Met hod for Welding Dissimlar Metals Field of the Invention [0001] The
present invention relates to a nethod of welding two dissimlar netals. In
particular, the present invention relates to a nethod for welding two
dissinmilar metals using Gas Tungsten Alc Wl di ng. Background [0002] Titani um
(Ti) is one nmetal that has an exceptional corrosion resistance and
desirabl e nmechani cal properties. However, it is a costly practice to use
mere pure titaniumto manufacture any equipnent. In nmany instances, it is
advant ageous bot h t echniMathod &ndWed csslimylar Mewiln titani umwith ot her
metal s, such as stainless steel, so as to |ower cost of titanium Titanium
cl addi ng on stainless steel substrate construction offers not only a
significant cost reduction, but ggh$er@e3pRerber durability in conparison to
pure titanium equi prent. [0003] Methods of conventional non-fusion wel ding
| i ke mechanical joining, friction welding, explosive cladding, and

sol der} hawye. 1d F ] _ tQ | Qi higsim | ar. netal s, Explosive
ol addi e lonete dFRoY! GFERLNIREERS 18 4 Mitna Sh UL s TR R e 75

met hod_avai,lable for fabricating raw materials of Ti-clad steel nowadays.
Fricti B%M&%F*d?‘hegplsw QT A HEP A GRLT PR LR ATINIGE PR Pegiepas
net al s, of vanadi um and copper has been found successful. Wile the

i nt egr  tesERM St MRS y of friction welding joint is acceptable, the method
of friction welding itself is restricted by the particular configuration of
the netals to be wel ded. The nmethod of friction welding thus m ght not be
applicable for welding a w de rang8adfgrdiigki mi |l ar nmetals. 2 [0004]

Besi des non-fusion welding, fusion welding is also applicable for joining
titanium and stainless steel. Neverthel ess, fusion welding, such as arc

wel di nigpoa)f diissium (&) isnetahdaliths [ak wayscepisnd icairedonidshitambo i ardimpgis due
to the nature of the netals. For exanple, while joining titaniumto

st ai nl @sehaaic@Plprofdigesetidd ddikgi fak 4 NeoMPR-Adact ithYuletwrenutd tigmim @nd
iron in stainless steel leads to the formation of brittle intermetallic

phase bhetwe&nd %@?%@WH? ifs %angﬁlahrsﬂlngersmﬂr & a(gjagtfa?éqi@tsbogm L] %&ﬁg pa?HSi on

characteristic Itani um stal hl esSs st ee as been 0 cause

cracks_devel oped by large tepsile stress produced from cooli action after
wet i e onEisdls o e B Tn e TR ub S B aRa PRl SERE S b5 ot e Kot
integrity between titaniumand stainless steel. [0005] To overcone problens
associ @Y i t Hiabey ecladibng o8nstaigless istrcksHipdiata eansyetdns ofters bet ot educed
into the internediate joint between two dissimlar netals. US Patent

Publ i cagiitpriocos 0aRB36E0utdiIsT laosgsriar ketahody fior congianikoy t¢ worditssiink| ar
metal s by introducing an adapter in the internedi ate position between the
two diggipmdrar netal s using a fusion welding process. The adapter is forned
by a first and second netal, in which the first and second netals are

manuf actured fromdissimlar nmetals that are simlar to the dissimlar

net al sobe3; bevwplbded;f COSRBEAY Choh-fusion welding like mechanical joining, friction
welding, explosive cladding, and soldering have been investigated to join such dissimilar
metals. Explosive cladding, one method of non-fusion welding, has deemed to be the only
method available for fabricating raw materials of Ti-clad steel nowadays. Friction welding
between titanium and steel by introducing interlayer metals of vanadium and copper has been
found successtul. While the integrity and stability of fiiction welding joint is acceptable, the
method of friction welding itself is restricted by the particular configuration of the metals to
be welded. The method of friction welding thus might not be applicable for welding a wide

range of dissimilar metals.



