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
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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 stainless steel, the nmetallurg

i nconpal i bil.ity between .titaniumand iron.in stainless steel |eads t
tho 1 oprei gy ST P REREREIRL Bitaet FOMSael ot ani iR go o
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.. ‘
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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 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.




[ 0006] While many nethods of joining dissimlar nmetals are known,
there is a need to inprove nethods for satisfactorily joining two
dissimlar metals. Therefore, the feasi%ility of Gas Tungsten Are

Wl ding for welding two dissimlar netals, such as, titanium and
stainless steel by introducing bi-filler rods as internediates, in
whi ch te04bi -Besideamopdagommeldieg, fysian velding is hiso weplamblenter adisingi tanium
di scl osed. 3 [0007] The present invention relates to a nethod for

j oi ni ngprdwitnindesssienl. | Idevethslessbitsadnsiyeliling, such tamicurolding] @tdakinliBs Snetals has
steel, by Gas Tungsten Arc welding via V-butt joint wwth root gap. In

the predwenis asvamed elih §hacomings HRE1BURS nBRFAbS eaNEE|sUMF AN afl MWD
bronze, are introduced as bi-filler rods between the two dissi I ar

base i I her, . a | di.n .
curregﬁbﬁgﬁgggﬁggﬁbggmﬁ aﬁﬂﬁ%hﬁiQ@§§P%?%§hﬁg&@%ﬁﬁgﬁlﬁ@?ﬁyﬁﬁmywﬂggggﬁn
el ectr and the,base al. por.tions.. As.the arc | ding is fornmed,
the t mggﬁsfﬁ”ir‘lgsrs Sr‘%eége%? e‘g?@"d k‘ifﬁiﬂﬁ"‘t‘ HESDGEGSW%E’&WE“%Q@%% KB AR Atth
and the stainless steel, hence sealing the gap between the titanium
and t hé %} g‘%%ﬂ*’é&‘gm@t ereni herpal aareien §har=é‘gefé§ﬁt: between ttitanawn andl siagidess
while the alum num bronze is fed onto the stainless steel side. In
this weieel hasskegndowns) tereante asicksidearippach andrest tansile esrsssiredicedifion dwling
achieved. The tensile strength of the joint between the titani um and

st ai nl estors tléel weliing. Bihkebé bhetcontes thérefanadtenhandalal Witk iRs QReRity
is satisfactory while conpared to the tensile strength of the joint

bet weemetWen titdnah Yha aRidlcss abd)l ess steel with single filler rod of
vanadi um [0009] The present invention al so discloses a nethod for

joining titanium and carbon steel, by Gas Tungsten Arc wel ding via

V-but t 9@kt T §RrdRRL Bﬂﬁ&nsséﬁbélgtlé!i it WQOJ&”%@HWP%% eﬁte@&%@i'&fssa Moetals

vanadi um and al um num bronze, are | ntroduce 1 er

sound yel degl BELISEN KNS Ll unand dhe CRban steel, 1s, achisyed,

Bri ef criptiron awi ng

descri bed. by. o] Limti enbodi nents of the present

invent'Bﬁvaéfﬁﬁ%?eégﬂgﬁéébkéh$‘ 5 ¢ BIsHMey f3g) aring tigs dissimilani metals by

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

for welHiodycisg spjedaptey 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




(0012] Fig. 2 is a schematic view showi ng V-butt joint design for
welding Ti G&G. 2 and stainless steel 316L in accordance with one

enbodi nent of the present invention; F‘0013] Fig. 3 illustrates a
sound weldnment Ti G.2 and stainless steel 316 L in accordance with
yet one enbodinment of the present invention; [0014] Fig. 4 is a
schenatPeO7Y Jbesm&%ﬁlhgiwnbm gelgly kot a ensghogriof dsrining| teordjssTinilagr base mestals, i.c.
stainless steel 316L in another preferred enbodi ment of the present

i nvent itdenivarndd [seousss sk bySiassTangsten dnatviicling ww Vs howjahey Witbteot gai Intthe
design for welding Ti G. 2 and carbon steel in accordance with

anot herprgeef @veaibng o ditemidiads hbel, PLEKIRRM ahd WRMILAA - br&kahkqfroduced as
Description [0016] The fol | owi ng descr i ptions of a nunber of specific

and al teriiet toas bERROH NS Aifilarbh h&ﬁg to understand the inventive
features of the present invention. all be apparent to one

skilled in the art, however that thls i nvention may be practlced

W t hou h C he det

descri Ee@gfn Tﬁg\ﬁg? A est())fgg;"‘?é[téﬁt 5? ]béplc“ﬁeil(im% ﬁ’érr?‘ﬁ\}%ﬂfﬁrfnﬁ SO%&I aléé‘é: wedling is
refere ce ommon reference nunerals wll e used t hroughout th

figure eélcbef”é‘?eé‘rt%‘%? & YoLdHE aBiia'%fi brise affet% FRERANSs ASoRFBIe W%Jdtnﬁés formed,
figures. [0017] The present invention provides a nethod of Gas

