LOW HYDROGEN COATED ELECTRODE FIELD OF THE | NVENTI ON The present invention
relates to a | ow hydrogen coated el ectrode for high-strength steel which
can ensure resistance to | owtenperature cracking and high toughness of a
weld netal in welding the high-tensile steel having a tensile strength of
590 MPa class or nore. In particular, the invention is directed to a
| ow- hydr ogen coat ed el ect rléife HWARGBEN sSCORTAR #EE€TROPEWe| di ng by use of a
di rect current power source.commonly used abroad, and which has excell ent
| ow-t enperature fracture toughness wuntil about -40 C. BACKGROUND OF THE
| NVENTI ON Many attenpts have been made to construct a structure froma
hi gh-tensile steel for the puriiige Gof THEJUSVEBDIONM wei ght together with
increase in size of the structure. Large offshore structures for devel oping
nat ural resoufberatsendl thvedgiionsye balcds &8 dNdpwhh fir ope; coatedreiguitiredet o
have i nproved fracture toughness at |ower tenperature of weld netal so as
t 0 ensurfoisktyli+dtyren@ihvetde DRAL LY canhenbargeest § siwor e tot I ot tanparakesel t
difficult to ensure both strength and fracture toughness of weld beads, and
t hus t heragqihigcaid ahghftadghingbssif engild steel ihowé heirsd thethrgh-itensdnel vy
limted. The | arge offshore structure is manufactured solely using steel
for a | aedeanperiaigis echaviagtachebsiofes %1 Meagilhsefo 4Bdr&Pa Ial waticulllaws, for
t he purpose of entirely applying the high-tensile steel which is essential
for reduttd anvent i ght dofethed sbr wclaw-ydelgdnnad£rddile ] elcliabdendbl s is
wel di ng of the high-tensile steel is strongly desired to 1 be devel oped. In
recent yesartsbleheoofdedldione 5§ niset UFes dredtacat yen € pasterugb et alcaadn1gnd
still have many parts to which an electric arc electrode is used abroad as
wel d matierdddbrddast ad waveh $eas: p@ldentsiw-cespkob thhe felaetitetcdighness
el ectrode are direct current. Thus, it

until about -40 °C.

BACKGROUND COF THE INVENTICN

Many attempts have been made to construct a structure from a
high-tensile steel for the purpose of reduction in weight together with
increase in size of the structure. Large offshore structures for
developing natural resources at cold regions, such as North Europe,
are regquired to have improved fracture toughness at lower temperature
of weld metal so as to ensure security.

Conventionally, the large offshore structure makes it difficult
tc ensure both strength and fracture toughness of weld beads, and thus
the application of a high-strength steel to the structure is partly
limited. The large offshore structure is manufactured sclely using
steel for a low-temperature having a tensile strength of 490 MPa class.
Thus, for the purpose of entirely applying the high-tensile steel which
is essential for reduction in weight of the structure, weld material

that enables welding of the high-tensile steel is strongly desired to



is required to develop a | ow hydrogen coated electrode for a high-tensile
steel suitable for the direct current power source, specifically, a

| ow- hydrogen coated el ectrode with excellent |owtenperature fracture

t oughness. The foll ow ng techni ques have hitherto been devel oped as a

| ow- hydrogen coated el ectrode for a high-tensi]e steel. Japanese Patent No.
bl S taned | ol h S Ea st o Rel GREFBRES S LT AR By a Qe Y

wel di ng of steel responsjve to |laqw{enperature cracking,, such as a |owN
Steel | TR UG SaTidl 185 s BRI ekt GV S TABHOP FEC ST HBLER B STB6-FAR Aitass
or nore. This conventional technique js directed to an ultra-|ow hydrogen
coated ePERITOFE Whi AT saBr Pl kY BATETPLh  Yodh FF MR X0 SS.
The hydrogen content of the weld nmetal @ obtained fromthe coated el ectrode
i s equal SPFGES FeEstihAT oS tHL180C ety AdRe aF Rt Sftfe CURERBY er , T 1T
tenperature of a CTOD test, that is, the tenperature _deternined by taking
into conkf dErALiIBAAt He HPERIQR e 2t olghiTioedreged - ¢patedr dGCHAPER i PHhi gh
(insufficient). This conventional technique is not to inprove the fracture
t oughnessl #t-tamsidpt sepdbwstéhpbiat GPE, t8gcKlidScraFUETeRAd PRYES MOV ICEke
into consideration the use of a direct current_ power source at all. That
is, the SRAEHYERS4¥En cdat E I EGGde FO3ELELellPRTFPES adbMd pfX&GRl legdes a
power source for an alternating current. The | ow hydrogen coated el ectrode
cannot bEWPSTPedatBr fef ki Hg ussiteyIPRES8i rect current power source as it
is. 2 Japanese Unexam ned Patent Publication No. Hei 08(1996)-257791
relates to a &B8t EQléPeEny ofechrifusantprovidEh okl heenl darehors@ e fent

| ow-t enper at ure toughness and fracture toughness after stress-relief
anneal i P HYREPEPAgcacheghelertitde steel 2 roghebkemplle stafilgh- emsrese
steel having a tensile strength of 590 MPa cl ass or nore. However, since

the tenpEteRih HO oS 1OHE6F rdkIThas S gtdy dresen enaisd edeftyede suitable

for use in welding of steel responsive toc low-temperature cracking,
such as a low-Ni steel, or ahigh-tensile steel having a tensile strength
of 780 MPa class or more. This conventional technique is directed to
an ultra-low-hydrogen coated electrode which is a low oxygen type with
good fracture toughness. The hydrogen content of the weld metal
cbtained from the coated electrode is equal to or less than 5 ml/100
g. In the technigue, however, the temperature of a CTOD test, that
is, the temperature determined by taking into consideration the
fracture toughness, is =10 °C or so which is high (insufficient). This
conventional technique is not to improve the fracture toughness at an
ultra-low temperature, such as -40 °C, and does not take into
consideration the use of a direct current pocwer source at all. That
is, the low-hydrogen coated electrode described in the above patent
uses a power source for an alternating current. The low-hydrogen coated
electrode cannot be applied to welding using the direct current power

source as it is.



hi gh, for exanple, up to -20C (insufficient), the technique disclosed does
not inprove the fracture toughness at an ultra-Ilow tenperature, such as -40
C. Also, this conventional technique does not take into consideration the
use of a direct current power source at all. Japanese Patent Publication No.
Hei 08(1996)-29431 discloses a |ow hydrogen coated el ectrode for a

hi gh-tensil e stawehehaVimmraainedsPheenstiuangoatobn HIBO Helia88 (bPOabraS7HNd f or
a low N steel for the purpose of obtaining good fracture toughness of weld
met al . Arehgigghto ki coattestahe ciuodeanph ab esnap tavideenpbd actreé Wikhaexcadalang at
tenperatures from -20 to -60 C as conpared to other conventional

t echni quésy-tdmpeCRODret emtghre ssotngef fartived dbtuflove s mddreat ateesamk tinis t he
quality of fracture toughness is not clear. Also, this conventional

t echni quennedesiondh wedkiéngre bigbnteder bt istrel hefarsexehp e diar eTgh crrsiite
power source. Japanese Patent No. 3026899 discl oses a | ow hydrogen coated
el ect r odet eglateed nigo aobéms la dtirgmgdthr efgbBOvPal cietsd drawiomg .a Hensidmre
strength of HT60 class or nore for the purpose of inproving |owtenperature
t oughnessinde tihe wehdenetwate Al ttheudrathereoatwrhnessedtestodéCfias west nprsoved
i npact value of a V-notch inpact test at -40 C as conpared to that of a
convent i loigH, ebecivaagee, tuy Sot-@ohtd quesdoescidrot) pent arguhnieueTdl ¢ lesfedat

| ow t enperature, and thus the quality of 3 fracture toughness is not clear.
Al so, thisexovenhpooat tthechnaguere doegyhmeisst akean nila reonswdeembe at teg use
of a direct current power source at all. As nentioned above, the related
art has sioth developed tAleso,l ani byesogean: coalledeeheCii®odad hbtexgled lietto

| ow-t enperature fracture toughness and with an inproved CTQOD val ue

(fract urecriuighressnvahae)se atf -A@iCecanduhasnihatovpropusedea altord hydr ogen
coated el ectrode with excellent |owtenperature fracture toughness for a
direct currentyapewnese Patent Publication No. Hei 08(1996)-29431 discloses a

low-hydrogen coated electrode for a high-tensile steel having a tensile
strength of HT60 class or more, and for a low Ni steel for the purpose
of obtalining good fracture toughness of weld metal. Although this
technique improves a low-temperature impact value at temperatures from
-20 to -60 °C as compared to other conventional techniques, the CTOD
test is not performed at low-temperature, and thus the quality of
fracture toughness is not clear. Also, this conventional technique
does not take into consideration the use of a direct current power
source.