[ 0006] While many nethods of joining dissimlar netals are known, there is
a need to inprove nethods for satisfactorily joining two dissimlar netals.
Therefore, the feasibility of Gas Tungsten Arc Wl ding for welding two
dissinmilar metals, such as, titanium afd stainless steel by introducing
bi-filler rods as internediates, in which the bi-filler rods are not
simlar to the welded netals, is disclosed. 3 [0007] The present invention
rel at e$0%04 a Bsitleroot-bisignowvalding. o vekiing Isaalshbasmicableabs joining. itdtitani um
and stainless steel, by Gas Tungsten Arc welding via V-butt joint with root
gap. | nnd Heinpsesesit Nenwelntlésonfusibwoveldihgrsoetdhedre svelt@lof danami btaaighs

al um num bronze, are introduced as bi-filler rods between the two

di ssi malvaiys haseiaret alth sholt@R8Ls T0e Wehith ENErebSSee rﬂgét@lls.s ERORLISLe, vwhiwe! di ng

current is applied so that an arc welding is fornmed between tuhgsten

el ectr meh L he ¢ Al par.ti oy XS el ding d.s.fornmed, the
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stainles el, henge. sealing the et ween the titaniumand.the
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al um num bronze is fed onto the stainless steel side. In this way, a sound
el drefPRof U S AN Gt Aranis el 3 BANSIOSeMaiclaristie beioisrevis T had Sibtss o
strength of the joint between the titaniumand stainless steel with

bi - fi | $tegl fmé(ﬂ’gelb#ouvérﬁfad@tumcm&s dé\ehiped by Hrgrzensils ssatsi sbdacto fipmaoliag
conpared to the tensile strength of the joint between the titani um and

st ai nl esensifeelwelding dhegl shoticbihbigs rRgedte ¥ARAdhYQUa{POOe Bhfs RIERANT
invention also discloses a nethod for joining titanium and carbon steel, by

Gas TupgstanidhiemVlddiifie GeeV- butt joint with root gap. Simlarly, two
internedi ates netal, vanadi um and al um num bronze, are introduced as
bi-filler rods and a sound wel dnent between the titanium and the carbon
steel jogosCM L Clk Rt | _ .ngs [0010] Thi s i nvention
w1 ploBoC e S tepte FObRES AN il il BN ATRL ORRILLD By S

' t] ith .to th . i ng drawi.ngs, in which: [0011
g, 1o eurl FUS TR Gk IOPEREE<: e BESIOR" derdit oc? sl al ng

of €, i .. .
Publication No. 2010233501 discloses a method for joining two dissimilar metals by

introducing an adapter in the intermediate position between the two dissimilar metals using a
fusion welding process. The adapter is formed by a first and second metal, in which the first

and second metals are manufactured from dissimilar metals that are similar to the dissimilar

metals to be welded, respectively.

[0006] While many methods of joining dissimilar metals are known, there is a need to
improve methods for satisfactorily joining two dissimilar metals. Therefore, the feasibility of
Gas Tungsten Arc Welding for welding two dissimilar metals, such as, titanium and stainless
steel by introducing bi-filler rods as intermediates, in which the bi-filler rods are not similar to

the welded metals, is disclosed.

Summary



4 [0012] Fig. 2 is a schematic view show ng V-butt joint design for welding
Ti (Jr. 2 and stainless steel 316L in accordance wth one enbodi nent of the
present invention; [0013] Fig. 3 illustrates a sound weldnent Ti G .2 and
stainl ess steel 316 L in accordance wi #h yet one enbodi nent of the present
invention; [0014] Fig. 4 is a schematic view showi ng V-butt joint design
for welding Ti G. 2 and stainless steel 316L in another preferred

embodi HROATI of he wecsprieipaprtiqonigtaigsi lorg meHwd[ D0 iBRngityo dssingilar wohemials.cl.ovi ew
showi ng V-butt joint design for welding Ti Or. 2 and carbon steel in

accor dareeimianh sambish eteelp be fCes fledgeabadi weklingofia Mabuipjotsenth icovens.i bnthe
Det ai | ed Description [0016] The fol |l owi ng descriptions of a nunber of

speci f peesedn@dntionN@dd WeererRt FBRLIS valad ik aMd dRehih@n UnSeLS handubdiRed as
inventive features of the present invention. It shall be apparent to one