Tungst & yoctiNGE e Srge (i iIntovthe gaw piesgnh betivgen jhititamgmiaing s ainlosssweeet, hence
metal portion with stainless steel base netal portion. In the arc

wel di ngeabing e gapfbetrenpthe g@mivinnangnthi shynlessosteeht eftediraties: fs fklesnto the
rods, vanadi um and al um num bronze, are introduced between the

tit ani timnbhas aidepivhile ahd atuReingh irohRSiS fad Sﬂtb tﬁé%@urﬂ@isadteel Thikes I'ﬁethﬁoﬂay a
provides sound wel d between these two dissimlar base netals. [0018]

It is K@%él&ﬁént@@%u%aﬁ@%agﬁ%sg %el%mtabiﬁbbéctyl“% tE&il%'s&a%tyg} the ejomt

rather than with stainless steel that a contact between vana

st ai nl gg$,e84 88! tith R AASQ i DRk P Qvﬁ?x 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 titanium 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:

[0o11] 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, vanadium has a better
conpatibility with alum num bronze ratHer than with stainless steel
Because of these netallurgical conpatibility reasons, in this present
invention, vanadiumfiller rod will be fed onto the titani um base

si de arf89& unlfigu Broopdenlit [véew sbelvingl V-tog fobd dniga bhevddiag ieSs 2 and
steel base side, while vanadium and al um num bronze will be

over | appiinlgsststecAtdl, ot dvesrdantietwittt dicsenerfrhgii baticqieseat in@nadn el dment

wi |l be achieved. [0019] Fig. 1 illustrates a schematic draw ng of
V-butt joint design adopted for Gas Tungsten Arc Wl di ng between two

base ngo@ilsy dfigi3 Hlasiaten allhnanedlahai T €33 a%ﬂ%%hniés@%te@ﬁ@ 1‘6511 Maccordance with
internediate filler rods of pure vanadiumwre 103 and al um num

bronze yLP4n2&k nt of the present invention. Both
of the base rrel?gdlﬂg&% o?%e%ﬂ%seﬁﬂ?@?%{gfgﬁm de beveled. A root gap 105 is
present bet ween both base netals 101, 102, and the internedi ate

-fill o f. va wi.re 103 m.num bronze 104 wi |l be
used 1 &0Eh Wi s S PARLEML OSSO e il Mitir i weldg ™ 6”8 ane
conpatibility e vanadiumw.re 103 is fed onto the titani um side
101, F IHQSLSHE:GL?% W@ﬁ?‘@%ﬁ’t\'\#@ﬂfé&n’i edimegt ofrihe prasent dnveniiors gad st eel
102 side. [0020] The present invention will now be further described
by means of welding two djissimlar netals of coomercially pure Ti
G .2 ($phulds Sdﬁasgteamﬁtcé@eﬂ shasdng Yttt jofig 2psign dorreeldiop i €ord ent Jarbon
[0021] Fig. 2 illustrates the schematic drawi ng of V butt joint
desi gn sfeek ingetatilange With@nothe( pefbpdreipolidienaniths padsahtdsentveel 316 L
202 (62% 72% Ferrous content) via Gas Tungsten Arc Wl ding. In one
enbodi nent of the present invention, the Ti G. 2 201 is in the
di mensi on of 150*300*10 mm whi IDetdike MEsaipiloass steel 316 L 202 is in
t he di nension of 150*300*10 nm Conmercially pure vanadiumwre
(99.9% pure), 2.5 mmin dianeter, and al um num bronze (-9% al um num

al | oyi [og)6] 2. Fhenfsllbwingi @¥BiRions aFQ KRS @d sﬁéctﬁ’é ahd Hté?ﬁat[v@de?n%fdng s are
and 204 respectively. 6 (0022] Prior to welding, both base neta

