FLUX CORED W RE FOR GAS- SHI ELDED ARC WELDI NG OF HI GH TENSI LE STEEL
BACKGROUND OF THE INVENTION 1. Field of the Invention: The present
invention relates to a flux.cored wire for gas-shielded arc welding of high
tensile steel and, nore particularly, to a flux cored wire for gas-shiel ded
arc welding of high tensile steel having a proof stress higher than 620

MPa. 2. Descriptifwafﬁgeﬁgaﬁiﬂﬁe€°ﬁrégsF%gﬁﬂ%%$%$§#csﬁgﬂ§%ﬂées require

wei ght reduction as t econe [ arger a I'S requirenent is
met by the use of high tensidse e !lrenE18Ee dr%@n | ncreasing demand for
wel ding materials suitable for lowtenperature toughness that is essenti al
inthe field of maritine struc- tures and pressure vessels. Such wel di ng
materials are designed for shielded arc wel ding and subnerged arc wel di ng.
These wel di ng nmet hods, howevemcrOARNE 8t iTHE pvetamew th ef fici ency,
operability, welding posifion, efc. This Situation has aroused a denmand for
a flux corned wieedt ba&t cheegnsramequwn:enents for high efficiency,

| owt enperature toughness, and good operability. Various kinds of flux
cored wires. hove seefantbeanendevel gpédreOnecoh tthem icoridie Wilnex fared wire
for gas- shielded arc welding of high tensile steel (having a ten- sile
strength ghs690ibPdrpd vdichwiedddngclaSedighn tapaidéee stledlat entl, Laiockeopen No.
H9- 253886. It contains TiQ(err), netal fluoride, magnesium and ot her

al | oyi ng pempdpedtsliyn spe- a flux cored wire for gas-shielded arc

‘welding of high tensile steel having a proof stress higher
than 620 MPa.
2. Description of the Related Art:

Recent steel structures require weight reduction as
they become larger than before, and this requirement is met
by the use of high tensile steel. There is an increasing
demand for welding materials suitable for low-temperature
toughness that is essential in the fiéld of maritime struc-
tures and pressure vessels. Such welding materials are
designed for shielded arc welding and submerged arc welding.
These welding methods, however, have still problems with
efficiency, operability, welding position, etc. This
situation has aroused a demand for a flux cored wire that
meets requirements for high efficiency, low-temperature
toughness, and good operability.

Various kinds of flux cored wires have so far been
developed. One of them is the flux cored wire for gas-
shielded arc welding of high tensile steel (having a ten-

sile strength of 6%0 MPa), which is disclosed in Japanese



cific amobunts, so that it provides not only good welding operability but

al so good high-tenperature strength and | owtenperature toughness after

| ong PVWHT (Post Weld Heat Treatnent). Another flux cored wire for
gas-shielded arc welding of high tensile steel is disclosed in Japanese
Patent Laid- open No. H3-47695. It has a titania-type flux conposed mai nly

of | T Xer eh MO AL R, WELD 5334 of 1T 020 pandidje conant o

al | oyi ng conmponents equately specified sot it prov s good

wel di ng oa%e%hbtynﬁ@%es@ﬂahr@ﬁ otfedr agpwﬁnél Hémﬁ%ﬁ%ﬁt‘éﬂ 18 ffe-
gas-shi el ded arc weld-" ing of high tensile steel atensile strength

greater thanc68GhJNHUH ergd) tlh%td|§@|9@6@1&@83@1@%”&5@1}?8@@66 Ly 101 No.
H8-174275. OnM ng to its adequate content of alloying conponents an Ta it

permts ebpeehBalieperpbtonlds poad VhigE-geedetaughaesst astlgbhghurst rengt h
equivalent to that of the base netal despite broadly rangi ng heat input.
OBJECT ANDoSUNMMARYrEuTHE NN SN Thee nelldhgg PHTES (Bbst| Wieed iHeaach of
t he above pat- ent docunents are tested for their | owtenperature tough-
ness in te@rpatokn€harpy i npact value at -30 to -40C. This testing
tenperature is not suitable for maritime structures and other structures
whi ch experiemtrovleey Ifdwxt enperdt wies. fofestamgslate et howerwelehper at ur es,
say -60C, is indispen- 2 sable. Nothing is mentioned in the above patent
docurent sofabagh tenghhesstgrell dw Hémparatdr és (Japoute s<6®Pterthd.adeldi ng
wi res disclosed in Japanese Patent Laid-

open No. H3-47695. It has a titania-type flux composed

mainly of TiOg, Mg0O, and MnO, with the ratio of Ti0,/Mg0

and the content of alloying components being adequately

specified so that it provides good welding operability and

toughness.

Yet another flux cored wire for gas-shielded arc weld-

ing of high tensile steel {with a tensile strength greater

than 680 N/mm?) is disclosed in Japanese Patent Laid-open

No. H8-174275. Owing to its adequate content of alloying

components and Ta, it permits efficient operation and pro-

vides good toughness and high strength equivalent to that

of the base metal despite broadly ranging heat input.

OBJECT AND SUMMARY OF THE INVENTION
The welding wires disclosed in each of the above pat-

ent documents are tested for their low-temperature tough-

ness in terms of Charpy impact value at -30 to -40°C. This

testing temperature is not suitable for maritime structures

and other structures which experience very low temperatures.

Testing at much lower temperatures, say -60°C, is indispen-



open Nos. H9-253886 and H3-47695 contain such a | arge amount of slag
formng agent that they give rise to slag in large anobunts at the tinme of
wel di ng. This necessitates an additional step for slag renoval and hence
decreases the welding efficiency. Japanese Patent Laid-open No. H3- 174275
specifies the amount of netal powder for inproved welding efficiency but

does not speghky tm%ﬂHﬁﬁq”EsOﬁeﬁkl?HSépgﬁetthgkg%% Anl dedhy %ﬂﬂ¥onent

that results in slag at the tinme o IFays an 1 npor rol e

in vel di ngagbhitCi-engnee are has t%ﬁﬁoce%%%%%o a%rodh{' -té!ﬁ cgevel opment of the

flux cored wire for "'gas-shi el ded arc wel ding of hi ten5|le steel which

exhi bits good tpHghneswiand €1 A6Ki AEskesEEHaNGE J%aﬁ%@@ lbQwen +t efmeyat ur es
and al so pernits inproved weld- ing operability. e present invention was

conpl et ed bpewi eMoof the-26888g0isg |H3-45 6% Obphaehigfl LhEnPr&senirge
invention to provide a new flux cored wre for gas-shielded arc wel d| ng of

hi gh tensi hmosheebfwisilhga foradhostacess hibgher hiehar 620 riRa.tSaiihganed flux
wire gives weld nmetal with good cracking resistance and good

| owt enper dbupge tovghhesstattheveriyne od twedpemnat.ur @1 sSaye a2 Carand it
al so excels in welding operability. The present invention is directed to a
flux coredaddigioBaflorstyms- Shicelded aremeed i agdofhdniah tHensieheest agle whi ch
conprises: C: 0.04 to 0.11 mass% Si : 0.40 to 0.75 nass%
welding efficiency. Japanese Patent Laid-open No. H8-
174275 specifies the amount of metal powder for improved
welding efficiency but does not specify the content of Ti
despite the fact that Ti is a component that results in
slag at the time of welding and it plays an important role
in welding efficiency.

