FLUX- CORED W RE FOR GAS- SHI ELDED ARC WELDI NG OF HI GH TENSI LE STRENGTH
STEEL BACKGROUND OF THE INVENTION 1. Field of the Invention: The present
invention relates to a flux-cored wire for gas-shielded arc wel ding of

hi gh-tensile strength steel having a proof strength greater t han 620 MPa.
More par- ti cGlEERFORHe Hrids iR | WviemE Ul PelP ob%s TBLEINEuURFcBEEE wire
for gas-shielded arc welding of high-tensile strength steel, said

fl ux-cored w TENSIOF HTRENMEITH FMikl superior in | owtenperature toughness
and affording welding with a m ninum of cracking and good usability
regardl ess of weld- ing positions. 2. Description of the Related Art: Steel
structures are beconmng |larger than before and their weight reduction is

bei ng attenpted by appli cetdrerofND hoghrtiensiiensttogngt h steel to them
O fshore structures and pressure vessels need a steel with good

| owt enper at usig, 1 4 Yehnessrand. @ yel ding material for such a steel is in-
creasing 1 n demand. Conventional shielded netal arc weld- ing and subnerged

arc vel ding, waich el oy el ding. mericc al s, superior L noh o Lenpsratur e

t oughness, have p oblers Wit ing efficiency, welding usa |I|?§, and
operatin osition. Consequently, ere,_has been a _great. depand for 1
P i cor Saue TR Fort o b er Eveneus il SRbaRtn T sTeat

having a proof strength greater than 620 MPa. More par-

ticularly, the present invention relates to a flux-cored
wire for gas~shielded arc Qéiding of high-tensile strength
steel, said flug—cored wire providing weld metal superior
in low-temperature toughness and affording welding with a
minimum of cracking and good usability regardless of weld-
ing positions.

2. Description of the Related Art:

Steel stfuctures are becoming larger than before and
their weight reduction is being attempted by application of
.high—tensile strength steel to them. Offshore structures
and pressure vessels need a steel with good low-temperature
toughness and a welding material for such a'steel is in-
creasing in demand. Conventional shielded metal arc weld-
ing and submerged aré welding, which employ welding materi-
als superior in low—temperatﬁre toughness, have problems
with working efficiency, welding usability, and operating

position. Consequently, there has been a great demand for



ciency, |owtenperature toughness, and good working proper- ties for al
wel di ng positions. Several kinds of high-performance fl ux-cored wres
nmeeti ng such requirenents have been devel oped. The first exanple is a
flux-cored wire for gas shielded netal arc welding to be applied to

hi gh- t ensitleéxsceErgt Wigeselthaltt meet e eetiigivpente 690 MHa, eBEi-

di scl osed in Japanese Pat- ent Lai d-open No. Hei-9-253886. It is

- charact erciedchy tfhe-teppeirfkitareorntoerghrgfsshi G21d net@al Wodothdepr&reSt, M,
Ni, &, M, Cu, My, Ti, and B (based on the total weight of the wre) and
al so by theesatrbe afliMyetiaimet alosfiltuieriede (by weight), so that it exhibits
good wel ding usability and ensures high-tenperature strength and

| owt enper at ur gevipHghResssabEenignlpee reehdnbeatriieayrey [(RWErN) . The
second exanple is a flux-cored wire for high- tensile strength steel, which

“cont ai ns ﬂegicgglggguf:w)fegﬁ%e&%?ﬁc% TRy %ﬁgjn ;E'Lel 4 &_ds%%.gg”ﬂ?étw%r'c Aracter -

disclosed I'n nese Patent Lai d-open
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high-tensile 2 strength steel with a tensile strength greater than 680
‘ tensile strength of 690 MPa, as disclosed in Japanese Pat-
ent Laid~open No. Hei-9-253886. It is characterized by the
specific content of TiO;, metal fluoride, C, Si, Mn, Ni, Cr,
Mo, Cu, Mg, Ti, and B (based on the total weight of the
wire) and also by the ratio of Mg to metal fluoride (by
weight), so that it exhibits good welding usability and
ensures high-temperature strength and low-temperature
toughness after a long weld heat treatment (PWHT).
The second example i1s a flux-cored wire for high-
tensile strength steel, which contains a titania flux com-—
posed mainly of TiO,, MgO, and MnO, as disclosed in Japé—
nese Patent Laid-open No. Hel-3-047635. It is character-
ized by the specific content of C, Mn, Ni, and Mo and also
by the specific ratio of TiO; to Mg0 and the addition of Co
and Cr, so that it exhibits good welding usability and
ensures good toughness.

The third example is a flux-cored wire for gas

shielded metal arc welding to be applied to high-tensile



N m®, as disclosed in Japanese Patent Laid-open No. Hei-8- 174275. It is
characterized by the specific content of C, Si, M, P, 5 N, C, and M
and also by the addition of Ta in a specific anount, so that it ensures

hi gh strength and ood toughness corresponding to the strength of parent
met al ovelt&epadad Srgtaﬁ@de %h@attﬁI?ﬁMte aner 9 sor @xhebi 82 ghdA wor ki ng
efficiency (which is due to the specific ratio of netal powder in the
flux). Tha/modrthsedasplesid ant Tepanasbaded ehitul-acor-ean M . fHri-8-

hi gh-tensile strength steel, as disclosed in Japanese Patent Lai d-open No.
Hei - 3- 2940932715, | 9tchar ati=ard zed-imed the tdddi dp e Of c Myéhiamdt net at,
fluoride, so that it permts nolten slag to separate and float easily from

ol ten negal, mandegi wes wil, S&rt,0 aMel digveiral LI4W ab i Y aa d@ssi Rognt T of
oxygen and having inproved | owtenpéerature toughness. Al the conventional

I
t echnol ogi es [ r [ - [ o, e
toug'hness&glt agg%uth"%% %ﬁ%ﬁfgc%\ﬁniﬂg{]a?gegs%&n%é;% %l?/g%h%\ﬁr%y rrpg%l:ftf&t est at
-30 to -40C.., However, such | owtenperature toughness is_not__enough for
Of fshor e SPPHCERF SRR fro47E SBIBEAL (6 S (TEnBtdCT ou (ENErat uros, Say
about -60C. Japanese Pgtent Lai d- open _Nos. Hei-9-253885 and Hei-8- 174275

do not di BeltadeOVRE & PECEDHIGRTEPhy e HHIT i K- FLipGihbirhes

titani a-based flux. Japanese Patent Laid- open No. Hei-3-294093 does not
di scl ose gRed wpréiagesitflgiency (which is due to the specific ratio

of metal powder in the flux).

The fourth example is a titania-based flux-cored wire
for high-tensile strength steel, as disclosed in Japanese
Patent Laid-open No. Hei-3-224093. It is characterized by
the addition of MgC and metal.fluoride, so that it permits.
moltén slag to separate and float easily from molten metal
and gives rise to weld metal containing a less amount of
oXygen and having improved low-temperature toughness.

A1l the conventional technologies mentioned above are

intended to provide low-temperature toughness at about -30
to -40°C which is estimated by Charpy impact test at -30
to -40°C. However, such low-temperature tougﬁness is not
encugh for Offsho?e structures which are subject to ex-
tremely low temperatures, say about -60°C.

Japanese Patent Laid-open Nos. Hei-9-253885 and Hei-8-

174275 do not disclose the effect produced by the addition



wel ding usability in all welding positions. Mreover, it nerely specifies
the ratio of Ti 02/ MgO which gives rise to poor beads in vertical upward
wel di ng. Therefore, the welding wire disclosed in it cannot be easily
~applied to the site welding of |arge-size structures which does not

permt thefuéeCotcathestitener-begssdl édtixdesiJrmisneswelFditegt gesid ons.
Japanese Patent Lai d-open No. Hei-3-047695 di scloses the specific ratio of
T102/ Myo awechiNd s Hel eBriA4d 3By dpat- nbngdibe lweledithg usabidvicmeritn irerti cal
upward welding with a conparatively small current of about 150 A The

di sadvan-y4 pgen®fuvebdingyi Aint A $ wWanAaehg pokhatichie f Merwesred wite (FCW
does not fuIIy produce its effect for inprovenent in welding efficiency.

