WE 69 DESCRIPTION Title of Invention STAINLESS STEEL FLOX-CORED WELDING WIRE
FOR WELDING OF ZINC-COATED STEEL SHEET AND ARC WELDING METHOD OF 669
ZINC-. COATED STEE:L. SHEET USING SAME Technlical Field The present invention
relates to stainless steel. 10flux-cored welding wire for zinc-coated steel sheet welding use
which can secure corrosion resistance of the wel@®EssieI&EOWithout touchup or other post
treatment and an arc welding method of zinc-coated steel sheet using the same, more
particularly relates to stainless 15 steel flux-cored welding wire for zinc-coated steel sheet
welding use in which-weldPdratRihgtoed ot occur and the weld work efficiency is 000ri and
an arc welding meth8dZf #iricscoated BleellshieeC ORI SArneINOteiRE, thekzint-coae OF

steel, sheet of the wejged 20maieyial-coverad;py.{he RICSeRt IVeNHoR inGlrdes aingrcoalgd.
steel sheet and zinc-based alley coated : - . Ba T rtZir C yated steet sheet
e viewpoint of

is being broadly used in the fields of CoHstrudtishEabtomobiles et

improvement of the corrosion resistance of structural members, For improvement of the
corrosion resistanggdn copyentiona strhctures, the method has 30been used of welding
together non-plated members, then dipping the assembly in a zinc bath to make zinc deposit
on the surface of the stetlfatdrfl Bhd WaBZEne and Se@irethE Lofrosidh-feSstanes bf the
structurel&s a whdlex Howeved, with thisgnethod, Since the platingtis 35peHeimeti adter
welding, the prodyetivity,is, infguok, 30, a-plating bath apd otherfagiliies becamenegessaty.

This became a cause of increase of the manufacturing costs, To avoid this, the method of

producing a structlite HyATEIRirny oy ether Lt c58tda dBePehedtd hid ive bEah Brited in
advance has com&td eappaiedeFdrther, redently, tof bettercimprete the terdsiehaesistance
of structural members, ¢he practice haspgen &M&&@M%%ﬁf%&r%&ys\e’s@mss

together zinc-nased alloy coated steel sheets given. a Zn-Al-Mg -Si -based alloy plating or
& ;

other zincbased AitGy Codtint‘olT e Surace 168 theSedCeheetd So a¥abTrther falsS e t
corrosion resistancelcbmparesgavitm geherdt zinel-¢ceteat steel sheetsfon exampie] seenPETHE,
As a unique pfOblFéT_l&/hﬁBﬂoglf%iﬂgfeW%geﬁsSt weabﬁawgmi@&@%ﬁa&%iecfﬁgéﬁ% of
steel, sheets or. 15zinc-based a}llag coated steel sheets, it has been known in the past that

in

liquid metal embrittiéfieiCerag tohotdip PlatingS(b_fW referred to as "zinc
embrittlement cracking"Nedsilytdoztrs inrtheateld-hetaltant base inetaldwat affetted. zoheed

20Zinc embrittlement cracking is kelieyed fohe-mainly dye, to.therzing plating ceroponents.
which remain in a mo teg sta%te aith%esurface r the bal??? metal rﬁu affected éﬁn%\grresent
near the weld zor?e?ape%etr?a |ﬁ§ 0 eg&s?e{f%réiﬁrb%_ URFEs At thE Wdld to6he NGt that,
25the zinc platinggWhith was present at the surface of the weld zone is dispersed away by the

welding, so it is believed thet this does not become the cause of weld embrittlement crabking.

On the other hangéfgf;g}%\l/lvg(lgi%g:gf stainless

SO II‘-I- 2

25 Zinc-coated steel sheet is being broadly used in the
fields of construction, automobiles, etc. from the
viewpoint of improvement of the corrosion resistance of
structural members. For improvement of the corrosion
resistance in conventional structures, the method has

30 been used of welding together non-plated members, then
dipping the assembly in a zinc bath to make zinc deposit
on the surface of the steel material and weld zone and
secure the corrosion resistance of the structure as a
whole. However, with this method, since the plating is

35 performed after welding, the productivity is inferior.
Also, a plating bath and other facilities become

necessary. This became a cause of increase of the



30steel. structures from which corrosion resistance was demanded in the past, an alloy
welding material of stainless steel has been used. In this case, even with. weld metal of
stainless steel components which is formed at the joired parts of the stainless steel with itself.
or 35stainless steel and carbon steel, an excellent corrosion. resistance is obtained, in the
same way as the hase materialipast ehstainless steel_ However, according to the result,:
of confirmation tests by the inventars, to obtain a weld metal with a good corrosion resistance

when welding zinc-coated st8&FsHet for exafipl8'SEas dohfifthed thatsen if bSRGEES
309--based or 3UB32@=-based staiglessateelweldinzematerid @ btérareldingmateriadya

large number of zinc.empritlement cracks.occurial the weld metal.and therefore application

becomes difficult. As the method for solving the problem of the zinc 10embrittlement cracking

of weld métal, the'iivEntbra propdsaa to TontrBP e Emblfts 6 E O§ 1 Min, 16 ARG I Boin:
suitable area percehtage: of felritessthecturestinehe wetd metaharsd ternsile tstrepgthiand

furthermore to copizolibe amauntaf JiQ9y the slag-forming.agent ete,L.5in.llugcared,.,

welding wire to suitable values tqo prevent zinc embrittlement cracking in the weld metal (see

PLT 2). However SA&r OsinigThiis metiod toweizifc-bRsed aldy toatrfsiderdrest,
depending on theraeltingo2 Goonditions, zincernbrttienEent eyackiag dfi theoweldhmetal oftere

occurs. It was notpossitle $¢ stably pravent this Jkurthers, there wete the problems thatthe,
welded metal obtained by this method was low in ductility and further the ar%stabili in.weld

work efficiency was fow and tire detiehabifity' wal poor ST teal With R fie inveftbrs "<t
engaged in furthef fr-tdeptierasearchsers welded joints bmeventing weld embrittlement

cracking and proposed the naeans ef.defining ilé%lmlgmeﬁ@&gmgg%ergs‘pé {hesjgint so as to
suppress 30zinc embrittlement crackili occurring at, the weld. meta

. < metal (sce LT 3).
Furthermore, in that P 2" they prooset the Mesis 6F démiig Tre b 6% E6mposioRGrIhe”
welding Wire so agto adjust tite weldmetaladompaeriants of tirejoint to tafyeted eagelsiown
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(A) No. 2007-118597 gammé)rypo Trvértion Techhicd Problent 10AsthRe zfd embrittlement

cracking which ocdlirs at &1 weRizore: aracking Whictsoécurs &t e wisld ietalvsuch astal

shown in FIG. 3Axand BKz38and.1craeking whieh osgursdram the weld toe to the base metal
heat aff%ed zone such.as shown in. %%Cieérln S nd FIG, 48 ma%ﬁb%gie.netl‘(f)ggd as ]%15tyﬁ|cal

C.embri crackin .to he’mainl
examples. Among these Jﬂr'-lle mvenfors earnela hatrzmc e rictiement cracking o ewejrdl Y

metal such as sh&Wf ift FIGNSAZHIF K5, BB ban bepprassed by iedlizifgweld material of
the component caimpesition geseribed. tAPLIu3 face of the base metal heat

affected zone present near the weld zone, penetrating to
the crystal grain boundaries at the weld zone. Note that,
25 the zinc plating which was present at the surface of the
weld zone is dispersed away by the welding, so it is
believed that this does not become the cause of weld
embrittlement cracking.
On the other hand, for the welding of stainless
30 steel structures from which corrosion resistance was
demanded in the past, an alloy welding material of
stainless steel has been used. In this case, even with
weld metal of stainless steel components which is formed
at the joined parts of the stainless steel with itself or
35 stainless steel and carbon steel, an excellent corrosion
resistance is obtained in the same way as the base

material part of stainless steel.



