FLUX CORED W RE FOR GAS SHI ELDED ARC VELDI NG OF HI GH
STRENGTH STEEL BACKGROUND OF THE INVENTION 1. Field
of the Invention [0001] The present invention relates
to a flux cored wire for gas shielded arc wel ding of
hi gh-strength steel having proof stress of 690MPa or
nmore in building machi nes, offshore structures, and
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wire for welding o strength st eel

capabl e of conduct|ngsq@@N@qglgWQﬁHMeldlng and
provi di ng an excel |l ent cracking resistance. 2.

Description of the Related Art [0002] For arc wel ding
of high-strength steels to be mainly wused in
constructi on megddxEsUND fGhoTEE StNvENTI@S, and the
i ke, there have been adopted: covered el ectrode,
1l shirerded e wetehitgonand gas shiel ded arc wel di ng
using a solid wre, and the like, providing excellent
[GGiplalct toughness. Anong them it is general to adopt
the covered electrode, or the gas shielded arc
REEdi R IR0 AN¥ENEAOR reelatemsto 6f fhpghcored wire for
neceSS|tate osi tional welding such as vertica
geer neat 1ded /e 28t | STl%méEE?ngFﬁesctﬁ\?éTeBavmg

el ectrod efficie

di
gt ot S HER et bk 935% (S gtafe ot Bitnaifg Liggnines,
Lheult in achieing ighl v elficlent weldipg s curaryy

because St hé gas <hiel’ded &r ¢ ding 1s requir
relates to a flux cored wire for welding of high-strength

steel which is capable of conducting all-position welding

and providing an excellent cracking resistance.

2. Description of the Related Art
[0002]

For arc welding of high-strength steels tc be mainly
used in construction machines, coffshore structures, and the
like, there have been adopted: covered electrode, submerged
arc welding, and gas shielded arc welding using a solid
wire, and the like, providing excellent impact toughness.
Among them, it is general toc adopt the covered electrode,
or the gas shielded arc welding used a solid wire in case
of which necessitate positicnal welding such as vertical,
overhead, and horizontal.

[0003]

However, the covered electrode is low in welding



be conducted with | ow wel ding current so as to prevent

nmolten netal sagging in the positional welding. [0004]

On the other hand, for all-position welding of

typi cal |owstrength steels having proof stresses |ess

than 690MPa, the gas shielded arc welding using a

flux cored wire is adopted in nost cases. [0005] In

- h [ e | di.ng Hhg . a ;
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wilQ Nty 5 adged, | yihe cored whre, sl dgi fhesyugeny ek dingient

in advance of a weld netal to thereby hold the weld
wdlRlidlg HdlE tHet@ s S0 Iged SaFaretydLaysed e¥gnib¥d to

posi tional welding such as vertical upward wel di ng,
bd heoebycesablwint t Dowel dve My achirgbnweldb ngscuwa eptevent

i.e., highly depositional welding with a higher
madffdrcinental 40006]g Howetvter ,podithbsndeencdiffigcul t to

adopt the gas shielded arc welding using a flux cored
[GMi%4% of high- strength steels, because a slag

conponent to be generall added into the flux cored

wire Qs el yidenst itaned ofor oxdbespogbtipat welding  of

obt ai_ nment of an inpact toughness is nmore difficult

ti{mé%?]o_tll%f‘%t\ie‘fedﬁitgh Pt oSS 3 Vg %%O%ﬁo%ﬁfe%fes less than
oLyt Bhe D ogEn Syl a5l SuliLRS LLARITASIANE, corec

F
i st ure bsorption during storage of the flux cored
"WiTe s Ofﬁcgeecg i hr%OnS1i h%?s%é‘sul ting of the solid wre.

[dRT]

In case of the gas shielded arc welding using a flux
cored wire, a slag component having a high melting point
added in the cored wire solidifiles upon welding in advance
of a weld metal to thereby hold the weld metal, so that
metal sagging is rarely caused even by positional welding
such as vertical upward welding, thereby enabling te weld
with a high welding current, i.e., highly depositicnal
welding with a higher efficiency.

[0006]

However, 1t has been difficult toc adopt the gas
shielded arc welding using a flux cored wire of high-
strength steels, because a slag component to be generally
added into the flux cored wire is mainly constituted of
oxides, so that obtainment of an impact toughness is more
difficult than other welding processes, and an amount of

diffusible hydrogen such as resulting from moisture



Furt her, various devel opnents have been progressed in
flux cored wires for gas shielded arc wel di ng of high-
strength steel, for exanple, netal-based flux cored
wires wthout addition of slag conponents have been
di sclosed in patent-related references 1 and 2.
However, these flux cored wires are focused on fl at

cRQS] 'td.eeQ?l yel di ngy 8o that; 2al | sppsitigne lgd'ir}:g)nbalﬁggsture

on t ux cored wires are required to bé conducted

allo Ay Wl fiNh S USF 8PLgS0c8S the AV erdday il ted larger
met al saggi ng, S|n1lar?y to the gas shielded arc

theel dilg usd g sidld bmidee 48008]wiMas eover, concerning
flux cored wires for gas shielded arc welding of

[dniggh- strength steels for all position, although
patent-rel ated references 3 and 4 disclose flux cored
Wi r esufmthepr,oviadiingis e oxlezprhave s tiemperlagen eprogressed in
t oughness by virtue of decrease of an anobunt of

flonygenred aviedsledoret afsbyshuddidaf neral 9¢l@in@est high-
basic oxides, or the like into slag conponents

sGLeEId n@t%h | EoraLipRic cCBRpdheReSefhddexs |gpred wires
cored wires are not consi dered about cr

cki ng
W%téga%ft aarﬂ:%”b]fmi het wet 89 mEPEPORSRGE0 a‘l[%if ‘i“e‘f%]r%%ied in

ref 1] . JP20Q06- 198630 nt-rel ated reference
4ﬁ5f§%§r £3CF 5anht@¥ ted r%ﬂerenceﬂ%ese flux

CO?&%@-%%%S?\ esﬁ%fsﬁﬁx?a’oé%??kwéﬁ%ﬁ%%%po%’fd]dﬂg 50 that

ahnerefiare, anehisecly of Lbg niesenk | PYERIIQNL® wires are
required to be conducted at low welding current so as to
prevent the molten metal sagging, similarly to the gas
shielded arc welding using sclid wire.

[0008]

Moreover, concerning flux cored wires for gas
shielded arc welding of high-strength steels for all
position, although patent-related references 3 and 4
disclose flux cored wires for providing improved low-
temperature toughness by virtue of decrease of an amount of
oxygen in a welded metal by adding metal fluorides, basic
oxides, or the 1like into slag components including rutile
as a main component, these flux cored wires are not
considered about cracking resistance of the weld metal.
[0009]

[Patent-related reference 1] JP2006-198630A

[Patent-related reference 2] JP2007-144516A



provide a flux cored wire for gas shielded arc wel ding
to be used for high-strength steels having proof
stresses of 690MPa or nore, which is capable of
all-position welding with a higher efficiency and
exhi bits an excellent cracking resistance. [0011] The
aspect of present invention for achieving the above

bj ecty o
o) eSS U8 85 Q1o [OEHRIo ¢ o
hi gh-sirength Staely GG & STEsl - @@p@g% and a

flux filled therein, whereln the flux cored wire
conprises, by mass% wi t h respect to the total mass of
the flux cored wire: C 0.03to0 0.10% Si: 0.25to
0.7% WMi: 1.0 tguSMB%y oN THE. OntveN3IB% B: 0.001 to

0.015% Cr: limted to 0.05%or less, and A : limted
[0d 0. 05% or less, and -4 in the flux, Ti02: 2.5 to

7.5% Si02: 0.1 to 0.50, Zr02: 0.2 to 0.9% A1203:

0.1 tld O.sAGhearafartte aremdd Jrler conphe sprgsere, lanearcon to

stabilizer, and unavoidable inpurities; and
provide a flux cored wire for gas shielded arc welding to
be used for high-strength steels having proof stresses of
690MPa or more, which is capable of all-position welding
with a higher efficiency and exhibits an excellent cracking
resistance.
[0011]

The aspect of present invention for achieving the
above object is summarized as follows.
[0012]

