FLUX- CORED W RE FOR GAS- SHI ELDED ARC VELDI NG BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to a flux-cored wire
used for gas-shielded arc welding of nenbers to be welded nmade of mld
steel or 490 MPa-class high tensile steel. More particularly, the present
invention relates to a flux-cored wire for gas-shielded arc welding, the
wire having the folfl&%RGREBVERBEIR GASSHIELEBD ARE | WhldY Nan be carried
out at a high welding current without a drop of a nolten nmetal in the
vertical and upward progressing of welding; and a weld netal can be

obtai ned which is excellent in the hot cracking resistance of the first

| ayer in the one-side wel diEagKsROURD SOF eXHE| INGENTIONt he | ow tenperature
toughness in the high heat input welding. 2. Description of the Related Art
A flux-coredeld réf fthe gaseshiehded arc welding is mainly used for welding
menbers to be wel ded nade of mld steel or 490MPa-class high tensile steel.
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rutile is contained in a |arge amount in
carried out at a high wélding current without a drop of a molten metal

in the vertical and upward progressing of welding; and a weld metal can
be obtained which is excellent in the hot cracking resistance of the
first layer in the one-side welding and Also excellent in the low
temperature toughness in the high heat input welding.
2. Description of the Related Art

A flux-cored wire for gas-shielded arc welding is mainly used
for welding members to be welded made of mild steel or 490MPa-class high
tensile steel. An amount of the use of the flux-coredwires is increasing
year by year, because the wires are excellent in the welding efficiency
as well as bead appearances and the welding maneuverability, as compared
with a solid wire.

However, the flux-cored wire for gas-shielded arc welding has
a tendency in which a hot crack (a solidification crack) is likely to
occur in the first layer forming a penetration bead in the cne-side
welding, because a welding speed of the wire is larger than that of a

solid wire. In addition, in the high heat input welding with the input



the wire, all of themnot conpletely floating on as slag during wel ding,
hence remaining as netallic inclusions in the weld netal. Further, when
welding is carried out in the vertical and upward progressing of welding at
the same welding current as that in the flat welding, a nolten netal 1is
likely to drop (a bead is likely to drop). A flux-cored wire for
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wel ding and further excellent in the |ow tenperature toughness in the high
heat i npbttiwelsdivagievtirey aunetdt s ahetntn ithei htreaeddinSUMVARY tER MR 1
INVENTION - 2 The present invention adm nisters the foll ow ng technical
means iR Oikiery tte slope (eheeafiorenenitd londd clvabl enge. That is, a flux-cored
wire for gas-shielded arc welding with flux being filled in a steel tube
made of mld streklox-aday wbtreelfprcoatasinssldms edcomellHényoial winass thef t he
wire, 4.5t0 7.0 mass% Ti02, 0.11 to 0.29 mass. Ti, 0.30 to 0.70 nass% My,
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conventionally proposed: improvement for a higher current in the
vertical and upward progressing of welding; improvement for the hot
cracking resistance of the first layer in the one-side welding; and
improvement for the low temperature toughness in the high heat input
welding.

Hence, an object cf the present invention is to provide a
flux~cored wire for gas-shielded arc welding used in the gas-shielded
arc welding of members to be welded made of mild steel or 490 MPa-class
high tensile steel, in which good welding can be carried out at a high
welding current without a drop of a molten metal in the wvertical and
upward progressing of welding; and a weld metal can be obtained which
is excellent in the hot cracking resistance of the first layer in one-side
welding and further excellent in the low temperature toughness in the

high heat input welding where a welding amount is increased.

SUMMARY OF THE INVENTION



Wn, and 0.002 to 0.010 mass% B. Also, in the flux-cored wre for
gas-shi el ded arc welding, MyO satisfies the followng relation based on the
above content of My: [MJQ +[ My] xI . 66s 2.5 mass% assumi ng contents of My
and MJO are [My] and [ MJO}, respectively. In the above flux-cored wire for
gas-shielded arc welding, it is further preferable that the wire further
cont ai ns A1203 %be ageseonsativehy ionalnfipliisowi s ¢ heef altionsy chrsi @ iongass %
based on the total mass of the wre, and [A1203] +[Al]xI.89: 0.5 to 1.0
mass, assunmdey cont@its the AforeamehtAkZ(3 ahel]#&tde an@hpAlRO3] flespectedel v.
Not e that each content of the above Ti, My, and Al does not «contain Ti, M,
and Al piesentr §&astdtei dlotgbadt waiddes, witgspeakibelng filbed He abaeel tube
flux-cored wire for gas-shielded arc welding, it is preferable that the wire

furtherpgeatat ne & 2tke1100 aBsSPIMNedgsedntointNepdidlonmase ebtihenady e.
According to the present invention having such features, a flux-cored wire

for gaso§h&r§‘é %@ear@ wadodnn@ Sk 1o gass-ﬁhltsléiegb AGs el dingmotongrber s
to be wel ded nade of mld steel or 496 MPa- cl ass hi gh tensile steel, can be
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current Wt op of a nolten mefal in't vertical "and upward
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| NVENTI ON The present invention will be described in detail below. Wth an
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attenpted to increase an anount of slag nmainly nmade of rutile (Ti02)

of Mg and Mg0O are [Mg] and [MgQO], respectively.

In the above flux-cored wire for gas-shielded arc weld%ng, it

is further preferable that the wire further contains Al;0; so as to satisfy

the following relations: Al: = 0.5 mass% based on the total mass of the
wire, and [Al,0.]+[Al]x1.89: 0.5 to 1.0 mass%, assuming contents of Al
and Al;0s are [Al] and ([Al;0;], respectively.

Note that each content of the above Ti, Mg, and Al does not
contain Ti, Mg, and Al present in the forms of oxides, respectively.

In the above flux-cored wire for gas-shielded arc welding, it
is preferable that the wire further contains 0.2 to 1.0 mass?% Ni based
on the total mass of the wire.

According to the present invention having such features, a
flux-cored wire for gas-shielded arc welding used for gas-shielded arc
welding of members to be welded made of mild steel or 490 MPa~class high
tensile steel, can be provided in which: good welding can be carried

out at a high welding current without a drop of a molten metal in the



in order to elimnate a drop of a nolten netal in the vertical and upward
progressing of wel ding. However, the hot cracking resistance of the first

| ayer in the flat and one-Si de wel di ng was decreased, while a drop of a
nol ten netal was prevented. Thus, the inventors further investigated their
study with regard to the cause and neasures thereof and finally found out
t hat a hetttecalclkndvapwarkebyotoesetny dfecalsengt andi acrebsedtaioaah bé
oxygen in a weld netal. Then, the inventors proceeded to take into

consi depBat & DfediWhi chr Bgakd el 0echbeimeas ®Es chatkl eguai g tanrcandtirthc0f 1 ¢y gen
while maintaining the anount of slag. As a result, it has been found that

an anmounbyef OXYERN ditiedwe8l Ay Bl A AN Heenedueeds ange t hey elynpkharhed
cracki ng resistance can be inproved while nmaintaining the anount of slag,

by addi esllleé&é&e il Whe %@gal Loyt el gomnt, W6l Lieecanyeld RS 4P Aoshadigl enent