Mor eover Ty UsEd- et bsarpawertyl oﬁu&aggmg@awhléﬁogivggori\)se the
flux- coré& mnre mnth the specific TiQ2/ ratio as disclosed often gives

rise to such ﬁdg EQ?Eaitu%?Q98tw%E 35% wel eg%foggpv%@Ilonal

technolo&aes nen |one ove cann ro- € “any ux-coréd wire for

hi gh- tenS|Ie stren tee ich neets re renent for |lqw nperature
t oughness?e 1484 %gﬁﬁia?F§£PﬁmglanngFﬁBntsk i GRS ﬁhﬁf@&é@ “di ng
efficiency, and good crack resistance. Consequently, there has been a

strong defmdsibe W%%dHEQePSp%éﬁﬂeoﬁléﬁcﬁtFPG%UEeéoW@dG% fe€s OBFECT AND

SUMMARY OF THE | NVENTI ON
permit the use of a positioner to select desirable welding

positions.

Japanese Patent Laid-open No. Hei-3-047695 discloses
the specific ratio of Ti0;/Mgo which is determined by rat-
ing the welding usability in vertical upward welding with a
comparatively small current of about 150 A. The disadvan-
tage of welding in this manner 1is that the flux-cored wire
(FCW) does not fully produce its effect for improvement in
welding efficiency. Moreover, when used with a powerful
current (say, about 220 A), the flux-cored wire Qith the
specific Ti0,/Mg0 ratio as disclosed often gives rise to
such poor beads that it cannect afford welding.

Conventicnal technologies menticned above cannot pro-
vide any flux-cored wire for high-tensile strength steel
which meets requirements for low-temperature toughness,
good usability in all welding positions, improved welding
efficiency, and good crack resistance. Consedquently, there

has been a strong demand for the develcpment of such flux-



The present invention has been conpleted in view of the foregoing. It is
an object of the present invention to provide a flux-cored wire for
gas-shi el ded arc welding of high-tensile strength steel having a proof
strength greater than 620 MPa. The flux-cored wire gives rise to weld
metal super¢drwinebow t enperature toughness (at about -60C) and affords
efficient welding with a m ninum of cracking and good usability regardl ess
of welding positions. A first aspect of the present invention is directed
to a flux-cored wire for gas-shielded arc welding, which con- tains inits
total weight C 0.02 pei@ct4awb¥sUBMARY. 48 aupl.chvangsrovh: 0.8 to 3.0 w %
Ni: 0.2to 3.1 w% TiT no nore than 0.2 wt% either or both of & and M:
0.1 to 4.0 wd ntot&hy TheLnfNeh MILE Belnt BofipZeWed HA LAkA orany or

all of alkali netal fluoride and oxide, alkaline earth netal fluoride and
oxi de, B,_.Al,_-an : no re_than 2. W% i.n t |, X r.e than
0. 0150 wtt’}&e V\F?ﬂg?%/gngfemﬁfgn &r agefj%agf:%e\?ié; écg]lee%%%&?rnﬂ]ﬂélsmeanﬁﬁf%
second aspect, of th resent .invention is di echgd to a flux-cored wire
for gas. SNTRTHIY ar 6L aT GPRGS WhFEEOoEoRRE 5 et doCs 6t ACNBIEhoC 0. 02
to 0.14 wt% Si: 0.4 to 1.1 wt% M: 0.8 to 3.0 w% N: 0.2 to 3.1 m%
Ti: no S hahetenanle. 2LREVPLRI ERERLORAEIPN &f PECOAnG PN It ey w %
intotal, TiO2 and MJO 5.0 to 7.2 % in total, and NN no nore than

0. 0150 wthami ¢h0tHBarenBhadéluberngeidneiireagives rise to weld metal

superior in low-temperature toughness (at about -60°C) and
affords efficient welding with a minimum of cracking and
good usability regardless of welding positions.

A first aspect of the present invention is directed to

~a flux-cored wire for gas-shielded arc welding, which con-

tains in its total weight C: 0.02 to 0.14 wt%, Si: 0.4 to
1.1 wt%, Mn: 0.8 to 3.0 wt%, Ni: 0.2 to 3.1 wt%, Ti: no
more than 0.2 wit%, either or both of Cr and Mo: 0.1 to 4.0
wk$ in total, Ti02 and MgO: 5.0 to 7.2 wt% in total, any or
all of alkali metal fluoride and oxide, alkaline earth
metal fluoride and oxide, B, Al, and Mg: no more than 2.0
wt% in total, and N: no more than 0.0150 wt%, with the
remainder being inevitable impurities and Fe. |

A second aspect of the present invention is directead
to a flux—cored wire for gas-shielded arc welding, which
contains in its total weight C: 0.02 to 0.14 wt%, 3i: 0.4

to 1.1 wt3, Mn: 0.8 to 3.0 wt%, Ni: 0.2 to 3.1 wt%, Ti: no



ble inpurities and Fe, wherein the content of MgO and the content of TiQ2
satisfy the equation: 0.05 s x s 0.22 (where x denotes the ratio of

MO Ti2). Athird aspect of the present invention is directed to a
flux-cored wire for gas-shielded arc welding, which con- tains in its total
wei ght Cn@x®2than 0012 W% Sitherqorobofhiowt % AL 808 o 13.7@ k% Ni:
0.2to 3.1 wm% Ti: no nore than 0.2 w% either or both of & and M: 0.1
to 4.0 witsimtiotd]l, TFOR2 aadd M@ : 5500t 07722wWwiei ant grdlal amypdom: al | of
al kali metal fluoride and oxide, alkaline earth netal fluoride and oxi de,
B, A, anth Mréo-m®seot hano 2w, Www¥rhnthet abmaandeN: bednmpriedtiaz-0. 0150
W% with the remainder being inevitable inpurities and Fe, wherein the

content qf; MiQansi £hes contient, ofhdbERnsahibstyntbatedwanqgtl ahg @H@d < x <
0.22 (where x denotes the ratio of MJO Ti Q2) The flux-cored wi re accordi ng

to the ascpoenctgesn@f %hf%oprseds&rgfr}} @t%(glgaﬂ(%ds wel d netal excelling in
at a Tow

| ow- tenpératuré toughness eve f'enperature of about -60C. In
addition, it affords good welding usabil- ity and effi.ci enC)f,re ardl ess of
vel di ng gosit ok ahd g4 e harsef e bES whih §BbEC cPackPRGTLgs] st ance.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a graph showng the relation
bet ween F(x) ZarthieVt 60Rect of the present invention is directed to

a flux-cored wire for gas—shielded arc welding, which con-
tains in its total weight C: 0.02 to 0.14 wt%, Si: 0.4 to
1.1 wt%, Mn: 0.8 to 3.0 wt®, Ni: 0.2 to 3.1 wt%, Ti: no
more than 0.2 wt%, either or both ¢f Cr and Mo: 0.1 to 4.0
wt? in total, TiC2 and MgC: 5.0 to 7.2 wt% in total, any or
all of alkali metal fluoride and oxide, alkaline earth
metal fluoride and oxide, B, Al, and Mg: no more than 2.0
wt% in total, and N: no more than 0.0150 wt%, with the
rémainder being inevitable impurities and Fe, whereiln the
content of Mg0 and the cgntent of'TiOZ éatisfy the equa-
tion:
0.05 = x = 0.22 (where x denotes the ratio of MgQO/TiO,) .
The flux-cored wire according to the aspects of -the
present invention vields weld metal excelling in low-

temperature toughness even at a low temperature of
about -60°C. 1In addition, it affords good welding usabil-

ity and efficiency regardless of welding position and gives



Fig. 2 is a diagramillustrating the nmethod for rating the bead shape.
DESCRI PTI ON OF THE PREFERRED EVMBCODI MENTS A detail ed description will be

gi ven bel ow of the enbodiment of the present invention. The present
inventors carried out extensive studies on alloy conponents and sl ag-
form ng agehdsmetel uvitbr gacl gxaesied weee SCRECSgi ves weld et al
excelling in | owtenperature toughness when applied to gas-shielded arc
wel ding of high tensile strength steel. The results of their studies
indicate that the | owtenpe- rature toughness of weld netal is related with
the anount of alloy ceBrRpEReDESCREPTHENS DEX-TCHY ERANINEGS or gas- shi el ded
arc welding of high tensiTe strength steel and that there is a relation
bet ween t he af@f?.t pf § Ji 00 angh t BeoRRyntnef re MIQ; bar baeadehowkgnper at ure
t oughness and wel ding usabil-" ity. Mreover, the present inventors

i nvestigated how tal conponents in the flux-cored wire for gas-shiel ded
arc-wel di #g o?vﬁﬁaﬂ?tensile strength steel affects the | ow tenperature
toughness of weld netal in view of the fact 7 that the toughness of weld
metal depends B0 ¢ he witualliagesnohsivstaptépacbhponehbsd The rating
investigation revealed the follow ng. Wen applied to a steel having a
hi gh tensthe stzénghhpeexceedi ng 620 MPa, the flux-cored wire for
gas-shielded arc welding of high tensile strength steel gives weld netal