Japanese Patent No. 3026899 discloses a low-hydrogen coated
electrode adapted to obtain a high strength weld metal having a tensile
strength of HT60 class or more for the purpose of improving
low-temperature toughness of the weld metal. Although the coated
electrode has an improved impact value of a V-notch impact test at -40
°C as compared to that of a conventional electrode, this technique does

not perform the CTOD test at low temperature, and thus the quality of



source. In fact, problens caused in use of the direct current power source
have not been recogni zed hitherto. SUVMARY OF THE | NVENTI ON The present

i nvention has been made in view of the forgoing problens, and it is an

obj ect of the present invention to provide a |ow hydrogen coated el ectrode
whi ch exhibits an excellent CTOD value at |ow tenperature and good

| ow t enperattiie: ficaghuesst OsigteSsSle2and AW ChtHis siintvahlkeonsl wedchrbdes i al
for a high-tensile steel with a tensile strength of 590 MPa cl ass or nore,

and al sodass wek ¢ aret efticatond iera tdioheeie QBE LAY diFbet ichiveBht @oweiroyd diese a
| ow- hydr ogen coated el ectrode including a steel core wwre with a coating
flux apphkteghthereto. The steel core wre contains, relative to a tota
mass of the steel core wire, nore than 0.05 % by nmass but not nore than

0.10 % by masusOfmdatiGn@H0 R, Mass PE1d@ss HFt Phal. 0@ %dwe 19pes Ofhd ess
of S, and 0.005 % by mass or less of N, in which the P content, the S

cont ent, 1 8¢ch fd1@ NnCOSH i o1 @k Ersled lined agAaheve. 1dhe Shrtrararkl tha Santai ns,
relative to a total nmass of the coating flux, 15 to 28 % by mass of a netal

car bonat eohdhnesd @hEBwOfh @2infréPed Obdly viREs CfractiBlaakolibunesderd Tudier ms
of F, 4.0 to 9.0 %by nmass of Si2, 0.5 to 5.0 % by mass of Ti021 0.5 to

3.0 % by magseOf MY hBs LSS boMIdas @ov?j-&%leo'\%@-f ¥oa®bqab] &kt P¥de LyitGh tO
7. 0 % by mass of Si, 0.5 to 5.0 % by mass of , 2.0 to 10.0 % by nass of

N, 0.3 £2cdl b DywBspeRhtlire 02 ul@ buin%sBYr e s iebcB e r@ntGowd: 0 %
by mass of Fe, 2.0 % by mass or |less of A1203, 0.1 % by nmass or |ess of No,

and 0.1 Zoby-dTBS$nOfadeSHrebibhs t4uddH G LBe AL203% eantent curtdier Mhwer
content, and the Cr content are defined as above. In addition to the above

el ement sgoliee eIl RBLT bon Freddgri cenhakRerep, arc stabilizer, a slag
formati on agent, and a binder. A coating ratio of the coating flux is 25 to

45 % as a nmass ratio of the coating flux relative
SUMMBRY OF THE INVENTION

The present inventicn has been made in view of the forgecing
problems, and it is an object of the present invention to provide a
low-hydrogen coated electrode which exhibits an excellent CTOD value
at low temperature and good low-temperature fracture toughness, and
which is suitable as weld material for a high-tensile steel with a
tensile strength of 590 MPa class or more, and also as weld material
for a direct current.

The invention provides a low-hydrogen coated electrode including
a steel core wire with a coating flux applied thereto. The steel core
wire contains, relative to a total mass of the steel core wire, more
than 0.05 % by mass but not more than 0.10 % by mass of C, 0.010 % by
mass or less of P, 0.010 % by mass or less of S, and 0.005 % by mass
or less of N, in which the P content, the S content, and the N content
are defined as above. The coating flux contains, relative to a total

mass of the coating flux, 15 to 28 % by mass of a metal carbonate in



to a total mass of the electrode. In the | ow hydrogen coated el ectrode, the
total amount of the Si02, Ti02, and A1203 as an acidic oxide in the coating
flux is preferably equal to or less than 12 % by nass. Further, an "A"

val ue determned by the followng formula is 0.30 to 0.70:

A=([C] x10+1. 8X[Si ] +[Wn] )/ {(1+[Ni])x(0.5+[Ti])} where [C] is a Ccontent (%
by mass) teh bfi 808 I te0tEMy BYsHBSS)a melthh] rlgoni M iconbkent §2omy 4mass),
[Ni] is a N content by nass), and [Ti] is a Ti content (% by nass),

rel ativetd o the 9t ahsgass fo,, thes et @ rodepyAegos dbnarim, t besi fyents an,
t he conpositions of the steel core wre and coating flux of the

| ow hydregeiaseost @% eh eQlrin@der Meas aPRiopl balalal bimd ed1bhereby tho7 ps avi de
the coated electro exhibiting the excellent |owtenperature fracture

t oughnesgyinhgtelbdi BY, @ high-d.ensi be aheelohami,n@.d tensvle styenads oft 590
MPa class or nore. 5 Thus, the reliability of ‘wel d joints for various types

of steely;stg uckur @SOC@rb)anaQ:rse%tf' yil mprovech BDARLED RESCRPTH ON G tBHE
PREFERRED EMBODI MENTS Sore preferred enbodi nents of the i nvention will be

descri begly, bl gy hasefrairk, A al berAaks g quEEest }QBWI?V BAUKCByhAss Pean
hitherto used W dely as a weld power source for manua meldlng in Japan.

Toget herj e ¥4 bl ®d) SndV@ri QUSy &l-2Gt bedassd 8F dhe ial werdathBon Ty, F&iHt pavwer
source have been pr oposed. *n general, it is known that when an el ect rode

desi gned A OhoaRoRE LS ”%h'd“ghéﬂd'f %Bht@ﬁ’ﬁeéré%rf(iﬁeﬂsay%den arflidfpitt ion
current power source, an yield of alloy elenents, such as Si, M1, and C,

into wel g, mepal absvdecienssts, w@h@hcbgeyﬁ§8f§bg %bE%HGEhcéﬁ@aEHHQBHe%&c of
the wel d metal. Further, since the weld netal is likely to be affected by a
magnet i Csﬁélﬁ'l(i,zetrbeaV@la‘l’ﬁ@bﬂn&t’léﬁ ad;@{t@dggd alBUsdetNe A coating ratio of
the coating flux is 25 to 45 % as a mass ratio of the coating flux relative
to a total mass of the electrode.
In the low-hydrogen coated electrode, the total amount of the
Si0z, TiQ., and Al;0; as an acidic oxide in the coating flux is preferably
equal to or less than 12 % by mass.
Further, an "A" value determined by the following formula is 0.30
to 0.70:
A=([C]x10+1.8x[Si]+[Mn])/{(1+([Ni])x(0.5+({Ti])}
where [C] is a C content (% by mass}, [Si] is a Si content (% by mass),
{Mn] is a Mn content (% by mass), [Ni] is a Ni content (% by mass),
and [Ti] is a Ti content (% by mass), relative to the total mass of
the electrode.
According to the invention, the compositions- of the steel core
wire and ceoating flux of the low-hydrogen coated electrode are
appropriately limited thereby to provide the coated electrode

exhibiting the excellent low-temperature fracture toughness in welding

a high-tensile steel having a tensile strength of 590 MPa class or more.



el ectrode for the alternating current power source cannot be used for the
direct current power source as it is. In order to solve the problens

descri bed above, the inventors have been dedi cated thenselves to studying
and conducti ng experinents on a bal ance between conpositions of a core wire
and coating flux, and, as a result, found that a carbon content of a steel

core W renusedcds 281 pliectingdesff oietdejdifiest £64Hr kR ouPOWRpeSOWECEs tHegAt | Y
af fects the anmount of oxygen in weld nmetal as conpared to a carbon content

of the cgfgddﬁmf%gu5anTbésgfégghyulmﬁgoaedneM/one t hat has never been obtai ned
hitherto. That is, the inventors ave found that the C content of the steel

core wireis limted to nore than 0.05 % by mass but not nore than 0.10 %
by mass, which effectively reduces the anmount of oxygen in the weld netal

thereby to make phearmed datidarerando Freehanpaic e’ enaBpeRERester. 6 In
order to ensure an adequate CTOD value (lowtenperature fracture toughness)

at-40 C of a wehd heaehOfed Ricghihenss! &r stgeli naadviipg #i1ensd | & strigngt h of
590 MPa class or nore, the inventors have studied various alloy elenents,

and, as BelRdthlaethoynd Arhat tihet i LW 89 peRdir-tdANS Ak L5 %%%Hr}h'ta}lert];hat
is, first, it is necessary to ensure the strength of weld netal w thout

cont ai n'ﬁ@ecﬁxﬂl@éfy‘@é‘t $Org pé@@f’%bﬁﬂcéE%rtrpém&eééldl%m@‘aghﬂ or eti@r

ensure the fracture toughness at -40 C, the structure of nmet a

needs tq,n& FRAE, vhHirRBhs eﬂ&ﬂf&\a@etﬁﬁ t'ﬂ@vﬁt%ﬂ@t%@gbé/uf’ﬁéﬂtoﬂéwéf%dr@mS
on coat ed electrodes which can provide weld netal satisfying these

condi ti afitve R, pB8pAsiesUlily gbpUAd 1 hal téﬂermo%l oWk R0, IEANS, Al &ffeet i ve.

First, 1n or o ensure the CTOD val ue (lowtenperature fracture

tOUgh“eS&émg‘hf dt e v %1Q%§Qa%&ng4<9;ﬁedt” BQ%rCQcSWB:% 4i:onsRh {he f‘cﬁfiie'c%g

flux, a C Tcontent 1s 0.10 % by mass or Fess a M content is 0.10 ¢

Mass  Orc B85t BBfeR sthirk@nt §Ht i8dlo® 401y %1%Qﬁtg?5s%cr¥ her gby Dm,e\é%@t' ng
C, intoweldmetal is decreased, which reduces the strength and toughness
of the weld metal. Further, since the weld metal is likely to be
affected by a magnetic field, the weldability is degraded. Thus, the
electrode for the alternating current power source cannot be used for
the direct current power source as it is. In order to solve the problems
described above, the inventors have been dedicated themselves to
studying and conducting experiments on a balance between compositions
of a core wire and coating flux, and, as a result, found that a carbon
content of a steel core wire used as an electrode for the direct current
power source greatly affects the amount of oxygen in weld metal as
compared to a carbon content of the ccating flux. This finding is a
new one that has never been obtained hitherto. That is, the inventors
have found that the C content of the steel core wire is limited to more
than 0.05 % by mass but not more than 0.10 % by mass, which effectively

reduces the amount of oxygen in the weld metal thereby to make the

weldability and mechanical performance better.



reduction of the toughness, while a M content is 0.5 to 5.0 % by nmass, and
a N content is 2.0 to 10.0 % by nmass, thereby ensuring the high strength.
Furthernmore, a B content of the coating flux conposition is set to 0.05 to
0.20 % by mass, and a Ti content thereof is set to 0.3 to 3.0 % by nass, so
that the conposition of the weld netal has a mcrostructure of acicular

ferrite therehy tRdeRCreass dhie GOyl e (dT@ACt S Bid OUBhRessIpAatidQ C.