during welding, 1nstead of adding a required anount of a slag-producing
agent, ?HSPeQ§edTTC2 and Si 021 fromthe beginning. In the present invention,
adding T -4 "and My is found to be effective, while M1, Si, A, Ti or My

or the like 1is usually used as a deoxidation agent for a flux-cored wre.
The Ti has the follow ng advantages in that: by acting as a deoxidation

agent during wel ding r Ci I a weld netal, the
hot cracking resi stan%ﬁ#ebggpgﬁpﬁg%péq %ﬁ?%ﬁ‘?@ﬁde wel di ng can be

i nproved; and wi th the produced TiCQ,actin% as .a gLag el epent, a drop of a
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wel ding. In addition, Ti_has an advantage in that, by remaining slightly in
a wel d ABt Hitentherspfuge by ndfthe fepde éﬁ&%ﬂeWQ?rnﬁéé Praeend VR LPBRWY 2t
tenperature toughness in the high heat input welding can be inproved. The

above Mjihas athempbpfdn Hecrpass andvainagdsstao mhanlywads of rutlle (Ti0;)

in order to eliminate a drop of a molten metal in the vertical and upward
progressing of welding. However, the hot cracking resistance of the
first layer in the flat and ocne-Side welding was decreased, while a drop
of a molten metal was prevented.

Thus, the inventors further investigated their study with regard
to the cause and measures thereof and finally found out that a hot crack
was likely to occur kbecause of an increased amount of oxygen in a weld
metal. Then, the inventors proceeded to take into consideration with
regard to the measures for reducing an amount of oxygen while maintaining
the amount of slag.

As a result, it has been found that an amount of oxygen in a
weld metal can be reduced and thereby the hot cracking resistance can
be improved while maintaining the amount of slag, by adding in the flux
an alloy element which is converted to a slag element during welding,
instead of adding a required amcunt of a slag-producing agent, such as

TiQ; and Si0;, from the beginning. In the present invention, adding Ti



Alnmost All My acting as a deoxi dation agent without remaining in a weld
nmetal, an anount of oxygen in a weld netal can be reduced; and hence, the
hot cracking resistance of the first layer in the one-side welding can be

i nproved. Further, MO produced by a deoxidation action changes the

equi l i brium state between oxygen and a deoxi dation agent, thereby pronoting
the deoididloi op Biricbho 1St idfteiciivieervhike Mows i erfger Atupe Mogghblesd ik a
wel d nmetal can be inproved in the high heat input welding of about 30 to 60
kJ/ cm idhywapprlopusatety 3pimifidaigocoagentsfof M iuvgQor€d 8ireMh, and B.
Note that a flux-cored wire for gas-shielded arc welding according to the
present inventiThe I tasedtwbencl hew iy eldiangagas is tiGO2: dgas.acAieantend
percentage of the flux is suitable in the range of 10 to 18 mass% (based on
the tot@oxmesioh thenw de)indiereidiait ehd toeudiiiK-eoneduntreff®ygen in

gas-shielded arc welding - 5 of the present invention will be described
Wi th regafd d gdthe, COARORHE l&rhcrél eQfs1aRdntbe f @asons a1 1whkehit hene
content percentage is nunerically imted. If not specified, the ranges
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acts as a slag producrng agent (sl ag-form ng agent VWhen the content of
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so as to pr romdroppl ng i'n the vertical an upwar d
progressi canno ecur eb ead s e LS hat

good. Cﬁm?%gwgtr\égpr Sl\/\Ag'fen egdégﬁten SPQ# & IalE%Soanrhaae S%  an
anount af en in.a me i.S |ncr sed re hot rack
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Iom1tenperature t oughness i s al so decreased. Therefore the content of Ti 02
shoul d Pt %bééippga ggn%egu%Ghe éowﬂggpperature toughness in the high

input welding can be improved.

The above Mg has the following great advantages in that: with
Almost A1l Mg acting as a deoxidation agent withcut remaining in a weld
metal, an amount of oxygen in a weld metal can be reduced; and hence,
the hot cracking resistance ¢f the first layer in the one-side welding
can be improved., Further, MgO produced by a deoxidation action changes
the equilibrium state between oxygen and a decxidation agent, thereby
promoting the deoxidation action.

Still further, the low temperature toughness of a weld metal
can be improved in the high heat input welaing of about 30 to 60 kJ/cm,
by appropriately specifyving contents of Mg, Mg0O, C, 3i, Mn, and B.

Nete that a flux-cored wire for gas-shielded arc welding
according to the present invention is used when the shielding gas is
CO; gas. A content percentage of the flux is suitable in the range of
10 to 18 mass% (based on the total mass of the wire).

Hereinafter, the flux-cored wire for gas-shielded arc welding



[Ti: 0.11 to 0.29 mass] As nentioned above, Ti has the foll ow ng advant ages
inthat: by acting as a deoxidation agent to reduce an anmount of oxygen in
a weld netal, the hot cracking resistance of the first layer in the
one-side welding can be inproved; and with the produced Ti Q2 acting as a
slag elenment, a drop of a nolten netal can be prevented in the vertical and
upwar d PF 6he essisey tofmwgeitdiongyl ) Inbaddiscirdhed FHi thasedar hHo dfeagennas ittian, by
remaining slightly in a weld netal, the structure of a weld nmetal is nade
fine anthadefl endtEmperatons fooughhds $hiencetieerhi ghr beat ad e pot nunest idiadd vcan
be inproved. In order to denonstrate such effects, Ti is required to be
cont ai nethitednIamamtspeti0idd, missYaoge sired owCar ¢ e setthen trhranditaWhersst he
content of Ti is beyond 0.29 nmass% the toughness thereof - 6 is decreased
as the st rengtiireher eof i ncreases, because Ti remains too nuch in the weld
metal. Therefore, the content of Ti should be specified as 0.11 to 0.29
mass% frid.hen, st he Tomtidsdihereof is preferably 0.20 mass%or |ess from

t he vi ewpoi nt of naintaining the good | ow tenperature toughness. [M:

0.30-0.70 mass]rid), 25t $ 235 31980 a4y agent (9ahedyeR; QREAt  GfheRXygen
ina weld netaIfN%nabli%g t he ﬁg? craéﬁ?%ggresﬁstggce oflﬁﬁgafirgt | ayer in

th o . : . ¢ ,
the wel B HGEar h5 e Fior oot aa el 1o Wnion TR Sont ot o ORET S Bataw 0. 30
mass% such .ef f cannot _he Lhed:  on e nd, 1__exceedi n
0.70 %B%é?gkﬁig %%%g}c§%6fiﬁ% ng?%?gﬁ%&aiglgggrﬁég%% eghgggggg?ngé%%e )
decr eased hxg@pécgpic resi stance.. Therefo

eas ; t he cont ent of Ng shoul d be
speci fi & &S SR 0 pﬁﬁgﬁésilﬁqI?grwe§§%9?ﬁn$Fen? ﬁﬁ%ﬁggPr g {h%ﬁe Fabl y
0.50 massohof fess 110M e i evpoiat, of, et nipg, the, g9od cold gracking
is beyond 7.0 mass%, an amount of oxygen in a weld metal is increased,
thereby the hot cracking resistance of the first layer in the one-side
welding is decreased, and the low temperature toughness is also decreased.
Therefore, the content of Ti0; should be specified as 4.5 to 7.0 mass$.
[Ti: 0.11 to 0.29 mass%]
As mentioned above, Ti has the following advantages in that:
by acting as a deoxidation agent to reduce an amount of cxygen in a weld
metal, the hot cracking resistance of the first layer in the one-side
welding can be improved; and with the produced TiQ; acting as a slag
element, a drop of a molten metal can be prevented in the vertical and
upward progressing of welding. 1In addition, Ti has an advantage in that,
by remaining slightly in a weld metal, the structure ¢f a welid metal
is made fine and the low temperature toughness in the high heat input
welding can be improved. In order to demonstrate such effects, Ti is

