SPECI FI CATI ON FLUX- CORED W RE FOR GAS- SHI ELDED ARC VELDI NG BACKGROUND OF
THE INVENTION Field of the Invention The present invention relates to a
flux-cored wire, for gas-shielded arc welding, fornmed by packing a hol | ow
steel wire with a flux of a Ti02 (titania) group containing Ti02 as a
princi pal conmponent. More particularly, the present invention relates to a
flux-cored wire, for gas-shielded arc wel ding, capable of inproving welding
performance and of producing a sat tough weld nmetal and optinum
for welding workpieces of high- teﬁ%?£2§£§%iﬂdh Description of the Rel ated
Art Ships and of fshore structures are built by welding together nmaterials
of high-tensile steels. It has been desired to develop welding naterials
capabl e of produci ngFWeXd-¢rEtlaWSRRa¥PhFASatHSERRIOAMRC WBughHess,
particularly, |owtenperature toughness, and high strength to build those
structures. Welding materials excellent in | owtenperature toughness have

been devel oped for the fieldy ﬁEKéﬂBﬂ%bdéf =< Wwekdh gy and subnerged arc
wel di ng. However, those welding materia ave problems in working

ef ficiency and m@érurux pasi thodshtiGas- shi el ded arc wel di ng using a fl ux-cored
wire can forma bead of a satisfactory appearance and can inprove wel ding
performance. A Th¢presenédingeetifoor Hedakss pacRi ﬁ@u%rcmeldows@eefom re with a

flux of a tit oup cont ai ni titania (;Ji Q) as..a princ onent
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to gas-shielded arc welding, a weld netal having a high concentration in

t he range MafreSfdticularly, the present invention relates to a flux-cored wire,
for gas-shielded arc welding, capable of improving welding performance
and of producing a satisfactorily tough weld metal and optimum for
welding workpieces of high-tensile steels.

Description of the Related Art

Ships and offshore structures are built by welding together
materials of high-tensile steels. It has been desired to develop
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 ¢f 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 (TiO;) as a principal component
(hereinafter, referred to as “titania-flux-cored wire”) is used

prevalently for gas-shielded arc welding.



to 600 ppmis liable to be produced. Such a weld netal often has | ow

| ow-t enperature toughness. Various welding materials for flux-cored wres
have been de- vel oped to achi eve both producing a weld netal having
satisfactory nechanical properties, particularly, |owtenperature

t oughness, and inproving wel ding performance. A technique proposed in JP-A
H3- 47695 capabl e of inproving welding perfornmance and of producing a weld

metal having satysfactony Ok, chanl calpropertl 6y sUgh A & Lensid
strength TS of about 796 ﬁPalaorqgioveeand a é%a?gy %%pgb *Val ue vELB%r%t
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ranges. A techni que proposed . in JP-A H3-294093 i nproves wel di ng per-

f or mance aiﬂwiﬁ%ﬁhﬁﬁ?guﬁngﬁ%Fﬁﬂsﬁﬁr havi ng satisfactory nechani cal

properties incluyding,a fensin enstLeNath 19 81wk 4830 M3 L BRONE 2N 2
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wel ding performance ggd roduces_a wel d nmetal having nechanical properties
neeting t he"KS {KSr E5n° N ipdeﬁlélf)rré?%cnedar ds) and standards specified by the
AVS (American Wal«lidag 1§06 heb¥dsed\ih §8hAKGUET DSDRASAA d &if IRp A2 IAAIEO
achi eves reducing residual stress in a weld netal and inproving the fatigue
strengt h oferfdmmanekdandted ppdusimg aaveltanételf haxioorexk Wwifeethayimg- a | ux
2 containing 502 and A12Q3 for welding materials of a steel having a

tensil e st?%ﬁRﬁQ?ngr8ﬂeﬁqﬁ$%oraé?hcﬁs Egﬁeﬂﬁ%&e strength TS of about 0 MPa

or above and a Charpy impact value vE_3; at -30°C of about 100 J or above,
by using a titania flux containing Ti0; and MnO as principal components
such that the ratio: TiO,/MnC is 1.7 or above, and alloying elements
including Co, Cr, C, Mn, Ni and Mo in proper content ranges.

A technique proposed in JP-A H3-294093 improves welding per-
formance and produces a weld metal having satisfactory mechanical
properties including a tensile strength TS of about 830 MPa or above
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,, MgO,
a metal fluoride and alloving 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



A techni que proposed in JP-A H7-314182 i nproves wel di ng per- formance and
produces a weld netal having satisfactory nmechanical properties including a
high tensile strength of about 580 MPa or above and a Charpy inpact val ue
vVEo at OC of about 150 J or above by using a titania-flux-cored wire having
a flux containing TiQ2, at |east either of MyO and FeO, Si Q2 and MO Those
previ ously proposed techni ques nade possible building welded structured
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ci rcunst ances desire flux-cored wres capable of producing a weld netal

havi ng sti Léndughetrshgemgtsh candhstodderhioghepo Mrughness. It is de5| red to
produce a weld netal having a 0.2% proof stress (0O 2) of 620 MPa or above
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capabl e of producing such high-sftrength, high-toughness weld netals.