ski 1l edi.fifled B38s %tgveuh Srdlsts%\mahﬁogé Smitgl?éent' on may be practiced w thout

such specific detail etall's may not be described in I ength
so as to not obscure the i nventi on. For ease of reference, conmmon reference

nuner a I hroughout .t he fi Qur es when r to sa

i ot o dE B P R e A T 1 e LSt M G P B
provi des EF hod of Gas Tun sten Arc meldlng with V-butt joint for joining
titani ﬁ’rﬂ“ﬁé SURER APngstn Glentroe eRd drebase @?é,ﬂléloééanba\sSeth%twe lgBvet is dpemadn t he
arc wel ding process of the present invention, two internediates filler

rods, (ariweifiier st 2t fediinigring eamptesengbetwienn Hediwsunbed Weemitkess stéd amingen
base netal and the stainless steel base netal. This nethod provides sound
wel d bsliegrhd hes dctwen dhs sitmiharandage smbtladsssted O0LR] vddadiugn knoinodtbahe
vanadi um has better conpatibility with titaniumrather than with stainless

steel {ifatundsONHARE (REENBEAN ANGHUNENEnS! AL HLRSssSE &S sideeadSthiOway, a
formation of
sound weldment of titanium and stainless steel will be achieved. The tensile strength of the joint
between the titanium and stainless steel with bi-filler rods of vanadium and aluminum bronze is

satisfactory while compared to the tensile strength of the joint between the titanium and stainless

steel with single filler rod of vanadium.

[0009] The present invention also discloses a method for joining titanium and carbon steel, by
Gas Tungsten Arc welding via V-butt joint with root gap. Similarly, two intermediates metal,
vanadium and aluminum bronze, are introduced as bi-filler rods and a sound weldment between

the titanjium and the carbon steel is achieved.
Brief Description of the Drawings

[0010]  This invention will be described by way of non-limiting embodiments of the present

invention, with reference to the accompanying drawings, in which:

[0011] Fig. 1 is a schematic view showing V-butt joint design adopted for welding of the

present invention,



5 enbrittle internediate and thus fracturing the joint between vanadi um and
stainless steel. Additionally, vanadiumhas a better conpatibility with

al um num bronze rather than with stainless steel. Because of these

metal | urgical conpatibility reasons, ifi this present invention, vanadi um
filler rod will be fed onto the titani um base side and al um num bronze
filler rod will be fed onto the stainless steel base side, while vanadi um
and al (A1 Alumblig. ohze awichemiée giger Sapphagy dottdah desigerior Walding RiisGr. 2 and
configuration, a sound weldnent will be achieved. [0019] Fig. 1

i | I ust saindsss atesichéiah iaccoddawe mgthafne éntbotiimgnob Nthe deskgrinadoiphed for Gas
Tungsten Arc Wl di ng between two base netals of titanium 101 and stainl ess
steel 102 by using internediate filler rods of pure vanadiumw re 103 and

al um nyow Byr oz 3L0ds1RES 0N BLAY wWeRInAE TR AhdeRinl &k stebies I e SERtoldAN@NLHION.
Both of the base nmetals 101, 102 are one side beveled. A root gap 105 is

pr esent.hglwagnqdoihoPas e detah 102, and the internmediate bi-filler
rods o?bvanadl um \?\%nrg %l dt el?#lglglrum bronze 104 will be used to seal the
root gap 105. Due to the met al | ur gi cal conpatibility, the vanadiumw re 103

is fed o] t.ita the bropze 104.is fe

ont o tfwdg%s]t ai %és&s % %‘]RIP ?%%? %OW utt’l’illoégb?(ésé%h[ﬁnl H’\?Qﬁ?g ihAQMS% alﬁcgw be
further d scrlgle,(ig gs of vveldlgg _gmmlar nmetals of comercially
pur e TRAGISSERighOE Ih Ao AP PRBSEeRp! 1Be BIoEery GoRRtionenr r ous
content). [0021] Fig. 2 illustrates the schematic drawi ng of V butt joint
design for welding Ti G.2 (99% pur e?Y 201 and stainless steel 316 L 202
(62% 7594 Her Fisa$ & anehemayio viey ehoavimy Ngatteiwinidesipe fieli wedine i She2 embestberent

