LOW HYDROGEN COATED ELECTRODE FI ELD OF THE | NVENTI ON The present invention
relates to a | ow hydrogen coated electrode useful for welding a

hi gh-tensile steel having an yield strength of 690 MPa class or nore. Mbore
particularly, the invention relates to a | ow hydrogen coated el ectrode for
a high-tensile steel which can obtain a weld bead with excellent cracking
resi stance and | owtenperature toughness and which has good weldability in
all position welding. BACKGROUND OF THE I NVENTION Wth the recent tendency
toward | arger steel structledyDROGHENCICGOHTE BEAE GO the steel structure
has been achieved, and a high-tensile steel is now being applied to the
steel structure. In particular, in the fields of marine structures and
pressure vessels or the like, good | owtenperature toughness is essential,
and thus the demand for a wel Wat BT af VEENT$PYi ng such a property has
been grown. Shield netal, arc weldin submer ged _arc _we| din and the like
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good weldability in all position welding.

BACKGROUND OF THE INVENTICN

With the recent tendency toward larger steel structures,
reduction in weight of the steel structure has been achieved,
and a high-tensile steel is now being applied to the steel
structure. In particular, in the fields of marine structures
and pressure vessels or the like, good low-temperature
toughness is essential, and thus the demand for a welding
material satisfying such a property has been grown. Shield
metal arc welding, submerged arc welding, and the like have
hitherto employed a welding material with good relatively-low-
temperature toughness and cracking resistance. However, the
welding material has problems associated with weldability,
application positions, and the like. In the field cf marine
structures, an extra-thick high-tensile steel plate having a
thickness of 100 mm or more and an yield strength of 690 MPa or

more has been frequentliy used, and hence it is necessary to



t he overseas construction has becone mai nstream in which nost of
construction works are executed by a DC arc welding nethod. In the DC arc
wel di ng nmet hod, the amount of diffusible hydrogen tends to increase as
conpared to an AC arc wel ding nmethod, and hence the adequate cracking

resi stance needs to be ensured at the covered el ectrode corresponding to a
DC power supply. Thus, the devel opnment of a | ow hydrogen coated el ectrode
for a high-tensile steel for DC specifications is strongly required to
provi de wel d beads with excellent crackLn% resi stance and |owtenperature
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the covered electrode corresponding to a DC power supply.
Thus, the development of a low-hydrogen coated electrode for a
high-tensile steel for DC specifications is strongly required
to provide weld beads with excellent cracking resistance and
low-temperature toughness and to have excellent weldability in
all position welding.

Various developments have hitherto been performed on low-
hydrogen coated electrodes for a high-tensile steel. As one
example of the developments, Japanese Unexamined Patent
Publication Ne. 9-327793 discloses a low-hydrogen coated
electrode for a high-tensile steel having a tensile strength of
950 MPa class. The content of metal carbonate, metal fluoride,
Mg, or the like, and the burning temperature are defined, which
can improve the lcow-temperature toughness due to a decrease in
amount of oxygen in weld metal, and can also improve the
cracking resistance because of a low content of hydrogen.

Further, Japanese Unexamined Patent Publication No. Hei

11(1999)-123589 discloses a low-hydrogen coated electrode for a



and transfer of cracking at a grain boundary due to reduction in grain
boundary energy. Moreover, Japanese Unexam ned Patent Publication No. He
03(1991) - 294088 di scl oses a | ow hydrogen coated el ectrode for a

hi gh-tensile steel having a tensile strength of 70 to 90 kg/m®2 class. The
pat ent docunment has proposed a nethod for providing a weld netal with high
strength and toughness by mnimzing the anmount of oxygen in weld netal by
addition of SiC and Si thereby to ensure the | owtenperature toughness, and
further "R TERTI 8 i fethehalibift & bERELARd SEraRdH £ 5 RAT WUt of Nb
or V added. Japanese Unexam ned Patent Publication No. Hei_ 09(1997)- 327793
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renovability, or the Ii1 ke, but the inprovenent of weldability taking into
consi der;gf i & lppasdd+preyel giyng has not been studied at all. In Japanese
Unexam ned Pat ent Publication . Hei 11(1999)-123589, the anount of

di ffusi bl e hytaen4 N Baphése Unexamined Patent Publication No. Hei
03(1991)-294(388 discloses a low-hydrogen coated electrode for a
high-tensile steel having a tensile strength of 70 to 90 kg/mm’
class. The patent document has proposed a method for providing
a weld metal with high strength and toughness by minimizing the
amount of oxygen in weld metal by addition of $iC and Si
thereby to ensure the low-temperature toughness, and further by
restricting the amounts of C and Si with a small amount of Nb
or V added.

Japanese Unexamined Patent Publication No. Hei 09(1997})-
327793 defines appropriate amounts of metal carbonate and metal
fuluoride such that the amount of diffusible hydrogen in a weld
metal can surely be equal to or less than 5 ml/100 ¢g. However,
an evaluation reference of 5 ml/100 g or less is insufficient
to ensure adequate cracking resistance in welding work, taking
into consideration an extra-thick steel plate. Thus, the
evaluation based on a stricter evaluation reference should be
performed. The patent document fails to focus attention on the

relation between a metal oxide content and the amount of



metal is 3 to 5 mM/100 g. Such a range of the diffusible hydrogen anount is
insufficient so as to surely allow the high- tensile steel having the yield
strength of 690 MPa or nore to gain the cracking resistance. It is
necessary to decrease the anmount of diffusible hydrogen in the weld netal
to 3 mM/100 g or less. The patent docunent does not consider the toughness
in alowtenperature range of about -60 C,  and further never discloses
studi es about the inprovenent of weldability takin% into consideration al
posi t i o WA IR T K IBPANER e? CARkARPNEd WPat dRCIPIHN T ati & Nd-OzHe
09(1997)-327793. _Furthernore, Japanese Unexam ned Patent Publication No.
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meldingsedgﬂégz%eﬁ?@ recently, it has been strongly required to develop a
| ow- hydrogen coated el ectrode for a high-tensile steel that ensures the

cracking resigt ange. takd ngnd P40; ncQNBLECKR bAR13R PALANI Gle St eel plate,
and which satisfies good weldability in all position welding and ensures
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devel opnent of a technique for enabling these characteristics at the sane

time hagetell beem achi Bvued/ yeb . g SUMMARY OFrdhle | DIFENEEONI Ffusible
hydrogen amcunt is insufficient sc as to surely allow the high-
tensile steel having the yvield strength of 690 MPa or more to
gain the cracking resistance. It is necessary to decrease the
amount of diffusible hydrogen in the weld metal to 3 ml/100 g
or less. The patent document does not consider the toughness
in a low temperature range of about -60 °C, and further never
discloses studies about the improvement of weldability taking
into consideration all position welding, like Japanese
Unexamined Patent Publication No. Hei 09{(1997)-327793.

Furthermore, Japanese Unexamined Pateni Publication No.

Hei 03(1991)-294088 makes an evaluation about the toughness of
a weld metal with a tensile strength of 70 to 90 kg/mm’ class
in a low temperature range of about -40 °c. However, the weld
metal obtained does not sufficiently satisfy recent severe
requirements for high toughness, as typified by the toughness
in a low temperature range of about - 60 °C. The patent

document fails to disclose a structure which can achieve both

the low-temperature toughness and the weldability and cracking



Accordi ngly, the invention has been made in view of the forgoing problens,
and it is an object of the invention to provide a | ow hydrogen coated

el ectrode for high-tensile steel which can obtain a weld netal with
excel l ent cracking resistance and | owtenperature toughness in welding of a
high- tensile steel with the yield strength of 690 MPa class or nore, and
whi ch can ensure good weldability in all position welding. According to the
i nvention, a |ow hydrogen coated electrode is provided which includes a
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D=8. 42- 0. 18x[ CO2] +0. 05x[ CaF2]

SUMMARY OF TEE INVENTION

Accordingly, the invention has been made in view of the
forgoing problems, and it is an object of the invention to
provide a low-hydrogen coated electrode for high-tensile steel
which can obtain a weld metal with excellent cracking
resistance and low-temperature toughness in welding of a high-
tensile steel with the yield strength ¢f 690 MPa class or more,
and which can ensure good weldability in all position welding.

According tc the invention, a low-hydrogen coated
electrode is provided which includes a steel core wire with a
coating flux applied thereto, wherein a ccating ratio of the
ccating flux is 25 to 45 % by mass relative toc the teotal mass
of the coated electrode, and the steel core wire contains 0.06
% by mass or less of C relative to the total mass of the steel
core wire. The coating flux contains, relative to the total
mass of the coating flux, 14.7 to 22.4 % by mass of metal
carbonate (in terms of C0Op), 13.1 to 24.8 % by mass of CaF.,
1.1 to 3.0 % by mass of Si0Q,, 0.01 to 0.05 % by mass of C, 2.5
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+0. 50x[ Ti 02] -1 . 36x[ Si Q2] - 4. 36x[ Al 23] +0.71x[zZr02] ... (1) where [CQ02],
[CaF2], [Ti02], [Si021,[A1203], and [Zr021 indicate contents of respective
conpounds. In this case, a "Z" value represented by the following formla
(2) is preferably equal to or |less than 20.8:

Z=- 63. 45+1. 97x[ CaQ] +0. 13x[ CaF2] +6. 36x[ BaQ -13. 52x[ Ti 02] +15. 61x[ Si 02]

+41. OOx[ Al 2Q81-16.70[ Zr21 ... (2) where [CaQ, [CaF2], [BaQ, [Ti02],
[ Si 02], [A1203] and [Zr02] indicate contents of respective conpounds.
Further car bonate js era alcium car ate or bari
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PREFERRED EMBODI MENTS Now, he i nventi on vv| escri et al el ow.
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useful for i mprovenent of cracking resistance of a weld netal obtained by
“e|d|HQM@ﬂdlifﬂdﬁ%ﬂ&@”@é&ﬁbﬁ@aiﬁﬂ CaF.), alkali-earth metal oxide, B,
Al, or Mg, and 0.1 % by mass or less in total of inevitable
impurities. The evitable inevitable impurities include P, S,
V, Nb, or Sn. A "D" value represented by the following formula
{l) is equal te or less than 3.8:
D=8.42-0.18x[C0O,;]1+0.05x[CaF;]
+0.50%x[TiC,]-1.36x[S1i0y]-4.36x[Al1,03]
+0.71x[Z2r0;2] ee (1)
where [C0;1, [CaF;], [Ti0:], [S1i0;],[Al203], and [Z2r0;] indicate
contents of respective compounds.
In this case, a "Z" wvalue represented by the following
formula (2) is preferably equal te or less than 20.8:
Z=-63.,45+1.97x[Ca0]+0.13x[CaF;]
+6,36x[Ba0]—-13.52x[Ti0C]1+15.61x[S5i0;]
+41.00x[A1,05]1-16.70[2x0;] P {2)
where [CaO], {CaF.], [BaC], [(TiC:], [51i0;], [Al:03], and [Zr0O:]
indicate contents of respective compounds.
Further, the metal carbonate is preferably calcium
carbonate or barium carbonate.