SUMVARY OFaddia chWENTIi@NatRevpresent dinventdroabdas 13een dmdeowadey uchy
circunmstances and it is therefore an object of the present invention to
provi de a af:pgﬁan)—rfe‘l@xv;ppéedwére@gglgg,.a erat@iRdraitigz. eapapsé wfther

pr oduci ng 2% proof stress (00.2) of 620 MPa or
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provides a flux-cored wire, for gas-shielded arc welding, formed by packing
a hol | ow sw&lglednisteuaiiudted 3nglidfiing wﬁtiamﬂtarﬂ@ daiviog mmraar'ﬂrtmegyduwfas a
princi pal conponent, and cont ai ni n 0 02 to 5% mass %er ei nafter,

referred tB ey adhegggseat glELnstangss §|‘953“i‘32f 3013%1 rep c2regls. 49
N, 0.02 t(9f grgc{ﬁc1ng a weld metal having still higher strength and still higher

toughness. It is desired to produce a weld metal having a 0.2% proof
stress (og.z) of 620 MPa or above and a Charpy impact value VE.g at -60°C
of 50 J or above in view of strength balance between the weld metal
and high-tensile steels used as basemetals, namely, metals to be welded.
However, the previously proposed techniques cannot provide flux—cored
wires for gas-shielded arc welding capable of producing such

high~-strength, high-toughness weld metals.

SUMMARY QF 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 {o0p.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



Cr, 220t06.0%Ti, 0.1to 2.2% M and 0.01 to 1.0% My, wherein a Ti02
content and a MyO content of the flux neet Expression (1): (Ti02)/ (MO ?
4.7 .......... (1) where (Ti02) and (MJO are the Ti2 content and the MO
content of the flux-cored wire corresponding to the respective ratios in
mass of Ti02 and MO contained in the flux to the flux-cored wre.
Preferably, in the flux-cored wire of the present invention for

gas-shi el dgdr Qr.e Wel 4idigy Uﬁuy 93 L£e05£8t.0 Ahg Jdiweibs1 RelmreRn4, - ;g and
6. 1% and the MyO content of the flux is between 0.2 and 1.5% Preferably,
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about 30% The flux-cored wire of the present invention has a properly
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t oughness and containing a deposited netal having sati sfactory properties

as a principal qeapgreryo) DESCRI PTI ON OF THE PREFERRED. EMB@DI MENTS The
i nventors of the present i nvention nmade earnest studies to solve the
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and addi ng-a predeterm ne unt ux-cored

wire. The inyenfoesnfound ahsens hetust ke @xagﬂmx—@aﬁéanwﬁ.i on of a deposited
nmetal can be reduced and inclusions 4 (oxides) contained in the deposited

met al can be redueéeranian if thkeeflW-aortenircopftthe pPreaxenbisdeniien ifor
i ncreased and E“d a weld net.al avi ng a remr k%b rove ;C hnesg and
Cont o, i ne TS OEI0E £Ea WIS hER 7006 SOPEFBE Cor bR ranE 13 e tHEen
princi pal M@%ngng%ebﬁgo content of the flux is between 0.2 and 1.5%.
Preferably, the flux-cored wire has a flux packing factor in the range
of about 10 to about 30%.

The flux-cored wire of the present invention has a properly
adjusted chemical composition and the proper (TiO;)/ (MgO) ratio. The
flux-cored wire of the present invention can reduce inclusions (oxides)
contained in a weld metal by reducing the amount of oxygen transferred
to the weld metal and can produce a weld metal having a remarkably
improved toughness and containing a depositedmetal having satisfactory

properties as a principal component.

DESCRIPTICN 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 compesition of
a flux-cored wire and adding a predetermined amount of MgC to the flux
of the flux-cored wire. The inventors found also that the ocxygen

concentration of a deposited metal can be reduced and inclusions



produced. The present invention has bee nade on the basis of those

findings. It is an inportant condition to properly determ ne the basic

el ement contents, such as the C, the Si, the Mh, the Ni, the C, the Ti and
the My content, of a flux-cored wire of the present invention for
gas-shi el ded arc wel ding. Reasons for specifying ranges for the basic

el ement contents will be described below. The basic elenment contents of the
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viscosity of a deposited netal increases and wel ding performance is
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contents of the flux-cored wire affect the properties of a deposited
metal. Each of those basic elements is coatained in the flux-cored
wire in different states, such as a metal and an oxide. For example,
Ti and Mg are contained in oxides in the flux-cored wire. The following
contents are the ratios of the basic elements including those contained
in oxides in the flux-cored wire to the mass of the flux-cored wire.

C Content: 0.02 to 0.15%

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 (oo.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 (8i) 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 (M) is an elenent effective in ensuring a
wel d 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 content is below 1.2% If the M content is ex-
cessively high and exceeds 3.5% the weld netal has an excessively high
strength and high | owtenperature cracking susceptibility. A pre- ferable W

cont ent 'Sc'oﬂtgn@ Jrange oh alnd: 410, ZTﬁe/stleog@gﬁte%edQ % b2 8: AN gk (31'

is an inmportant elenent for ensuring a weld netal necessary strengt
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A N content above 3.4% enhances the high-tenperature cracking
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for stably® eﬁE%F?ﬁﬁﬁp %klﬁ““ﬁ?gaﬂssﬂ?ﬁi i EATISLT ﬁéﬁL%OTﬁe trength of a

weld metal is ingutflcignt 1 whep the O content i's below 0.02% The strength
of the weld netal 1is excessively high and the toughness of the same is not
satisfactory whenghhes<r(Mapnienin eseaboyefZe0tife gnebkpsabiey Gr weddtrentl i S
in the range of 0.1 to 0.5% Ti Content: 2.0 to 6.0% Titanium (Ti) is an
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performance. A preferable Ti content is in the range of 3.3%to 4.0% M

Cont ent: Ocdss$iveA.y2bgh and exceeds 3.5%, the weld metal has an excessively high
strength and high low-temperature cracking susceptibility. A pre-
ferable Mn content is in the range of 1.7 td 2.9%.