(1) A flux cored wire for gas shielded arc welding of
high-strength steel comprising a steel sheath, and a flux
filled therein, wherein the flux cored wire comprises, by
mass% with respect to the total mass of the flux cored
wire:

C: 0.03 te 0.10%,

Si: 0.25 teo 0.7%,

Mn: 1.0 to 3.0%,

Ni: 1.0 to 3.5%,

B: 0.001 to 0.015%,

Cr: limited to C.05% or less, and

Al: limited to 0.05% or less, and



wherein the total anmount of hydrogen in the fl ux
cored wre is in 15ppmor less. [0013] (2) The flux
cored wire for gas shielded arc welding of

hi gh-strength steel as set forth in (1), wherein the
flux cored wire conprises, by nmass% with respect to
the total mass of the flux cored wire, one or nore
of : Mb; QL .0% Nb: 0.01 to 0.05% and V: 0.01
to 0.059% ' ['00%4] (3) The flux cored wire for gas

shi el .akKC dibngge of high-strength steel as set
fortﬁggﬁ'(%fsgﬁb(ZYg wherein the flux cored wire

further.coapri $8so By mass% wi th respect to the tota

mass of the flux cored wire, one or nore of: Ti: 0.1

to 1.0%.: M2 @0p.be,0.9% Ca: 0.01 to 0.5% and

REM 0.01 to 0.5% -5 THE EFFECT OF THE | NVENTI ON

[00151.8¢c00dingoto. the Ahax cored wire for gas

shielded arc welding of high-strength steel of the

pr eserite i rentnder ¢ompbeebdbnes pessian eyrd nswebdl hgeof and

hi gh-strength steels having proof stresses of 690MPa
urgvaiskal e olraxanidi sg$1 yaethabl e al | - position wel di ng

with a higher efficiency and to provide the weld

net alWiebRARYy &RcexeeFséntangutki pg hydrogen in the flux

cored wire is in 15ppm or less.
[0013]

(2) The flux cored wire for gas shielded arc welding
of high-strength steel as set forth in (1), wherein the
flux cored wire comprises, by mass% with respect to the
total mass of the flux cored wire, one or mocre of:

Mo: 0.1 to 1.0%,

Nb: 0.01 to 0.05%, and

V: 0.01 to 0.05%.

(0014]

(3) The flux cored wire for gas shielded arc welding
of high-strength steel as set forth in (1) or (2), wherein
the flux cored wire further comprises, by mass% with
respect to the total mass of the flux cored wire, one or
more of:

Ti: 0.1 to 1.0%;

Mg: 0.01 to 0.9%;

Ca: 0.01 to 0.5%; and

REM: 0.01 to 0.5%.



resi stance and an excellent | owtenperature toughness,
to thereby inprove the welding efficiency and the
weld metal quality, as conpared to a covered

el ectrode and a gas shielded arc welding using a
solid wire. DESCRI PTI ON OF THE PREFERRED EMBQODI MENTS
[0016] The present inventors have carried out various

T#ﬁ#ﬁﬁgﬁbfﬂggi#ﬁg¥§ﬁ§§ﬁff5§ to obtain wire conponents

'UX cored wites 1tor all-position welding, so as

[q?{ nsure nechani cal properties of welded netal for

I'gh-strength steel havin roof stress of 690MPa or
gnp

mor e, SN ia%y LENSHd e Bl engtd$. i PPt r t QHEhBRSS1ded arc
and so as to ‘achieve excellent cracking resistances

wedfd itte ovelrdiech redadsgth 094441 Ast aciiesptésehbei presenbn, it
i nventors have found out such nechani cal properties

bedtthd L AinNglas, can el dshdud £ aneglust yresdebl ssbetls byving
finding out optinmum addition anounts of alloy

pranponentssiaclalli B§OMPEI | @ agoaenai o e&epgriporidit €nable
sl ag conponents for all-position welding, and by

a flumdeert ideer easidigna twith amoupiglodr hyelf bgehenayvt hend to
wre to 15ppmor less so as to inprove the cracking ,

PRasEidg anles [9918] DeSeri b&@VBéldow Y e PRbIRNBF Cracking
l[imtation of the conponents and the |ike of the fl ux

LSO EPG e@P8r SFas>* St b led Qe tRBPGFAGUGE toughness, to
thI _Sf%ﬁgg%g%igﬁglﬁ%%é%ﬁgrngEciéggypgg e@ﬁe weld metal
quality, as compared to a covered electrode and a gas

shielded arc welding using a solid wire.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0016]

The present inventors have carried out various
studies and investigations to obtain wire components in
flux cored wires for all-pesition welding, so as to ensure
mechanical properties of welded metal for high-strength
steel having proof stress of 690MPa or more, such as
tensile strengths, impact toughness, and so as to achieve
excellent cracking resistances of the welded metals.

[0017]

As a result, the present inventcors have found out
such  mechanical properties and resistances can be
simultanecusly established, by finding out cptimum addition

amounts of alloy components including rutile as a main



[C. 0.03 to 0.10 mass%4 C is an inportant elenent for
ensuring the strength of the weld netal by solid

solution strengthening. If the total anmount of C
conponent in the steel sheath and a flux ("total

anmount of applicable el enent conponent" will be

referred to as "wire conponent” hereinafter) is |less

. Q % er: ref.grr ' !
et ot CTEAd | SPRpOhRAL o A B R g, ana

byabﬁy@tﬁ&%we@ﬁ%dﬁrﬂgm Q@t@lnegmoéﬂg Ide Gl ArbYenWMite the

conponent exceeds O. 1096 lead to yields of exceSS|ve

wilkd ntbhelﬁﬁbﬂedoﬁﬁtﬁéséo:u?XQﬁ§S%%€|XmE@%H@aS€h@ro@facklng
stresses and strengths thereof t hereby decreasing

refsduglimess thereof. [0020] [Si: 0.25 t0 0.7%4 Si is
added for the purpose of inproving toughness of the
[OREl8d netal. If Si in the wire conponent is |less than
0. 25% toughness decreases. On the other hand, if S
in Deschdbsick ebedaponent exemeedss 0.0M0, lshdgafdomat pon the
amount increases, thereby slag inclusion defect
CQ%%K@@H%1%%§eQﬂe ke -Hay&hewel dishg corget herre yifelrd gas
of .S jn the welded netal is nade excessive, then

ShsLFrlé’ﬁgﬂt PExc#SiNaIy OF nBrighsed T erRrebyt aetr 8460RgHng to
£plou hnes there f.. [0021] [M1: 1.0 to 3.0%4 M is
ad§&& e of ensuring toughness of the
Oﬂﬁb ed netal and i mproving strength and proof stress.
in the wire conponent is less than 1.0%

tougq@es% 04e¢L,easey Qidhe other hand, if M in the
conponent

C i1s an important element for ensuring the strength
of the weld metal by solid solution strengthening. If the
total amount of C component in the steel sheath and a flux
("total amount of applicable element component” will be
referred to as "wire component" hereinafter) is less than
0.03 mass% (hereinafter referred to as simply "%"), the
effect for ensuring the strength of above-described is not
obtained, and if C in the wire component exceeds 0.10%,
lead to yields of excessive C in the welded metal to
excessively increase proof stresses and strengths thereof,
thereby decreasing toughness thereof.
£0020]

[Si: 0.25 to 0.7%]

Si is added for the purpose of improving toughness of
the weld metal. If Si in the wire component is less than

0.25%, toughness decreases. On the other hand, if Si in



exceeds 3.0% slag formati on anmount increases, thereby
causing slag inclusion defect in case of nulti-Iayer
wel ding. Further, yield of Mhin the welded netal is
al so made excessive, then strength excessively

i ncreases thereby decreasing toughness thereof.