The following will first describe the reasons for addition and ‘limtation

of Comggééét%% kpabHAeds) i hey stegl %g{a]&()cy\'ibreeddo%ft thiggmeéw{p@%e%qat ed

el ectro In the invention. "C nore t .05 % by mass”but not nore than

0.10 % by,VB38a tehd 1GALPPENER) 03055 @MPp0E14 08 o3t f6Le CHR WhiEnESr O WS
inmportant factors in the invention. The inventors have found that a carbon

content of,{ihe $1688lbuc0LG 1M @ 14REHL8S 8R4l g6t hodeshok  a AllhRCH HaYr et
power source greatly affects the anmpbunt of oxygen in weld metal as conpar ed

to a carﬂpﬂoﬁﬁ%?esrﬁ% it&ﬁ]g%t bBgeht e . THALyi B, m%tt,hgt &gfazte%% Qf the

steel core wire’is anount of oxygen in the wel met can bé

r educed,taﬂﬁhgbﬁ% i OULSA NG, LRUGINeSR +ah %‘ﬁd&‘f‘é onfBi Al ng %ﬂﬁ@ﬁé&@%ﬁ% as

described int ove-nent 1 oned pat ent Ications, 1t is considered that

the lo I of te k[.e, b er
Wefec{df'&%tn%: é\?\lle%ln d‘;%?#@ihgliggfs.ee,sgg§8§, ¢h %?Eéy@r‘é%é ens® eD&Lere tR8 i1 e

t oughness o exanp content 1s preferably

0.05 % S,.Qr_less, per ss.,  of steel ¢ 1.6 n Patent No.
3154461,%/(3]11 %ﬁggeabnéghﬁ?hégﬁa5§f§ﬁFEE§b %ggfiggiﬁiﬁgﬁég g%%§36§$§§3%§%F and
Japanesegngxam ned Patent Publication No. HeiB(1996)-29431). For this
reason, a steel <core wire having a |ow carbon content has been used. In

contrast, theTh%Q‘iﬁQ%HEéxé@({*‘v {1ty @ COH& W rEANAVING 13 CH Ll (Gar bon

fo
content is preferable in welding by the direct currént power source so as

to I morone G LOUINILSSn FP5v L Y RBEaPTsdN& SLGE! tAOEE MAH Qbnd, 05 %

and, as a result, found that the following means are effective. First,
in order to ensure the CTOD value (low-temperature fracture toughness)
of the weld bead at -40 °C, in the composition of the coating flux, a
Cr content is 0.10 % by mass or less, a Mo content is 0.10 % by mass
or less, and a Si content is 1.0 to 7.0 % by mass, thereby preventing
reduction of the toughness, while a Mn content is 0.5 to 5.0 % by mass,
and a Ni content is 2.0 to 10.0 % by mass, thereby ensuring the high
strength. Furthermore, a B content of the coating flux compositicn
is set to 0.05 to 0.20 % by mass, and a Ti content thereof is set to
0.3 to 3.0 % by mass, so that the composition of the weld metal has
amicrostructure of acicular ferrite thereby to increase the CTOD value
(fracture toughness) at -40 °C.

The following will first describe the reasons for addition and
limitation of compositions included in the steel core wire of the
low-hydrogen coated electrode in the invention.

"C: more than 0.05 % by mass but not more than 0.10 % by mass"



by mass or less relative to the total nass of the steel core wire, the

ef fect of inprovenent of the toughness is small, and the C content of weld
netal obtained is reduced by the effect of decarbonizing at the direct
current power source, which does not serve to inprove the strength of the
wel d netal. For a C content exceeding 0.10 % by mass, a C content of the

wel d metal exceedsnOn Of ) %bYtERES et Boke B dighugaEbon Jmr benshp®rtdrst
formed to reduce the toughness of the weld netal. Further, high-tenperature

cracki ngrgbtrd e Mel chdretdlerdts ohi kelryet @nbencstsesave A@&Lﬁ{cﬂ'ﬂgslﬁha theron
content of the steel core wire is |limted to nore 8 than 0.05 % by mass but

not mor ecbhgdhile2Q b QVeé@%%rEQJzﬂté ¥Sed est 8¢ e14ekabaBBRy ffqitrae tsteete por e
wire. "N 0.005 %by mass or less" The element Nis an inevitable inpurity

in the S%S@ér GG fg%eatepda%@&@rtﬂ\é GRRL et oef o‘k%eﬁt €8l wEPI M AR as
exceeds 005 % by mass relative to the total mass of the steel core wre,

an N contents,Qfq ttee eﬂﬁomteﬁﬁceed&@ A48 i Yy0Y 1 4RSS THQ £PE QIOferk RS Nl

di stortion of the we netal, | eadi ng to reduction in toughness of the weld

metal . AccanidinRgby, tid& tleq0ons £OL, 1G4 Egehﬁ%l?elth%oéﬁo%f &1 SxbybBht £ i
0.005 % by nmass or less relative to the t mass of the steél core wre.

"P: 0. 010, %4 By tré‘isw%aﬂrlia!e e5&dud Ow%%QhV%Héfré@éé He 1t ?%En@%ﬁ”@@@h? g S

are segregate at the Tast coagul ation portion to reduce the toughness of

wel d metglein W%'o?l'v@ﬂtl&ﬁé'ﬂﬂg dd1&5e 195 hemert%teu %o%aﬁgﬁf‘ﬂoné@%atetxﬁe P

and S contents of the steel “core wre are desirably as | ow as possible. But

when the ?:L"'tdat§o‘ﬁ%nt eRL S5 A detrpe'ad%ﬁaEOtlj?g gt Lased cat BEn MBONE &Gt W4 Ng

cost of I’?]ﬁe steel” core wre may be increased. Thus, the P and S contents

are respegligely c&wﬁ% t £n0- 104 6 BYe MBS Hed £5F, tﬁ@'h@ld Refal A&,
little affecting the owterrperaturetoughness of the weld netal. It iI's
noted that, 3,63pR8N SieebnEORe W hRekSr ATV loy ¥SRHAN38s or less per mass
of the steel core wire: Japanese Patent No. 3154461, Japanese Unexamined
Patent Publication Nec. HeiB(1996)-257791, and Japanese Unexamined
Patent Publication No. Hei8(1996)-29431). For this reason, a steel
core wire having a low carbon content has been used. 1In contrast, the
inventors have found that a core wire having a certain carbon content
is preferable in welding by the direct current power source so as to
improve the toughness. For a € content of the steel core wire of 0.05 %
by mass or less relative to the total mass of the steel core wire, the
effect of improvement of the toughness is small, and the C content of
weld metal cobtained is reduced by the effect of decarbonizing at the
direct current power source, which dces not serve to improve the strength
of the weld metal. For a C content exceeding 0.10 % by mass, a C content
of theweldmetal exceeds 0.08 $ bymass, so that a high-carbon martensite
is formed to reduce the toughness of the weld metal. Further,

high-temperature cracking of the weld metal is likely to be caused.

Accordingly, the C content of the steel core wire is limited to more



the steel core wire, but a deoxidizing elenent, such as Si, Mi, or Ti, and
an el enent, such as Ni, Cu, Nb, or V, can be added thereto in appropriate
anounts if necessary. Next, the reasons for addition and limtation of
conpositions included in the coating flux will be described. "Metal
Carbonate (in terms of CO2) : 15 to 28 % by nmass" A netal carbonate is a

conposi t¢h hab gagy MRAUC8uaMN GIHLHhandoand @qu{a@ge@emm@@tt&fthtehe
wel d nmetal. When a netal carbonate of the coating flux is |less than 15 % by

mass i N ¢&Fdm RlsCoR frlative Jdt hertotal nmass of the coating flux, the
shielding effect of CO2 beconmes insufficient, so that an N content of the

wel d metaf, gannet sbgyegyad ot o st ess than 0.008 % by mass, whereby the
wel d nmetal cannot obtain good resistance to cracking and toughness That

is, in order gQ.0bfahdht Whes BLELEENL eSS SIANGE I QnCEk?&‘S't%Qla@Qré% Ness
of the weld netal, it is necessary to set the N content of the weld netal

to 0. OOSaD/%Q%eanﬁSN godt%%% oFOfnd mt%erle%?e wihe sgalaty i bysof ghe el d

needs to e inprove hus, a netal carbonate content iIs equal to or nore

t han 15re4?atBian§§ tHE L BETS s <CO8 el Al Lo-d he teOt ah R3S 5@&%‘@ ating

flux. For a netal carbonate content o the coating flux exceeding 28 % by

mass in & [The®h1 eddie oV h$go '159’ s S kB0 REEATES @ XCRSS! ¥ st JWY T Orfakes

it diffi ut to pe ormvertlca |ng ccordingly, the nmetal carbonate

content gfe h@?dcﬂéﬁéi‘g a@inbst&Sri%cQchtq o BY {@\?cfhﬂensé %rfméheoxire@%eéﬁ' ative

to the total nass of the coafing T The carbonate include for

exanpl e, La g, lHS!"lXW ﬁﬁ‘ﬁt@on%&' HEGRI Depat %ore%f@%eﬂﬂm&@&@@aé@g 3l S

added to the term"netal carbonate content (in terns of

means a yptalss BRS$.0f LM M G tRALhS %tgftrﬁ’éssc%fbct@x%t%t@@heEHkéswlre
represented by % wth respect to the total nass coating flux. "Metal
Fluoriderd,i B beb 9% Flss bl Qeds¥ BY BBESO 8 by mass or less”

Elements P and S are segregated at the last coagulation portion
to reduce the toughness of weld metal in welding, causing the
high~temperature cracking. Thus, the P and 8§ confents of the steel
corewire are desirably as low as possible. But when the P and S contents
are intended to be decreased, the manufacturing cost of the steel core
wire may be increased. Thus, the P and S contents are respectively
limited to 0.010 % by mass or less, which is a range little affecting
the low-temperature toughness of the weld metal.

