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I nvention The present invention relates to a
flux-cored wire, for gas-shielded arc welding, forned
by packing a hollow steel wire with a flux of a Ti02
(titania) group containing Ti02 as a principal
conmponent. More partlcularI¥F the present invention
relates to a flux-cored WS, I?I’tﬂmgas-shielded arc
wel di ng, capabl e of inproving welding performnce and
of producing a satisfactorily tough weld netal and
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welding materials capable of producing weld metals having satisfactory
toughness, particularly, low-temperature toughness, and high strength
to build those structures.

Welding materials excellent in low-temperature toughness have
been developed for the field of shielded arc welding and submerged arc
welding. However, those welding materials have.problems in working
efficiency and welding position.

Gas—-shielded arc welding using a flux-cored wire can form a bead
of a satisfactory appearance and can improve welding performance. A
flux-cored wire formed by packing a hollow steel wire with a flux of
a titania group containing titania (TiOz) as a principal component

(hereinafter, referred to as “titania-flux-cored wire”) is used

prevalently for gas—shielded arc welding.
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wel ding materials for flux-cored wires have been de-
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and a Charpy impact value VE.4 at -40°C of about 108 J or above by using
a flux—-cored wire, for gas-shielded arc welding, containing TiO,, MgoO,
a metal fluoride and alloying elements including Si, Mn, Mg, Ni, Cu
and Mo in proper content ranges.

A technique proposed in JP-A 2003-154487 improves welding
performance and produces a weld metal having mechanical properties
meeting the KS (Korean National Standards) and standards specified by
the AWS (American Welding Society).

A technique proposed in JP-A 2002-307189 achieves reducing
residual stress in a weld metal and improving the fatigue strength of

the weld metal by using a titania-flux-cored wire having a flux
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SUMMARY OF THE INVENTION

The present invention has been made under such circumstances and
it is therefore an' object of the present invention to provide a
flux-cored wire, for gas—shielded arc welding, capable of producing
a weld metal having a 0.2% proof stress (0o.2) of 620 MPa or above and
a Charpy impact value VE.g at -60°C of 50 J or above and optimum for
welding welding materials of high-tensile steels.

The present invention provides a flux-cored wire, for

gas-shielded arc welding, formed by packing a hollow steel wire with



C, 2.0to0 6.0%Ti, 0.1to 2.2% M and 0.01 to 1.0%

My, wherein a TiQ2 content and a MJO content of the

flux neet Expression (1): (Tia)/ (MO z 4.7

.......... (1) where (Ti2) and (MJO are the Ti2

content and the MgO content of the flux-cored wire
corresponding to the respective ratios in mass of Ti02

and_ MyO contained in the flux to the flux-cored wire.
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properties as a principal component.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The inventors of the present invention made earnest studies to
solve the problems and found that the activity of TiO; to oxygen can
be lowered by properly adjusting the overall chemical composition of
a flux-cored wire and adding a predetermined amount of MgO to the flux
of the flux-cored wire. The inventors found also that the oxygen

concentration of a deposited metal can be reduced and inclusions



produced. The present invention has bee made on the

basis of those findings. It is an inportant condition

to properly determine the basic elenent contents,

such as the C, the Si, the Mn, the Ni, the C, the Ti

and the My content, of a flux-cored wire of the

present invention for gas-shielded are wel ding.
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Carbon (C) is an important element affecting the strength of a

weld metal, namely, a metal produced through the fusion of a deposited
metal and part of a base metal. To produce a weld metal having a 0.2%
proof stress (0o.2) of 620 MPa or above, the C content needs to be 0.02%
or above. If the C content of the weld metal is excessively high, the
weld metal has an excessively high strength and high low-temperature
cracking susceptibility. The C content needs to be 0.15% or below.
A preferable C content is in the range of 0.04 to 0.08%.

Si Content: 0.3 to 1.4%

Silicon (Si) serves as a deoxidizer and is an element effective

in ensuring a weld metal a necessary strength and reducing the oxygen



Mh Content: 1.2 to 3.5% Manganese (Wnh) is an el enent
effective in ensuring a weld neal a necessary

strength and reduci ng oxygen. Deoxidation is

insufficient and a weld netal having necessary

strength and toughness cannot be produce if the M
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Cr Content: 0.02 to 2.0%

Chromium (Cr) is an element useful for stably ensuring a weld
metal sufficient strength. The strengthof aweldmetal is insufficient
when the Cr content is below 0.02%. The strength of the weld metal
is excessively high and the toughness of the same is not satisfactory
when the Cr content is above 2.0. A preferable Cr content is in the
range of 0.1 to 0.5%.

