FLUX- CORED W RE FOR GAS- SHI ELDED ARC.VELDI NG OF HI GH TENSI LE
STRENGTH STEEL BACKGROUND OF THE INVENTION 1. Field of the -

| nvention: The present invention relates to a flux-cored wire for
gas-shi el ded arc_wel ding of high-tensile Strquth steel having a -
Droof strength GPUATEPRERANIESOF WPaSANETE HAED (ARCIGHNING RE. B6¥ent
invention relates to a flux-cored wre for gas-shielded arc wel di ng
of high-tensil eTB¥PERYt ATREN@EH SEHEEE f| ux-cored wire providing wel d
metal superior in.lowtenperature toughness and affordi ng wel di ng
with a mnimmof cracking and good usability regardl ess of wel d-
ing positions. 2. Description of.the Related Art: Steel structures

are becom ng | arger than bBREKERGHND PHeTHE WwENGENTI¥@Huction i s being

attenpted by application of high-tensile strength steel to them

O fshore strucFuaeés odndhpr ésgentivessel s need a steel with good

| ow-t enperature toughness and a welding material for such a steel is

i n- creasing i nThenandseonendnional sdlisalecdedoret d&luar-econelidwiragfand

subnerged arc wel ding, which enploy welding materi- als superior in

| owt enper gbyrehlielghdessc haveinsobf ebghvédds Moy Kingrefth eitesay,

wel ding usability, and operating position. Consequently, there has

been a greabvigFRAdpte6slstrength greater than 620 MPa. More par-
ticularly, the present invention relates to a flux-cored
wire for gas~shielded arc weiding of high—-tensile strength
steel, said flux-cored wire providing weld metal superior
in low-temperature toughness and affording welding with a
minimin of cracking and good usaﬁiiity regardleSs of weld-
ing positions.
2. Description of the Related Art:

Steel stiuctures 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 arc welding, which employ welding materi-
als superior in low-temperature toughness, have problems

with working efficiency, welding usability, and operating

position. Coﬁsequently, there has been a great demand for



flux-cored wires that neet three requirenents -- high effi- ciency,

| owt enper at ure 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-coreflukrected ghseshtkedtaeeetdires ceandirénegtso-behapgpl p€8i-
to high-tensile strength steel with a tensile strength of 690 MPa,
as di scl osediencyapaveste®perapmte Laiulopss  NendHgood- 263886g propsr-
characterized by the specific content of Ti02, netal fluoride, C,

Si, M, N ,tQes fib,all,wdhdidd pesnidBrased on the total weight of
the wre) and al so by the ratio of My to netal fluoride (by

wei ght), so thatSastemdhilirnds gdotiwhl-gerdousahicti £fyuanco red st Bss

hi gh-tenperature strength and | owtenperature toughness after a |ong

wel d heat thnest (gt WY quiienaanoihvex daphe deFelopblX- CORGArWEE
for high- tensile strength steel, which contains a'titania flux com

posed nai nl ¥xofpild 025 &@ﬂu:ﬁrﬁbﬁ\é’!@w:@% dHosclyagedni B1dagameBgSCapat €Nt
Lai d- open No. Fbl-3 047695. It is character- ized by the specific

content of o1 MhgNo WM aRd & §ﬁghb)tehgglépgﬁkéh&tﬁagtt@ePfwir‘&lp%
to MO and the addltlon of Co and Cr, so that it exhibits good

11 9119, sl ye 0K RN ARPUOUAnEsSc) Thea! T doSHAgmL i 2
‘gas " shiel de netal arc we ding to applied to
high-tensilg.: raid-open No. Hei-9-253886. It is characterized by the
specific content of Ti0,, 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 is a flux-cored wire for high-~
tensile strength sfeel, which contains a titania flux com-

. posed mainly of TiOz} MgQ, and MnoO, as.disclosed in Japé—
nese Patent Laid-open No. Hei-3-0476953. 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



2 strength steel with a tensile strength greater than 680 N m2, as
di scl osed in Japanese Patent Laid-open No. Hei-8- 174275. It is
characterized by the specific content of C, Si, M1, P, S, N, C,
and Mo and al so by the addition of Ta in a specific anount, so that
it ensures BtyangtheAgehlanithgaoberdibhdsenaity eggenéimghes ©RE
strength of parent netal over a broad range of heat input and it

al so_exhi bi Némm§oors worsd ynpeast fircidareyeprhPelieht Haddtorehelspate i1t
ratio of netal powder in the flux). The fourth exanple is a

titani a- bas@d42Vax- cdtedlswehara¢oerhierh-erndid epsaidngt kosteek, odsC,
di scl osed- i n Japanese Patent Lai d-open No. Hei-3-294093., It is
characterized, byn, t he addit) obr of aiM)Parchdretlalo tlyuahiededddbibhadfiTa
permits nolten slag to separate and float easily from nolten netal
and gi ves riseat gpael diceimbugiontss iy dH ensvakBURtigaf stoXNgER and
havi ng inproved | owtenperature toughness. Al the conventional

t echnol ogi egod@NtbeGEHe 85 0¥Er B8 poridilrended the prevhden! ew beppgerature
t oughness at about -30 to -40C which is estinmated by Charily i npact

test at -30petfl-4PG LOMEYRI , raied) d OWLLMREEAUREAl QUORNES Se ki HOLs

enough for O fshore structures which are subject to ex- trenely | ow

e s Sheadahopt (S SaRA B Lulakd oREnNEEL T
the additiofr peta powder in the flux).
The fourth example is a titania-based flux~-cored wire

for high-teﬁsile strength steel, as disclosed in Jépanese
Patent Laid-open No. Hel-3-294093, It is characterized by.
the addition of Mg0O and metal_fluoride, so that it permits
moltén slag to separate and float easily from molten metal
and gives rise to weld metal contaihing a less amount of
oxygen and having improved low-temperature toughness.

‘All the conventional technologiés mentioned above are

infended to provide low-temperature toughness at about -30
to -40°C which is estimated by Charpy lmpact test at -30
to -40°C. However, such low-temperature tougﬁness is not
enough 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



3 of MpjOto the titani a-based flux. Japanese Patent Laid- open No.