of the present invention, the Ti G. 2 201 is in the dinension of 15030010
mm  whited in hemdaezmh/id:bsmetmeelbre&h@dEz@@@i:ﬁm’c bhthe lpeesdntiensition. of 150* 300* 10
mm Commercially pure vanadiumwire (99.9% pure), 2.5 nmin dianeter, and
al um num bronze (-9% alum numalloying), 2.4 nmin dianeter, are co-used as
bi-filler rods of 203 and 204 r eéxpeetiDstyptiond (0022] Prior to welding,
bot h base netals 201, 202 and bi-filler rods 203, 204 are carefully cleaned
W th acetone. The base netals 201, 202 are then one side beveled at an

angl e foange Ofhe331@NFeIRscrBNBnERS RineHce ro@t?,bé/mﬁ& afd] aﬁ&ﬂh@vc‘)@m%ments are
Subsequently, vanadiumis buttered on the bevel ed side of the Ti 2 201

base f hum ed Ti
¢, Bdlated *‘mwﬁmﬁ@Q%Qﬁ?%ﬁw%&%&f%éf-?.hc“@csé@ Bl (AT p&gwf
stalnless el 316 202 that a root gap 206, of
o ovi ot BEERAN fs o g it bl i Bah T & Trato0s Nindi g g&eaff‘m%glsstea
316 L 202. Cla i.s used to fix_the base nmetals 202, 205 and nalntaln t he
root gapmoobits AAYHOt 8 SlESHbER IS lepath sozpE0 nat gkscdicribe swentent Fog epsren
appl i ed between tungsten el ectrode of the are and the base netals 202, 205,
f or m ngf mfererce, wehdpng: feSutrssequentsiwi]l tehaedithrbughoat tlrcdd;nmsmehdrﬁ@ﬂmﬂﬁ@td he
root gap 206 between the base netals 202, 205 hence sealing the root gap
206 andnjeodrnimigartibeulasemmmehad thedlaires205 toget her. The vanadiumfiller rod
203 is fed onto the vanadiumbuttered Ti G .2 205 side and the al unm num
bronze filler rod 204 is fed onto the stainless steel 202 side during the

wel di ngofr OCERSpreddde nhRNAGH Hf@v‘i&% &0 8Hod 8N €a2 @ (inBfted lh\‘?c \ﬁ@ Wi hgred Ti

G. 2 205 prevents the Ti &G.2 201 from cont act wnth th m num bronze
fill I mb fill
o BT Sl weh%ﬂﬁ%n% oy A gt e
titaniu has imte

m g F l%/ wi.t h al um num %ﬁ I'n one enbodi t of
t he pr‘@%g% P‘rﬂ?‘éﬁ‘?ti’ Aae tph"e%?)‘pf eV @ H&C‘é’b ey drer gp fbeYeT"éﬁi‘Hi“n@“
Tungsten Arc welding is obtained at 8-12 Volt, 86-125 Anpere at a travel
speed BFMBYADDORHE: B INPLEceAhgbEcadhe Hiagen brssvingtl as-the stainjas AicellpeR4]
Fig. 3 illustrates a sound weldnment 301 with thickness of 10 mnmwhich is

f or medndiet vBes niethed Prov@lesZo2@d wakldet henghasi mive sissssitiee lba@lfethls202 accor di ng
to one enbodi ment of the present invention. There are five characteristic
zones that are formed during welding, they are stainless steel 316 L 202

zone, [boms] onlt 20030 Zhaefvaahditinnhi® ltenzembatdiks wolE titdiish aBtheO NN 308

stainless steel that a contact between vanadium and stainless steel leads to formation of



7 of vanadiumfiller rod, vanadiumbuttered zone 207, and Ti G.2 201 zone.
To test the strength and ductility of the weldnment 301 between the Ti G.2
201 and the stainless steel 316 L 202, tensile test is carried out. Two
sanpl es T1, T2 of wel dment 301 betweenSthe Ti G .2 201 and the stainless
steel 316 L 202 are run for tensile test. The details of prepared sanples
Ti, T2 and test results are depicted in the table bel ow. Specinen No. Tl T2
Measur e@bmtileckirsgsdigienmnd thg fPacsgingetisuioad babvdteh (amgiudOal stainless steel,

Additionally, vanadium has a better compatibility with aluminum bronze rather than with
stainless steel. Because of these metallurgical compatibility reasons, in this present invention,
vanadium filler rod will be fed onto the titanium base side and aluminum bronze filler rod will
be fed onto the stainless steel base side, while vanadium and aluminum bronze will be

overlapping to each other. With this configuration, a sound weldment will be achieved.