20However, for use as a welded joint, in addition to prevention of cracing, ductility of the weld
zone and other mechanical performance are demanded. In the invention described in PIT 3,
regarding the components of the welding material used,he ranges of C, Si, Mn, Ni, 25and Cr
are shown, but the suitable balance of components is not disclosed, There was the problem

that a. large amount of treghlewas requirediforadvanced studysa as (e select the,welding

wire for satisfying the properties of the welded joint. 300n the other hand, for cracking which
e ?oe%c}’ th%e% k?aslemrﬁeertlgl%esjdt atflpec?gat Zohe guc‘f’ﬁgé] s%%%ﬁinvﬁég 4A. and

occurs from the WeFdS. 5
FIG. 48, this doesassttheceame sipioblernin genetalwielded §diAtsp but, forexamples crackidg

somg(tjimez ﬁpc#r% iegieth :/vz_%J@lin@g@ﬁyﬁethei%&@giguh@bﬁtf%scsn@dth@r{me @{{é‘@@@ggﬁsinglda
considered hig lding of sqrare steel pipe where the constrainjng. force.of the we
zone material be?:%lﬁr#egs%e r%ag,e'fshigﬁva%sg%%%v gﬁo%?é,skgjtﬂg%’?&hsaﬁseﬁi rﬁl%%éﬂlﬂ'gnce of

such cracking, asTshodilinlFIG: 4Atasd FIG 1418 itstbeliéved thatloracking ®ibcauséd by

the zinc present i adneitec-state akthersteebsheet surface penetrating- at thestressng
concentration zon&ghaet f'%, rfrom th«i weld toe 4 to the bas%r%e al heat affected zone La, in
the cooling process after weldin PR tleo%a}f’,ﬂoflﬁsde Cribes Er‘event the zinc
embrittlement cracking ot $hé basaaiétabhéatraffected.0zone yrEising thvd raticcofahecTiCp
in the slagycomposeptsiintheveldingwire: 1o, §0%ror,mose hutdn thatrAl T, the teta) amount
pf the slag forming agent is a relatively low 5% or less with respect to the total Mass. of th
welding wire, duegtg(?ﬁé_) ba an%:cé _o‘??83érﬁﬁ\%n8ﬁ of ?nl?ﬁélr&asg %me(l%g géén ) I§pa er oﬁé]r(g Er
occurs, etc. There Bhobm forimpreverenticiahe svalg vork ceffi€iehey rEtther; cracking s
sometimes occurred due-totheavelding conditiens,as wells Therefere, 1he present inventiont o
has as its object 20th%lpr Vi i}(_?n of stainkesstst%el qu—corelg Welfjin \%/ire for zinc-coa%ed.
steel sheet weldincgotr}se W ic§h Sre?/rélﬁflsnzmg embri ﬂe%nnenii crac w?@g and sécures dict cit(f/tocf'
the, weld metal intWeltiigofcAneoatedisteal sheet Usingaistainless steebwelding Araterial
and, further, preventszirgembrittiement-cragking iof dhe base anetal heataffected zeneand is
excellent in weld ﬁrk efficiency as well and the proviion of an arc welding method of
zinc-coated steel shéet using the same, 30Solution to Problem The inventors worked to
solve the above problem!By @Rgagingifvarisus Stidiés ofithé aflof eonpbsitioh o weldity

wire., As a. resultz theyydiseomesed hatdly seiting suitableramaunts:of €hSivMna Nigand Cr in
the welding wire increasing the total formula of the same, that.is, the F value

(CO b 5 IBED BaIoe. S S5 A IGe] FocE): 115 bALBbE o s Yl
embrittiement craekingartt flirtifermidrel B séciire RRIEEY LEIG. 2 8ReWs the FelEtansHip ifor
welding of zinc-ccatedistesl sheet; between the Fomehus and the aumbes of eracks (welding
conditions etc_ arg sam later explain rformance survey, of welded joint This F
value is an indicafor %hi%k?ih%g/s%ﬁégearggeco %%egi%ﬁaggry of %rﬁxtlé? L% :g_éysh%r\}v% in I%Eef, if
the F value becornB8 30761 mbrs brefeYabiy 40°3rimbRe; thé Sblidification iscomplsteriin thiee
ferrite single pnase 30 froat thenptimaryt erystallizadion to room temperature, so it is believed
penetration of zinc to theTgradg 0 g is, difficult .and .crackin n be prevented.,

Further, the inventors studied tﬁe le‘?ag%%r%r}g a gr%eoﬁ vrx}c‘a.fl%lrﬁ%%v%lgr\e cr)lrg%%epsfe\l/elgntfounrgp the
zinc 15embrittleméht SFacking 6EPRISAsePmetdl Head affedteblszores Y5 i restift Lthey
discovered that byrsettingra suitablesatie lof contentt of di@.2d8dhe stagdesming-agentinthe o
welding wire and by making the total amount of the s rmi nts relatively larger
cracking 20can be prevented_ That is, as%%o%vrﬁq% FAI%(? %?}fgtqtge%:%?ﬁge g%a%ha? %Jt%}érrienas
the weld fhetal 3 Bl by F8oiidifid G &Y 6F & ShitableXemipiiet Coftpdsitort e nistieh
zinc 5 can be preveatedHftdm Penetrating dathe-weld toerd and Zinc, embettlementcracking ©f

theZSbasen“ﬂaH3§H§#%¥uﬁg%y%38@1pﬁéng@y§dCOmposition of the welding
wire so as to adjust the weld metal components of the
joint to targeted ranges.
35
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The present invention was made based on the above discoveries and has as its gist the
following: [1] A stainloss steel flux-cored welding wire for welding of a zinc-coated steel
sheet, the welding wire 30comprised of a stainless steel4sheath in which flux Is

Characterized in that. total amount of elements which are included as metals or alloy
compositions in said sheatlvrand flux are, by TraSS% with respect to a total mass of. the
welding wire, (2: 0.01 to C.05%, Si: 0.1 to 1,5%, Mn; 0.5 to 3.0%, Si: 7.0 to 10.0%, and Cr:
26,0 to 30,0%, and a F value WH@H%Q%%%nga%%Be%ﬁ&v%ﬁ?jtﬁﬁﬂndlﬁ)(ﬂl%38 b9 Epled0el

further, said flux comptiséslag slag forfung agents, by mass% with respect to the total. lllaSs

of the wire, Ti02: 35810.6.8%7 405i02). 8.10:3. 2% ar less (ingluding 0%)3 8nd 3
Al203: 0,5% or less (including 0%), and a total amount of said slag forming agents
and other slag forming aaéﬁts?’ls 7,5 to 10.5%7 15furthermore, said Lir), satisfies, by mass%
with respect to the total amountiefcsiag ferniag agents;Ti02:a850 tv653%)" No. 2@balahge of
said sheath and flux is He and unavoidable impurities, 20F value = 3x:Cr%?14-4.5x1Si%1
-2,8x[Ni%]-84x;C°éo‘L-1,4x Mn°/]-19"3?5? , wherein. [Cr%)], [Sill , [N1%], [CAI, and [Mm%]
respectively indicate totals of’ gr,%i‘f ,té,ognd Mn 25contained in the. sheath and wire in. the
welding wire with féspett ta thePtotal imass of the wire, [2] The stainless steel flux-cored

welding wire for welding 0f the, zing1coated steel sheelas setforthiind 14 furthes comyrising 5
Si as a metal or. alonOfOcom osition, and a t(\)ﬁgl _mount containe%in sai gheath. ind flux is,

4568t (64 total ThAsS of the” FWrT $i: 0,01 16 0"fos St FHAR

by mass% with respec
arc welding methad of zinercoated $teel 35sheets CharactBrizedlirrthat soatingrbfithle occurs

zinc-based alloy coated steel sheetsts zincbased alloycoating camprisings dyraassén &l 2
t01996'Mg:|K);93%h as shown in FIG. 4A and FIG. 4B may be mentioned as
15 typical examples.
Among these, , the inventors learned that zinc
embrittlement cracking o the weld metal such as shown in
FIG. 3A and FIG. 3B can be suppressed by realizing weld
material of the component composition described in PLT 3.
20 However, for use as a welded joint, in addition to
prevention of cracking, ductility of the weld zone and
other mechanical performance are demanded. In the
invention described in PLT 3, regarding the components of
the welding material used, the ranges of C, Si, Mn, Ni,
25 and Cr are shown, but the suitable balance of components
is not disclosed. There was the problem that a large
amount of trouble was required for advanced study so as
to select the welding wire for satisfying the properties
of the welded joint.
30 On the other hand, for cracking which occurs from
the weld toe to the base metal heat affected zone such as
shown in FIG. 4A and FIG. 4B, this does not become a
problem in general welded Jjoints, but, for example,
cracking sometimes occurs in girth welding where the
35 residual stress at the time of welding is considered high
and in welding of square steel pipe where the