Ti Content: 2.0 to 6.0%

Titanium (Ti) is an element having deoxidizing effect and
effective in reducing the size of crystal grains. The Ti content needs

to be 2.0% or above to make the effects of Ti effective. An excessively



Mol ybdenum (Mo) is an inportant el enent ensuring a

wel d metal necessary strength. The strength of a weld

metal is insufficient when the M content is bel ow

0.1% The hardness of a weld netal is very high and
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is above 2.2% A preferable M content is in the

range of 0.2 to 1.0% M Content: 0.01 to 1.0%
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(Ti02)/ (Mg0) = 4.7 e (1)
where (TiO.) and (MgO) are the TiO; content and the MgO content of the

flux-cored wire corresponding to the respective ratios in mass of TiO;
and MgO contained in the flux to the flux-cored wire.

The oxygen concentration of a deposited metal can be reduced by
adding Mg0 to the flux of the flux=-cored wire to lowex the activity
of TiO,. Thus inclusions (oxide inclusions) contained in a weld metal
is reduced to obtain a weld metal having satisfactorily high
low-temperature toughness of a Charpy impact value VE.g at 60°C of 50

J or above.

The higher the MgO content, the higher the oxygen concentration




per formance. Al though wel di ng performance is
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t he toughness of the weld netal is | ow when the
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SPAECHakPRPHFaRt Y AFdIRE PEFARTTIARSP n’d“pré?é’é?ﬁ’ LIIgEfehen the

t *B.%l b Zertngs M. okl ow She8IntMaE ford SePackedpdbithia metal
e flux of the foregoing” conposition to forma

f Iauat -heored-hal ¢xygeht cqrsiepteffet:atblwel@ hreet-al Heendf| ch@r@@e when

re has a flu packln tor oper. range.
pFBﬁeﬁltoTweBgckncﬁﬁa? act o I?rfffﬁa@he&rg §e"o dboa’f‘ely’ the
1Qat» QQQ&HSSW/OHM tbSheBrdid-cbeed wit®, ﬁEOM'l dﬁe tda@ge of about
necessary alloying elenents only by the flux and the |
hél b dw aped] éwt¥-e %é’é&§e¥@1€o’ﬁ$gicﬁn‘f%és am BYg fgnge of about |

Tlﬁggrent Sbc\:{m:e?é%% qfecfgle CQ:%CKI nr%lfti‘ ‘%or T!léz)l?%’lg&{néoﬁ'? needs to

hSl PBW s ont ai ni ng  those allo
ebengdisrier eases the material cost. A holl ow steel

The flux-cored wire of the present invention can achieve the
object of the invention when the flux-cored wire contains those elements
in contents in the specified content ranges and the condition:
(TiOz)/ (MgO) 2 4.7 is satisfied. The flux-cored wire may contain oxides,
such as Al,0s, Si0; and 2r0;, as slag-making agents and arc stabilizing
agents, other than TiO; and MqgO.

A hollow steel wire is packed with the flux of the foregoing
composition to form a flux-cored wire. It is preferable that the
flux-cored wire has a flux packing factor in a proper range. A proper

flux packing factor is in the range of about 10 to about 30%. It is



Wi re containing those alloying el enents has high

strength and low drawability. The wall thickness of

the hollow steel wire is small, the hollow steel wre

is easily broken and the holl ow steel wire has |ow

drawabi ity when the flux packing factor is above 30%

A preferable flux packing factor is in the range of

about 12 to about 20% The flux packing factor is

déflifﬁ{%ﬁllk?yt‘f RECT e GWPﬁgecéiﬁ?@Séfb‘WlngFﬂﬁ@e@éél@fﬂg by the flux
(1R8H { f Sl

of Pt TR et TP Eyefe Tos T Brohan s g {hgencs wnen

; tthe flluuXpecRieg facter mfo- bteblew poesemhe hiolYewisiceal it8be containing

degendent basi cally on the anmpbunt of netals contained
(Fho eIt BY D1 BRF RIS 1A ATES T gk Ma bR &t heC sl uhthogfow steel

ther écﬁ'lltél&%‘r% ahBed a1l EH& QLA sageh; rs%'re;l-cﬂg{ @nd low

are mts t respec I ve anmounts of oXl des
camabapiddny ai med wanllt heif¢knessantl the hbeldw wxephokiregis small,
factor, .and restrjcti.ons an the anount s_ of

| t )
¢ e RAHOBE st 4 Hod® T47 LN RO o LRI NAy1PH. steel wire has

Thet &f %&b i1i By $BBR thaS@sx pabkiry iddorciy !\bovteOB(&dJ UShbreferable
the el enment contents of the flux-cored wire only

t Bl eagheckhes f@datesm%mn ote tdragamdurrbsubfl? FF@ n?m‘eu 30%.
cont ai r}gd éln t he f?x P?Xﬂ dg eg lg)h%hg %D%Egt h&press:.on

metal content OW ST W €E.
it is diht psui:ingt P2 @djrUgdertBRt Ey ma@et ent (MaBspﬁﬁ’theCﬂiL&ﬂ/ Mass
of the flux-cored wre of the present invention only

t REotlgh ti e eediedsthent) 8fl@he Ti  content of the

oxi des Tﬁ'@delteglgngl c&%@h@n&f ‘Hnet Pﬁﬁ@bk@&vvﬁtr@ebf Vi€ pré&nt

such a case, Ti powder is added to the flux to adjust
t Inevéﬁtloomsenepermfenth@sflbaklscgn etdlevwmcemtlixfamptegﬂ cPheained in