reguired to be contained in an amount of 0.11 mass% or more. On the other

hand, when the content of Ti is beyond 0.29 mass%, the toughness thereof



[[MIO +[My] x 1.66:s 2.5 mass%4 MO, when added, is an el enent by which the
redox constant is changed to pronbte an oxidation reaction, enabling an
effect of deoxidation to be enhanced. However, MJO is al so an el ement which
pronotes drops of a nolten netal. Therefore, MyOis required to be

contained in an anmount which satisfies the followi ng relation based on the
cont entisofleppgeasayGs+EMy|steen®dd: sharsohussreases, prefarubly Femaims daount
which satisfies the following relation: [MgO+[My] x 1.66:s 1.7 nmass% Wen
MyO i s rowht @i ied wal dame tabunfThenewhieh theecwrdlepg of T-i FhoyIMyOp HeMg) £xed. 66
exceeds 2.5 nmass% based on the content of My, a nolten netal is likely to
drop. las adtilticon, 2bmadse .hoFuzondgl tivel chmgntatdetect,is puehenash 5t 4920
inclusion, is likely to occur because of an increased solidification

t enper aldy=e &Ff 180t rdNOtRe tthatwdoha twet gat n0hiMhnd Shembdd pbivetbndperkt68eWhen
My is oxidized to MO [C. 0.02-0.08 nmass% C is an el enent necessary for

securi ngigeskrength of a weld netal. Wien the content of Cis below 0.02
mass% the strength of a weld netal is not secured and the | owtenperature
toughneggy .t kekeah 76 mhsk ) decreased. On the other hand, when exceeding 0.08
mass% the strength of a meld metal is increased while the | owtenperature

ey s aeq JRrLeaseds o hdgdlddany Lhe LA aIAt 98 Lesh ere;(g%eof

is decreased and an anount spatter produce |s i ncrease
Bh$5cggg§?H§QTac ghgge%a gé%?ﬁ%irgﬁgégiﬁ%:8§'$ -f%Fh68§3%§%§}ﬂ59#3§ viel d
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wel di ng in t gmetlgemgganf %theOflmglroxlresd gglwoeyi\{lo B%her:rr?st (za/ocg#tcehnt of Mg is below
0.30 mass%, such effects cannot be obtained; on the cther nrand, when
exceeding 0.70 mass%, the cold-cracking resistance is decreased because
of the decreased hygroscopic resistance. Therefeore, the content of Mg
should be specified as 0.30 to 0.70 mass%. Further, the content thereof

is preferably 0.50 mass% or less from the viewpoint of maintaining the

good cold cracking resistance.
[[MgOl+[Mg] x 1.66:< 2.5 mass¥]

MgQ, when added, is an element by which the redox constant is
changed to promote an oxidation reaction, enakling an effect of
deoxidation to be enhanced. However, MgO is alsoc an element which
promotes drops cof a molten metal. Therefore, MgC is required to be

contained in an amount which satisfies the following relation based on
the content of Mg: [MgQ]+([Mg] x 1.66:< 2.5 mass%, more preferably in
an amount which satisfies the following relation: [MgOl+[Mg] x 1.66:=

1.7 mass%. When MgO is contained in an amcunt in which the value of



effects cannot be obtained. On the other hand, when exceeding 0.75 mass%
the strength of a weld netal is increased and the | ow tenperature toughness
thereof is decreased. In addition, the cold-cracking resistance and the
hot - cracki ng resi stance are al so decreased. Therefore, the content of S
shoul d be specified as 0.35 to 0.75 mass% [Mi: 2.20-2.85 mass% M acts as

a deoxi gajd]enMagent] .&6dedsaidassatmsadvaatagen bhehaintent8of My, | aAptoares t he
strength and the | owtenperature toughness of a weld netal. Wen the

cont entyifa 1M 1 $Bel, ey &40 MgsKaisyeh, el €cd 8oeapaRtal Q@l&&'ﬂﬂg‘)/a defect,
denonstrated; on the other hand, when exceeding 2.85 nmass% the strength of

a wel d frtal, gégewﬁ&%é%ﬂ,ngirseaﬁﬁ‘(@l&olgoWé&ﬁ%é#ﬁﬁe:o%waheﬁﬂgfééé’éc?

t oughness t her is decreased and a Cold crack iIs to occur.

y
Therefore,. i. nten ou] spegi.f | S 2 2 s% [B:
0. 002- O BEd aeer B nee s MU A Ao et Rt q et yorare b oLl g
nmetal 1s .made fine,.thereb e .| ow t.enper.at ur oughness thereof is
inprovéﬁﬁinﬁﬂéﬁdtﬁg &oﬁgeﬁ?é%h&hlﬁsoﬁéﬁémﬁa.%%QE%%SS, an effect of inproving
t he tgﬁgh39%§ éaﬁEOt be Lully obt ai ned; on the other hand, when exceedi ng
0.010 59 ¥n8 -8t "8F&kki ng resi stance i s decreased. Therefore, the
content of B should be specified as 0.002 to 0.010 mass% [Al: s 0.5 mass%
Al is changed t% l&n2Bx®HEtr REGSRERBY NP arfG LReFELING TrERgés ©f 2 weld
solidification tenperature of slag, and thus a drop of a weld netal in the
verticaled ufhar dhsr eonedsi A§ of svikg ivhg - Bamass dpridveAtearatimedes atelda
remains slightly in a weld netal and when an anmobunt of the remaining Al is
| ar ge, néielt dgghmesecofred sied dheelav- tepkortegsetonane s theygnt o3 adpatter

produced is increased. Therefore, the content of
decreased. On the other hand, when exceeding 0.08 mass%, the strength

of a weld metal is increased while the low-temperature toughness is
decreased. In additicn, the cold-cracking resistance thereof is
decreased and an amount of spatter produced is increased. Therefore,
the content of C should be specified as 0.02 to 0.08 mass%.
[Si: 0.35 to 0.75 mass%]

3i acts as a deoxidation agent fo adjust the strength of a weld
metal and Also has an advantage in that Si enhances the viscosity of
a weld metal to improve the weldability in the wvertical and upward
progressing of welding. When the content of 5i is below 0.35 mass%, such
effects cannot be obtained. ©On the other hand, when exceeding 0.75 mass%,
the strength of a weld metal 1s increased and the low temperature
toughness thereof is decreased. In addition, the cold-cracking
resistance and the hot-cracking resistance are also decreased.
Therefore, the content of 51 should be specified as 0.35 to 0.75 mass%.
[Mn: 2.20-2.85 mass%].