constraining force of the weld zone material becomes



Si; 0.01. to 2% and a balance of Zn and unavoidable impurities; the zinc-coated steel
sheets ccatd is arc welded, using the stainless steel flux-cored welding wire for welding of the
zinc-based alloy coated steel sheet as set forth in [1] er 2] - [4] An arc welding method of
zinc-coated steel sheet, characterized in that the steel sheet other than coating of the
zinc-coated steel shegt comprises by Massyeds).Of 100.2%, 158E .01 0,2,0%. Mn: 0.5
to 3.0%, "F.: 0,020% ones, S: 0.020% or less, Al; 0.001 to 0.55, 20Ti: 0.001 to 0.5%, ; 0.0003
to 0.004%, N: 0.0005° 166 9085 3hd AAlanté of Febndinaviid&ble imphities the"d FL1G-
zinc-coated steel shisets coatedois lare 5wetded, using thenstainless steeb fluix-cgrethwelding
wire for zinc-coated. steel sheet as setforthn [11at[2l. «[5] The.are welding method.of

zinc-coated steel sheet as set forth in [4], characterized in that the zinc-coated steel sheet

other than coating faPtheF 30¢0phsed Bfie B BottT of RIBATH V2 5AGhe tOt5r arndaht oFNI)
and V- being 0.01ft0°0.200%. Advahtageous Effectaf Inwestioretal heaAcedring tedtheone

stainless steel flux-gored-welding-33wirg forzipecoated-steel ghaetiwelding use and the arc:
welding method of a zinc-coated steel sheet using the same of the present invention, even

without touchup or 9 othe? postttédtment. the SBITGSidn TésiSRANRE 78 §B6d.-HE wetd Eracking
occurs, the ductiligraf:thée Welthzohe 43 goad Hfurthér,tthe Weld avork efficiereytissextetient] and
otherwise @ high quality weld-zane: isphtained,  ; o iR, pagicular; g pronounged effect is
exhibited in weldirg%fn -Al -I\%i -base aIIoXéﬁéa ed stee| sheet which. contains -Al. and Mg as
alloy elements. AS & Z2A A~ Fng © bas&d bisted stéel Shedt thére &1RT for éXanidlE,
"Super Dymag" stekk sheef'madebytNippbneSteeh Copgdoration svlich omainsIARTEW; M a

3%, and Si 0.2% and has adajancg,obmainly Zos sZAM&, steeksheet made,by Nisshinpteel.
Co., Ltd_ which cor%tajcrhs Al 7%. and I\/J&B% agr:j has a bﬁlance of mainléﬁn etc. Brief,
@)

Description of Drawings FI¢ 14 Vil Showitt therelationhip Bétive the BotarAm3Une ot
slag andlthe contéfitsof HOQ ifi pegardtoabecracking of the bdsemetalcheat affetted Zomere

and weld work efficiencyom £BIG.i2jsrd Vieue showingithe rglatignshipibetween the Fyvalue
and the number o 1(J:ratkks of the weld riital, FIG. 3A. is a. view schematically s

£“ rther hovﬁgi, by a
perspective view, cracking which o¢cuts at ?nnéeﬁlje%ef?\e?ﬁcﬁé]?.% ijsug view Scfferig R/g
showinga cross- 48y sectibrabview, eeacking which occurs at the weld metal, FIG, 4Ais a
view schematically showing; hyra perspective vieve gracking yhich, ogews i the base aetal

heat affected zon e Flg. gf?()l% aov%'ewtschg aticall)éshgwi , by a crogs-sefgonal view,
cracking which occurs Rt thé vase” metahéat affected z6ive. G BYi§a view "9 Wrre

schematically showifig,Z0y'& TROss-settivraf iew) ¢lvd staté of prevesting!zhvd: prevents

zinc embrittlement cracking and secures ductility of the
weld metal in welding of zinc-coated steel sheet using a
stainless steel welding material and, further, prevents
25 zinc embrittlement cracking of the base metal heat
affected zone and is excellent in weld work efficiency as
well and the provision of an arc welding method of zinc-

coated steel sheet using the same.

30 Solution to Problem
The inventors worked to solve the above problem by
engaging in various studies on the alloy composition of
welding wire. As a result, they discovered that by
setting suitable amounts of C, Si, Mn, Ni, and Cr in the

35 welding wire and increasing the total formula of the
same, that is, the F value (=3x[Cr%]+4.5x[Si%]-2.8x[Ni%]-

84x[C%]-1.4x[Mn%]-19.8), it is possible to reduce zinc



embrittleent cracking of the base metal heat affecteb zone by solidified slag covering the weld
zone. FTC-, 6 is a view schematically showing, by a perspective view, the method of
evaluation of zinc embrittlement cracking of the base metatheat affected zone. 5Description
of Embodiments The inventors engaged in an intensive study of means for suppressing

zinclpkl)atin% Cfaﬁ;(ieﬂ@fi&&%’@;‘%H@t@@&%%@lfﬁ;rgdﬁu@ﬂiﬁ%%ﬁd%%ﬁ m@taé-efem%@inles}s
steel-based weldi aterial, for zjnc-coated steel sheet 10whijch epables improvement of the
corrosio.n resistar%c%é%ﬁié vye'ldg]g%'e aghdS lﬁ?t’fﬁerﬁ‘ rer %%%PE&WQ the’ cc‘:’fﬁl@fﬁé‘gof) P
zinc emhrittlement érackingedtahe base Imetat hieat afféctedzoneaartd vagrovingrtie Weld

work. efficiency, 15Ngte thairinthe presenfdnvention, dhe izingreoated stegl sheghidngans
not only a§imple ﬁin%-coated ?Atﬁeel, sheet, but also any plated steeéshgait plated on its surface
[ E e I%?%

by, among zinc plafing ‘an ZR-Al-BASRdraToy BIARY ZrizARNy 64 itirg-or. zr, -Al
-Mg -Si - 20based alloy glating to whicheAlL Mgy 1Sij etti ape added fortimproviag tthe cosrosiont
resistace”  Firgly the means fensuppressinginc smbritlementcrackingof ghe weld metal
and securing ductllit)(’oﬁthe \geld metal will be ex(glained. Ac];:_cordin to the results of
25experiments, the ikvertors oitied that by Keepind the Amoantof ferrité ifl e weld fetal

suitable, it is posvitsté i6lbbtirsiippress zinccambrttlednent cracking of theeweldhmbtal arics e
secure dugtility, Fartber, they discoueredthatihe ease of precipitation pf farrite-at30the time

of solidification of tt%e Wel%r%ﬁtal caolil be reepcrgsgnted by the.F value %%fined b ,thr%)followin

formula (1) basedlmalln?y 16 ferte’ l%?mlnga lefen § of §1and CriRthe Wetd é{gf‘gﬁ‘
the austendte forrtihgPeléimierits.6f €nmm; amdNin@5Fazalle - BXEOT96]4S[Si%i
-2-8X[hlti%][84X(1[C‘Vct>] {1'?@@?&9%@% inv‘ghe&ﬁie?@%g]g[ﬁti%r{éﬂlb itQJj, %BQM'&; "
respectively indicate totals r, i, C., and Xn. cantained in the shea wire in the
wegding wi);e withar%esﬁtéctotg the J%%P%a‘%ro% tfgéggvirtg?e PEG? l’{sﬁg\r/lvscftﬁ]ea’?r}e’l%ticz)ﬁgﬁ’lp
between'the F vaki@otiluxlcores welding ire uséd Wierbweldings ziné-doatdd stebtsheets
and the number of zing .embrittlement cracksHwelding conditionsete.tsame asperfogmance
survey of 10welded io,icrétbgfd_:exg l%s e¥plginetd Ia%ri. %Nlﬂgrd thgnF \é&ﬁlue oI{ the gux-cored

welding wire is less than , soll ification ends with the primary crys al solidifie %}r'lmaég%f the

weld metal being agistehitéaléieor thedsalidificationardstwit el 5erirhapy &rystal selidified
phase being ferritesbutia the middlerefisolidification, austeniPe-precipitatipg andsesulting in
the two pes of fez rite and austenite. At this time, the auystenite, ph solidifies in the form
of colum(%qaﬁ crystgf%l,qsé> &t ﬁ]%eﬁfne”lg%oﬁc\f\ieﬁiﬁ%%?sfsénc? ﬁogqﬁ%‘qulov&%nmg p(%jiht %:Bmpeocnae%?s
derived from the ARE platingideHelnte Ie the dustefite giainbohndarded makify the weld

metal more suscepiiblejtorziae epbsiitlement eragkinga Orsthevthenband,dbwas daarned that

when the F value q(éh fluxx-cbred wel%jin wirg is 2530 or more,.the weld metal precipjtates
t

as primary crystals as ?(ne?ﬁt)%eagndz the s0 idﬁ%%tigre] i§ 58%%?&3 infﬁ%%egﬁt%es%g-%gﬁajscg, SO

the finer ferrite phiald@ résdifing front tie Soliificd B&Giakial ER/8RAIS nvals petetrfioh st zinc
and otherjow mebingepairtt30companents éx-theicrystad grain heundades at the.time of

welding difficult, and zin%l?ggg}]_;%es@ﬁ@t 9@9‘@{1‘9105 th% gvsel% <_glndetakig Srggu%%d. tFuerthae]%nvoere, it
became clear that when the Evalue is 40 or more, the amount of austenitp whicR precipitates
in the cooling proféS<aft&rassoliaiticatien of thelweldretal thecdred Stbler and the effect

of suppression of zinc emblittlempriracking 'becomesrmeore pronauncetding wire for
welding of a zinc-coated steel sheet, the welding wire
30 comprised of a stainless steel sheath in which flux is
filled,