No one has succeeded so far in the development of the
flux cored wire for gas-shielded arc welding of high tensile
steel which exhibits good toughness and cracking resistance
at much lower témperatures and also permits improved weld-
ing operability.

The present invention was completed in view of the
foregoing. It is an object of the present inventicn to
provide a new flux cored wire for gas-shielded arc welding
of high tensile steel with a proof stress higher than 620
MPa. Said cored flux wire gives weld metal with good
cracking resistance and good low-temperature toughness at
very low temperatures, say about -60°C, and it also excels
in welding operability.

The present invention is directed to a flux cored wire



M : 1.30 to 2.50 mass% N : 0.10 to 2.50 mass% Cr : 0.10 to 1.00 mass%
M : 0.10 to 1.00 nmass% Ti : 0.06 to 0.30 mass% Fe : no |less than 90
mass% N : not nore than 0.0150 mass% (based on the total anount of the
wire), the content in mass% of each conponent indicating the total anount
in a sheath and a flux core, with each content of C, Si, M1, N, Cr, M,

and Ti, donot egasesneet b¥al kY {Glaind Sl AM . (LRLE 1ol Fdaed nd
[Ti], satisfyi%g the fornula be OMLl% X) ="- .5 %L$93. ﬁ%%?%ﬁéﬁﬁl[wh] +
1.5[Ni] - ZaBi@ds: -6.8[M] - 83.1[Ti] >_ 100 The foregoi ng content
represents the anount of the specified elenent constituting the conpound
added to tde : velod " W JEeL dsexanple, the content of Si is calculated
fromthe anount of SiQ2 (or the |ike) added to the welding wre. <Effect of
t he i nventdion> OAcuorgl Y. 1P dwsPpy esent invention, the flux cored wre for
gas-shiel ded arc welding of high tensile steel 4 gives weld netal excelling
in | owtenreratiurd ttaudhriessnegyls, crack resi stance even at very | ow
tenperatures, say about -60C It is also superior in welding operability
and wor kidig :ef(f.ildl erc\2 . BRInERs SESCRI PTI ON OF THE DRAW NGS

Cr : 0.10 to 1.00 mass$%,

Mo : 0.10 to 1.00 mass%,

Ti : 0.06 to 0.30 mass%,

Fe : no less than 90 mass%,

N : not more than 0.0150 mass$%,

{based on the total amount of the wire),

the content in mass% of each component indicating the total

amount in a sheath and a flux core, with each content of C,

Si, Mn, Ni, Cr, Mo, and Ti, denoted respectively by (C],

[8i], ([Mnl, [Ni}, [Cr]}, ([Mo], and [Ti], satisfying the

formula below.

F(x) = -576.9[C] + 34,1({8i] +80.1[Mn] + 1.5[Ni] - 22.8{Cr]

-6.8[Mo] - 83.1[Ti] = 100

The foregoing content represents the amount of the

specified element constituting the compound added to the

welding wire. For example, the content of Si is calculated

from the amount of Si0; (or the like) added to the welding

wire.

<Effect of the invention>

According to the present invention, the flux cored

wire for gas-shielded arc welding of high tensile steel



Fig. 1 is a graph showing the relation between the value of F(x) and the
Char py i npact value (VE -60C (J)) at -60C. DESCRI PTION OF THE PREFERRED
EMBODI MENTS I n what follows the invention will be described in nore detail.
In order to address the above-nentioned prob- |ens, the present inventors

i nvestigated all oying conpo- nents of flux cored welding wires effective in
inproving the | owtenperature toughness. As the result, they found that

t here exis r i i p tk u yi nenis in
he wi e and The T o exmer Stars  rubinoon o Preterd rerahPeRnEP a1y,
the | ow tepperatusestaugbnessofaveldypetal, depgnasQn-dhe oujualoyaction
of alloying conponents. The effect of individual = alloying conponents on the
| owt enperagonce toughness ¥aso exaydnesd: and fesradhgedrxpeyiment abhy. The
results are shown below In other words, the relationship between the
amount of waedkiyd ngf coapenents in the wire and the | owtenperature
toughness of the weld netal is represented by the fornula below F(x) =
-576. 9[ C] BRBEF PEBGRIBOIALMIF THE. BRAWINGS22.8[Cr] 5 -6.8[Md] - 83.1[Ti]
> 100 where [C], [Si], [M], [N], [C], [M], and [Ti] denote
respectively thaaqonients ofh @ra8ih bhpwhhg Ghe Mbelahndomi betwddre whkdi ng
wre. Only if the value of F(x) is no smaller than 100, the welding wire

gi ves wel dvaretal oexEék} bndgtha Cowrpegnpapatctr vatoegHvEss &X°Cvddy )| et

t emper at ur e§d°c

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In what follows the invention will be described in
more detail. In order to address the above-mentioned prob-
lems, the present inventors investigated alloying compo-
nents of flux cored welding wires effective in improving
the low-temperature toughness. As the result, they found
that there exists a relationship between the amount of
alloying components 1in the wire and the low-temperature
toughness of the weld metal. Apparently, the low-
temperature toughness of weld metal depends on the mutual
action of alloying components. The effect of individual
alloying components on the low-temperature toughness was
examined and formalized experimentally. The results are
shown below.

In other words, the relationship between the amount of
alloying components 1in the wire and the low-temperature
toughness of the weld metal is represented by the formula
below.

F(x}) = =-576.9[C] + 34.1[81i] +80.1[Mn) + 1.5[Ni] -~ 22.8[Cr]



say about -60C. Weld nmetal resulting fromthe welding of high-tensile steel
(with a proof stress higher than 620 MPa) tends to decrease in toughness as
the content of C, C, Ti, and Mo (particularly the content of C and Ti)
increases in the welding wwre. The increase in Ti content results in an
increase in the content of solid solution Ti in weld nmetal, which in turn

results inpry i tatzi;0 Ti.C+iyp the reheated part (or that part of weld
nmet al mhlcﬁplzﬁﬁﬂate§3 Iﬁié Fbldﬁ ing pass). The precipitation of TiC

aggr avat eg;;the nﬁﬂleu§slﬁornmﬂﬂ abphity. [Egg q%kgpklggdcqqm e(% Aded |ke

bainite dom nan Which [ eads t'o a remar kabl ecrease in ness.

i ncrease Ix@sge%awlty Wied dsohséppdoaEt ersit et 0 et ecyli prat eantaowgthness
By contrast, My, "and Ni tend to increase t oughness. Partlcularly, Si

and M red%cetm@ew@welrg content ionwel dr nehal vdiher eby coptyibytifg to
toughness. The present invention produces its effect only en t he wel di ng

Wi re cont aimas 1eroperdry SE) eciled aél@yhagweespaivasnie lidn radequade-guantiti es
according to the above- 6 'renti oned findings. The alloying conponents were

sel ected ldmd quantowHtethpiearathhre fralugdwiasg reasens; 10w apernitwoies,each
conponent given below is based on the total amount (in mass% of the
wel di ng wiskag. aboatf Hé¥°Cored wel ding wire according to the present
invention consists of a steel sheath and a flux core therein, and either or
both of the sHeadhmatdlcareswlitingofta@nnt@ywellding fodl |towi g exomidoe:
steel (with a proof stress higher than 620 MPa) tends to
decrease in toughness as the content of C, Cr, Ti, and Mo
{(particularly the content of C and Ti) increases in the
welding wire.