Ni Content: 0.2 to 3.4%

Nickel (Ni) is an important element for ensuring a weld metal
necessary strength and toughness. A Ni content below 0.2% cannot
satisfactorily improve toughness. A Ni content above 3.4% enhances
the high-temperature cracking susceptibility of the weld metal. A
preferable Ni content is in the range of 1.7 to 2.4%.

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 (Mp) is an inportant elenent ensuring a weld netal necessary
strength. The strength of a weld netal is insufficient when the M content
is below 0.1% The hardness of a weld netal is very high and the toughness
of the same is | ow when the Mo content 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% Magnesi um
(Myg) has deoxidizing effect. The deoxidizing effect of My is insufficient

d th d netal | ow t ough the | tent i.s bel ow 0.01% A
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content is in the range o .1'to 0.8% It is also inportant for the

fl ux-coredtme rexmefe thes pregenti. ot nvention to neet Expression (1).
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i ncrease of the oxygen concentration reducCing e Accor di to the
present inventi @y, céherneondidi ot 1(0:02)/ (MO z 4.7 needs to be satisfied
at least fromthe view point of inproving welding

Magnesium (Mg} has deoxidizing effect. The deoxidizing effect
of Mg is insufficient and the weld metal has low toughness when the
Mg content is below 0.01%. A large amount of fume is produced during
welding and welding performance is deteriorated when the Mg content
is as high as above 1.0%. A preferable Mg content is in the range of
0.1 to 0.8%.

It is also important for the flux-cored wire of the present
invention to meet Expression {1}.

(TiOy) / {(MgQ) = 4.7 e (1)
where (Ti0Oz) 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 MgO to the flux of the flux=-cored wire to lower the activity
of TiQ;. Thus inclusions (oxide inclusions) contained in a weld metal
is reduced to obtalin a weld metal having satisfactocrily high
low-temperature toughness of a Charpy impact value vE_g at 60°C of 50

J or above.

The higher the Mg0O content, the higher the oxygen concentration



performance. Al though wel ding performance is satisfactory, the oxygen
reducing effect is |low and the toughness of the weld netal is | ow when the
(Tio2)/ (MO ratio is low. Therefore, a preferable (Ti02)/(MO ratiois in
t he range of about 8.0 to about 16.9. The flux of the flux-cored wire of the
present invention contains at least Ti02 as a principal conponent in a Ti02
content in proper Ti02 content range. It is difficult for the flux-cored

wire to exhihjt.l pri;Ngi I i y Vi
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factor is BEPGRPUOWIThe hoisl D StBEHE tUbE EIMtET APRE™ "iiGse aFohtngts
el enent s 'Q%ﬂ&ﬂﬁeiuﬁﬂéﬁégﬁf?l'QLl&%ﬁﬁ-pe§f99$AéE@ §R8?$ving effect, when the

TiQ, content is low. The oxygen concentration of the deposited metal
and hence the oxygen content of the weld metal tends to increase when
the TiQ; content increases. A preferable Ti0O; content, namely, the
ratio in mass of Ti0, to the flux—cofed wire, is in the range of about
4.5 to about 6.1%. A preferable MgO content is in the range of about
0.2 to about 1.5% because the condition: (TiO;)/ (MgQ0) = 4.7 needs to
be satisfied.

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:
(Ti0.) / (MgQ) = 4.7 is satisfied. The flux-coredwire may contain oxides,
such as Al,;0;, 5i0; and 2Zr0;, as slag-making agents and arc stabilizing
agents, other than TiO; and MgO.

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 facter is in the range of about 10 to about 30%. It is



Wi re containing those alloying elenents has high strength and | ow
drawability. The wall thickness of the hollow steel wire is small, the

hol |l ow steel wire is easily broken and the hollow steel wire has | ow
drawability when the flux packing factor is above 30% Apreferable flux
packing factor is in the range of about 12 to about 20% The fl ux packing
factor is defi ned by the foI | om ng expression. Flux packing factor (percent

by mass) g g@g; g;} S bl ux)d %Q@ggsargf Hquﬂd%lg{ag&svaﬁnﬁ?%yn@%‘)&“e

el enent con I'OX-cored Wre resen i nven

dependent bagitgalhyl10n e 1amDnheods ﬁstcair&a@arﬁ@s@e@hicryintg@lé‘n@rnr@sq;‘zhém des
in the flux, and the anpbunt of the netals contained in the holl ow steel
wire. Ther éharfdukigrckéngdadterriespetdy ves anbbnrtie llol gidedesultchabntaim irey
contained in the flux and to the flux packin factor, and restrictions on

t he anount §"ofe QldRERES EtlﬁﬁltenEan”k?‘éfeé‘SﬁF aﬁ%g‘atFﬁl?héoﬁ& | Swhetdey shsst

Therefor e, i p. SR GARES. cldsd 1AL Wm0 Al 18t hhee elenBnt Gogkont s of

the flux-cored wre onﬁ?itt roug j ustment o e ano

metal s conbiakwad 1iinyt he:hfeomawftzwekd@ss bh e nbhuywasekdihaimst a aentgnt s
of the hollow steel wire. Sonmetines, it is difficult to adjust the Ti
content inthatdldakastefl wheeflineagotedbrokieneand theehptbgenmiterivents drsonl y

t hrough the adjustnment of the Ti_ content f t he, oxjdes _and the Ti content
of the hol (f%‘ﬁvg%f“é@? iFe e Gl RAChYY ﬁ“?topro%\fié‘k’o@ iédecf‘?{)e HéHeux to

adj ust thegy x%%ﬁ&ﬂ& st drhesf Lxaoned i £ £. aﬂ@ﬁ%ﬁﬁbe& A Phggent
invention wll "be concretely described in terns of 9 exanples of the

present inventi agne flxapptleiry Aattex icodd Ginwidngy otied sl idvingdengreks@n .MyO,

