Met hod for Welding Dissimlar Metals Field of the Invention [0001]
The present invention relates to a nethod of welding two dissimlar
metals. In particular, the present invdntion relates to a nethod for
wel ding two dissimlar nmetals using Gas Tungsten Arc Wl di ng.
Background [0002] Titanium (Ti) is one netal that has an excepti onal
corrosion resistance and desirabl e nmechani cal properties. However, it
is a costly practice to Meuthodfer pelding Dassiomlar Metadsif act ure any
equi pnrent. In nmany instances, it is advantageous both technically and
economcally to join titaniumw th other nmetals, such as stainless
steel, so as to | ower cost of tﬁgga%yﬂhlg¥&@ﬁhun1cladding on
stai nl ess steel substrate construction offers not only a significant
cost reduction, but also a superior durability in conparison to pure

titani ui t 0] . Met hods, of convent.d ongl non-fusi an wel dj ng
o SO R Plsscat B0 RBE® 0 PR B P Binge P it "o o
sol dering. have, been invest.igated to join such dissim/|lar pmetals. .

Expl oSS IS RESC &Y GRUPH S5 CrfohePY SoioRe BB AVR gisSHa b anstatbsip Gas
be the only nethod available for fabricating raw nmaterials of Ti-clad
steel rlowesaydrc Baldingon wel di ng between titani um and steel by
introducing interlayer netals of vanadi um and copper has been found
successful. Wile the integrity and stability of friction welding

joint is acceptable, the nethod of Backgohwh wel ding itself is
restricted by the particular configuration of the netals to be

wel ded. The nethod of friction welding thus mght not be applicable

f or wel@hiorly aTiinden (8D deowd meiabthinnhdsan exedpibsal coRofiO Bb]stdBes nae desirable
non-fusion wel ding, fusion welding is also applicable for joining
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arc welding, of dissimlar netals has always associated with
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joining titaniumto stalnless steel, e netallu

i nconpal i bil.ity between .titaniumand iron.in stainless steel |eads t
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iron. Furthernpre, different thernmal expansion characteristic between
titani HHAEHE st HAHPESssladdiag| ohaginkese nstgc mbistrade candricomeirdavklooped
by large tensile stress produced fromcooling action after wel ding.
These sigoriconniorysredimtioef bnie alab faestperioe dycrbility yinoforigaeisproitmtisire titanium
integrity between titanium and stainless steel. [0005] To overcone

pr obl esguipmenci ated wi th above shortcom ngs, internedi ates netal s can
be introduced into the internediate joint between two dissimlar
metals. US Patent Publication No. 2010233501 di scl oses a nethod for

j oi ni ngpobyO  dlietisdddl bArcoRPdmibAalDYoh-Risid Wil MiBg atkeadRBARNcal MoldiS, friction
intermedi ate position between the two dissimlar netals using a
fusion - ol e : d i . i rst.. ‘
recal Rk ERRERE D BB B! Bt o Tt ko 3 RS
di ssi m_| ar tals that,are simlar to the.dissjmlar tals t e
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metal s are known, there is a need to |nprove nethods for o )
sati sf BEHoF Py FﬁPlh&%EWiHﬁﬁ Y mafeaialsnalt Hraad el revadays. disistion welding
feasibility of Gas Tungsten Are Welding for welding two dissinlar
net al sbetsgemtigsium prdsicdrhyandodicaignneslsys trestls b vamtinodersl eigper has been
bi-filler rods as internediates, in which the bi-filler rods are not
si m | afound stibvesstiel. d@hilaeticainggritysardi sedilvgead. friction 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.




3 [0007] The present invention relates to a method for joining two
dissimlar base netals, i.e. titaniumand stainless steel, by Gas
Tungsten Arc welding via V-butt joint With root gap. In the present
invention, two internediates netal, vanadi um and al um num bronze, are
introduced as_bi-filler rods between the two dissinmlar base netals.
[0008] F8P4hel Besidse noadbsion tugiding, dyeipnercldiag wekldp ngploubleeiot joisingpjihniet
so that an are welding is forned between tungsten el ectrode and the
base metrdlstgdrssistrb . NAsrthblessafisionebdiing, sush honwmebidibiertdweinfilak h@tals has
rods are fed into the gap present between the titaniumand the

st ai nl edwagt gebciatbe e SRakbRthek R 8RO BRNRED! EH%emEt'afsaanfr@)é\F}:}%let Rhile
stainless steel. The vanadiumis fed onto the titanium side iTe