[0022] [Ni: 1.0 to 3.50] N is added for the purpose

tﬁg: hﬁggovgﬁﬁpégéﬁﬁgtgxgggdstqygﬁnes%l% IeSS b%%QOT O@mount

e W re conponent

1H€?%é§é§““tﬂé%é%?uéfé€% %159§5305e nd N fhtégée of

corrponent excee e strengt excessl vel Yy

mulrtqr%@%sr Loughngss ct%qrt@@e $0023] JB:isP. 981 e welded

0. 015% is added in a small anount, to enhance a

méﬁﬁmenﬁledadéﬁ EH@eE@hé@d'ﬁﬁﬁénan@t&%n@@@““@&ce551vely
strength -8 and | owtenperature toughness of the

inweleded syettale rdfy Bldcred sigsy thaungth9d %hdéheoef fect is
insufficient thereof, and if B exceeds 0.015% the
[O$k2rldngt h is excessive, |ow tenperature toughness
decreases. Note that the effect of B can be exhibited
by anyinsi Aplle teet3al0%ubst ance, al l oy, and oxide of B
so that the formof Bto add into the flux is
ar bi Mnarlys qubzh) Lo the. DEYRPEESl edserauLifg itRuEeDs of
0. 05% | ess, . because, although Cr has an effect for

ChEo R I G Tah7 bi 8801 e W1t FBRAFh 4R tfiibys tress.
If'HHOYhn%Hg“%fgéegg&hoﬁgg£e1s lesgogﬁgﬁsﬁl% toughness
decreases. OCn the other hand, if Mn in the component
exceeds 3.0%, slag formation amount increases, thereby
causing slag inclusion defect in case of multi-layer
welding. Further, yield of Mn in the welded metal is also
made excessive, then strength excessively increases ,
thereby decreasing toughness thereof.

[(0022]

[Ni: 1.0 to 3.5%]

Ni i1s added for the purpose of improving strength and
toughness of a welded metal. If Ni in the wire component
is less than 1.0%, the effect is insufficient thereof, and
if Ni in the component exceeds 3.5%, the strength
excessively increases, toughness decrease.

[0023]
[B: 0.001 to 0.015%]
B 1s added in a small amount, to enhance a

hardenabillity of the welded metal and to improve strength



functions to decrease | ow tenperature toughness
thereof. [0025] [Al: 0.05%oor less] Al islimted to
0.05% or | ess, because, although Al exhibits an

ef fect as a deoxi di zer which bonds to dissol ved
oxygen in a nolten pool, floating of a slag forned

al um num oxide tends to becone insufficient in case

ar®] & OJI?%&:E d 20t . @?w&ééy%é’ ngﬁ%" \ng‘&e&”ﬁ{%% EL” tf‘? B is

gas s arc ng using UX core

hth At ot B@lﬁ’x' ded se fh%&% i‘é 3 n2QR FTRY &l o g{&%&%loz, and

e wel'd nmetal, toughness ~decreases. [002

f2 @t%ﬂeeﬁe@s TigPoise AN & Si@hihd 2.l i8N0k Se@s MPEN  1ow
one of slag conponents Ti 2 functions to encapsulate

tenfpe el ded tRidinesd dporeaeddi ngidia: thereyhshé efgct tof B
fromthe atnosphere, and to properly keep bead shape
cay ha réxieilof tadd appropr satelevingtedi tyubsrahce, alloy, and
particularly, TiOQ2 largely affects sagging properties
oxgfdenoiff e, mevakhdepamdi fpron ¢heBbabanadd betbwedrhe TEORX is
and other netal conponents in case of vertical upward
andltdiaiy- If TIiO2 is less than 2.5% netal sagging
eaS|Iy occurs in vertical upward wel ding, so that
[C424]lposition welding is made difficult. On the other
hand,_ if Ti exceeds 7 5% the anount of sl ag
becoﬁ§§7e£é§%Ta yV-€Sdcessive, so that slag inclusion
occurs, and talli si ons Jincre t her

decr edsi 1y l?%%;ﬁ%egcbgf08§7]eﬁ§ qu§§(;%?%ﬁ%ugh Cr

has an effect for forming Cr-carbide in the welded metal
and thereby improving the strength thereof, Cr conversely
functions to decrease low temperature toughness thereof.
[0025]

[Al: 0.05% or less]

2l is limited to 0.05% or less, because, although Al
exhibits an effect as a deoxidizer which bonds to dissclved
oxXxygen in a molten pool, floating of a slag formed aluminum
oxide tends to become insufficient in case of a condition
of a relatively low heat input in the gas shielded arc
welding using the flux cored wire, such that the oxide is
left as a non metal inclusion in the weld metal, toughness
decreases.

[0026]
[TiOp,: 2.5 to 7.5%]
TiO, is an arc stabilizer, and is a main one of slag

components. TiO, functions to encapsulate the welded metal



Si 2 enhances a viscosity of nolten slag, thereby
i nproving an encapsulating ability of the slag. If
SS2 is less than 0.1% viscosity of the nolten slag
is insufficient, and thereby encapsulating ability of
slag becones insufficient, so that a netal sagging is
caused in vertical upward welding. On the other hand,

qunf%eféﬁnfxﬁgegﬁeQeQ%%sh'élﬁi§%°%ﬂ6mFﬁhé“%éﬁ@sﬁﬁéﬂe, and

econes excessive, thereby deteriorating slag

td eg?&ﬁ@t%gt ket bead sHhakre. p{ 0028t delr 8 & 2apPropriate
0.90] Zr has a function to adjust a viscosity and a

viselddithi,cabhan daefpernataig, of ribe matyenyslafed sagging
t hereby enhancing an encapsulating ability of the

prsipgget ilds & fO2nd sten Ikt ek sddpand Dh@%n t tiee eb& Bahcé Sbetween
insufficient thereof, thereby easily causing a netal

Tigagginag diherernétcal opwardemebdingcasen dthevatthieral upward
hand, if Zr2 exceeds 0.9% the bead shape becones .

wedshves, ther €b92 easi ypssaudiay a- 8tagriendlusiagging easily
| ack of fusion, and the Iike. [0029] [A1203: 0.1 to

oL SPniYartycio ARURrda19039kAS, a FunétPén @bi-Position

SR 5 RSERILYcPI0 A S0l gt Lon Loperaturs, o,
RSBV ED BIL el 1% 5L o0 o 80203, 1 LB aria,
oA SO 0BT A0g4 g VELELER! MM oot
irlde heads %%%,O%W%cfé‘ﬁéﬁ% Le@éi ‘&dughness .
[0027]

[Si0z: 0.1 to 0.5%]

510, enhances &a viscosity of moclten slag, thereby
improving an encapsulating ability of the slag. If S5i0O; is
less than 0.1%, viscosity ¢f the molten slag 1is
insufficient, and thereby encapsulating ability of slag
becomes insufficient, so that a metal sagging is caused in
vertical upward welding. On the other hand, if Si0;
exceeds 0.5%, the wviscesity o©f molten slag becomes
excessive, thereby detericrating slag removability and bead
shape.

[0028]

[Zr0z: 0.2 to 0.9%]

ZrO; has a function to adjust a wviscosity and a
solidification temperature of the molten slag, and thereby

enhancing an encapsulating ability of the slag. If Zr0; is
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causing the slag inclusion, the lack of fusion, and
the Ilike. [0030] [Total anpbunt of hydrogen in wre:
15ppmor less] It is possible to neasure an anount of
hydrogen in the cored wire, such as by the inert gas
fusion thermal conductivity detection nethod.
Further, it is required to decrease an anount of

lé@gﬂéﬁgﬂ‘d 4 (ﬁ%”é%%%%{eléslngééfféleﬁ?sé%@%§USIthereby

because suc rogen necones source o

dﬁ;PQ?a[héIhgﬁ é(\’eﬂngggl”%fa@glnbf ithe;anouni1 Otﬁpwi‘ﬁ/éi“é?gfalng
|n tthe wire exceeds 15ppm™ the amount of diffusible

orhygregerthell Sh43d)8)i fexgeeds«4a8£400a) . sychthbBatbeddeshape
wel ded netal s of high-strength steels are increased in
beckihesensiives t ytloérebidegpatki Rgusin@03l]s Nof eididatision, a
total anmount of hydrogen in the flux cored wre can
ldgek decripesian), Bnddrectinigea filling flux having a
| ower hydrogen content, and by annealing (650 to 9500
[C¥a%r flux filling. [0032] [Mb: 0.1 to 1.0% Nb: 0.01
to 0.050; and V: 0.01 to 0.05% M, No, and V are
each [Add@e forltke Putbbse of inproving proof stress
and stre qégf t he wel ded net al Al t hough these are

el en@ﬁf‘k} 5 e 258ded Alaty 42§ fe BYRC Je‘P‘écttPngaWt a
VARSI nBBLDEPO M LLCBF “m 0% TR L 0. 086 g molten
sﬂgﬁ, agge9e8§@6éﬁﬁaHC1§ér%ﬁptgﬁcgpshﬁgtwﬁg %goffzﬁy 'd% the
slag. If Al,03 1is less than 0.1%, the effect 1is
insufficient therecf, thereby causing a metal sagging in
vertical upward welding. On the other hand, if Al:0;
exceeds 0.4%, the bead shape becomes convex, thereby easily
causing the slag inclusion, the lack of fusion, and the
like.