PE b St B AL T B8 b has containea
E&ﬁrmh%&lléwfé_ﬂ&élc@meal nrrr&eoa@ed@ﬁniwwohhrégre‘fsp@%twe amounts
MyO, Al1203, Si02 and ZrO was packed in a holl ow steel

WP f eoxifdies ethattecap Mo fertai@ednit dhpsfhey ggd to the flux packing

factor, and restrictions on the amounts of elements that can be contained
in the hollow steel wire. Therefore, in some cases, it is difficult
to adjust the element contents of the flux-cored wire only through the
adjustment of the amounts of ﬁhe metals contained in the form of oxides
in the £flux and the metal contents of the hollow steel wire. Sometimes,
it is difficult to adjust the Ti content in particular of the flux-cored
wire of the present invention only through the adjustment of the Ti
content of the oxides and the Ti content of the hollow steel wire. 1In
such a case, Ti powder is added to the flux to adjust the Ti content
of the flux-cored wire.
Examples

The present invention will be concretely described in terms of



formed by wi nding a soft steel hoop (which includes C
0.05% by mass, Si: 0.05% by nass, M 0.50% by nass,
Ti: 0.02% by mass and other elenments: Fe, unavoidable
I mpurities) of HT80 grade, the hollow steel wre
packed with the flux was processed by a draw ng
process to obtain a 1.2 mmdianeter flux-cored wire
havi ng_a flux packing factor of 13.5% Vari ous

f [RIBBr e @ EWF e PrEFeRhel TV6PEYYU -ng basi ¢ constructi on
havi ng Eth{?%grlent el ement contents were nmade by

adj usting e chemical conposition of the steel hoop
and addi ﬁg;mbmﬂamv;dedxluestﬂmelﬁdimg Tlc§3hemgoca1\.1203, SiQ; and Zro

conpositions of those flux-cored wires are shown in
THBF Parked dnga Seildev” SERes i edhitRehe B3t oy 8tesd rike is being

”%@?Jné(d gﬁﬁnﬁiﬁ’cﬁBe&%b% stle@l 1123y (hﬂlﬁﬁslr@lugéé deSp. 053 by mass,
contained in the uxtothefFux cored wire, are

slBowno iabsTablmasz, HO: Tabloé dy Gesen Tal 0ndt% thyamass and other

Si res cent_nmass Tes Mi N Mo Ti .

OFIBIT S Y, J0I0 Fa13 RGOS PTG (1780, (gegioflow steel

0w15e :k)acge@w@tﬁ) the §l\_g( 08s QrQCQGSZd%ﬂaQiAw@n; p%o@er t8 obtain
. 0.52. 11.7 0.2 0. 3 4. 0. 5 50.04 0.5

1811 'Z m @izar@tsr@l@x@c%redawxxeoqax@na pflux pagking @.@08.03 13.5%.

pReid fh fore ' ? sy - Gednd Py fodliliti naving

0439ffdifdn®. O0rdnt dontlentsOwdra3 m@dd B 3AdPudtinkl tRe Ofhedhidal
3.6 1.50.6 0. 54.90.5 12 0- 09 07 2.2 0.1 0,3 0.6
JeonEP tiqn f (he oPpel oo nd) adding' metslgpoder to the flu.

Chemical compositions of those flux-cored wires are shown in Table 1,
and oxide contents of the flux-cored wires, namely, the respective
ratios in mass of oxides contained in the flux to the flux-cored wire,

are shown in Table 2.
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14 0.05 0.8 2. 11.2 0.01 0-2 3-3- 0. 5 15 0.02 0.4
2.32.02.20.33.20. 5 16 0.08 0.4 2. 3 2.1 0.3 0.5
17 0. 06 0.4 1-6 1.9 0.1 2.25 3. 50. 5 18 0.03 0.4
2.41.00.21.21.70.5 190.050.42. 11.90.20.9
6.3 0.5 20 0.07 0. 42. 32. 30.20-23. 30 005
.22.40,10. 23, 6 1. 1 GOher

21 0.07

el ensnts Fe.