DESCRIPTICON CF THE PREFERRED EMBODIMENTS

A detailed description will be given below of the
embodiment of the present invention. . The present inventors
carried out extensive studies on alloy components and slag-
forming agents useful for'é flux-cored wire that gives weld
metal excelling in low-temperature toughness when applied
to gas-shielded arc welding of high tensile strength steel.
The results of their studies indicate that the low-tempe-
rature toughness of weld metal is related with the amoﬁnt
of alloy components in the flux-cored wire for gas-shielded
arc welding of high tensile strength steel and that there
is a relation between the amount of TiO; and the amount of
MgQ for good low—temperature toughness and welding usabil-
ity. Moreover, the present inventors investigated how
metal components in the flux-cored wire for gas-shielded
arc welding of high tensile strength steel affects the low-

ftemperature toughness of weld metal in view of the fact



whi ch decreases in toughness in proportion to the amount of C, Cr, Ti, and
Mo (particularly Cand Ti) in the flux-cored wre. Ti in a |arge anount

di ssolves nore in weld netal and fornms TiC which precipitates in the
reheated part. This deteriorates the nucleus form ng perfornmance. The
result i shbhathweltdupitalss Mo mateddly deysprsds |@n el kaubashite and
remar kably poor in toughness. Incidentally, the re- heated part is that

part whi chcits oafsf et ed 1ky heatp@iarars by THdier sitbsestion & passrofentbd net al
(or welding pass by the subsequent electrode). In addition, Cin a |large

anount  f @rEB sMhAGQRst.i tuent in weld metal, thereby deteriorating
t oughness. Conversely,” Si, M, and NI added to the wire tend to | nprove

toughness. Thigubs LEUe BAr LLoW Atlk10b-8iand Whon Thed il eased, sant ent

of Si and Mh decreas € anount, oxygen in 'd meta
ensuring good tqugh s..MJO.i.s one of basjc .slag:-formng a eés whi ch
- exhibits %f{ﬁgegltl n%git Mieoxi T ingXa&Gqon WS mgg‘?% %h??f Afa2’8 based
FCWas a slag-form ng agent greatly decreases the  concentration of oxygen
in weld nmivealiagd odr Gatpriove S taRe o tespef a2 &' blighteds of wel d
metal. On the other hand, MJO added to a titania-based flux |owers the
sl ag vi scobiich diedorelstisng rpdiondhrifs irequidam r i pr ohw e deamsunn afl
wel di ng positions, particularly in

C, Cr, Ti, and Mo (particularly C and Ti) in the flux-cored

Wire.,

Ti in a large amount dissolves more in weld metal and
forms TiC which precipitates in the reheated part. This
deteriorates the nucleus forming performance. The result
is that weld metal is dominated by coarse lath-like bainite
and remarkably poor in toughness. Incidentally, the re-
heated part is that part which is affected by heat given by
the subsequent pass of weld metal {(or welding péss by the
subsequent electrode}. In addition, C in a large amount
forms M-A constifuent in weld metal, thereby deteriorating
toughness.

Conversely, Si, Mn, and Ni added toc the wire tend to
improve tcughness. This is true particularly of Si and Mn.

The increased content of Si and Mn decreases the amocunt, of
oxygen in weld metal, thereby ensuring good toughness.

MgO is one of basic slag-forming agents which exhibits

theastrongest deoxidizing action. MgQ0 added te a titania-



vertical upward wel ding position, thereby deteriorating the welding
usability. The |l owered slag viscosity and nelting point allow nolten slag
to flow down easily without solidi- fying. Thus the resulting slag does not
prevent weld nmetal fromsagging. That is, MJO added in a | arge anount
causes SagmeagFdfidapreseheg-dothiivgl ebesti greelitdivnge cTiee spree derg
inventors' investigation revealed that the ratio of the anobunt of MgO to

t he ambuntowtedtP2t{(tepoe- osegeadihywhi@ Tie@R) kadr elrabed witdprichess

i nprovenent of | ow tenperature toughness and the welding usability in al
vel di ng pasétiopsceM hsutbBetbabbhegroumt wofl dMpeBial and My conpounds

which is expressed in ternms of oxides. My netal and Mg conpounds
produce a 1 emagkahle S ECth otk d8100xAgaLiopo of vetdapElaloes AyLhe case
of MyO thereby gre y contributing to inprovenent in I'owt enperat ure

t oughness n added nount ke wel |n
irrpossibl%‘ﬂ%%S gh%e§g%gl%1ﬁ%%?lgﬁaﬁggaﬁal%%nagpﬁént gggﬁeﬁfﬁy S? was
found that if the anount of NE net al, and the anount of My . conpounds is
expr essed  FePYRF nS3HS MyD, 24 eﬂeﬁﬁéngnﬁaﬁ%téfm%opééﬁlﬁél raé”llé& éd with

the | owtenperature toughness and the welding usability in all welding
posi ti onsvemthecayQurvardreaeidinponesisinbe Eheughyt detard orhid ingeltdieng
usability in all welding positions. The bead shape in vertical upward
wel di ng iweldiag edsatbobety. wi Thet hewered slag viscosity and melting

point allow molten slag to flow down easily without solidi-
fying. Thus the resulting slag does not prevent weld metal
from sagging. That is, MgC added in a large amount causes

sagging and presents difficulties in welding.

The present inventcrs’ investigation revealed that the
ratio of the amount of Mg0O To the amount of TiO, (repre-
sented by MgO/TiO;) 1is related with the improvement of low-
temperature toughness and the welding usability in all
welding positions. MgO is the total amount of Mg metal and
Mg compounds which is_expresseelin terms of Mg oxides. Mg
metal and Mg compounds prodiuce a remarkable effect on de-
oxidation of weld metal as in the case of MgO, thereby
greatly contributing to improvement in low-temperature
toughness. However, when added in a large amount, they
make welding impossible due to beads in poor shape and
sagging. Consequently, it was found that if the amocunt of