[0030]

[Total amount of hydrogen in wire: 15ppm cr less]

It is possible to measure an amcunt of hydrogen in
the cored wire, such as by the inert gas fusion thermal
conductivity detecticn method. Further, it is required to
decrease an amount of hydrogen in the cored wire as less as
possible, because such hydrogen becomes a socurce of
diffusible hydrogen in a welded metal. If the amount of
hydrogen in the wire exceeds 15ppm, the amount of
diffusible hydrogen (JIS Z3118) exceeds 4ml/100g, such that

the welded metals of high-strength steels are increased in
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excessi ve, thereby decreasi ng toughness thereof.

[0033] Further, if anmount of one or nore of Mo is |ess
than 0.1% Nb is less than 0.01% and V is |less than
0.01% the effects for inproving proof stress and
strength of the welded netal cannot be obtain. [0034]
[Ti: OltolO%l\/g OOltoOQ%Ca 0.01 to 0.5%

éﬂﬁ}{} é?. dQ ]g and REM are each
as “‘a deoxidi zer or decrea5|ng an oxygen anount

(dgszijhe wel ded netal to thereby inprove toughness
thereof Al though these are -12 elements which are

addedidtd ocrgatM £ &L BY sRLBELEI BE ORRIJged e ©fe tHERX cored
i f amount of these exceeds the deflned upper limt of

wikeD%drondidedred0r MY, s &S iwg L£afiantn§. BYuxfhaving a
REM reacts intensely wth oxygen within arc thereof,
ldwear ehydirngeaasiag: gener anidonbef =spaddleimg f UEBO awl 950°C)
the 1like. [0035] Further, if anobunt of Ti is |ess
afttean OLuB04fiMgLirsy. | ess than 0.01% Ca is |less than
0.01% and REMis less than 0.01% the effect as
[etddi di zer for decreasing an oxygen anount in the
wel ded netal to thereby inprove the _toughness thereof

canndt!de Obt afFf. 1} 8636 Mot Q%afobpeﬁé SRg 2@foufit sOofl to

0 3E¥%y conponent in a flux are adjusted within the
defi'ned ranges, respectively, in consideration of

COWp%QSﬂtNB? aaﬁéeQ) gggatgggwd %ﬁﬂxﬁn%or the purpose of

improving proof stress and strength of the welded metal.
Although these are elements which are added into a wire by
selecting one or more of them, if amount of these elements
exceed the defined upper limits of 1.0% for Mo, 0.05% for
Nk, and 0.05% for V, strengths of the welded metal is
excessive, thereby decreasing toughness thereof.
[0033]

Further, 1f amount of one or mcre of Mo is less than
0.1%, Nb is less than 0.01%, and V is less than 0.01%, the
effects for improving procf stress and strength of the
welded metal cannot be obtain.
[0034]

{Ti: 0.1 to 1.0%; Mg: 0.01 to 0.9%; Ca: 0.01 tc 0.5%;
and REM: C.01 to 0.5%]

Ti, Mg, Ca, and REM are each added as a deoxidizer
for decreasing an oxygen amount in the welded metal to

thereby improve toughness thereof. Although these are

-12-



t hereof. Adjusting alloy component in the flux all ows
for provision of a flux cored wire adapted to
conmponent of various high-strength steels (parent
material) [0037] Further, since both P and S produce
conpound having |low nelting point and strength of
grai n decrease, and the toughness of the weld netal
> 0
e %‘?rfé'netasses%l'gﬁgggf dc@&g §n@f>ea !in é&/elgyt %eg'egjétéogg;one or

ess and Yo or 1€ss, respective i N -anmoun

ncYBId £ 38,9551 Bl GmoVREEQYEl oAl RONGL IS Qe pcg%‘@fﬁe&aﬂpper
9

be used to adjust flux filling rate to 10 to

Liawerof | uxoki lddmar at @. apd repalMper @delit Fgp anpuEn®fo. 53
iron -13 powder are desirable because iron powder

fdrakeEoxygencet tikeensrildedy it abxy§OA38]i tAI nothef thereof,
conponents in wires include: Fe, in the steel sheath,
thendityheincoraponwdergadseest ot 0 oef f kpattand Aoy and the
conmponents; Na20, K20, NaF, K2Si F6, K2ZrF6, Na3AlF6,
liMg.-F2, or the like, as arc stabilizers conprising
oxi des and fluoride of alkali netals, and oxide and
[X33%dri de of alkaline earth metals and Cu, in case of
Cu plating treatnment on to a wire surface, which is ,
ef f edtitrH I Sor FhsPMOprdvePti 8, *F edfP8 ddduchi VPry Mg 1s
achi evenent, .and _resistance to cont ti brasi an.
Legsuxtiare '\RAl%es GachShdve S §i#lic u% t%f’or%‘qaw‘gRgM 1s less

st ee gath_jinta I, pe_shape and.the flux filled_in
=R O DEET St IR T AR TROR RO ed i BhfrRgsiie an

BRI Ao BSOS SRS M REAERS) e e
t AU AGHE AN IRGRSS be obtain.
[0036]

Note that blending amcunts of alloy component in a
flux are adjusted within the defined ranges, respectively,
in consideraticn of component in a steel sheath and content
thereof. Adjusting alloy component in the fiux allows for
provision of a flux cored wire adapted to component of
various high-strength steels (parent material).

{00371

Further, since both P and S produce compound having
low melting point and strength cof grain decrease, and the
toughness of the weld metal decreases therecf, P and S are
limited to 0.015% or less and 0.010% or less, respectively,
in amount as small as possible. Mcreover, although iron

powder can be used to adjust flux filling rate to 10 to 20%,

lower flux filling rate and smaller addition amount of iron

_13_



and is closed by welding without a slit-like seam
exhibiting a risk of outside air penetration; and wre
having slit-1ike gap w thout by welding, respectively.
Al t hough the present invention is capable of adopting
both types of cross-sectional structures, it is nore
desirable to adopt the sean1ess type of wire

jole) lng ﬁsﬁ_laeoel kjc’%]f? 1S5 o %ﬁ?%ov@d@: ‘% f( kg 5?8@1@1 of the

exhi eris pénetration; “so as
wgﬂaé@q&gggg a diffusible hydrogen anount and to
thereby 1 nprove the cracking resistance, because such
[dowpseanl ess type flux cored wire -14 can be
subj ected heat treatnment so as to decrease a tota
anoums obthyér ogefpdiethe W ewanressuchcl hgeseadd essn the
wre is free of noisture absorption after
stiuf slcdarrih Ngand0G38 Thenwpbedefr tauxdcpt esetd a flux, and
invention is allowed to have a dianeter within the
aldangecohpdnente; 2.00mm®, akD pr BREY, a5 1Fai t HZ & er atgaALFe,
of 1.2 to 1.6mm for enabling to increase welding
Modtr r eRt taensiitp, omswelrd i anid- 178 1her @ty obird nhxgdes and
hlgher deposition efficiency. [0040] Further, it is
i&ablod t ¢lkse 1a Wﬁ%éésgasan@onﬁﬁﬂgﬁngaﬂﬁ aﬁHUBfﬁge of

13%3‘1’% B Gy G arfouatd nC el Bod OBt ab? [ [654lq>1atmq

S Effects of the present vention-w| |
tre q%?ﬁé S & nEr% S%ﬁ#%?%bncreqély, %gg%%t%%e for rust

pf@ggﬂy ; electro conductivity achievement, and
resistance to contact tip abrasion.