0-5 2.

elerren6 orignatirg fromthe flea and

unavddd@beéei¥ puri bes 11 Table 2 Test Na xide
gontenffs of the T1ea etikmcaRmbsitdrb oKl p(magl Or TV
N7 Sith Zr0 (i O]) M-ALHO)n ( pEN; ent by mmss) 1 Mg
.51 0]500.0705[0030 0. @4ds 9] 02143. 2 14. 51 @.250] 0a.05 0.5
(.30 0./040.980 13056 2.$1/0250 0% 50 0.204] 93. 0.5
13.8 440-5%31)5&-%1 D517 30 & 14l 9 0 413 0.2 53.60. 650 0.5
h N& Ni12n%®2n41aCP 18 § 1ol alch £ 20 2 3on| N4y 0.5
"5, .- 00a, Lo ET 21 S '19,}?%' 030 | 04D 0.5
T o8 alag0. 01T 04 F 211 218 I “g Zi'jslerr 9| 3.3, 0.5
Y- 99 YTUIo YU UpUft V. 4 3197 D2 g7 . Ig 2U. 01:499] Us 3V 0.5
.U 0 d @70 0 A PI20. 50 ¥.7050.80 U.]040.9. 0 1366 0.5
11 4.51 0Oo.%9@ 0/ 0% €. BO2& 0¥ 9.40 N13. 62 12 4o.531 [0.56 0.5
(01 300.@804190(¥ 1B3. %1 13 A4 0. %3 0 05.-8 ECLQEO 0.5
9 0113/6 %P 415919 503F@ 05 $%30 0. B2 910 348 5 48 0,5
, 02 089~ ~0.7 22 ol 0.1 o2 ,l-.0 8 4.0, 0.5
T 8 71 7%. 987 Yo P2 Jt Y382 P o3 V0.8 33" 0.5
3Q 07040, 950 3o L7274 DL V200 0.o0% 0.3, ©- FaVU 0.6
.15 0. 02 0.4 - 2.3 2.0 2.2 0.3 3.2 0.5
16 0. 08 0. 4 2. 3 2.1 0.3 Q 3.3 0.5
17 0. 06 0.4 1. 6 1.9 0.1 2.5 3.5 0.5
18 0. 03 0. 4 2.4 1.0 0.2 1.2 1.7 0.5
19 0. 05 0.4 2.1 1.9 Q.2 0.9 6.3 0.5
20 Q. 07 0. 4 2.3 2.3 0.2 0.2 - 3.3 0. 005
21 0. 07 0.5 2.2 2.4 0.1 0.2 3.6 1.1

* Other elements: Fe, elements originating from the fiux and unavoidable impurites
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18 4.57 050 0. 05 0.30 0-04 9.0 135 19 4.51 0.50 0.05
0.30 0.04 9.0 13.5 20 4.51 0.50 0.05 0.30 0.04 9. O
13.5 21 4. 51 0.50 0.05 0.30 0.04 9.0 13.5 Wl ding
experiments were conducted using the flux-cored wres
under the follow ng welding conditions to deposit

deposited netals.

tensile test and speci nens (23111,
Char py Talpaci test were sanpled fromthe dep03| ted

Test specinens (Z3111, A,

A4, JIS) for

JI'S)y for

o _determ

Tal ST THE 1 ke conPB G hd FE Pl tEST el © Flox packing faclor
\Jaltf¥s [of 90,2%2 oRb Strass | (08). 2) and { hes¥ Mol v ngmass)
CRaR Py |1 MpRael Val ue VEobés al o BV QJ. ok NE OEROBI L € 1.5
netal s| Wl e ng | Cormi_t]i @nss ViEladeang| poest | on: oFd at 13.5 |

osBti gn 4Shi el qi Agogds o GDY A 3and PO 0O, oWl dipg 185 |
curfent 2391 A Pdi®nd _\PoPs L 3 - 0 din8 %pneeyd: 13.5
ban5 . 4, 250 ] L0 13. §
) s 61 o 1,.9.80° 17098 |0 0. o 13.5

Hea et 7 TR 30 [T o, o S o et ik 3.5
gtabe, TSHiYEps (Ce 188 [ToSs S0 e oVolT POVEST 13.5
roeve|angl & VI dorwg 6Xpeda NEmt o Welceo£onduceéd under 1s.s

hetof ol | owi 9 [ digeg | ©oredilt joo?ps fi P- @4 vertiea up 13.5
weldi ng nrfd@! t ol e@douat € el ldiont? ner’ & nance?- 2 \Wel di ng18-8
berPor rande® WasleffPudt 8:P8% d 19:3% dad- 2 lad® B s o 135
¥ 13, . 3581 | 960 1 5.08 1 030°1°0.04 | "~“"9.0 . 13.6
Progh ¥ Sl sy ""5' 0V ¥ blgs?' 830 . S g © 138