Hei - 3- 294093 does not disclose the inprovenent in welding usability
in all welding positions. Mrreover, it nerely specifies the ratio of
Ti 02/ MgO whi ch gives rise to poor beads in vertical upward wel ding.
Ther ef ore, dheqgoveti @ittt W irteardi=stlageed filoxi.t gapanésbebPeasnt YLAapp! | ed
to the site welding of large-size structures which does not pernit
the use of @O HEr-3I-@ sE EBCidodes nbabbieswebde Nghe pOSbid®R%ent in
Japanese Patent Lai d-open No. Hei-3-047695 di scl oses the specific

ratio of Ti@Miy WY1 ik yWeteanned1BYngabosi Boh e WRdidigbr, it

usability in vertical upward welding with a conparatively snal

current of ahqly 190 A£ite diesSadyas- o‘fa@@O?/ffMt%@'uﬂhr@ﬂl Il viel3i &13RNRSY

is that the qux cored wire (FCW does not |y produce its effect

for inprov dhadeldingafdhciensya MIgonsr. wWiern #sed wigdh a

power f ul urrent (say, about 220 A), the flux-cored wre With the

speci fic Ti 02 e Ca% ,Alle fcﬁ%é:‘i Oﬁﬁd E&Hn vVbe éééﬁ#ﬁp@i‘i‘é‘a RQor

beads t hat not af nven I onal 1'es

renti oned_ghavg;Gannah e o qargeys;ggx £0680, L 800, gy s e
di

strength ste neet's reqU| enpera ure

t oughness, 0Q ablllt n a | ng, osi |ons i .di ng
eff|C|ency,é%' q@%b& crac%f;es S ﬁgg nseq% ?Fy, fggg1 éw%lng

positions.

Japanese PatentiLaid—open No; Hei~-3~047695 discloses
the specific ratioc of TibzﬂHgO'which is determined by rat-
ing the welding usability in vertical upward welding with a
comparatiﬁely small current of about 150 A. The disadvan-
tage of welding in this manner 1s 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 ﬁith the
specific Ti0./Mg0O ratio as disclosed often gives rise to
such poor beads that it cannot afford welding.

Conventional technologies mentioned above cannot pro-
vide any flux-cored wire for high~tensile strength steel
which meets_requiréments for low-temperature toughness,
gqod usability in all welding positions, improved welding
efficiency, and good crack resistance. Consedquently, there

has been a strong demand for the developmeni of such flux- .



has been a strong demand for the devel opment of such flux-. 4 p
cored wires. OBJECT AND SUMMARY OF THE | NVENTI ON The present

i nvention has been conpleted in view of the foregoing. It is an

obj ect of the present invention to provide a flux-cored wire for
gas- shi el detbmws wiede ng of high-tensile strength steel having a
proof strength greater than 620 MPa. The flux-cored wire gives rise
to weld netal superior in |owtenperature toughness (at about -60C)
and affords efficient welding with a m ni mum of cracking and good
usabi lity regardl ess ofopyscl rgpeIMmans oFATHEN SkvBNSPRON of the
present invention is directed to a flux-cored wire for gas-shiel ded
arc wel di ng, whirgh %Sew AsveAtibs hot abed®i Attpletdl 0% ok bF
w% Si: 0.4to 1.1 w% WM 0.8 to 3.0wm% N: 0.2to 3.1 w% Ti:

no nore t_lh_t?{oéchgﬁ:dé%@nge} t h[@;f 1%r a?lob\,\f@t:tcbfa@ﬂe MpreQerdt tﬁnﬁer@udﬁ@ %o

in total, %in total, any or

al kal i ”Et %rofvll'ﬂ%r defl%g-c@&'eglewnﬂ‘lek%bkn\f}a aéflbel acﬁ%%%d}%’diqﬁg Yy

oxi de, no nore than 2.0 mﬂ o1 n tot no nor e

than 0. 015% vath‘y ‘M[SEHT P{cren ese@@%lbﬁh{}ﬂnh” VbEégke?*&%@H{éﬁ agezsea%‘}

Fe. A second aspec Invention 1s direc

f1ux- Coredgﬁa eé@ﬁ’M&%i Sqm?'%%%xaE8r$8'QhPQ g¥¢%s rise to weld metal

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

B 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 wt%, either or both of Cr and Mo: 0.1 to 4.0
wt% in total, Ti02 and MgO: 5.0 to 7.2 wt% in total, any oxr
all of alkali metalAfluoride 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 §f the présent invention is directed
to 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 wt%, Ti: no



contains inits total weight C 0.02 to 0.14 w% Si: 0.4 to 1.1
w% M 0.8 to 3.0w% N: 0.2to 3.1 w% Ti: no 5 nore than 0.2
w% either or both of & and Mo: 0.1 to 4.0 w%in total, Ti02 and
MO 5.0to 7.2 ww%in'total, and NN -no nore than 0.0150 wt% w th

t he remai nderrebeibag iheivtied, Eicherpor boéd. ofindr Fendviier ef nl tiwe 4.0
content of MO and the content of Ti Q2 satisfy the equation: 0.05 s
X s 0.22 (whey erx tiderol,ed itdPe analt MogOef SMYOLST TRY . wis t Im ricb BspecindN:
.the present invention is. directed to a flux-cored wire for

gas- shi el deth afcraredtting) . OMEC lrt@oNwittdi hhei Pend Sndet dbeivpy gite G ta-
0.02to0 0.4 Wm% Si: 0.4to 1.1 wt% M1 0.8 to 3.0 w% N: 0.2 to

3.1 wt % Tis1dampwlie ildharnd Fept YheeeiReEhor cHOt dnof o OMEmdard tHd 1
to 4.0 w%in total, Ti0O2 and MJO 5.0 to 7.2 wt% in total, any or

al | of al kaljntgtals# l7ue),i derapdyorhdesghkaldne earth netal
fluoride and oxide, B, A, and : no nore than 2.0 w%in total,

and N: no re than 0.,0150 9 it T i I bel | j table
i mpuriti esrag’r%% el ﬁ/hgr'é?n (%é%e\é%n?%%gg%? %g%%ﬁ%ot k?gf %mﬁzﬁ)f

Ti 02 satisfy the ya-, tion: 0.0Q05 s x s 0.22 (where x dengtes the
Tatio of Myl Ti B2Fe  PangsPRik. 20 bhe v eSS ey 106 e CAEREes b7
the present invention yields weld netal _excelling in |low

t enper at ur & FFhTOLEeVereatcs PeR FEABeHEE R EC dfelding, which con-

tains in its total weight C: 0.02 to 0.14 wt%, Si: 0.4 to
1.1 wts, 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, Ti02 and MgO: 5.0 to 7.2 wt% in total, any or
all of alkali metal fluoride and pxide,'alkaline earth
‘metal fluoride and oxide, B, 2Al, 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, wherein the
content of MgO and the cgntent of'Tioz Satisfy the equa-
tion:
.0.05 = X = 0.22 (where x denotes the ratio of MgO/Ti0:).
The flux-cored wire according to the aspécts of - the
present invention yields weld metal excelling in low-

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

ity and efficiency regardless of welding position and gives



about -60C. In addition, it affords good wel ding usabil- ity and
efficiency regardl ess of welding position and gives 6 weld netal

W th good cracking resistance. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a graph showing the relation between F(x) and eV-60C. Fig.
2 is a di agkard ind st nattimgyddie oreickddof eesiatange. t he bead shape, .
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A detail ed description wll
be given bel ow of the enbodinment of the present invention.. The
present inventors carried out extensive studies on alloy conponents
and slag- fornming agent susef wedomrrparbhugrcoredpmhgenddat gi ves wel d
metal excelling in | owténperature toughnéess Wwhen applied to :
gas-shi el ded arejyel di ng af gbhgh gﬁaﬁ1£§ she enaidr isiPMetwelhe mggul t's
of their studies indicate tﬁat the | owtenpe- rature toughness of
weld netal js rQLgﬁgg with the anount of alloy conponents in the

fl ux-cored or gas-shielded arc welding of high tensile :
strength steel and that there is a,relation between the anmount of,