Flux cored wires each have a structure forming a
steel sheath into a pipe shape and the flux filled in the
steel sheath, and the flux cored wires can be generally
classified into: seamless wire each comprising a steel
sheath, which sheath is formed in a manufacturing process,
and 1s closed by welding without a slit-like seam
exhibiting & risk of outside air penetration; and wire
having slit-like gap without by welding, respectively.
Although the present invention is capable of adopting both
types of cross—-sectional structures, it is more desirable
to adopt the seamless type of wire comprising a steel
sheath without a slit-like seam exhibiting the risk of
outside air penetration, so as to decrease a diffusible
hydrogen amount and to thereby improve the cracking

resistance, because such the seamless type flux cored wire

-14-



[0042] The flux cored wires were nmanufactured by way
of trial, Steel sheaths were forned into "U' shape in
a formng process, respectively; flux of various
conponent was filled into them respectively; the
steel sheath was further forned into "O' shape in a
manner to be made into seanless wire each conprising

S l osed_hy | d hou
LR SBELEoShee Mot sl o505y IR Dot

dﬁﬂﬁ%fé¥'99dréggn'Ehoﬁﬁéfhfﬁé'ﬁﬁdshhbh %H%lééghﬁggé wire

W t hout by  wel di ng, respectively; and which each has

i fMdee i amtaiuef db2dWpRsoh | Sted: i Radablerdrang.
Table 2. Al these exanpl es adopted the sane stee

[domo)steel sheath of all the experinentally produced
the flux cored wres. The conponent of the stee
sheatliheconipre ses, thy prasse¥t Cnven@3iGn Sis O R2&LEd Mo have
0.40, P: 0.003% S: 0.002% and a renai nder
a cumpre tsimgd i trhoim arde uraved dabl B 0 npor t0es, amangtgferably
t hose el enents | acking in these conponents were added
wigyim ux, TeRErelyf ekpér taent-dinry pforduehagling fiuxincrease
cored wires having the wire conponent |isted in Table
well iy Crapis 2 ckﬁm/eatyy A1 t7¢ BN FHoWeY 7O EherpPesehtaining
h J nvent j on .S ., not mted to only such a situation
eIt &f%ﬁ%ﬁﬂﬂﬁ 1GE%s N are added in the flux.
d&@ Iy, it is even enough for the present invention
at’ an anount of the applicable alloy elenents such

as N ua]:rt%e‘Mth'l”cthfsra?QSf debhped by the presg{?ﬁed gas

i nvention W'th respect e total "mass of th

cyrad Wd earWaen tdecal |0y, ebgments aleshakigady apgdedypon
in the steel sheath. The flux cored wres were
weariier) edsat 2800td 04820€alse an oxygen amount in a welded
metal.
[0041]

Examples

Effects of the present invention will be explained
hereinafter more concretely, based on examples.

[0042]

The flux cored wires were manufactured by way of
trial, Steel sheaths were formed into "U" shape in a
forming process, respectively; flux of various component
was filled into them, respectively; the steel sheath was
further formed into "O" shape in a manner to be made into
seamless wire each comprising the applicable steel sheath

closed by welding without the slit-like seam exhibiting a

risk of outside air penetration, and into wire having slit-

-15-



the process of wire manufacturing; and in case of
annealing those wires having slit-1like gap, annealing
was perfornmed in an atnosphere of Ar gas so as to
prevent that the filled flux in the wires were
contacted wth the atnosphere through the gap.
Further, after production of the vvires the W res

Wer e c ed.in I
R R AERLRL O MR SR e 52 Bdisen cac
hé§CHE%&£é‘d£%%%EékS$§tf Qﬂ&'éslP§§t@§fQEGTQBEEE@CQHEn&able
of welding. -16 [0043] Table 1 W *Wre Chem cal

2connqmmﬁhééew@&gmbqagyﬁd%ﬁfbde%a%msémét@tablmﬁﬁtoéteel
wire) mmark Type UC S M Nl BC A Ti02 SSQZ ZrQz

sHEl0B oAl aSH OtRd4 @xpRrdmbkntad 16 0840808 Bl cored
0.3 0.50.3 A2 SF0.050.44 2.0 1.5 0.005 0.02 0.010

wireds 0. 2 Thed GoRpondSt SB10. 08e 0.4k 3. OsAedth. Ak i0%s, by
0.007 4.4 0.4 0.2 0.2 y A4 SF 0.07 0.38 2.7 1.9 0.006

maBER, 0C006. U3, 05R: 00929% 1 My: “0. 45, SF: 000608%3651. 0.002%,
2.5 0.008 0.03 0.020 3.7 0.1 0.3 0.3 A6 SF 0.08 0.25

and 4 2 gl gder 0c@P Ol H10g 21 500, 3ng, engvoidabhe AymgpErities.
0.10 0.34 2.6 2.5 0.011 0.04 0.010 7.5 0.2 0.4 0.2 w

Nagge ly 0. §Boges7ebementy dLaggdns 0ino, @3@3@1 SOFPSTENgs were

4 A9. C 0.04 0.70 2.5 3.5 0.005 0.02 050 5.3 0.
a%%%?ogé T A1BREr8PE6 SFPsE e R A Bé@décéTgoqﬂﬁsflux
cé%é%(%f%e E%av1ng the wire component listed in Table 1 and

Table 2 by way of trial. However, the present invention is
not limited to only such a situaticon that alloy elements
such as Ni are added in the flux. Namely, it 1s even
enough for the present invention that an amount of the
applicable alloy elements such as Ni are within the range
defined by the present invention with respect to the total
mass of the flux cored wire, when the alloy elements are
already added in the steel sheath.

The flux cored wires were annealed at 600 to 950°C in
the process of wire manufacturing; and in case of annealing
those wires having slit-like gap, annealing was performed
in an atmosphere of Ar gas so as to prevent that the filled
flux in the wires were contacted with the atmosphere
through the gap. Further, after production of the wires,
the wires were encapsulated into vinyl-made packs so as to
prevent moisture absorption by the flux, and were stored in

such a state until just before commencement of welding.
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Al SF 0.05 0.51 1.9 1.8 0.005 0.02 0.005 6.2 0.3 0.4
0.3 Al2 SF 0.05 0.64 2.2 2.1 0.007 0.01 0.006 7.1 0.2
0.70.2 81 SF0.020.36 1.4 1.3 0.002 0.02 0.010 5.4
0.3 0.3 0.3 82 SF 0.11 0.39 2.4 1.5 0.007 0.01 0.040
7.8 0.4 0.5 0.4 B3 SF 0.04 0.23 2.2 2.1 0.005 0.02
0.010 4.2 0.04 0.4 0.1 84 SF 0.05 0.76 2.7 1.8 0. 006
[0%4 0.007 3.6 0.5 0.1 0.2 85 SF 0.04 0.36 0.9 2.5
0.008 0.03 0.008 2.7 0.6 0.2 0.3 o. 8 SF 0.06 0.25
72312 3.3 0.011 0.01 0.007 4.0 0.4 0.6 0.02 87 SF 0.07
3Jw34 2 i,.6_0'n8Ao"qﬂ;ﬁkg@brﬁp%nea'o%rzg\nésggy&';e@peg}cﬁgtﬁ;r\n‘gsg oﬁ@virgg “
3Dat G2 T 5 A ST OPNOT08 ¥ 8] %9 o1 Se T 97 Wi
el p¥o 1 g WE b2hsl 1 0g1 85 o 00 1930 4 pbel o5, 03
A b S5 |\ popy T gl e g s ) op? 00104 " [ B gle 04 "o
SpM D ¥ 99 % RIS s5p4nl BB A 19T [14% 100hoks 43 g3 92
spD 6D ¥ 4 9974 ©egl 371] 'B1RO®eE [P 706057943 10%D |0 ¥ gof!
= 0.A84| 0SF01(P97.{90%9. 3 0. ¥ 26. P 0OB] AIE @03 & 530D, [7 0B. 0 03
eD.40p & (1009.1005 516 D.22 om4(.om |BIS |20.|063 0. 42 1. @2
EZ.AE D. §08§ G0o0304. 020 B.23 0005 (o2 |08 | Bt G 8 0.007 | o2
oP-488] 2c2 |2.03 {0o.H0]/ 20. P300{ 064 | 2008 [@o3b |04 [Oogt | *0d rie o4
eTY@e| SF [Tmar|soReps epSs §06bs | dredssoscedddos 17 d20044k
SFAWE cZ Wik € e 53] 2GOMBRRG Yot Qoo [ &1 (T8SS[008 T[N o
SPPFCSE Yhob Ut 68 [TH9S] Uls Tobds] of?"{'dbosdTRZ T 03 & B4 | 03