t he al N
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tr int bet titanj um an
ot ai nl dd ”ésesl S, I%ada tﬁq ?ogwafgrag?i»ﬁr@ammﬁ@n&aa? ARG B
is sati.sfac Whl| red to the tensile strength of the joint
bet weerd™®h Eiﬂ?lﬁ a}ﬁffﬁf‘]efé@a%ﬁﬂ@bf&hwﬁﬁfwsgp g iveeen jtitaneym rapd swinless
vanadi um EIOOOQ] The pr esent i nvention al so discloses a nethod for
j oi ni n@tqe #riegimfeing toappreratkedeyelbyedyslamentgsdlentrdssoorodilodd fignyéaling
V-butt joint with root gap. Simlarly, two internedi ates netal,

vanadi wetiendftal welilimgm Tresa zleortcaningsnheedue ateashbiquility | g rihd Rﬁir&s aitelraty
sound wel dnent between the titaniumand the carbon steel is achieved.

Brief [Besakhpitdndin @id &hialdes awdings [0010] This invention will be
descri bed by way of non-limting enbodi ments of the present

invention, with reference to the acconpanyi ng draw ngs, in which:
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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.

[0008] 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




[0014] Fig. 4 is a schematic view showing V-butt joint design for
welding Ti &G. 2 and stainless steel 316L in another preferred

enbodi nent of the present invention; ardd [0015] Fig. 5is a schematic
vi ew showi ng V-butt joint design for welding Ti G . 2 and carbon

steel in accordance with another preferred enbodi nent of the present

i nvent i[B#P71 Dekhsi Presnbuveniion rdues E@oqe]enh@é fopiqiving iyyodbssimilat hash sneddls,d.c.
nunber of specific and alternative enbodi ments are provided to

under sttégriunadisindessistes L, foydBas Baigabn thewpilasevit Vi-bwe fdintonith ddot gapal In the
be apparent to one skilled in the art, however that this invention

may be ppesast ineadion the iktesudintanachl vendaindiahs alve@iBn HrodReadqh@bdiBed as
may not be described in length so as to not obscure the invention.

For eass.Miber fo2l BLARER hAMMRRIM AL theNGgaRuEral s will be used
t hroughout the figures when retferring to sane or simlar features
common to the figures. [0017] The present invention provides a nethod

f Ga t [ tth V-butt joint f itanium. .
pase. PP DBy T B Pt Aol Pl o et B ihing i

arc me%db%%ipgocess of tge Fresegt inventign, two internediates .
filler VOUE, COUFR e A U Ut A pash sestal RoE1qnst fodie atr weldingdn femed,
titanium base metal and the stainless steel base netal. This nethod
provi d&¥ W ilter frdsgre Edieionthe gar resens befiveen theltisanimmgad et sidislesy B@d.gjence
It is known that vanadium has better conpatibility with titanium

r at her sedhiag e whp debveshetbs tgtwein andathe atapdedsamttel beThweematimnaih fech @ne the
stainless steel leads to formation of 5 enbrittle internediate and

t hus f tismium isitlg, thélejthé atuntiefimeronicaiBael Uitoand sshakdRl 8&S$ skkeeh. this way, a
Addi tional ly, vanadium has a better conpatibility with al um num

bronze sé@ﬁh%ld&@ﬂ%f%éﬂﬁllrﬁ%ﬁ&! Haf3Ss %aﬁﬁilltbﬁ%@ﬁ@§§i. OfhdBRSIE strength of the joint

nmetal | urgi cal conpatibility reasons, i's present 1 nvent
vanadi i r: i 4l e . Q titani.um base side and .
aium oot MR B sk fecd Wit Mt LB RKVERAIRAR o34 SGp00m rage i

si de, i l.e vanadi um and .al ym num bronze wl| .be overl apping to each
ot her  “epR Rtk T PEGH It 1O St odhenimtochien (o lapmmt e less
[0019] Fig.. 1l.illustrates a schematic drawi ng of V-butt joint design
adopt edfesloyitiiaslyfifgsradipiarpadgndi ng bet ween two base netal s of
titanium 101 and stainless steel 102 by using internmediate filler

rods of pure vanadiumw re 103 and al um num bronze 104 according to
one ent®8e8Inehhe pfeserttenvyenber also idiselontsi conethBb fdr jofninghitabiameantiviaeton st by
102 are one side beveled. A root gap 105 is present between both base

met al sGAOTundshid, Aandeldng vintiebuegbiat RitlirodtidaberSimaasy, AlvovaRadl M8,