Al1203, Si2 and ZrO was packed in a hollow steel wire while the holl ow
steel wire is béﬂﬁﬁpacklngfactor{percentbynmss}'-{(Masscﬁ?theflux)/(Mass

of the flux cored wire)} x 100
The element content of ;the flux-cored wire of the present

invention is dependent basically on the amount of metals contained in
the form of oxides in the flux, and the amount of the metals contained
in the hollow steel wire. There are limits.-to the respective amounts
of oxides thét can be contained in the filux and 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 the 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 inventicn only through the adjustment of the Ti
content of the cxides and the Ti content of the hollow steel wire. In
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 winding a soft steel hoop (which includes C. 0.05%by mass, Si:
0. 05% by mass, M. 0.50% by mass, Ti: 0.02% by nmass and other elenents: Fe,
unavoi dable inpurities) of HT80 grade, the hollow steel wre packed with
the flux was processed by a drawi ng process to obtain a 1.2 nm di aneter
flux-cored wire having a flux packing factor of 13.5% Various flux-cored
wires of the foregoing basic construction having different elenent contents
were made b justin C i onposi tion of the steel hoop and

addi ng et ae%a%giev\d%rﬁt gh%ﬁgr%%]%? 18 %%‘%g'l conpositions of those flux-cored
wres are shown gxamfable 1, and oxide contents of the flux-cored wres,
nanely, the respective ratios in mass of oxides contained in the flux to
the flux-cored i f&yx cantadhiownokhddalheladirkD TTabl Bg®, Pds®:,N81O0Lhadi Lo
conposition of flux-cored wires ercent mass) . CSI Mi NN O M Ti. M 1
0.07 0.4 2vWag prckeg imagiollowsspeesl yige g g, the boleoy styped wizg 15 being g 5

11 3 0.08 7 2 7.0.4 0. 2.3 . 0, 7 00
5 5 0.04 5851%92‘?1 bi’ ”%.”fllg].goi Soo.zftssﬁfg%f)él.%gé g”g.%hoilﬁ%& d4ejszflz'1O '%5?%9%.“3&’23450. 9
3. 3 0. 5 37:00.0%600.4ass, Ind. 4.002 K 4ads3 i 0.82Q. BY khss 2ndlodndr0. 1
00 11.80. 5 90. 071. 52 3240 20 43 30 5 100.09 0.7 1. 1
1.0 0. 3 Oebemergs0. F§ unavei@ Iy Imgur & iks) 5o HIE0(IraRie, the (odlod 3t@edo 0
2.20.103as4005 1300404243

wire pac ux was processeg 193}% gr'a?wi%gspggcess to obtain
al.2 mmdiameter flux-cored wire having a £lux packing factor of 13.5%.
Various flux-cored wires of the foregoing basic construction having
different element contents were made by adjusting the chemical
composition of the steel hoop and adding metal powder to the flux.
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. 11.20.010. 23.30.5 150.020.42. 32.02. 20.33. 2
0-5 16 0.08 0.4 2. 3 2. 10.303.30.5 17 0.060.41. 61.90. 12.53.5
0.5 18 0.03 0.4 2. 41.00. 21.21. 705 19 0.050.42. 11.90.20. 9
6.3 0.5 200 07 0O 42. 32. 30 20.23. 30.005 21 0.070.52.22.40.
10.23.61. 1 " Oher elenents: Fe, elenents originating fromthe flux and
unavoi dabl e irrpuri fies 11 Table 2 Test No. Oxide contents of the flux
(percent by massf bﬁeF ux packing factor 7'102]/[MgQJ 1102 l\/gO P1203 3i 02
Zr02 (percent b 1.4.51 0.50 0.05 0.300.04 9.0 13,5 24, 51 0. 50
0.05 0.30] 0,04 9 0 1275 3 4. 51 Cenrmeose a6 o135 4 4 51 0 50
0.05 0. 30 0. 04 9.8 135 85 4 5w~ | 5QN0 05 030 O OWw 9 lo TR |5 6M4 51| O.
50 0. 05 0. 380 0. 0479, (093, 5228 4 524. 50 6.05 038 0%39.0 13-55 8
4.51 0.50/0.85 (.30 9% 04 @-6 13.5°% 9[ 4251 0 5869 05 (0:830:0.98F 9 0 1855 10
4.51 0.50,0.85 0. 309 04 98 13 57 11 275119 B9 05%239 6419 0%8 5 112
ofhe n 289 na4 B 2 E1 4 hTcaln PP ne%30aq A 8410 n K85
451 0. S0 05 o-8 - ga-boo s d el s ch S 0B olel b de bled o diac] 16
4- 51 0 50 a) é\l: M0 OP\'OA N4 (pﬂ\ 1D %1 1'_§ b'z ‘65 3'-3 0.
' ' YN V86 V] 6.4 U023 2.4 0.2 0.4 3.3 0.5

8 Q. 07 0.2 2.1 1.7 0.1 0.1 1.8 0.5

9 0. 07 1.5 2.3 2.4 0. 2 0.4 3.3 Q.5

10 0. 09 0.7 1.1 1.0 0.3 0.5 3.3 0.5

11 0. 08 Q.7 3.6 1.5 0.6 0.5 4.9 0.5

12 0. 09 0.7 2.2 0.1 0.3 0.6 4. 0 0.5

13 0. 04 0.4 2. 4 3.5 0.3 0.8 3.3 0.5

14 0. 05 0.8 2.1 1.2 0. 01 C. 2 3.3 0.5

15 Q. 02 0.4 - 2.3 2.0 2. 2 0.3 3.2 0.5

16 g. 08 0.4 2.3 2.1 0. 3 O 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 a. 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 Q. 07 0.5 2.2 2.4 0.1 0 2 3.6 1.1