Ti 2 and the anBafit 6f LSNGCRTBFTGBOM BRETENT il SRTREhieEs FAtdnT
wel di ng usabil- ity. Moreover, the present inventors investigated how
netal conpdiEhREFh RES-| ux-cored wire for gas-shielded arc.

wel ding of high tensile strength steel affects the | ow

DESCRIPTICN OF 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 slég—
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 strengtﬁ stegl and that there
ié a relation between the amount of TiQ; and the amount of
MgO for good low-temperature toughness and welding usabil-
ity. Moreover, the present inventors.investigated how
metal components in the flux-cored wire fdr gas-shielded
arc welding of high tensile strength steel affects the low-

temperature toughness of weld metal in view of the fact



tenperature toughness of weld netal in view of the fact 7 that the

t oughness of weld netal depends on the nutual actions of alloy
conponents. Their investigation revealed the follow ng. Wen applied
to a steel having a high tensile strength exceeding 620 MPa, the
flux-cored. shae £RE' gasgshies defl wed medadi Rigpehdsi gh teasibeual
strength steel gives weld netal which decreases in toughness in

proportion LeitbRsaBBURL16Y chmpddientld. amdilo ibRELicHEaAbhY r6vaaled
Ti) in the flux-cored wre. Ti in a large anmount dissolves nore in

wel d netal gpd £6018%id4§C Which precipitates in the reheated part.
This deteriorates the nhucleus form ng performance. The result is

that wel d nmetal yg Jopdy %&Pt@/ac re%@ hﬁ%ﬂn{;hg%P&ﬁntéﬁs:LPé‘dstrength

remar kably poor 1n toughness nta ly, e re: heated part Is

that part \A%kgge&f%?;éfgtﬁgabyt}%%aﬂlﬂ! ARfE Y wfl'i.- f8?b§§9“§H{LeP&8§ afd

wel d netal (OF We subsequen
her eby det &F13F37 1 eha%ﬁéa”%%ssls oA AT T e
and wh. - TR r°%%%§£w‘1t iesna i tgeer EABBS o nb it bt
oxygen in meld P?tal, grebyq%ﬂﬁgahﬂg_%pod thnes

gn 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
ié 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, € in a large amount
forms M—A constituent in weld metal, thereby detefiorating
toughness.

Conversely, Si, Mn; and Ni added to the wire tend to
improve toﬁghness. This is tiue particularly of Si and Mn.
The increased content of Si and Mn decreases the amount,of
oxygen in weld metal, thereby ensuring good toughness.

Mg0O is one of basic slag-forming agents which exhibits

the strongest deoxidizing action. MgC added to a titania-



MyO i s one of basic slag- fornlng agents which exhibits the strongest
deoxi di zing action. MJO added to a titania- 8 based FCWas a
slag-form ng agent greatly decreases the concentration of oxygen in
wel d nmetal and greatly inproves the | owtenperature toughness of
wel d net al .b&¥ed ECitdera hdnd- fdy@iadgdedehto gréatani debasedskd |the

| owers the slag viscosity and nelting point. This results in convex

beads in aldonwedith e 05 idf WS ggparin ealldr hgthd aner disatl ypwasbves
wel di ng position, thereby deteriorating the welding usability. The

| over ed sl athe/issesidnpaanduel tiowghneeknbralbow fet4en slag to flow
down easily without solidi- fying. Thus the resulting slag does not

prevent veld nmeial +nkr eFheaggkad, ﬁB@tacﬂéed“@péiC@L%ﬂl%—%aJs@cﬁ%lux
anount causes sagglng and presents difficulties in welding. The

present i mi NS thHéWs.Ei%tg' gatgc%lrt?vaaheﬂewfﬁgtﬁ&nﬁ at'cﬂ]ﬁ ézé)'g%llts

anFuntdof to the anount offT:O (repre- sented by My
wel di ng Usat f%%y‘*%ﬂﬁ%ﬁem‘ﬁ i &ﬁ%’%&?ﬁ?‘”ﬁ&%% : %@lﬁﬂymm
of My met alve%g:[q %Q‘% u%ﬁ.d\ﬁ,ﬂ' CBOE§EEX£” ef?r‘? l') ecrerelfc?rfeéctwgl nt&g

oxi des. conmpoun ds produce’ a Fenar

OX|dat|on of Id net I ase 0 thereb re
contrlbutlﬂf% 5@@&@%@ &ﬁg ?a%%?%'vi%ﬁﬁﬁﬁﬁégacﬁﬂ%%&&Pg
when added in a gﬁﬁ w

point en s&ag to flow down easily without selidi-

fying. Thus the resulting slag does not prevent weld metal
from sagging. That is, MgO addéd in a large amount causes
sagging aﬁd presents difficulties in welding.

The present inventors’ investigation revealed that the
ratio of thé amount of MgO to the amount of TiO; (repre-
sented by Mg0/TiO:) 1s related with the improvement of low~
temperature toughness and the wel@ing usability in all
welding positions. MgO is thé total amount of Mg metal and
Mg compounds which is.expresse&'in terms of Mg oxides. Mg
nmetal and Mg compounds_produce a remarkable effect on de-
oxidation of weld metal as in the case oerqO, thereby
greatly contributing to improvement in low~temperatu£e
toughness. Howé%er, 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 amount of

Mg metal and the amount of Mg compounds is expressed in



make wel di ng i npossi bl e due to beads in poor shape and sagging.
Consequently, it was found that if the anobunt of M netal and the
anmount of My conpounds is expressed in 9 terns of MyO then the
anount of MyO can be related with the | owtenperature toughness and

the wel di ngraisadid tygd N tiedd w¥ed dHrRGrRositt MgaScathBe MUK AL ER wath O
alone is not enough to rate the welding usability in all welding

positions. {dhe head Shape. tift esldicalssURKAr dnveldl agnkSusshat 86y in

closely with-the ampunt of slag, and hence specifying the amount of

slag is a Lel @nd P {@angss  In vertical upward welding, slag in
an excessively snal} anount cannot retain nolten netal and hence

causes  such. {1 gl SR.c% konyek, heads, and, 0010, JBY (BOULE Sk o 20

in an excessively 1arge anbunt causes the arc to b covere

nol ten sl ag. .The result. ., r .arc biLi . an XCess atters.
It i.s COncquﬁjleCic}ngr o %leljf%af ggioiaﬁi& 4 ?\etal 1880é¥%€ﬁ$%§' u@é%iskﬁ?? Thgpe
all wel ding, positions can be ensured.if _a adequat e QA Ti ratio
(tor "2l | comborRis R MRS RLadt 451 FERRECdnar ane boqtk 1 ag
amount i s specified Nbreovgiglthe selec%ion of. adequate allo

conponent s SRR SntHiaft &8 SFGR: CRAHEFELTP SR UYRIRE . O iR He

hel p of findings nentioned above, the present
a matter of importance.