[0019]  Fig. 1 ilfustrates a schematic drawing of V-butt joint design adopted for Gas Tungsten
Arc Welding between two base metals of titanium 101 and stainless steel 102 by using
intermediate filler rods of pure vanadium wire 103 and aluminum bronze 104 according to one
embodiment of the present invention. Both of the base metals 101, 102 are one side beveled. A
root gap 105 is present between both base metals 101, 102, and the intermediate bi-filler rods of
vanadium wire 103 and aluminum bronze 104 will be used to seal the root gap 105. Due to the
metallurgical compatibility, the vanadium wire 103 is fed onto the titanium side 101, while the

aluminum bronze 104 is fed onto the stainless steel 102 side.

{00207 The present invention will now be further described by means of welding two
dissimilar metals of commercially pure Ti Gr.2 (99% pure) and stainless steel 316 L (62%~72%

Ferrous content).

[0021]  ¥ig. 2 illustrates the schematic drawing of V butt joint design for welding Ti Gr.2 (99%
pure) 201 and stainless steel 316 L 202 (62%~72% Ferrous content) via Gas Tungsten Arc
Welding. In one embodiment of the present invention, the Ti Gr. 2 201 is in the dimension of
150#300%10 mm, while the stainless steel 316 [, 202 is in the dimension of 150*300%10 mm.
Commercially pure vanadium wire (99.9% pure), 2.5 mm in diameter, and aluminum bronze
(~9% aluminum alloying), 2.4 mm in diameter, are co-used as bi-filler rods of 203 and 204

respectively.



19.05 Effective Area (innR) 180.97 182.69 Utinmate Tensile Load ((N) 50.96
53.88 U tinmateTensil eStress(N mmR) 282 295

6

[0022]  Prior to welding, both base metals 201, 202 and bi-filler rods 203, 204 are carefully
cleaned with acetone. The base metals 201, 202 are then one side beveled at an angle range of
32° and 38°, and most preferably at an angle of 35°. Subsequently, vanadium is buttered on the
beveled side of the Ti Gr. 2 201 base metal with the thickness of 2.5~3.5 mm, forming a
vanadium-buttered Ti Gr. 2 205. Next, the vanadium-buttered Ti Gr., 2 205 is arranged with the
stainless steel 316 L 202 such that a root gap 206 of 3.2 = 1.6 mm is provided between the
vanadium-buttered Ti Gr. 2 205 and the stainless steel 316 L 202. Clamp is used to fix the base
metals 202, 205 and maintain the root gap 206 between the base metals 202, 205. A welding
current is then applied between tungsten clectrode of the arc and the base metals 202, 205,
forming an arc welding. Subsequently, the bi-filler rods are fed into the root gap 206 between
the base metals 202, 205 hence sealing the root gap 206 and joining the base metals 202, 205
together. The vanadium filler rod 203 is fed onto the vanadium-buttered Ti Gr.2 205 side and the
aluminum bronze filler rod 204 is fed onto the stainless steel 202 side during the welding
process. The vanadium-buttered zone 207 of the vanadium-buttered Ti Gr. 2 205 prevents the Ti
Gr.2 201 from contact with the aluminum bronze filler rod 204. It is highly undesired to have the
aluminium bronze filler rod 204 being in contact with the vanadium-buttered Ti Gr. 2 205 since

titanium has limited sofubility with aluminum.

[0023] In one embodiment of the present invention, the optimum welding condition for
performing Gas Tungsten Arc welding is obtained at 8~12 Volt, 86~125 Ampere at a travel

speed of 30~[120 mm/min with Argon cover gas flow of 15~25 L/min.