The low-hydrogen coated electrode for a high-tensile steel

according to the invention can obtain the excellent weldability



el ectrode for a high-tensile steel. As a result, the inventors have found
out the relationship between the anount of addition of a sl ag-nmaking
material (metal fuluoride, netal carbonate, or netal oxide) in the coati

flux and the amount of diffusible hydrogen, and the rel ationship between

the slag-making material in the coating flux and the weldability in al
position welding. Further, the relationship between the anount of addition
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DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, the invention will be described in detail below. The
inventors have made various studies about coating flux
compositions useful for improvement of cracking resistance of a
weld metal obtained by welding with a low-hydrogen coated
electrode for a high-tensile steel. As a result, the inventors
have found out the relationship between the amount of additicn
of a slag-making material {(metal fuluoride, metal carbonate, or
metal oxide) in the coating flux and the amcunt of diffusible
hydrcgen, and the relationship between the slag-making material
in the coating flux and the weldability in all positicn
welding. Further, the relationship between the amount of
addition of an alloy ccmponent to the coating flux and the
strength and low-~temperature toughness of the weld metal has
been found.

The inventors have found out the fact that the following

process 1s necessary in a weld metal having an yield strength



generating a basic slag. As a result of various studies perforned by the
inventors of the present application, the follow ng fact has been found

out. That is, it is effective to |imt the nmetal carbonate contained in the
coating flux to CaCO3 and BaCO3, to make a product of the deconposition not
cont ai ni ng ot her hydrophilic nmetal carbonates (MJCO3 or the like) , and to

restrict the amount of C02 in the coating flux to 14.7 % by nmass or nore.

Not onl timzation of the netal carbonate and netal . fluoride in the
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Further, the inventors of the present application have
foeund out that in order tec set the amount of diffusible
hydrogen in the weld metal to 3 ml/100 g or less, the following
means is useful. In other words, the metal carbonate in the
coating flux has the operation and effect of being decomposed
in an arc to give off CO; gas, thereby interrupting a molten
pool from atmosphere to decrease a partial pressure of hydrogen
gas and nitrogen gas in the arc atmosphere, and alsc of
generating a basic slag. As a result of various studies
performed by the inventors of the present application, the
following fact has been found out. That is, it is effective to
limit the metal carbonate contained in the coating flux to
CaC03 and BaCQC;, to make a product of the decomposition not
containing other hydrophilic metal carbonates (MgCOs; or the
like), and to restrict the amount of C0O; in the coating flux to
14.7 % by mass or more.

Not only by optimization of the metal carbonate and metal

fluoride in the coating flux, but also by organization of the



consideration interaction anong a netal carbonate, a nmetal fluoride, and a
metal oxide. In the case of an excessively small anount of slag, the

absol ute anount of slag for suppressing nolten netal in the vertical upward
wel di ng cannot be secured, which nmay generate a convex bead or cause
drooling. In contrast, in the case of an excessively |large amount of sl ag,
arc is hidden or enbedded in the nDIten slag to degrade the arc stability,
whi ch dra ticall |n reases tl generated When t he
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formula (2). The value Z needs to be equal to or less than 20.8 so as to
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vertical upward wel ding. Further, the toughness of the weld netal is
affected .y interaction between alloy conponents. Thus, the influences of
various respective alloy conmponents of the coating flux on the
| owt enper at ume atdalighines st ftHdeomel i net abn havetheerocaxdmgned ust hereby to
obtain the followng findings. As the anount of C, Cr, Ti, and/or M in the
coat i ng chmgx siirtdroeases ,ddder tlmamhatesse, ofheheomblidafmebal offerdduro:idecr ease
in welding the high-tensile

temperature, which is higher than the conventional case, is

alsoc useful. On the other hand, in evaluating the weldability

in all positicn welding, optimization of the metal carbonate

and metal fluoride which are main components is essential.

However, only the optimization is not enough to evaluate the

weldability in all pesition welding. The shape of a bead in

all positicn welding, especially, in vertical upward welding,

greatly relates to the teotal amcount, viscosity, melting point,

and solid-liquid coexistence temperature range or the like of

the slag. It is important to define a composition taking into

consideration interaction among a metal carbonate, a metal

fluoride, and a metal oxide. In the case of an excessively

small amount of slag, the absolute amount of slag for

suppressing molten metal in the vertical upward welding cannot

be secured, which may generate a convex bead or cause drooling.

In contrast, in the case c¢f an excessively large amount of

slag, arc is hidden or embedded in the molten slag to degrade

the arc stability, which drastically increases the amount of



steel having an yield strength of 690 MPa class or nore. In particular, C
or Ti has a great influence of the decrease in toughness. The increase in
amount of Ti leads to an increase in anount of solid solution Ti in the
wel d netal, causing TiC to be precipitated at a reheating portion,
resulting in reduction of nucleation ability. Thus, a coarse lath-like 10
bainite structure domnates to greatly reduce the toughness of the weld

tal. Th heat,i ti sed her ei i ndi cat ti
et mal Py EC AR S 4 L bUBGlont sl o CReSY oI vl RETAI O TRES nor ease i n

anount of .C.generates . sl.and-like martensite.to,_degrade the toughness of
the wel §° 1A POME adaiior B & Rhcr SRR L EReRTE e g dhe e
Loughnegs, af. the el metal,, LWL ALy | opl 8L ¢ BL,2pd W have a5 hrong ef fect
of inproving the toughness. 'The Inctease in ~anount o &nd Si-decreases

the anmo f; ' I tak, [ ap, engur 0 ness
of the %S%SB&Sggﬁgeﬁﬁ“¥ﬁﬁgﬁﬁﬁgfg% %?o%%iﬁﬁg ggﬁgogPt?ggaﬁeﬁgﬁégﬂigq}e i nhed
by takingqijRiyo0 consideration the relationship anong the anmounts of netal

carbonate, netal fluoride, netal oxide, and diffusible hydrogen of the

coating fluxynandddie ehapas ofy beadsud et BechVenkhgahcupwarg wel ding. As a
result, a weld netal having excellent cracking resistance can be obtai ned,

and furtBekttikesHeohereldabidid ysicape berepsdr pdatinaakl tpesistizQn nwed iHg.
Additionally, the conbination with the optim zation of the alloy conponents
as deschihbediahoweaanininy owecd hecd owenbespenatdilert aughaess.arnBased 0n t he

foregoing findings, the invention is to solve the above-nentioned probl ens
by opti nkzaki dm dfhealdemytirgpnflonents éngthezedat i Tigué ] uxhandnéptenczabifon of
2 the amount of each slag-making material on the shape of the

bead is defined by the value Z represented by the formula (2).

The value Z needs to be equal fo or less than 20.8 so as to

ensure good weldability in all position welding, especially, in

the vertical upward welding.

Further, the toughness of the weld metal is affected by
interaction between alloy components. Thus, the influences of
various respective alloy components of the ceoating flux on the
low-temperature toughness of the weld metal have been sxamined
thereby to cobtain the following findings. As the amount of C,

Cr, Ti, and/or Mo in the coating flux increases, the toughness
of the weld metal tends to decrease in welding the high-tensile
steel having an yield strength of €90 MPa class or more. In
particular, C or Ti has a great influence of the decrease in
toughness. The increase in amount of Ti leads to an increase
in amount of solid sclution Ti in the weld metal, causing TiC

to be precipitated at a reheating portion, resulting in

reduction of nucleation ability. Thus, a coarse lath-like
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conposition of a slag-nmaking material. Now, the reasons for nuneric
limtations to the | ow hydrogen coated el ectrode according to the invention
will be described in detail. 11 "Coating Ratio: 25 to 45 % by nass" The
coating ratio of the coating flux of the coated electrode is determ ned by
calculating a ratio of the weight of coating flux to the total weight of
the electrode x 100 (that 1is, coating flux weight/total electrode weight x

100). For th coat i ratio of | ess than 25_% by nmass, .shiel ding of a
PR G L T e e L o ML RN
hydrogen.in the, wel d met are increased, which leads to egradation in
tgughgegllear‘i"c?q& F&&Hy rgjgjiestta&ﬁ%ré roef%%%%i%léorﬁé?ﬁl ?‘SCBﬁ@gr g@lrﬁlnlf or ![ he

coal | nd ;r.ali0 Of; More [Nal, 45, 200y, 1 [RS8 BLEDEGOMES Wnslabl6. And, then the
shape of "a éad ° BedOites def etiver - £ur E%F, Fhe afod o1 §F10y conponent s

added Trom.l G ¢oatd ne ] ux tz%ett hhl%wé’\sf s ref 2l aéljaéuhm@%gaée enfQa-flat the

vel d mefal”“has éxcessive streng egrad cracki ng”resi stance and

tOu9hne§%‘la](;1cflfli%eegr{ar@ér?swgeBog%Qg/;:g/%?/ytH@S%o%%hln%%% Wien e, G gont ent

of the steel core wire exceeds mass rel"ative to the total nmss of

the corgamne, The GaqeenientcOfsit hapyel d qefal  LpgLeasesnpsevkhahdhe
strength of the weld netal becones excessive, which cannoF prevent cracking

at | ow tenpeialy & Rud hesiatheramounty ofa f By 20d, Spat bak MaeRerat ed
i ncreases, so that good weldability cannot be obtalned. Therefore, the C

content sofrdrhe exteelt cOf einpFovisy thal tedghae8s06 YhbyinBEsage liess. The C

content of the steel core wire is nore preferably in the range fromO0.01 to

0.06 % amount of Mn and Si decreases the amount of oxygen in the weld
metal, which can ensure the good toughness of the weld metal.

In this way, the optimal compositional range is defined by
taking intc consideration the relationship among the amounts of
metal carbonate, metal fiuoride, metal oxide, and diffusible
hydrogen of the cecating flux, and the shapes of beads in the
vertical upward welding. As a result, a weld metal having
excellent cracking resistance can be obtained, and further the
good weldability can be ensured in all position welding.
Additionally, the combination with the optimization of the
alloy components as described above can improve the low-
temperature toughness.

Based on the foregoing findings, the invention is to solve
the above-meniioned problems by optimization cof alloy
components in the coating flux and optimization of a
composition of a slag-making material.

Now, the reasons for numeric limitations to the low-

hydrogen coated electrode according to the invention will be

described in detail.