103 and al um num bronze 104 will be used to seal the root gap 105.
Due t ovddagiuiBhdd Alhguebronoimad [ibolibidel a5 bi L 4m, W |
onto t%e t?ianiun1side 151,’mhiP@b?ﬁgﬁgfEgﬁﬁéﬁpgggnze@%gﬁ\%gépégt%ﬁ%§n

the stglphfssn Shefle cja%nssi[e%ﬁs 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:

[0o11] Fig. 1 is a schematic view showing V-butt joint design adopted for welding of the

present invention;



[ 0020] The present invention will now be further described by neans
of welding two dissimlar netals of commercially pure Ti G.2 (99%
pure) and stainless steel 316 L (62% 72% Ferrous content). [0021]

Fig. 2 il Iustrates the schematic drawi ng of V butt joint design for
wel ding Ti 399% pure) 201 and stainless steel 316 L 202 (62% 72%
Ferr ousfo%‘éiht e‘ﬁg) vis & @ieniitingétve shewing\thditnint| desgnefoe nxodingehit Gof2 and

the present invention, the Ti G. 2 201 is in the dinension of

150* 300tdiDlesanteahBl 6Ie1rtd¢e01$lma]eniu&1sme&3tnﬁﬁiduﬁékﬁ ok t1Q7edebt iherkibg;

di nrensi on of 150*300*10 mm Commercially pure vanadiumwre (99 9%
pure), 2.5 mmin dianeter, and al um num bronze (-9% al um num

al | oyi 1g913] 2. Izlg.rﬁﬁlhuﬁtudbs?d'@iuﬁﬂ weRlr@er T4 @ﬁgqna%tam;eé‘s stebef 16f199§ac9&d§ 2 with
and 204 respectively. 6 (0022] Prior to welding, both base neta

201, 2Q2t adebsdhihbli®fF 20 Q4. are carefully cleaned with
acetong% The lbaosé nmet al s%gse %6%%are t hen one side bevel ed at an
angl e range of 32 and 38, nd nost preferably at an angle of 35.

Subse , adi i.s..but.tered on e be d.side of the_Ti
5501 ol VR Rnell WO RaP i Rt \ORWPRIR! Bt S g 1 G2 and

vanadi u utter 0 the vanadiumbuttered Ti G. 2
205 is Q'ﬁ%ﬁ%é?&F %iﬁ‘n@ﬁ@hgk%Fﬁs?rié%m%%é}eneqfat he ppgent dupshtioniand a r oot
gap 206 of 3.2 LI-. 1.6 mmis provided between the vanadi um buttered
Ti G. 205 and the stainless steel 316 L 202. Canp is used to fix
the baé‘%?*ﬁlet diig o2 schaymtigrdewrahariag IY -bufkiofts stesiga for2oddibe flivéen? aitkcarbon
base netals 202, 205. A welding current is then applied between

t ungst sisckingeeqdalise ofitht dngthar prefomdichbobiasat pbthalpses2fianvealibn. f or m ng
an arc wel ding. Subsequently, the hi-filler rods are fed into the
root gap 206 between the base netals 202, 205 hence sealing the root
gap 206 and joining the base nmetaltsdled@Rscr2Qfont oget her. The vanadi um
filler rod 203 is fed onto the vanadiumbuttered Ti G .2 205 side and
the al um num bronze filler rod 204 is fed onto the stainless steel

202 si g@isjur iMg follewit Hstigptidhe GESSnunttite o‘f%ﬁ&ﬁiﬁé‘ %@Hﬁérﬁﬁt% C%‘I%b%ﬂgglzs are
of the vanadiumbuttered Ti G. 2 205 prevents the Ti :

cont achrothdel thN@ddkunl MEmRERRZ G dililcl ©F ftﬁﬁoﬁregé?{% 1rave%8§1§ ﬂ. s%hfl X’ﬁ apparent to

undesired to have the al um nium bronze being

cont ac v dlumbtt . 205 since, titani um has

7 ¢ ean it g AR T By eD ooy e e DBt e detais
present, i nventi the opti mum wel ding condition for performng Gas
Tungst BRAMALE q%‘e‘f lﬁg“‘"iysﬂ%@ﬁél?%@e%iﬂ Bngth sy@istto nggobsewe Arppiaventimn. &'or ease
travel speed of 30-120 min/mn with Argon cover gas flow of 15-25