Mg metal and the amount of Mg compounds is expressed in



anount of slag, and hence specifying the anount of slag is a matter of

i nportance. In vertical upward welding, slag in an excessively small

amount cannot retain nmolten metal and hence causes such troubles as convex
beads and sagging. By contrast, slag in an excessively |arge anount causes
the arc tbebes cbvdged bienolthenagbagt ThHeMosyan e pudratad witdbility

and excess spatters. It is concluded fromthe foregoing that good wel di ng
usabi l i tythe abk-vehgengtpesi thogtineas hedender e lidiran uadeduate o Ti O2
ratio (for all conpounds by weight) is established and an adequate sl ag

amount isyspegiikedg pMBieovak,. the selection of adequate alloy conponents
also contributes to Fom#tenperature t oughness. Wth the help of findings

ment i oned abovg, E}thﬁopffézer}tabtwvaﬁ%;@méq{a/@seﬁ@%ﬁ%ywwl ¥Rd in

conventional tec ol ogi'es by specifying adequate a conponents in the
wire and al sQ. by est bél hi ng an.adequate rati.o.of MO Ti Qﬁs
sLag-forﬁf%ggh%én?ﬁagﬁ lix égea&&tgegﬁﬁﬁﬁtpSFlgﬁgaé‘loT(éi%%ﬂ F1E% he
present invention, the qux-coged wi,re for %%s-shielded,arc wel di ng of
hi gh t ensteVettergt NUPYREE| WESAERFNd SspELPEFE CorSEients Zhdifas specific
conpo- sitions for the reasons nentioned in the follow ng. The conponents
are exprezsedntnofephedof aldi frRCBasSeGCaAViRE thet amonaitgiet ¢flachd swire.
The flux-cored wire of the pre-
a matter of ilmportance.
In vertical upward welding, slag in an excessively
small amount cannot retain molten metal and hence causes
such troubles as convex beads and sagging. By contrast,
slag in an excessively large amount causes the arc to be
covered by molten slag. The result is poor arc stability
and excess spatters.
It is concluded from the foregoing that good welding
usability in alill welding positions can be ensured if an
adequate Mg0O/Ti0O, ratio (for all compounds by weight) is
established and an adequate slag amount is specified.
Moreover, the selection of adequate alloy components also
contributes to low-temperature toughness.
With the help of findings mentioned above, the present
invention solves problems involved in conventional tech-
nologies by specifying adequate alloy components in the

wire and also by establishing an adequate ratio of MgQO/TiO,

(as slag-forming agent) and an adequate amount of slag.
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sent invention is nmade up of a steel sheath and a flux filled therein. The
conponents |isted below are added to the steel sheath and/or the filled
flux. C 0.02to 0.14 wt% C is an extrenely inportant conponent that
ensures the strength of weld netal. Wth a C content |ess than 0.02 w%
t he flux-cor ed?l—wmédbl@@stfmothﬁrBwaénv\e%ﬁvﬁ@tiapnha?hﬁgfl&Xpﬁ@éﬁdstress
greater than 620 MPa. Wth a C content nore than 0.14 wt% the fl ux-cored
wire proviviles wekdgastahiehdeingrecemaikidnky olfi $H gboltedreyidekisigrength
susceptibility due to increased strength. Therefore, the flux-cord wire

accord- i#getDd @:Bhﬁa@ﬁboéb%mﬁi&hauh@oﬁéﬁﬁ:@ And hAasakpaEiWitc efomf®b02 to
0.14 wt% preferably 0.02 to 0.08 % Si: 0.4 to 1.1 M%Si is a

deoxi di zi £'_9t§8ﬁ§t foi:t th@peéséoﬁ%r gRakh oheawehd L hieteal) 1Al A Lduces oxygen
content in weld netal. an Si  content Iessthan04wt% t he

fl ux-cor ed Wlé REQVI ggdeog?gaﬁ ongk t&g\flrhlgg I%\gl% te%aasré %%ortélt oughness

due to 11 (iDm ficred nd, Wt cont ent

nore t han 1 w% cored wi pr.ovi des

conpat i b.wwlmhgégr ahe g B g e Lt S reroe e T (e R
‘deteriorating welding usability. Therefore, the flux-cord w.re according
to this entodi #eHentipBuLa BBAFalPR SF PnSifSansbRetdf a0 a Fl w %

prefera- bly 0.4 to 0.9 w%
filled therein. The components listed below are added to

the steel sheath and/or the filled flux.
e (C:; 0.02 to 0.14 wt%

C is an extremely important compcenent that ensures the
strength of weld metal. With a C conﬁent less than 0.02
wt%, the flux-cored wire does not provide weld metal ha?ing
a proof stress greater than 620 MPa. With a C content more
than 0.14 wt%, the flux-cored wire provides weld metal
having remarkably high cold cracking susceptibility due to
increased strength. Therefore, the flux-cord wire accord-
ing to this embodiment should contain ¢ in an amount of
0.02 to 0.14 wt%, preferably 0.02 to 0.08 wt%.

* Si: 0.4 fto 1.1 wts

Si. is.a decoxidizing agent; it imparts strength to weld
metal and reduces oxygen content in weld metal. With an 5i
content less than 0.4 wt3, the flux-cored wire provides

weld metal having blow holes and poor toughness due to

11



WMn: 0.8 to 3.0 wt% M functions as a deoxidizer like Si, and it also helps
i nprove the toughness of weld netal. Wth an Mh content less than 0.8 Wt %
the flux-cored wire provides weld netal having many bl ow hol es and poor

t oughness due to insufficient deoxidation. On the other hand, with an M
content nbrsuffiani8nd desgitheibhux- Oor Edewotdepr dvindes wivid] caomeiial havi ng
remar kably high cold cracking suscepti- bility due to increased strength.
Ther ef or egotibent | w¥reotHanwir e &t&or dieg fllaxt-hios celmhddiamentowshiid d cont ai n
Mh in an anount of 0.8 to 3.0 ww% preferably 2.1 to 229 % N: 0.2 to

3.1 W% Niei§ RB:8XtHEAR! Yni ABABLARLiCeRRORERh LRk-owe! darRiala) taidave
sufficient strength and toughness. The flux-cored wre according to this

embodi Men{ o Wl bn ObvecueL fly et klreBgVH@Qe'ﬂ%‘fFaft'lﬁ' 1tdgaagh Hiori gy gh col d

crack susceptl- rty i ntent is lessthan re than

12 3.1 wt respecti Ther ef it _should contain. unt of
0.2 to 3. Ifﬁw /Egﬁ?ef gﬁ bFy"6. §°F 'Gize, pocotging, io mFE‘é Oc?a /oTl
makes crystal grains fine when added in a _small anount; homever

added- i n” HiPaRBuRP bR ioPe tRaAP02BOWRS, Odelef dPated Wﬁéfﬂ@ﬂQ§%¥Qannng

performance because it dissolves nore in weld netal and precipitates in
the re- Hebted.pare PnotHe*tormof TiC. Thus, the weld netal is

*+ Mn: 0.8 to 3.0 wtd

Mn functions as a deoxidizer like 35i, and it also
helps improve tThe toughness of weld metal. With an Mn
content less than 0.8 wt%, the flux-cored wire provides
weld metal having many blow hoiles and poor toughness due to
insufficient deoxidation. On the other hand, with an Mn
content more than 3.0 wt%, the flux-cored wire provides
weld ﬁetal having remarkably high cold cracking suscepti-
bility due to increased strength. Therefore, the flux-cord
wire according to this embodiment should contain Mn in an
amount of 0.8 te 3.0 wt3, preferably 2.1 to 2.9 wt%.

e Ni: 0.2 to 3.1 wt%

Ni is an extremely important component for weld metal
to have Suffiéient strength and toughness. The flux-cored
wire according to this embodiment will give weld metal
having insufficient toughness or high cold crack suscepti-

bility if the Ni content is less than 0.2 wt% or more than

12



dom nated by coarse |ath-Iike bainite and becones poor in toughness.
Therefore, the flux-cored wire according to this enbodi nent should contain
Ti in an anount less than 0.2 wt% The weld nmetal will have good

| ow-t enperature toughness even though it contains no Ti so long as it con-
tai ns adeguat €tal | opspegpovedtys. Mheirddmrs,| Yt Hhawyd entaddedVi nithe form
of Ti netal or Ti alloy (such as Fe-Ti). N. no nore than 0.0150 wt % When
t he N conggngmbantheff Dug- cor 8 .W e exeaeds:rahl0A50 amtly 2 .He Wwekontent in
the weld netal also increases, which |eads to blow holes and poor

t oughness, Therefore ..Lhe,adeguatg N content in the wire should be no nore
t han 0.0150@%% %’Jr+ E/B: 0.17to 4.0 w% Both Cr and M i nvari ably

contribute to the strength OL wel d ma%al. TEe al.so .make crystal grains
fine and 13 i HrBYkeF obEVahpor AEBLEST GABRnELED THASH Gk. CoFha i o
according to this enbodi ment contains both or either of G and M. The
total condBpEnbf TPWRNCHdddd eegefhérn & EMEUNthEL S et dhtd IftTr or
M> added al one should be no less than 0.1 wt%or no nore than 4.0 wt% A
content |@skerihaatfslthedtiisleos $ouininioremsodmastcal Megahmee Stuffici ent
strength. An excess content nore than 4.0 wt% |l eads to weld netal which
has i ncreasedostreengbhicand detdeasedl tadudghness panchtes sSubjtéct #eo- col d
cracki ng. Therefore, the

heated part in the form of TiC. Thus, the weld metal is

dominated by coarse lath-like bainite and becomes poor in

toughness. Therefore, the flux-cored wire according to

this embodiment should contain Ti in an amount less than

0.2 wt%. 'The weld metal will have good low-temperature

toughness even though it contains no Ti so long as it con-

tains adedquate alloy components. Incidentally, Ti may be
added in the form of Ti metal or Ti alloy (such as Fe~Ti).
* N: no more than -0.0150 wt$%

When the N content in the flux-core wire exceeds
0.0150 wt%, the N content in the weld metal also increases,
which leads to blow holes and poor toughness. Therefore
the adeguate N conient in the wire should be no more than
0.0150 wt%.