It is noted that a carbon steel core wire is normally used as
the steel core wire, but a deoxidizing element, such as Si, Mn, or Ti,
and an element, such as Ni, Cu, Nb, or V, can be added thereto in
appropriate amounts if necessary.

Next, the reasons for addition and limitation of compositions
included in the coating flux will be described.

"Metal Carbonate (in terms of COQ;): 15 to 28 % by mass"

A metal carbonate is a composition that can reduce an N content



Ametal fluoride is a conposition that can obtain good weldability by
adjusting the viscosity of slag. For a netal fluoride of the coating flux
of less than 4 % by mass in ternms of F, the viscosity of slag is
excessively high to degrade the shape of a bead. In contrast, for a netal
fluoride content of the coating flux exceeding 9 % by nmass in 10 terns of

F, the aigd undeairbabhycdrearres runss akl e nheaor dimgy a hbeal Bidborfd torirde
content of the coating flux is 4 to 9 %by mass interns of F relative to

the totandmgmtahgt Beugons i Nk d ltdan TBesnBy ahadd unt itdens Bel vded-dit ifRr
exanpl e, cal cium 19I uori de, sodiumfluoride, barium fluoride, or alum num

fluori dego kRe 3dded nta%stén@tﬁé %atms f1QKkM ¢ H@El@ieiéﬂ({{ LHEe SORERN, t(édamte%r s

of F)" means a total mass of only F parts of net | uori de nol ecul es

repr esent;ad ¥ YWkt hso rgstech ﬁocér{’t%ntto’b@l tH@sﬁem rrter%%lceﬁﬁhé}g id l@&ua':llvg as

Single Metal or AlToy (in terns of .0 % by mass" A My el enent
I's an elgment 1wl oy, deer eages HWﬁaQ:%(yG,ﬁ'fér“e%nyl %HE w@lfd tm*&%a‘ﬂ'eécgnﬁ@é QJbta%d

which has a great effect of i1nproving toughness of the weld netal as

descri beghappye; s (hen eo'\@fac;@ahgngm( tBu ﬁﬁé@s of thi¥l)i&asihhs Ringbeymyal or
alloy of "the coating flux is |less than % by mass relative to the total

mass of {ie el o8t fldds t'ahclestdj'cgahﬁ%& aﬁcP t%%bhh@gs QRY YRR FOTY &Rl qf the

wel d rretal to 200 ppmor less, resulting” in reddced toughness of the weld

metal . Iq C_L%”hfeééésai’@% MO ?&%te(u‘t” okeris i1 Mabtas they sddwlepget al

or alloy of the coating flux excee % by mass, the spread of arc’is

degr adedy, hicch gakes sl ¢hiL £l don ! @heegégm@i@y 3 cAccpe i Heldns Lhe

el enent My serves as the single loy inthe coating f and the

My cont q;{l;_t i F?og&rims ’I‘Plfus, l\Q)meCE 1t @ﬁ%ﬂeﬂgoflkgﬁt 155 Qq@ai OcogoQ I[{B]h:.y tmﬁs

relative to the total mass of the coating flux. el enment 1 ncluded in,
for exanp §, py MRANESHUM ARS At ¢ B‘Qm?h@'%%‘m@@@@?'ﬂﬁgs panche ddedgto

t he fl ux. The term"My as a single netal or alloy (in terns of MJ)" neans
flux. For a metal carbonate content of the coating flux exceeding 28 %

by mass in terms of CO,;, the viscosity of slag becomes excessive, which
makes it difficult to perform vertical welding. Accordingly, the metal
carbonate content of the coating flux is 15 to 28 % by mass in terms
of CO;, relative to the total mass of the coating flux. The metal
carbonate included in, for example, calcium carbonate, barium carbonate,
or magnesium carbonate, is added to the flux.

The term "metal carbonate content (in terms of CO;) " means a total
mass of or}ly CO; parts of metal carbonate molecules represented by %
with respect to the total mass of coating flux.

"Metal Fluoride (in terms of F}: 4 to 9 % by mass"

A metal fluoride is a composition that can obtain good weldability
by adjusting the viscosity of slag. Fbr ametal fluoride of the coating
flux of less than 4 % by mass in terms of F, the viscosity of slag is
excessively high to degrade the shape of a bead. In contrast, for a

metal fluoride content. of the coating flux exceeding 9 % by mass in
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the mass of single Mgy material, or a total mass of only My parts of the
alloy represented by %with respect to the total mass of the coating fl ux.
11 "Si: 1.0 to 7.0 % by nass" The elenent Si is a deoxidizing elenment. The
el enent Si serves to inprove the wettability between a nolten pool and a
base material in welding and to inprove the weldability. For a Si content

of less rdhanok @, %Ry %%m&é&‘ir‘éﬁaﬁ?%e%m@@%s@a@l@g | Bc¥eRkin ARG RAES

are likely to be generated in the weld nmetal, which cannot provi e the

ef f ect r@tdl”?i@é!fﬂﬁle ‘i:%%t\éﬁ’cd?@‘thbté’oaﬂﬂagc@@&ﬁ ast 4 {879 @ p3 &R &Nt erms
exceeding 7. by mass, a lownelting-point oxide is precipitated at a

grain b&fl@qaé’llét eer@&'eﬁe Eoﬁ%l%é%b@gtﬂeeébﬁﬁﬁx%%l%&d tﬁr‘r@ﬁ@%ﬁ flugride

Accordingly, the Si content 1s 1.0 to 0 % mass el enent Si

| ncl uded:  fugeh Ol neXAIP! Searfl S caaéleﬂde%ﬂdtehesghgﬁm EMb B 68u % by

mass" The enent i's a deoxidizing el enent whi ch decreases t

temper atynp Qhicf ehET LeukrANSTALIRLEGD 10 Mmkey el fidce AaLti ol es T ner,

t her eby ‘enhanci ng t he strengt toug ness of the weld netal. For a Mh

cont ent Of | e85t Qmét%?tbylm%’e ?ﬁte\ﬁ'{ ﬂleq:@kmg%]f]q}) "OHESHHQ a tt%%glli' gh

strength and toug ness. In contrast, tor a content exceeding 5

mass, a ,

reduced d;{}ﬁlg\fi ﬁ%({uge&bk/%%%%nétle%?ugﬁggﬁ Cgﬁgg(f&%ﬁ/ én%argcsetoo e ement
Vh i ncl L'\}[de%d)f g o[ingg%le,marg%t %%The eF aM‘ng 4€-Si-M, is added to the

fl ux. mass enent |s an el errent enhanci ng the

st engt huands! ouabnessaf othe, ve) o e tt%'mngfﬁgN' CAEBNG O lesaaLhan 2.0

% by nass met'al havi toughness cannot tai

contrast, forA Mg NL; GHENT gﬁcgfghé}gt 14 QnYRY: - BBS8s LRE é}zfgeé?}gtclan@:—:‘nq:he

wel d net al
of the weld metal, and which has a great effect of improving toughness

of the weld metal as described above. When a Mg content (in terms of
Mg) as the single metal or alloy of the coating flux is less than 0.5 %
by mass relative to the total mass of the coating flux, it is difficult
to set the oxygen content of the weld metal to 200 ppm or less, resulting
in reduced toughness of the weld metal. In contrast, when a Mg content
(in terms of Mg} as the single metal or alloy of the coating flux exceeds
3.0 % by mass, the spread of arc is degraded, which makes it difficult
to perform welding. Accordingly, the element Mg serves as the single
metal or alloy in the coating flux, and the Mg content (in terms of
Mg) of the coating flux is 0.5 to 3.0 % by mass, relative to the total
mass of the coating flux. The Mg element included in, for example,
magnesium metal, AlMg, or nickel magnesium, can be added to the flux.

The term "Mg as a single metal or alloy (in terms of Mg}" means
the mass of single Mg material, or a total mass of only Mg parts of
the alloy represented by % with respect to the total mass of the coating

flux.
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beconmes excessively high, so that the toughness of the weld netal is 12
reduced. Accordingly, a Ni content is set to 2.0 to 10.0 % by mass. The
elenment Ni included in, for exanple, nmetal Ni, Ni-My, or Fe-Ni, is added to
the flux. "Ti: 0.3 to 3.0 % by nmass" The elenent Ti is a deoxidizing

el ement, and effective for inproving the strength of the weld netal. The

el ement Ngigqnqy%kps_Oa%fb%qm§§yerical oxide, and thus is effective for
maki ng the structure of the weld netal finer. For a Ti content of |less than

0.3 % by massrhet Beegatid isGi €5t Qi%%&'lgh%%!go@léﬁ%tt hergf faGheal 5IMMYoMaNENt
of the strength of the meld metal are nof exhibited. In contrast, for a Ti

content eXCeediRg Bhe dudfiibiMBES bbfifedh LABICRL Qb0 NE1dMe! gag@t@t&q%qnes

excessively l'arge, and hence thé strength and hardness of the weld netal

becorme exgeasiMely aHa@t@@ l\MgJI%@er ‘Eﬁé"&éldaﬁafﬁcl‘ﬂpt'%‘roaf st 09999@&@ Of 1dde

wel d netal . Accordlng y, the Ti content Is set by mass. The

Ti el emepf, | 5 O;Jgegylrﬁ'as Orthﬁxéﬁ‘f”é% d:fedgbx%?ﬁ'zﬁﬁg T-}e’ak,' én?d&?ﬁeé % dhe

flux. "B: 0 ‘by mass e elenent B I fectlve suppressi ng

t he for yeébgrgaérﬂeral%%ﬁrﬂ‘?lﬁﬂe ;«EFE'r&e‘i‘c %i%%é xgét‘?gg%l@?‘ég'aqﬁﬁé&“g

hardenab B content o ess t an 0 enent

does not,, faﬁbéhhng%eefe:gfaa@h S4ppr esidig Lhe, fp&ﬁ%tsg%o%fteﬂ'&aé&é@&ﬁ%afy

ferrite, so met al struct t he wel econes coarse

contrasty {bfm@sgonéei‘éw "r&i&lec%gg oPn20ox% uéée?%}(: Crlpgl ng{ey,é@té'gs&&m bi'ts

a lath struc and has its to ness re t he

for oxarist s e B rpeds e Ay PR RS I A U oy

mass or éﬁg; E%ntent is 1.0 to 7.0 % by mass. The element Si included in,
for example, Fe-Si, is added toc the flux.
"Mn: 0.5 to 5.0 % by mass"