5 T4 gEtal §iad @ 5188010 oUl[T @Ces (VeI Ub.1R0 13. 8
beriisor manaeswas| go.aded badsr |( wadoked ow4 hf a bé.ank 13.6

ri1ang e) 4v¥ten ye?-t5Spcal 0108 g ssidloe and a 18.5
\ tal® Had PP\ﬁQl deP- 11110294 ti 2%l dilng 13-
,n,,1pn,, h51‘ 5p + Q. 05, .30 1. Q.04 PN PN 13.5

20, “f‘jl‘gcsfﬁﬁs Td%ﬁ 0. 05, | 'cho L“%ﬂfa 9. ! 13.5
ET08S) T Whgns stay 3y S}J' gtgat ool HP8UdOWIT dgllg 13.5

Welding experiments were conducted using the flux-cored wires

under the following welding conditions to deposit deposited metals.

Test specimens (Z3111, Al, JIS) for tensile test and specimens (23111,

A4, JIS) for Charpy impact test were sampled from the deposited metals.

The test specimens were tested to determine values of 0.2% proof stress

(0o.2) and those of V Charpy impact values vE.g at —~60°C of the deposited

metals.

Welding Conditions

Welding positioﬁ: Flat position

Shielding gas:
Welding current:

Welding voltage:

280 A

31 v

Welding speed: 300 mm/min

Preheating and interpass temperature:

Heat input:

1.7 kJ/mm

12

80% Ar and 20% CO;

150°C



vertical up welding could not be achi eved. Wl di ng
Condi tions for Welding Performance Rating Welding
position: Vertical up position Shielding gas: 80% Ar
and 20% CO2 Welding current: 220A Wl di ng vol tage 22
to 24 V \Welding speed: 14 cninmin Goove: V groove of
90 groove angle Waving width: 7 mm Measured val ues
of Co.z, VE 60 and wel ding performance are shown in
Tabl e 3BasVahefssl :0R0 ggr 2hxcB20.aVPa SHYB6EhOSEL 26f JVE 60z
50 J were evaluated taq be acceptable. Shown also in

Tabl e $*8PEevA JECOW BxJged e 3C&h¢ration of

deposi tedqi®R) akse S8l Nad B tLACIHdedahd W81 Rling welding
nmet hod. 13 Table 3 Oxygen coin eniratim Test

V\EP@ﬁifring nae vatighl @ep@éﬂiwmmto Repdts we(lMBegperformance.
046 0 Suffi e m.and .

{Pe et s Oy SRR B b oot Fay R B b1 ank ciree)

t ehigh veaegoD dipRé thimoPRas PBBELLe In69d Wl dOne QA4 hld a smooth

Suffici ent bwdem hse ness aid good wel el i ng perfornance
Asepipars (Jd4ing RFteErEfe Nﬂfvﬁ‘Fﬁé‘?éhf@rné%r’aﬁ?H whEhj  blank

o T B R M A i s o
ga&gmeeaanés 19r£30ﬂ.®§$t3/e§1l g%mlhg@éd'fbmhaddérs&ﬁaﬁdﬂdhted to be

8 475 22 0.063 0 Insuf Sts and fnsulkie d bugl\/rn 9 825
SR TG Y AR ShneEm 6168 BrSaS o 200 FRRFC fiown and

‘ ntzélq:l%@.dr.l Gﬁ%@ih?ﬁ&‘ &%lae§<§t be achieved.

Welding Conditions for :Welding Performance Rating

Welding position: Vertical up position

Shielding gas: 80% Ar and 20% CO;

Welding current: 220A

Welding voltage 22 to 24 V

Welding speed: 14 cm/min

Groove: V groove of 80° groove angle

Weaving width: 7 mm

Measured values of 0p.2, VE-¢¢ and welding performance are shown
in Table 3. Values of 0o.22 620 MPa and those of vE_g =2 50 Jwere evaluated
to be acceptable. Shown also in Table 3 are values of oxygen con-

centration of depositedmetals determined by an inert gas fusionmethod.

13



11 911 18 0. 055 O Excesstyely N and bw tae aadd 12
707 27 0.057 O InsufflcwA Wighnm 13 764 53 0.050 0 Hi
e aeclung 14 605 51 0.055 O Insulficientsh 15 934 36
0.053 0 Excmhr* ho stero and i suRdenf tuugt~ 16 666
50 0.050 O insufltiait 17 766 32 0.053 O cessively
hi gh st and insufficient tououiees 18 741 26 0.045 0
Intl ent toughness 19 898 18 0.060 A acesively high
st rengtlabaad3 rnuch slag 20 710 47 0- 065 Q

IMsTfficiaf NEST] oden dbiralao] U 042 TA NICHT Wet fT fume As

q kiiﬂ DUz 1 pMEkhe REesiamed v'g‘r 4 strength andemaks
tlouaghness Bre | rpereesttypasshnposed 1o pnr‘h 0f her
tnﬂm 28 t cfitls It o 8P e i g