* Cr + Mo: 0.1 to 4.0 wt?%
Both Cr and Mo invariably contribute to the strength

of weld metal. They also make crystal grains fine and

13



flux-cored wire should contain C+Mo in an amount of 0.1 to 4.0 W%
preferably 0.2 to 1.1 wt% TiO2 + MJO 5.0 to 7.2 W% The flux-cored wre
of the present invention should contain Ti2 and MO i n an adequate
anount. A total amount of TiO2 and MJO Il ess than 5.0 ww%is too small for
wel d netahptoveebawAtanpboatusaggonghneswer t iTtal Alpwarcbmel diing: because
of insufficient slag. On the other hand, TiOQ2 and MO in an anobunt nore

than 7.2 yst%causg thetdie bAbbaimeaveredthY nDem Yragkithe resutt is
unstabl e arc and excess spatters. Therefore, the adequate content of Ti2

+ MO SQ%#EQwQe 5T9et90%ag W chRcheept-alby o MG it R drehaly r grpunt  of

MyO, net My, My conmpounds in ternms of oxides, and TIiQ2 Is an
anount of T| d r m_of n | kal i et al
fluoride,™ %gt a?ﬂt%g%oéedg\: Fkafjloégdgért%l% e %Iho uori deaO al kal i ne

earth rretal OX|de My: th Owt%lntotal These
corrponentjsefﬁe BB Bn%d Agﬁdoﬁeﬁeemﬁﬁ§ g?‘aﬁa)? ﬁo{"’% e oMY i She
flux-cored wire. The total content of these conponents should be no nore

than 2.0 Weas The wk® fdeScanampliofrgeyeildpreialt ke &vysstabifiiaierdnd
reduce spatters. B inproves the toughness of weld netal. Al and My
functi on sisrendgeloxi dhzeexcWhencohiesstconpenthes dr.@ wadddadarer etq han 2.0
wt % they adversely affect the present
weld metal which has increased strength and decreased

toughness and is subject to cold cragking. Tharefore, the
flux-cored wire should contain Cr+Mo in an amount of 0.1 to
4.0 wts %, preferably 0.2 to 1.1 wt#%.
* TiO, + MgO: 5.0 to 7.2 wt#d

The flux-cored wire of the present invention should
contain TiO, and MgO in an adeguate amount. 2A total amount
of TiO, and MgQO less than 5.0 wt% is too small for weld
metal to remain without sagging in vertical upward walding
because of insufficient slag. On the other hand, Ti0. and
MgQO in an amouni more than 7.2 wt% cause_the arc tQ be
covered by molten slag. The result is unstable arc and
excess spatters. Therefore, the adequate content of TiO; +
MgO should be 5.0 to 7.2 wt%. Incidentally, MgO is a total
amount of MgQ, metallic Mg, and Mg compounds in terms of
oxides, and TiO, is an amount of TiO, added in the form of
TiOz. .

* Any one or more of alkall metal fluoride, alkall metal

14



invention. Ratio (x) of MO Ti2: 0.05 to 0.22 The content of MyO and the
content of TiQ2 in the flux-cored wire should be such that their ratio (x)
= MOTiQ is not greater than 0.22. OQtherwi se, the flux- cored wire gives
rise to weld nmetal liable to sagging in vertical Rward wel di ng, because
MyO donmi ratiede ovekkal pe ¢agOmarbslwEldoredalr mbkelinabeertd s&dgilng) and
the re- sulting slag does not effectively prevent weld netal from sagging.
The resuldxide coawexl beadd Mg: saggrnyge Fhax- 2¢0r sd3winesotiadi ng a val ue of
x smaller than 0.22 yield weld netal excelling characteristic properties

because of thedsal icengforddt greaed erpthata 1 Osnahiesecd and beshapdnbor the
|l eg length and the weld reinforcenent height, respec- tively, in fillet

vel di ng (U@rﬁdrpéb@fhé@tfﬁ 1 Exanpl 8sted dheeval yﬁeoto%aiheeh%earteB%r ably be
smaller than 0.10 so 15 that the resulting weld netal has the ratio of L/H

?if?@?f&@?&ﬂ | Gl éssf R e Goof HetrT (‘E}QT‘%%?LI 385/ 855" over
0, 05,

it of SHES AIGH roieEoth ”Iﬁ‘én%%%é‘wé %r%#%ﬁélgxﬁ%ﬁé 5%35%%5”5266 2.
Inciden- tally, MJOis, atotal anmount of MgO netallic

conpound€Raf i J BRREREES ahe TrepIhrean %ﬁnﬂﬁ%dometﬁ%ﬂ ﬁédé&din t he

formof Ti Q2.
Mg function as a deoxidizer. When these components are

added more than 2.0 wt?, they adversely affect the present
invention.
e Ratio (x) of MgO/Ti0z: 0.05 to 0.22
The content of Mgo and the content of Ti0; in the
flux-cored wire should be such that their ratio (x) =
Mg0O/Ti0; is not greater than 0.22, Otherwise, the flux-
cored wire gives rise to weld metal liable to sagging in
vertical upward welding, because Mg0O dominates over TiO;
(Mg0O makes weld metal more liable to sagging) and the re-
" sulting slag does not effectively vprevent weld metal from
sagging. The result is convex beads or sagging. Flux-
cored wires having a value of X smaller than 0.22 yield
weld metal excelling characteristic properties because of
the ratioc of L/H greater than 10, where L and E stand for
the leg length and the weld reinforcement height, respec-
tively, in fillet welding {mentioned later in Examples).

The value of x should preferably be smaller than 0.10 so



F(x): 11 to 15 The function F(x) is defined by the fornula (1) below. The
variable x in this function is MJO Ti Q2 descri bed above. Formula (1) F(x)
= 37.2 X X-0.0665 - 30 The function F(x) is an enpirical fornula which
repre- sents the relation between the ratio (x) of MgO Ti O2 and

| ow t enpetiaétir eheoughbméssngl Welas relidi ed Byrestrattiist ichll/Eadoedte s ons
fromthe relation between the ratio (x) of MOTI Q2 in the wire and the
resul t oftiharpy,i whdch testesfatbl@0@orofoatiad netataciSpeics ten Soves-e
prepared from ten-odd kinds of wires each containing al l oys and sl ag-

form ng ageptespecohi edebekawr Gant,02ZHO Btlhd Wsdp o3 MdbAri® 1.1 w % 16
M: 0.8to 3.0w% N: 0.2to3.1w%» C: 0.1to04.0w% M: 0.1to 4.0

W % Ti %.F 1 % N: w % Ot h
comonent < %‘%l%é A i RO T RS R

3.5 to 7. § ¥% hentioned later has an upper limit of 15. Therefore,
the ratio (x) of Mg0O/Ti0, should be 0.05 to 0.22. TInciden-
tally, MgO is a total amount of Mg0, metallic Mg, and Mg
compounds 1n terms of oxides, and Ti0; is an amount of TiQ,
added in the form of TiOsz.

e F(x): 11 to 15

The function F({x) is defined by the formula (1) below.
The variable x in this function is MgQO/TiQO; described above.
Formula (1)-