* Other elements: Fe, elements originating from the flux and unavoidable impurities

11



17 4. 51 0.50 0.05 0.30 0. 04 9.0 13.5 18 4.51 0.50 0.05 0.30 0.04 9.0 13.5
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 9.0 13.5
21 4.51 0.50 0.05 0.30 0.04 9.0 13.5 Wl ding experinents were conducted
using the flux-cored wires under the follow ng welding conditions to
deposit deposited nmetals. Test specinens (23111, A, JIS) for tensile test
and specinens (Z3111, A4, JIS) for Charpy inpact test were sanpled fromthe
deposi ted netal% blTh test specinens were tested to determ ne val ues of

0.2% proof_stre ?0 2) and those of V Charpy inpact values vE 60 at -60C
of the depogjy,ed nFtanWUUWH#M*gmﬂﬁﬁ oy 1§ Vel di ng ﬁggg@éon: b getkingdrolgri tfi on
Shi el di ngl.gas: 80% K@: and 2Wh COP Aoe|idi %y clyr #ent || 280 di fRFetsMeage;
31 V. Wl diny speedt SB00 \m¥ B9 n| PP-eBRedt i%ngf ando oAt er pask ot enpler at uees  150C
Heat input:_2 7 kJ/4A 12 [BASBO npt @195 20 On?h thi®P4pllat e 98 TYRR5 (ER1D8 11|S)
G oove: V 4. loGyve? ang?-LSvel Gi- Yy et <2-Rer e lcondddt®d_udder
the fol | opi-ng—w !dfhé’ cdndi £9-0hs2i08 4 Yeid i eat-8p lwel-di-Rg—rade ta2dyal udt
wel di ng pe "l Sk 9P 228 Jaldated £o-be gcc&afh:rk d
with a bl pakScid e wheh v et emioup e LA s-tpossr-Be—and—ac-d—rgt al
Y 451 "1 050 Gos N 0-30 [0 b ‘d g, o138 .

had a snopt Mg ST aCE, VET QLG Pes 18T TaiCEs Was, gy agret T ART —(ar ke, v 11§
bl ank tr[angte] Wier, venti,Cad oo wel 3 Blsdvas Possi bl e gpda [wet o7 ggtal-—had
consi derapl@oiTTeqUl &7 i Ti[€%. 50/ €] Tb. g pPELI & NENL 04 Was evwabuat 6d 1 015§

11 4. 51 0. 50 0. 05 0. 30 0. 04 9.0 13. 5

12 4. 51 Q. 50 0. 05 0. 30 0. 04 9.0 13. 5

13 4. 51 g. 50 0. 05 0. 30 0. 04 9.0 13.5

14 4. 51 0. 50 0. 05 0. 30 0. 04 9.0 13. 5

15 4. 51 Q. 50 0. 05 0. 30 0. 04 9.0 13. 5

16 4. 51 0. 50 0. 06 0. 30 Q. 04 8.0 13. 5

17 4. 51 C. 50 0. 05 0. 30 0. 04 9.0 13. 5

18 4. 51 0. 50 0. 05 0. 30 0. 04 8. 0 13. 5

19 4. 51 Q. 50 G. 05 Q. 30 0. 04 9.0 - 13. 5

20 4. 51 0. 50 Q. 05 Q. 30 0. 04 2.0 13. 5

21 4. 51 Q. 50 0. 05 0. 30 0. 04 9.0 13.5

Welding experiments were conducted using the flux-cored wires
under the following welding condifions 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.tq determine values of 0.2% proof stress
(00.2) and those of V Charpy impact values vE.5 at —60°C of the deposited
metals.

Welding Conditions

Welding position: Flat position

Shielding gas: 80% Ar and 20% CO,

Welding current: 280 A

Welding voltage: 31 V

Welding speed: 300 mm/min

Preheating and interpass temperature: 150°C

Heat input: 1.7 kJ/mm

12



bad (marked with a cross) when slag and gl obul es dri pped down and verti cal
up wel ding could not be achieved. Wl ding Conditions for Wl ding Performnce
Rating Welding position: Vertical up position Shielding gas: 80% Ar and 20%
CO2 Welding current: 220A Welding voltage 22 to 24 V Wl ding speed: 14
cmmn Goove: V groove of 90 groove angle Waving wdth: 7 mm Measured

val ues of a0.2, vE 60 and wel ding performance are shown in Table 3. Val ues

of 00.2 a 620 MPa and ose of VE 60 a.50 J ev, e to be
acceptabl e. Show &l Ié‘%E"?bln' %'gbfmé‘ lacﬂ(e p\%ﬁ%ﬁésg\%&gﬁgég%oﬁ@)centrati on of

deposi ted net al g, det,er ng oY ap ddept gas fdgikon nethod. 13 Table 3 Test
Oxygen concentration Wl ding Remarks "No. 00.Z vE-so of deposited netal

performance (pemeddindyemesinpnils #e8ebdoriucd48 hduf thei Bntldwiwet werpdirat ur e
t oughness and good wel ding performance 2 729 51 Q. 045 O Sufficient
| ow t enper 8RR 0FFgHNR 8T BHeP gy e hel # Reipér FirhiAtR weddboa repiormagses -0