Characterized in that total amount of elements which
are included as metals or alloy compositions in said
sheath and flux are, by mass% with respect to a total

35 mass of the welding wire,
C: 0.01 to 0.05%,
Si: 0.1 to 1.5%,



Based on these findings, in the present invention, as explained later, the contents of C, Si,
Mn, Ni, and Cr in the flux--cored welding wire are made suitable values nrl to suppress zinc
embrittlement cracking of the weid metal, the F value of the-welding wire, defined bv the
above formula (1), is made 30 or more, preferably 40 or more. From the viewpoint of the
suppression of zinc emhfittlemewt cracking, prefegably the higher the F value 100f the welding
wife the better. However, if the E.\/aluze §f the irée 5f=g(ceeds 50, the weld metal finishes
solidifying in the ferrite single phase, thien ﬁ?e\g ec ﬁfati%ﬂ%f austenite is extremely reduced
in. the cooling process down to ¥gomaeniperatu?é,. S&theaamiount 150f ferrite in the weld
metal at room tempexature becgmes.greater, 0 secyce therductility,of theaveldimetal. that is,
the elongation, predeter ineta9 recipitation of austenite is necessary, An excessive increase
in the E value is no?ﬁ%télfer%lbl l hjegefa?)ae,tiﬂ t§§ present 20invention, the weld metal structure
at. room temperature is made afsuitabte twe-phdsé stucturaof ferite and atstanitécsonas ¢o
suppress zinc embrgment srackingef therweldsmgtal anddhe ppeplimit ofihe Fovalug of
the wire is made 50, to sufficiently secure ductility of the weld metal. Next, the inventors
engaged in an intensive study of means for preventing the zinc embrittlement cracking of the
base metal heat affected zone dndimpBovernentcofdthe weld work. efficiency. As a result, they
discovered that 30for preventing thg zinc gmbsittiement cracking of the base metal heat

affected zone, as shown in FIGZSOit_is important to use the solidified slﬁog 8 which covers the
weld. metal 3 so as to prevent penétration 6f Moltefi Zihc's 15 1S Wi toe'4 aRlimportant to
optimize the component compositish of the $lagdfortming agents foriingprovemeandf the weld
work efficiency. The present inventionabased en these findings:has @s-tsiteshpicaideas, 4
that (a) by raisin% hr?e%onéuigt of TiO2.in the slargﬁforning;agﬁnts an(?f rming solidified slag
with a relatively high melting p%irjlftoarr{ndl 8)9 réldfive 3? increasi gttﬁe} tar'5amount of the slag
forming agents, the weld metal €antbeesmeaundethwall Th the high ehiperatre statesindvith
penetration of. mattenziae ta the-weld-toecanke pravented and () yidefining thesupper
limit of the content of TiO2 in 191h8 slag(iogcming%agpnts and stabilizing the properties of
movement or molten drops from hé Front end of thé welding wire to the steel sheet base
material, spatter can be reduced althecreldiwerkistficlensy is immstoledxBélowt the nseans
for preventing thewziae:cLoesmrdtiement eracking of the base metal heat affected zone will be
explained. Note that, in a usual butt welded joint or fillet welded joint, reproduction of zinc
embrittlement cracking of the bhasd Hetsl ReatGifectad Joné IS Aot necessarily easy, so a
special weld test 20piece, le used for evaluation,siatis, | asshewnk|G. 6, a plate steel sheet
1 to be evaluated is set on a thick-qauge steel. material 9 of a thickness of 9 TM and its four
sides are fillet welded to it so as to raise the Eénsﬁﬁ‘a{iﬂﬁﬁg]fﬁ?@e &t the'plétjebl steel. sheet.
25Furthermore, a round steel ban2neas placed lon theifated[stéel shelet 4]andweldes, &t its
girth by fillet welding.4o.set condiions far.a higher.shrinkage stress at thg time atwaidjng,
After the9 ompletion of the welding., the cross-section 1 of the crater part at the weld bead
(toe) 30W3s obsefVEU R SR the Stat8 Of bRcAPente 5Fzihk erbrittieheht erdtkirfy Bt tHe
base metal heat affettedzone. RiG: 1tshows tiesresalfs ohavestigation of the state of
occurrence of the zinc emprittiementgracking Of 35the.base metalheat affected .zong ysing,, .

welding wire , ,
welding of the zinc-coated steel sheet as set forth in

(11, further comprising Bi as a metal or alloy
30 composition, and a total amount contained in said sheath
and flux is, by mass$% with respect to a total mass of the
welding wire,
Bi: 0.01 to 0.1%.
[3] An arc welding method of zinc-coated steel
35 sheets characterized in that coating of the zinc-based

alloy coated steel sheets is zinc-based alloy coating



having Tic)-2, Si02, and Gra?, as main components of the slag material. It is learned that by
making the ratio of TiO2 14 -- 50% or more and making the total amount. of slag 7,5% or
more, it. is possible to prevent zing embrittlement crackisg.-The mechanism of prevention of
the zinc embrittlement cragkinb of the base metal heat affected zone is considered to be the
slag 8 solidified afgqgﬂ{ﬁqg@grgec%@)nggsgaor,rier and preventing the penetration of the molten
zinc 5 to the base metal heat affected zone La (weld toe 4). For this reason, it is believed that
by increasing the ratio of TiO2 and r£siﬁ8 tl]rgﬁ'lelting point O of the slag. --terial, a strong
barrier results. Further, it is beli&ged thatdyliféreasing the total amount of the slag material, it
becomes possible to sheath thesweldtog;thickly(greatly) by slag and that this is effective for
suppressing penetration of the molten zinc. 150n. the other hand, regarding the weld work
efficiency, Tt is learned that if thé. R0 Y TBntEnt TF 1711 T8 BV 8556, 1attet FreGhently
occurs. It is believed that. an in¢tease imdhe @neuntof aelditidneeftE G2 sesuitsiin the-melting
point of the slab malerial?Ohecoming ieo bialy sedubeqares haid, or Jbe SIOlIRMEIaG 0y e

separate from theét,iﬁg of the welding wire and as a result the property of movement of the
molten drops becdifts {RSHIE aRd shaftef iMtreadeis For tHis Ye &85 b e Vietitssint 66
the 25prevention efthe Zind-embrittleMertrcragking of the base metal heat affected zone, it is
effective 1o make the content onHiOZ with sespect. fo-thedgtal amaunt. of theskag.damming

agent 50% or MOTe, but from the viewpoint of the suppression of spatter, the content. of TiO2
has to be 30restriGtea%5 6596 BF fisss® Thadhol WoittheteaSsRe foritmitdtion Orthe B'9&lue
for preventing zinc eatbritite ménttéracking @anchsectingtdectiliphefthe wveld metab and the
reasons for limitatiprsahthe total amount of the slag forming agents 35in the welding wire and
the ratio of content of TiO2 for prevention of zinc embrittlement cracking of the base metal
heat affected zone and suppres%io 0 %p&?er? T Furthermore, to maintain the properties of
the weld etal and various aspécts ¢f wéldtwork .gfficiency well, it is necessary to limit the
components added in the flux-gered weidipg wire,as metal or alloy and the slag forming
agents as follows. Note that, in ]'_g]e Bollg%rgg explanations n%u means "mass%" unless
particularly explained otherwise "~ ~° r%t,%elrgﬁgcbns for addition of the components of Si,
Mn, Ni, and. Cr forming the alloy :compasitiorpof thesEOweld metal will be explained,  Cis
harmful to the corrosion resistange, butds addgd in 6:01% or more for the purposes of
securinthBe strength of the weld. metal éa§f stabilizing the aro state at the time of welding. On
the other hand, if adding over 1 0.05%, ar@% numbér of carbides precipitate, so the
ductility. of the weld metal falls. BFhétefdie 3thecC indlddéd as a metal or alloy in the flux-cored
welding wire has to be made 0.Q1 tg 0;05%. S ispadderin.0.4% or more for the purpose of
20improving the slag detachabilit)i.i Cin the othgr- and, if addin -.0\% l. 5%, low melting
point. Si02 -based oxides preciSta éag 30 tfe duc iI‘i?ty.a of theWel Jr’ﬁle }Fallé?l?ﬁgfelf&r%? the S
included as a metal or alloy in the4luxicored Veelgingstiee has e rérn-'dedtED 15%.r25Mn is
added I28,5% orwaaredar thespupose Of stabiliziag-the@nstenite,phase-bthgeld.metal o
structure at room femperature %nc%o taé duitilit}/] of Ehe weld me%al. (t)H the o(gq r hand[, gg
adding over 3.0%, the slag detachabi ity %%omsésepeoor?'ﬁ'hse?e oreo,lfhe Mr'30included'4s a
metal Of alloy in the flux{cored Weddingcwire Ithiste meraee @5 t6 BrovmcoatRfissdreel
austenite formings elementslt bas te beradded ind7.0% aumore forithe purpose,af stahilising
theauﬁenﬂephaggHgﬂg%ggggﬂggggfug%gggﬁé Pr than coating further

30 comprises one or both of Nb and V, and the total amount
of Nb and V being 0.01 to 0.20%.