11



by mass relative to the total nass of the core wire. Exanples of the
conposition of the steel core wire of the coated 12 electrode in the
invention are described in Table 4 to be described later, but the invention
is not limted thereto. Alternatively, a core wire nmade of a | owall oy
steel containing, for exanple, N, C, M, or the |like may be used

dependi ng on the purposes of use. "Metal Carbonate (in ternms of C02) : 14.7

to 22.4 % by The son |imtations to the coating flux
conp05|tﬁ&?3&qq5§ﬁ§ c#?b %%I%MPYTWQ SEontent of each conponent of the
coating flux j.s a content relati 9 t he _.tot S t he coating fl ux.
In ot her word<® t9° nEt%AI T2 bt bd aF (Eﬁ%f%nngéﬁg %r%éﬁ éln t he

coating qu the fects of n co osed in to of f _CO2
gas, theréﬁy |ﬁ?erer§§?ﬁF e& Yt%agcu§3 n590ﬁ1§9nﬁspﬁ§{§jﬁ% EiBtte'%Flng

the metal,, an g;Qﬁﬁ%ggﬁingh@-ﬁ@%éiﬁng&ﬁﬁs L chydrogen Q?%xﬁ?gég{ 2y 09N

gas in the ar ere cargona € al'so has the e

generati;ng & Nasi G, St 4G éq%hﬁh€oggft@TECQEOHQGWQQE%E CQr?gﬁ?te FQrtgﬁF

coating qux of less tha y mass in terns 2, the anount

gener at @4, 5 tgagy %4 ACKI NG; e 0L £ BUS2 §oRdL$hingkd], ngh%maqt &;b%ffm&l Hained. As
a result, the ‘amounts of hydrogen and nitrogen in netal are

i ncr easedo Wb @nads  or fegr adel | ondi Bhteoaahnﬁ%% o%n@h (érrﬁpiﬁﬂgfdﬁﬁbﬁé ance.
In contrast, when the content of the netal carbonate in the coating fl ux

exceedsn&af%&@bwjmmﬂélﬁblaamaﬁapfa£82inbbaa@@a beear®s 1unstalde, which
i ncreases the anount of generated spatter. As described above, the netal

car bonatde geeitaniton sirdeféongithénst enascobcCBg kastiBeanicrvertt ity wyed er abl y,
the CaC03 content is in the range of 32
metal. Conversely, for the coating ratic of more than 45 % by
mass, arc becomes unstable, and then the shape of a bead
becomes defective. Further, the amount ¢f alloy components
added from the coating flux to the weld metal is increased, so
that the weld metal has excessive strength with degraded
cracking resistance and toughness.
" C of Steel Core Wire: 0.06 % by mass or less "
When the C content of the steel core wire exceeds 0.06 3%
by mass relative to the total mass of the core wire, the C
content of the weld metal increases, so that the strength of
the weld metal becomes excessive, which cannot prevent cracking
at low temperature. Further, the amount of fume and spatter
generated increases, sc that good weldability cannot be
obtained. Therefore, the C content of the steel core wire is
limited to 0.06 % by mass or less. The C content of the steel
core wire is more preferably in the range from 0.01 teo 0.06 %

by mass relative to the total mass of the core wire. ExXamples

of the composition of the steel core wire of the ccated

12



13 to 48 % by mass, and the BaC03 content is in the range of 2 to 11 % by
mass. "CaF2: 13.1 to 24.8 % by mass" The netal fluoride decreases the
melting point of the slag to inprove fluidity of the weld netal to nake the
shape of a bead better. Deconposed fluorine reacts with hydrogen in the
nmolten netal and nolten slag to decrease a partial pressure of hydrogen gas
in the nolten netal, thereby |owering the hydrogen content. For the CaF2

content in the oatln flux of less tha e viscosity of
Che ol e A N Ay eht L R et RaderEad be tife e HhcEhrRs
deteri Ord%t?ecgf | n, contrast F2 content |

exceeds Ry 1%%% IPWé\AgP% é?gﬁfc‘%?ll?)r/l Bé&c Ofes lcr}é#lggetcfotgsl%téf lCzl;)léz

cont ent m)re ferabl e of 1 19 8 % mass. The
addi ti orjla‘lo S ot yy’Ca‘?ZZ %u%‘ ?’2% %%‘ﬁ% (r%ret alqofwl uorlo&'eSSt(Sttj}}c/h as BaF2) can

al so obtc%)élncall gblgc_pméﬁoe%e I&ﬁfg oper a&konM%ndoreftf %ctlol iy Tlnp%éoa?l ng % by

mass" can e §lag- naking ﬁaterl qu.

The addifd Qi &fn AN APREOPLE ALSsagouRt ,of Ti 02 can inprove the shape and
out er appear ancne@of beadp[s V&e% t he 1 %2 content exceeds 8 % by nass, the

amount  ofy 301l & Saldidon (i thﬁBeo‘f"eb@ petah hsthnepeased, f%é’%@é’g TiCcto
be precipitated at a reheating portion, resul fing in reduce nucl eati on

ability. Thusphe coasses | 85H-1iker bak Bhke tst ruet Wo tideprimates to greatly
reduce the toughness of the weld nmetal. Accordingly, the Ti02 content in

the coatdgdpddixids wimi tied &§0sdAiBelo BR1BRSS Ohel €88tchR bLife danwention, no

addition of TiQ2 is
component of the coating flux is a content relative to the
total mass of the coating flux. In cther words, the metal
carbonate (CaCCs;, BaCOs3, or the like}) in the coating flux has
the effects of being decomposed in an arc to give off CO:; gas,
thereby interrupting the molten metal from atmosphere and
protecting the metal, and decreasing a partial pressure of
hydrogen gas and nitrogen gas in the arc atmosphere. The metal
carbonate also has the effect of generating a basic slag. For
the content of the metal carbonate in the coating flux of less
than 14.7 % by mass in terms of CC,, the amount of generated
gas 1s lacking, and thus gcod shielding cannot be maintained.
As a result, the amounts of hydrogen and nitrogen in the weld
metal are increased, which leads to degradation in toughness
and cracking resistance. In contrast, when the content of the
metal carbonate in the coating flux exceeds 22.4 % by mass in
terms of CO,, the arc becomes unstable, which increases the
amount of generated spatter. As described above, the metal

carbonate content is defined in terms of CO;. In the

invention, preferably, the CaCOi; content is in the range of 32
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better so as to inprove the toughness of the weld netal (Kv-60 C z 80J).
Even no addition of Ti Q2 can al so ensure the good weldability. "ZrQ2: 0 to
8 % by mass" ZrQ2 can be added as the slag-naking material to the coating
flux. The addition of an appropriate amount of ZrQ2 can inprove the shape
and outer appearance of beads. For the ZrQ2 content of nore than 8 % by
mass, the slag takes a glassy form and has degraded slag renovability.
Accordlnly, Zr @ copt en of ,t coatin flLux,is lLimted to %b nmass
or Iess% I4n t%h%¥ nventi of, ge%/%% %%Egﬁl % ggflir&ﬁ Eké‘ﬁ arr§e® eonsure he
good wel,dahi k] mi} Ypasel G20 1.1 to 3.0 %by mass" It is necessary to add Si Q2
as the slag Ki ng naterial or a binder into the coating flux. For the Si2

cont ent n%f Fm)rg3 1h N, 3P0 4 A)%b%“ﬂqr?as?g.el ative to the total weight of the

coating ux ag takes 't assy form resulting in degradation of
the slag rewllﬁém fPu&Pf‘&éaéEcrEQEe%h%h%' %mrﬁtgerbtomt desgndhanad. 1 %

by mass, the effect as the slag-making material or binder 1s difficult’to

obtain, tand e woatingdoeal biyrhd wkeal mRraduell andes WrRIradgsd. ahigh | eads
to poor productivity. Accordingly, the SiQ2 content of the coating flux is

in the peaRy®aftadrl Mechibdedy MsSrindl2EB-t0 (9th. 8yv¥rbyamss AlkZ03 can
be added as the slag-nmaking nmaterial to the coating flux. Wen the A12Q3

cont ent meXaeefsndk B8l %ahy mBSSent BRaglboskag ricales aa p@irasisy) fordasiesubti ng
in degradation of the slag renovability. Accordingly; the A1203 content in
t he coatiyayoddruxgds emfuahetmobtehesstthan tBed Myby ovrssing ntHdhehydweméhon,
content. For the CaF; content in the ceating flux of less than
13.1 % by mass, the viscosity of the molten slag is inadequate,
and the shape of the bead becomes deteriorated. In contrast,
when the CaF; content in the ceocating flux exceeds 24.8 % by
mass, the arc stability becomes defective. The CaF; content is
more preferably in the range of 16.2 to 12.8 % by mass. The
addition of not only CaF: but also other metal fluorides (such
as BaF;) can also obtain the above-menticned operation and
effect.
"Ti0,: 0 to 8 % by mass"”
TiO, can be added as the slag-making material to the
coating filux., The addition of an appropriate amocunt of TiO;
can improve the shape and outer appearance of beads. When the
TiO, content exceeds 8 % by mass, the amount of solid solution
Ti in the weld metal is increased, causing TiC to be
precipitated at a reheating porticn, resulting in reduced
nucleation ability. Thus, a coarse lath-like bainite structure

dominates to greatly reduce the toughness of the weld metal.

Accordingly, the Ti0; content in the ceoating flux is limited to
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no addition of A1203 can al so ensure the good weldability. Note that in the
i nvention, at |east one of Ti02, Zr02, and A1203 descri bed above may be
contained in the flux. "C. 0.01 to 0.05 % by nass" The elenent Cis a very

i nportant elenment so as to ensure the strength of the weld netal. For the C
content of less than 0.01 % by mass, an yield strength of 690 MPa cl ass or
nore cannot be attained. For a C content of nore than 0.05 % by nass, the

strengt s of Wyhenamel drrefad s becoimashd onwdritoingy, Wb chdddrashi e&l ITy cgnhances
the sensitivity of |owtenperature cracking. "Si: 2.5 to 6.0 % by nass" The
el ement pSit Hex &b elermentigerovagtias dodebxedlzbngthagenrild anrd d1aving- ¢he
effects of ensuring the strength of the weld netal and reduci ng the anpunt
of oxygéa thepgin. Foenand addontent odf Thiesscahanl2ob eYshy aradss genki di zi ng
i s inadequate, which results in blowholes and poor toughness. In contrast,
for a Swedanibariti tof. nore than 6.0 % by mass, the viscosity of the weld
nmetal is increased, which | eads to degradation in weldability, including
det eri or'a@triCam 6f tpedelr dtyi aoasiat o a base material. Accordingly, the S
content is in the range of 2.5 to 6.0 %by mass, and nore preferably in the
range of 3.5 24r®: 426 Yebydeesk.as' Miie Zlxd-onskngobhytenss]l 16 The el ement M
is added as a deoxi di zing agent, and effective for inproving the toughness
of the welad imet dlluy.i k&heSjaddidrien M contamrafriets thann2. 2 foZpnass,
deoxidizing is inadequate, which generates bl owholes. For a Mh content of
nor e t h&ang imrpdiie rdss, shiare saneéngehebf apheanenrdenetiabeagls. For the

Zr0; content of more than 8 % by mass, the slag takes a glassy
form, and has degraded slag removability. Accordingly, the
Z2r0, content of the coating flux is limited to 8 % by mass or
less. In the invention, even no addition of ZrQ, can also
ensure the good weldability.
"Si0,: 1.1 to 3.0 % by mass"