A oS [ obs 106 |52 ol [ 900l oot logts 1out | o2 |07 |, 02
LAUTI I\l AV e ) . - \vJ L T LI TTCAr 1 1 LU D\ U. [T

0 1] 05fpq %029 0%l 34 B '3a ] PERRi WAL Pyl 54 | O3 | 03 | 08

B2 SF 0.1t 0.39 2.4 1.5 0.007 0.01 0.04 78 0.4 05 0.4

B3 SF 0.04 0.23 2.2 2.1 0.005 0.02 0.010 4.2 0.04 0.4 Qa1

B4 5F 0.05 0.78 27 18 0.006 0.01 0.007 3.6 05 0.1 0.2

B5 SF 0.04 0.36 09 25 0.008 003 | 0.008 2.7 06 0.2 0.3

% B6 SF 0.06 0.25 3.2 23 0.011 001 | 0.007 4.0 0.4 0.6 0.02

5 B7 SF 0.07 0.34 2.6 08 0.010 0484 | 0.007 3.2 3.5 04 Q.3

L: B8 8] 0.05 0.57 24 38 0.004 0.01 0.030 4.8 0.2 0.7 4.5

% B9 G 0.05 070 2.5 35 - 0.0z | 0.020 5.0 2.1 03 0.3

g— B10 SF 0.06 0.35 1.8 2.7 0.019 0.01 0.006 70 0.3 1.1 0.2

(3 B11 SF 0.04 0.50 21 1.2 0.004 0.06 | 0.008 12 0.5 0.2 0.3

B12 SF 0.06 0.44 20 1.5 0.005 0.03 | 0.060 5.2 0.4 0.8 0.1

B13 SF 0.07 0.28 3.0 2.0 0.001 0.04 | 0.010 7.9 03 04 0.2

B14 C 0.03 0.53 2.7 2.0 0.008 0.01 0.005 5.0 0.2 a.5 0.1

B15 G 0.06 0.42 1.0 2.5 0.008 0.03 | 0.020 33 0.05 0.2 Q.3

B16 SF 0.07 0.28 2.2 23 0.007 0.03 | 0.009 23 0.1 0.4 04

*Wire Type: SF means seamiess, and C means seamed
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A3 0.10.02- - - - -reminder 8 0Y~ADO0 - - -
- - reminder 5 ASO- - - 0.5- - remainder 9 Cm
A6 O remainder 6 ma. Al 0 - - - - - - remainder 12
4 A8 0 0.05 0,2 - 0.10 remai nder 13 mE A9 O
0.05 - - - - - remainder 12 mL A10 O
remai nder 15 Al 0.5 0.02 0,2 0.3 - 0.05 renmni nder 7
[ O------reminder 9 510.20.01 - 1.2 -
0.02 - remainder 9 82 0 - - - - - - remainder 10 53
TaQJle - - - - reminder 15 54 0 - - - - - 0.02
d ,Elel Ide' GH‘eﬁncal comﬂpone%_pf W|re (rpags% rywth regpet;‘ jmolé%gs o?m}_;"‘:)a Protar amount
ol e ae 7 - of hydrogen
S |k [ omy £ Mo [0V i | Mg [ oGal 1 eBEM TTegsbotiers]  (opm)
oLl Bd I o3l 002 bl nfefinod 1 A p-piglpmander]. 10
o. A2l 084 - | r B%ailn@8Y 1 - 02 0.01 0.0 remainder 11
5| A3 0.t 0.02 - - - - - remainder 8
"..3, Ad 6] - - - - - - remainder 5
-E AB o - - - 05 - - remainder 9
§ AB Y remainder 6
g A7 1] - - - - - - remainder 12
:S AB o - 0.05 0.2 - 0.10 - remainder 13
g AS o 0.05 - - - - - remainder 12
| Alo 0 - - - - - - remainder 15
Al 0.5 0.02 0.2 0.3 - 0.05 remainder 7
Al2 0 - - - - - - remainder 9
Bt 0.2 0.01 - 1.2 - 0.02 - remainder 9
B2 ¢ - - - - - - remainder 10
B3 - - - - - - remainder 15
B4 - - - - - 0.02 remainder 13
B5 0.3 - - - - - - remainder 8
21 B6 - - - - - - remainder 7
5| B7 - 0.04 - - - 060 | remainder 9
Lz, B8 0 - - - - - - remainder 13
= | B9 0.1 0.01° 0.02 - 0.3 - - remairider 22
é B10 0 - - - 0.1 0.01 - remainder 11
S|Bi| o2 - - - - 0.60 - remainder 8
B12 0 - - - - - - remainder 16
B13 0 - - - 1.0 - - remainder 9
B14 0 0.06 0.01 - 0.1 - 0.1 remainder 18
B15 0.4 0.02 0.07 - 02 0.10 remainder 12
B16 1.2 - 002 - - - - remainder 10
* K

***0Others are Fe in envelope,

and ircn alloy, arc stabi

impurities.

CeF; was used as REM.

Fe component in iron powder

lizer (Na;0, K;0}), and unavoidable
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uBll 02 - - - - 0.60 - remainder 8 812 0 - - - - - -
remainder 16 B13 0 - - - 1.0 - - renmainder 9 814 0
0.06 0.01 - 0.1 - 0.1 rermainder 18 815 0.4 0.02 0.07
- 0.2 0.10 remai nder 12 616 1.2 - 0.02 - - - -

remai nder 10 ** C e F3 was used as REM ***Qthers are
Fe in envel ope, Fe conponent in iron powder and iron
dﬁ' y, arc stabilizer (Na20O, K20, and unavoi dabl e
|Wpur|t|es -18 [0045] Using the experinentally

prodycagigM £€8, e%B%rﬁ%b%EalQWD%%odﬁcgwdQQQSB WaShe total
nmeasur ed by the hydrogen analyzer: EM3A-6

aMHﬂMHEﬁiUh?drbﬁeﬁoﬂd%Nnédéhre@ﬂﬂytﬁ@be&ﬁkQKQHh analyzer:
eval uation of welding workability and a deposited

EMERt-a21 trestu et euexécbyedjOHIaged Dhdver bndalthgpeeatker  an
fillet welding wusing steel plates prescribed in JIS

evad1R8 iSiTY685. wéla iher wortkdedsid idtyeehngl at eslepasiicked metal
were excellent in welding workability in vertica

taghnared f i9deutigd dirrpedwere vetibi ext etbward tiakkingelding
test. These wel ding conditions are collectivel

ugiingt eF G ok B PIOTABILeT abN eI BS P@éi‘-%BV@Wﬁﬁé-Ar gurther,
Vel di ng Preheating/interpass Shield Test item ,
<k TEE & dovet Shape BUERentovEl t £3E7 in' welding

wSya g o kabi MERy E2 L7 [R{Rid: 516785 aBsUCTIG:  were
sd%fgg%gdrgb g‘%&acklng test. These welding conditions are

collectively listed in Takle 3.

[00456]
Table 3
Plate Welding Arc Welding Preheating/interpass Shield gas
Test item | thickness| Groove shape current | Voltage speed temperature flow rate
{mm) (A V) {ecm/min) (deg.C)
Welding
workability 12.7 T—joint 210 22 about 10 Preheating: 100
D o d Gap: 12 Preh 100 BUkAr
eposite ap: 12mm reheating: 20%C0O
metal test 20 45deg. Groove 270 28 25 Interpass: 150 25 Iiter/nz1in
Cracking test 40 Single side 20deg. 240 25 24 75
U-groove

[0047]

The vertical upward fillet welding was performed by
semi-automatic welding, and investigations were conducted
for metal sagging, spatter generatiocn state, slag
remcvability, and bead shape, followed by investigation of
presence/absence of slag inclusion defects by collecting
five macroscopic cress-sections.