The increase in Ti content results in an increase in
the content of solid solution Ti in weld metal, which in
turn results in precipitation of TiC in the reheated part
(or that part of weld metal which is heated by the follow-
ing pass). The precipitation of TiC aggravates the nucleus
forming ability, thereby making course lath-like bainite
dominant, which leads to a remarkable decrease in toughness.
An increase in C content yields island martensite to dete-
riorate toughness.

By contrast, Si, Mn, and Ni tend to increase toughness.
Particularly, S8i and Mn reduce the oxygen content in weld
metal, thereby contributing to toughness.

The present invention produces its effect only when

the welding wire contains properly selected alloying compo-

nents in adequate quantities according to the above-



nents. C: 0.04 to 0.11 mass% C is a conponent that greatly affects the
strength of weld netal. Wth an anount |ess than 0.04 nass% it does not
provi de a proof stress higher than 620 MPa. Therefore, the anmount of C
shoul d be no less than 0.04 mass% nore preferably no |l ess than 0.06 mass%
Wth an amount nore than 0.11 mass% it nakes weld netal greatly sensitive
to cold crackiqg. Egre, nt .of C should be no nore an 0.11

)
rasss PO fa TESRALALE, ! BRIy Ha SaMoNh O] PeslrE8 ebR8 0Lor s

g of _ 0. "3 %I
erai ne et PRRBE R Yhe oS frtifun TS e ooy iR EEhE HEeda T
does not  pery Oé%[g(?rg%hga&i? %CBQPB@féyb%ié@&c@nrgﬁglercétbﬂ Q}nBWnIEm(?B and

poor toughness. ore; anount of shoul no | ess than 40

mass% nor ef epabl han Q. 50 S W, ;e t han
0.75 nass&?a?% giégst¥F£SWé%%§%?s?gﬁg mefgﬂ%eﬁg%? &%?ﬁﬁpfgggﬂgﬁ%ggg?ﬁ|e wth

base et alccandiAgNa® agaeavetesenel Qe neiAbLbhkY stEhesf or egreéit he
anount of Si should be no nore than 0.75 mass% nore preferably no nore

than 0. 60. s\ iln 39n80a2. A0 BSSHe MinéHach | OBEdaS iandeox digstn | bkethk. |t
also im proves the toughness of weld netal. Wth an anount [ess than 1.20

mass% it gleestmobngerddydn dedxi dahiran nC ) ebel he vnfu'ax_:rowm%I t8mbB-bl ow
hol e and poor toughness. Therefore, the anount of Mh should be no |l ess than
1. 30 mass%enmps e

C: 0.04 to 0.11 mass$

C is a component that greatly affects the strength of
weld metal. With an amount less than 0;04 mass%, it does
not provide a proof stress higher than 620 MPa. Therefore,
the amount of C should be no less than 0.04 mass$%, more
preferably no less than 0.06 mass%. With an amount more
than 0.11 mass%, it makes weld metal greatly sensitive to
cold cracking. Therefore, the amount of C should be no more
than 0.11 mass$%, more preferably no more than 0.10 mass$.

Si ¢+ 0. 40 to 0.75 mass%

Si functions as a deoxidizer which lowers the oxygen
content in weld metal and retains the strength of weld
metal. With an amount less than 0.40 mass%, 1t does not
perform deoxidation completely, which results in blow hole
and poor toughness. Therefore, the amount of Si should be
no less than 0.40 mass%, more preferably no less than 0.50
mass%. With an amount more than 0.75 mass%, it gives rise
to viscous weld metal, which is incompatible with base

metal, and hence aggravates welding operability. Therefore,



preferably no |l ess than 1.80 nass% Wth an amount nore than 2.50 mass% it
i ncreases strength but makes weld netal nore sensitive to cold cracking.
Therefore, the amount of ©Mh should be no nore than 2.50 mass% nore
preferably no nore than 2.10 mass% N 0.10 to 2.50 nass% N is a conponent
t hat greatly affects the strength and toughness of weld netal. Wth an

amount thﬁ? 0 S n heI roye-toughnegss

suffici en'ﬁ(:lﬁ;l eref%?g%it hgehéa&nlbcg(r?}?gopg mosrhoutrh be hzg § % Had"Y-210
mass% & ot gf%r I 50 mass% Wth an anount nore than
2.50 nass&; lllgﬁngF% calse héﬁj cracking. Therefore, the anmount of N
shoul d beMﬁo nqrgo than ZPhdmss% nore preferably no nore than 2.00 mass%
Cr 0.10 to 700 mESSY Cr—TnvarTably contributes to strength. Wth an anount

lless than 0. 10mpassctilorloegsnQl PEQY|de-adequate §$ rength. g thergfore, the
amount of Cr should be no less than 0.10 mss% Wth an anpunt nore than

1. 00 massYrdviesgriadt | You§hhBskeagesysid engthy but vﬁeér?raﬁr%%%nttow%},ess and
causes cold cracking. Therefore, the amount of C should be no nore than

1. 00 nmass%hamorne 2pr ebesahl ¥ ey eidthpe it JRSE%athion b di@ 14 00
mass% Mo i nvariably contributes to strength, reduces grain size, and

i mproves whwchemeanaity einh obgbnesl eNddd apooamauviyhhess .t e fl-d7ass% it
does not provide adequate strength, nor does it produce the effect of grain
refine- the amount of Mn should be no less than 1.30 mass%, more

preferably no less than 1.80 mass%. With an amount more

than 2.50 mass%, 1t increases strength but makes weld metal

more sensitive to cold cracking. Therefore, the amount of

Mn should be no more than 2.50 mass%, more preferably no

more than 2.10 mass%.

Ni ¢ 0.i0 to 2.50 mass%

Ni is a component that greatly affects the strength
and toughness of weld metal. With an amount less than 0.10
mass%, 1t does not help improve toughness sufficiently.
Therefore, the amount of Ni should be no less than 0.10
mass%, more preferably no less than 0.50 mass%. With an
amount more than 2.50 mass$%$, it is liable to cause hot
cracking. Therefore, the amount of Ni should be no more
than 2.50 mass%, more preferably no more than 2.00 mass%.