The element Mn is a deoxidizing element which decreases the
temperature of ferrite transformation to make ferrite particles finer,
thereby enhancing the strength and toughness of the weld metal. For
a Mn content ¢f less than 0.5 % by mass, the weld metal cannot obtain
the high strength and toughness. In contrast, for a Mn content
exceeding 5.0 % by mass, the weld metal exhibits a lath structure, and
has its toughness reduced. Accordingly, the Mn content is 0.5 to 5.0 %
by mass. The element Mn included in, for example, metal Mn, Fe-Mn,
or Fe-8i-Mn, is added to the flux.

"Ni: 2.0‘to 10.0 & by mass"

The element Ni is an element enhancing the strength and toughness
of the weld metal. For a Ni content of less than 2.0 % by mass, the
weld metal having high tcughness cannot be obtained. 1In contrast, for
a Ni content exceeding 10.0 £ by mass, the strength of the weld metal

becomes excessively high, so that the toughness of the weld metal is

12



Wien a O content exceeds 0.1 % by mass, the quenching hardenability of the
weld nmetal is reduced, and the |lowtenperature toughness thereof is
drastically reduced due to the generation of crystallization of a S ferrite
phase. Accordingly, the Cr content is limted to 0.1 % by nmass or |ess.
"Mp:.0.1 %by mass or less" Like Cr, for a Mo content exceeding a specific

val ue, arsf&Id.i t BccPhBSRy 16/, Y 8t }@Ué&r?cserpcu'fbs apd the lowot eaper 8wl Sass.
t oughness of the weld netal is renmarkably degraded. Accordingly, the No

content t8e |d1ne@d Nt OiQcludoPY NTBFSrObxLRSEe, mefial1dn?, t912ﬁ 0 & by RiSS”
The element Fe is an el ement that influences the wel dabil |ty and weld

ef ficiengy. ;da @cFeneopignt of less than 5.0 % by mass, the weld
efficiency is reduced, and the arc fluctuates to degrade the wel dability.
For a Fe..ﬂ).ntoergt tgxgegd%ntgyggaﬁas.% by mass, the shield effect is reduced,
and the weldability is al'so reduced. Accordl ngly, the Fe content is 5.0 to

20.0 % by ma-sffrhea%qeﬂgﬁf:e&‘gbllﬁ % Odécggljcﬁzq é”e pO ?1% The 34 veF&or

i ncluded in exanpl e e- M, Fe-Si, is a o t he fl ux.

" S02: 40l 00 DY FBES s | n@%ﬁasf'e}gyaio add §',1Q%e¥1“8”131‘ g dic

OX|deserV|nga a brnder” an slag making nmaterial, to the coating fl ux.

Wen a :‘% S O%eﬂt Af ok N&e COAL AL liUXe f&g&b% $:0 n@@nﬂﬁé é@hﬁ?ﬂu‘é% to

t he tot He coati ng flux, the s ecane gl assy, and

remvabl&ftaﬁe 14 e cshag; d%@&a&e%-- LACANIIASL. WEDy & § §2,5qtant of

the coating ux is I'ess than 4.0 y mass relative to the tot mass of

the coat sJﬂﬂ)&le'htﬂefjggﬁgﬁizQElérh ch%lngl% @M (%EOQ@I?%%ntA%%Ortﬁengl Y

the 14 cont ent e coatl ng X 1S mass relative to
the tot aétf@?’%%hogft@ﬁe q,%aitd ﬁgtghl%re not exhibited. 1In contrast, for a Ti

content exceeding 3.0 % by mass, the Ti content of the weld metal becomes
excessively large, and hence the strength and hardness of the weldmetal
become excessively high, which results in reduction of toughness of
the weld metal. Accordingly, the Ti content is set tc 0.3 to 3.0 %
by mass. The Ti element included in, for example, Fe-Ti and metal Ti,
is added to the flux.

"B: 0.05 to 0.20 % by mass"

The element B is effective for suppressing the formation of grain
boundary ferrite, and is an element having strong hardenability. For
a B content of less than 0.05 % by mass, thé element B does not exhibit
an effect of suppressing the formation of grain boundary ferrite, so
that a metal structure of the weld metal becomes coarse. In contrast,
for a B content exceeding 0.20 % by mass, the weld metal exhibits a
lath structure, and has its toughness reduced. Accordingly, the B
content is limited to 0.05 to 0.20 % by mass. The element B included
in, for example, Fe-B, Fe-5i-B, or metal B, is added to the flux.

"Cr: 0.1 % by mass or less"
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"TiOR2: 0.5to0 5.0 %by mass" TiO2 which is an acidic oxide can be added as a
slag making material to the coating flux. Wien a Ti Q2 content of the
coating flux is less than 0.5 % by nass relative to the total mass of the
coating flux, the weldability is degraded. Wien a Ti Q2 content exceeds 5.0
% by mass, the viscosity of the slag is reduced, and the workability is

degraded.  ACSRLl gl Yog! g Jhe JTICPy () Lhe, SORLLAD. Lhux. qidie TP

content is O by nass relative to nass of e Ccoa

flux. " - . 2.0.% r 1 3 ich i acj di Xi n be
added asﬁgalzés%%aaé)lrlrglg{ngkln%?%ﬁead h‘t%?)g%hig&g%% L},\é{r]leg&f Ia&?(j. %S\ﬁeno higen%fztdéucgentent
of the cpati.ng fl exceeds .2.0_% mass,relative to .the fotal SS t he
coating ?Lﬁg(h, Sﬁeuc)é 580%bé80r%555 %a?sly‘f l:aenddJ Cieha: C#ueem)t\/oabti %t%/engfrattﬁgnslo(a% is
degraded. Accqrdingly, in adding Al203 to the coati flux, the A1203

ot ent sevs5id gepdotnd b P VTd tPRiRrd e PEoPROLPBIE TS S Or R HE o i ng
flux. "il'otatl dAr{DuBt o% SiQ2, Ti 02,l and A1208 as Acidic Oxide: 12.0 % by
mass or 1&sS$F R adgii i % 1 5% 1855t he s ag making material, TiQ2, A1203,
and the,,}%i_keq vi/n%gg are acidi csox,i des, can be added to the coating fl ux.
When t he ot Al Tarotht “3%° a8 di€ oxi des, including SiC2, Ti @, and A1203, in
the coating qugﬁ( exceeds 12.0 % by nmass re ative to,%,he t ot al rrngs of the
coating flux, MK8 radhfstiei 13 tdtoRdses fi PRI IGKRCHe kB LGt te
difficult to adjust.an ox n co nt. of the weld netal to 200 _ppm or. |ess.
When ¢ het3FGAYE Pt BHS PO he bl domEt AT et ae 206 =SS RE. THbAG S oot
per formance (toughness) .of 'the d tal .is degraded. 15 Accordi.ngly,, in
Ddi ng HE a8 b ot Rt | BECTT ot ie sPE e cobrghf hr g

Ti 02, and Aql(le% 'és 12.0 % mass or less relative to the total mass of the
coating 11 tk.! Th8Ys BFFBwihg'Si31 describe a coating ratio of the coating

flux "Fe: 5.0 to 20.0 % by mass"

The element Fe is an element that influences the weldability and
weld efficiency. For a Fe content of less than 5.0 % by mass, the weld
efficiency is reduced, and the arc fluctuates to degrade the weldability.
For a Fe content exceeding 20.0 2 by mass, the shield effect is reduced,
and the weldability is also reduced. Accordingly, the Fe content is
5.0 to 20.0 % by mass, and preferably 5.0 to 15.0 % by mass. The element
Fe included in, for example, Fe-Mn, Fe-Si, or Fe powder, is added to
the flux.

"$i0;: 4.0 to 9.0 % by mass"

It is necessary to add SiQO; which is an acidic oxide serving as
a binder and a slag making material, toc the coating flux. When a SiQ;
content of the coating flux exceeds 2.0 % by mass relative to the teotal
mass of the coating flux, the slag became glassy, and the removability
of the slagwas degraded. Incontrast, whena Si0O; content of the coating
flux is less than 4.0 % by mass relative to the total mass of the coating

flux, the effect of the binder cannot be obtained. Accordingly, the
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to the coated electrode in the invention. "Coating Ratio: 25 to 45 % The
coating ratio regarding the coated electrode is calculated by the formula
((the mass of the coating flux/the total mass of the electrode) x 100) Wen
a coating ratio is less than 25 % the shielding is insufficient, and thus
an N content and a hydrogen content of the weld nmetal are increased, which

reduces ¢he beHobmesss and epackhdOrl UxeSisstances of. ¢ f%ebyo'e}ngsgefeaiatlleb to
contrast, when the coating ratio exceeds 45 % an arc |length becones |ong,

and arc trﬂ% efJtunt heBsOSEUFISe coARGRdirngky, the coating ratio of the coating
flux in the coating electrode is 25 to 45 %

[ A=([ C] xidPrcl . Sy S d o[ )¢ bAsENsY) x(0.5+[Ti])}: 0.30 to 0.70] The el enents

C, Si, and Mh are elenents that enhance the strength of weld beads. The

el enent N i sTaB, GheArnis Maébdwak@a@s:amgefaaa@alarsea sigﬁ%ﬁt%@n%fteaquld
bead, while enhanci ng the toughness of the wel e elenent Ti is an

el ement whigh EBKESNHY QQu%”UWHéH% of o} "!f‘ont%'td ?e@?e fdJaehk nhOri ARrava dshe
toughness thereof. An "A" value is defined by the followi ng formula: "A"

val ue = {i{{d 0X510 bt hads X d19ith vEl M 4otal Mdds ¥r(fhe ctaﬂhl;)flwert%e[ d

is a Ccontent (%by mass) , [Si] i1s a Si content (% by mass) ~, is a

M cont %lda%qutga§§)decjll\£ded S @ndd LANGNLod Ay JFREeMs 5a@d% [b_l} ]rna' g a Ti

content (% by nasS), relative to the total nass of the coated el ect r ode.