In vertical upward welding, siag in an excessively
small amount cannot retain molten metal and hence causes
such troubles as convex beads and saéging. 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 all welding positions can be ensured-if an
adecquate MgO/TiO, ratic (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 toﬁghness.

With theihelp of findings mentioned above, the present
invention solves problems involved in ccnventional tech-
nologies by specifying adequafe alloy components in the
wire and also By establishing an adequate ratio of MgQ/TiO,

(as slag-forming agent) and an adequate amount of slag.

10



i nvention solves problens involved in conventional tech- nol ogi es by
speci fyi ng ‘adequate all oy conponents in the wre and al sa by
establishing an adequate ratio of MO Ti 2 (as slag-form ng agent)
and an adequate amount of slag. 10 According to the present

i nvention, the fAdboreninef tontie faksgas- shivehtesh archavet distrg-@fedi gh
tensi-l e strength steel contains specific conponents,and has specific
conpo- sitiwnsefasr tcj&*ﬁm&dTEiﬁd orRading bient ghl ovhgle Th€rength
conponents are expressed in terns of weight based on the total

vei ght of thesd r&ontiind ldpesiorad cdriRnehtkhendr Bas Sepbci AVENEbRIL S
made up of a steel sheath and a flux filled therein. The conponents

| isted bel oy @af&,ad69d {10, ;tébesosise%{en%%ﬁtea 2ndERE f@m&wiﬁﬁd Feppix.
C. 0.02 to O. 14 mﬂ@bc |s an extrenely |nportant conponent t

ensures the., gﬁlﬁé@éﬁ %Qm@ CQQE%‘EE LESSq L &Nk 02

wt% the qux core mnre €s not provi having a proo
t

tshreefslsu)g(;rgié eoavm regpq) ovcé\éggcgle H[ met aﬁgnﬁgg%nggﬁgﬁaﬁ@%@f ﬁ%ﬁ

cracki ng susc tihility due to |n reas trengt h,, .Ther ef or the

flux-cord wWiTe a{l&oe g1 5“6‘[% S enboal ﬁgﬁ?f %%%?Ehc%lﬁ arn- )f n an
0, 0

inguc\; _%Of Pi'loleci Othoe:|::I'e4:|_nwt A) er go?nﬂp%%'e%ts'? swt:ed gfow a/f'e added 4C

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

- C is an extrgmely important component that ensures the
strength of weld metal. With a C confent 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.C in an amount of
0.02 to 0.14 wt%, preferably 0.02 to 0.08 wt%.

. Si; 0.4 to 1.1 wt%

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

weld metal having blow holes and poor toughness due to
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Si is a deoxidizing agent; it inparts strength to weld netal and

reduces oxygen content in weld netal. Wth an Si content |ess than
0.4 wt% the flux-cored wire provides weld netal having bl ow hol es
and poor toughness due to 11 insufficient deoxidation. On the other

hand, with aisfiricoieedbidatitan 1.o0h whi otherf hid coneeh Wik esi
provides weld nmetal poor in conpatibility with parent material due

to high viseastdivs ddves elvardet ar hargt ithg wehdlperegabi té tyrovides
Therefore, the flux-cord wire according to this enbodi nent should

contain Si W&@Qﬂ@fﬂu'ﬁod&f ik ‘Eotrdi)ajr:l%l‘i@.%f Qﬁ_gﬁeﬁé‘relli’Q:YmQté‘rfé)l Q2
w% M 0.8 to 3.0 wt % Mh functlons as .a deoxidizer litke S, and it

al so hel ps.d npr V% té’z—.%% e%fy %EQ:HSE&%mW%@l@{hM elﬂ(t

| ess than 0.8 wt ux- core vvlre provi des d metal  havi ng

many bl ow pQyy quﬁh S- tg b 1c_; e{\}é_}de i dat
On the ot hglfh anig:’rlde q%a %%O%[ rm(r:% Jﬁ Y &me%r{
flux-cored rovi,des weld net al Ggln e k q} h _co
cracki ng suﬁ “g&‘f CHRFRY S&u st 6 Acre \é ? ga%? ]%l'h‘% %’ é‘?%ep%rl’?e
flux-cord re r%{ th| s enbodi nent ‘shoul d contain Mh in an
amount  of &wﬁtoa%qfé’ %g Wdsferably 2.1 to .2.9 wt% N: 0.2 to 3.1
W% N is an extrenely inportant conponent for wel d net al

+ Mn: 0.8 to 3.0 wt}

Mn functions as a deoxidizer like S5i, and it also
helps improve the toughness of weld metal. With an Mn
content less than 0.8 wt%, the flux~cored wire provides
weld metal having many blow holes 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 metal 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 to 3.0 wt%, preferably 2.1 to 2.9 wt$%.
*» Ni: 0.2 to 3.1 wt®

Ni is an extremely important compbnent 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
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to have sufficient strength and toughness. The flux-cored wre
according to this enbodinment will give weld netal having

i nsufficient toughness or high cold crack suscepti- bility if the N
content is less than 0.2 w%or nore than 12 3.1 wto, respectively.
Therefore, 311 shey) drgopéativdiy i n Thsk Nt i@f sBod1H0cSnda¥ i in
preferably 0.8 to 2.7 wt% Ti: no nore than 0.2 wt% Ti nmakes crystal

grains finegyharnaddessi®. 2 sdred |1 wAMURNMre ROWBYEr 0, 81 tadged. wig, an

anount of nore than 0.2 W% deteriorates the nucl eus formng

per f or mance, because i di | we e in weld netal and precipitates-
in the re- heg[t%édsnp?arniorlen fl%ﬁagl }édr%m%g Ti C. Thus, the weld netal is

dom nated by coarse lath-1ik ai nite and_becones poor in toughness.
Therefore, the Iluﬁaé{(?rse(fws(r%@ adtsrifng*to w?ﬁlilsa%g%%d’irheants | d
contain Ti -in an anmount less than 0.2 wt% The weld netal will have
good | ow t EEFHt U VR BRighe's $HPEN 1h BligRATPERE o afPe® noRadF {of IYBiiy
as it -con- tains adequate all oy conponents. Incidentally, Ti may be
added in tHeforipGitel Wha fudevn ferrdpo( sgehctsaree HFcange nbt nor e
than 0.0150 wt % When the N content in the flux-core wire exceeds