Cr + 0.10 to 1.00 mass%

Cr invariably contributes to strength. With an amount
less than 0.10 mass%, it does not provide adequate strength.
Therefore, the amount of Cr should be no less than 0.10

mass%. With an amount more than 1.00 mass%, it greatly



ment, which |leads to | ow toughness. Therefore, the amount of M shoul d be
no | ess than 0.10 nass% nore preferably no |ess than 0.20 nass% Wth an
anount nore than 1.00 mass% it causes remarkabl e hardeni ng, which
deteriorates tough- ness. Therefore, the amount of M> should be no nore than
1.00 mass% nore preferably no nore than 0.60 mass% Ti : 0.06 to 0.30 mass%
Ti reduce rai iz it .gi.ve i a i St s | Xcess
anount . V?Phr%ﬁggﬁou%%rggéghtﬁgﬁl0?8Eé§%%gggggi%qﬁ§§§%%é ?éguééﬂgﬁﬁfn si ze
as desire [ S oW e ughn Theyef , the
anmount of g‘?imghou %]L%Z&Iho%eeggcf[ohﬂaeﬁ Oﬁlg%p%gn?g%t rr%?e@%re -Ouejicgbf)ye %C?I ess
than 0. 10 pRes%nhNth an anDusy MBEeet Nawe rO- A0 PR3 %mdte O UER M SO TO
sl ag, necessitating additional steps to renove slag, which | owers
manuf act ugizRgeeffici ency. Therefore, the amount of Ti should be no nore
than 0.30 mass% nore preferably no nore than 0.25 nmass% Incidentally, Ti
shoul d prekerabl.yobecadded imadde 9 formof netal or alloy (such as Fe-Ti).
Ti added inoxide formagives rise to a |arge anmount of slag, which necessi-
tates additiongb Stepsifaylytsonepbvatest her ebyraegtieasiragducele grain
manuf acturing efficiency. By contrast, Ti added in netal or alloy form
gi ves risaeite,veaydl i impeoséag, lovt idmpgerimts efdugtinents f | atWwbthharn zont al
position welding. N: not nore than 0.015 nass% N is not positively added in
t he preseamounyentdson. thélowdvép, masfsl3yx coreédesi netcentcaiinke MNdogisore
extent, which cones froma raw material of a flux. Wth an anmount nore
strength, nor does it produce the effect of grain refine-

ment, which leads to low toughness. Therefore, the amount
of Mo should be no less than 0.10 mass%, more preferably no
less than 0.20 mass%. With an amount more than 1.00 mass$%,
it causes remarkable hardening, which deteriorates tough-
ness. Therefore, the amount of Mc should be no more than
1.00 mass%, more preferably no more than 0.60 mass%.

Ti : 0.06 to 0.30 mass%

Ti reduces grain size, but it gives rise to slag when
it exists in excess amount. With an amount less than 0.06
mass%, it does not reduce grain size as desired, which
leads to poor low-temperature toughness. Therefore, the
amount of Ti should be no less than 0.06 mass%, more pref-
erably nc less than 0.10 mass%. With an amount more than
0.30 mass%, it gives rise to slag, necessitating additional
steps to remove slag, which lowers manufacturing efficiency.
Therefore, the amount of Ti should ke no more than 0.30
mass%, more preferably no more than 0.25 mass%.

Incidentally, Ti should preferably be added in the



than 0.015 mass% blow holes tend to be generated. There- fore, the anount
of N should be not nore than 0.015 nass% nore preferably not nore than
0.010 nmass% The renmi nder of the above-nentioned constituents of the flux
cored welding wire according to the present inven- tion is conposed mainly
of Fe alloys (such as Fe-Si, Fe-Wh, Fe-Cr, Fe-M, and Fe-Ti), which exist
in the steel s nd. fh X eLn, -angd.Fe otd.gi ing fromiron
powder . erénc%%ﬁ&l{bst %orOJWE?%i%}gaﬁggan%gs&?i ﬂlrhe t'ot Q%aend;‘glnl{ %)%Rdgt he
W re, nor ef er y. erLhan 93 mss? n of .. .nmr ggg 90 nass%
provi des %ngﬁ‘ epvca)eg tjf%?\érat e% I\}%redc?se%@mf eS?I tﬁ;%ér gc}luv\r% ?lléﬁg Wit e
accor di ng -9 ol P{i8SeMHaT VeSSt EQR HRY addisthanaldhs conf aide Al kad g et al
fluoride ar?'de oxidé} alﬁh!iﬁgg%%rth et al flupfide and oxide,l&ggg,gAQ,
etc. The cont epin@fadtheyhgy Slemens-J s spaci EbadrR¥et heps f ablew ngh
formula. 10 F(x) = -576.9[C] + 34.1[S] +80.1[M] + 1. 5[N] - 22.8[ (]
-6. 8[ 0] meB311[ch ]aPLdPOrdhinS dfiefmul @ dndi gavesyhowtihe |owud enperad ure
t ough- ness of weld netal depends on the content of alloying ele- nments. It
was obt ai pedndtat iestiicdldnt B grerdromsmig ddiaripypodinpiar desdidql -60C) on
wel d netal resulting fromtens of wre sanples each containing C, Si, M,
Ni, C, My :TnotFenoreNthamd Oatdier snaassssspeci fied below. C 0.03 to 0.15 mass%
Si : 0.32to 0.89 nass% M1 1.18 to 2. 65 nmass%

N is not positively added in the present invention.

However, a flux cored wire contains N to some extent, which
comes from a raw material of a flux. With an amount more
than 0.015 mass%, blow holes tend to be generated. There-
fore, the amount of N should be not more than 0.015 mass$%,
more preferably not more than 0.010 mass%.

The remainder of the above-mentioned constituents of
the flux cored welding wire according to the present inven-
tion is composed mainly of Fe alloys {such as Fe-Si, Fe-Mn,
Fe-Cr, Fe-Mo, and Fe-Ti), which exist in the steel sheath
and the flux therein, and Fe originating from iron powder.
Fe accounts for more than 20 mass% in the total amount of
the wire, more preferably more than 93 mass%. Fe content of
more than 90 mass% provides high deposition rate. Moreover,
the flux cored welding wire according to the present inven-
tion may additionally contain alkall metal £fluoride and
oxide, alkaline earth metal fluoride and oxide, B, Al, Mg,
etc.

The content of alloying elements is specified by the

following formula.

10



Nl 0.04 to 2.75 mass% C : 0.05to 1.20 nmass% M 0.04 to 1.21 mass% Ti
0.03 to 0.36 mass% Fe 92.1 to 96.1 mass% N : 0.0010 to 0.0150 nmass%
Qhers : 0.10 to 3.25 mass% (Others including B, Na, F, K Li, A, Ca, M,
P, and S) The value of F(x) is proportional to the | owtenpera- ture

t oughness of weld nmetal. The factor before the con- tent of each alloying

el ement degp s t he, efd ch]t lpf% ﬁ%&hﬁl%@'?ﬂéﬂ eﬂef?SfIﬁief he %Qwéwﬁ erature

t oughness of ‘weld “netal." In ar gef factor greater
the effect. @fggldoyi ngs ef ppents ofg he | owtenperature toughness, and vice
versa. The negati've factor neans that the alloying elenent relating to it

has an adver sergfifectorrddl £ni h@ves £IPERBLUKS L OUINNESSoe Eé%eﬁgﬁain the
formula F(x) were determ ned according to how nmuch the all oying enent s

contri but eydx tde apd oMEFRNt dB8behaw LANPRAldrR o tOUINNESBoy nfr epeLtion to
their anmount in the experinents wth tens of wire sanples. The val ue of

F(x), as tlrfmltisndeXIDfw&heonWih%@p%ﬁ:&tﬂirsQ:idaql]ghﬂﬁﬁ?é’\f'fé?ﬂniﬁga@ﬂh@ﬁi?d when
t he amount of each alloy- ing elenment is properly adjusted, was obtalned for

each Wi rengagy eesnd(dthe-60R0 abt ataledl nealdliesrawirt APt £26n 8gasNsE t he
Charpy inpact value at -60C (abbreviated as VE -60C) of the sanples. The
result isvwhewsamplEg.edch [dontisimoiede f rom Ry, Mifhat, theyeTis Bel i near
rel ati onship

N, and others as specified below.