201, 2 i l.
oot onb o iR lnlbihid HORRAAS f%“’*ﬁ‘fea%t et Blese i en i o I lgtp pparen o
at an, angl e of

| f er abl
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2 201 Qase a ththethlckness of 2.5-3.5 nm_ fornming a
vanadlg ﬂ%%@% may nol pe slgspribpg it lengtheowas haapUohsbiue the edenionGiior gase
205 is arranged with the stainless steel 316 L 202 such that a root
gap 208 ifergnce, eammon r@fewned smralyivdd dehsedwieoughoet thafiadicy wikntrtRiRE to
Ti G. 2 205 and the stainless steel 316 L 202. Canp is used to fix

t he baseemtsahdadBayre? 05mavd teriielgaidd. t he root gap 206 between the
base metal s 202, 205. A welding current is then applied between
tungsten el ectrode of the arc and the base netals 202, 205, form ng

an ar crooed di ige piSsdns eaeaiién Yovidee ahhethdd beG S T@@gs@é’neAifceQeIHfﬁ%Q«vtttlh% butt
root gap 206 between the base netals 202, 205 hence sealingthe ro

gap 208 e e,.van
920, 200176, LRl A EuBESETEhAln P2 AR, LU I TBSURTACAN T
t he al z f|IIer rod 204 is fed ontqg.the_stain]ess steel
205 of HOUHETPRIEEEEr U efrefo bl wise i et srba seraimond
of the lvanad| t)]m buttered Ti ? 2 205 prevents the Ti G .2 201 from
cont act UK PIREZS PEPHAMHASH Sabeen ithy 'etﬁmtlﬁ’db%@memlt&ﬂii @Qﬁt@nlpys steel base
undesired to have the alum nium bronze filler rod 204 being in
cont acheiy: t Hhis pethpd meetiidanspund weld detPieetthese 2@ Bissimlaebdst tanilum has
limted solubility with alum num [0023] In one enbodi nent of the
present invention, the optimum wel ding condition for performng Gas
[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




7 of vanadiumfiller rod, vanadium buttered zone 207, and Ti G .2 201
zone. To test the strength and ductility of the weldment 301 between
the Ti G.2 201 and the stainless steef 316 L 202, tensile test is
carried out. Two sanples Ti, T2 of weldment 301 between the Ti G .2
201 and the stainless steel 316 L 202 are run for tensile test. The
det ai | smbfittlsr spamediasampl deis TragctFheathd jbims bemesn|isading ahepitsinkes siel.
the table below Specinmen No. Ti T2 Measured Thickness (nm 9.49 9.59
Measur eddifiodally, (vangdid®. Bt d BeQ& 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,




Effective Area (m®) 180.97 182.69 U timte Tensile Load (KN) 50.96
53.88 Utimte TensileStress(Nl mmR) 2862 295 Location of Failure

[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



Broke at Buttering Weld Broke at Buttering Weld Type of Failure

Brittle Failure Brittle Failure [0025% A satisfactory tensile

strength is obtained fromthe wel dnent /301 between the Ti G .2 201

and the stainless steel 316 L 202, and the value of the tensile

strength is 282 MPa. The break point of the weldnent 301 is occurring

at t he afFABfitumBlgt fask senadbme bpogred zonti WAt ikl Ga? 20heone. To test the strength

vanadi um buttered zone 207, instead of the fusion region 302, 303 or

t he heandalufielyed thegiebiment $01 hetweeakesTi HOL R0 1windhhe statigeswelcdn®rd I, 202,

301. Although the break point of the weldnment 301 is occuring at

vanadi ugashititidseiseshrzaneut20fvo ks ¢, Ther %@%e%pZOFBétWeé(rt ﬁi%nﬁr(%}?gﬁgpgnd
a

vanadiumonly, the tensile strength of the wetdnent 301 (282

is | arger g 408 34 6Rsids, s thERgtsl E:herh%‘é%{f%u‘gggﬁl%igé{?‘%is#@ﬁ% ?;g,sz'and

te
MPa) . This occurs because vanadi um and al um nu

intercross |ayers 305, .WQi found in the weld pool. The intercross
(87 Resp BT Reifae i Pieddyc el

305 | ay€é 81d al | oying effect in the wel dnent

301 and therefore, inprove the mechanical property of the welclnent

301. 8 {0026} Fi-g—4—itlustrates schematic drawing of V butt joint

desi gn f§Pe%EWH?%b Ti &.2 (9p%pure) 401 and stBEnl ess steel 316 U
T nnnnn + o FAe ~ ARl AlY