L/ mi n. of @@qax}celzi:cgnmgn i¢fewgseer mmesala vaburdised HotowgiiouBOE figutds vithekeass to
0of 10 nmwhich is fornmed between the Ti G .2 201 and the stainless

st eel S & dbRadegoredcogmivn (O Bakedi nent of the present invention.
There are five characteristic zones that are fornmed during wel di ng,
they are stainless steel 316 L 202 zone, fusion zone 302 of al um num

br onze[obid]l eThe p@sent Usleation RQIRO3 melh&@f o 8RNI Acekelifg:
vanadi um buttered zone 207, Pna T & 50T S oma g o %Wlthvmm

st r engfolh: 30 oflihed ﬂltlahltu}h IS’zIse HE%E ggf‘t%m&h ?t? iRl edaset QEall] %gélfjt Inzgl\e;\sxc

and the st ai'nl ess st eel t ensi tes |s carri

sanpl 0 ween the T 01 anpd the

tan Bl Bt {F, 9@2@5@555 RS e lprmusafibst et fepatdumtand
preparqd sanp] es Ti gnd test results are depicted in the table
bel ow. 2 EBERIHER 1R axeﬁntio ced between the titanium base metal and the stainless steel base

metal. This method provides sound weld between these two dissimilar base metals.

[0018] It is known that vanadium has better compatibility with titanium rather than with

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




T2 Measured Thickness (mm 9.49 9.59 Measured Wdth (mm) 19.07 19.05

Effective Area (mR) 180.97 182.69 U timate Tensile Load (KN) 50.96
5

embrittle intermediate and thus fracturing the joint between vanadium and 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 illustrates 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.

[0020) 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]  Fig. 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 L 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,




53.88 U timate TensileStress(Nl mmR) 282 295 Location of Failure
Broke at Buttering Weld Broke at Buttering Weld Type of Failure
Brittle Failure Brittle Failure 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
vanadinm-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 electrode 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. 2 203 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 solubility 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



[ 0025] A satisfactory tensile strength is obtained fromthe wel dnent
301 between the Ti &.2 201 and the stainless steel 316 L 202, and

the value of the tensile strength is 282 MPa. The break point of the
wel dnent 301 is occurring at the vanadi um buttered zone 207,

indicating that the vanadi umbuttered zone 207, instead of the fusion
regi on B02naddgn filer fqde virsdivnappdereédoneat7omd TisGr.hd0heateesto psi tht strength
within the wel dnent 301. Although the break point of the weldnment 301

i s occumit nlyclity veribelvehinbut 561 édtvzaeneh 07 Gr.2r2owhindhthé bRiesete20716 1, 202,
mai nly conprises of vanadiumonly, the tensile strength of the

wet dnengnsd lest 282uidd Ra) Tvo bakded T ed of heldhens kbfbét%g{]ﬂltehfi%rdi B8t and

pure vanadiumitself (245 MPa). This occurs because vanadi um an

al um nym branzeqks 3f j L0t ercr yerns ich found in. t
held pon RS N SLRh B PEEEART: LY R Ry loEish SR T P anc
alloying,effect i,n.the.wel n{ .301 and therefore, inprove the
mechaniafes %%SP?IVth‘i?l[\iﬂﬁ‘&qﬁ?%?‘Prﬂ’nt 301. 8 (0026] Fig. 4
illustrates schematic drawi ng of V butt joint design for welding Ti
G.2 (95?%«954—9)—49%%% gss-steel 316 | 402 (62% 72% Ferrous
cont ent ) SPEAEAYOTUNgst en Arc| Wl di ng accordi ng| T2 anot her enbodi ngnt
of the Vet on s the it -G —2401—+st+h-the—dirension—of
150* 3007 %&%‘[‘#’dmcﬁ‘e‘“ﬁ W) oi hPds steel 316 L W0is in the

di mensi onburddWidQidd) m Bpidippf base netal s| Agfjs 402 are one silde

partial [yy_beveled by the thickness of 5 mmthat!the remaining
t hi cknesSHEEHS Mep ot he base] 3T s 401, 402 i 5182089 bevel ed. The

base net&s 401t 402 ar ghet-prior tovveldin"ggf-h——a—zei—e%
gap 405 gjritzlg%t‘é#e Selké\f\%oe%ﬁ(ﬁg bagbe‘gﬁet als 401, 4025.%' ring wel di ng, tjhe
vanadi umtiihher Teetle aRdesa] @1 hagn bronze 403, 40%@re Ted 1nto gap 406
bet weent he, bevel ed sides of fhe base nmetals. A sound wel dnent with
the thi ¢Reds of 5 nmis forned between the base netals 401, 402.