[0048]
In the deposited metal test, a tensile test specimen

(JIS Z3111 No.Al) and a impact test specimen (JIS Z3111
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test 80%Ar- Deposited 20 Gap: 12nm 270 28 25
Preheating: 100 2092 netal test 45deg. G oove
Interpass: 150 25 liter/mn Cracking test 40 Single
side 20deg. 240 25 24 75 U-groove [0047] The verti cal
upward fillet welding was perfornmed by sem -automatic
wel di ng, and investigations were conducted for netal

ﬁqgg' N épaéélefe%&%‘tgr dﬂg@ s at Lo 5l 20 nﬁ@f@%@ ILEY. each

bead shape, investigatio

I RSENCE/ RbseNCenof; &l agh | Pehyss onideteshs, PYang subijected
coll'ecting five macroscopi ¢ cross-sections. [0048]

td hendepeskted pBEgbcte6b1yva temsichantiestl speepBRRies were
(JI'S Z3111 No.Al') and a inpact test specinmen (JIS

ev2dlkled 190Nm4) amieptcallect edrf roma cenidil speklsisen of
of each deposited netal in its thickness direction,

cENMPasuly estred drod ther testsrived pecdtypdy . oMethdnocahore at
properties were evaluated to be acceptable, for 0.2%

ther defststtreggsasitofre BYOMPHI6Y. nore, and for absor bed
energies of 47J or nore at the test tenperature of

[Q043d. [0049] The cracking test was perforned in

conformty to an U-groove wel d cracking test nethod
(JI's i@zsﬁﬂ;aclﬂm hefSt tRe %W%aé%e&o&%’ﬁﬁ%‘y to an
hours afte i.nvest |

U SsH o Shlence S nbur it o RRdand T Sorgled Vet | BAFEheE
e aCliase frr{evne C]praossssed’c'ecch!'eoPSMB byhompseneéfgglt: welding was
investigated for presence/absence of surface crack and
cross-section cracks (five cross sections), by a penetrant
testing (JIS Z2343). The results thereof are collectively

listed in Table 4.
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testing (JI'S Z2343). The results thereof are

collectively listed in Table 4. -20 [0050] Table 4

Wl di ng performance test result Deposited netal

Cracking test test result result WWre Overal

Amount 0. 2% proof U mark Metal Slag Slag VvE-40

eval uation of caused Bead shop stress cracking

ing spatter renovability inclusion defect (MPa) Al

none | ess good good no defect 735 71 none good A2

Tdone 4 ess good good no defect 744 84 none good c .-~

/-\J morie | Bb% %‘g pe#or Uuttélstl!léi.)ll UBI ect I JQEQQEdIMIB ang teg{‘
none_lLes af ect 745| 82 vepnwmit good A5t |
Enome Iess;ggg good nNo defec%|715 énhene goofl A6 Overal
®hone néésﬁgﬂe S0k, FoddefpciaY26 Sgraone 0o ki AP
nong | ess F6Bd good ho deflect 760! 63%Hone goofl A8
nene¢ h\ss e0d 0s@d Noeedeliecddeddl] /Grzmnone goold dmneA9 | goed
cnohe besq derod gmeid hoseedefienddeB0] 664none #ood weneAl () eood
2 lnbheTBsd Fod-gBYdho teleatdims| 5% ane BogH Apope good
g ”\KJ | _[one BSS Jeood | good ng defept, n:LMg 2 | npqe,.. good
£ wﬂlt, LOFQD a%)SUL UE sau IUgO&ﬂUI U“J. deféclf"a OJ.-”d TUTIE UUU good
iNedie hesy @a0d gRad [10saeleal 42| bOrdI10Ne goop S good
inene mucl geod geed howdefleatd®y 0l 1040 - [baed B2 wene | esod
I |_A% ¢ perod deerod deefdoact G0 [ 2@ defedy o 751 76 none good
1 A9 Tone Yess good good no defect 750 66 none good
u% Al1D none less good good no defect 725 54 none good
A1l none less good good no defect 745 81 none good
Al2 none less good good no defect 742 60 none good
B none mugch good good no defect 670 104 - bad
B2 none less good good defect 780 20 - bad
B3 none less bad bad no defect 698 37 - bad
B4 ves less good good defact 775 19 - bad
BS none less bad bad no defect 639 40 - bad
lé B6 yes less good good defect 7 26 - bad
mﬂ B7 none much good good na defect 6396 17 - bad
v BB none less good bad defect 762 26 - bad
'L""'E B9 none less good good no defect 708 25 ves bad
é 810 none less good bad defect 754 24 - bad
St 81 none much good good na defect 713 36 - bad
B12 none less good good no defect 726 32 yes bad
B13 none much good good defect 784 44 - bad
B14 none less good goad no defect 758 28 yes bad
B15 none jess bad bad no defect 795 16 - bad
B15 yes less good good no defect 799 24 - bad

[0051]

In Table 1, Table 2, and Table 4, wires marks Al to
Al2 are the Embodiments o©of the present invention
respectively, and wires marks Bl to Bl6 are Comparative
Exzmples respectively.
[0052]

The wires as Examples of the present invention
designated by wire Al to Al2 respectively, were appropriate
in amocunts of C, Si, Mn, Ni, B, Cr, Al, Ti0;, 8i0;, Zr0.,

and Al;0; and in total amount of hydrogen, and were also
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83 none | ess bad bad no defect 698 37 - bad 84 yes

| ess good good defect 775 19 - bad 85 none | ess bad
bad no defect 699 40 - bad v E 86 yes | ess good good
defect 777 26 - bad 87 none nmuch good good no def ect
696 17 - bad w BB none | ess good bad defect 762 26 -
bad 89 none | ess good good no defect 708 25 yes bad

a 810 .n ne.Iess bad defect 754 24 a
a3%§o r&ﬁh dﬁb googlno % fect 713756 °f6%§'3§3 na§& vV, and

ess 0 Q;g 632 ﬁgs b RGNE r%;h

lrgooéjgood g ?bct Sjﬁﬁﬁé-zg &§'8 nd%g Iéég good good that

tH@%éje%%%%s75%e%% yg%c@@@en%l51Hon§eh@§ﬁgbag09ﬁgbﬂ91t¥
defect 795 16 - yes | ess good good no defec

all¥¥e -rdrad ot QDS Hedt Tl odoe ToOh€ 2vaBiés Tabbe 4proof

wres marks Al to Al2 are the Enbodi nents of the
stHeRSRIE hAYEeNMb@rbd @S peRtrgielsy, cand-hvé r eepeikedBlmébals,
Bl 6 are Conparative Exanples respectively. [0052] The
winihrces asodxanypemese of of hecpidsentraahsent itdreretesi gpatedding
by wire Al to Al2 respectively, were appropriate in
exdmaritly cfat@sfSictavy msulB;sCr, A, Ti02, Si02, Zr02,
and A1203 and in total amount of hydrogen, and were
[08>0 -21 appropriate in anounts of one or nore of M,

Nb, and V,  and |n ampunt of one or nore of Ti, N%,_
Ca, ahE mgﬁesg Comparative Example was much in Ti,

and thus an amount of spatter was large. Further, this
wire was less in C, and thus had a lower value of 0.2%
proof stress.

[0054]

The wire B2 was much in Ti0O,;, and thus occurred of
slag inclusicn defects. Further, this wire was much in C,
and thus had a higher value of 0.2% procf stress and a
lower value of absorbed energy.

[00550]

The wire B3 was less in 8i0,, and was defective in
slag removability and bead shape. Further, this wire was
less in Si, and thus had a lower value of absorbed energy.
[0056]

The wire B4 was less in Zr0O,, and thus occcurred of
metal sagging. Further, this wire was much in Si, and thus
occurred of slag inclusion defect and also had a Ilower
value of absorbed energy.

[0057]
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these wires were excellent in welding workability and
al | owed for obtai nment of excellent values for proof
stresses and absorbed energi es of the deposited
nmetals, wthout occurrence of cold cracks, thereby
providing extrenely satisfactory results. [0053] The
wire Bl in Conparative Exarrple was nuch in Ti, and

thus @, agpynt of let ar §{82, Elgt by rs' Scr 5 ige in
e f:ﬁ l o oI 0. 2

W re was SsS In wer va

s%ﬁjot:eﬁg(fgﬁ_sﬁlk‘.?o%ﬂd TB@aW rs%a%% Wa]?ufqugr' nt-ﬁ'lgz’wﬂ@ was

S occurre ag 1 nclusion defects. Further,

144 S AMe, WS NUiGhs | a2 2Ot hiis1hadoa Bbgbepeyakiergy.
of 0.2% proof stress and a |ower val ue of absorbed

[®EgPy. [0055] The wire B3 was less in Si02, and was
defective in slag renovability and bead shape.
Furt htie tbhis Wér eramsletsessni IS0, aaddt hisishadcaurred of
| oner val ue of absorbed energy. [0056] The wire B4

menzes] | e33gimg Zr B r @rek t usi 9oeure edaof mupipt ah ¥aggang. thus
Further, this wire was nmuch in Si, and thus occurred

ogfusted phAckusidon rdgfustiorande ¢S hadda blagher higlhge value
of absorbed energy. [0057] -22 The.wire B5 was nuch in

of5i @ ¥ deP WasS HeFRe1#@ #nloYrRgVRERBVabi FPEYTARE BBEYIY -
shape. Further, this wire was less in M, and thus

[ b 1 ower value of absorbed ener gy.