F(x) = 37.2 x x 00885 — 30

The function F(x) is an empirical formulé which repre-
sents the relation between the ratio (x} of MgO/Ti0, and
low—temperafure toughness. It was obtained by statistical
calculations from the relation between the ratio (x) of
MgO/TiQ, in the wire and the result of Charpy impact test
(at -60°C) of weld metal. Specimensrwere prepared from
ten-odd kinds of wires each containing alloys and slag-
forming agent specified below.
C: 0.02 to 0.14 wt$

Si: 0.4 to 1.1 wts

le



MO 0.1 to 5.0 w%Fig. | is a graph in which the values of F(x) obtained
by the present inventors' experinments are plotted against Charpy inpact
val ues at -60C (denoted by eV-60C hereinaf- ter). It is noted that there is
a nonotonously decreasing relation between F(x) and vE-60C. In the region
where F(¥p:<0.B5tovB--60@t& 47 J in which good | owtenperature toughness
is obtained. Since the ratio (x) of MJO Ti 2 has an upper limt of 0.22,
the functnan B(%) ticnevilt aldyy has a lower limt of 11. Thus, the function
F(x) makes.it possi- ble to predict the relation between the constituents
of the fhLux-gqnedona e and the | owtenperature toughness of the weld
nmetal resulting fromthe flux-cored wire. The foregoing suggests that the
val ue of y.and the, L7 fypetion of F(x) should be within the range of 0.005
<- X <- 0.22 according to the present invention. The requirenent for the
val ue of in tr%e range .s eci- fied above is not essential, but the
flux-core lmﬁpe_ﬁeer- Wﬁﬁpother condi tions than nmentioned above will have
good welding usability and yield weld netal having good | ow tenperature
t oughness FeloRéver ,tot't?éﬁll -°core wire neeting the requirenent for the
specified value of x will yield weld netal having-inproved | owtenperature
t oughnessN:The fode ddaed OwilleCadtidr ding to the present invention has the
renmai nder (other than those conponents nentioned

Cther components (B, Na, F, K, Li, Al, Ca, Mg, P, and S):

0.10 to 3.25 wt%
TiCs: 3.5 to 7.8‘wt%
MgO: 0.1 to 5.0 wt3

Fig. 1 is a graph in which the wvalues of F(x} obtained
by the present inventors’ experfments are plotted against
Charpy impact values at -60°C (denoted by eV~-60°C hereinaf-
ter). It is noted that there is a monctonously decreasing
relation between F(x) and vE-60°C. In the region where
F(x) = 15, vE-60°C = 47 J.in which good low-temperature
toughness is obtained. Since the ratio (x) of Mg0/Ti0O, has
an upper limit of 0.22, the function F(x} inevitably has a
lower limit of 11. Thus, the function F(x) makes it possi-
ble to predict the relation between the constituents cf the
flux-cored wire and the low-temperature toughness of the
weld metal resulting from the flux-cored wire.

The foregoing suggests that the value of x and the
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above) which includes Fe alloys (such as Fe-Si, Fe-M1, Fe- Cr, Fe-M, and
Fe-Ti) and Fe derived fromiron powler, which are contained in the steel
sheath and the flux filled therein. The content of Fe is no |less than 80
w % of the total weight of the wire. The flux-cored wire according to the
present ipyeation o8yrdddi thondkl peconttaiim adbealdampet alf & J0UF idex and
oxide, alkaline earth netal fluoride and oxide, B, A, and My. The

flux-coregd. Mrgcgggglhgr tgh%h@e§,§ce%@&ttall@§,el}{ﬂl@@n anount no nore than
0.0150 wt% If the content of N ex- ceeds 0.0150 wt% the resulting weld

metal containsy HD' £odhi %ﬂ%ﬁgb%k”%@a%éﬂagbb?w h@!ne%heEéél}{?eEé efhe

i nvention V\A|| de Ccri W I n nore etal renceto

Exanpl es Conpar ati ve anp e | e res used i.n Exanpl es and
Conpar ati %x%ﬁgfrgslﬁagg tHE® %I‘Jfﬁgél &S "?1 s of° per- cent- rggcn t he
total wei ght of the wire) and the value of the fUI’lCtIOI’] F(x). The sam ple
wires havén"tJh@thﬁépceﬁﬁlﬁééppﬁoﬁhéél BRGNP T 2 %6 Wi Ha Ay e IR t he

ki nd of hoop used in each exanple. As shown in Table 7, those w res shown
in Tabl e Beaddng eapbdyitvhendoopeAdane B siedad e vial @®d |Irsident al | Y,
the sam ple wires in Exanples and Conparative Exanples contain P, S, Nb,
and V as adptraharectonpgherts. (Ebakveesi tthen Meldiqug)e wire meeting

the requirément for the specified wvalue cf x wiil yield
weld metal having improved low-temperature toughness.

The flux-cored wire according to the present invention
has the remainder (other than those components mentioned
above) which includes Fe alloyvs (such as Fe-3i, Fe-Mn, Fe-
Cr, Fe-Mo, and Fe-Ti) and Fe derived from iron pﬁwder,
which are contained in the steel sheath and the flux filled
therein. The content of Fe is no less than 80 wt% of the
total weight of the wire. The flux-cored wire according to
the present invention may additionally contain alkali metal
fivoride and oxide, alkaline earth metal fluoride and oxide,
B, Al, and Mg.

The flux-cored wife used for the test contains N in an
amount no more than 0.0iSO wt%. ff the content of N ex-
ceeds 0.0150 wt%; the resulting weld metal contains more N,
thereby increasing blow holes.

EXAMPLES

The invention will be described below in more detail
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The sanple wires were used for flat position welding of HI780 steel under
the conditions shown in Table 1. The resulting weld netal was made into
speci nens (conformng to JIS 23111 A No. 1 and JI'S Z3111 A No. 4) for
tensile test and Charpy inpact test, respectively. The results of ne-
chani cal wéshs redergn2% prodixastrless aal (OFangRt wpadizanmal eR- ar B2ghown,
together with the rating of welding us- ability, in Tables 8 and 9. The
overal | ratipgdeovisarphesd dre Fxadicdat=e chrlty Gymbota t Ve dxdmg ] eshhghie st ands
for "good" or "poor", respectively. Sanples are rated as good in

mechani caknpr epepbises iich  (tike twelnd: et alehaserst b:2%1ps opdt S1 ressglge eat er
than 620 MPa and a Charpy inpact value (at -60C) greater than 27 J. 19

Moreover, ($aRpkes13ks LALERS v3ad IJ¥ 1wk tRImer Adlire x ! oughiessaht the
wel d netal has a Charpy inpact value (at -60C) greater than 47 J. Table 1

Vel 0 19 g ovelie VLG shenl oobealos it S Lgpas, (M pogd |
Vel o179 SRR 975,20 Bhel i P D4, S RBIERE 25 L/
shown in Table 7, those wires shown in Table 3 and 4 enmploy
the hoop A and B shown in Table 6. Incidentally, the sam-
ple wires 1in Examples and Comparative Examples contain P, S,
Nb, and V as additional components.
(Flat position welding)
The sample wires were used for flat position welding
of HT780 steel under the conditions shown in Table 1. The
resulting weld metal was made into specimens (conforming to
JIS Z3111 A No. 1 and JIS 23111 A No. 4) for tensile test
and Charpy impact test, respectiwvely. The results of me-
chanical tests for 0.2% proof stress and Charpy impact
value are shown, together with the rating of welding us-
ability, in Tables 8 and 9. The overall rating cof samples
are indicated by syﬁbol YO or “x”, which stands for
“good” or “poor’”, respectively.
Samples are rated as good in mechanical properties if

the weld metal has a 0.2% proof stress greater than 620 MPa

and a Charpy impact value (at -60°C) greater than 27 J.
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Sanpl e steel plate: JIS G 3128 SHY685 (20 mmthick) Edge shape: 45 V