C : 0.03 to 0.15 mass%,

Si : 0.32 to 0.89 masss%,

Mn : 1.18 to 2.65 mass%,

Ni : 0.04 to 2.75 mass%,

Cr : 0.05 to 1.20 mass%,

Mo : 0.04 to 1.21 mass%,

Ti : 0.03 to 0.36 mass$%,

Fe : 92.1 to 96.1 mass$%,

N : 0.0010 to 0.0150 mass%,

Others : 0.10 to 3.25 mass®%

(Others including B, Na, F, K, Li, Al, Ca, Mg, P, and S)

The value of F({x) is proportional to the low-tempera-
ture toughness of weld metal. The factor before the con-
tent of each alloying element denctes the effect of each
alloying element on the low-temperature toughness of weld
metal. In other words, the larger the factor, the greater
the effect of alloying element on the low-temperature

toughness, and vice versa. The negative factor means that

the alloying element relating to it has an adverse effect

11



bet ween F(x) and vE -60C. The values of VE -60C > 50 J in the region of
F(x) > 100 suggest good | owtenperature toughness. Thus it was proved that
the value of F(x) per- mts an accurate prediction about the rel ation
between the conposition of the flux cored wire for gas-shielded arc

wel ding for high-strength steel and the | owtenperature toughness of the

wel d netal__resuylt.i It cor, 1 ot di to esent

i nvention Onsﬁloom_déeg[g)nf{%aﬁ!rp%% u%gﬁﬁh%%ggmur@%o#gl%tﬁgsgg@ r%\%r% c%&l}‘gllpa;dequat e
for ordi nay )f l\k’é(rgordpeGEe g AQC@H?HN‘L ! 8§ M}Qn Vo Eget Oé)llsf{gllr{ for_ the
flux to supply necessary alloying elenents by rtself. Addition aqloylng

el ements fnemchite sheativheadsot AN | NSFERSKehD bRW IR} BFdidhe COSIre Mor e
over, incorporation with alloying elenents increases the sheath strength,

t her eby ageianalkisRy ittheWMEerdiewads | thyi rWainelint12n sHINfaMM ke d P
production cost. Conversely, the wire wth excess flux nore than 30% has a

thin sheath tandehenes wWisepe@mgirgrawability (with frequent breakage),
which is wunfavorable to production cost. EXAMPLES The invention will be

described in nphe delakl of Ex)reker ehee indckhe ff alHo W dg- wnaet eonand
conparative exam ples. Welding in these exanples was carried out under the
condi ti ong oslytvwe sisn whallle ils bediobevddewkonposet eonuand dtheadd g1 Maf-ve of
the sanple wires are shown in Table 2. The conposition of the sheath of the
sanpl e w reg islahewn s JabperBy HuE wdmyl,e whseskdtwwed nfdableadh have
any of the two kinds (A and B) of sheath as shown in Table 4. The

wire sample, and the thus obtained wvalues were plotted

against the Charpy impact value at -60°C (abbreviated as VvE

-60°C) of the samples. The result is shown in Fig. 1. It

is noted from Fig. 1 that there is a linear relationship

between F(x) and vE -60°C. The values of vE -60°C 2 50 J

in the region of F(x} =2 100 suggest good low-temperature

toughness. Thus it was proved that the value of F({x) per-

mits an accurate prediction about the relation between the

composition of the flux cored wire for gas-shielded arc

welding for high-strength steel and the low-temperature

toughness of the weld metal resulting from it.

The flux cored wire according to the present invention
should contain flux in an amount of 10 to 30%, which 1is
adequate for ordinary flux cored wires. An amount less than
10% is too small for the flux to supply necessary alloying
elements by itself. Addition of alloying elements from the
sheath leads to an increase in raw material cost. More over,

incorporation with alloying elements increases the sheath

strength, thereby aggravating the wire drawability, which

12



conpositions of the sheath (A and B) are shown in Table 3. Weld netal of
HT780 steel was prepared under the welding conditions shown in Table 1. The
wel d nmetal was cut to prepare specinens for tensile test and Charpy i npact
test according to JI'S Z3111 No. Al and No. A4, respectively. Table 5 bel ow
shows the results of test for proof stress (at 0.29%, Charpy inpact

t th, d | di bilit Th; I i ded
sati stact ory PPLIEHEToRefd Pt &1 FBYT tdThg CPFem tHEN PESeLY pr ddfe s ESs
hi gh th 620 MP Ch i I t. -60C)_ hi gh th 50 J.
Tlhg ggrrpl e"gi reeXQ%% 259?%1“8%%8%@:5‘52%&%9%“% &?En s%ﬁ%%tl P%ﬁﬁdE?ngi on
di ng. 0 L e i icle., i ti i to JI'S
(scoor i noyd hdh® S0 ANK mapet ey PRCELELE,! BaRsaLLA (Rogergl pg to
subse- qu f&%% nt%]egpé&uﬁg@f&nv\@gséol | owed by observation of fracture

surface under an sanpl és were also tested for hot cracking by

ul trasoni Ggof @etection (ac- cording to JI'S Z3060) and radi ographic
exaninationjggg%ord- ing to JI'S Z3104), with their backing netal cut off.

This test wasqhQl | onegy byogbsanvathonqekhhgehur, spotaceidnder ap,SEM
Incidentally, the tensile test and Charpy inpact test were carried out

accor di ng fredendB314d frole tstidg nyvebdanBlal. ahbe oo o ORer aRhkilbty is
rated as "poor" if welding with the sanple wire is apparently inefficient.
14 Tabl e kidLondigéoasngf inekdeRd) exampies was carried out under the
conditions shown in Table 1 below. The composition and the
F(x) value of the sample wires are shown in Table 2. The
composition of the sheath of the sample wires is shown in
Table 3. The sample wires shown in Table 2 have any of the
two kinds (A and B) of sheath as shown in Table 4. The
compositions of the sheath (A and B) are shown in Table 3.
Weld metal of HT780 steel was prepared under the welding
conditions shown in Table 1. The weld metal was cut to
prepare specimens for tensile test and Charpy impact test
according to JIS Z3111 No. Al and No. A4, respectively.
Table 5 below shows the results of test for proof stress
{at 0.2%), Charpy impact strength, and welding operability.
The sample wires were regarded as satisfactory if the
weld metal resulting from them has a proof stress higher
than 620 MPa and a Charpy impact value ({at -60°C) higher
than 50 J.
The samples were tested for cold cracking by ultra-
sonic flaw detection (according to JIS Z3060} and magnetic

particle inspection (according to JIS G0565), with their

13



W&t ding current Are voltage Wl di ng speed Preheat and Heat input (A (V)
(mmMmn) interpass (kJ/mm tenperature C 280 31 300 150 1.7 Conposition of
Flow rate of Wre dianeter Steel plate for shielding gas shielding gas (nm
Vel ding position welding vol% Umn Ar/CO2 = 80/20 25 1.2 downhand JIS G312
8SI TY685 Thi ckness of G oove gap wel ded steel G oove shape -- -- (nm late
mm20 V, 45 12 -- -- 15 Table 2 (Constituents of wire) No Constituents of