4t qn?'@ ThA! A Q_Qp'l‘_éﬁ

U b\a IIUéJI;. ) Ilsg‘:\f \v e N | Lo\zz E[

I CHU E J SIIC I an& 1T
tEa| SesH [€8F [NOSo okat O
STEEN0EY andss oUgNNB e Ve ‘ AC =
br oducezzg |t hese [deposused metal s mé&ﬁ\ﬂf&fﬂaﬂiﬁoﬁmﬂbﬁang
epoki #2d neeal § naof- MBet i ng Qompinfcientskppgth endipsofickns topgimess
te?rulr bv5% h tHoveft i gbpdwey I deposited
T8 ) 58l | - 38 E,EL 0.052 |4 InsiyMiciant skrepgth and insyMiciént loughness
a9 Po1dt [FTYE U0 0,085 0 [T O T Excesswely Bigh stength and-ow-temperature cracking
pLLEMUGdY, [aNe,; A€ NP losF at T{ST AT Ol ok thgid TTESS  dld
Valkdj Ngsapar 1 68 NYNC Co. obh UX-|COT® U _ YWigh-@perdths brdkng 20T 1 Cal €d
waal psasceduse di m e.@sst o It had 1mmxﬁmemnq the

138x}- cefted wB% e |i n FPHRP] 6 A A i
b A8t Ia 1§66 Q- i f | u 880 Wek
T oelOBr dmadrt Lt fred-0B8 11
JH ! f‘ | I_DLZéJI ] LIIITO'O $—U)\'
abli e #bs dioXi[de & oRs ent
Mzpes, 7i0anel ¥z tthe @@S@GCtIV&)raIMﬂﬁmMﬂWﬂﬁSS of oxi des
cantlai 1e6d_[i n6% he f191®42 0 tlhe 4 | ukMuheidogiumei r e, ar e
shown in Table 5. Table 4 Test No. Chem cal non of

flw. cod tks | mass
As obvious from the measured values, strength and toughness are

D
-
I~
iy
g -

directly opposed to each other; toughness tends to decrease with the
increase of strength. The deposited metals meeting the conditions
required by the present invention, namely, deposited metals of test
Nos. 1 to 5, are satisfactory in both strength and toughness. Welding
performance in producing those deposited metals was satisfactory.

The deposited metals not meeting some of the conditions required
by the present invention, namely, deposited metals of test Nos. 6 to
21, are satisfactory in strength, and are not satisfactory in toughness
and welding performance.

Flux-cored wires were fabricated by a procedure similar to that
for forming the flux-cored wire in Example 1, except that the oxide
contents of the fluxes were changed. Chemical compositions of the

flux—-cored wires are shown in Table 4, and oxide contents of the

14



CS MirLCO M 11 ME 22 0.04 0.8 2.1 1.7 0.05 0.1
3.8 0.5 23 0.040.52.11.70.20.13.90.6 24 O 07
O 42 42.40.1043.105 250.040.52.11. 70.1
0.13.805 26 0.040.82. 11- 70.120.12.7 0.6 27
0.040.52. 11. 70.20.2-3.6 0.6 280.040.52.1
2.7 0.20.13.60.53.50.5 290.040.52.11.7 0.02

0.1300.040. 82.11.70-10.1-3.30.6 310.040.8
2flud-chr@dZuikekl, Znatndlyd 132 r@sﬁélc%leaﬁﬁo]s i Iﬁ)asslo(ﬂ oxides
12.70.50 5 330.040. 11- 70. YO 1 2,
3gontgineg, gn Fhe flux Gooths fi“’i"?erS"“r?B Bro£Nevs ?“ fable 5.
1.0 0.2,0;4 3.80.5 dlie elerrwds: Fe. elements on
nallng 1mnth Mx__and unavoi i