Advantageous Effect of Invention
According to the stainless steel flux-cored welding
35 wire for zinc-coated steel sheet welding use and the arc
welding method of a zinc-coated steel sheet using the

same of the present invention, even without touchup or



35tem.pereture and obtaining the ductility of the weld metal. On the other hand, if adding over
10.0%, it promotes the segregation of P, S, and other trace components harmful to cracking
resistance and results in further susceptibility- to zinc etitlement cracking. Therefore, the Ni
which is included in the flax-cored welding wire as a metal or alloy has to be made 7.0 to

10.0%, preferably 0;0,t0-18 0%, ¢ris-amelementiuhich coptributes to the: improvemenipf the
corrosion resistance of the weld metal, Further, Cris a ferrite for ,in%ele ent, It makes the
weld metal a ferrite Sirgie %h%@%ﬁéfﬁ‘s&ﬁﬁﬁ?ibn@ﬁs %8%%&%8 an%{géﬁ%ﬁ bl‘ﬁ't%i% zone
suppression of zintserabritlemeant cracking btheaweldwmetal ¢:hfthe presentiavention] tke t,
content of Cr is mage; 26:0% 6F mere-sa,as to gufficiently,abtain cortosion rgsistanee;of the
weld metagr Usually, if the weld metal of stainless steel 15c nta'ﬁf aboyt 13.0%, of Cr, a good
corrosion fesistance is obtAinGt. but tHe' present hiVERIBR COnSidets apphicationta: - 1
zinc-coated steel stveet oy contaiding CrearretherdBility to lobtain &t ambustefCr ohtheéweld
metal of about. 13% even ifdhe base materiak is.diluted 208kt 50%: T herefore, 26.0% ot
more of Cr becomes requir q On tléie otrgjer hand, if adding over 30.0%, re%igitation of
C.r23C6 or other Catbides or the g phase b&¢SiTes TARTReT ‘an G GiliRf Ean h Torigetbe-©/
obtained. Therefotesthe Criwhiel®is included dh the: flux-cored,2Bwelsling wiresds metal or
aIonhatbemqgth_ to. _ The.cont of the ¢ ents,of G, Si, Mn, Ni, apd.Cr
which a?é ?ncauded in t%gz%%% frgi}gcg?egwééi%%%wfgg] ggﬁ’étaﬁ@or%ﬂby to%a%%fgﬁgg’s(%nd
with respect to 30thestotalaassobthetwalding wiré) as'éxpi@ified above sdressetsadhabthe F
value, defined. by\the ébove ferauladh, beeemes 30:terpQ- I fange50.as tO:SURRIESS, ZiNC
embr-ittlement crackicpgnof the Vk\ée(lﬁ metal agd secure ductility of the weld metal well.
isFurthermore, forairr}]pro@i%g&fheae?a{lc%%bﬂi yIB?'EHré é(oll%ﬁﬂeaeglﬁg, it is possible to and Bi in
an amount of 0.01% or more with respect to the total mass of the wire. " In particular., the
weld zonesof the platedrsteelshegt has:to be sufficiently, cleaned of solidified slag from the
viewpoint of the improve to{ the appearance,, so theel deta(ihab,ilitx e(:orr]%est
important, However, if the amount of addition thgiwé)&%e 50,1, Tt betomed’a 2auds st
segregation of Bi abthettihe bf solidification. ©f 2lee wedd retalcmntesultant Adteracksregard
Therefore, the ameynt ptaddition of $i tarthetota)nass.etthe wike wastpade Dil%pRrlessq
10Note that, in additifg tvcv) t@ﬁ cog}ponents defined in the present invention, it is also possible
to combine and agg, as other c%mp%%le%{ls?mb, Cu, V, Nb, N, and other alloy agents for the
purpose #f adjusting the 0122 yieldsstrengiie teAbiterstrenpthe duetilty: {total lelandationjen L;
O'C Charpy. impagt absorption energy, ans other mechanicak pesfasmance ofdhey weld metal,
adjusting the slag. detaca?eility tcl, N Hvoivyeevesrbw causes ggﬁeri%rgg%n of thz}ductility, so it
is preferably made less than '0,8 %o. f:urther, it laZuarso pOSSI e'to swtafjﬂ/géd dnd adjust
Al, Mg, Ti" and otRErrde®qdizing atetifs forthe purpost ore@adation efthelseldsohe,
Next, the reasonsfer addition and the reasons for limitation of the components of the slag
forming agents 25Ti0.2" Si02" 5r02, and Al203 will be explained- is the most important
slag forr?ﬂ%g agent for pr%%zr'ntisjr{gt 8 z?ncvér%griﬁicerneé_nrﬁgclrgcel?rllg of the'Base rr?&al%e%oss_
affected zone. ToBHtainSkag With' go6d 3REATHADIIIN 318U 6mdre fs idcessand O e -
other 30hand, if adding oves 6,8%, the weld bead shape beeames unevenrand the spatter
increases. Theref. TiO2 which is included .in the flux of the flux-cored. welding wire as
slag forming ager‘g e%ég[%cbtelr‘r’lgdg%?g to g%a%g &aﬁhgrﬁ Jchr%fec?ﬁﬁa ﬁrtﬁécr tg\lr\éke]ed?s?%ge metad
sheathebility of Tid22 by atififig & SuitabIe amount together with the later explained Si02, it
becomee possible to obtaia sheathedsstate-af thersiag giving asuiableithickness to dhess-
toe- This effectiveg)é acts 1o prevent vp,enetratign of m%lte zinc to the toe.

Cracking which o¢curs” at the base metal
heat affected zone.
FIG. 5 is a view schematically showing, by a cross-
sectional view, the state of preventing zinc
35 embrittlement cracking of the base metal heat affected
zone by solidified slag covering the weld zone.

FIG. 6 is a view schematically showing, by a



3102 is added in 1.8% or More for improving the slag heand obtaining a smooth weld bead
shape. On 5the other hand, if adding over 3,8%, the spatter increases. Therefore, the 0102
which is included in the flux of the flux-cored welding wiredas the slag forming agent is
preferably 1,8 to 3.8%. Further, if referrino further to the slag detachability of Si02, it. is added

for 10the purpose gt imaprovingthesliag detachability e therwelghbead asa wholeirggardless

of. fizing the zinc. Zr! an he added i .accor%(a e wijth need for the purpose of
obtaining a good s?glé) 5%%12%:E(§gfﬁﬁlte\%naﬁgllnncgstloc S %%hé %Fa% of tﬁ%aweé]l% geﬁgg?/?é%r,
even if adding ovef 43%, the spatter increases or the weld bead shape becomes uneven.
Therefore, the Zn02 which is included in the flux of the flux-cored welding wire as the slag
forming agent is preferably 1.5% or . Al20.3 suppresses zinc embrittlement cracking and,
20further, gan Meb:%a(éa llﬁ)%cl:ggrd%%ecsegn\}vﬁ\%d%énée& ﬁ))g the purpose of improving the arc stability
even in an arc atmosphef&:€ontaffinatetdhyezifie Vapoi.'However: fratided cviaiQys%! theans
slag detachability isdewered Thesetore -as the-slag farming-agent in the fliweofthedlutetal
--cored 25welding wire, Al20.2.is preferahly. made 0.5% or less. As other slag formin ents
other than the TiO?, 1%62(;%..1}&,33&1%%_,&%@/ p8€§s%sﬁjem ‘%ﬁijzéter? es%%}llu n%s %ﬁicafc’e, aah%f(‘)g[%%r
fixing agents whick &€ added svhereprdducifng bonddluxiiathe processasigrodiictioh eheet

welding wige, 30Na20,0820,-Gat02, EaSeov.candhether metal exides o1 metak saranates o

which are mainly l{shed as are sétgggizggs an Alg %g}ygfé KzggchEpLiFé agglnoth%lhféuorides
and Fe0, Fe203, and other iron oxides &6. which are mainly used for fdfus%ma. the slag
viscosity and secutifig slag detachabity! magf e stitaistiicaddedy; 2 ¢ k Howverder Hh theorotal
amount of the slaghtaraning agentis aver d8.5%nthesamounpelbspatier €aysed lincraases at
the time of Weldin%. '%herefore the total amount of the slag forming agents of the flux-cored