402 (6298729 F s—content) i g Gas—fungsten Wel-dtng—aeecordi-Ag
LB AR O e brd L

t o anot her n esent invention. Ti G. 2 401 is
in the divmpstowiath (&R 300* 119y whiTe the sthjgh£ss steel 3I6 L
402 is inthe.dinensign of 150*300*10 mm Both of base metals 401,
402 ar e | Ghecyegrrepamial |y belb&8&7 by the t hi cknd®s6%f 5 mmthat tHe

remai ni Mgt Ckes f—5 rof -t he—baseretats—401-—462+snet

bevel ed %*ﬁgh%gggmﬁecgsz§gl, %%ggare al i gned p«$%$8to welding with a
zero rooUlgame40ongleeserds bet vegn the base netal /401, 402, DUring
wel di ng{ the vanadiumtiller rod and al um num bronze 403, 404 are fled
into ga)ﬂﬁ@é bet ween the beve)] ed sides of the base netals. A sound

| d L the thickness . - al
201, 0 OB P TR s it ok PRERet B R e R i B e el |

joint deSygnodiddpted for Gas TBAGRURMLAT C VT di ngilpetrwegd tWo base
metals ¢ i bon steel 502 by lusing internediate

filler rods of pure vanadiumw re 503 and al um num bronze 504
according to one enbodi nent of the present invention. Both of the

base netals are one side beveled and vanadiumis buttered on the

bevel el025]1deAchtisthetanyi tamilsasengtbtiabb®di (foar tiengeldmurardddibetwdeutihe Te dir.2
titanium 505. A root gap 506 is present between the vanadi um buttered

titani 200 5btientinbs gesl06 5068| akOBe ivalushirahe tdASId QR GAR BO6GVIPh! IThe
be sealed with the bi-filler rods 503, 504. The filler rod of

vanadi a0t st hedheRM BIE iPLL ALy AR I 3R 8381896 UG earing that

filler rod of alum num bronze 50 onto the carbon s

si de duyr.i . | di,n r ss.. The. yanadi um huttere one, 507 .
pr even[?lé ‘{Lﬁ%&lg ﬁer%ﬁtﬁllf% %rngnggﬁé'aﬂeﬂtdoﬁc UpIRn 6851‘?%5‘55\/\3?i Of e %:at @lfecisd
501.

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 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.




[ 0028] The above description illustrates various enbodi nents of the
present invention along with exanples of how aspects of the present

i nvention may be inplenmented. Wile spécific enbodi ments have been
described and illustrated it is understood that many charges, 9

nodi fications, variations and conbi nations thereof could be made to

t he pr d4@26t iFigehtliusinates sdhonnticideang efgV brdaeinhdesignofpe watdingh€i Gr.2$20%
I nvention. The above exanpl es, enbodi nents, instructions semantics,
and dr awre) g Ishdultanlret st 3d6dmei (629b€720h Eceahy c@nbny v iaERsSTurgdn aire
presented to illustrate the flexibility and advantages of the present

| nvent ivdeldag adedtimgdo B¥oth&ieniekilos: bOe lpadsef inyehPio The®; &y A JALPAL e
of joining titaniumbase netal portion and stainless steel base netal

por ti onimMsidi0o5a50+5809s) R %tﬁlev‘ﬁl%%wﬁ?éfé" &b 1YL toh 9k B e lSon of
type, the nethod conprisingt
150%300*10 mm. Both of base metals 401, 402 are one side partially beveled by the thickness
of 5 mm that the remaining thickness of 5 mm of the base metals 401, 402 is not beveled. The
base metals 401, 402 are aligned prior to welding with a zero root gap 405 present between
the base metals 401, 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,




(a) applying a welding current such that an arc welding is forned

bet ween the tungsten el ectrode of the arc and said base netal
portions; and (b) introducindtwo intermediates filler rods
of vanadiumw 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
por t i ofeditgpidoyseivpgatioas ang sembinstians feraol onsld wherdd to theepresnadivemion
filler rod is placed adjacent to said titanium base netal portion and
t he al withewimdbpeotmze Firhl e sogbei of phacpdsad] mseaniont 0 S hvstai adagptes,
steel base netal portion, and the two internediates filler rods are

pl acederaijdi@ens, ingtreahs atfeftics? addriBhHOhRld GbabMdlemdes 8k Nhi R
wel ding current is set at 8-12 Volt, 86-125 Anpere at a travel speec?,