[0024] Fig. 3 illustrates a sound weldment 301 with thickness of 10 mm which is formed
between the Ti Gr.2 201 and the stainless steel 316 L 202 according to one embodiment of the
present invention. There are five characteristic zones that are formed during welding, they are

stainless steel 316 L 202 zone, fusion zone 302 of aluminum bronze filler rod, fusion zone 303
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A satisfactory (ensile strength is obtained from the weldment 301 between the Ti Gr.2

201 and the stainless steel 316 L 202, and the value of the tensile strength is 282 MPa. The

break point of the weldment 301 is occurring at the vanadium-buttered zone 207, indicating that

the vanadium-buttered zone 207, instead of the fusion region 302, 303 or the heat affected

region, is the weakest point within the weldment 301. Although the break point of the weldment

301 is occuring at vanadium-buttered zone 207, in which the zone 207 mainly comprises of

vanadium only, the tensile strength of the weldment 301 (282 MPa) is larger than the tensile

strength of the pure vanadium itself (245 MPa). This occurs because vanadium and aluminum

bronze is forming intercross layers 303, which found in the weld pool. The intercross 303 layers

facilitate diffusion and alloying effect in the weldment 301 and therefore, improve the

mechanical property of the weldment 301.
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(0027] Fig. S5 illustrates a schematic draw ng of V-butt joint design
adopted for Gas Tungsten Arc Wl ding between two base netals of Ti G. 2
501 and carbon steel 502 by using internediate filler rods of pure vanadi um
wire 503 and al um num bronze 504 accor8ing to one enbodi nent of the present
invention. Both of the base netals are one side beveled and vanadiumis
buttered on the bevel ed side of titanium base netal 501, formng a

vanadi (A928lut Fég. ddillvsttaden whes@Bs: diawmgo! Gaptt 506t desigr s eldibeiinéed (0996
vanadi um buttered titanium 505 and the carbon steel 502 in which the root
gap 506uns) 401 bed sedtled sdct 316 Hedl (294700 FodsuSOhtehPD4ia FheThrdslegrakod of
vanadi um 503 is fed onto the buttered titanium505 side and the filler rod

of al unyey RE@NERY RO ndierfcatbodM@t bhde BN aieeh. T892 15 He 4 kRgukhe

wel di ng process. The vanadi um buttered zone 507 prevents the al um num

br Onzed@é}lsfoﬂ (ﬁof%*h *Cl%nlﬁlﬁi?twlmet iﬁggsg)?n g!r%t s%e‘i 3%6519]4'02[19(%% %llle ngeﬁ?il?)gxo Al on g

. [
description illustrates varrous e nent’s of” the present i

with e I f h spects of t resent invention may be jnplenmented.
i 1" SE0e0PT I b ot RSyt B SEc oot BHHY MUSIH By i TS
understood that many charges, 9 nodifications, variations and conbinations
t her eof! ¢ 8uMN dhap dheggaining tgwémms et & mmioh herhepomeims Hdut0Hispet beveledf rldm t he
scope of the present invention. The above exanpl es, enbodi nents,

i nst r ubascongals b0 e sdigdedpam tegscldingulith natrobmod gendols beste betvecan! y
enbodi ments, and are presented to illustrate the flexibility and advantages
of theitpriasemetalsaNHIPNDaSHE ekidned Hyvahh@ ol QWb and hidiiiBim bR Ched,ms 1. A
met hod of joining titanium base netal portion and stainless steel base

metal PO hicORd into gap 406 between the beveled sides of the base metals. A sound weldment

with the thickness of 5 mm is formed between the base metals 401, 402.

[0027] Fig. S illustrates a schematic drawing of V-butt joint design adopted for Gas
Tungsten Arc Welding between two base metals of Ti Gr. 2 501 and carbon steel 302 by using
intermediate filler rods of pure vanadium wire 503 and aluminum bronze 504 according to one
embodiment of the present invention. Both of the base metals are one side beveled and
vanadium is buttered on the beveled side of titanium base metal 501, forming a vanadium-
buttered titanium 5035, A root gap 506 is present between the vanadium buttered titanium 3505
and the carbon steel 502 in which the root gap 506 will be sealed with the bi-filler rods 503,
504. The filler rod of vanadium 503 is fed onto the buttered titanium 505 side and the filler
rod of aluminum bronze 304 is fed onto the carbon steel 502 side during the welding process.
The vanadium-buttered zone 507 prevents the aluminum bronze 504 to come in contact with

the T1 Gt. 2 301.