G oove gap: 12 mm (Fillet welding) The sanple wires were rated for wel di ng
usability by vertical upward fillet welding under the conditions shown in
Table 2. The bead formwas rated by the nmethod illus- trated in Fig. 2. The
synbol s [Mapeo¥ein Fagrlesrapresentd ehedPed Rendoi-¢emoigradiungel d bead and
the reinforcenent height of fillet weld, respectively. The ratio of L/His
an i ndex todylcatsngifhehetendédcyebtlbbad rohrdpyadgiprgt v8dms es are rated
as good if the ratio of L/His greater than 10. A value of O is given to

the ratiogof J_édybd Zélk@ateap fhddei7wel ding is inpossible to carry out due
to sagglng Tabl e Wel ding Arc volt- Welding Weaving Heat current (A)

age (V) sge%f%m%dth (m) input (mMmimn) (kJ/mm 220 24 150 10 2.1 Welding

conditio s follows: Shield gas: 80% Ar - 20% C02, 25 L/mn Wre
di anet er.: -ng positi nvgaeLLLg%L—up%%%%ggﬁane—?Leeg—ptaLe: JI'S
g g - ea
G 3128 jHY6[,$§1c(iln%,Amn t m@l«)ﬁ;e do Splgﬂéﬁeed 0 mm oase tem- Lot |
current () age (mm/min) perature (°C) . (kJ/mm)
280 30 300 150 1.7

Welding conditions are as follows:

Shield gas: 80% Ar - 20% COz, 25 L/min
Wire diameter: 1.2 mm
Welding position: Flat position
Sample steel plate: JIS G 3128 SHY685 (20 mm thick)
Edge shape: 45° V |
Groove gap: 12 mm
(Fillet welding)

| The sample wires were rated for welding usability by
vertical upward fillet welding under the conditions shown
in Table 2. The bead form was rated by the method illus-
trated in Fig. 2. The symbols L and H in Fig. 2 represent
the leg length of fillet weld bead and the reinforcement
height of fillet weid, respectively. The ratio of L/H is
an index indicating the tendency of bead toward sagging.
Samples are rated as good if the ratio of L/H is greater

than 10. A wvalue of 0 is given to the ratic of L/H if the
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In the welding tests of flat position welding and fillet welding, sanples
were rated for cold cracking and hot cracking in the foll owi ng manner.
Col d cracking: The specinmen is allowed to stand for 96 hours after

wel ding. Wth the backing netal renoved, the weld netal is exam ned for
def ects by idllitatasenidingesitd nigioqgs B 7 mwa@mﬂ pragness ctpapebgiagtesti ng
(JIS G 0565). And the fracture is observed under a SEM (Scanni ng El ectron
M cr oscop@rile i2dentify the form of cracking. Hot cracking: Wth the
“backing netal renoved after welding, the weld netal is exam ned for
defects Iy ultrasoni ¢ test- JI Sad18060P) and radlo aphj c tesfd ng [(JI' S
Z 3104). PAn@ﬁﬂﬁénﬁract@FE Fga?bservedspadﬁr @T %%ntlfy tihput 21 |f orm
of cracki rfdlrrff‘?é {&hdi | €%ed?’ and d‘(a:ﬁwpmlhnpact ‘fjett veFé car rikedmmput
accordin 1T ( ch specifi method for tensil est |and
irrpacttsto \ﬁe 3ﬁ'ﬁ‘tal\)ﬂﬂzzo g% OOOlBOOC»OF’ |
------------ O ONNONNM((O7 M MMM F (fI (ONOUUlI CONNCOIinN

U (00U (O------------- N

Welding conditions are as follows:

o—

Shield gas: 80% Ar - 20% COz, 25 L/min

- Wire diameter: 1.2 mm
Welding position: Vertical upward
Sample steel plate: JIS G 3128 SHY685 (12 mm thick)
Groove gap: 0 mm

In the welding tests of flat position welding and

fillet wélding, samples were rated for cold cracking and
hot cracking in the following manner.
Cold cracking: The specimen is allowed to stand for 96
hours after weldingi With the backing metal removed, fhe
weld metal is examined for defects by ultrasonic testing
(JIS Z 3060) and magnetic particle testing (JIS G 0565).
Znd the fracture iz observed under a SEM (Scanning Electron
Microscope) to identify the form of cracking.
Hot cracking: With the backing metal removed after welding,
the weld metal is examined for defects by ultrasonic test-
ing (JIS Z 3060) and radiographic testing {(JIS Z 3104).

And the fracture is observed under -a SEM to identify the
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ers" in Exanple 17 in Table 4, which is 1.0 wt% is com posed of 0.9 W%
of alkali netal fluoride and oxide, alka- line earth netal fluoride and
oxide, B, Al, and My, and 0.1 w%of inevitable inpurities. "Qthers" in
Exanple 20 sim ply denotes the anount of inevitable inpurities and it does
not include alkaicokeget YOuberd® andTekilde, 3akkdl HMneepartkls timet al fl uoride
and oxide, B, Al, and My. Table 5 TIQZ+MpjO MO Ti X2 F(x) 17 7.0 0.08 14

18 5.3 0.d8td2 2d8ubt608. 20kd1im2@a0. F10oRI dkdS andl xifd). 22Kl iZ?2 6.1
0.97 7 0 23 6.5 1.606 w24 4.7 0.1512 25 7.50.17 12 rt 26 6.1 0.30 10

27 6.1 0.02r48 nbrdB 21dcPiB8 48d Bx3%H- 38,0224 by, 30 AWK

| ndet erm nate 25
impurities (P, S, V, and Nb). The total amount of inevita-

ble impurities is 0.1 wt%. It foilows therefore that “Oth-
ers” in Example 17 in Table 4, which is 1.0 wt%, is com-
posed of 0.9 wt% of alkali metal flucride and oxide, alka-
line earth metal fluoride and oxide, B, Al, and Mg, and 0.1
wt% of inevitable impurities. “Others” in Example 20 sim-
ply denotes the amount of inevitable impurities and it does
not include alkall metal fluoride and oxide, alkaline earth

metal fluoride and oxide, B, Al, and Mg.

Table 5
Ti0,+MgO | MgO/Ti0 | F(x)
17 7.0 | 0.08 14
= | 18 5.3 0.18 12
E 19 6.6 0.20 11
o | 20 6.3 0.05 15
21 6.7 0.22 11
22 6.1 0.97
a |23 6.5 1.60
g (24 4.7 0.15 12
5 | 25 7.5 0.17 12
< |26 6.1 0.30 10
@ | 27 6.1 0.02 19
% 28 5.1 0.04 16
b |29 6.7 0.24 11
30 7.0 0.00 —%

* Tndeterminate
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Table 6
0 00 O.
Table 7
Exanpl e
Exanpl e
Exanpl e
Conpar at
Conpar at
Exanpl e
Conpar at
Exanpl e

A 26 Table 8 PS (0.2% VvE-60 UH Wel ding O hers Overall

Kind of Fe CSi Man NN C Mo Ti N Others hoop A 99.3 0.05 0.05 0.50
02 0.0020 0.1 B 98.4 0.03 0.02 0.70 0.50 0.10 0.10 0 0.0100 0.1

Kind Kind Kind of of of hoop hoop hoop Exanple 1 A Conparative

11 B Exanple 21 A Exanple 2 B Conparative Exanple 12 A Conparative
2Dalple BExanpl e 3 B Conparative Exanple 13 A Conparative Exanple 23 A
4 A Conparative Exanple 14 A Conparative Exanple 24 A Exanple 5 A
| WendEex a, 15 B Conpariatj,ve | e~.25 Cp ratiye Ewg)%e 6 A
ivb,ﬂOExanﬂ:i 6 % Y ﬁéar t‘wp E@ﬁl ibr26 i\no anr;ti&n Example 7 A
17 A Conperatlioves Exawopl e 026 B Corfpacat| ve Exangd e o®ofo Exanpl g 18 A

Hw? | mPIPE Py | D FaS st | a ~ .
Ve =Xanpr € Conparat1 ve =xatl TP € Conpariat | ve