0. 0150 wt %disrelvesomaitt im weHel weltdinabdl PERSHPT FrFeaisks, thetich

| eads to bl ow hol es and poor toughness. Therefore the adequate N
content i n hdedad marthoul dise fogmnofe TtRan Thus, the weld metal 1is

dominated by éoarse lath-like bainite and becomes poor in
toughness. Therefore, the flux-cored wire according to
this émbodiment should ceontain Ti in an amount less -than
0.2 wt2. The weld metal will have goéd low-temperature
toughness even though it contains no Ti so leong as it con-
tains adequate 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 confent in the wire should be no more than
0.0150 wt%. |
e« 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
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0.0150 % C + Mo: 0.1 to 4.0 w%Both C and M invariably
contribute to the strength of weld netal. They al so nake crystal
grains fine and 13 inprove | owtenperature toughness. The fl ux-cored
wire according to this enbodi nent contains both or either.of C and

No. The tOtfﬁprVEEﬂgwiﬁeﬂgé@ﬂ%rﬁgg%%u%ﬂ%%%Egr hel BEuxl BGLYE dpal o

content of G or M added al one shoul ess than 0.1 wt% O " no

more than LM GO én&ﬁa%ﬁmteﬁ%ncgni]:a%%’ f;étﬁogrsgﬂﬂtl%% 355%34 d

nmetal to.have su cl ent strengt An excess content nore

% | eads Lo YRS TR o DasnaeBsed oL s0gt o pug deckeased

t oughness a iI'S subject to'c crac erefore, | Ux-¢ored

wi re- shoul d,_cont.ajn.Cr+ i unt,of 0Q.1.to, 4, 0 w% .preferably
0.2 to 1. 1 K e Pt SholEost. wBuptitneTtoly. wntle We a1

t he present  inventio hoyl.d _contain Ti 02 and in an_adequate
arount - TS RS- GHCUTIoR i BORGOE MBS e PeCE: 0 v GoT g ess
small for weld netal to remain mﬁhh ut sag&ing %ﬁ vertical upward
vel ding  bed@fs & -df 1l v it imag ag.orcﬂe ot er thatRye THOE iRt
MyO in an anount nore than 7.2 w % cause the arc to be covered by
mol ten sl agtrEi@thesun iSXCEFSt BPECRECTMARE Thak et sO Pt thgads to

Therefore, the adequate content of Ti02 +
weld metal which has increased strength and decreased

toughness and is subjéct to cold cra;king. Therefore, the
Tlux~cored wire should contain Cr+Mo in an amount of 0.1 to
l4.Q wt%, preferébly 0.2 to 1.1 wt%.
* TiQ, + MgO: 5.0 to 7.2 wti

The flux—coréd wire of the present invention should
contain TiO, and Mg0O in an adequate amount. A total amount
of Ti0s aﬁd MgO iess than 5.0 wt% is too small for weld
metal to.remain without sagging in veftical upward welding
because of insufficient slag. On the other hand, TiO; and
Mgd in an amount more than 7.2 wt% cause the arc fq be
covefed by molten slag. The result is unstable arc and
excess spatters. Therefore, the adecuate éontent of TiQ; +
MgO should be 5.0 to 7.2 wtid. Incidentally, MgO is a total
amount of MgO, mgtallic Mg, and Mg compounds in terms cf
oxides, and TiO; is an amount of TiQ, added in the form of
TiO;. .

* Any one or more of alkali metal fluoride, alkali metal
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MyO should be 5.0 to 7.2 wt% Incidentally, MJOis a total anount of
MO, netallic My, and My conpounds in terns of oxides, and TiQ2 is
an amount of Ti Q2 added in the formof Ti2. Any one or nore of

al kali metal fluoride, alkali netal 14 oxide, alkaline earth netal
fluoride, aaldneldaltimeretaalth meitdé, LBpoALdeansl Myl ime awmrtch el
2.0 % in total These conponents are optional and hence may or may
not be cont:dideed B,n Alhe drlduMoconedmat-eethdhe2 t otat s contiestalof these
conponents should be no nore than 2.0 wt% The ox- ides and fluorides

i mprove the arcThtabi kbhpoasdtseduecopSiiderang Bidray aegs oith@ay not
toughness of weld netal. Al and M function as a deoxi di zer. en

these conporerichtafi@eddgedn@rauikhaprddOwidde they adver selntafdf eet
the present invention. Ratio (x) of MgO Ti Q2: 0.05 to 0.22 The

content of MiQ-andriRecent %abuqﬁ Eb%'@ow%éﬂ% Faed Wi %QQU' d

be such that their ratio (x) Is not greater than O.

Ot herw se, I S S i
s Bhigx fl‘&%r‘i g\gn &ﬁg%\é@ Elg% a%xs‘% Oiﬁé%%loﬁaalnd e_l_l o

sagging in vert| cal “upwar i ng, at es "over

(MO makes %’t% L tal gﬁ&grmgl %hgoFsé%gfk@ﬁgg &4, dhe Ir[eecalsm #lngnd

sl ag does n ectively prevent we from "saggin
oSl D) SRR RAES 0T SR8k B il ec%evgerecsonbp%%{e% a1l ue

of x snaller than
added meore than 2.0 wt%, they adversely affect the present
invention.
* Ratio (x) of MgO/Ti0z: 0.05 to 0.22
The content of ﬁgo and the content of TiQ0: in the
flux-cored wire should be such that their ratio (x) =
MgQ/TiQ, 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;
(MgO makes weld metél more liable to sagging) and the re-
" sulting slag does not effectively prevent 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 ratio 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 (mentidned later in Examples).

The value of x should preferably be smaller than 0.10 so
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wel d metal excelling characteristic properties because of the ratio
of L/H greater than 10, where L and H stand for the leg |Iength and
the wel d reinforcenent height, respec- tively, in fillet welding
(mentioned later in Exanples). The value of x should preferably be

smal | er thap,Or 10h&0rdoui bilg e d estdll tasvehd #REab Baspyhegralior
of L/H greater. than 12, which is desirable for better .

char act eri sty - i e t ' X).: of -
oo o shifn PIEP-wiBloh o (RLInAIN Mo BeRter BhakALkRrtXl; O prop

(0 of MO O Shoua Bl o O ey ot rhdda WA P gt 1
oxi des. | and HOE T AnbUHE of i CP® 20950 P ERECT SPR SRETHE

The var i ablaCs MY SR TOn T8 RGOTFEE GLRLr BEG GbovEietetinn a
(o) oot ) i el v . FBRCh SR s 2T o
MO Ti2 and _ | ow-tenperature toughness. It was obtained b

stati sti caltaldal-cHHE iTohs il FEMRtalitolf9bet ReEAL L He M%ﬁ/iw{ 9 of

MO TiO2 in the wire and the result of Charp¥lgnpact t est t of Tio
10, 18 an amount o 102

compounds in terms of oxides, and
added in fhe form of TiO,.
* F(x): 11 to 15

The function Fi{x) is defined by the formula (1) below.
The variable x in this function is Mg0/TiO: deséribed above.
Formula (1). |

F{x) = sv.é x x99 - 30

The function F(x) is an empirical formulé which repre-
sents the relation between the ratio (x) of Mg0/Ti0, and
low—temperaﬁure toughness. It was obtained by statistical
calcﬁlatiqns.from the relation between the ratgo (x) of
MgO/Ti0O; in the wire and the result of Chafpy impact test
{at -60°C) of weld metal. Specimens'were prepared from
ten-odd kinds of wires each containing allays and slag-
f@rming agent specified below.