It is necessary to add 5i0; as the slag-making material or
a binder into the coating flux. For the $5i0, content of more
than 3.0 % by mass relative to the total weight of the coating
fluxz, the slag takes the glassy form, resulting in degradation
of the slag removability. In contrast, for the $Si0, content of
less than 1.1 % by mass, the effect as the slag-making material
or binder is difficult to obtain, and the coating quality in
real producticn is degraded, which leads to poor productivity.
Accordingly, the Si0; content of the coating flux is in the
range of 1.1 to 3.0 % by mass.
"Al:0s3: 0 to 0.8 % by mass”

Al,0;5 can be added as the slag-making material to the

coating flux. When the Al;0; content exceeds 0.8 % by mass, the
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i ncreased, which enhances the sensitivity of |owtenperature cracking.
Accordingly, the Wnh content is in the range of 2.2 to 8.0 %by nmass. "Ni:
1.8to 7.0 % by mass” The elenent Ni is a very inportant conponent so as to
ensure the strength and toughness of the weld netal. For a Ni content of

| ess than 1.8 % by mass, a sufficient inprovenent effect of toughness
cannot be obtained. For a Ni content of nore than 7.0 % by mass, the risk
of high-tenperature cracking is enhanced. Accordingly, the NI content is in
the rang§éagf taKes tao 971@3% b@P%fssre%%Bt%gelﬁr ererappyirh e thhgelad 4.5
to 7.0 % by mass.. " .2 to 3.7 %by mass" The elenents Cr and Mo can
stably &REGMELIHE tot reﬁ*&Fﬁr&lngthe Vit < ]He?(% conheRntaiey thawrddnt®ht (in
addi ng si ngl e one Cr t he_anount of the el enent added, or

al ter na%il\‘}éla |e|’iluaadd|tr‘fb n%tﬂ‘?%n of %bﬁnﬂaﬁ/ﬁ the EBEatNERBHACT/

th f th % b th ff t st | d
oAl cHRNGEE e drnd: L4Ph BNt FASe, STHGH & MO Q9P My Lo ent L bxc QUASE 3.
% b . L hi f, th ile. t h
{ het eof tH& dddh scéﬂéﬁ“%m bty 2Ealetet SR eRperbat o P RO, A Rsbor d 23?3,
the G +escr1 e bor:bteI alj} Elbei 2&%%‘%&?%8]‘ 19 %he.. 5§ 3% by mass, and ror e

preferagl y in range of nass. 8" The D value is
cal cul at.ed By 4h anv ns} %E.f or mJI a (1). The formula for determning
the D value is a fornu dicating the relationship between the content of

a coating flypx %Q’E?r%%{% '@’Hsafhd Sy ampyot+ 9k Ak EHShR! € ohudr agen,, wi£h
the strength of the weld metal. PFor the C content of less than
0.01 % by mass, an vield strength of 690 MPa class or more
cannot be attained. For a C content of more than 0.05 % by
mass, the strength of the weld metal becomes too strong, which
drastically enhances the sensitivity of low-temperature
cracking.

"S$i: 2.5 to 6.0 % by mass"

The element Si is an element serving as a deoxidizing
agent, and having the effects of ensuring the strength of the
weld metal and reducing the amount of oxygen therein. For a Si
content of less than 2.5 % by mass, deoxidizing is inadequate,
which results in blowholes and pcor toughness. In contrast,
for a 51 content of more than 6.0 % by mass, the viscosity of
the weld metal is increased, which leads to degradation in
weldability, including deterioration ¢f penetration into a base
material. Accordingly, the Si content is in the range of 2.5
te 6.0 % by mass, and more preferably in the range of 3.5 to
4.6 % by mass.

"Mn: 2.2 to 8.0 % by mass”
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is experinentally determ ned. The relationship fornula is obtained by

manuf acturing several tens of coated electrodes in a conposition range of
each of various coating fluxes to be described |later, measuring the anount
of diffusible hydrogen of the weld netal obtained in welding by use of the
coated electrode, and calculating the rel ationship between the neasurenent
result and the coating flux conposition by statistical processing. Mre
preferably, the Dvalue is equal to or less than 2.3. CaO 15 to 35 % by

mass, BaQ 0% feTey MassS 29829 33 f‘od?ﬁxézéjﬁﬁiﬁ&s&ge“éaF??dlo to 30 %
Dy oo e v S e S, PLBin oo ) PG, s ® .
2.0 10, 2.0 by TSR ok 50 080 RN TBS%,. 18, i 0 L0 10ty mass,
© 2, S 3 SRS D RLE LR e Bl gt SHLCUR BleghudtaRen e
10T ok i 300 & fygifes B Lo ERUBEDL R OGS vl

increased, which enhances the sensitivity of low-temperature

cracking. Accordingly, the Mn content is in the range of 2.2

to 8.0 & by mass.

"Ni: 1.8 to 7.0 & by mass"

The element Ni is a very important component so as to

ensure the strength and toughness of the weld metal. For a Ni

content of less than 1.8 % by mass, a sufficient improvement

effect ¢f toughness cannot be obtained. For a Ni content of

more than 7.0 % by mass, the risk df high-temperature cracking

is enhanced. Accordingly, the Ni content 1s in the range of

1.8 to 7.0 % by mass, and more preferably in the range of 4.5

te 7.0 % by mass.

"Cr + Mo: 0.2 to 3.7 & by mass"”

The elements Cr and Mo can stably ensure the strength of

the weld metal. When a Cr + Mo content (in adding a single one

of Cr and Mo, the amount of the element added, or alternatively

in adding a combination of Cr and Mo, the total amount thereof)

is less than 0.2 % by mass, the sufficient strength of the weld

metal cannot be ensured. In contrast, when the Cr + Mo content

exceeds 3.7 % by mass, the strength of the weld metal is

increased, while the toughness thereof is degraded, which may

cause low-temperature cracking. Accordingly, the Cr + Mo
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strength steel having a tensile strength of 780 MPa cl ass, decreasing of

t he hydrogen content required to ensure the good cracking resistance is
performed. Thus, the use of the D value can estinmate the relationship

bet ween the coating flux conposition of the | ow hydrogen coated el ectrode
for the high- strength steel and the anount of diffusible hydrogen. Setting
the D value to 3.8 or less can restrain the anount of hydrogen to a |ow

| evel which is required to ensure_the_cracking, tesistance. s 20.8" The z
val ue GRTAEERE (i oy skl o 15551 NI Lt ekt e FePd: et FrBLERIAR ¢ he
coating fl C osition _experinentally.determ ned and the bead shape H L x
100. Th?r%€§ﬁéﬁi§(ﬁ5 ?sr%%?giﬂtg?b% hﬁn&fgcgu i"n§®Séveral tens of coated

el ectr oq, i@ %,ponposition range of each of various coating fluxes
descri bed &bove, measuring the shape of a weld bead obtained in verti cal

upwar d wel di ng, by, use, of §he-goated: o8l g6t tade and calqul gtidg dhe,, .

rel ationshi p between t neasur eneént resu t he coat'1 ng

conposi ti.gn b S i Styi.C rﬂgggﬁa- . Fi 3ni e | ar l-an vi ew
show ng gﬂ'evgpﬁa??%ﬁﬁlﬁ%tcﬁﬁ 0 t_éﬂgﬁageg% % ﬁgg ° é???e?o%gﬁﬁghg IS
appl i ed j grddiGald vepvWed fa £ 0oRsPaL " 1HoF wBL At Erﬁellcfggit%%t"‘%fd%d VA0S E, 4 el di ng

| i nes extend perpendicularly to each other. e  ength L and extess

vel d netalheighiiodd ofor dhdl eheWehduheadr24iektaiinad s, dmasiy ed.n Based on
the ratio HL x 100 as evaluation reference of the shape of” a bead, the

rel ati onghidkpdiemaamihe aeesHheneat resal iepétﬂéhsﬁi%‘?(ﬁoi‘ﬂx@ltah@scoati ng
flux conposition are shown in Fig. 2. As the val ue of L x
obtained by manufacturing several tens cf coated electrodes in
a composition range of each of various coating fluxes to be
described later, measuring the amount of diffusible hydrogen of
the weld metal obtained in welding by use 0of the coated
electrode, and calculating the relationship between the
measurement result and the coating flux ccomposition by
statistical processing. More preferably, the D value is equal
to or less than 2.3.
Cad: 15 to 35 % by mass,
Ba0: 0 to 10 % by mass,
CO;: 14 to 24 % by mass,
Ca¥Fp: 10 to 30 % by mass,
TiO;: 0 to 10 % by mass,
Zr0,: 0 to 10 % by mass,
Si0:;: 0.8 to 5.0 % by mass,
Al,053: 0 to 1.5 % by mass,
C: 0.01 to 0.05 % by mass,
S5i: 2.0 to 8.0 % by mass,

Mn: 1.5 to 10 % by mass,
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100 becones snmaller, the bead is | ess prone to droop, and the shape of the
bead is superior. As shown in Fig. 2, for the value Z of 20.8 or less, the
HL x 100 is equal to or less than 20, so that the excellent shape of bead
can be obtained, thus resulting in good weldability. Thus, the use of the Z
value can estimate the relationship between the coating flux conposition
of the | ow hydrogen coated el ectrode for the high- strength steel and the
wel dabi Ljty in %ll fﬁs%tion wel ding. Setting the Z value to 20.8 or |ess
can ensdte dodl “et YabiPYtP2SKore preferably, the z value is equal to or
less than - 80.8 Balance" In the coated electrode of the invention, the
bal ance M4'nd Udes® nbot° 6y Ee, but also alkali nmetal fluoride, alkali netal
oxi de, %!Kauj-ear h%qgtal fluoride (except for CaF2), alkali-earth netal
oxi de, BI‘A" Wt %@. held® 31 enents and 20 conpounds nmay not be contai ned.
The al kal i, net.al ride al kali nmetal oxide, alkali-earth netal fluoride
(except%%BrQPé%féééu%rb£1$% T:earth metal oxide i nproves the arc stability,

ond reduces Uhe, sroul ol G20eT o1 g0 SERLICE, TG S SIP B o uy Y es e

t oughness of t enen are added ?ﬁereto

as a de ‘if‘ié%jgglé‘gr‘?y”&ro@zl? £02L 1L PGy Eh“’ggﬂ‘;g, te%%e'\liq\frﬁgltﬂgpa%& a}é%gﬁ?i os.

i ncl ude 0. y mass or ess Intota , n as

Remai ni ng, i@ copponent s 0f the woatdng tlyx pigthe | ows @VQV@Q%Q‘ﬁﬁEed
el ectrode of the invention is Fe derived from various kinds of Fe alloys

(Fe-Si, st dFe-&srherdPe ARPIrbhen bbkehe sardaon poyeresdherfcsease

in Fe content increases the rate of deposition, thus inproving the

efficiengy 1afo wel d1t is shown that in the weld metal of a high-
strength steel having a tensile strength of 780 MPa class,
decreasing of the hydrogen content required to ensure the good
cracking resistance is performed. Thus, the use of the D value
can estimate the relationship between the coating flux
composition of the low-hydrogen coated electrode for the high-
strength steel and the amount of diffusible hydrogen. Setting
the D wvalue to 3.8 or less can restrain the amount of hydrogen
to a low level which is required to ensure the cracking
resistance.
"z = 20.8"

The Z value given by the formula {2) indicates the
relationship between the coating flux composition
experimentally determined and the bead shape H/L x 100. The
formula (2) is obtained by manufacturing several tens of coated
electrodes in a composition range of each of variocus coating
fluxes described above, measuring the shape of a weld bead

obtained in vertical upward welding by use of the coated

electrode, and calculating the relationship between the
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work. In the invention, weldability was evaluated at Fe contents in a range
of 4.0 to 33.1 % by nass. As aresult, in this range, the good weldability

can be ensured. "Qthers" The coated electrode of the invention is

manuf actured by applying the above-nentioned coating flux, and then burning
the flux at a tenperature of 470 to 540 C so as to renobve noisture.