The wire B7 was much in REM, and thus resulted in an
increased amount of caused spatter. Further, this wire was
less in Ni, and thus had a lower value of absorbed energy.
[0060]

The wire B8 was much in Al,03, and thus was defective
in bead shape and occurred of slag inclusion defects.
Further, this wire was much in Ni, and thus had a higher
value of 0.2% proof stress and a lower value of absorbed
enerqgy.

[0061]

The wire B9 was less in B, and thus had a lower value
cf absorbed energy. Further, this wire was much in total
amount of hydrogen, and thus occcurred of cracking.

[0062]

The wire B10 was much in Zr0,, and thus was defective
in bead shape and occurred of slag inclusion defect.
Further, this wire was much in B, and thus had a higher

value of 0.2% proof stress and a lower wvalue of absorbed

-23-



[0058] The wire B6 was less in Al203, and thus
occurred of netal sagging. Further, this wire was
much in M, and thus occurred of slag inclusion
defects and had a higher value of 0.2% proof stress
and a | ower val ue of absorbed energy. [0059] The wire
B7 was nmuch in REM and thus resulted in an increased

en%qgﬁrt of caused spatter. Further, this wire was |ess
in°N", and thus had a | ower value of absorbed energy.

0] The wire B8 was nuch in A1203, and thus was

efective 1in bead shape and occurred of slag

i ncl g§jcon, i4ef 661 5. ya FURLBRT int BLS Wnke MRS MdhitedNiin an
and thus had a hi gher value of 0.2% proof stress and

indeQaRyg \@ldighofcahsaibed s ay. [Ro&HeThermis ewBle was
was less in B, and thus had a | ower value of absorbed

muetherigy CriurdriierohishitmdMa € avase nmuclhug o ff cilsdorlesd watergy .
of hydrogen, and thus occurred of cracking. [0062] The

(OWiedd B10 was rmuch in Zr2, and thus was defective in
bead shape and occurred of slag inclusion defect.

Furt A&ve, Whie Wlee wis much iim Bilandnchushumdhad a lower
hi gher  val ue of 0.2% proof stress and a | ower val ue ‘
vadfuegslor pegorbed energy.. [FO0B31ET ThEN YW r 618%1 WRgs much 1in

much in Ca, and thus resulted in an increased anount

tofp Lo AR TS et (A AR h et (1SS T TRRA OF cracking.
[(0065]

The wire Bl3 was much in Mg, and thus resulted in an
increased amount of caused spatter. FPFurther, this wire was
much in TiO;, and thus occurred of a slag inclusion defects
and also had a lower wvalue of absorbed energy.

[0066]

The wire Bl4 was much in Nb, and thus had a higher
value of 0.2% proof stress and a lower wvalue cf absorbed
energy. Further, this wire was much in total amount of
hydrogen, and thus cccurred of cracking.

[0067]

The wire B1l5 was less in S5i0;, and was thus defective
in slag removability and bkead shape. Further, this wire
was much in V, and thus had a higher value of 0.2% proof
stress and a lcwer wvalue of absorbed energy.

[0068]
The wire Bl6o was less in TiQO,, and thus occurred of

metal sagging. Further, this wire was much in Me¢, and thus
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much in Cr, and thus had a | ower val ue of absorbed

energy. [0064] The wire Bl12 was nmuch in A, and thus

had a | ower value of absorbed energy. Further, this

wire was nmuch in total anmount of hydrogen, and thus

occurred of cracking. [0065] The wire 813 was nuch in
My, and thus resulted in an increased anount of

ha%?d&tﬂ éHé‘Et %-m’zurot 4 h 8o éﬂ"]‘cr Sias ;55‘1%!“ 4 ”%Jwé’? value

occurt ed ag I ncl usi on

oflandad @ d.awes value of absor bed energy [ 0066] The
wre 814 was nugﬁ in Nb, and thus had a higher value
of 0.2% proof stress and a | ower val ue of absorbed
energy. Further, this wire was nuch in total anount of
hydrogen, and thus occurred of cracking. [0067] The
wire 815 was less in Si02, and was thus defective in
slag renovability and bead shape. Further, this wire
was nmuch in V, and thus had a higher value of 0.2%
proof stress and a |ower value of absorbed energy.
[0068] The wire 816 was less in Ti02, and thus
occurred of nmetal sagging. Further, this wire was
much in M, and thus -24 had a higher value of 0.2%
proof stress and a |ower value of absorbed energy.
-25 CLAIMS 1. Aflux cored wire for gas shielded arc
wel di ng of

-2 5~



hi gh-strength steel conprising a steel sheath, and a
flux filled therein, wherein the flux cored wire
conprises, by massy with respect to the total nass of
the flux cored wire: C 0.03to0 0.10% Si: 0.251to
0.7% M1 1.0to 3.0% N: 1.0to 3.5% B: 0.001 to
0.015% Cr: limted to 0.05%or less, and Al: limted
to O(gggqﬁ% less, and in the flux, Ti02: 2.5 to 7.5%
Si 02: o 0.50, Zr02: 0.2 to 0.90, and A1203: 0.1

Lo 0.4%, apgl,t heotermisader e ISidiE e Ffaa M Lc yelding of

stabilizer unavol urities; and ereln

hidie- 41t gyt of ch)qugs% %tgeeéi%heca%ed aMd €a flux
isin 15ppn1or | ess. The qux cored wire for gas

£ 3Sii et d@ﬂeﬁé@ny\elwﬁte&@moftﬂu ghr ekl engkh siieel asmsSeises, by
forth in claiml1l, wherein the flux cored wire further

maxE® aviish bye $mss kel athae tioa allhemag ot alf maks dflushecored
flux cored wire, one or nore of: Mb: 0.1 to 1.0% -26
wiMek: 0.01 to 0.050, and V: 0.01 to 0.050. 3. The flux
cored wre for gas shielded arc wel di ng

C: 0.03 to 0.10%,

Si: 0.25 to 0.7%,

Mn: 1.0 to 3.0%,

Ni: 1.0 to 3.5%,

B: 0.001 to 0.015%,

Cr: limited to 0.05% or less, and

Al: limited to 0.05% or less, and

in the fluzx,

Ti0,: 2.5 to 7.5%,

Si0;: 0.1 to 0.5%,

2r0s: 0.2 to 0.9%, and

Al;03: 0.1 to 0.4%; and

the remainder comprising: Fe, arc stabilizer, and
unavoidable impurities; andi

wherein the total amount o¢f hydrogen in the flux
cored wire is in 15ppm or less.

2. The flux cored wire for gas shielded arc welding
of high-strength steel as set forth in claim 1, wherein the
flux cored wire further contains, by mass% relative to the

total mass of the flux cored wire, one or more cf:

Mo: 0.1 to 1.0%,
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of high-strength steel as set forth in claim1l or 2,
wherein the flux cored wire further contains, by mass%
relative to the total nass of the flux cored wire, one
or nore of: Ti: 0.1 to 1.0% M. 0.01 to 0.9% Ca:
0.01 to 0.50; and REM 0.01 to 0.5% -27

Nb: 0.01 to 0.05%, and

V: 0.01 to 0.05%.

3. The flux cored wire for gas shielded arc welding
of high-strength steel as set forth in c¢laim 1 or 2,
wherein the flux cored wire further contains, by mass$%
relative to the total mass of the flux cored wire, ocne or
more of:

Ti: 0.1 to 1.0%:;

Mg: 0.01 to 0.9%;

Ca: 0.01 to 0.5%; and

REM: 0.01 to 0.5%.
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