C: 0.02 to 0.14 wt%

Si: 0.4 to 1.1 wt$
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(at -60C) of weld netal.. Specinens were prepared from ten-odd kinds
of wires each containing alloys and slag- form ng agent specified
below C 0.02t00.14 W% Si: 0.4to 1.1-w% 16 M 0.8 to 3.0 %
Ni: 0.2to 3.1 w% C: 0.1to4.0w% M: 0.1 to4.0wWm% Ti: Oto
0.2 Wt % Fe: m84. d.80t8031ows®eN: no nore than 0.0150 wt % O her
conponents (B, Na, F, K, Li,. Al, Ca, Mgy, P, and S): 0.10 to 3.25
W% Ti 02: 3xD:t9.7.8oW% ML 0.1 to 5.0 % Fig. | is a graph in
whi ch the val ues of F(x) obtained by the present inventors
experiment scaregplotted. aoggkest Charpy inpact val ues at -60C
(denoted by eV-60C hereinaf- ter). It.is noted that there is a

nmonot onousl ¥, degreasing grgtation between F(x) and vE-60.C. In the
regi on where F(x? s 15, VE-60C z 47 J in which good | owtenperature

puenses | £LOR AR yage (e (8010 (9 of IOTT 2 s an uoper
Fe: 84.1 to.90.1 wt%
N: no more thaﬁ 0.0150 wt#d
Other components (B, Na, F, K, Li, Al, Ca,-Mé, P, and S):
0.10 to 3.25 wt%
Ti0,: 3.5 to 7.B-wt%
MgO: 0.1 to 5.0 wt%

Fig. 1 'is & graph in which the wvalues of F({x) obtained
by the present inventors’ experfménts are plotted.against
Charpy impactAvalues at -60°C (denoted by eV-60°C hereinaf-
ter). It is nbted that there is a monotonously dgcreasing
relation between F(x) and vVE-60°C. TIn the region where
F(x) = 15, vE-60°C = 47 J.in which good low-temperature
toughness is obtained. Since the ratio (x} of MgO/TiO, 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 of the
flux-cored wire and the low-temperature toughness of the

weld metal resulting from the flux-cored wire.

The foregoing suggests that the walue of x and the
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lower Iimt of 11. Thus, the function F(x) makes it possi- ble to
predict the relation between the constituents of the flux-cored wire
and the | owtenperature toughness of the weld netal resulting from
the flux-cored wire. The foregoi ng suggests that the value of x and

the 17 fungtion &f &9 (ShauldiRe vi tAithihhenkardaqef o8. §0805 X 58 <

0.22 according to the present I nvention. The requirénment for the

val ue of x bnzé haecéﬂlgﬁw,%p@:% thJ (P(;er% c&vanvg ROL L essential, but the

flux-cored wire nee her tions an nentr oned above will

have good wel dgﬁ‘ L_é_sabl Ire%n%n(}%)%eehg ige rrg%ag; havi ”eq I_g&q]ng'eh Qe

tenperature tOU ESS V\BVEI’ UX core wmre nee

havi ng | mpr GV TS rpdrh % Zser%&aﬁneéﬁ‘ Fhe Pt S%r%% g reet-

according to the present |nvent| has .t he renai nder iot her t han

t hose corrpori%%t%thr% I’V\H'reé‘i‘rlPﬁéfiua eveewitt HaVe IR as
Fe-Si, Fe-M,_ Fe-. ,. Fe- I\/b and Fe-Ti) and Fe derived fromiron
powder,  whHfeIig% Uc,stﬁ%%le@rlﬁéﬁ aosl yHElsk weldsheheh BAWIRGeIPPAITT | ed
therein. The content of Fe is no less than 80 wt% of the total .
wei ght of t HRERA ek U Fh & FUIhReESr-e d HRVEE S c c BRE ﬁbuiibco%"%ew:’plf%spéﬁrﬁtlng
invention may additionally contain alkali metal fluoride and oxide,
al kal i ne edteh mesrEirgrardy ifdy dh¢ Geegafiel valueapd Ryyill 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 alioys (such as Fe-8i, Fe-Mn, Fe-

+ Cr, ¥Fe-Mo, and Fe-Ti) and Fe derived from iron powder,

" which are contained in the steel sheath and the flux filled
therein. The content of Fe i1s 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
fluoride and oxide, alkaline earth metal fluoride and oxide,
B, Al, and Mg.

The flux-cored wire used for the test contains N in an
amount no more than 0.0150 wt%. If 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 flux-cored wire used for the test contains Nin an amount no
nore than 0.0150 wt% |f the content-of N ex- ceeds 0.0150 w% the
resulting weld netal contains nore N, thereby increasing blow holes.
EXAMPLES The invention will be described belowin nore detail 18

with referepgent pe EX2EREESEENEk LIS alridy €okpamRltese ERGmpsaspl eThe
wires used in Exanpl es and Conparative Exanples have the conposition

(in terms oL peieCRMte®Muide 10BN andOtok %%.r%ﬁt'i@}: B8R8mb Nes Vidd e

of the function' F(x). The sam ple w res have the hoop conposition as

shown in Taplg éompJ§P&§or? shovee tfie d¥ b rokcheoBnused tatgﬁqbelght

exanple. As shown in Table 7, those mnres shown in Table

enpl oy~ t heohopp, A, g B, 50000 % Dler el 2ELALRLA! by LN Tﬁ@ngd,ﬂ@i

wires in Exanp es and Cbnparatlve es contain

as addi i onal . conponentse (EL alo sao&ngg@ﬁﬁgg 09) <ABE,S DL, Y T8

were used f position “URdet

speci Eéﬁé‘ii%#%r WD T J%%lffei‘l“' 5 elnat P Ba il Re. 49 °
(o7 et Lechent WS CTEr By LRt o8l SEPest LUBLY. s They AU
are shown, togeﬁggg Vmgghtt“%ﬁégﬂll %Ebgglgtnglncidentally, the sam-
ple wires in Examples and Comparative Examples contain P, S,
Nb, and V as additional‘components.
(Flat position welding)

Thg 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 23111 A No. 1 and JIS 273111 A No. 4) for tensile test
‘and Charpy impact test, respectively. 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 of samples
are indicated by syﬁbol “O” or “x”, which stands for
“goqd”‘or “poor?, respectively.

Samples are rated as good in mechanical properties if

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

and a Charpy impact wvalue (at -60°C) greater than 27 J.
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ability, in Tables 8 and 9. The overall rating of sanples are

i ndi cated by synbol "0" or "x", which stands for "good" or "poor"',
respectively. Sanples are rated as good in nechanical properties if
the weld netal has a 0.2% proof stress greater than 620 MPa and a

Char py i mpagdrecitdis (impleCz@r eatet hBagodd In 18w-MofieOvLiure
sanples are rated as good in | owtenperature toughness if the weld

metal has & d MHaGhe/ #el® nmedhl- B9E) 2 OCRAESY ihdacd Aahudabl e 1
Vel ding Arc volt- Welding Preheat- Heat current (A) age (V) speed

i nterpass t pgrature (C) (kJ/nmm) 280 30 300 150
1.7 Weldi ng on(g]r’llf'5 o] geégg{:g]é %rcl)l vés Shield gas: 80% Ar - 20% C02,
25 L/mn dianeter: 1.2 nm Welding position: Flat position .