[0027] R SRSt rates a schenati s graw o V—butt—erft—desi-gn
adopt ed ¥O$at1§an§)T’brglngéten Arc V&%Fﬁbh}ﬁtg?%e"xafi kg & Rtering Vel 7
G . 2 S50Typnef kilulon st eel S50P2BANIcUSEing | nt er medd,atie Fhihker rods of
pure varadium-wire 503 and allum num bronze 504 laccording to one
enbodi ment of the present invention. Both of the base netals are one
si de beveled and vanadiumis buttered on the beveled side of titanium
base netal 501, form ng a vanadi umbuttered titanium 505. A root gap
506 i slogR@sentsabipstenicodils siangtlliisnbbiked éoedtttivvadiem B0 Deangdntihe Ti Gr.2
carbon steel 502 in which the root gap 506 will be sealed with the

bi - fi | 2@ anicDde SidlessSQde! STHEL R0b) &1d hodawk ofaRAtihie §A3girsisiBd MPLO The
the buttered titanium 505 side and the filler rod of al um num bronze

504 1 spikadpoit o h0 e LAEARB0 1 ESIRTE RURAANT] AR MBHALHE BHOGES Shu

The vanadi um buttered zone 507 prevents the alum num bronze’

come | wi.th the Tj .. .2 501, [0028] The o] descriptiaon

P ist PeraRbath bl B ortina a0t e LT ke By FEh b i eAb A cted
exanpl es. of. how aspects of the present invention ma)é be i npl emrent ed.
Whi | e B8 ithe %%6&9%}{%?%#@ WeldneySdtr Pbbaugndge brdalippimapbtheiveldment
under st ood that many charges, 9 nodifications, variations and

combi nitli recchneg sofanadimtbhiéerpdident 307 He wrids rt zanevHNTt momlyvkohprides of
departing fromthe scope of the present invention. The above

exanpl espdiembady nthatiensile natngthtdfahs wekiment 365 (2ENRIPdY aNaRgs 15ROk densile
not be deenmed to be the only enbodi nents, and are presented to

i 'l ustsu@hgthtdfehd pexsivRhAditn i80d (@4l 889 RisPechiB De LSS SRMladiBY SR LARiASn
defined by the foll ow ng clains:

bronze is forming intercross layers 305, 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.




10 Cains 1. A nethod of joining titanium base netal portion and
stainless steel base nmetal portion wusing Gas Tungsten Arc welding
with V butt joint welding type, the mefhod conprising the steps of:
(a) applying a welding current such that an arc welding is forned
between the tungsten el ectrode of the arc and said base netal

port i ok@926hnd'ig. 4 illustrateq fpheinatie ddvdiene Y hott joinedesimi it eelding Teer.2 026
of vanadium w re and al um num bronze to the arc wel di ng such that

sai d fipurgrddious suislefsededl o It HO2 (&%~ e Echetneetemplid GaskungetalArc
portions, and joins said base netal portions, wherein the vanadi um

filler wedingsacporamgdo afhtsMibodn&RLH L iptaARUMDESE, ML &t GROr 40198 iARd
the al um num bronze filler rod is placed adjacent to said stainless

steel Dasestkt 8t 1 pPBHHON CLvtrn Vg‘&mlll@%]s B AR ES0h ik iShnd ngisen?iﬁg of

pl aced adj acent to each ot e met of cl ai n11 whe
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steel base nmetal portion contains a ferrous content of 62-72% 4. The

net hod bage wptalsr0l, 40k ereeiligned privatvade!dimg fwitll & zerodot gmt d0Fpre@9it H8tween

pure vanadi um and t he al umi num bronze filler rod contains -9%

al um ndre st ayetatg401, 402, During welding, the vanadium filler rod and aluminum bronze 403,
404 are fed 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 502 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 505. A root gap 506 is present between the vanadium buttered titanium 505
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 504 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 Ti Gr. 2 501.