[0028] The above description illustrates various embodiments of the present invention along
with examples of how aspects of the present invention may be implemented. While specific

embodiments have been described and itlustrated it is understood that many charges,



using Gas Tungsten Are welding with V butt joint welding type, the nethod

conprising the steps on (a) applying a welding current such that
an arc welding is forned between the tungsten el ectrode of the arc and said
base netal portions; and (b)%introducing two intermediates filler

rods of vanadium w re and al um num bronze to the arc wel ding such that said
filler rods are fed into the weld area between said base netal portions,

and j ohwditiatienshageatinns sindpembionions whardi eouldéc vaadadp uhe frdskmr invedions

pl aced adjacent to said titanium base netal portion and the al um num bronze
fillerwithduti slepdréicgdiradj awentofo Haitlt giakend esenddieel Thaseabsmet akappiet,i on,
and the two internediates filler rods are placed adjacent to each other.

2. Theembédia@nef! iithabidnk, sewharied, hntih@aWelodi MeuaUd et ddctncdiely & 1@ 3Ry Vol t,
86- 125 Anpere at a travel speed of 30-1 (5’ mimn with Argon cover gas How

of 15- glﬁb&m{lnts And ;glhate gf@:ﬁérn&g (& llL?éu‘:é'ilc,nh% fl [15' %bc{s %@1\% E{&}sam Lflﬁﬁ% %jntmat al

portion contal ns nrum cont ent of wel g sai d

stainl ess tsteel P S afl rtion cont al ns a ferrous content of 62-72%

4. The WERHBHSSE 18?C§Pﬂf“f, OU\SE%W&" e vanadiumfiller rod contains 99.9%
pure vanadi um and the al um num bronze filler rod contains -9% al um num
alloying. 5. The nethod of claim1l, wherein a root gap is forned in V butt
joint between said titanium and said stainless steel base netal portions,
and said root gap is ranging between 1.6 mmto 4.8 mm



11 6. The nethod of claim5, wherein the root gap is 3.2 mm 7. The nethod of
claim1, wherein both of the base netals are bevel ed at an angl e range of
32-38 at one side thereof 8.The nethod of claiml, wherein both of base
metal s are bevel ed at angle of 350 at l®he side thereof 9.The nethod of
claiml, wherein vanadiumis buttered on the titanium beveled side prior to
wel di ng, 10. The nethod of claim9, wherein the thickness of the vanadi um
buttered zone at the titanium bevel eflagingde is 2.5-3.5 nm

l. A method of joining titanium base metal portion and stainless steel base metal portion
using Gas Tungsten Arc welding with V butt joint welding type, the method comprising the

steps of:

(a) applying a welding current such that an arc welding is formed between the

tungsten electrode of the arc and said base metal portions; and

(b) introducing two intermediates filler rods of vanadium wire and aluminum bronze
to the arc welding such that said filler rods are fed into the weld area between said base metal
portions, and joins said base metal portions, wherein the vanadium filler rod is placed adjacent
to said titanium base metal portion and the aluminum bronze filler rod is placed adjacent to said
stainless steel base metal portion, and the two intermediates filler rods are placed adjacent to

each other.

2. The method of claim 1, whetein the welding current is set at 8~12 Volt, 86~125 Ampere

at a travel speed of 30~120 mm/min with Argon cover gas flow of 15~25 L/min.

3. The method of claim [, wherein said titanium base metal portion contains a titanium
content of at least 99.34% by weight and said stainless steel base metal portion contains a

ferrous content of 62~72%.

4. The method of claim 1, wherein the vanadium filler rod contains 99.9% pure vanadium

and the aluminum bronze filler rod contains ~9% aluminum alloying.