For an "#he vY@J:u'J'@l olfe§l§e tay Os 3Rqulhs, Séﬁc?'ﬁﬂ%hwor;—}@akﬁfl ithe; weld, meieal, is

reduced, and the OD val ue (fracture toughness) is al so decreased. For an

"A" val Ll@cégrd%rgﬁyt han ahQq the ﬁtdzeﬁgtﬁhe IS athnpeased hd @@oﬁ'a%rﬁ%%h% C
Si, M1, and Ti, and the toughness is reduced due'to relative's ortage of

the NI contests, which bryeﬂb@@%etlla%lvg@t‘ﬁ%l He 41 &%%%ucsﬁ tHRUEHRESSY flux.
Accordingly, the "A" value is preferably 0.30 to O.
"Al:03: 2.0 % by mass or less"
Al,03which isanacidic oxide can be added as a slagmakingmaterial
to the coating flux. When the Al,03 content of the coating flux exceeds
2.0 % by mass relative to the total mass of the coating flux, the slag
becomes ¢glassy, and the removability of the slag is degraded.
Accordingly, in adding Al,0s; to the cocating flux, the Al1,0s content is
2.0 % by mass or less relative to the total mass of the coating flux.
"Total Amount of S5i0;, TiO;, and A1;03 as Acidic Oxide: 12.0 % by mass
or less"
In addition to Si0; as the slag making material, TiQ,;, Al,0;, and
the like which are acidic oxides, can be added to the coating flux.
When the total amount of acidic oxides, including $i0;, TiQ,;, and Al.0s;,
in the coating flux exceeds 12.0 % by mass relative to the total mass
of the coating flux, the slagbasicity becomes insufficient, which makes
it difficult to adjust an oxygen content of the weld metal to 200 ppm

or less. When the oxygen content of the weld metal exceeds 200 ppm,

the impact test performance (toughness) of the weld metal is degraded.
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The "A" value is introduced as a result of taking into consideration the
strength and toughness. An elenent for increasing the toughness is selected
to correspond to a denom nator of the "A" value, and an el enment for

i ncreasing the strength of the weld bead is selected to correspond to a
nunerator of the "A" value. The relationship between the "A" value and the

CTOD val pecd $ %rg%n' fr?%ddlﬁé thd %E,Elﬂc i Mo%f?@%o&@iﬁ%'ﬂh&ontw%ro%qt ween
i s obtained. That mhen he "A" value 1s 0.30 to 7 he CTOD value is
excel | e“émour{tE%%”Bw !TPAerS Aqfot he hownhydgogen £oat ngél' £ 008, o
according to the |nvent|on w11 Be’ descri bed specifically by conparison

wi th Conpar ati e mgégng£e§heF@J&%ﬁngcgngng fl uxes containing various

chenlcal conp03|t|ons were respectively applied to steel core wires having
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respectlve es and npar at'i ve "Exanpl e Tables 2 to 4 show the types
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weld metal are increased, which reduces thé toughness and cracking
resistance of the weld metal. In contrast, when the coating ratio
exceeds 45 %, an arc length becomes long, and arc interruption occurs.
Accordingly, the coatin@ ratio of the coating flux in the coating
electrode is 25 to 45 %.

[A;([C]XIG+1.SX[Si}+[Mn])/{(4+[N1] {(0.5+[Ti])}: 0.30 to 0.70)

The elements C, Si, and Mn are elements that enhance the strength
of weldbeads. The element Ni is an element which improves the fracture
toughness of a weld bead, while enhancing the toughness of the weld
bead. The element Ti is an element which makes the structure of the
weld bead finer to improve the toughness thereof. An "A" value is
defined by the following formula:

"A" value = ([C] x 10 + 1.5 x [Si] +[Mn])/(4 + [Ni)) x (0.5 + [Ti]}
where [C] is a C content (% by mass), [Si] is a Si content (% by mass),
[Mn] is a Mn content (% by mass), [Ni] is a Ni content {% by mass),
and [Ti] is a Ti content (% by mass), relative to the total mass of

the coated electrode. For an "A"™ value of less than 0.30, the strength
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wel ding position at a heat input of welding of 25 kJ/cm using a direct
current power source as a power source at a weld current of 150A and at an
arc voltage of 23 to 25 V. At this tinme, a steel plate having a tensile
strength of 610 MPa cl ass was used as a steel plate. The mechanical quality
of the weld netal was evaluated by neasuring a 0.2 % proof stress, a

tenst | St NEROKIYA BidthaNSk LA oLEMRRR Ak STNT a1 AN 134 CT0P, VR g AddzACt LI €
at -40 C. |1 t

t oughness Speci fically, e proof stress and tensile strength of

the wel d; Jefialy et e, £ypl Ugbedabd alid A SREEIIRALOD A0t 0ol | deaienl T Om

t he obtal ne 3 f nmeasuring a load on the specinmen wt respﬁctf
0.2 o . , . . - .

the  spett nonEoRErRreY e P Ran T 5 (O ae T ChenT e b Spl e & °

-40 C Wa?ecgﬁge\%/iufiﬁg %@%ﬁa??v% 'E%%%aggﬁrb%'ﬁ% %ag(ﬁ'xgﬁ{-g%ﬁ %é@%}ilag{e@%é%é;tﬁlg .

results an aluation resulis are own 1 n the

dos gnat Syt ior KR TS (DN & e PhAE L A b y=i8 TE O

wor kabi | j t he signates bad workability. The total judgnment
was perfé#%%ﬁ%%ggeg'%n §é¥;gfdability and the CTOD value. 1B [Table 1]

Cors 12 \0ugesgh BB o P 0580 0. ILE00 0008 BB,
0.00 0.03,0,35.0,004 0,010,0,002 G5 ,08.0.92 3%, 2007 £:908,%308,,(00
the toughness is selected to correspond to a denominator of the "A"
value, and an element for increasing the strength of the weld bead is
selected to correspond to a numerator of the "A" value. The
relationship between the "A"™ value and the CTCD value is organized.
As a result, a very clear correlation thgrebetween is obtained. That
is, when the "A" value is 0.30 to 0.70, the CTCD value 1s excellent.
[Examples]

Examples of the low-hydrogen coated electrode according to the
inventionwill be described specifically by comparison with Comparative
Examples.

First, coating fluxes containing various chemical compositions
were respectively applied to steel core wires having respective
compositions shown in the following Table 1 to manufacture coated
electrodes. In Examples, the diameter of the steel core wire was 4
mm. Table 1 shows the ccmpositions of the steel core wires used in
respective Examples and Comparative Examples. Tables 2 to 4 show the
types of the steel core wires, coating ratios, and compositions of

coating fluxes, and "A" values of electrodes used in Examples and

Comparative Examples of the invention. As shown in Tables 3 and 5,
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of 100 °C. Then, welding was performed on the groove in a downhand
welding position at a heat input of welding of 25 kJ/cm, using a direct
current power source as a power source at a weld current of 150A‘and
at an arc voltage of 23 to 25 V. At this time, a steel plate having
a tensile strength of 610 MPa class was used as a steel plate.

The mechanical quality of the weld metal was evaluated by
measuring a 0.2 % proof stress, a tensile strength, a transition
temperature vTrs, and a CTOD value (fracture toughness) at -40 °C.
Specifically, the prcof stress and tensile strength ¢f the weld metal
were evaluated by taking a specimen for a tensile test from the obtained
weld metal, and measuring a load on the specimen with respect to 0.2 %
extension therecof, while measuring the maximum tensile strength of the
specimen. Furthermore, the CTOD (Crack Tip Opening displacement) at
~40 °C was measured based on the BS (British Standards) 5762.