181 S Hat-hel Yu e etd—ret B Xt o mLW"“'b"ﬂ’é@% W0
02910 4 m%&; 22— S CR AL e
22 0l 0c0-8h gl D8 5024 3l Lol gpsn d, 0T [ 4§ 0.5
RTINS T W T N (A S A - Al o199 “4. ¢ 0.5
S PE oovd U022 @ 1720700 16, P 13 55 45 P- 308 0.5
)26 0] 050.@431]0.0.96 {1321 13. 07 26 40. b1 0. 5810.053.8 0.5
.28 0{ 040.940 13086 12725 76 0.7/1 D ®51 Q- |310.0, 06 871] 0.5
328 D3 %0473/0079 (. 0&BIQ] 317 55 @21 13 %2 29 8.6 0.5
28 ob Q@3N _ 1228 o %1 7 127 | 28 2p gn G thn A3 0.5
i%;,l n‘ﬂg:ﬁ:vr U:b-‘éii:‘y 7 2—:'-1 T j?‘? ~J \Jb{ oe\J_\. d.’vuw3.\? 0. s
I I S S I T 2.1 1.7 0.1 0.1 3.3 0.5
31 0. 04 0.8 2.1 1.7 0.2 0. 1 2.7 0.5
32 0. 04 0.5 2.1 1.7 0.1 0.1 2.7 0.5
33 0. 04 0.6 2.1 1.7 a. 1 0. 1 2. 9 0.5
34 0. 04 0.8 2.1 1.7 0.2 0.1 1.2 0.5
35 | 0.04 0.8 2.1 1.0 0.2 0.1 3.8 0.5
* Other elements; Fe, elements originating from the fiux and unavoidable impurities
Table 5
Oxide contents of the fiux (percent by mass) Flux paciing factor
TestNo. TiO: MgC ALOy Si0; Zr0, [¥i0z]AMg0] (percent by mass)
22 6. 38 0.11 0. 04 0. 31 0. 06 60. 6 13.5
23 6. 19 0. 30 0. 06 0. 3% 0. 08 20.5 13. 5
24 5. 14 0. 30 0. 22 0.17 0. 06 16. 9 13.5
26 6. 03 0. 46 0. 05 0. 31 0. 08 13. 1 13.5
26 4. 51 0. 50 0. 05 0. 29 0. 04 9.0 13. 5
27 5. 76 0. 71 0. 05 0. 31 0. 05 8. 1 13.6
28 5. 78 0. 71 0. 05 0. 31 0. 05 8. 1 13. 6
29 5. 78 1.22 0. 06 0. 31 0. 06 4. 7 13.6
30 5. 50 1. 00 0. 05 0. 30 0. 05 5.5 13.5
31 4. 51 2. 01 0.05 0. 30 0. 04 2.2 13.6
32 4. 51 2. 01 0. 05 0. 30 0. 04 2. 2 13.6
33 4. 51 2. 01 0.05 0. 30 0. 04 2.2 13.5
34 2. 00 4. 50 0. 05 0. 28 0. 02 0.4 13. 5
35 6. 50 0. 00 0. 05 0. 30 0. 06 . 13.5

Depositedmetals were produced by carrying out welding using those
flux-cored wires under the same welding conditions as those for Example
1. Measured values of 0y.2, VE-¢p and oxygen concentration were measured,
and welding performance was evaluated by the same method as that of

evaluating the welding performance in producing the deposited metals

!
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31 4.51 2.01 0.05 0.30 0.04 2.2 13.5 32 4. 51 2- 01
0.05 0. 300 04 2. 2 13. 5 33 4.51 2.01 0.05 0.30
0.04 2.2 13.5 34 2.00 4.50 0.05 0.28 0.02 0.4 13.5
35 6.50 0.00 0.05 0. 30 0-05 13. 5 Deposited netals
wer e produced by carrying out wel ding using those
flux-cored wires under the same wel ding conditions as
t hose for

of

Exanpl

e 1.

Measur ed val ues of 00.21 VvE 60
aimd Egrygen lconcentrati on were neasured,
perf ormance was eval uated by

evHIUFERAY Th &2 W UiPhg béﬁsr%ﬁ%eapﬂ

and wel di ng

t he same method as that

Brsaacrhaelding

tﬂ%@fggﬂ%et ede BIASin Hoph B EXafRl ebosifen ﬁ%@a?lg %etlng To.2

val ues of 00.2 and vE_60, and grades of weld

i ng

peléfzorm@edavfeszshoﬁ\m 3 weﬁ"@kﬂveleatél'dwemdbpamqeedalvﬂe& al s

meet i 2 620 MPa and vVE 60 a 50 J were eval uat ed
to_be acce Eabl Table 6 _Oxygen conceetra Test No.
aoz VEso bjon of |\esedrye=Re rks i nefe ce
(rR@& € Ntoly NB5EY Zﬁ‘"ﬁgﬁf"% W20 10 Suffi ci ent Rem@w t ar o
t auf i ess and gO(d,pép@*bg,{;&{ %e'é 641 64 0.045 0
N T Eé!%' Vo ' ehtfow-fnperatire toughriess and good weiding performance
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aunf mavXWreet &l s dédsace A Imegutarities found on weld metal surface .

32 625 72 0. 039 A Imegutarities found on weld metal surface

33 697 89 0. 040 X Vertical up welding was impossible

34 630 102 0. 038 X Vertical up wekding was impossible

35 604 45 0. 050 X Vertical up welding was impossible

It is considered from those measured results that the addition

of MgO to a titanium-containing flux is effective in reducing the oxygen

éoncentration of the deposited metal.

from the measured data.

The followings can be deduced

The oxygen concentration of the depositedmetal

has a tendency to decrease with the increase of the MgO content resulting

in the reduction of the TiQ,/MnQO ratio.