Mn acts as a deoxidation agent and also has an advantage in that



Al should be specified as 0.5 mass% or |ess. [[A12031+[ Al] x 1.89: 0.5-1.0
mass] A1203 acts such that a solidification tenperature of slag is

i ncreased, thereby A1203 has an advantage in that a drop of a nolten netal

- 9 can be prevented in the vertical and upward progressing of wel ding.
When A1203 is contained in an anmount in which the value of the follow ng
rel ati éfn :inpaores] +hal Ftxengtgy ang fakowo O Semps: Mtsadedabneshectontvedd  of
Al, the above effect of preventing a drop of a nolten netal cannot be fully
denonstmettaid. Wnet hdweotrhetehhmd Manhieh behewval 2ie nefs spAIRRE] €f Ak ts xcalhno®9
exceeds 1.0 nmass% the peelability of slag is deteriorated because of the
t 00 nudbe harldenedmshagratad addi tihen otbet heafidctwidiatexaredingb2cdimessss,
unstabl e and an anount of the slag produced is increased. Note that the

wei ght e Altresigtul bEpd ved Deta89is WieivoAlsely Ox& iz tt@cAhdO8. and Nike
0.2-1.0 mass] Ni has an advantage in that N inproves the |ow tenperature

t oughnessy-oferp vl reBlal ghndienHd1e ogois 8Bt r84sdM ah8 Hed PIV-Ba2k TBSSHe1 it he
above effect of inproving the toughness cannot be obtained. On the other
hand, when iy d s eontaidied icR.ap,amuntrexgeating beOsp@sssi ANaset feeto
proportional to the anmount of addition cannot be obtained with regard to
the impacdc perfar mance thereof at around -40C, and a production cost
thereof 1s increased because of an expensive price of NI as a raw naterial.

Ther ef oggfé%ﬁ%qbggtmggsyi shoul d be specified as 0.2 to 1.0 nmss.

Exanpl e ‘ux-cored wres for gas-shielded arc welding having their
dianeters of 1.4 mmw th f made of. m | d

G 3141 SPCC) , Wel® &Poa\&a’%ﬁéf%ﬁrﬁ? St hE bt Aot e E5npal 1 yEter 1S
Exanplefshgdé%ﬁggnSde;ggy%gggﬁﬂﬁtg£pégggu§gtggg ngéé%hgieéﬁjgpfgproved.
When the content of B is below 0.002 mass%, an effect of improving the
toughness cannot be fully obtained; on the other hand, when exceeding
0.010 mass%, the hot-cracking resistance is decreased. Therefore, the
content of B should be specified as 0.002 to 0.010 mass%.
[Al: = 0.5 mass%]
Al is changed to an oxide during weiding and thereby increases
a solidification temperature of slag, and thus a drop of a weld metal
in the wvertical and upward progressing of welding can be prevented.
However, Al remains slightly in a weld metal and when an amount of the
remaining Al is large, the toughness of a weld metal is decreased and
an amount of spatter produced is increased. Therefore, the content of
Al should be specified as 0.5 mass% or less.
[{Al,05]1+[A1] x 1.89: 0.5-1.0 mass%]

Al.05 acts such that a solidification temperature of slag is

increased, thereby A1,0; has an advantage in that a drep of a molten metal



- 10 Chem cal conponents of these wres are shown in Tables 1, 2, and 3.
Chem cal conponents other than the conponents shown in Tables 1 to 3
include a netal fluoride (0.05 to 1.50%, an alkali nmetal oxide (0.05 to
1.50%, Zr@2 (1.50%or less) and SiQ2 (0.20 to 2.00% besides Fe of the
steel tubes; and the remainders thereof are filled with iron _powder. The
fol | owi AR BEJH SHemdiedgi 656 WR&S L6ar et T by T AT fiRS 1k o T atsdvd ngr odliEssd

wi res under the welding conditions shown in Table 4. (i) the vertical and
upwar d Bt6gr ésstergtaifnagelidi ag, appiyt t e Whiah sbet vadbdi a§ therfaMamwiagi ng
the | ow tenperature toughness, (iii) the welding of the first layer in the
flat butélanicbrone{sigds)wehdi ng1f ep eyaldlati ngstiss Bobaseacki RPer €shisdrance,
and (iv) the flat butt welding for evaluating the cold-cracking resistance.

In the yerdi cahaRHovRVEF hdt 0g ﬁ%t@ﬁtmg \wld%ggeft@%ﬂﬂérﬁhetﬁ@l@lmg;ﬁNas
carried out in the position of the vertical upward progressing, and

degree pf AnoRsioloATlLen 8t aho (MhRNEL,® ShapeQ vaLbead | ma%appﬁﬁ

not) was eva ated. In the eval uati on, ape of a bead having a good one
wi t hout aconvex shape in the delta V|n a vveldln curren of 180 A
was repfesé t%’ﬁseﬁfs' "Om\ﬁﬁﬁﬁetg‘ sﬁh%‘?)]e@‘ g(go’é Eaa ]o'sn‘é*e By esetedRRtHEE in
the delta weaving at a current of 220 A, a shape of a bead having a good
one wi t Abdtheat cORVER W&‘ﬁ@eﬂa%largep%féééiﬁ‘tlééobfo thye fget Wil an 445 PeeORRE t a
weavi ng at a current of 250 A, a shape of a bead having a good one w thout
a convexnshapke ang alepmegehtceijtby slpg" prafecedddl Incfassde eNatwughpénther e
shown in Tables 5 and 6. In the flat butt welding, the | ow tenperature

t oughnessight tdie Alhiighmhéatipl bpdtbwel .dichg wheasAéva uat Bdl z«Chaoppls@eci mens
were cut out - 11 fromthe center position in the direction of the sheet
t hi ckne¢siof0 &2~-wa@ chasgtporti on. Char py absorption energy val ues at -40C
wer e nmeasured
Ni has an advantage in that Ni improves the low femperature
toughness of a weld metal. When the content of Ni is below 0.2 mass%,
the above effect of improving the toughness cannot be obtained. 0On the

other hand, when Ni is contained in an amount exceeding 1.0 mass%, an
effect proportional te the amount of addition cannot be obtained with
regard to the impact performance thereof at around -40°C, and a producticn
cost thereof is increased because of an expensive price of Ni as a raw
material. Therefore, the content of Ni should be specified as 0.2 to

1.0 mass%.

Examples
Flux-cored wires for gas-shielded arc welding having their
diameters of 1.4 mm with flux filled in steel tubes made of mild steel
(JIS G 3141 SPCC), were produced (Examples No.l to No.18 and Comparative

Examples No.19 to 57). The content ¢0f flux of each wire is 14 mass%.