. . . nc . .
welding wire is made f&%i or less. The method of prodhction of the stainless steel
flux-cored Welding wire ffC4ific-ebated steelSieatifalding UsereinthéPresemanvértiviris not
particularly limited: 48 pessible=t0 preduee irkya sishally kaawn methad 10f praductionafal
flux-cored Weldings\é/igg.ch%rh%ﬁattmplk(—;tl teéai ggipagheaﬁhg cg&n%r'sgglofs%ustgnit'f sct%inl%sns
steal containing the metal or alloy was formee into’a -sﬁape, then was filled with fﬂling flux
obtained by mixing tstirfiig, f@%PdRihg fHecRetal Bt @lloy ahtnBe stay fornfidg agéftinahecy
U-shaped groove then the; steeh siip-(shiepty svas: further shaped gl 5into atube whighsi-
continued to he d ntil the desired wire diameter. t this ti it is also passible to
weld thegs(éems oﬁ%ee'%e%g]i? T ed into the tube _sjh%}be%@’obtgihng:stéa% ess tfa/%g, 268
flux-cored welding ®ire 1 2O GHETY as BEmetHoPsther therthetasye; when using a pipe
formed into a. tube in advance:as the=sheathsthecpipeip fited withJluxi whilemmaking itevibrate
and is drawn U_'“t"&Bfgﬂ%?”%'}edcH’érev%’i‘%‘eﬁ%rtﬂ?‘?aﬂ%f:'sg%ﬁ?giageeéﬁg%ei‘l?fcﬁﬁ‘eo‘%’e’cqqeed
material 25which is covere b{ the Eéesent Invention includes not only a general molten
zinc-coated steel ¥Reét 781 ol IS 03302 *BUttaIE6 A-mBRER ZMESeAuiifur afey ifated
steel she®t basedeapdiS =33%7, moken 65%maliminumazineaday platedisteetsbpehbased
on 013 30.3321, Sihe11341306M:0,29651 plated, stepl sieel (Supel £ WAL 3126,Mo plated

steellAM(r)) and other zind -based alloy coated steel sheets. Note that, the zinc
embrittlement cralBkifi§ bP thie Bas& Metal it Sfetted 26nEihich dcctire When g a9 of
stainless steel-baséc wetding material{paiticularly eadily: oc¢dirs whetuthiehplating cdmpdnents

include Mg. For tmﬁ.E%%S\%‘r@’&'e@%%ld%thgﬂ%tegétgge%ﬁeﬁitation of ferrite at
30 the time of solidification of the weld metal can be
represented by the F value defined by the following
formula (1) based mainly on the ferrite forming elements
of Si and Cr in the weld metal and the austenite forming

elements of C, Mn, and Ni:
35 F value = 3x[Cr%]+4.5x[Si%]
-2.8x[Ni1i%]1-84x[C%]



containing Mb CZn -1196A1 -3%Mg -0,2%Si plated steel, sheet) anb Sn-7%A113%Mg plated
steel sheet) by the stainless steel. flux-cored weidini wire of the present invention, the effect of
suppression of the zinc embrittlement cracking of the-bake metal heat affected zone becomes
pronounced,. As the Zn-Al.-Mg -Si -based alloy plated. steel sheet, it is possible to
effectively apply a. zinc-based alloy cogiqd4§tﬁ\%§ﬁ1g%t9q(§1tqip[ngeﬁ)\/ mass%, Ali 2 to 19%,
10Mg: | to 10%, and Si: 0,01 to 2% and having a balance of En and unavoidable impurities,
Explaining the zinc-based afié§ cbafind. ‘Comporlents ) Mg i¥ iridluddd i ito 0% fd¥tRe
purpose of improvirgsthecorrasion tesistance ot thexplating layer. This is l5becauseiifitess
than 1%, the effect.of impr, t €.corrQsio Si e.si fici e if.qver .
10%, the plating Ia&)/ge%%t:aé%g%ger;%?itgé %né%%é%a%h%é%n%f?ﬁé Alli(m%é)% &%ﬂ;dd%vﬁ?#)n&(% I\?Igwf:rLotg
causing the plating F5/eF Ho Beton biftlefdndifisrovés thé cBirb&ion 20resistance, so is
included in 2 to 19%" If lessxhah 20hothe effect tedoaddiiombeeames instificientyiee of
plating layer becomes pritle, an|the adhesian alis. whi it ver 1989, the effect ol

[ [ e d i? Sthe RI and

improvement of the corrosion resistance becomes saturated and simultaneously
the Fe in the steelSHe®t réati ¢ 8asé atdidp i BapesiohSikeepithe Wi bAdRE Fermthe
steel sheet from reacting; the platiag tayetfram becemirg dyitie rand-thenadhesion fon £
faLlbig" sp,0,01 to“?e%)d% M%@l%dc This gsxlg%%al%sg ilggg‘fat%r% &).%Ja"@em_e. effect 30is not

e

sufficient and the adhesion. falls. If over 2%, hot only. does the effect of ?irqvemer]t of the
adhesion become saturatet:but AfsoFtheddiding fayer ftsé bacemesbritfid, Fdttherintie L &s
the zinc-based alléy seating:comppnents] th iMprovedhe €odosiontiesistangeratierpgainting,

one or more elements.of Ga, 28, ;H; He N 0. G 2pd D méiﬁenﬁéjéj%ﬂ’ Futthgr, as the

zinc coated steel sheet of the 2.1 welded material which Is covered by the present invention,

use of a. zinc-coafttf&ERiStfect Vita tendifeSstishigthl of i bratiRg Bade shikbof te 270
MPa" to 590 N2a plassand defining thessteebsheetdcampenentsiofdhe platingdhasessheet as
follows is preferable; singede £figet absyrpression ol ihe zing.ambritlemealt eracking pithe, 4

base metal heat affected zone becomes mete pronounced. C is added in 0.01% or more for

improvement of the°fOHerdBAability Gtih& Weld PRat Siffttid P rond Boslow, aiserefersd td¥hs
uflAS") and therefore suppressinglzinaembeitticrnepicracking lof die HAZ . 10N thesotherthand,

excessive addition leads10.a drapdp.bendebility, and an ingrease in delayed cragking dye to

hardening of the HAS 15and easier zinc emhrittlement cracking. For this reason, the upper

limit is made 0.298 *"S5j 1©4d 86 I8 0 R SHmE R Hedkitiation of te Stedl shbst. Bc
the other hand, excessiveqduiticitleads td @antéxecessivedndrease im oxidecsoat ati the time of

20hot roiling and g.-Gropdn dyctilify.$o the tippet limit. s, 20%. +,Mnisadded in 0.5%

or more to immobilize the unavoidable impurity S as Mn5 and to improve the hardenability of
the HAS. On the GtHEF hid BXde5sivE HdHtoh 1e38s 153 dtopSh beRddbility-and &n Hhcrease
in delayed crackirig) &b theeppehimit isadade 8{0%he fPug-andmpuriteel@mmentwioprégent

a drop ipworkabilify of the,stee! shegt, the wpperimit &@@ﬁsioag%%"é)-'éoo%ﬁ%&f%urity
element, To prevent bi%t%rgperatgr%fe cracking of the weld metal and a drop In workability at

the time of hot rolfitg thé tppaF limfti& hiéde 602095 SOAFH:E%OC%Ja(alaeﬂi.sinc(?{ﬂﬁi@gﬁj
more as a deexidizing-&lenfesit ot steet g itexdessivelysaddéd; coarsendsmetallic phase

inclusions are formed.andithe toughness.and other sperformance.afthe steel materighare;
lowered, 80 the u per chrr]it value Wr%s made 0.5% Tiim obiIize];the in the steel as

nitrides and has the eREEEof PTavEnting tHa pradibitaliBh bf AP 51§ huted iR D1001% or more.
On the otller hand;@xeessive Sadditiondeany t& alrise i theccoat of afley additionhe time

of welding difficult, and zinc embrittlement cracking of
the weld metal is reduced. Furthermore, it became clear
that when the F value is 40 or more, the amount of
austenite which precipitates in the cooling process after
35 solidification of the weld metal becomes smaller and the
effect of suppression of zinc embrittlement cracking

becomes more pronounced.