Wire massPflhg Guedla Ml Qfﬁ/ba;{tefes@aﬁﬁih%l 50498 2Hubk80s kL0 0. 50
.20 0.20 94.1570.0014 1.4 112 0.56 2 1.40 0.10 0.50 0.21 94.73

10025 0. 3103 3 Qre%lQ}g@ % oG G2 ©1d&fbd G Ao@ée@va@@z?&loo@ 106 4
.07 0.74 1.81 1.20 0.19 0.49 0.22 94.25 0.0012 1.0 1 0.74 1.34

149 0. 11 1055k 1206594 £32:0. 0946 0.48, 188mx 6 GrH @aﬁ@l%s48wér@4 g3 0.48
.10 94.78 0.0028 0.3 143 7 0.08 0.51 1.90 0.14 0.20 0.45 0.10 94.22 0.0010
.4 108 GbtB OEdd AoB88c2a%kitg32P. 2Bt HaddnH3. T1a@. QREECE BN 0adN-9 0. 08
.49 2.01 0.82 0.13 0.55 0.25 93.57 0.0021 2.1 105 10 0.06 0.66 2.05 1.80
.00 0. 33 dhr2H @B .22 JLOFHD AN )6 a3 rakdi diy HpH S 2 ¥ar®imdt B 0(28cdrcd2 0. 29
4. 44 0.0034 0.8 101
ing to JIS Z3104), with their backing metal cut off. This

OFRPONONOOO

test was followed by cobservation of fracture surface under
an SEM. Incidentally, the tensile test and Charpy impact
test were carried out according to JIS 23111 for testing
weld metal.

The welding operability is rated as “poor” if welding

with the sample wire is apparently inefficient.
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12 0.08 0.61 1.88 1.15 0.21 1.01 0.12 94.55 0.0150 0.4 105 13 0.09 0. 48
1.88 1.34 0.35 0.43 0.06 93.94 0.0043 1.4 101 14 0.08 0.46 2.20 1.93 0.20
0.42 0.31 94.12 0.0029 0.3 118 15 0.03 0.51 1.50 1.01 0.21 0.49 0.15 94.21
0.0024 1.9 101 16 0.13 0.67 2.02 1.80 0.32 0.61 0.15 93.84 0.0057 0.5 86

17 0.07 0.33 2.10 0.97 0.67 0.55 0.15 93.22 0.0068 1.9 109 18 0.08 0. 82
1.84 1. 49 Q.phQ Q. 42 rkk Srd Jr QR 115 19 0.08 0.50 1.21 1.04 0.25
04801"UOLLU UJSJ.JUIIL .UIU’SSqrA"AEn U‘IUULJ93.25
0. 0028 0./5WedBg carent |0. (gc Gltage 1. BOVEdiaHsBe@9| 0. 59 0. 27 95, 0®iedt G020 1.5 75
22 0.08 Q.49 1A9 2.62 0.3%0.28 0. 18nomig7 0| g% ly (oé)’l.) 2607 0] 72
1.58 1. 110707 0. 2T G 14 00251 01071 B5 1711704 1. 10
0.73 0.25 94.#90. 0058 0.4%68 m 25 0.0%%. 44 11. 61 @5%9 o 47 o 0'970 14]95. 22
0.0101 1./[TCBApositn@r U9 @idetatt-opU D- 87 U.58 TI.[IT U. 25 94, L,: 0040 0.5|81 3
27 0.09 Q. @.emgfgag 10 éhididingdgeB2 0. e gamefor o.mg 6iti @0 §eg! Rﬁfe{?w) 2.10
2.10 0.22 0. 14ol%) 37 94. 10(L13n||6)050 0.4 18 29 D. 43 1/55 ¥elgBap 21 0. 28
0.11 94'S8A80€g=2€0!§%5 p 0.07/0.45,3.50 2 10 o qc)> 0.1%5G9% 01|0. 0103
0.2 79 3170 '€l 11,80 1981 0.p2 0.3%4 0.22 045 0.95H8885 32 0. 08
0.55 1.74 ZTrafnéssa% (.32 0.21 93, 38GOr 032 1. 3 90 33 0.10 0.70 2.40 1.20
0.50 0.40 Owd@=d3€ed0 [0.G088 shag: 1 R)g 11 p.74 1-35 0.80 0.13 0.32(0.11
94.20 0.0160lke M7 |Table 3 Type c Si Cr Mo Ti_Fe N Rest A 0.05 0.05
0. 50 O'Oj 0.00,@. 00 d.02 99,3 0.0020 043 5 0l 03 0.02 0.70 0.50_0.10 0. 10
0.00 98.4 0.0100.0 1! "Rest" includes P S_- Al _Nb and V| Unit in ma$s% 16
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Tabl e 4 Exanpl es Conparative Exanples No. Type of sheath No. Type of sheath
1 A15A 2A16 A 3A17A 4A18 A 5A19A 6 A20A 7 A21 A 8B 22
A 9A23 A 10A24 A 11 A25B 12 B26 A 13 A27 A 14 A28 A -- 29 A
30 B 31 A 32 A 33 A 34 B 17 Table 5 (Results of test) Proof stress VE
-60C Wl ding No. at 0.2% (J) operability Qhers M Pa

Table 2 (Constituents of wire)

Consfituents of wire (mass%)

No. M TS I Mn [ Ni [ Cr [ Mo ]| T | Fe | N JRest] ™
1 004 [ 054 | 180 | 120 { 0.50 | 0.20 | 0.20 | 94151 0.0014 | 14 [ 112

2 1011|056 | 210140 | 010 | 0.50 | 0.21 | 9473 10.0025 | 0.3 | 103

3 10071042 | 182|166 | 022 | 048 | 0.10 | 94.34 (0.0020 | 0.9 | 106

4 1007 0741181120 [ 0.19 | 049 | 022 | 94.25|0.0012| 1.0 | 106
5 005 | 074 | 1.34 [ 249 | 011 ] 0.11 | 0.06 | 94.22 | 0.0040 | 0.9 | 100
o 6 010 | 051 | 248 § 1.04 { 023 | 048 | 0.10 | 9478 | 0.0028 | 0.3 | 143
g 7 [ 008051190 {014 (020|045 | 010 | 9422 |0.0010| 2.4 | 108
° 8 |008 0501188 |251]032,028 (0111931100087 1.2 { 107
] 9 1008049 2010820131055 |025 935700021 21 | 105
10 | 0.06 | 0.66 | 2.05 { 1.80 | 1.00 | 0.33 | 0.25 | 93221 0.0050| 0.6 | 109

11 |1 008 | 052 { 1.95 | 155 | 0.20 | 0.12 | 0.29 { 8444 [ 0.0034 | 0.8 | 101
12 1 0.08 | 061 1188 | 115 | 0.21 | 1.01 | 012 | 9455 | 0.0150 | 0.4 | 105

13 1 009 | 048 | 1.88 | 1.34 | 0.35 | 043 | 0.06 | 9394 | 0.0043{ 14 | 101
14 |1 0.08 { 046 | 2.20 | 193 | 020 | 042 | 0.31 | 94.12 [ 0.0029 | 0.3 | 118