Sufficient_l t emper ature touaghn 0 | di or.,nmance .4 625 54
o bag o LTt CORS RS, LIRS A0 o SO U M AR REEh YIRS L R0

5 633 57 Owndf4 L +Subii Gl erlal pydampesatvie droughness mnd 1dnkel difgoch
performance 6 541 52 0. 049 O Insufficient strength 7 922 47 0. 045 0O

Excessi vel yuhiggie .st¥eljinly aadfdowncenpes aduadedcfatki gprk@d4¥s5ti22a 1063 0
Insufficient strength and insufficienttou ness 9 825 53 0. 050 A Bad_ wel di ng

per f or mancer FRBE1 $82H VEFELCH! UsUFt FETEHESSEITHGYR ahd 3 WedffTeiEhtad

toughness considerable irregularities. Welding performance was evaluated to be

bad (marked with a cross) when slag and globules dripped down and
vertical up welding could not 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 90° groove angle

Weaving width: 7 mm

Measured values of 0p.2, VE_g and welding performance are shown
in Table 3. Values of op ;=2 €20 MPa and those of vE_sp =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 fusion method.

13



11 911 18

0. 055 0 Excessive high strength and | owtenperature cracking

12

707 27 0. 057 O Insufficient toughness 13 764 53 0. 050 O Hi gh-tenperature

cracki ng
Excessi ve

14 605 51 0. 055 O Insufficient strength 15 934 36 0. 053 0
y high strength and insufficient toughness

Insufficient strength 17 766 32 0. 053 0 Excessively high strength and

i nsufficient tou hness
0. 060 A Excessiyv
E%éo

16 666 50 0. 050 O

18 741 26 0. 045 O Insufficient toughness 19 898 18
strength and rmuch slag 20 710 47 0.065 O Insufficient

t oughness 21 726 042 1 Much welding funme As obvious fromthe neasured
val ues, strgngth anfl t oughPressoarteion digget lly opposed to each other;
toughness tends %20 fdefreas e WEYH™e peduhsdegase of streng‘feﬂarkSThe depOSI ted
met al S nme tin tho ~andi t M || rnd b\]l 1 hn nracant | nuantian nanply
deposi t ed | wbta80%¢ | + &dt | No- 046 ¢ I5 Qo | Sufientiop We‘mugh”‘t‘sm”ww@q'"gmw'ﬁe and
t oughness - elafds | ol ol oo 0,088 " 17 (B Jﬁplqminwfémpmfz’togghuemp good wekding perfodhance
g e :'_ é1u Mes. L:a'b\' G44 ' ' :Ju(ﬁ\" lSSutﬁcten'tYow-Em f‘:ﬂf’e Jughness and 1003 welding performance
sati sfact pry| T dppegr tpd 1Ly s 1ot geetipd &y a%ﬂretohgﬂn?ss%hymﬁﬁgm
required [y TTEsPTESERL [ TIVRITELPT, TATET Y| sHEow lerhos bhud Baghis shd 4did wiidnoteromichez | ©
to 21, afE;SHlEyf act@oy [ 1T Sf 650t 1], anyd AN &P dengpll | ST ACLOTy 1T _[OUQNIESS
and wel di NG; PETE0 MANGS.  FI U 64 €0 [Wi T§S™ WBkSndydistehghl b bl 1B eratire RIoG €O UT €
simlar tp d hatayd of Rernj ng d b&s T 1T Ux- cor ed inhick®sringh ahedindifietht Bughbess €XCept T hat
t he oxi de| «onteas s| o3t he flourss wer e ghangeedngplenaneal conpositions of jthe
flux-coredifres$siare shown i M- el e |4, @nd | bxfcgtstegrdipmiicen bfshngshe 14
flux-cored™Mijre’®ll n mti t he- &8s pect | e abpespiielyjhigh stiqigis apd lppftempprafirgjesagking cant ailned
in the flw2tlo{He ¥ .zz re_d’_%zr__e, m@chnlnsqfﬁcnermtoushm e-S.  Table 4 Test No.
Cheni cal 4 88 cp ... 0050 1" 1" O [ Hohlemperaturg crackipg |
05 ' i -k i td \ ¥ Fsuﬂ\ﬁentslﬁ'eng =)

15 934 36 0. 053 Q Excessively high strength and insufficient toughness

16 666 50 0. 050 O Insufficient strength

17 766 32 0. 053 O Excessively high strength and insufficient toughness

18 741 26 0. 045 Q Insufficient toughness

19 898 18 0. 060 A Excessively high sfrength and much sfag

20 710 47 0. 065 O Insufficient toughness

21 726 85 0. 042 D Much welding fume

As obvious from the measured values, strength and toughness are
directly opposed to each cther; toughness tends to decrease with the
increase of strength. The depcosited 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

deposited metals of test Nos. 6 to

by the present invention, namely,

21, are satisfactory in strength, and are net 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 compesitions of the