The oxygen concentration is

0.044% or below (440 ppm or below) when the Ti0,/MnO ratio is 9.0 or

below.

Welding performance deteriorates (Test Nos.

31 to 35) when the

MgO content is excessively high, i.e., when the TiO./MnO ratio is

excessively low.

ratio is 4.7 or above.

Welding performance is satisfactory when the Ti0,/Mno

Thus it can be deduced that the oxygen concentration of the
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32 625 72 0- 039 t I memAw tl as kwdonvMdnmeW ar|l we 33

697 899 0.040 X Vertical tip wel & was npossNa 34 630

102 0.038 X Vadcal up welft was snpassba 35 604 45

0.050 X Votlcel wel6 was -ue It is considered from

those neasured results that the addition of MO to a
titaniumcontaining flux is effective in reducing the
oxygen concentration of the deposited netal. The
fdsiPbeit e etah dge rdgeeerd frent tMeedmshdakel odabbgh Theghness
oxygen concentratio 0 I . ,
te%g%ngy eé}85§§1§%?%gy%%§%%%§bé§%§ o%%¥ﬁ§h%é€§BUStlngthe
crant Ao E@Sw bE Nhe titashhems@ditaihofy @iut be tHeORibMraored wire
rati o. The oxygen concentration is 0.044% or bel ow
(ffﬂ?!FOgﬁi)nﬁhélelB@(?@Wf WRkH "OhEC T3 CPANRG™T &t PEPRY 9209%r

bel ow. I et e 0 Jast .

Lo 357 et Rt en T Basar el g hi g Preterred
Iembodlmhﬂ:rs tvhﬁl B CRttvhion dayree oS pexcestavilyy bbwously many

Vel di ng performance is satlsfactorg when the Ti 02/ MhO
F&PP%‘?? §n&‘ 7252 tABBY ST CTROSS 1R Cc ARt e "dedidicéd e TPRR to be
ARUGEL SRNEA ERL 5)9@5.9& sn\eentll@nd\eeqpﬁé bed- Rl o&ﬁﬂw@?e than
reduced and a wel ding netal of high toughness can
psozheced ii:ﬂlJar setdrgbadtherginelidhagt gepd Orimgnterbyhe scope and
altlustln ? Ti Oz/ MnO ratio of the

ﬁﬁ?dﬂﬁfsﬁ aining flux of the flux-cored wire for
gas-shielded arc welding to a value in a proper range.
Al t hough the invention has been described inits
preferred enbodinments with a certain degree of
particularity, obviously many changes and vari ations
are possible therein. It is therefore to be
understood that the present invention may be practiced
ot herwi se than as specifically described herein
wi t hout departing fromthe scope and spirit thereof.
17 What |Is Cainmed Is:
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1. Aflux cored wire for gas-shielded arc welding wth
flux conposed nmainly of TiQ2-based flux and not
containing nmetal fluoride filled in a steel -nade

skin, conprising in %in mass against the total nass
of the wire: C 0.02-0.15% Si: 0.3-1.4% M: 1.2-
3.5% Ni: 0.2-3.4% C: 0.02-2.0% Ti: 2.0-6.0% Mo:

0. 15RaR% 8Ne1 MineQ- P4: 1. 0% respectively, where Ti Q2
content [Ti Q2] and MyO content [MyQ in the flux

satisfy relation of an |nequaI|ty (1) below, the

[LTi Q2 4.5-6.1% .and t 2-1.5% [§) .
ol TSI PSS wiTs 1) SRROrBLPHICH 25H e MIEPS ayith
cont erftl%;@fcoﬂ %e@n%alyg@y %Qntl‘ab?%éera tdesf ldhg @d n

mass agai nst the total nmass of the wre). 2. The flux
cor ed aginte ifndnggasteli dluedidec fidldiingn acebedl ngade
ClalmJE wherein.a.filling factor of the flux is

10- 30%% comprising in in "mass against otal mass
of the wire: C: 0.02-0.15%, Si: 0.3-1.4%, Mn: 1.2-
3.5%, Ni: 0.2-3.4%, Cr: 0.02-2.0%, Ti: 2.0-6.0%, Mo:
0.1-2.2% and Mg: 0.01-1.0% respectively, where TiO,
content [TiO,] and MgO content [MgO] in the flux
satisfy relation of an inequality (1) below, the
[TiO,] is 4.5-6.1%, and the [MgO] is 0.2-1.5%:
16.92([Ti0,] / [MgOl24.7 - (1)
where [Ti0,] and [MgO] are contents of TiO, and MgO
contained in the flux (% in mass against the total

mass of the wire) .
2. The flux cored wire for gas-shielded arc welding

according to Claim 1, wherein a filling factor of

the flux is 10-30%.
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