S The method of claim 1, wherein a root gap is formed in V butt joint between said
titanium and said stainless steel base metal portions, and said root gap is ranging between 1.6

mm to 4.8 mm.



11. The nethod of claim1, wherein the V butt joint between said titanium
and stainless steel base netal portions has no root gap. 12. Afiller rod
conponent for joining dissimlar nmetals, the filler rod conprising: (1)
99. 9% pure vanadi uny and (2) 8.5% 11.08b al um num bronze. 13. A et hod of
joining titanium base netal portion and carbon steel base netal portion
using Gas Tungsten Arc welding with V butt joint welding type, the nethod
conpri §i ng Themsthegolelaim 5, wherein thy rapplaying2 sumel di ng current such that an
arc welding is formed between the tungsten el ectrode of the arc and said
base netal portions; and 12 (b) introducing two internedi ates
filler7rodsTbé methoddifeimimilr, evharedn abthm friberbdse omzds e Hehdedncaniglt rggsuLh
that said filler rods are fed into the weld area between said base net al
porti opF~38Nng dneishe te@bst. base netal portions, wherein the vanadiumfiller
rod is placed adjacent to said titaniumbase netal portion and the al um num
bronze filler rod is placed adjacent to said carbon steel base netal

portiog, angnd Bl d kN ﬂ‘a\glile?'éiﬁsooftﬁ bt Eﬁsern(?(ggls aclfeebeQJe%ﬁeaq dﬁ‘gﬂe%‘i%@t’ aE Oné& ach

ot her.

side thereof,

9. The method of claim 1, wherein vanadium is buttered on the titanium beveled side prior

to welding.

10. The method of claim 9, wherein the thickness of the vanadium buttered zone at the

titanium beveled side is 2.5~3.5 mm.

[l The method of claim 1, wherein the V butt joint between said titanium and stainless steel

base metal portions has no root gap.

12. A filler rod component for joining dissimilar metals, the filler rod comprising:
(1) 99.9% pure vanadium; and
(2) 8.5%~11.0% aluminum bronze.

13. A method of joining titanium base metal portion and carbon steel base metal portion
using Gas Tungsten Arc welding with V butt joint welding type, the method comprising the

steps of:

(a) applying a welding current such that an arc welding is formed between the

fungsten electrode of the arc and said base metal portions; and



14. The method of claim 13, wherein the welding current is set at 8-12
Vol t, 86-125 Anpere at a travel speed of 30-120 mimn wth Argon cover gas
flow of 15-25 L/min. 15. The method of claim 13, wherein the vanadi um
filler rod contains 99.9% pure vanadi Um and the al uni num bronze filler rod
contains -9% al um num al l oying. 16. The nethod of claim 13, wherein a root
gap presents in V butt joint between said titaniumand stainless steel base
metal portion®) igEedIcHgdvogaisinediaigs dilet wds of vanadivrange ofd dudinwm bonde 8
mm 17. The nethod of claim 13, wherein both of base netals are bevel ed at
an angleethe angeeloling3@wcB8hatsadn@les irckes drbésdeidio tht8velThecarmthem ofid bha methB,
wherein vanadiumis buttered on the titanium beveled side prior to wel ding.

portions, and joins said base metal portions, wherein the vanadium filler rod is placed adjacent

to said titanfum base metal portion and the aluminum bronze filler rod is placed adjacent to said

carbon steel base metal portion, and the two intermediates filler rods are placed adjacent to cach

other.

14, The method of claim 13, wherein the welding current is set at 8~12 Volt, 86~125

Ampere at a travel speed of 30~120 mm/min with Argon cover gas flow of 15~25 L/min.

15. The method of claim 13, wherein the vanadium filler rod contains 99.9% pure vanadium

and the aluminum bronze filler rod contains ~9% aluminum alloying.

16.  The method of claim 13, wherein a root gap presents in V butt joint between said
titanium and stainless steel base metal portions, said root gap has a distance in a range of 1.6 mm

to 4.8 mm,

17. The method of claim 13, wherein both of base metals are beveled at an angle range of

32°~38° at one side thereof.

18. The method of claim 13, wherein vanadium is buttered on the titanium beveled side prior

to welding,