Sanpl e stee'1*"ab§1@at1e JI'S G 3128 SITY685 (20 mmthick) Edge shape: 45
V Goove gap-—12 mm (Fillet welding) The sanple wires were rated for

wel ding ugabidditingy Vet oaleuphli 1 ERF 5t veFAEMEder |theloet
q
condition t (&) age (V) (rm/md.n) perature (°C) (%3 /)
280 30 300 150 1.7

Welding conditions are as follows:
Shield gas: 80% Ar — 20% COp, 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 iilus—
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 cof bead toward sagging.
Samples are rated as good if the ratio of L/H is greater

than 10. A value of 0 is given to the ratio of L/H if the
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in Table 2. The bead formwas rated by the nethod illus- trated in
Fig. 2. The synbols L and Hin Fig. 2 represent the leg | ength of
fillet weld bead and. the reinforcenent height of fillet weld,
respectively. The ratio of L/His an index indicating the tendency
of bead toward;389gLN8ingSaEPIASc8E T atEes @srgporhd fauldhe S %ta'fg%iﬁ%._
L/His greater than 10. A value of O is givento the ratio of 'L/Hif
the 20 filggblgebding is inpossible to carry out due to saggi ng.
Table 2 Welding Arc volt- Wl ding Weavi ng Heat current (A) age (V)
(M me i n) pwrdtihr () (kimput— 32205524 1501021 —Wetghm

condi ti'ons| ar #eddifw| | pwa¥c SHilétd gas?fﬁ@%ﬁAr 1 20%=C82g9 25| L/ gqffa{::t
Wre di ameféurre2® @ Vel 3999 Posilt i omy/Merf i cql vafhlr 8Sanpl 5t a6)
plate: JISfG 3128 StTYSBS (12 mmihi CK)_ _ &r O0VE gap.. o mmip the

wel ding tests of¢¥lat posit#én wel/di ng fillet wePding, | sanptes
were rated for.cold cracking and hot cracking in the foll ow ng
manner. Col d cracking: The specinen is allowed to stand for 96 hours

after welding. Wdluide dackingnetale rendvedowkhe

Shield gas: 80% Ar - 20% CO;, 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 positipn welding and

fillet wélding, sanples were rated for cold cracking and
hot cracking in the following manner.
Cold cracking: The specimen is allowed to stand for 96
hours after Qeldingi With the bkacking metal removed, Ehe
weld metal is examined for defects by ultrasonic testing
(JIS Z 3060) and magnetic particle testing (JIS G 0565).
And the fracture is observed under a SEM (Scanning Electron
Microscope) to identify the form of cracking.
Hot cracking: With the baéking metal remo#ed 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

21




weld netal is exami ned for defects by ultrasonic testing (JIS Z .
3060) and magnetic particle testing (JIS G 0565). And the fracture

i s observed under a SEM (Scanning Electron M croscope) to identify
the formof cracking. Hot cracking: Wth the backing netal renoved
after wel di Bgym bBecWebfingtal is exam ned for defects by ultrasonic
test- ing (JI'S Z 3060) and radiographic testing (JIS Z 3104). And the
fracture is obsefyed dndefe aSEM s iR Y gaa%t 2&sk0LBLAl carrieq

cracking. The tensile test and Charpy inpact test were carried out
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_Exanpl e 17 3PuEiiesa, (BaniSeh Virs 320 NRe 05 128 cbF 2 b FERRF Q)f91%‘%té’r“
al kali metal_ fluoride and oxide, alka- line earth nmetal fluoride and

oxi de, B, Ale dAPuwtisddis P- IkdEor LheiPtEFe FRRiATeyRsthatopihs

I n Exanpl e 20 sim ply denotes the ampunt of inevitable inpurities
and It doegrs” in Example 17 in Table 4, which is 1.0 wt%, is com-

posed of 0.9_wt% of alkalil metal fluoride and oxide, alka-
line earth metal fluoride and oxide, B, Al, and Mg, and 0.1
wt% of inevitable impurities. ™0Others” in Example 20 sim-
.ply denotes the amount of inevifable impurit;es and it does
not include alkalili metal fluoride and oxide, alkaline earth

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

Table 5
T1i0.4MgO | MgO/Ti0z | F(x)
17 7.0 | 0.08 14
|18 5.3 0.18 12
g l19] 6.6 0.20 11
& |20 6.3 0.05 15
21 6.7 0.22 11
22 6.1 0.97 7
Q{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
g |27 6.1 0.02 19
% 28 5.1 0.04 16
h |29 6.7 0.24 11
30 7.0 0.00 ~x

* Indeterminate
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not include alkali netal fluaride and oxi de, alkaline earth netal
fluoride and oxide, B, Al, and My. Table 5 Ti ®2+MgO MJO' Ti 2 F(x) 17
7.0 0.08 14 18 5.3 0.18 12 19 6.6 0.20 11 H20 6.3 0.05 15 21 6.7
0.22 11 22 6.1 0.97 7 0 23 6.51.606 .24 4.7 0.15 12 25 7.5 0.17
12 26 6.1Qx3Q X0 QL 27 6.1 0.02 19 ro 28 5.1 0.04 16 m29 6.7
0.24 11 30 7.0 0.00 -* * Indetermnate 25 Table 6 Kind of hoop Fe C

Si M N Crhgofm N Oqers—TA_ 9973005 0795 050 00 0 G. 02070020
0.1 hoop Fa c: Si Mn Ni Cr Mo Ti N Others
A 9.3 | 0.05 | 0.05 | 0.50 0 .0 0 002 |00020] 0.1
B 98.4 0.03 | 0.02 070 | 0.50 | 0.10 | 0.10 0 0.0100 | 0.1
Table 7
Kind Kind Kind
of of of
hoop _ hoop hoop
Example 1 A Comparative Example 11 B Example 21 A
Exarﬁple 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_ Example 17 A Comparative E;(ampfe 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

26



B 98.4 0.03 0.02 0.70 0.50 0.10 0.10 0 0.0.100 0.1 Table 7 Kind Kind
Kind of of of hoop hoop hoop Exanple |I A Conparative Exanple 11 B
Exanple 21 A Exanple 2 B Conparative Exanple 12 A Conparative
Exanple 22 A Exanple 3 B Conparative Exanple 13 A Conparative

Exanpl e 23 Ap1Ekaml e 4 A Conparative Exanple 14 A Conparative
Exanple 24 A Exanple 5 A Corrpar atlve Exarrpl e 15 B Corrpar atlve