[ Exanpl es] Now, the results of tests performed to show the effects of the

invention will be descri in the scope of

b A
the T nviei g ST e ang B oGP TR oD BMRS it P LN STPP

|nvent|on fo | ow ng Tabl e 1 shows meldlng conditions for a flat

wel di ng t5§ﬁ Ca%ﬂ.%ﬁ net erd Of an electrode was 4. 0 mm The meldlng
position is g. flaf 4 g$ t|o r|t cl SB%E r@g%ﬂ; J.ent el ectrode
positive), and‘%he we ng a ﬁ r% Was aF a enperature or'H0"¢ and at

a hum d'mte@%éi %% %nd N ﬁroﬂadﬁ afihe ﬁf’f‘%égg %‘;h? agal apg;llg% flux was

heat ed one eef S t was 3128

SHO35 Udhed diiokngssyaf +20, oL, The shapesof 3.0380%8 1 g oove,

and a groove gap spee reheati ng and
Heat  Ccuyfignt, 'fﬁ%ﬁ*éi@%ﬂ@ %fﬁ%ﬁﬁpéﬁiakmguko %%kh(%kh%%”peﬁﬂhuﬁ% )

(kJ/mm) 150 23 100 100 2.1 | ow ng Tabl e 2 shows wel ding conditions
of a veardigdal M dkfdddetuaehdntest. nhgndi anelel: 6fi 1tk weld bead 2

obtained is measured. Based on the ratio H/L x 100 as
evaluation reference of the shape of a bead, the relationship
between the measurement result of H/L x 100 and the coating
flux composition are shown in Fig. 2. As the value of H/L x
100 becomes smaller, the bead is less prone to droop, and the
shape of the bead is superior. As shown in Fig. 2, for the
value Z of 20.8 or less, the H/L x 100 is equal to or less than
20, so that the excellient shape of bead can be obtained, thus
resulting in good weldakility. Thus, the use of the Z walue
can estimate the relationship between the ceoating flux
compositicn of the low-hydrogen coated electrcde for the high-
strength steel and the weldability in all position welding.
Setting the Z value tc 20.8 or less can ensure good
weldability. More preferably, the 2z value is equal to or less
than - 80.8.
"Balance"

In the coated electrode of the invention, the balance
includes not only Fe, but also alkali metal fluoride, alkali

metal oxide, alkali-earth metal fluoride (except for CaF:),

alkali-earth metal oxide, B, Al, or Mg. These elements and
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el ectrode was 4.0 nm The wel ding position was a vertical upward position,
the preheating tenperature was room tenperature, and the polarity was DCEP
(direct-current electrode positive). In order to dry the coating flux
again, the flux was heated at 350 C for one hour. A steel sheet under test
was JI'S G 3128 SHY685 (in a thickness of 12 nmm). A groove was in the form
of Tjoint, and a groove gap was O nm [Table 2] Weld current Arc Wld
speed Heat input (A voltage(V) (mmm (kJ/mm) 120 22 80 2.0 The foll ow ng

T ble 3 sh Id f 2 diff l.e h Th

e P IPMAAIE AL T LBl LT
t | t | t t d

o A 82 S B R R AR,

20 Y. darkﬁgrd%r Cik%@i ”%1]%9 41{‘91 +>91<d89 rob 0§ gk%xa‘é@ss %%t FE@—))?} 350

C for on bIe 3] rc vo tage d spee current

(i m n), dlioeaqﬁc%ssocﬁé‘earﬁ&uﬁe%?gggﬁgk‘ét%dsgg‘é&t‘é‘}”po%h@ %ﬁ%m(e'r&bt]i?rns of %

by rrass of ste core wres used e tes he follow ng les 5to 8

show conpgsiddonsciaf CaadhngsE! Hf%h@”@e@dV%'e'%%% Gy Wheh nameral yal ues
for the conposition are represented in terns of "ot Yoby mass). In Table 7, a

br eakdowh PivPUEL & qvdd Uese r desCrbadgeB ktibg zll'fn%ma%fer{fthe %'ea'&?aﬂl%é he

total anmount of alkali netal fluoride, alkali nmetal oxide, alkali earth

met al flux of the invention is allowed to include 0.1 % by mass or
less in total of P, S5, V, Nb, or Sn as impurities,

Remaining main components of the coating flux of the low-
hydrogen coated electrode of the invention is Fe derived from
various kinds of Fe alloys (Fe-S8i, Fe-Mn, Fe-Cr, Fe-Mo, and the
like}, and iron powder. The increase in Fe content increases
the rate of deposition, thus improving the efficiency of weld
work. In the invention, weldability was evaluated at Fe
contents in a range of 4.0 to 33.1 % by mass. As a result, in
this range, the good weldability can be ensured.

"Others"

The coated electrode of the invention is manufactured by
applying the above-mentioned coating flux, and then burning the
flux at a temperature of 470 to 540 °C so as to remove
moisture.

[Examples]

Now, the results of tests performed to show the effects of
the invention will be described below by comparing Examples
within the scope of the invention with Comparative Examples
departing from the scope of the invention. The following Table

1 shows welding conditions for a flat welding test. The
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fluoride (except for CaF2), alkali earth netal oxide, B, N, and M, and
inevitable inmpurities (P, S, V, Nb, and Sn). The anount of inevitable
inmpurities is 0.1 %by mass in total. Therefore, for exanple, when the

bal ance content is 1.0 % by nass, the total anmount of al kali netal
fluoride, alkali netal oxide, alkali earth netal fluoride (except for
CaF2), al kali earth net al oxi de B, NN and My is 0.9 % by mass, and the
am)unto V|tabe| is 0. 0ob m . Tabl.e 8 sho he types A
and B o Yo dte o RbetkERde] ReBdndl B0 andien Efiépgvméﬁﬁr%swy
conposi tJd o S of steel core res and r.e sho in Table bel ow. ther
23 conpartéht LU HHE e %}tl?n%m@?ﬁ%tgr %gﬁPildlr WDC r\?nt T%%ﬁ%t]é dRons

t he res;é % thfv t.he te&ttljlg fLi\% Wgsg“ﬂggp&eg‘l ng.. T%bl ed:l(% 32:) the rfesul ts

of the e’rtlcal anount® of %ydrogen

'gzisi?"“”?orZCWT?&'de 4 %@%@#ﬁf?‘%??\eéﬁ%ﬁd%ﬁ 64878 Bo %Bsés% ¢ 0023
Car2 BB TG0 $102 0 5h T8 000" 100, 6 2 6 " 203508 S8 et 0.8 206 3
34.8 24. 8611 OhdB-Ohder test was JIS G 3128 SHY685 (in a thickness of

20 mm). The shape of a groove was 20° V groove, and a groove

gap was 16 mm.

[Table 1]
Weld Arc Weld speed Preheating and Heat
current | voltage (mm/min) interpass input
(A) (V} temperature (°C) (kJ/mm)
150 23 100 100 2.1

The following Table 2 shows welding conditions of a
vertical upward fillet weld test. The diameter of the
electrode was 4.0 mm. The welding position was a vertical
upward position, the preheating temperature was rcom
temperature, and the polarity was DCEP (direct-current
electrode positive). In crder to dry the coating flux again,
the flux was heated at 350 °C for one hour. A steel sheet
under test was JIS G 3128 SHY685 (in a thickness of 12 mm). A

groove was 1n the form of T joint, and a groove gap was 0 mm.

[Table 2]

Weld current Arc Weld speed | Heat input
(A) voltage {V) {mm/min) (kJ/mm)
120 22 80 2.0

The following Table 3 shows welding conditions for a test
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4 40.4 21.55.7 0.0 2.8 532.119.02.60.02.9 6 40.4 21.55.70.02.8 7
42.0 13.1 10.0 6.0 1.1 8 40.4 21.5 5.7 0.0 2.8 9 46.4 15.05.9 8.0 2.8 10
41.8 16.3 6.3 0.0 2.8 11 41.8 16.3 6.3 0.0 2.8 12 41.8 17.0 6.3 0.0 2.8
13 41.8 16.3 6.3 0.0 2.8 w14 41.8 16.3 6.3 0.0 2.8 15 41.6 18.3 5.9 4.8

2.8 16 35.7 13.1 4.2 0.5 1.2 17 45.4 13.1 10.6 0.0 2.5 18 44.3 19.8 5.3
0.0 2.8 19 45.2 18.1 5.4 0.0 2.8 20 45.2 16.3 5.8 0.0 2.8 21 45.2 16.3
5.8 0.0 5.2 0. 8 23 48.2 16 8 24 39 3
13.5 1o°§ 6t ﬁl%%%ﬁ@%ﬂ g”ie GHipme et %% Egs :%geatgoglema@ £-d 27
39.5 13.4 10.6 28 39.5 13 4 10.6 5.0 1.3 W29 35 7
2.0 30Mb. é‘nfssﬁi‘em"%%”bg PoSt %310%8""%526 glétlp(isd 308 - 35g21p§§f€3§3’6 3
0.0 2.8 . ro

was DCEP (direct-current electrode positive}, and the welding
atmosphere was at a temperature of 20 °C and at a humidity of
20 3RH. In corder to dry the coating flux again, the flux was

heated at 350 °C for one hour.

[Table 3]

Weld Arc voltage |Weld speed

current (A) (V) (mm/min?
150 23 180

The following Table 4 shows compositions (in terms of % by
mass) of steel core wWires used in the test. The fcllowing
Tables 5 to 8 show compositions of coating fluxes and D values
(in which numeral wvalues for the composition are represented in
terms of % by mass). In Table 7, a breakdown of numeral values
described in the item of the balance is the total amount of
alkali metal fluoride, alkali metal oxide, alkali earth metal
fluoride (except for CaF;), alkali earth metal oxide, B, N, and
Mg, and inevitable impurities {(P, 3, V, Nb, and Sn). The
amount of inevitable impurities is 0.1 % by mass in total.
Therefore, for example, when the balance content is 1.0 % by
mass, the total amount of alkali metal fluoride, alkali metal
oxide, alkali earth metal fluoride (except for CaF;}, alkali
earth metal oxide, B, N, and Mg is 0.2 % by mass, and the
amount of inevitable impurities is 0.1 % by mass.