of 30- L N, M CoV . 15- 25 1N, 3 Jhe
met hodé%!%bdc%lzi&rﬁ E.}er \%\%e elgér%mesCl a@dﬁ{uiglfg%?lit%ém gggitg}e%éladgél{r%% on’ ctgﬁtpé?sﬁ%t
a titani f l,east 99. 34% by wei ght and said stainless
st eel alggéég}ognlgl?g?ﬁ}beor i%%]iocig)r‘i 1%%1§1nés'ferrous content of 62-72% 4. The
met hod of claim11, wherein the vanadiumfiller rod contains 99.9%
pure vanadi um and t he al um num bronze filler rod contains -9%

al um num al | oyi ng. 5. The nethod of claim1, wherein a root gap is
formed in V butt joint between said titanium and said stainless steel
base netal portions, and said root gap is ranging between 1.6 nmto
4.8 mm




Il 6. The nmethod of claimb5, wherein the root gap is 3.2 mm 7. The

nmet hod of claim1, wherein both of the base netals are beveled at an
angl e range of 32-38 at one side thered# 8. The nethod of claim 1,
wherein both of base netals are beveled at angle of 35 at one side
thereof. 9.The nethod of claim1, wherein vanadiumis buttered on the
titani um bevel ed side prior to wel di #g8ims0. The net hod of claim 9,
wherein the thickness of the vanadium buttered zone at the titani um
beveled side is 2.5-3.5 mm 11. The nmethod of claim1l, wherein the V
butt jdint betiekerd ehjoihing titiniummbasvamstabporties snd swilless 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, 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.




base netal portions has no root gap. 12. Afiller rod conponent for
joining dissimlar netals, the filler rod conprising: (1) 99.9% pure
vanadi um and (2) 8.5% 11. 0% al unmi num bronze. 13. A net hod of j oi ni ng
titanium base nmetal portion and carbon steel base netal portion using
Gas Tungsten Arc welding with V butt joint welding type, the method
conpri i ng tiHe mategskofgflaim 5 avherein the ro¢tgapiind.2oduci ng™ t wo
internediates filler rods of vanadiumw re and al um num bronze to the
arc welding such that said filler rods are fed into the weld area

bet weer. sai dhsasehaereefatlaipot,twlomsin batidof thé hase smdtals baseveated at apargtd ange of
wherein the vanadiumfiller rod is placed adjacent to said titani um
base nm8tal3gpar bncideatheebhie al um num bronze filler rod is placed

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

net hod gof  chgk Mhekibod YhQLEL N &Hﬁe%@%@?sﬁw% rz]&e\?mb%ﬁk af aﬁ{gli]f%f\ggl’ ta% one

86- 125 Anpere at a travel spee rgon©cover gas

10w Of 95 @5/ M 1.

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




15. The method of claim 13, wherein the vanadiumfiller rod contains

99. 9% pure vanadi um and the al um num bronze filler rod contains -9%

al uminum al l oying. 16. The nethod of & ai m 13, wher ei n a root gap

presents in V butt joint between said titaniumand stainless steel

base netal portions, said root gap has a distance in a range of 1.6

nmto 4.8 nm (b1ptroduséngnerchingerardigleailittel @ ds whensidinthotile ofd daseum bronze

netal s are bevel ed at an angle range of 32-38 at one side thereof

18. Théo thetdrodvebding baihnthdiZaidibiderabds aradadintimbesvddat@rietven the base metal

titani um beveled side prior to welding. 13 Method for Wl ding

Di ssi mpbaionbkindl j8ins 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
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,




ABSTRACT The present invention discloses nmethod for joining
titani um and 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 hereof The vanadiumfiller rod is placed adjacent to the titanium
and the al um num br onze Methost foroWeilding Béesdimaldy adetats t o t he
stainless steel, and the two internediates filler rods are pl aced
adj acent to each other. The present invention also discloses nethod
for joining titaniumand carbon stg@gm%(gpans of Gas Tungsten Arc
welding with V butt joint welding type. 1g. 3)

The present invention discloses method for joining titanium and stainless steel using Gas
Tungsten Arc welding with V butt joint welding type. Intermediate bi-filler rods of vanadivm
and aluminum bronze are introduced to the weld pool between the titanium and the stainless
steel, as the arc welding current is applied thereof. The vanadium filler rod is placed adjacent to
the titanium and the aluminum bronze filler rod is placed adjacent to the stainless steel, and the
two intermediates filler rods are placed adjacent to each other. The present invention also
discloses method for joining titanium and carbon steel by means of Gas Tungsten Arc welding

with V butt joint welding type.

(Fig. 3)