_10_



by the Charpy inpact test (the size of the specinens and the test nethod
were conplied with JIS Z3111). A nean value of three Charpy specinens was
defined as the absorption energy at -40C. In the evaluation, a value of the
absorption energy at -40C exceeding 100 J was represented by " 0", a value
thereof in the range of 47 J to 100 J by "0", and a value thereof bel ow 47
J by ThHéeamdsalt sopponeret vl (FAISiSeNn WAFeS shBnShavn TablTedlssahd 6. and the

wel ding of the first layer in the flat butt and one-side welding (restraint
cr acki ipemeési), chopeseritkiaidiamashehetkedecbyparimnts sticvgr aphT@otwstl wheBher

it was present or not after welding. In the evaluation, a welding portion

of the ffidisidel ay@étavm tthadtriaehod. oF aek1.8b%a , Wweh i ngh IGUREeRL &fi&300ACES
represented by "o", while a vvel ding portion of the first layer with a hot

crack "X he [ESY t val ua r sho T bl e nd In
addi ti % 1I RO% -g\i\n %Elg y%g% Pés (?Sassntan% 'Ig’dgzcrgc Png \tyggp%‘ %eFﬁée?lE%t O5utt
wel di ngC a cold crack was checked by the ultrasonic_test, whether it was

t

presentier Shetl &Pec’ d GhRgementdresdviinrath 8he & WMerdi gt porEiPeR ARt hout
a cold crack was represented by "0, while a welding portion with a cold
crack "x". The TheedQliswahoercloviilddnitoncat evahsiat HLeATABE €3Y Sisimy he. 12
Table 1 Itenms No. Chem cal conponents of wires (mass % *remai nders Fe Ti 02
T M Mp@@eCrBrdmpe®d wAreAT208: 10 tRe W& kbimy congligng ¢hgwaoin Tebdegt 0.(66 0. 44
2.79 0.004 0.5 - Exanples 2 4.5 0.29 0.62 1.2 2.2 0.05 0.61 2.82 0.006 - - -
- Si 02:theApe3t K@ Gnd4p@a¥0r@oQ@reés2i0g 08 wi:lsiing, 32110, 996 flat butt w&ilgiAng. 56
4 6.10.250.550.21.10.040.68 2.72 0.007 - - - - 55.90.150.520.0
0.9 0. 0>0e4212a55n9 . 10G4 1 ow-temperSitd2e0t Fdghitegk,7 (129 thd&elddnd. & @h@8
0.67 2.67 0.010 - - - - ZrX2:0.41

first layer in the flat butt and one-side welding for evaluating the

hot-cracking resistance, and {iv) the flat butt welding for evaluating

the cold-cracking resistance.

In the vertical and upward progressing of welding, the fillet
welding was carriedout in theposition of the vertical upward progressing,
and the degree of drops of a molten metal (whether a share cf a bead
was good or not) was evaluated. In the evaluation, a shape of a bead
having a good one without a convex shape in the delta weaving at a welding
current of 180 A was represented by "o", while a shape having a bad cne
by "x". Further, in the delta weaving at a current of 220 A, a shape
of a bead having a good cne without a convex shape was represented by

"o~@", while, in the delta weaving at a current of 250 A, a shape of

a bead having a good one without a convex shape was represented by "
®". The results of the evaluation are shown in Tables 5 and 6.
In the flat butt welding, the low temperature toughness in the

high heat input welding, was evaluated. Charpy specimens were cut out

_ll_.



7 7.0 0.11 0.30 0.0 0.5 0.07 0.75 2.83 0.009 - 1.0 1.0 - Si@:0.77 8 5.1
0.19 0.41 1.5 2.2 0.02 0.40 2.20 0.003 - - - - 96.70.19 0.38 1.2 1.8 0.05
0.36 2.66 0.005 - - - - - 10 6.6 0.26 0.58 0.6 1.6 0.07 0.70 2.44 0.007 - -
- 1.0-115.70.16 0.64 0.6 1.7 0.04 0.67 2.85 0.008 0.1 0.3 0.6 - Zr0:0.42
12 4.8 0.26 0.42 0.2 0.9 0.02 0.62 2.51 0.002 - - - - - 13 6.6 0.12 0.34 0.1
0.7 0. @30f). 40e 2ok ). PbBitien-in theldibeltPod 6 D.t32 BhBel. EhiiEd3 41 2. 81
0.008 0.4 0.30.9- -156.00.210.511.6 2.4 0.04 0.55 2.79 0.005 - - -

- 16 5 i 6 e a 1 eds 65
0.6 1 {583 Re sk Gl PPt 9@‘%3@1&185 R R A I

0.05 0,68 t Al
a0t dats BePpliiast B (3 %%n%én%@ Skl B ﬁ‘%ﬁ%%%e[ ]
Fe T|02 Ti Qa C A1203 b Ni her s 9 4.8 0,10 0.52 1.1
0.06 0"55° 2‘:%‘1“&01?ﬁﬂ)é"’lg1 s Ezjb\llé&ﬁpa A53e V3018 (P36 RY 6%%“‘%‘“68
0.35 2.20 0.002 - - - - - Exanples 21 7.1 0.11 0.70 0.3 1.5 0.02 0.75 2.85
0. 010 was definegbagthe@bporptionereryvnn-48°®. eFnthggepaboprion, a value
SiC2:0.49 23 4.6 0.08 0.70 0.2 1.4 0.05 0.61 2.81 0.008 - - - - - 24 5.1
.12 0.084theSasdrti08 OndPy?.aA9 -Q 000G xceediny Z002] Qadlredbe el £§ 0. 65
.9 2.00.07 0.46 2.12 0.006 - - - - - 26 8.0 0.22 0.70 0.0 1.2 0.04 0.51

79 0@006a valie tH&QOE O3 tRd MArkdok249. 32tc;l- lQJOl J4b 0gn 0. 334 % 4810009
0.6 - K20:0.04 28 4.8°0.05 0.44 0.2 0. .36 2.83 0.009 - - -

20 B4l 030 240,758 SR T4 0 088 oy fog i8R0,

.42 ZT%%leSOQGand g 0.5 ZrQ2:0.42

OoOFRr ' OoNOO
1

In the welding of the first layer in the flat butt and cne-side
welding (restraint cracking test}), hot-cracking was checked by the
radiographic test whether it was present or not after welding. In the
evaluation, a welding portion of the first layer without a hot crack
at a welding current of 230 A is represented by "o", while a welding
pertion of the first layer with a hot crack by "x". The results of the
evaluation are shown in Tables 5 and 6. In addition, in a window type
restraint weld cracking test for the flat butt welding, a cold crack
was checked by the ultrascnic test whether it was present or not after
welding. In the evaluation, a welding portion without a cold crack was
represented by "o, while a welding portion with a cold crack "x". The

results of the evaluation are shown in Tables 5 and 6.