The test results and evaluation results are shown in the following
Tables 6 and 7. In a column regarding the evaluation result on the
weldability, the mark O designates good workability, the mark A
designates slightly bad workability, and the mark ¥ designates bad
workability. The total judgment was performed based on the weldability

and the CTOD wvalue.
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M cNO nOG NN NNV - OO0 UUU ao ao HHHJ[Table 5]

El ectrode No. Total of acidic Remainder A value oxides C M Fe Ohers Ti
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gl 02052::.-6-33 E.'OT8A —90F7 2040 30058 95‘ 9 =93 01347 02952?()24?
. “pY U. ) = U L VoL L0 7 O . —J fo Ro -

0.45 O &6 CT2§32 634 9.§1Cﬁ; 8—5—69 Oglg‘%; }:gzﬁ '2”’3':{0. “Sg‘ 66l 0.69 O E8 0
516 642064 105 0-—56= eolg &% go50® 03gl31 40 4655 1g 084 5 590 682
0.015 -BQ_0 o Ell ol823 sh1 §201d 00 b B3 H 88> d 5887602 0 017 - 90
0.38 O "E13 T 503 hov 08816 . k5 G434 |0 003 9.2 0.6 0.61

T6 8.6 0.05 0.04 6.7 9.1 0.66

T7 10.1 0.06 0.04 11.4 6.8 0.61

T8 9.9 0.05 0.04 8.2 44 0.68

T9 9.4 0.05 0.04 11.8 3.2 0.49

T10 7.7 0.05 0.05 5.5 3.0 1.16

T11 7.6 0.07 0.04 7.4 2.6 0.77

T12 9.3 0.07 0.03 6.4 55 0.63

713 10.7 0.06 0.06 6.1 3.2 0.95

T14 8.4 0.07 0.07 6.2 5.5 0.27

T15 10.2 0.04 0.07 6.5 3.9 0.52

T16 9.5 0.05 0.06 8.2 3.3 1.49

T17 8.5 0.06 0.08 5.6 8.5 0.53

T18 8.7 0.04 0.03 54 5.9 0.68

T19 6.1 0.03 0.05 9.6 8.8 0.53

T20 11.8 0.03 0.04 6.7 5.8 0.59

T21 7.5 0.04 0.03 74 48 0.77

T22 11.8 0.05 0.05 7.2 3.3 0.65

T23 11.8 0.04 0.04 1.3 7.2 0.42

T24 10.6 0.14 0.04 8.4 8.6 0.66

T25 7.5 0.05 0.15 6.3 9.9 0.66

726 9.9 0.07 0.04 6.7 4.2 0.69

T27 10.3 0.08 0.03 6.3 4.0 0.87

T28 9.2 0.06 0.02 8.3 2.1 0.70

T29 9.1 0.06 0.05 7.3 7.5 0.61

T30 9.6 0.05 0.06 9.5 6.5 0.59
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E14 0 574
708 0.015
-105 0. 57
E21 0 528
645 0.016

678 0.016 -95 0.47 O E15 0 523 629 0.016 -110 0.51 O El16 0 620
-80 0.28 0 E17 0 523 643 0.017 -100 0.54 O E18 0 528 643 0.017

O E19 0 531 638 0.016 -100 0.62 O E20 0 527 643 0.020 -95 0.53 O
632 0.016 -100 0.49 O E22 0 532 635 0.016 -105 0.57 O E23 0 524
-100 0.61 O E24 0 526 632 0.024 -80 0.36 0 E25 O 552 663 0.017

-100 0. 41ade E26 0 563 675 0.017 -85 0.39 O 25 [Table 7] 0.2% Tensile Weld

nmet al EJ—ee—t—Fede—y‘.’:'J*" -y —prget strcqqﬂHﬂﬁoxygc. o—vH-s—CFo{at—Feta
judgnment No. styess (|MPa) contjent(/o (€ .40'C nm MPa Qy mass) TI h65 586
0.019 -80 - X TR X - | - - - X T3_05>7g§é@322 -70 0. 12 x Tﬁx - -
- x T X - - -} EX| D@%froof -| - Tensile X ¥ 10 6 o.mua65 0£)8 K T8 X
-| Elecode™. | L R85 59%Fe®. 020 stdiyth conﬂf&gy%mi@j& 0-4® - 85%. 0B X
T11 0 487 591 0. D1 -90 -(MKa) (MPa) mass) {mm) ( =
e
E1 O 524 632 0.018 -90 0.45 O
E2 O 565 688 0.019 -05 0.34 O
E3 O 526 645 0.020 -85 0.52 O
E4 O 521 632 0.016 -80 0.43 O
ES O 533 641 0.019 -105 0.45 O
E6 O 532 631 0.016 -110 0.69 O
E7 O 524 626 0.016 -100 0.69 O
E8 O 516 642 0.017 -105 0.56 o |
E9 O 524 625 0.018 -110 0.32 A
E10 O 590 682 0.015 -90 0.35 A
_ Ef1 O 528 631 0.019 -100 0.52 )
E12 O 583 692 0.017 -90 0.38 O
E13 O 523 627 0.016 -85 0.34 A
E14 O 574 678 0.016 -95 0.47 O
E15 O 523 629 0.016 110 0.51 O
E16 O 620 708 0.015 -80 0.28 A
E17 O 523 - 643 0.017 -100 0.54 O
E18 O 528 643 0.017 -105 0.57 O
E19 O 531 638 0.016 -100 0.62 O
E20 O 527 643 0.020 -95 0.53 O
E21 ) 528 632 0.016 -100 0.49 o |
E22 O 532 635 0.016 -105 0.57 o |
E23 O 524 645 0.016 -100 0.61 O |
E24 O 526 632 0.024 -80 0.36 A
E25 O 552 663 0.017 -100 0.41 O
E26 O 563 675 0.017 | -85 0.39 O
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T12 0 541 653 0.016 -80 OR X T13 0 492 601 0.016 -75 - x T14 0 - 548 652
0.017 -90 0.09 x T15 0 501 602 0.020 -85 - x T16 0 540 672 0.016 -80 0.06
x T17 0 532 640 0.017 -90 0.09 x T18 0 535 636 0.017 -85 0.08 x T19 X - -
- - - X T20X - - - - - x T21 X- - - - - x T22 X- - - - - X T23 X - -
- - - X T24 0 551 667 0.017 -65 0.07 x T25 0 562 673 0.017 -70 0.07 X T26
0 486 58Ta16)le0270 -95 - X T27 0 532 638 0 016 90 0.14 X T28 0 513 623 0.017
-85 0.0 F20—0—-526—p32-0—01t6—86—0 36—01532—62976-01+6—859. 09 X
As sho Tables 2 tp ?2 scrTebsie l%’\?émtabav Iqscg tap E26 had ekcel | ent
vel dab| cB’ecalrﬂslebllltyha PN watngtho %‘ig 'ay s}, P oTo@ijignest nd
coating f I xes|, and theg [I Ng(MPaj | 'i °e£f( k| the scope of the
i nventi | B I to EpgD celldnt— 26 c'f'e.ﬂ.“{.h. an
fractur nesObec us4E55t - 1588 en0@18nt 2nt80add oxyg cartt ent of the
vel d netal Taverle sukficlently feduced] The CTOD vallue -at -40 CXwas
sufficipntty hi gh,Ofor|examplp, €3228|mpemw mpreyp Iin qontrgst, ia Conparative
Exanpl e T4 co;gul ng Tatiojwas 1 ess than the fower_tinit o the scope of
t he i nveptterTthts—rarrg—tpe—strefgth—of—the—wetd—retah—nsgrF+erent ,
wher eby a }51-“— test wa ' - i ' - x

T6 X - - - - - X

T7 @) 510 625 0.025 -65 0.08 X

T8 X - - . - - X

T9 A 485 598 0.020 -90 - X

T10 O 534 649 0.016 -85 0.08 X

T11 O 487 591 0.017 -90 - X

T12 @ 541 653 0.016 -80 0.07 X

T13 O 492 601 0.016 -75 - X

T14 O 548 652 0.017 -90 0.09 X

T15 Q 501 602 0.020 -85 - X

T16 Q 540 672 0.016 -80 0.06 X

T17 Q 532 640 0.017 -90 0.09 X

T18 Q 535 636 0.017 -85 0.08 X

T9 x - - - X

T20 x - - - - e

T21 X - - - X

T22 X - - - - X

T23 X - - - - - X

T24 O 551 667 0.017 -65 0.07 X

T25 O 562 673 0.017 -70 0.07 X

T26 Q 486 587 0.020 -95 - X

T27 Q 532 638 0.016 -90 0.14 X

T28 O 513 623 0.017 -85 0.08 X

T29 Q 526 632 0.016 -80 0.09 X

T30 @ 532 629 0.016 -85 0.09 X

As shown in Tables 2 to 7 described above,

Examples E1 to E26

had excellent weldability because the chemical compositions of steel

corewires and coating fluxes, and the coatingratios thereof fell within

the scope of the invention.
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Further, Examples E1 to E26 had excellent



cancelled. I n Conparative Exanple T2, the coating ratio was equal to or
nore than the upper Iimt of the scope of the invention, thus reducing the
wel dability, whereby the test was cancelled. In Conparative Exanple T3, the
metal carbonate content of the coating flux was equal to or less than a
prescri bed range of the invention, so that the oxygen content of the weld

met al wasttiaefidased firheeeby thaghadue e ddaeskriard HyerofaugbnAesst ahd oxygen
Conpar ative Exanple T4, the metal carbonate content of the coating flux

exceededcbhterPRET the Mid 1 dinclthe peesciibedilande ebdutd@. | nwentTop, vaoud hat
t he shape of a bead becane convex. In Conparative Exanple T5, the fluoride

content of 1he cgoghingurfideMas hegs, thap dhadiwern bisthh 8t hbee prescribed
range of the invention, so that thé shape of a bead becane convex. In

Conparative Braepherd6i, silmeRndaeathiveridsnsontent ok theregttaeid luks
exceeded the upper |limt of a prescribed range of the invention, the arc

became vosd able, tWBI thuddegriadeds Ehen e dghi bt ¥he | MmNt tNEs RAMHE T7,

since the My content of the coating flux was less than the lower limt” of a

prescri bede rangeqeh &herHvent RBra1 e elidiggtal whedd )@ Rirghere oxwaan
content, and thus did not obtain good fracture toughness. In Conparative

Exampl e d8,.siince the dMhpacart ebteimdiRe T8 0ati NG ol uy gexcerded st BguAPRES
limt of the prescribed "range of the invention, the arc became sfronger,

whi ch degr aded e tie upBLHabiiklof tné @cg?gpﬁr 8hé VS vERRTBAES hIS: relddainkl 3,

and Tl 5, the Si cont ent, the Mh content, the Ni content, and_t_he Ti content
of the respegiiysicadli nghdldmxesiweriediessd hamide dpwerrd | ks oft Hhe

respective prescribed ranges of the invention, so that the tensile strength

o, TP IR BRI Ll L0 R oy Eo R i s

content of Jfrhe.£E£3RERIA B2 cLAE LA fanbxess @xeedeth e ish YRRt FhESxygen
content of the weld metal was increased thereby to reduce the fracture
toughness. In Comparative Example T4, the metal carbonate content of
the coating flux exceeded the upper limit of the prescribed range of
the invention, so that the shape of a bead became convex.