[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 illustrated it is understood that many charges,




5. The nmethod of claim 1, wherein a root gap is fornmed in V butt joint
between said titaniumand said stainless steel base netal portions,
and said root gap is ranging between 126 nmto 4.8 nm |l 6.The

met hod of claim5, wherein the root gap is 3.2 mm 7. The net hod of
claim1l1, wherein both of the base netals are beveled at an angle
range @pddpa@isaivagHionsiage condiraspngiiteel wetidde whde kaihm resenharvention
both of base netals are beveled at angle of 35 at one side thereof.

9. The wehddd deffarithai ford, thehecopien off athadpiesanit Sinbeiitioar edTin dbbee tdxaapiddm
bevel ed side prior to welding. 10. The nethod of claim9, wherein the
thi cknesbodihetbein@nambny ReRuid@l asd ZeNAndd sBA® not be deemed to be the only

embodiments, and are presented to illustrate the flexibility and advantages of the present

invention as defined by the following claims:




titani um beveled side is 2.5-3.5 mm 11. The net hod of claim 1,

wherein the V butt joint between said titanium and stainless steel

base metal portions has no root gap. 1¥A filler rod component for
joining dissimlar netals, the filler rod conprising: (1) 99.9%pure
vanadi um and (2) 8.5%11.0% al um num bronze. 13. A nethod of joining
titani um base metal portion and carbéfzigiseel base netal portion using
Gas Tungsten Arc welding with V butt joint welding type, the nethod
conprising the steps of: 12 (b) introducing two .

i nt er medi at &% ngthecee! joindeg Gfanivam daieuneil petiandndktamless ot bazeandtal fidréon
arc wel ding such that said filler rods are fed into the weld area

bet weenissigi dahdsegstet Akc peldiigondth At joindSvesdihg RS ehaBibBlod ROAIPHOME the
wherein the vanadiumfiller rod is placed adjacent to said titanium
base netepkoportion and the al um num bronze filler rod is placed

adj acent to said carbon steel base netal portion, and the two
internmediates filler rods are placed adjacent to each other. 14. The

g‘ét Qgg of cl ai(éi‘j' éﬁplyi\‘\’@% %\iemiltlé.l%ll%llltdédag RH 68 e iu?elcﬁgé igtfoﬁﬁédz bc\ﬁ/t(x)?\!etén 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, 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 [/min.

3. The method of claim 1, 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.

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

mm to 4.8 mm.




Anpere at a travel speed of 30-120 nmmimin with Argon cover gas flow
of 15-25 L/mn. 15. The nethod of claim 13, wherein the vanadi um
filler rod contains 99.9% pure vanadi ubd and t he al umi num bronze
filler rod contains -9% alum numalloying. 16. The nmethod of claim
13, wherein a root C[ga presents in V butt joint between said titanium
and st &l nl esidiegrake Qipa\?éaéﬂh%t"élerqi@theiroa@aps'%&.amroot gap has a distance
inarange of 1.6 mmto 4.8 nm 17. The nethod of claim 13, wherein
both of base metals are beveled at an angle range of 32-38 at one
si de t Ner eoflhel@:thothef dletrhbdvinfreiolbatinofliBe bavk encealn arcaadlied m disangle range of
buttered on the titanium beveled side prior to welding. 13 Method
for Wel3ar+53° X sisd 9idd aereblt al s

8. The method of claim 1, wherein both of base metals are beveled at angle of 35° at one

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.

11, 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 curent such that an arc welding is formed between the

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




ABSTRACT The present invention discloses nmethod for joining
titaniumand stainless steel using Gas Tungsten Arc welding with V
butt joint welding type. Internediate Bi-filler rods of vanadi um and

al um num bronze are introduced to the weld pool between the titanium
and the stainless steel, as the arc welding current is applied

t her eof The véadiradnding Iver infesaredigtep fidleethdadi ageniiumn ovitchandt altiaiuunbronze
and the alum num bronze filler rod is placed adjacent to the

st ai nl &s thestreele]diagsudhhtbatt saial fildrevdedt dtdesutd iHel vesld ragSheak&npkae 8ase metal
adj acent to each other. The present invention also discloses nethod

for | oippitivgs,tdndgoing mhidhs€ alel Podio8E wikYeiIRRN G @l 81 IUBESE BRCAY Kjacent
welding wwth V butt joint welding type. (Fig. 3)
to said titanium 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 each

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.

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

to welding,