16 1 003 | 051 | 150 [ 101 | 021 | 049 | 0.15 | 94.21 | 0.0024 | 1.9 | 101

16 {013 | 067 {1 2.02 | 1.80 | 0.32 | 0.61 | 0.15 | 93.84 | 0.0057 | 0.5 86
17 1007 | 033 | 210 { 097 | 067 | 055 | 0.15 | 93.22 [ 0.0068 | 1.9 | 109
18 1008 | 082 | 184 [ 149 | 019 | 042 | 0.11 1 93.16 | 0.0020 { 1.9 | 115

19 1 0.08 | 050 } 1.21 1104 | 0.25 { 0.48 | 0.12 | 93.22 [ 0.0015 | 3.1 50
o 20 1007 | 055|254 145 {067 [ 076 | 025 [93.25]0.0028| 0.5 | 143
o) 21 | 009042 | 180 | 0.05 | 029 | 0.59 | 0.22 {9500 | 0.0020 15 | 75
3 22 | 008 (049 | 1989 | 262 | 032|028 | 0.18 | 93.87 | 0.0054 | 0.2 | 110
ﬁ 23 (007 10721158 [ 1111007 0211014 | 951110.0025] 1.0 | 101
g 24 (009 1065|171 1104110073025 |9402|0.0058| 04 | 58
:-?1 25 | 007 | 044 (161089 | 047 | 009 | 0.14 + 9522 | 0.0101 [ 1.1 82
X 26 [ 0090621190087 | 058111025 941200040 05 | &1
13, 27 1009 | 043 | 185|110 | 050 | 082 { 0.04 | 9457]0.0042| 06 | 90
) 28 | 007 1045 2102101022 | 0.14 | 0.37 [ 9410 | 0.0050 | 0.4 | 110
29 [ 008 | 043 {155 (1850211028 |01119498|0.0025| 0.5 | 80

30 | 007 | 045|150 | 210|022 | 025015 (9501100103 0.2 | 7§

31 [ 0094053 1801811022 034|022 9445]10.00451 05 | &7

32 (008 | 055|174 220025032 [021{93.38|00032| 13 | 90

33 ({010 | 070 { 240 | 120 | 0.50 | 0.40 { 0.10 | 88.0010.0059 66 | 138

34 {0111 0741351080 | 013 [ 0.32 | 0.11 19420 [ 0.0160] 2.2 | 57

Table 3

Type c Si Mn Ni Cr Mo Ti Fa N Rest

A 0.05 0.05 0.50 0.00 0.00 0.00 0.02 99.3 | 0.0020| 041

B 0.03 0.02 0.70 0.50 0.10 0.10 0.00 98.4 [ 0.0100| 0.1

‘Rest" includes P, S, Al, Nb, and V. Unit in mass%.
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1659 72 0 - 2 791 67 0 - 3705840 - 4745880 - 5621570 - m6 792 111
0- 37647 73 0- 8766 75 0 - N9 712 89 0 10 925 81 0 - 11 670 82 0 - 12
861 81 0 - 13 752 79 0 - 14 766 77 0 - 15 598 89 0 - 16 942 48 0 Cold
cracki ng

Table 4

Examples Comparative Examples

Type of sheath No. Type of sheath
15
16
17
18
19
20
21
22
23
24
25
26
27
28
- 29
- 30
- 31
- 32
- 33
- 34

=
o

W oo~ ||| N|—=

gl

pdigles I d b di-lws it g

sdieddi-dlos] pedi-dheodb-dlopedin g odiedi i d i od i d b by
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17 801 58 Blow hole 18 768 76 Inconpatible - 19 662 41 Blow hole 20 965 78
O Cold cracking 21 707 39 0 - 0 2 22 786 55 0 Hot cracking 23 605 52 0 -
24 1024 27 0 Cold cracking (D - m25 618 32 0 a) 26 990 35 0 - 27 862 44 0
- N 28 700 59 Excess slag Low efficiency 29 663 35 0 - 30 659 33 0 - 31 743
24 0 - 32 749 42 0 - 33 876 63 Excess slag Low efficiency 34 686 32 Bl ow

hol e Table 5 (Results of test)
Proof stress .
No. at 0.2% VE-60°C Weiding Others
(MPa) )] operability
1 659 72 O —
2 791 67 O —
3 705 84 o o
4 745 88 O —
5 621 57 O -—
m 6 792 111 O —
B 7 647 73 O —
2 8 766 75 O —
@ 9 712 89 0] —_
10 925 81 O —
11 670 82 O —
12 361 81 O —
13 752 79 O —
14 766 77 O —
15 598 89 @) —
16 942 48 Q Colid cracking
17 801 58 Blow hole —
18 768 76 Incompatible —_
19 662 41 Blow hole —
20 965 78 0 Cold cracking
% 21 707 39 O —
g 22 786 55 O Hot cracking
% 23 605 52 O —
= 24 1024 27 Q Cold cracking
m 25 618 32 O —
8 26 990 35 o —
£ 27 862 a4 0 —
2 28 700 59 Excess slag Low efficiency
29 663 35 O —
30 659 33 O —
31 743 24 O —
32 749 42 O —
33 876 63 Excess slag Low efficiency
34 6386 32 Blow hole —

18



18 As shown in Table 2, sanple wires in Exanples Nos. 1 to 14 accord with
the present invention, and sanple wires in Conparative Exanples 15 to 32
are outside the scope of the present invention. It is noted from Table 5
that the sanple wires in Exanples Nos. 1 to 14 have a proof stress (at
0.2% higher than 620 MPa and the value of VvE -60C |arger than 50 J, which

are an indicati egua tr th.a out - st andi | ow-t erature
t oughness, and pi@;a%{?ﬂrgyglgl Egbieex?glg é|1anmI\J/n\J;ej‘? d‘igﬁﬁe%pépatg{]’%q@easnw*? aci(i ng
resi st anc | ngi 'y, 5.1 e . "qt hers" note onl
t hose sanp % ?\n&rgge\%ﬁhcﬁustﬁ%}?eedpiég%ﬂgrgg&leﬁgwg? 56 ({]c?%?:ﬁ%gwéﬁ%ﬁg al?/

the sanpl &y ¢&gph EXBIPLeENARp1Es U1G 3% ﬁfsgg%b olé&lfg(i%%?]r% C%éc%%é Sopot ed

that the sanple wires in Conparative Exanple e content

of Cis l@ss JhadeD: O F@ssPdn and Conparative Exanple No. 23 (in which the
content of Cr is less than 0.10 mass% have a proof stress (at 0.2% | ower

than 620 MPa, witi chsi sicfed | Rdbgattam Of 5i ngufd | ehentsshpeagtl.rdd i5 al so
noted that the sanple wires in Conparative Exanple No. 16 (in which the

content ofExGnysl e®recs hah Qoll4nbssy) aanddoPmaiaidsye(aExanpte Noghdd (in
whi ch the content of Cr is nore than 1.00 nmass% have excessive Strength

and reducecthdmoughdedi®a andi stfié¢ evatakd ooff aeki Ag0°d t 1hsghet etharhago the sanpl e
wires in Conparative Exam ple No. 17 (in which the content of Si is |ess
than 0.40 wiih are an indication of adequate strength and out-
standing low-temperature toughness, and that they also
excel in welding operability and cracking resistance.
Incidentally, Table 5 includes a column “others” to
note only those sample wires which suffered cold~cra¢king
or hot-cracking among all the sample wires (Example Nos. 1
to 32} tested.
By contrast, it 1s noted that the sample wires in
Comparative Example No. 15 (in which the content of C is
less than 0.04 mass%) and Comparative Example No. 23 ({(in
which the content of Cr 1is less than 0.10 mass%) have a
proof stress (at 0.2%) lowexr than 620 MPa, which is aﬁ
indication of insufficient strength. It is also noted that
the sample wires in Comparative Example No. 16 (in which
the content of C is more than 0.11 mass$%) and Comparative
Example No. 24 (in which the content of Cr is more than
1.00 mass%) have excessive strength and reduced toughness
and suffer cold cracking.