29 B Coffdr Li9.%% Eszaﬁm 8-%o /Q-@aﬁi’;ﬁ% 2818 Corfhar 2102 EXdnpl e 30

v

rating proof

stress) usability 1 708 38 15.1 good -- 0 m2 778 42 12.5 good -- 0 X

Table 7
Kind Kind Kind
of of of
hoop hoop hoop
Example 1 A Comparative Example 11 B Example 21 A
Example 2 B Comparative Example 12 A Comparative Example 22 - A
Example 3 B Comparative Example 13 A Comparative Example 23 A
Example 4 A Comparative Example 14 A Comparative Example 24 A
Example 5 A | Comparative Example 15 B Comparative Example 25 B
Comparative Example 6 A Comparative Example 16 A Comparative Example 26 A
Comparative Example 7 A Exampie 17 A Comparative Example 27 B
Comparative Example 8 A Example 18 A Comparative Example 28 B
Comparative Example 9 B Example 19 A Comparative Example 29 A
Comparative Example 10 A Example 20 B Comparative Example 30 A
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3 3 742 48 13.5 good -- 0 a_ CD 4 633 28 16.1 good -- O 5 685 35 12.4
good -- 0 6 567 52 15.1 good -- x 7 944 17 12.1 good cold crack x 8 501
45 14.3 blow hole -- x 0 9 825 22 8.9 inconpatible -- x 2 10 556 25 15.6
bl ow hole -- x 91 11 921 8 14.6 good cold crack x m 12 608 21 15.1 good
-- X a Ixlybs 81 13.2 good hot crack x m 14 596 24 12.2 good -- x 15 934

8 15.4 good -- x 16 898 7 13.2 good -- x 27 Table 9 PS (0.2% vE-60 UH
T e b oy [ 99 o0 1
1 708 33 15.1 good -- O
m | 2 778 42 12.5 good - G
g 3 742 48 13.5 good e O
4 4 633 28 16.1 good - @)
5 685 35 12.4 good - O
6 567 52 15.1 good - Cox
7 944 17 121 good cold crack ®
8 501 45 14.3 blow hole - ‘ X
g 1o 825 22 8.9 | incompatible - x
% 10 356 25 15.6 blow hole - X
%’ 11 921 8 14.6 gooed cold crack x
X |12 608 21 15.1 good - x
'g 13 755 31 13.2 good hot crack . X
14 596 24 12.2 good - x
15 934 8 15.4 good - X
16 898 7 13.2 good - %
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‘a CD 20 699 49 14.3 good O 21 741 54 10.8 good 0O 22 755 98 0 saggi ng Xx
23 701 101 O sagging x 0 24 712 45 0 sagging x wunstable arc 25 760 51 12.0
X many spatters 26 766 55 5.8 convex bead x M m27 644 32 15.4 good x 3
-0 28 689 28 10.1 good x 29 705 66 8.9 convex bead x 30 681 28 15.4 good
X The resldlekeo? the tests are shown in Tables 8 and 9. Exanples 1 to 5
and 17 to 21 show that the sanple wires have good characteristic

propertijes in O] 2RPEH stress | (PR). || owiedimger af Wi e QUghpess at - 60C,
and wel ding us- &Bﬁﬂﬁ@vSX'néfuding bead shifshiity Ry contraq@f Conpar ati ve
Exanpl es| 6 tio17l6 and7®2 t o 3683 showizhat t hegmanpl ejwires arg poor in these
char act eri stic—properties28 WHAT I S CtAIHVED +S—ft—Aftux-ctored wire for
gas- shi ¢l ged e weidh ng, 75 10.5 good
§ 19 694 73 11.0 good O
® |20 699 49 143 good O
21 741 54 10.8 goed o
22 755 98 0 sagging %
23 701 101 0 sagging X%
Q|24 712 45 0 sagging x
3
9 : unstable arc
g 25 760 51 12.0 many spatters x
S | 26 766 55 5.8 convex bead x
m
5 |27 644 32 15.4 good X
3
= 128 689 28 10.1 good x
29 705 66 8.9 convex bead x
30 681 28 15.4 good x

The results of the tests are shown in Tables 8 and 9.
Examples 1 to 5 and 17 to 21 show that the sample wires
have good characteristic properties in 0.2% proof stress
(PS), low-temperature toughness at —-60°C, and weldiné us-

cability (including bead shape). By contrast, Comparative
Examples 6 to 16 and 22 to 30 show that the sample wires

are poor in these characteristic properties.
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which contains in its total weight C 0.02 to 0.14 wt% Si: 0.4 to 1.1
w% M 0.8 to 3.0 wm% N: 0.2to 3.1 w% Ti: no nore than 0.2 w %
either or both of & and Mb: 0.1 to 4.0 ww%in total, TiO2 and MJO 5.0 to
7.2 W% in total, any or all of alkali metal fluoride and oxide, alkaline
earth nmet/®AT | LOridaldhB 6%ide, B, Al, and My: no nore than 2.0 wt%in
total, and NN no nore than 0.0150 wt% w th the reminder being inevitable
inmpurities and .Fe.A2lukfdaxedorede woe fas—ghsestiedl ded arddiekidi ng,

which contains in its total weight C 0.02 to 0.14 wt% Si: 0.4 to 1.1

W% M h&hocdnfahd0iN 1t8. 2otal3wdivh¥% CTi 0. ono tone 1whan ). Ziwt %
either or both of C and Mb: 0.1 to 4.0 w%in total, Ti®2 and MJO 5.0 to

7.2 W%im dotaly 1apdsNmRo HDEerbhano0,@450 Mt % Wit the remminder being
i nevitable |rrpur| ties and Fe, wherein'the content of MyO ‘and the content

of TiO2 sati gyati ong X_< exd Qtes (the ratio of
MyQ' Ti OZ)SﬁEl @O]yeA ?r?ul?( ?:Io%e‘ggwfreggher as- sh |elé %rgn\%e m? \rll'Vmch

cont ai ns nltstotal ght 0.Q2 0.1 % 0.4 to 1 wt% Nh
0.8 to 3. 4) k™ N Jf l%v\f@g Hpe 8: ﬁoérrgtP e Eaﬁ't@ 3 Dyt aélvt her or’
both of Cr and M 0 to 29 4.0 W% in total, T|02 and O 5.0t0 7.2 w%
in total ,aNWArRL o?ljalq)f ot Llsp kbl ehel aF LEPHOAPdENEN@* SRR de 2 14PRAMEne  eart h

metal fluoride and oxide, B, Al, and My: no nore than 2.0 wt%in total,
and N neamite wéfanl 0 DIG0ite 96ndi ohidhe B, Al, and Mg: no more than

2.0 wt% in totel, and N: no more than 0.0150 wt%, with the

remainder being inevitable impurities and Fe.

2. A fiux-cored wire for gas-shielded arc welding,
which contains in its total weight C: 0.02 to 0¢.14 wt%, S3i:
0.4 to 1.1 wt%, Mn: 0.8 to 3.0 wt%, Ni: 0.2 to 3.1 wt%, Ti:
no more than 0.2 wt®, either or both of Cr and Mo: 0.1 to
4.0 wt% in total, TiO2 and MgO: 5.0 to 7.2 wts in total,
anle: no more than 0.0150 wt%, with the remainder being
inevitable impurities and Fe, wherein the content of MgC

and the content of Ti0O; satisfy the equation:

0.05 = x = 0.22 (where x denotes the ratio of MgO/Ti0;).

3. A flux-cored wire for gas—-shielded arc welding,
which contains in its total weight C: 0.02 to 0.14 wt%, Si:
0.4 to 1.1 wt%, Mn: 0.8 to 3.0 wt%, Ni: 0.2 to 3.1 wht%, Ti:

no more than 0.2 wt%, either or both of Cxr and Mo: 0.1 to

29



remai nder being inevitable inpurities and Fe, wherein the content of MO
and the content of TiOQ2 satisfy the equa- tion: 0.05 s x <_ 0.22 (where X
denotes the ratio of MO Ti 2) 30

4.0 wt% in total, TiC2 and MgO: 5.0 to 7.2 wt% in total,
any or all of alkali metal flucoride and oxide, alkaline
earth metal fluoride and oxide, B, Al, and Mg: no more than
2.0 wt% in total, and-N:-no more than 0.0150 wt%, with the
remainder being inevitable impuritieé and Fe, wherein the
'content of MgO and the content of Ti(Q; satisfy the equa-
tion:

0.05 = x = 0.22 (where x denotes the ratio of MgO/TiO,).
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