol d, whil e voinhitodvd badtom ofcthé continusud eghdimeld.t he wel ding filler nmetal in
a solid formfroma bottomof the continuous casting nold. 19. The net hod
of claim 18, wherein the step-of furnishing includes the step of furnishing
t he wel dit@hé nidilerd-ofetairh 18pwharsintthe stepalf Retisting ineuded thegtgupf consi sting  of
a-titanium alum nide and a ni ckel'-base superalloy. 20. A nethod for wel ding
an article, the nethod including producing welding filler netal by the
-steps of fur fusishing the weldiigAfilef-metat composifioncxaigatsd froro the group consisting

of a titanium aluminide and a nickel-base superalloy.

- 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




providing a continuous casting nold having a wel di ng-f24 Fesradfpbabe di amet er ;
and thereafter nelting the welding-filler-metal conposition, using a |aser
beam into a top of the <continuous casting nold, while withdrawi ng a '
continuous length of the welding filler netal in a solid formfroma
bottom of the continuous casting nold. 21. The nethod of claim 20, wherein
the step of furnishing includes the step of furnishing the

wel di ng-fil | erermebadit Cc@BninGt foi abouts®DEE inel; dndatherebftergr oup consisting of a
titani um al um ni de and a nickel -base superalloy. 22. A nethod for welding
an article, the nethod including producing welding filler netal by the

st eps of f ur msling theaveldihgHfiltey-rhetal compositiah into apasofithe nontipuows chsting a

conti nuous c i,ng, ol V| a welding-filler-metal.di ameter. of. 12 28
Febr uary 2008 PPonEE "8 g8 Bailfiols Righl o 6F nBRriuR AN a Bdar o
mel ting the vetrdfrmog-d bbttoar efitbe abntmoopoeadtingmaldit o a top of the continuous
casting nold, while withdrawing a continuous length of the welding filler
nmetal in a solid formfroma bottomof the continuous casting nold. 23.
“The net 28 Toé nedtkodof2RBimd2ewbeneirt the stepegf fuohishing inciidles the step oles t he step of
. furnishing 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 wdlichishingahe suetding-filler-ow@tgl composgjticrhssladtepBoro theogrodp comsistingl di ng
filler netal, - ing jacl udin he steps of furnishing a
powder of a \Aoéltagﬁar{g&'ﬁ%ﬂ%rr“g%eﬁg% né%ﬁjﬁlgagsletgglgﬁ'%g ‘ected fromthe group
consisting of a titanium alum nide and a ni ckel -base superall oy, providing

, . ; Cha-filler- L di , q
mel 1 ng Ene RGO el er Yol Rl PP sleBa S Casti ng moi d. whi 1o
wi t hdr awi ng

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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a continuous length of the welding filler met al fromaagmg Qbmihe
continuous <casting nold; and using the welding filler netal to weld an
article. 25. The nmethod of claim 24, wherein the step of furnlshlng

i ncludes the step of furnishing a powder of a titanium aluninide. 26. The
met hod of claim 24, wherein the step of furnishing includes the step of
furni shing a powder of a nickel-base superalloy. 27. A nethod for welding
an article, coopuding waldingdiletmeial, tHe stdp 8Bproelmintpmyluding hepstesiiei ng wel di ng
filler metal, the step of producing including the steps of furnishing a
powder of a meldlng filler-nmetal conposition, providing a continuous
casting nol d famishirgy @povediationg-weldih@filerpiathl dipasities,, and nelting the
powder, using a |aser beam into a top of the continuous casting nold,
while withdrawi ng a continuous |ength of the welding filler nmetal froma
bot t om of t heproviding aLontineas castihgbld haging awssidigg-fike-rvethidiageter, laher net al
to weld an article. 28. The nethod of claim27, wherein the step of

furni shing includes the step of furnishing the welding-filler-netal

- conposi tion smblicg the [fOIWdEfI' wbxaggarlasm beams Intd & g ofadfie eoritintieus ¢atiag un ni de and

a ni ckel - base S| thod fo din artic conpri sing
The steps of PG iR g SRRl ieselh oo OBina gt mahl g
i ncl udi ng t hebattoaposf tied corftinasussdrstiagy mopipaner of a wel ding-filler-netal
conposition, providing a continuous casting nold having a
wel ding-filler-metal dianmeter of from about 0.050 inch to about 0.080
i nch, and nelusimghé heldrafiler metdl to weitl@p soficld.he conti nuous casting nold,
while withdrawing a continuous length of the welding filler netal froma
bottom of the continuous

28. The method of claim 27, wherein the step of furmshmg 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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casting nold; and using the melding‘filler netal to meﬂ&FdnuayQDﬁﬁe 30.

The nmethod of claim?29, wherein the step of furnishing includes the step of
furnishing the welding filler-metal conposition selected fromthe group
consisting of a titanium alum nide and a ni ckel -base superalloy. 14 28
February 2006 PRODUCTI ON AND USE OF WELDI NG FI LLER METAL ABSTRACT A net hod
for welding an article includes producing welding filler nmetal (64) by the

steps- of furnishi wel di n -f| |l er-nmetal conposition,
preferably a ti tanww}%%D%E IDSEEI S FRVABTAdy, provi di ng a
continuous casting nold (40) having a wel d| ng-filler-metal di ameter, and

~nmelting the powder into a top (50) Rﬁsmcﬁlonti nuous casting nold (40)',
while withdrawi ng a conti nuous | engt wel ding filler netal (64)

froma bottom@é3 of the continuous casting nold (40). The nelting is
pr ef er abl yA T @fi‘r%iﬂ“é‘}hhegmm@emdmeproﬂmmgﬁﬁﬁgﬂeﬁ%&?mg?%St@gt| ng

zone. The we hgln iller tal (64) _is used to weld an artic
applying an o ﬁﬁ% E(T)% Iq;*rmptﬁlgcor@pqsitmnepre(f%bly%hwmmt her .
Fig. 2 15 aluminideora mckel-base superalloy, providing a continuous casting mold (40) having
a welding-filler-metal diametet, and 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). The melting is preferably
accomplished using a laser to achieve a concentrated heating zone. The welding filler

metal (64) is used to weld an article, by applying an overlay layer (70) or by joining
articles (90, 92) together.

Fig. 2
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