It is noted that the sample wires in Comparative Exam-

ple No. 17 {in which the content of Si is less than 0.40
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mass% and Conparative Exanple No. 19 (in which the content of M is |ess
than 1.30 mass% have many bl ow holes due to insufficient deoxidation. It
is also noted that the sanple wre in Conparative Exanple No. 18 (in which
the content of Si is nore than 0.75 mass% is inconpatible with the base
metal, which | eads to poor welding operability. It is noted that the sanple

wire in Cofmalal Mg RapaRd €N E:2dndid Wi chot hen CoRt ERttRE Mnisnpore

than 2.50 mass% has excessive strength and suffer cold cracking. It is

noted thatof heén seapl €s¥i ERahn 1CB0PaREERY € nEXRMmA e NNbw 2Hoé6 M chot he
content of NN is less than 0.10 nmass% or the sanple wire in Conparative

Exanpl e Nains2/f {iigi.emvhi @dost s comt entTofidialsol eSsed htha . Obe mBsSSH chas | ow
t oughness due to insufficient grain refinenment. By con- trast, it is noted
that the sand e wiCenparOonparkEtamel e Bxanpl® Non 221 ¢h ntinbi cbntéet cofit ent of
Ni is nmore than 2.50 mass% suffers hot-cracking. It is noted that the
sanpl e wi r&l i s Coapar &hiave EXEM Mt £%5 Nois 25nciompattiiph et hel Wontlent baseM i s

| ess than 0.10 mass% has low strength (with the proof stress at 0.02%

bei ng | essraiiwan 600LVPa)caddl toweoughmedbsnguepevabhliffi- cient grain
refinement. It is noted that the sanple wire in Conparative Exam ple No. 26
(in which the ééntlentnefedothat nbhe shaple. 00 raregs ofomaatdbive olgAhess due
to extrene hardeni ng of weld nmetal. It is noted that the sanple wire in

Conpar at i VB8 20 pglie Nghigls tha wenésnthecoh ehf OTH tlampfed? han

0.30 mass%) has excessive strength and suffer cold cracking.

It is noted that the sample wire in Comparative Exam-
ple No. 21 (in which the content of Ni is less than 0.10
mass%) or the sample wire in Comparative Example No. 27 (in
which the content of Ti is less than 0.06 mass%) has low
toughness due to insufficient grain refinement. By con-
trast, it 1s noted that the sample wire in Comparative
Example No. 22 (in which the content of Ni 1s more than’
2.50 mass%) suffers hot-cracking.

It is noted that the sample wire in Comparative Exam-
ple No. 25 (in which the content of Mo is less than 0.10
mass%) has low strength (with the proof stress at 0.02%
being less than 620 MPa) and low toughness due to insuffi-
cient grain refinement.

It is noted that the sample wire in Comparative Exam-
ple No. 26 (in which the content of Mo is more than 1.00
mass%) has low toughness due to extreme hardening of weld

metal.

Tt is noted that the sample wire in Comparative Exam-
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mass% is poor in welding operability due to a |arge anount of slag
resulting therefrom which takes a long tine to renpbve. It is noted that
the sanple wires in Conparative Exam ples Nos. 29 to 32 (in which the val ue
of F(x) is smaller than 100) are poor in | owtenperature toughness (wth
the Charpy inpact value at -60C being smaller than 50 J). It is noted that

the sanpl g 1w ng I HECOMPAr atiive BXAM cphecNp. o33 T(i} n Wl ehot he gmoying, of

el enents other than Fe is large and the amount of Fe is less than 90 mass%

is poor iasweldingperer abi hidnyitue dre ratianes amunt of slagk Ahdue to
decreasi ng of deposited netal amount resulting therefrom It is noted that

the sanpl efwidkad nréeupanay endxamtom) ewhdch34 {lkds Wai Cloidetaneunio of N is
nore than 0.015 nass% has bl ow holes. As nmentioned above, the sanple wires
in Exanpl eemee.. 1 to 14, which accord with the present invention, exhibit
good | owt enperature toughness, welding operability, and cracking
resi stance. 21IVWHAS hStELALNED [tBe FamAlel wirear dch Wiong et iges-Etdrel ded arc
wel ding of high tensile steel which conprises: C: 0.04 to 0.11 mass% Si
: 0.40 topQe?5Nmwss%o tvh 321.(30 taniZh5Chmmsefue NbE: FAx10 itso bl amssY
C : 0.10 to 1.00 nmass%
than 100) are poor in low-temperature toughness (with the
Charpy impact value at -60°C being smaller than 50 J).
It is noted that the sample wire in Comparative Exam-
ple No. 33 {(in which the amount of elements other than Fe
is large and the amount of Fe is less than 90 mass3) 1is
poor in welding operability due to a large amount of slag
and due to decreasing of deposited metal amount resulting
therefrom.
It is noted that the sample wire in Comparative Exam-—
ple No. 34 (in which the amcunt of N is more than 0.015
mass%) has blow holes.
As mentioned above, the sample wires in Examples Nos.
1 to 14, which accord with the present invention, exhibit

good low-temperature toughness, welding operability, and

cracking resistance.
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M : 0.10 to 1.00 nass% Ti : 0.06 to 0.30 mass% Fe : no |less than 90
mass% N : not nore than 0.0150 mass% (based on the total anpbunt of the
wire), with each content of C Si, M, Ni, Cr, M, and Ti, denoted
respectively by [C], [Si], [M], [N], [C], [M], and [Ti], satisfying the
formul a below F(x) = -576.9[C] + 34.1[Si] +80.1[M1] + 1.5[N] - 22.8[Cr]
-6. 8[ Mo]  -yifd Hglidr2rme®0r 22
1. A flux cored wire for gas-shielded arc welding of

high tensile steel which comprises:

C : 0.04 £to 0.11 mass%,

Si : 0.40 to 0.75 mass%,

Mn : 1.30 to 2.50 mass$%,

Ni : 0.10 to 2.50 mass$%,

Cr : 0,10 to 1.00 mass%,

Mo : 0.10 to 1.00 mass%,

Ti : 0.06 to 0.30 mass%,

Fe : no less than 20 mass$%,

N : not more than 0.0150 mass%,

{based on the total amount of the wire),

with each content of C, 8i, Mn, Ni, Cr, Mo, and Ti, denoted

respectively by [C], [Si], [Mn], [Ni], [Cr], [Mo}, and [Ti},

satisfying the formula below:

F(x}) = -576.9[C] + 34.1[8i] +80.1[Mn] + 1.5[Ni] - 22.8[Cr]

~-6.8[Mo] - 83.1[Ti] = 100
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