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

14



. CS MiN C MTi My 22 0.04 as 2. 11.70.050. 13. 80. 5 230.04
0.52. 11. 70.20 13. 905 240.070.42.42.40. 10.43. 105 25
0.04as 2. 11.70. 10. 13 805 260.040.82. 11. 70.10. 12 7
0.5 27 0.040.52. 11. 70.20.23. 60.5 280.040.52. 12.70.20.1
3.6 0.5 29 0.04 as 2-1 1.7 0.02 0. 13.50.5 300.040.82.121.70-10.1
3.3 0.5 310.040.82.11702r0.12 705 32 0.04 05 2. 11.70. 1
O.12.70,£_i_330.040 52%1 t 90534004}5082 1 1.
7 0.2 0. 17195 eyt vrgTy ¥ elr(?SBeE b"e g 185018 "¥h&' Sréfeht s:
Fe, el ements,ofi gati pg fmem thecdd wiuand, inavaidabl ge i dRML thesadable 5
Test No. Oxide contents of the flux anent m[T ass Ozl/] My0] Fl ux packi ng
factor Ti Oz My@aBLz08 Si Oz Zr Gs (percent by rrass) 22 6.38 0.11 0.04 0.31
0.06 60.6;13—57236—190-36+%6: ""C A el ottt ot ed 0 14 0-36—0-22
0. 17 0. 0p 146p9 13— 5256, 037" 9%%"1.36"?&@—‘3?00—;56 a5 150
R I O T Sl D S S P R P VG D -
- - ogl V- Vg . § Lgg7 [4% 9 TP 4.4V Ug V.~ 9L 43/US[ %34 L9 g5 :
50 1.00 005,07 306%705 503 18- % 4 2.4 0. 1 0. 4 3. 1 0.5
25 0. 04 0 5 2.1 1.7 0.1 0.1 3.8 0.5
26 0. 04 0.8 2.1 1.7 0.1 0.1 2.7 0.5
27 0. 04 0.5 2.1 1.7 0.2 0.2 3.6 C. 5
28 0. 04 0.5 2.1 2.7 0.2 0.1 3.6 0.5
29 0. 04 0.5 2.1 1.7 0. 02 G. 1 3.5 0.5
30 0. 04 0.8 2.1 1.7 0.1 01 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 0.5 2.1 1.7 Q.1 0.1 2.9 0.5
34 0. 04 Q. 8 2.1 1.7 0.2 0.1 1.2 0.5
35 C. 04 0.8 2.1 1.0 0. 2 0.1 3.8 0.5
* Other elements: Fe, elements originating from the fix and unavoidable mpurities
Table 5
Oxide contents of the fiux (percent by mass}) Flux packing factor
TestNo. Ti0: MgO Al03 5i02 70, [T10:1MgOl {percent by mass)
22 6. 38 0. 11 0. 04 0. 31 0. 06 60. 6 13. 5
23 6. 19 0. 30 0. 05 0.3 0. 06 20. 5 13. 5
24 5. 14 Q. 30 0.22 0.17 0. 06 16. 9 13. 5
25 6. 03 0. 46 0. 05 0. 31 0. 06 13.1 13. 5
26 4. 51 0. 50 0. 05 0. 29 0. 04 8. 0 13. 5
27 5. 76 0. 71 Q. 05 0. 31 0. 05 8.1 13. 6
28 5. 78 0. 71 0. 05 0. 31 0. 05 8.1 13. 5
29 5.78 1. 22 0. 05 Q. 31 Q. 05 4.7 13. 5
30 5. 580 1. 00 0. 05 0. 30 Q. 05 5 5 13. 56
31 4. 51 2. 01 0. 05 0. 30 0. 04 2.2 13.5
32 4. 51 2. 01 0. 05 0. 30 0. 04 2 2 13. 5
33 4. 51 2. 01 Q.05 0. 30 0. 04 2.2 13. 5
34 2. 00 4. 50 0. 05 0. 28 Q. 02 0.4 13. 5
35 8. 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. Measuredvalues of gy 2, VE_gp 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 0.30 0.04 2.2 13. 5
7 4.51 2.01 0.05 0. 30 0.04 2.2 13.5 33 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 Deposited netals were produced
by carrying out welding using those flux-cored wires under the sanme wel di ng
conditions as those for Exanple 1. Measured val ues of 60.2, VF-60 and
oxygen concentration were neasured, and wel ding performance was eval uat ed
by the sang r’rEth § that of evaluating the welding performance in

pr oduci ng the % ppOS|ted nmetals 15 in Exanple 1. The neasured val ues of 60.2
and VE_60, and gnrades.ehrsehdings ferd,or ABACS: 3l e showpahss Table18indhe
deposited netals nmeeting 60.2 2. 620 WPa and vlé 60 >~ 50 J were evaluated
to be acceptabbsnanFeabheebsideygen Tamberf.r afhd i dpofdepdsidted sWekdt gy kst No.
aoz VE.so Remarks netal performance (percent by nass) 22 634 60 0.049 0

Suf fi ci entzl%%@tf@@pérlatzﬁéeo ot fhh sy cafy2gbdee heldiPRg2petiiciténce 23 641 64
0. 045 0 Sufflcg[%%t E)W-ten erature toughness and good wel di ng performnce
24 720 72 _0. 04 8uf fici ent | ow-t enperature toughness and good wel ding
performance 2b 634 82 0. OQFBEH@NSMHM ent Iowterrperature toughness and
good wel d| Rgnper ber maneg | 268&RGL (0. "eBW4 10 Sufficient heamstenperature

t oughness| and good wel di ng egﬁfi@';nm}ncf’gﬁ’""?';f 649 74 0. 042 0 Suffl ci ent
| ow-t enpefatt-e—t-04 %@—%6 i =5
Suf fi ci ent—Fow—idrdtahghness ahd—goo £1042
e I E T 84 ¥ 035 0
0 Suffici gnf,Towjenperatyre i gughnegss—g§
25 634 82 0. 048 O Sufficient low-temperature toughness and good welding performance
26 643 92 Q. 044 O Sufficient low-temnperature toughness and good welding performance
27 649 74 0. 042 O Sufficient low-temperature toughness and good welding performance
28 626 80 0. 040 0] Sufficient low-temperature toughness and good welding petformance
29 650 71 0. 042 Q Sufficient low-temperature toughness and good welding performance
30 678 85 0. 041 O Sufficient low-temperature toughness and good welding performance
31 703 78 0. 039 A Iregutarities found on weld metal surface
32 625 72 0. 039 FaX Irreguiarities found on weld metal surface
33 697 89 0. 040 X Vertical up welding was impossible
34 630 102 0. 038 x Vertical up welding was impossible
35 604 45 0. 060 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. The followings can be deduced
from the measured data. The oxygen concentration of the depositedmetal
has a tendency to decrease with the increase of the MgO content resulting
in the reduction of the Ti0,/Mn0 ratio. Thé 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 Ti0;/MnO ratio is
excessively low. Weldingperformance is satisfactory when the TiQ:/Mno
ratio is 4.7 or above.