s0 0.5% is made the upper limit. B is added. in 0,0003% or more to obtain a reduction in
interfacial energy of the crystal grain boundaries of the RAZ and resultant effect of
suppression of zinc 10embrittlement cracking. On the-othér hand, excessive addition invites a
drop in toughness of the weld zone, zinc easily penetrates to the crystal grain boundaries of.

the weld heat affected zopgsaad zonvessely r2ine empyittiement cracking.easily QCUrs, 0,
the upper limit 15is made 0.004% is a %ed in 0,0005% or_mare to make B ﬁrecipdtate

as EN or another r%tsrife}.( n‘_’ltlhréeéj[h%‘r_’1 and, i Sweérdthe efect f%insleIpﬁf[@Ssi ézir?cnd S
embrittlement cracking; 3® thé Wppep it isendde 0,00696, 20Furtirermore L theZinc-coateds

steel sheert' may h%\tr!?:ll,\:bil‘flﬂds\ﬁﬁikﬁiﬂggéo litiE@F&r@%ﬁ‘@ﬂléﬁe%@ig%ﬁfﬁ%%eﬁctméﬁweld
securing the strength, of the steel material and immobilizjn as carbide securing an
amount of 3olid so%uetﬁ)arl}lB eﬁ%gtiv%] ?ﬁar{s%%p?gsgr% mwoae%g.lﬂ?etgllf%mgsﬁ%{]%ﬂwee%}t, ¥t% total
amount of Nb andAPWE 019 imard, lthe effectbdeomespronomsced Howevar L exddssive
addition of a total aeant of over 0,20 mass% invites a rise in the manufactnring costs of
course and degrades theEtou%hr%%ss of.the steel material, For this 30reason, the upper limit of
the content was made O. 6‘%, Exa(renp es Wpoé%Fovx?, exa pI8§Wﬁ83%%H t8 xf) i the
present. invention $ie&tdit 35ExEmpledy k 1 nBirst te Eenfinp theceffedt ohsuppressiontof Lue
zinoclz e;]mblitIIerTflerlllbfiflaﬁlﬁi@gw@@ﬂiﬂﬁ@”ﬁ@i&%‘\/@ﬁgg%i@ﬁt3&9. qﬁge&é%(@fﬂheiwelém rpakﬁarha!ﬁ
and the type of the plating. . _In the at sinless steel flux-cored welding. wires containing. the
alloy compositionsoghacl)t\l;vlr% in’ +58Ieef%es?é{|]ﬁIe%si’stggleflu"gggc?fe@%& ing Wit&s With slag
forming agents of fite é6rmpositions Showh ihTable ¢ anidnTablerdwere ptépatediThe
asterisks (*) in Tabled @i Tahle Snindicate seatents of the-gxteatafunaveidahle impurities.
The wire diametercvc\)/%ﬁm{slde 13 MIS; FOcE th?1 IES zinc-coa;tted steeél iheet, zinc - ﬁfed alloyr/1
coated steel sheets compﬁsé)df of Elaﬁng DaSe Shebts Of stebhSheets of a sheet thickHEEEdf 5
mm and atensile StreAGthIcfthe ¥00'!Ba ¢lassiwhidhwerd coaed Withninree types bfplating
shown in A to C were tised 15A; moltemzineeoated-steek sheejbased an0d £2202 that
13: molten zinc-S%Salu%réungfcl)lo%atggl steel sé]eggtgasle%ﬁn. %LSClG %g% lC Zn.-11%Al
-3%Mg -0.2%Si pI%lte’d steel shee ote that for the steel she&t comBonen 5ot tie plating
base sheet., a stegl $heet- 5FCL008%; St SB1029%1 M4 R-ECE%S, 1M-0.01B% S8 0076, ¢ F
=0.02%, 5=0.0015%] Ne0,083nand 7+0:Ql%nas, used kor dhe welded metahpeyéormance, a
tensile test, 23bas_§g9 ‘]chs 1Ji’33t21;§ear‘1/\,d 3 imgﬁgtltes .P@g@d on J'l;S Z 3111 were

re room temperature
performed. The zinc embrittlement cracking of the we metal and the zing ambritiemen

cracking of the basé MétaPhéatsafidciéd 2oneE wete avaluHied esingea visibie Bye Henetdnt
test., Note that, for the welded 30teskpieee forevalyation atcraekir.ias explainedabove; @
welded test piece shown in FIG, 6 S nd.was welded by a welding, current of 160 t
20021 and a shield gas gf. CO. Tﬁ%&%v%e#d \%%ﬁ; e%%ie%%é%asljh gl:jgd%%/ ég u%c%‘ieo‘r_{gliue o
evaluation at the tii& of pFéparigthesveltel e Stifiééé idskiresars afe SHeWh togethef in
Table 2 aind Tarde delnwEablen2and Table 4, the "Good in the row of "Spatter” indicates that
no spatter occurred and the, work efficiency vsé%g_,go%%, W ile."Rqor” glndi at éhat a lot of
spatter occurred and the work’efficiebey \_/va% poor... éogédmlt e?owlc()%} "%ﬁaglgeetagﬁggﬁ/ityqf

indicates that the "$§i3g detdthability fas Joodt "Eairtingicaigy that 1f"siag detachabiity Was
somewhat inferior; landi Reer'irdieatesdhat thetslag detachabiliyywasipeosvé@end” nrthene
row of "Bead appegarance’indicates that the be p w od,. while "Paor"
indicates that the bead 1OOshape was unevg'oﬁ%ﬁe%%gg%;%argﬁgg w%%%%é&r%%g p%%arl.t

The "Good" of the"6Verall @VaRIatiBA ifditatesg68M EVAILARBS \Whife e Pesr cifdicites
the evaluation couldswtibetsalid tebe goddected zone, as shown in FIG. 5, it is

important to use the solidified slag 8 which covers the
weld metal 3 so as to prevent penetration of molten zinc
5 to the weld toe 4 and important to optimize the

35 component composition of the slag forming agents for
improvement of the weld work efficiency.

The present invention, based on these findings, has



Wire Nos. 1 to 7 of Table | are invention exampic Itwhile Wire Nos. 8 to 14 of Table 3 are
comparative examples. Further, Table 2 shows examples using the welding wire of the
present invention, while Table 4 shows examples using Welding wire of the comparative
examples. Note that, Table 2 and Table 4 also show the 20types of the plating of the steel
sheet used. Wie Nass | te #1of the present dnvention were suitable in F value, 1102" Si02,

Zr07., AlI203, total amount of slag forming agents, and ratjo of, TiO2 to total amount of sla
pmoun of sl forming. & io gt TI02 to (tal aount

forming agents, so Cracklnﬁ did nséi.LE)%pur n Egé%heenr h& weld. fetal or base metal feat o
affected zone and3A€Wotk effiticiicy bttt tipde ot etding begametdoad as daesukly horm
the other hand, Wise No. §gingbe cempasative exampleswas low i the rajiorofcontent; of
TiO2 with 30respect to the total of the siag forming agents, so cracking occurred in.the base
metal heat% affected : %lr?et. OELavg(?krlee 0. %gwgcs)%%ﬁ%ﬁé’?o%lsém%%ﬁtq’o«ﬁ%gslpa% olrm(l;r"’llgr;1 e
agents and was alSBiéw i drirativlof contémeofikoR" seraracking oecamretan #slbase

metal heat 35.affegtegbzone: i onVire Nes.tkhand 44 weredpw indotal amoun of the slag
forming agents, so_crackin ec&:currlrgd in the base metal heat affected zone. Further, they-

were low in contefit of Si0: , SO fhe detachability tended to be somewhat inferior. Wire No.