_12_



32 5.5 0.21 0.44 0.7 1.4 0.05 0.50 2.79 0.001 - - - - Si®2:0.58 33 6.9 0.34

0.51 0.3 1.1 0.08 0.49 2.66 0.005 - - - - - 34 7.00.19 0.31 0.3 0.8 0.05
0.67 2.29 0.000 - - - - Si02:0.60 35 4.4 0.29 0.40 0.9 1.6 0.05 0.46 2.40
0.010 - - K20:0.06 36 6.3 0.15 0.57 1.1 2.00.050.34 2.77 0.003 - - - -
SiO2:0.62 37 5.20.19 0.320.91.40.040,49 2.19 0.003 - - - - - 38 7.0
0.19 0.32 3.0 3,5 0.04 0.40 2.59 0.0ff@ble13 0.4 1.9 - (Note) a= [MyQ + NO
x| . 66 Itbms [ AF®OR]_+ [ Al ] x| Chemigal compogents of piey) (masg) ¢+ *erpgindiFe Cheni cal mponent s
of wirle Wo/*lofzrul\j?éﬂgo g Tod Sl MonpB Ok 1AL [Qh3 Ih N
Q her s Eéﬂ%l 6 6?4 gié %62’ ‘;'OG g:’g gsf 8@? 39'3%2 e B SopRpar ative
xatiples [ 27 P45~ ] (7299% 3 ) 370! 8240, N i [y R ST
40 6. ¢ 6 3PS fo & (9501 G5 D1 BPow-| G D> B bose |- =] — S| G2 10-qtiobxApl es 41
6.0 0.|124 0. 7[0i Of 81 1| &30068| G278 2| 8@ [0.s00872- 0007-| — K207 0. 0% 44 5-1 0. 20 0. 42
0.7 1.14 0.03 0. /'y 22 |050110.0- ] 0.9 | 0.03 |B4DP2.0. /8004 143- 42 0.41 6.[F:0742 0.8
0.02 d.55 2.1 _mn0Re25[.068 [ 14 [ 25| &03d 0@7 11670 04 [0-a] + 60— 06— 28009 [32 0. 002
0.1 0.|4 0.6 LS Ep:- h0BQ 030E 0 BOn G0 187502 8 1909 1g-g Wy plég > [$0:H77905 - - -
- . 46 5 9 84/| j:f_l— 019 r0411 A]ﬁgn Py (}:02- :640: 2126 :Qoﬁdn_ — o HIa Ve Ml a Wiy 2o 47 4 8
- oA 7 OPg 1 [38 | 1 20| Dol 005 { 9361 26 [Qo 0 = | — | — P 94 9=72 -
0.22 Q.71 O0.201 & O 9% 1059 D 0% BV D5.0000 .70 | 229 0;0075‘?!‘@2"@:7“3"‘“2. —48§5G. 1011 0.52
0.7 1.16 0.020-B% Z| Z% [0.60[ 9.6 [ 1.7 F0.0b.]9.67 | 48 [6.08 [B.110.0. Vde 0. 8 [Z:AJ04 |05 0. 55
2.85 (Q.005 -|r }[48 720:062 032 505 bo.®@ (062520, |142020. 114 0.62 6.135-2. 90 0.004
- - - |- Sio2 A B F8123 034 0 Mol 7 RR03Q 0A9 228 13084 A~ Re- 2162 10004- 0.4 0.4 -
52 4.9 0.15 14006 0.1 | D34 A A1.xN0.05 (R4l £2.HAA008 | 04t 3. h0%9 —Ho o1 o 0. 28
' ' PIsTLe 0 P D SEL% T2 40087055 P2ae o005t —F = =1 17" —~" ]
0.44 1.2 1. o OT a2k 12297 1% POVPT 5027 050 [ 2 309 9%eed: 04 o4 4—9 01336 80 0.9
2.2 0./106 0. 99720 PodUd63 | 06 | LPPode.| D6D| 22 |#0 I IV 008 |GiZBsa2. 81
0.006 (0.1 - [Owe2][e6-J0o25[035] 09 [1s[oos]o6s]220]0010] — [ — — | =1 =
(Note)a = [MgO] + [Mg] x1. 66 b= [ALO,] + [AI] x1. 89
Table 2
Items No. Chemical components of wires (mass %) *remainders Fe
TiO, | Ti [ Mg IMgO| a | C | Si [Mn | B | Al | ALOs| b | Ni | Others
19 {48 |010)052] 02 |1.1|006| 0392810005 —| — — =1 =
Comparative [ 20 | 69 | 030 | 043 10 | 1.7| 008 | 035 | 2.20 | 0.002 | — | — — =1 =
Examples 21 [71 Jonn]o7o] o3 [15to02]o7s|285fo010] —| — —[ =1 =
22 |64 |015]070] 18 |30)003] 067 2440009 | — ]| — — | — [ 8i0,049
23 |46 |008]070] 02 |14 005] 061|281 |0008| —| — -1 = =
24 |51 |012]064| 13 (24003030279 0006 | —| — — | — | Zr0,041
25 |52 |016]|065] 09 |20 007]046]212]0006 | — | — 1= =
26 |80 |0221070] 00 |12 |004][ 0512790006 | —| — — | — [ %0003
27 |49 |012 022 10 | 14002 037|246 000902 | 02 |06 | — ] K,00.04
28 |48 [ 005]044] 02 |09[005]036] 2830009 —| — — = =
29 |62 | 0.12]030] 20 |25]001 (070|244 | 0004 | — | — — —| —
30 |63 | 016|028 13 |18]008] 037|282 0002| —| — — T =[%,0007
31 |63 | 021|070 16 |28]004| 042|246 0006 | — | — — |05 | Zr0,042
32 |55 |021|044]| 07 |14]005]050]|279]0001 | —| — — | —[5i0,0.58
33 | 69 034|051 03 |11]|008]| 04926600051 —| — —1 =1 =
34 [70 |0.19[031| 03 |0.8]005]067]|229]0000] —] — — | = [ 5i0,0.60
35 |44 | 029|040 09 |16]005] 046 240 | 0010 | — | — — | =TxK0006
36 | 63 | 0151057 1.1 |2.0]005] 034 }277]0003 | —| — — | = sio0.62
37 |52 [019]032] 09 |14 004 04512190003 | —| — —| =] =
38 7.0 0.19 | 0.32 3.0 35100410401 259]10010]08 {04 1.9 —_ —_

(Noteya = [MgO] + [Mg] x1. 66 b= [ALO,] + [Al] x1. 89
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56 5.5 0.25 0.39 0.2 0.8 0.07 0.42 2.17 0.008 - - - 0.1 - 57 6.2 0.18 0.61
0.11.10.020.502.320.016 - - - 1.1 - (Note) a [MgQ + [M] xI. 66 b=
[ AL203] + [AI] xI. 89 Table 4 (i) Vertical and upward progressing of wel ding
(Evaluation for drops of nolten netal) Speci nen JI'S G 3106 SMA90A (
Thi ckness 12 mm Fillet welding in T butt wel ding Rod operation : Delta
weaving Welding current : 180A, 220AabR30A Shi el d-gas CO2, Flow Rate: 25
L/ m n [(ms) Fl ale-hut t _wel di_ng CleBia Commptrientyv! ¥iny  (neabs} empeindat Ber €t oughness)
Speci nen_:__J1 5 G| 39005 TSNWORMEOThiac ﬁec sSiaADMah B NURE | Asar bubNH{ Afed n |V but t
wel di ng Joi nt (feedBr il ist ngtlel $f HHHIES w12 08074y soke—argFel 6f- 140 _Rdot

. g Compara 165 182271030 [ 2429 % 060 1 2481 0007 =1 "= 2= | 17 | SiDz0.66
gap: 3 pibpres O CHb Al 330 15 | [T D5 4 Rlogd TR0 68/ ot €l d gas
Co2, Flow rat €p25 s/ [.5 [l [ Jo VLA 18 |85 [ By er [T [ ar bt Siome
one-sijde wel d{ mg]@Evabudicizsan ofzoro.:homozc mag ke nd onagi st anee)l —Speeinmen JIIS G
3106 $M400B ('ng“lé-ﬂe‘@w Orfi) 0Po| ht | g&q @ | 352:] 08giie | ¥4 gr{dGvE -