Exoﬁpnglr at ?;)ebEx;Onpl Si% dtigg) :ﬁang‘?glt b B T&Eﬁ?ﬂ,&- £64 ml o [[9vesl rating
Conpar ative Efapmle 24;B Conpar dt i yer Exanphgy 8 N Exanmple 16 Ag
Conpar ati ye Exanrgle—28-B-—Conrparati-ve—Exanple—9 B Exanple—19-A
Conpar at i eg,E> atyll e Z98A  Confar at | &5 E<am§|0@j 10 A Ex-arrpl el 20. B :
Corpar ot YeRCL 2 10 B RS (0o 11 0 U 10T
778 42 12:5%goo4l |-- ©333 742 28 13. B.gopd god@ 4|633-28 16/ 1 gabd -
0 5 685 85 12?.54 900%85' 0 b3§67"51(2.4l'b T %ggdd T X _ 5
6 567 52 15.1 good ‘ - ox
7 944 17 121 good cold crack x
8 501 45 14.3 blow hole - . X'
g 9 325 Co22 8.9 | incompatible | . -~ X
B (10| 55 25 15.6 | blow hole ~ x
%‘ 11 a21 3 14,6 good cold crack TR
g2 608 21 15.1 good - %
% 13 755 31 13.2 good hot crack L X
14 596 24 12.2 good - X
15 934 : 8 15.4 good - X
16 g8 | 7 13.2 good - x
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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 10 556 25 15.6 blow hole x 11 921 8 14.6
good cold crack x 12 608 21 15.1 good -- x a 13 755 31 13.2 good hot
crack x m14 596 24 12.2 good -- x 15 934 8 15.4 good - x 16 898 7
13.2 good -Table?2® Table 9 PS (0.2% vE-60 UH Wel ding Overall rating

proof stress) usability 17 670 53 12.4 good O 18 723 75 10.5 good O

19 694 73 [11.0 GOodP®©.2%20 6 % 1 3[goomeling 21 741 54_10]8 good 0
22 755 98 |0_sagai ngo«rst-@s)'oig. B2 0 Ehay nauenity 24 FTETES saggi ng
X unstablie aneg725 763051 12. @3 man spatters geod o)
o 18 723 75 10.5 good O
§ 19 694 73 11.0 good O
@ | 20 699 49 14.3 good o)
21 741 54 10.8 good - O
22 755 98 0 sagging %
23 701 101 0 sagging %
g 24 2 45 0 sagging x
9 ; unstable arc.
£ 25 760 51 12.0 many spatters %
S | 26 766 55 5.8 convex bead x
g,' 27 644 32 15.4 good %
S |28 689 28 | 10 good x
29 705 68 ‘ 8.9 convex bead x
30 681 28 15.4 good %

The results of the tests are shown in Tables 8 and 2.
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 weldinQ us-—

,ability (iﬁcluding bead shape). By contrast, Comparative
Exémplés 6 Lo 16 and 22 to 30 show that'the saméle wires.

are poor in these characteristic properties.
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26 766 55 5.8 convex bead x 27 644 32 15.4 good x 8 28 689 28 10.1
good x m29 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. Exanples 1 to 5
and 17 to 21 show that the sanple wires have good characteristic
properties in 0-2% proof stress (PS), lowtenperature toughness at
-60C, and pel#i f@ _tiy (i ncludi ng bead shape) By contrast,
Conparative es 6 and 22 to 30 show that the sanple wires

arepoorinthsehae p 5!

1. A flux- coreg'wi %‘eaﬁlog g%ésrse% J‘(I)JE dF%}%cge | %%m%%@#s in
its total WEI ht C. 0,02 to 14 wt % : 04to to
3.0 w % RIS w5 L6 AL NGELERS Co 4: B2Ed, Phlbolkp; St
Ti Q2 and l\/gO 5.0 t0 7.2 W%in total, with the remai nder bei ng

i nevi t abl @ diR il-}iws® andRrel- 8. tR 3t UxvEbr liini Pe2f 6P dasd- ¥RFel Hd
arc welding, which contains inits total wight C 0.02 to 0.14 W%
Si: 0.4 tad Mow®hl Me 9.8 vot3in wWoglN TiQ: 2nd Mpd: vi 959 @& 7.2

wt% in total, with the remainder being inevitable impuri-

ties and Fe.

2. 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 wt%, Cr
and Mo: 0.1 to 4.0 wt% in total, and TiO; and MgO: 5.0 to
7.2 wt% in total, with the remainder being inevitable impu-
rities and Fe, wherein the content of Mg0 and the content
of Ti0, satisfy the eguation:

0.05 € x £ 0.22 (where x denotes the ratio of Mg0O/TiO;)

3. (Withdrawn at the time of registration) 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 wt%, Cr and Mo: 0.1 to
4.0 wt% in total, and TiQ, and MgO: 5.0 to 7.2 wt% in total,
with the remainder being inevitable impurities and Fe,
wherein the content of Mg0 and the content of TiO; satisfy

the egquation:
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and Mo: 0.1 to 4.0 m%in total, and TIQ2 and MJO 5.0 to 7.2 wt%in
total, wth the renmainder being inevitable inpu- rities and Fe,
wherein the content of MJO and the content of Ti Q2 satisfy the
equation: 0.05 <_ x <_ 0.22 (where x denotes the ratio of MO Ti @2).
3. (Wthdrawn at the tine of registration) A flux- cored wire for

gas-shi el dedgare wekdhngs Y‘@hé?ecﬁn&éhaﬁe'snthét ﬁt%%ﬂ@g@hﬁ@ 0.02

t0014wt% Si: 0.4to1.1w% M: 0.8t0 3.0wm% 0.2 to 3.1
w% C and Mo: 0.1 to 4.0 w%in total, and Ti 02 and l\/gCI 5.0 to
7.2 M%in total, wth the remainder being inevitable inpurities and

Fe, wherein the cqptent. of O and, t he_cont ent of satlsf .the
cquation: 24 005 Thg G AT HTETS ERRGTEE- PheclaFfosbf Helaing
MO Ti2). 4. The flux-cored wire for_ gas-shielded arc wel ding
accor di ng 83U A RY 1Eer cB2ifhi cAYcdnt HRASHTFONRBIAST &t h&R WOrE Rheh
any or all of alkali metal fluoride and oxide, alkaline earth netal
fluoride dghd oxti%le,amy @F, aéihdoR/galh@linmﬁéaﬂ.héhugmdm andn oxatisl,
and N; no nore than 0.0150 wt% 5. The flux-cored wire for
gas- shi el deidkar tnawetattly macadr dingridechadnoidehi Bh adnt akds M§i:: nho
nore than 0.2 wt% and N. no nore than 0.0150 vt % 30

more than 2.0 wt% in total, and N: no more than 0.0150 wt%.

5. The flux-cored wire for gas-shielded arc welding

according to claim 2, which contains Ti: no more than 0.2

wt%, and N: no more than 0.0150 wt%.
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