In Comparative Example T5, the fluoride content of the coating
flux was less than the lower limit of the prescribed range of the
invention, so that the shape of a bead became convex. In Comparative
Example T6, since the fluoride content of the coating flux exceeded
the upper limit of a prescribed range of the invention, the arc became
unstable, which degraded the weldability.

In Comparative Example T7, since the Mg content of the coating
flux was less than the lower 1imit of a prescribed range of the invention,
the weld metal had the higher oxygen content, and thus did not obtain
good fracture toughness. In Comparative Example T8, since the Mg

content of the coating flux exceeded the upper limit of the prescribed

range of the invention, the arc became stronger, which degraded the
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of the respective prescribed ranges of the invention, so that the tensile
strength of each weld netal was increased, while the fracture toughness

t hereof was degraded. In Conparative Exanples T17 and T18, the B contents of
the coating fluxes were less than the lower |imt, and equal to or nore
than the wupper limt of the prescribed range of the invention,
respectivgia& il‘liese conparative exanples did not exhibit the effect of

maki ng t he é%rdt dre finer, and thus reduced the fracture toughness of the

T 02 cont ent dF PRECFEEpRET MO CORPT Ry Fiited Weran? dBt RER The CHisdidet i ve
wher eby FRE MATSBRECBE o1 Ias CBRATT 4 THE hl RN 11 7 ERRaRERETRRe | n
D T B b 03 S el 0 D 2B St
C1'ag. vor BESST ARG PABERS R BeA dABFPEGR T Cipdiin B EVEnaHE o the
T2 oL e DT 8, SR L UPREL, L0 BPoDrSeT | Do
O e Do e HEBY Y s Cop B SoRRr U TP g IS
ecane. hQRERELAE! (e FFARRGTL™ bONELe N HEroGRCRAYST dlife BBPES; HOB o
Conpar ati ye Exanpl es, T24 and T25, the O caontent and M content of the
respecti9%tEBéFgESCFFﬂi8§eé§6é%%%aaPﬂ%s866%%3%?Yﬁ?%&oﬁ¢@9EBPF‘?%%Fen51le

| owt enper at ure toughness, and the fracture toughness were |low. _In

Compar at FEETBERT E4Fo61e LhBES L SRECHIC TSR See Whbkt CBBrFARFe® RUIRARS 1o
or less than the Ioger limt of the scope of the invention, whereby the
tensile St§ wast deHE2dRfd nmetal became insufficient and

In Comparative Examples T17 and T18, the B contents of the cecating
fluxes were less than the lower limit, and equal to or more than the
upper limit of the prescribed range of the invention, respectively.
These comparative examples did not exhibit the effect of making the
structure finer, and thus reduced the fracture toughness of the weld
metals. In Comparative Examples T19 and T21, the 3i0; content and the
TiO, content of the respective coating fluxes were less than the
respective lower limits of the prescribed ranges of the invention,
respectively, whereby the amount of slag was small and the weldability
became worse. In Comparative Examples T20 and T23, the 5iQ; content
and the 21,05 content of the respective coating fluxes exceeded the upper
limits of the prescribed ranges of the invention, respectively, which
made the removability of the slag worse and degraded the weldability.
In Comparative Example T22, the TiO, content of the coating flux exceeded
the upper limit of the prescribed range of the invention, which made

the shape of the bead convex, and degraded the weldability. 1In
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t he oxygen content of the weld netal was increased. Then, a CTOD test was
cancel led. In Conparative Exanples T27 to T30, since the elenents C, P, S,
and N of the respective steel core wires exceeded the upper limts of the
scope of the invention, the | owtenperature toughness and fracture

t oughness of each weld netal were reduced. Conparative Exanpl es TI ~to T30

?nziﬁri oveP TR e OB Uaf T OF T T RVERT %%na“?‘f*%nt”?&aéﬂég Qﬁﬁ”ﬁé
nese. ExeRoIee e L e e AT 0 Eor RS 58, rﬂ‘@?%%zt“

reasons [0F S34EN:SXAL WA oRSodere, c%n%zntfo% Wie 1 f aE2S) %@gﬂghﬂg@muq{ of

aci di ¢ oxi dées was exte35| ue’ was

excessi vgl&%stl%%g&rel @Oggh?né?g é‘hAé"reo ;13 ggﬁegxges& vely snmall and the val ue

of A13 t e upper ina range of "A" value. 29 Wat

clainmed is: 1 A OV hé(dro e 1%%a§-:xam§#l%e(:tf%j g%rl %hngcla (:s(;r?teéntcor% Wre
with acoatlng fnlcux app? ere erelnt téeeé rée-wre contalns

relativ

oo b »gypev SRR By §eé“c“ BB A
% by mas S and 0. + 20, NBSS ess g e er
coat i ng TR cfﬁnf%?&wswaﬁ S rabRBRaTS Audee s TeRkuth ARG Tr P 5 to
L i o e 7 B AR A § e
was equal to or less than the lower limit of the scope of the invention,
whereby the tensile strength of the weld metal became insufficient and
the oxygen content of the weld metal was increased. Then, a CTOD test
was cancelled. In Comparative Examples T27 to T30, since the elements
C, P, 3, and N of the respective steel core wires exceeded the upper
limits of the scope of the invention, the low-temperature toughness
and fracture toughness of each weld metal were reduced. Comparative
Examples T1 to T30 described above had the maximum CTOD value of 0.14
mm at -40 °C, which was much lower than the CTOD value of the invention
at -40 °C.
Examples having the total evaluation of A were five examples E9,
E10, E13, E16, and E24. In these ExXamples, the CTOD value was equal
to or less than 0.36 mm. The reasons for such evaluations were as
follows: in E24, the total amount of acidic oxides was excessively large;
in E10 and E16, the "A" value was excessively largdge; in ES9, the "A"
value was excessively small and the value of A13 takes the upper limit

in a preferable range of "A" wvalue.
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0.5to 5.0 %by mass of Ti02, 0.5 to 3.0 % by mass of My in terns of My as a
single nmetal or an alloy, 1.0 to 7.0 % by nass of Si, 0.5 to 5.0 %by nass
of Mn, 2.0 to 10.0 %by nass of NN, 0.3 to 3.0 %by mass of Ti, 0.05 to

0.20 % by nmass of B, 5.0 to 20.0 % by mass of Fe, 2.0 % by mass or |ess of
A1203, 0.1 % by mass or less of No, and 0.1 % by mass or less of Cr, said

A1203 content. said No content, and said C content being defined as above,
30 wherein, iﬁhﬁgdﬁi%]ﬁ”t“k? HE above el ements, the coating flux further

contains an arc stabilizer, a sl ormation agent, .and a bi nder and
wherein a coatli‘nzn‘ ?%’1 ley%o‘%%c%%g‘?‘; ﬁé}e‘f: ﬁ?(d?’sgﬁgprsﬁ%g%%Eeei CHERYFSti o
of the coating flgx relative tlo &gtal mass of the electrode. 2. The

| ow hydr‘H&h A GRREYE B P dECoraFhG 0 claim 1, wherein the total amount
of the Si02, T'b021, and A1203_as an acidic oxjde in the coating flux is
equal to or | BESTEHAFIEL SEERy TRER WiFe FRRLELIE hydt cb8t 2d- B P'PSde
according to claiml1l or 2, wherein an A value determ ned by the foll ow ng
formul a 9% Be36Te8 0Co%r WikS[ C x10+1. 8x[Si]+[M])/{(1+[Ni])x(0.5+[Ti])}
where [C] is a C caontent %3 by mass) Si] is a S content %%b mass) ,
[Mh] is a Mh BBREHAN By Freiss aspNPYt iRCta I ecbARNt - (YooY ot &nd
[Ti] is a Ti content (% by mass)l-, relative to the total mass of the

el ectrode. 310.010 % by mdss or less of P,

0.010 % by mass or less of S, and

0.005 % by mass or less of N,

wherein the coating flux contains, relative to a total mass of
the coating flux,

15 to 28 % by mass of a metal carbonate in terms of COg,

4 to 9 % by mass of a metal fluoride in terms of F,

4.0 to 9.0 % by mass of $Si0,,

0.5 to 5.0 % by mass of TiQz,

0.5 to 3.0 & by mass of Mg in ferms of Mg as a single metal or
an alloy,

1.0 to 7.0 & by mass of 51,

0.5 to 5.0 % by mass of Mn,

2.0 to 10.0 % by mass of Ni,

0.3 to 3.0 % by mass of Ti,

0.05 to 0.20 % by mass of B,

5.0 to 20.0 % by mass of Fe,

2.0 % by mass or less of Al,;0s,

0.1 % by mass or less of Mo, and

0.1 % by mass or less of Cr, said Al.0s; content, said Mo content,

and said Cr content being defined as above,
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wherein, in addition to the above elements, the coating flux
further contains an arc stabilizer, aslag formation agent, and a binder,
and

wherein a coating ratio of the coating flux is 25 to 45 & as a
mass ratio of the coating flux relative to a to‘tal mass of the electrode.

2. The low-hydrogen coated electrode according to claim 1,
wherein the total amount of the Si0;, Ti0;, and Al;05; as an acidic oxide
in the coating flux is equal to or less than 12 % by mass.

3. The low-~hydrogen coated electrode according to claim 1 or 2,
wherein an A value determined by the following formula is 0.30 to 0.70:

A=([Clx10+1.8x[Si]+{Mn])/{ (1+[Nil}x(0.5+([Ti])}
where [C] is a C content (% by mass), [S51i] is a Si content (% by mass),
[Mn] is a Mn content (% by mass), [Ni] is a Ni content (% by mass),
and [Ti} is a Ti content (% by mass), relative to the total mass of

the electrode.
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