1 BE-

- 81890 dr oove
angl e {of 40, 48 9po11 E1¢ h&09d @55 | 4.8 | 0:0060 8 tMade py—Kobe Stleel ,
Lt d c;ol I d f | |Q/6 1 \5' o %,gf P()Sﬁi a tjf‘ '4'\ Q::QS O\ 2{‘2r‘ rQoml y ramt - 29N A ) 07 g
e e TERELE '0\;5; ORI A B IR D S S A AR s
SpEEd 25 cnl W Te40Vo1t [0 G0 & PEEY 029 | EI oy AT eaTgas|T ¢, T ow rate

25 L/nin (iv)[WTdaw 5. 7& e fb 61l 00561005 F2.80Hiossd T01 11 gt —DUTL [ WEbaéng
(Eval yation fose ¢ebd| crsdake nop.m 54 st.@njos] [ 2.8deckner JIS G 3106 SRBI0A
(Thi chness 50| Al 3®L) £39 |@der Ofe| HE n@O4i1M-3%/| hedt!t0.00e] di N@4JQifdt | geonetry
Singlg V groo 182 \Ji28 hl 8150038 2. 5o hal KOGl 048] 2.634 9101 ap—$5 Tm dihS8OB B rlent
d ERES R 080 [ 70V T2 006 |Hisy 229 oo | — 1 — — | -1 —
55 |65 |022[032] 12 |1.7] 008|028 281|0006] 01| —

|
I
I

02] -— -
56 |55 0251039 ( 02 |08007]10422.17[0008] — _— — 10.1 —
57 162 1018|061 0.1 J1.1]0.02] 050232 0016 — | — — {11 —

(Note) a= [Mg0Q] + [Mg] x1. 66 b= [ALO,] + [Al} x1.

Table 4
(i) Vertical and wpward progressing of welding (Evaluation for drops of molten metal)
» Specimen : JIS G 3106 SM490A ( Thickness 12 mm)
+ Fillet welding in T butt welding
* Rod operation : Delta weaving
* Welding current : 180A, 220A, 250A
+ Shield-gas : CO,. Flow Rate: 25 L/min
{ii) Flat butt welding (Evaluation for low temperature toughness)
* Specimen : JIS G 3106 SM400B (Thickness 40 mm)
« Multilayer welding in 'V butt welding
« Joint geometry : Single V groove with a groove angle of 40°, Root gap: 5 mm
* Welding current: 350 A, Welding heat input:30-60 kJ/cm
- Shield gas : CO,, Flow rate:25 L/min
(iii) Welding of first layer in flat butt and one-side welding (Evaluation for hot cracking resistance)
» Specimen : JIS G 3106 SM400B (Thickness 40mm )
+ Joint geometry : Single V groove with a groove angle of 40°, Root gap: 5 mm
» Backing material : FBB-3 (Made by Kobe Steel, Ltd.
Solid flux type with glass tape)
» Welding current : 230 A (Welding speed 25 cm/min)
260 A (Welding speed 35 cm/min)
+ Shield gas : CO,, Flow rate 25 L/min
(iv) Window type restraint weld cracking for flat butt welding (Evaluation for cold cracking resistance)
» Specimen : JIS G 3106 SM490A (Thickness 50 mm)
+ Multilayer welding in V butt welding
» Joint geometry : Single V groove with a groove angle of 40°, Root gap 5 mm
- Welding Current ; 350 A, Welding heat mput ; About 15 kJ/cm
+ Preheating - Interpass temperature : 75%10°C
- Shield gas : CO,, Flow rate 25 L/min
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0 0 0 X od'-~NmMNNmmmmmmmmQaa<Caa~v~v' ~vl N vl v~vl vl i-F mroo
sai di uexg annundnoa Referring to the results of Conparative Exanpl es,
Conparative Exanples No.21 and No.26 had hot cracks in their first |ayers
in the one-side welding and al so had the decreased | ow tenperature

t oughness in tAefeirghoheatthienpasiived diingornperaiise Erapplesnt@mrargtive02
were beyond the upper limt. Conparative Exanples No. 35, 39, 43, and 51
had badExzgipdpesNof 2beatts Nui-12% benvbxt shrapdss iim tthelveftiretl layelk upwartde
progressing of welding, because their contents of Ti 02 were bel ow the | ower
limt. orGorgidrate Vélkxamul edshoha@(lended3Behiaed tlvey itropeasedrstireenginksef t he
wel d netal s and the decreased | ow tenperature toughness in the high heat

i nput wel dhagigqhaecaitsenphieive 1 60ng ebksaoke Thewereheynndo £ Tecuppee Hayrnt.
Conpar ati ve Exanples Nos. 19, 22, and 28 had hot cracks in their first

| ayers tHe tp@eoneiside wehghpgt and mashdike decressesh | aw,t gapes AtHNE bad
t oughness in the high heat input welding, because their contents of Ti were

bel ow tdiesdWeF kb Ak tyi tEHOADRFAL EM&R/E%%HPJ&S@PEMJ& afQ g S hpd s sqalyd

cracks, because their contents of wer e beyond the upper Iimt.

Conpar a4 ;&%elﬁéggg'ﬁécﬂ%f %glgi?néoé&ﬁ%do@%j[&zr Aeks Adn dhekk E&E%F 1igyers in

t he one-s ing an t he decreased Tow tenperature toughness in the

hi gh h ' : ' i ts .of I

o, ekl Bt NeLgLgn, DasRUSS LRI K coll e M e pelal ddeloer
tical d d i f | di b Al and A1203 dded

Uher ei e CORBATAT V8 ErRRGr b8 REL 145 HHIPST g LORG T 1T GAsal O Ponge of

the weld netal s _and the | owtenperatur t oughness i n the hi gh heat, i.nput
wel di g Pt AELL Rive PP CRBAE hiEs Fof St = i & oy BREE FRECHgar® FPRFT L a0,

col d cracks occurred. Conparative . , ,
Comparative Examples Nos. 19, 22, and 28 had hot cracks in their first

layers in the one-side welding and had the decreased low temperature
toughness in the high heat input welding, because their ccntents of Ti
were below the lower limit. Comparative Examples No. 47, 49, and 54 had
cold cracks, because their contents of Mg were beyond the upper limit.
Comparative Examples No. 27, and 30 had hot cracks in their first layers
in the one-side welding and had the decreased low temperature toughness
in the high heat input welding, kecause their contents of Mg were below
the lower limit. The above Comparative Example No. 27 had the good
weldability in the vertical and upward progressing of welding, because
Al and Al,;0; were added therein. Comparative Examples No. 45 and 53 had
the increased strength of the weld metals and the low-temperature
teughness in the high heat input welding, because their contents of C
were beyond the upper limit. Also, c¢old cracks occurred. Comparative
Example Nc. 29 had the decreased low temperature toughness in the high

heat input welding, because the content of C was below the lower limit.
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Exanpl e No. 29 had the decreased | ow tenperature toughness in the high heat
i nput wel di ng, because the content of C was below the lower Iimt. - 17
Conpar ati ve Exanples No. 44, and 46 had hot cracks in their first layers in
t he one-side melding and had the decreased | ow tenperature toughness in the
hi gh heat input weldin because their contents of Si were beyond the upper
limit. Npgragéve ‘r&wmg(lﬁoki@uﬁﬂedancnﬂé had Ve toshpakatinvene Ex AnpFE IN0/Sr44 had
the excellent weldability in the vertical and upward progressing of

wel di ngin bbeause AB208e hdithPlandeh&d dddede ¢ trrsch 1 ow Comparativve Exardpless No.
24, 36, and 55 had bad shapes of beads wth convex shapes in the verti cal
and upwar dhpriogrrebsang ngfutwed diingy, because thdiel comionitend$ if wSkevieryene! ow
the lower Iimt. The above Conparative Exanple No.55 had a bad shape of
bead wiHe appervexmsbapalise,t keldeethchs ocand neawar Theragres Sicagaehtwekdi ng,
because the content of Si was below the lower Ilimt despite addition of