Thus it can ke deduced that the oxygen concentration of the
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30 678 85 0. 041 O Sufficient |owtenperature toughness and good wel di ng
performance 31 703 78 0. 039 L Irt ularities found on weld netal surface 32
625 72 0. 039 O Irregularities found on weld netal surface 33 697 89 0. 040
X Vertical up welding was inposshle 34 630 102 0. 038 x Vertical up welding
was irnpowitle 35 604 45 0. 050 X Vertical u welding was inpossible It is
considered fromthose neasured results that the addition of MJjOto a
titaniumc i ni ' f i LO4r ' X c ion
of the depearted Terar T Fol Fan as nar be dodiceg 1Y o e hageli &y
data. The exygenpcencent f:ati o ioff atherdepqsiihgtargbahandad yaadandengy:-Ho
decrease with the increase of the MgO content resulting in the reduction of
t he Ti 02/ MhdC#/3inPoratite oxihfeil Eonc@mceeatrdning flox 044 ort Bel-owre440 5% m or
bel ow) wheg the Ti %%i@o ratio % . 9.0 or b?I ow._ Vel di ng per f or mance

det eri or at 83" (FESH deg35% 8 ?l%etr? tth&= ROt hEERPST " Ei&essi vel y hi gh,
i.e., when the ThHQ2LVE0 had iQvkSti SXHRSSLYEH Yad Quip¥8! g ng Pperforppage is
satisfactory when the Ti 02/ MnO ratio is 4.7 or above. Thus it can be
deduced t hatbddiemeaxyggentic ecncent bat | ddyrafe bliepadifi abposiy e dbbetcals lganabe
reduced and a wel ding netal of high toughness can be produced in a

sat i sf act oF§engasdizhg perivrivdscarpyHiildei igeitid - THoZiaviberateee ofo tige
titani umcontaining flix f the fluxcored wine, for gas:shiglded.ars .

vel di ng t "K' GE W profer-Fange AERBUGH Phé PAvERTT on has Dedh

descri bed i# siksipt&f ery 8dsc IHQuh 8BS wiikhbu@ dephtai Ay deghedOEcope and
particularity, obviously many changes and vari ations are possible therein.
It is thersdiorig ttbebeofunderstood that the present invention may be
practiced otherwise than as specifically described herein w thout departing
fromthe scope and spirit thereof.
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17 What Is Clainmed Is: 1. A flux-cored wire, for gas-shielded arc wel ding,
formed by packing a hollow steel wire with a flux containing a flux of a

Ti Q2 group as a principal conmponent, and containing 0.02 to 0.15% by nass
C 0.3to 1.4%by mass Si, 1.2 to 3.5%by mass M, 0.2 to 3.4% by mass N,
0.02 to 2.0%by mass Cr, 2.0 to 6.0%by mass Ti, 0.1 to 2.2% by nmass M and
0.01 to 1.0% by nmass My; wherein a Ti 2 content and a MJO content of the

flux meet Expre%@agls(&augégq Y (MO z 4.7 ... (1) where (Ti)
[

and (MJO are a ontent and a MgO content of the flux-cored wire
corresponding to the respective ratios in mass of TiO2 and MyO contained in
the flux to the flux-cored wire. 2. The flux-cored wire according to claim
1, whereinlthet Tﬂwwrﬂdemre'ofor iastEhkeldedbetrpewddingb fanned. b.l&%?bykMS

and the O content of . the flux is_between 0.2 and_1.5%
1 Ux: Cor ed o b GEGPBH g 1 "R fn SR b oot FUKE G Bt Loh PEohRs

flux packi ng, £ AGLQL, I @or&gb%emn%cpfcoﬁpgfﬁnﬂgoot @z%ogtlé”@%)y méss H1€o.
fl ux-cored vvlre accor di ng to claim2, whereinthe flux-cored wre has a
flux packi ng4taet eassmnsihe.cange .ok @bmtsslwn,t @ .abott3.3@%y ks Ni, 0.02
to 2.0% by mass Cr, 2.0 to 6.0% by mass Ti, 0.1 to 2.2% by mass Mo and
0.01 te 1.0% by mass Mg;
wherein a TiO; content and a MgO content of the flux meet Expression
(1):
{Ti0,) / MgO} = 4.7 ... (1)

where (Ti0;) and (MgQ) are a TiQO: content and a MgO content of the
flux-cored wire corresponding to the respective ratios in mass of TiO;

and MgC contained in the flux to the flux-cored wire.
2. The flux-cored wire according to claim 1, wherein the Ti0, content
of the flux is between 4 .5 and 6.1% by mass and the MgO content of

the flux is between 0.2 and 1.5% by mass.

3. The flux-cored wire according to claim 1, wherein the flux-cored

wire has a flux packing factor in the range of about 10 to about 30%.

4. The flux-cored wire according to claim 2, wherein the flux-cored

wire has a flux packing factor in the range of abcut 10 to about 30%.
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