Table 8 shows the types A and B of steel core wires used
in Examples and Comparative Examples. The composiftions of

steel core wires A and B are shown in Table 4 below. Other
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33 35.918.3 4.1 1.8 1.0 ro 34 43.0 13.5 6.4 0.51.3 035 32.3 20.0 1.7
5,0 1.3 U 36 48.0 18.0 9.7 3.0 1.3 37 42.9 12.5 5.2 0.5 2.0 25 [Table 6]
No. A1203 Zr02 Fe c Si 10.43.410.6 0.015.2 20.53.312.00.03 4.2 3
0.53.412.2 0.046.0 40.43.211.6 0.01 4.0 50.00.826.40.014.4 o
0.4 3.2 11.2 0.01 4.2 7 0.80.111.80.01 4.9 80.43.211.50.015.9 9
0.4 0.08.10.046.0 10 0.4 3.520.00.02 2.50 11 0.4 3 5 11.2 0.05 5.5

12 0.4 3.8 4.5 0.04 9 ro 13.0.4_3.5 0. 05 0 3.5 9.0 0.01
6.5 15 PPV 4D %Pot%i Oﬁgl&% Bfﬁxo%eﬁ % %3 167“‘3). 8.0 7.8 0.01
2.5 18 0.4 %‘Q> 13. g QhOWSSthe %2581%530% %%e tes%4ln flat position

welding. Table 10 shows the results of the test in vertical

upward welding. The amount of diffusible hydrogen is shown in

Table 8.
[Table 4]
Steel Steel core wire composition (% by mass)
core
wire C 5i Mn P S N Fe
type
A 0.01 | 0.01]10.40 | 0.003 [0.0011]0.0023 |balance
B 0.06 | 0.06 | 0.60 | 0.005 [0.003([0.0050 |balance
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20 0.4 3.2 13.0 0.02 3.7 21 0.4 3.2 15.1 0.03 3.6 22 0.4 2.9 12.0 0.04 3.8
23 0.4 3.0 4.0 0.03 5.4 24 0.4 2.1 16.8 0.01 3.1 25 0.54.0 7.3 0.04 5.4
26 0.8 0.0 19.9 0.01 2.0 0 27 0.8 0.0 15.2 0.01 2.0 28 0.8 0.0 13.0 0.01

2.5 ro 29 0.8 10.5 15.1 0.01 2.5 w30 1.00.114.50.01 2.1 U 310.4 3.4
10.6 0.00 5.2 r0 32 0.4 3.59.10.086.0 33 0.30.022.10.01 4.4 ro 34
0.3 2.2 18.6 0.01 3.0 035 0.34.017.50.02 7.1 U336 0.30.012.1 0.012

2.0 37020023000144 26 [Table 7] No. Mi Ni O M Balance 1 4.6

4.7 0603 HSlo 42485071108 34232011106

No. CaCQz CakF, BaCOs Ti0; S10;

1 38.8 20.9 6.1 0.0 2.9

2 37.0 22.8 6.1 0.0 2.9

3 34.8 24.8 6.1 0.0 3.0

4 40.4 21.5 5.7 0.0 2.8

5 32.1 12.0 2.6 0.0 2.9

6 40.4 21.5 5.7 0.0 2.8

7 42.0 13.1 10.0 6.0 1.1

8 40.4 21.5 5.7 0.0 2.8

9 46.4 15.0 5.9 8.0 2.8

10 41.8 16.3 6.3 0.0 2.8

o 11 41.8 16.3 6.3 0.0 2.8
% 12 41.8 17.0 6.3 0.0 2.8
g 13 41.8 16.3 6.3 0.0 2.8
= 14 41.8 16.3 6.3 6.0 2.8
15 41.6 18.3 5.9 4.8 2.8

16 35.7 13.1 4.2 0.5 1.2

17 45.4 13.1 10.6 0.0 2.5

18 44.3 19.8 5.3 0.0 2.8

19 45.2 18.1 5.4 0.0 2.8

20 45.2 16.3 5.8 0.0 2.8

21 45.2 16.3 5.8 0.0 2.8

22 47.1 18.0 5.2 0.0 2.8

23 48,2 16.2 5.3 0.0 2.8

24 39.3 13.5 10.6 0.5 2.0

25 34.8 25.2 6. 0.0 3.2

o 26 39.5 13.4 5.4 11.0 1.3
34 27 39.5 13.4 10.6 5.0 1.3
g 28 39.5 13.4 10.6 5.0 1.3
é 29 35.7 13.5 10.7 0.0 2.0
o 30 42.0 13.1 10.0 6.0 1.2
_a 31 38.8 20.9 6.1 0.0 2.9
g 32 41.8 16.3 6.3 0.0 2.8
E 33 35.9 18.3 4.1 1.8 1.0
% 34 43.0 13.5 6.4 0.5 1.3
8 35 32.3 20.0 1.7 5.0 1.3
36 48.0 18.0 9.7 3.0 1.3

37 42.9 12.5 5.2 0.5 2.0
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wl4 19.8 1.6 B 2.6 2.5 15 19.6 1.9 B 2.6 2.7 16 16.7 1.2 B 3.8 2.7 17
22.3 0.3 A 3.8 2.8 18 20.7 2.6 B2.3 2.1 19 21.12.7B2.21.8 20 21.2
3.7B2.12.5 2121.20.2B2.12.2 2221.91.7B1.91.7 23 22.41.1B
1.8 2.1 24 19.6 1.2 A 2.8 3.0 25 16.7 0.6 B 3.0 2.7 26 18.6 0.0 A 6.0 2.6
U 27 19.7 4.0 A2.8 2.5 E28 19.7 0.8 A2.82.8 w29 18.1 0.3 A7.12.8
30 20.7 1.4 A 2.4 2.8 a) 53118.41.8B2.92.8 -P3219.81.2B26 2.7
rt 33 1éT?bie98@ 4.6 4.2 M34 20.4 1.2 A4.2 4.0 035 14.6 1.5 A9.1 4.5
U36 23.3 0.4 A3.6 3.0 37 20.01.8B2.12.7 28
No. O, CriMo Steel Diffusible
(3 by (3 by c?re D hydrogen
nass) nass) Wwire amount
type (ml/100g)
1 18.4 1.8 A 2.9 2.8
2 17.6 1.8 A 2.6 2.8
3 16.7 1.2 A 2.8 2.7
4 19.0 2.9 A 2.8 2.8
5 14.7 2.0 A 3.3 1.8
6 19.0 1.5 A 2.8 2.7
7 20.7 1.4 A 3.4 2.8
8 19.0 1.2 B 2.8 2.7
9 21.8 1.5 B 3.7 3.0
10 19.8 1.7 B 2.6 2.5
2 11 19.8 1.1 B 2.6 2.7
% 12 19.8 2.1 B 2.9 2.6
g 13 19.8 1.2 B 2.6 2.7
= 14 19.8 1.6 B 2.6 2.5
15 19.6 1.9 B 2.6 2.7
16 l6.7 1.2 B 3.8 2.7
17 22.3 0.3 A 3.8 2.8
18 20.7 2.6 B 2.3 2.1
19 21.1 2.7 B 2.2 1.8
20 21.2 3.7 B 2.1 2.5
21 21.2 0.2 B 2.1 2.2
22 21.9 1.7 B 1.9 1.7
23 22.4 1.1 B 1.8 2.1
24 19.46 1.2 A 2.8 3.0
25 le6.7 0.6 B 3.0 2.7
o 26 18.6 0.0 A 6.0 2.6
34 27 19.7 4.0 A 2.8 2.5
% 28 19.7 0.8 A 2.8 2.8
S 29 18.1 0.3 A 7.1 2.8
o 30 20.7 1.4 A 2.4 2.8
i 31 18.4 1.8 B 2.9 2.8
g 32 19.8 1.2 B 2.6 2.7
% 33 16.7 1.9 B 4.6 4,2
% 34 20.4 1.2 A 4.2 4,0
8 35 14.6 1.5 A 9.1 4,5
36 23.3 G.4 A 3.6 3.0
37 20.0 1.8 B 2.1 2.7
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[ Tabl e 9] Evaluation NO O 2 % Kv-60 results yield OC of | ow O hers Tot al
strength (MJ) tenperature evaluation cracking 1 701 121 0 0 2 774 130 0 O
3730 111 00 4 767 150 0 0 5 798 108 0 0O 6 767 98 0 0 7 752 5500 8
706 99 0 0 9 7359500 10 717 100 0 0 0 11 743 75 0 0 12823 83 00 ro
13 770 88 0 0 x W14 778 86 0 0 15 771 60 0 O 16 744 62 0 O 17 741 99 O
0O 18 748 121 0 0 19 751 101 0 0O 20 781 85 0 0 21 696 99 0 0 22 721 93 O
0 23 8dFad7«q

Evaluation
0.2 %
NO , Kv-60 | results
yield o Total
C of low Cthers :
strength evaluation
(MPa) {J) tempe?ature
cracking
1 701 121 o o)
2 774 130 o o}
3 730 111 o o]
4 767 150 o] o]
5 798 108 o] 0
6 767 98 o o)
7 752 55 o o)
8 706 99 0 o
9 735 95 o} o]
10 717 100 0 o]
o 11 743 75 0 o)
réi 12 823 88 o o
ﬁ 13 770 88 o) Q
Ml 14 778 86 o} 0
15 771 60 o} 0
16 744 62 o} o
17 741 89 o) 0
18 748 121 o} o)
19 751 101 o o)
20 781 85 o} o}
21 696 99 o o}
22 721 93 o 0
23 803 87 o} o}
24 721 101 0 o}
Unstable arc
o5 897 72 N pegradation y
o in slag
E removability
5 26 675 38 o x
g 27 865 22 o x
" High
E 28 805 64 o] Temperature x
ﬁ cracking
E o Degradatiocn
al 29 739 87 in slag X
g s
8 removability
779 34 o} Degradation
30 in s%aq 5
removability
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24 721 101 0 O Unstable arc 25 897 72 Degradation x O in slag
ro x 27 865 22 0 x Hgh v 5 28 805 64 o

renmovability F3 26 675 38 0 x
ro ~4 Degradation ro O 29 739 87 in slag x o

t enperat ure

Gener ati on

X -H cracking
renovability U 779 34 o Degradation 30
of bl owholes 31 684 116 0 x

productivity 34 754 65 x X

in slag x renovability 29 ,
32 856 74 x x 33 771 60 x Poor x

; Generation
of blowholes
31 84 116 o} x
32 856 74 X X
33 771 60 x Poor %
productivity
34 754 65 x X
35 721 40 ® Poor b
penetration
36 705 33 Unstable arc X
37 786 62 Generation X
of blowholes
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35 721 40 x Poor x penetration 36 705 33 0 Unstable arc x 37 786 62 0O
Ceneration x of blowholes 30 [Table 10] No Requirene CaQ(%y BaQ %y H L
Total nt of the z invention nass) nmass) x100 evaluation 1 0 21.7 4.7 16.8
19.8 2 0 20.7 4.7 20.8 17.2 3 0 19.5 4.7 18.6 15.1 4 0 22.6 4.4 18.5 16.4
5018.0 2.0 19.1 15.3 6 0 22.6 4.4 18.5 17.0 7 0 23.57.81.34.4 80
22.6 4.4 18.519.1 90 26.0 4.6 -29.1 19.0 10 0 23.4 4.9 17.6 6.1 v 11 0
23.4 4.97EPle 1Pl 12 0 23.4 4.9 12.7 17.8 id 13 0 23.4 4.9 17.6 17.7 x w
14 0 23.4 4.9 17.6 18.1 15 0 23.3 4.6 9.3 9.3 16 0 20.0 3.3 18.8 16.0 17

0 24.0[8.2]- 3 1 163528 ( &b By 1526 212A[ 6 O H/L | Total
invention | M&s8s) mass) x100 {evaluation

1 o 21.7 4.7 16.8 19.8 .