A1203. Hanmaratibye Exaaphes eNee1 4dnt and BB ihadythe thacyeasied ishhengifarefl the
wel d nmetal s and the decreased |ow tenperature toughness in the high heat

i nput welding,siandoRagde ok, Watkse mg@susﬁ%dt Rei e pONL &M S 19feMinviere

beyond the upper limt. Cbnparatlve Exanpl es hb 25, 37, and 56 had the

d h t i

docr easeib UL SIPBLEAUL £y HOUISSS, | dube, A gpnRut Pl g, dcause

No. 56 h t
é‘@rﬂ%@&aﬁ' lﬁaér?edve@é"lo f%ﬁh\?\ﬁﬂéw 4%&’8%@&? %o% b\%lﬁllgg é'beeaéads%p“

wel di ng, ecause he cont ent 1 m

addltlo Ni tive 2,..48,. and 57.had cold cracks in
fhot 1 fheidt cPhoerBIRA 81 WS KRR Shd Fouef Lt a0t g PYE ronn S

ow t crbitis B 5%&%%%‘@?%5#%%33@“%%% TaoPEr GIAGe ecRAOERY . b 920"
Conp

added t herei n. arative Exanp .. 32 and 34 had the decreased | ow

tenperaﬁ%ﬁeypﬁéﬁah%%%%rﬁﬁ?ﬁﬂﬂeoﬁlfﬁ#qﬁﬁﬁ PREEES T RGN EBRE st HRF roelow

the lower limit despite addition of Al;0;. Comparative Examples No. 41
and 50 had the increased strength of the weld metals and the decreased
low temperature toughness in the high heat input welding, and had cold
cracks, because theilr contents of Mn were beyond the upper limit.
Comparative Examples Nc. 25, 37, and 56 had the decreased low temperature
toughness in the high heat input welding, because their contents of Mn
were below the lower limit. The Comparative Examples No. 56 had the
decreased low temperature toughness in the high heat input welding,
because the content of Mn was below the lower limit despite addition
of Ni. Comparative Examples No. 42, 48, and 57 had cold cracks in their
first layers in the one-~side welding, because their contents of B were
beyond the upper limit. The above Comparative Example 57 had the good
low temperature toughness in the high heat input welding, because Ni
was added therein. Comparative Examples No. 32 and 34 had the decreased

low temperature toughness in the high heat input welding, because their
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- 18 contents of B were below the lower |imt. Conparative Exanples No. 22,
31, 38, 40, and 52 had bad shapes of beads with convex shapes in the
vertical and upward progressing of welding, because their contents of MO
wer e beyond the specified value. The above Conparative Exanple No. 31 had
the good | ow tenperature toughness in the high heat input welding, because
Ni was @ddedtishef & WerFhee oohphratinar Biakpl e MBPazethid famplgsrNo afgunt  of
spatter produced, because the content of Al was beyond the wupper limt, and
had an QWBEﬁhIéOaréndnaZtmﬁdd@ﬂbﬁm@paﬁe@fﬁéﬁhﬁbhﬁﬁﬂyCO@WeKhéh@P%@fﬂbé@@use
the total (b) of Al and A1203 was beyond the upper |imt, Contrary to these
resul t syentn.d®lappblespNord dregtr@ssgoode Iiwledidigg, wascaibd e tthe ilvecoatentes] cdut at
hi gh wel ding currents without a drop of nolten netals in the vertical and
upwar d ypyogeesshagprof theldhiarg, figs shove. [he Bahlwe Somparadidid EQanp Exampl es
No. 1 to 18 had the excellent hot cracking resistance of the first |ayers
in the sneagidde: yebdilkg, tansbr weird tRigreexcelthentidginhehe inputtwapenat, ur e

t oughness were obtained in the high heat input welding where a wel di ng

amunt ¥&s, K ea88thddddt e it onrhExanBhest Noe Ekak@1d&ichash hhe aaeodsol d
cracking resistances. - 19 WHAT IS CLAIMED IS: 1. A flux-cored wire for

gas- shi shcﬁm Y<C s\@%'t%gg?m&éd ugcbelag fhdl&ohrdft %fsmehagu@@ya%dech%f

mld ste | oy stee Wi re conprising, based on the total nass of
G e TR o B e A T e
and of the slag, because the total (b) of Al and Al,0; was beyond the upper
limit. Contrary to these results, in Examples No.l to 18, good welding
was able to be carried out at high welding currents without a drop of
melten metals in the vertical and upward progressing of welding, as shown
in Table 5. In addition, Examples No. 1 to 18 had the excellent hot
cracking resistance of the first layers in the one-side welding, and
weld metals excellent in the low Temperature toughness were obtained
in the high heat input welding where a welding amount was increased.

In addition, Examples No. 1 to 18 had the good cold cracking resistances.
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0.002 to 0.010 mass% B, wherein MO satisfies the follow ng rel ati on based
on the above content of My: [MJIQ+[M]x 1.66 s 2.5 nass% assum ng contents
of Mg and MpO are [My] and [MgQ, respectively. 2. The flux-cored wire for
gas-shi el ded arc wel ding according to claim 1, wherein the wire contains
A1203 so as to satisfy the followwng relations: Al: s 0.5 nmass% based on
the total nass of the wire, am#AT AS20BAR{EY 1. 89: 0.5 to 1.0 nass %
assum ng contents of Al and A1203 are [Al] and [A1203], respectively. 3.
The flux-cored wire for gas-shielded arc wel ding according to claim 1 or 2,
wherein the wire further contains 0.2 to 1.0 mass% Ni based on the total
mass of  the1wkFEored Are for gas-shielded arc welding with flux being filled
in a steel tube made of mild steel or alloy steel, the wire comprising,
based on the total mass of the wire:
4.5 to 7.0 mass% Ti0s,
0.11 to 0.29 mass$%$ Ti,
0.3C to 0.70 mass% Mg,
0.02 to 0.08 mass% C,
0.35 to 0.75 mass% Si,
2.20 to 2.85 mass% Mn, and
0.002 to 0.01C mass% B,

wherein MgQ satisfies the following relation based on fhe above content

of Mg: [MgOl+[Mglx 1.66 = 2.5 mass%, assuming contents of Mg and MgO

are [Mg] and [MgQ], respectively.

2. The flux-cored wire for gas-shielded arc welding according to claim
1, wherein the wire contains Al,0; so as to satisfy the following
relations: Al: = 0.5 mass% based on the total mass of the wire, and

[A1,0:5]+{A1}%x2.89: 0.5 to 1.0 mass%, assuming contents of Al and Al;0;

are [Al] and [Al,0s;], respectively,
3. The flux-cored wire for gas-shielded arc welding according to claim

1 or 2, wherein the wire further contains 0.2 to 1.0 mass?® Ni based on

the total mass of the wire.
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