2 o 20.7 4.7 20.8 17.2 .

3 o 19.5 4.7 18.6 15.1 .

4 o 22.6 4.4 18.5 16.4 .

5 o 18.0 2.0 19.1 15.3 .

6 o 22.6 4.4 18.5 17.0 .

7 o 23.5 7.8 1.3 4.4 .

8 o 22.6 4.4 18.5 19.1 .

9 o 26.0 4.6 -29.1 | 19.0 .

10 o 23.4 4.9 17.6 6.1 .

@ 11 o 23.4 4.9 17.6 18.0 .
g | 12 o 23.4 4.9 12.7 17.8 .
s 13 o 23.4 4.9 17.6 17.7 .
[ 14 o 23.4 4.9 17.6 18.1 .
15 o 23.3 4.6 9.3 9.3 .

16 o 20.0 3.3 18.8 16.0 .

17 o 24,0 8.2 -24.1 | 16.5 .

18 o 24.8 4.1 24.1 24.6 o

19 o 25.3 4.2 23.8 25.5 o

20 o 25.3 4.5 23.8 13.2 o

21 o 25.3 4.5 23.8 12.5 o

22 o 26.4 4.0 28.0 22.2 o

23 o 27.0 4.1 27.9 40.0 o

24 o 22.0 8.2 39.6 26.1 o

25 x 19.5 4.7 11.8 15.1 x

26 X 22.1 4,2 -37.1 | 10.3 x

o 27 x 22.1 8.2 19.5 16.0 X
g | 28 x 22.1 B.2 19.5 16.5 x
% | 29 x 20.0 8.3 -80.8 | 16.5 x
B 30 x 23.5 7.8 11.1 4.4 x
ESET x 21.7 4.7 16.8 | 19.2 x
+ 32 X 23.4 4.9 17.6 17.4 x
H 33 x 20.1 3.2 2.5 9.3 x
&1 34 x 24.1 5.0 6.7 16.0 x
3 | 35 x 18.1 1.3 -118.7 | 12.0 x
36 x 25.0 7.5 27.9 10.1 X

37 x 24.0 4.0 43 .6 24.0 x
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19 0 25.3 4.2 23.8 25.5 0 20 0 25.3 4.5 23.813.2 0 21 0 25.3 4.5 23.8
12.50 22 0 26.4 4.0 28.022.20 23 0 27.0 4.1 27.9 40.00 24 0 22.0 8.2
39.6 26.1 0 25 x 19.5 4.7 11.8 15.1 x 26 x 22.1 4.2 -87.1 10.3 x 27 X
22.1 8.2 19.5 16.0 x 28 x 22.1 8.2 19.5 16.5 x 29 x 20.0 8.3 -80.8 16.5 x
w30 x 23.5 7.8 11.1 4.4 x 31 x 21.7 4.7 16.8 19.2 x 32 x 23.4 4.9 17.6
17.4 x ro 33 x 20.1 3.2 2. 5 9 3 X 34 X 24.1 5.0 6.7

16 0 X V 35 x 18.1
1.3 -118. 7 1 0 X 36, X,25 27. 9 .1 x, 37 X
The coat ed eﬁéc rSee e Ctr?des Xamgggfiﬁngé %ﬁ%§atlv §X%%%f?8

lﬂglgggﬁ} 2ﬂsldﬂ?fumW@P&ﬁgﬁgggg%&%geeach gg@?@t%% néﬁn1 MSSBHEZQSrEQUSThe
Teasur el o SN0, 1R%T baoeds 0Nl Sc £, WIBh e AT, Of 8 st bl &

hydr oge s equal to or Tess than 3 posite nmetal was

det er m Baduld, hie gooh o heeapuBLS fkchhewds finlé%'sfeﬂr%d hy%ggma@ﬂ%ﬂfﬁt are
shown i n Table 8. ing conditions shown in Table 1, the
method was based on JIS Z 3118. When the amount of diffusible
hydrogen was equal to or less than 3.0 ml/100 g, the deposited
metal was determined to be good. The amounts of the diffusible
hydrogen measured are shown in Table 8.

On the welding conditicons shown in Table 1, the high-
strength steel HT780 was subjected to flat-position welding
thereby to manufacture a deposited metal. A specimen for a
tensile test (JISZ3111 Al) and a specimen for a Charpy impact
test (JISZ3111 A4} were taken from the deposited metal, and
then a mechanical test was performed on the specimens. As a
result, the 0.2 % yield strength (MPa) and measured value Kv-
60°C (J) of the Charpy impact value which were obtained are
shown in Table %. The deposited metal having a 0.2 % yield
strength of 690 Mpa or more, and a Charpy impact at -60 °C of
50 J or more can be determined tce have the good strength and
the toughness. Further, the results of evaluation of low-
temperature cracking are shown in Table 9. In a flat-positicn
welding test, an evaluation method for low-temperature cracking
was performed as follows. After welding, the weld bead was
left for 96 hours, and a backing metal was cut. The presence
or absence of defaults on the deposited metal were exXamined by

ultrasonic inspection (JIS Z 3060) and magnetic-particle

testing (JIS G 0565).
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strength steel HT780 was subjected to flat-position welding thereby to
manuf acture a deposited netal. A specinen for a tensile test (JISZ3111 Al)
and a specinmen for a Charpy inpact test (JISzZ3111 A4) were taken fromthe
deposited netal, and then a mechanical test was performed on the specinens.
As a result, the 0.2 %yield strength (MPa) and nmeasured val ue Kv- 60C(J)
of the Charpy inpact val ue V\/ni ch were obtai ned are shown in Tabl e 9. The
deposited netal .having a_0.2 |eId stren th of nore,. and a
Char py |rrpactEa }}1 %o% %Buﬁ drs %F%CEaH g’éte rvrﬁdr\{g’d’ o R 1R2 good
strength an t he tou hness h t he esults .Of tion of |ow
terrperatureq:crroancl?}lncgr Are 3 o&ﬁgﬁﬁqﬁ %%F Q rt <_‘Hmllae \CISIS| t%; | di ng test,

an, eval yaLlon eUiod for l_lg»ealegzee%@wggggrggﬂ%feglswaﬁfhg%f Lor ped 2. fol | ons.

Af ter vve he we ead was ours acki ng metal was

cut. by%%%{‘?ﬁeté’ét@c?%“?@h&fuﬁﬁ%g‘gé@cgggég"e I%%S'atn%d At W?r €

exam ne trasoni c 1 nspection rragnetl C- al’tl cle

testing 1S G H3ER)t: 32 »!z:élféh%w @ﬁg@%%@@ L1356 ghaG RPssfMed by a

scanning electron mcroscope ( ereby to examne the formof cracking

on the frachunef s d aceamilhad b§,tM@eéB§ErQétﬁ%h uql%ife‘%CttfhéjeéEQ@t eapy the
ul trasonic inspection and magnetic- particle testing were | owtenperature

cracki nghhyinpgais e SFRCkd Mg) whes exantpgdtiy ebheuelrseryvatd on ot he SEM
In the SEM observation, when the fractured surface is a pseudo- cleavage

pl ane, thedwewd epearat uflee CI aekt agpwastdeteernred g0 waeXiddte ASi rfed esdll t,
the case of no lowtenperature cracking is designated by a mark o, and the

case of egenear.at ben aofretshd H,0whd erguer ad fireo craektBgpesadasegrated ibyy a dmar k
X. The results of
designated by a mark o, and the case of generation of the low-
temperature cracking is designated by a mark x. The results of
the evaluation are shown in Table 9. The presence or absence
of defects was first examined by both ultrasonic inspection and
magnetic-particle testing. When the cracking was found, the
form of the fractured surface was observed with the SEM,.

Then, the vertical upward fillet welding was performed on
welding conditions shown in Table 2 thereby to evaluate
weldability in the vertical upward welding. At this time, the
leg length L and the excess weld metal height H of the fillet
weld bead were measured. In order to evaluate the tendency of
drooping of the beads, the wvalue H/L x 100 was used. The
values H/L x 100 are shown in Table 10. For a H/L x 100 of 20
or less, the weldability can be determined to be very good
(represented by marks "*" in total estimaticn).

As shown in Tabkle 8, the amount of diffusible hydrogen in

each of Examples 1 to 24 was small, for example, equal to or

less than 3.0 ml/100 g. Further, as shown in Table 9, in
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the evaluation are shown in Table 9. The presence or absence of defects was
first exam ned by both ultrasonic inspection and nagnetic-particle testing.
When the cracking was found, the formof the fractured surface was observed
with the SEM Then, the vertical upward fillet welding was performed on

wel di ng conditions shown in Table 2 thereby to evaluate weldability in the
vertical upward welding. At this tine, the leg length L and the excess wel d

tal height .H of th il | d bead . d. | t | uat
The t enBest 1o Tar'dod Ho o1 thE DRBAL: 2t heTdAT Ao SHEETE 00 Mty Uk The
values B L x 100 are shauwn i,n Taple 10..Far a FiL x log of 28 ﬁé | ess, the
wel dabi MOFY "EAR P& detTerm hWed 8" bat veP) good(repFetsAtsd b9 mirks " in
t ot al i j ) i 8 f diffusibl e _hydr. i
bach of EMeReaRy (Bl QiR CueLOCCARYALAT, b’ EBhRrE 0] o

m /100 rther. i fic Tapl -9, Jj I t v 128 f.Lhe
0. 2 % y Sl St oGt b (P e Fow {enpEtabir 5 L OUgRREss - 60 & arer
resistangg to low tenperature cracking obtained were excellent. In

contrast, in Conparative Exanples 25 to 37, one of these characteristics

was | ow. SiRrGedd i@mrﬁéﬂa/@i@éame&ﬁ%%,ngetﬁ_@F%a@gnE@Htepweth@ 02
content, and the Mh content exceeded the respective upper |limts wthin the

scope ofkithechbAventi OAndt keid omt teipesat WeceEdagkiRE YWaspaenerat eghpdraki ng
the arc unstable, degrading in slag renovability. Since in Conparative

Exanpl e 1261 ttsheyiiHiz a0y eidopxceedede theedppeh, | ithet 10fv-tthensaopa:of the
invention, the Si content and the Cr + M content fell below the respective
| ower |icmalcking was generated, making the arc unstable, degrading in

slag removability.

Since in Comparative Example 26, the Ti0; content exceeded
the upper limit of the scope of the invention, the Si content
and the Cr + Mo content fell below the respective lower limits
of the scope of the invention, and the D value exceeded the
corresponding upper limit of the scope of the inventien. Thus,
the 0.2 % yield strength was degraded, and also the Charpy
impact value was also degraded.

Since in Comparative Example 27, the 5i content fell below
the lower limit of the scope ¢of the invention, and the Cr + Mo
content exceeded the upper limit cof the scope of the invention,
the Charpy impact value was degraded.

Since in Comparative Example 28, the Ni content exceeded
the upper limit of the scope of the invention, the high-
temperature cracking was generated.

Since in Comparative Example 29, the ZrO; content exceeded

the upper limit of the scope of the inventicn, and the D value

exceeded the upper limit of the scope ¢f the invention, the
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of the scope of the invention, and the D val ue exceeded the corresponding
upper limt of the scope of the invention. Thus, the 0.2 %yield strength
was degraded, and al so the Charpy inpact value was al so degraded. Since in
Conpar ative Exanple 27, the Si content fell below the lower limt of the
scope of the invention, and the C + Mo content exceeded the upper limt of
the scope of the invention, the Charpy inpact val ue was degraded. Since in
Conpar at i.ve Exanpl e 2 the N ,content exceeded the upper limt of the
scope oﬁlﬁﬁbﬁ%ﬁgﬁéﬁ%ﬁ%t¥hﬁaﬁi6ﬁ9r?§ﬁ%erature cracking was generated. Since
in Comparative Exanple.29, the. Zr02 content, .exceed the upper limt of the
scope of the%%ﬁﬁﬁ&?ﬁwﬁo%%%r ﬁ%vf)éﬁ U &eeégéeﬁgﬁ ?ﬂéoﬁdﬁ%?PEPﬁit of the

soope, SRRl Srobbe 3,518 SRR Lf v dobaet S oS L0

Conpar ative Exanp xceeded t he upper Timt

scope 0fs t he JANANLEOM RO, hen o SioGORt 40 fielde helowddje | uer, Limi t of

t he scope i nventi on, arpy i npact value was "degraded, and the

slag TamRARllddy ves abspodeghaded. Lhus danelRld g el eshe S ige N

Conpar ative Exanple 31, the cont ent below “the lower Iimt o

scope ofy e, Vet & Ofas thEs . de Jo yhehd tﬁhrseg%fér\é{aén@eg;rle&%gﬂoléf nce in
Conparative Exanple 32, the C content exceede the upper Iimt of the scope

of the inventdigive the Géhigagihi ot ekhapwel dinetdle ReGHIB OXCESS] Vepelow
generating | owtenperature cracking. Since in Conparative Exanple 33, the

tSLOZDCOIttkﬁntlJv&H 1hel ow £ hehkovespki Birt tak tiher<scaRe oftHhe jnvenyiong and
© strength was degraded.

Since in Comparative Example 32, the C content exceeded
the upper limit ¢f the scope of the invention, the strength of
the weld metal became excessive, denerating low-temperature
cracking.

Since in Comparative Example 33, the 510, content fell
below the lower limit of the scope of the inventicn, and the D
value exceeded the upper limit of the scope of the invention,
the low-temperature cracking was generated, which resulted in
poor productivity.

Since in Comparative Example 34, the D value exceeded the
upper limit of the scope of the invention, the low-temperature
cracking was generated.

Since in Comparative Example 35, the Si content exceeded
the scope of the invention, the metal carbonate content {(in
terms of CO,) fell below the lower limit of the scope of the
invention and the D value exceeded the upper limit of the scope

of the invention, the Charpy impact value was decreased, which

generated the low-temperature craéking, resulting in poor
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val ue exceeded the upper Iimt of the scope of the invention, the

| ow-t enperature cracking was generated, which resulted in poor
productivity. Since in Conparative Exanple 34, the D val ue exceeded the
upper limt of the scope of the invention, the |owtenperature cracking was
generated. Since in Conparative Exanple 35, the Si content exceeded the
scope of the invention, the netal carbonate content (in ternms of C02) fel
bel ow t he Iomer linmit of the scope of the invention and the D val ue

exceededTH % t™timt of the scope of the invention, the Charpy inpact
val ue was dec eased |ch nera ed e lLow ature crac ,
resulting in %oor Eg%e ?oﬁ k il %H ﬁ%Cbnpara |veIE%ah€Igegg,b?%8wSi

content gl | agéfw%ﬁftlg np! 00 tfh%hgcqmeqftlt&e | BYENR Ofon L DELN

cont ent ower Tri i the Scope o e 1Tnventron and

the ”Etaallacc?‘rpé’i‘ﬁtk?%ﬁ%t?ﬂé ibﬂeﬁ:eﬁ”ﬁﬂf 0¥ ﬁecrea?eed"m “Pﬂ?ﬁénjcwht of

the invention arpy I npact value was ing the arc

unst abl & 5i nee 4o CONPAFBLhYEEXBARLE 371 ot Q%&%F?oz‘?%ﬁnteiceééde&)edr?é’v the
lower Iimt of the scope of the |nvent|on and the Mh content fell below the

lower |iypgeof1 {ier seppenef i hbenthBywenthen crlrpahalgs, were, peperated. Since
in Exanples 1 to 17 shown in Table 10, the Z value was equal to or |ess

than 20.dkc000skqel dabihyt yhwasrebtaishad1ei.n vertical upward welding, in
addition to the effect showmn in Table 9. Thus, Exanples 1 to 17 which have

both the D amgliwce vahuesnsathstyengxth@lscope afhd leaFnvenit«oit Al ensure
good | owtenperature toughness and resistance of |owtenperature
below the lower limit of the scope c¢f the invention and the Mn
content fell below the lower limit of the scope of the
invention, blowholes were generated.

Since in Examples 1 to 17 shown in Table 10, the Z value
was equal to or less than 20.8, good weldability was cobtained
in vertical upward welding, in addition to the effect shown in
Table 9. Thus, Examples 1 to 17 which have both the D and 2
values satisfying the scope of the invention, can ensure good
low-temperature toughness and resistance of low-temperature
cracking of the weld metal, and excellent weldability in all
position welding. Note that since in Examples 18 to 24 the Z

value was not equal to or less than 20.8, the bead shape in all

position welding was not best.
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cracking of the weld netal, and excellent weldability in all position
wel ding. Note that since in Exanples 18 to 24 the Z value was not equal to
or less than 20.8, the bead shape in all position welding was not best. 36
What is clainmed is: 1. A low hydrogen coated el ectrode, conprising a steel
core wire with a coating flux applied thereto, wherein a coating ratio of
said coating flux is 25 to 45 % by nmass relative to the total mass of the
coated el ectrode, . wherejn sajd steel core wire contains 0.06 % by nass or
less of C reldtdve's 1'% dtHF  mass of the steel core wire, wherein said
coating fl ux con ai.ns, .relative to th {: ss of the.coating flux, 14.7
to 22.4 % by &Pwrré‘tﬁ cgaerfbo‘%f’a%“eef Pnf d5s C@B?)flslfﬁ’ £ 54 8 % by
mass of CaF2, mto% 8@1?}2/ mifiu dnghmr tto .05 % by mass of C,
25toe‘>76@0/o‘“bl massféf 9 §6p 3? SIS Nh, 1.8 to 7.0 % by
mass of N, 0,37 S t % Nbﬁ n tzlg St
sel ect ed fromht%eelgnr oupc/ééz%%lnlsrggt?%éigfgg 0@73 ¢ Cogtlnc%' essd‘Lo 4égo/"by
TBSS Or §: Bndl PY+aPASSQM lee28 O ANZ08 . AL EL A, | e
balan_cel %ﬁiﬁqgo tomdifude magﬂtlonto Sreta C#(lrl]uoride,
al kali metal u&?%rde‘%,n aéal(iaé's@@éihco%t ﬁhr%' thlt%ﬁn(s%c% of Yy (;l]‘:"el:
al kali-earth netal oxide, B, My, % by mass or | ess |n t ot al
of inevijtall &f ¢ relative to the total mass of the steel core wire,
wherein said coating flux contains, relative tc the total
mass of the coating flux,
14.7 to 22.4 & by mass of metal carbonate (in terms of
CO2)!
13.1 to 24.8 % by mass of Ca¥,,
1.1 to 3.0 % by mass of S5i0;,
0.01 to 0.05 % by mass of C,
2.5 to 6.0 % by mass of Si,
2.2 to 8.0 % by mass of Mn,
1.8 to 7.0 % by mass of Ni,
0.2 to 3.7 % by mass (in total) of Cr + Mo, and
at least one selected from the group consisting of 8 % by
mass or less of TiO:, B % by mass or less of Zr0;, and 0.8 % by
mass or less of Al;0s,
wherein the balance is allowed tc include, in addition to
Fe, alkali metal fluoride, alkali metal oxide, alkali-earth
metal fluoride (except for CaF,), alkali-earth metal oxide, B,
Al, or Mg, and 0.1 % by mass or less in total of inevitable

impurities,

wherein said inevitable impurities include P, 5, V, Nb, cor
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inmpurities, wherein said inevitable inpurities include P, S, V, Nb, or 37
Sn, and wherein a D value represented by the followng fornula is equal to
or less than 3.8: D=8.42-0. 18x[ C02] +0. 05x[ CaF2]

+0. 50x[ Ti 02] -1 . 36x[ Si 02] - 4. 36x[ A1203] +0.71x[2Zr02] . . . (1) where [CO2],
[CaF2], [Ti02], [Si02], [A1203], and [Zr02] indicate contents of respective
compounds. 2. The | ow hydrogen coated el ectrode according to claim 1,
mherelnsa Z vglue represented by the following formula is equal to or |ess
than 208/ 38%63.45+1. 97x[CaO] +0. 13x[ CaF2]

S50 SIS {4 B0t ORI

cont ent % re p ti cqu 3. The | ow hydrogen coated el ectrode
accord|§188 5 %% e%s mhereln the netal carbonate is cal cium carbonate

or barium C%L%QQ%L%-J%& [CO,}+0.05x [CaF;]

+0.50x[Ti0,]1-1.36x[510,]-4.36%x[A1,03]

+0.71x[Zr0;] .. (1)

where [CC:], [CaF:], [Ti0:], [510:1,[Al:03], and [ZrQ;]
indicate contents of respective compounds.

2. The low-hydrogen coated electrode according to claim
1, wherein a Z wvalue represented by the following formula is
equal to or less than 20.8:

Z=-63.45+1.97x[Ca0]+0.13x[CaF;]

+6.36x[Ba01-13.52x[T10,]1+15.61x[S10;]

+41.00x[Al,03]-16.70x[2r0;]

where [Cal], [CaF:;], [BaO], [TiC:], [51i0,], [Al;0s], and
[Zr0,] indicate contents of respective compounds.

3. The low-hydrogen coated electrode according to claim 1
or 2, wherein the metal carbonate i1s calcium carbonate or

barium carbonate.
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