12 was high in coritént of’Fiadshenwas higieiniaiie of Eonient ©f THREL G0 TR Slagffofitingin
agent total) so spaites frequgntly eeeuised gadithe headshapeitended te hecgmsinavers or

Wire No. 13 was large in total amount of slag -forming agents, so spatter frequent [','

occurred. Further?llt(g\lfvv:'?fg]n(fz;{lrtig_je?r?1 Ifn\?aﬁgg,n sog Was ov%%:rollgva s o .rt#scelgﬁlé%t?o% (I)Chﬁe welded

metal. (underlinedifalde BETEBES toWiReENDT el wabesw ifpeshtent bE 2102 andleas high in

content of LLD, with respect tajthetotal.of the slagel2forming agentcse weas poor ibskagred.
detachability and, further, had frqujl,e‘nt. Sé)altlter.ézurthermore it was %mall in F value, so

cracking occurred in the EV% d. meta ,e(&a?npfe ?lr\le%et‘ﬁgrllr}tvlenrﬁo% svaluated the effects of
the zncomponentSBPIREHIARHF Basersiidetoh the Zife ehbrittieinént.cragkihg of five rsld
heat affected zone efithe.steel, sbeetgfitherplatingibase sheet, The plating:hase sheetused d
is a. steel material. of.the tensile. strength e, 270 M2a class to 590, MPa class, .The
25component co g)oléqlt!gon‘g% slﬁlos'\L/v'aneri]%q *Ié%g%jd T%%ll?r%derﬁr? S aﬁé?sﬁ(;%\?v \z/%lffjces outside
of the range of thPrskht intBRTIch, CTREC iafitig Contithents ere hidde ietplating ef <4
Example 1 of 0: Zpetl$0Als- 3%V ne=0s2%Si] The avgldingvire wiasdhe Wive No, d<0ft
Example ] 30For Idi i for evaluation of cracking, as explained above
welding test pieceﬂslﬁe(;yv?n%% IgséGQWeﬁfﬂség% &fi' was 'ch?&é%i t%sé Waé#(;'iﬁg' Current OF %60 to
200A and a shield’gasoPOGE o Rluativest the K anBriRleMeRtragking of @ie Base

metal heat affectedrziarie; aavisiblesdye-penettantitest was fised +t INate thais thersireeim and
thickness was mage a thin, 2. nd the io erformed in a state 26 - .
facilitating zinc. embrittlemuent‘éc%g(r:(l'gngg;}Q E‘Iy'fi;‘eH:j %ﬁatﬂ;}r‘]%glg1 %Sgge é%\(gleetc Ngo](?s. %g tg ?L8@oa}3'lsaeleeC }%e

are invehtion examplest WhilB the Piatiies BasetSRedt'NdS A o5t6523 oF 1561E 5 are
comparative exampleshermdthen using thel platinglbasersheets of Noscib teod8wdi¢helated

present invention,sgracking glid pot oceyy af ejthel the weldmetal ar base metal hegtafigetgd
zone. to set conditions for a higher shrinkage stress at the
time of welding. After the completion of the welding, the
cross-section 1 of the crater part of the weld bead (toe)
30 was observed to evaluate the state of occurrence of zinc
embrittlement cracking of the base metal heat affected
zone.
FIG. 1 shows the results of investigation of the
state of occurrence of the zinc embrittlement cracking of
35 the base metal heat affected zone using welding wire
having TiO;, S5i0;, and ZrO, as main components of the slag

material. It is learned that by making the ratio of TiO,



On the other hand, when using the plating base sheet of No. 19 of the comparative examples,
since the content 10of B was low, cracking occurred in the base metal heat affected zone.
When using the plating base sheet of No, 20 of the compdrative examples, since the content
of B was excessive, cracking occurred at the base metal. heat affected. zone. When using

the plating base sieet ob Non2kobihe comparativeexamples.since the.gontentof/Mp:was
small, the 'base m%tgllfheatiz%tffecsted gonegﬁllei%hardgggbili][.v z%g% (t:heert'rﬁéorre tc:trfilceklre]gl gccurred
due to the increase in 20heat stress of the weld fo&, Wher usingthe pllatlng-nbase sheet of
No, 22 of. the comparetiveexaniplessinée thetontenP of T wascsmalf arbehé precipitation

of BN increased, ceagking eceureed attheraseymetaliheat affestegbzone. REWher asingthe
plating base sheet. of No, 23 or the comparative ex les, since the content of C was

_ excessive,sirackingzgoorcl:%y%r%d%?rt]ﬁel %ggé) %%%I e?a?%}f ec%%él %oge %%gﬁ%zéél\?v%sag ?oenrcerr) of
delayed fracture diié 6! hafdemaohithe weltbZones rMassYPaivias:8 1139 ZNIEQhersitoal t ion

componnts of compenentof fiped d4DzitedCs ; 6 itwherfseftigathh 1>he D-HZ ftE ctakle 22 one
Ware 110. oe of nifgnCzwelé Qc06e044§\{7 98]:8%%13 reason, it is believed that by
increasing the ratio of TiO, and raising the melting point

10 of the slag material, a strong barrier results. Further,
it is believed that by increasing the total amount of the
slag material, it becomes possible to sheath the weld toe
thickly (greatly) by slag and that this is effective for
suppressing penetration of the molten zinc.

15 On the other hand, regarding the weld work
efficiency, it is learned that if the ratio of content of
the TiO, is over 65%, spatter frequently occurs. It is
believed that an increase in the amount of addition of
TiO; results in the melting point of the slag material

20 becoming too high, so it becomes hard for the molten slag
to separate from the tip of the welding wire and as a
result the property of movement of the molten drops
becomes unstable and spatter increases.

For this reason, from the viewpoint of the

25 prevention of the zinc embrittlement cracking of the base
metal heat affected zone, it is effective to make the
content of TiO, with respect to the total amount of the
slag forming agent 50% or more, but from the viewpoint of
the suppression of spatter, the content of TiO, has to be

30 restricted to 65% or less.

The above were the reasons for limitation of the F
value for preventing zinc embrittlement cracking and
securing ductility of the weld metal and the reasons for
limitation of the total amount of the slag forming agents

35 in the welding wire and the ratio of content of TiO, for
prevention of zinc embrittlement cracking of the base

metal heat affected zone and suppression of spatter.
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Furthermore, to maintain the properties of the weld metal
and various aspects of weld work efficiency well, it is
necessary to limit the components added in the flux-cored
welding wire as metal or alloy and the slag forming
agents as follows. Note that, in the following
explanation, "%" means "mass$%$" unless particularly
explained otherwise.

First, the reasons for addition of the components of
Si, Mn, Ni, and Cr forming the alloy composition of the
weld metal will be explained.

C is harmful to the corrosion resistance, but is
added in 0.01% or more for the purposes of securing the
strength of the weld metal and stabilizing the arc state
at the time of welding. On the other hand, if adding over
0.05%, a large number of carbides precipitate, so the
ductility of the weld metal falls. Therefore, the C
included as a metal or alloy in the flux-cored welding
wire has to be made 0.01 to 0.05%.

Si is added in 0.1% or more for the purpose of
improving the slag detachability. On the other hand, if
adding over 1.5%, low melting point SiO,-based oxides
precipitate, so the ductility of the weld metal falls.
Therefore, the S included as a metal or alloy in the
flux-cored welding wire has to be made 0.1 to 1.5%.

Mn is added in 0.5% or more for the purpose of
stabilizing the austenite phase in the weld metal
structure at room temperature and obtain ductility of the
weld metal. On the other hand, if adding over 3.0%, the
slag detachability becomes poor. Therefore, the Mn
included as a metal or alloy in the flux-cored welding
wire has to be made 0.5 to 3.0%.

Ni is an austenite forming element. It has to be
added in 7.0% or more for the purpose of stabilizing the
austenite phase in the weld metal structure at room
temperature and obtaining the ductility of the weld
metal. On the other hand, if adding over 10.0%, it

promotes the segregation of P, S, and other trace
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components harmful to cracking resistance and results in
further susceptibility to zinc embrittlement cracking.
Therefore, the Ni which is included in the flux-cored
welding wire as a metal or alloy has to be made 7.0 to
10.0%, preferably 8.0 to 10.0%.

Cr i1s an element which contributes to the
improvement of the corrosion resistance of the weld
metal. Further, Cr is a ferrite forming element. It makes
the weld metal a ferrite single phase when solidification
is completed and contributes to suppression of zinc
embrittlement cracking of the weld metal. In the present
invention, the content of Cr is made 26.0% or more so as
to sufficiently obtain corrosion resistance of the weld
metal. Usually, if the weld metal of stainless steel
contains about 13.0% of Cr, a good corrosion resistance
is obtained, but the present invention considers
application to zinc-coated steel sheet not containing Cr
and the ability to obtain an amount of Cr of the weld
metal of about 13% even if the base material is diluted
about 50%. Therefore, 26.0% or more of Cr becomes

required. On the other hand, if adding over 30.0%,

precipitation of Cry3C¢ or other carbides or the o-phase
becomes easier and ductility can no longer be obtained.
Therefore, the Cr which i1s included in the flux-cored
welding wire as metal or alloy has to be made 26.0 to
30.0%. .

The contents of the components of C, Si, Mn, Ni, and
Cr which are included in the above flux-cored welding
wire as metal or alloy (totals of mass$% with respect to
the total mass of the welding wire), as explained above,
are set so that the F value, defined by the above formula
(1), becomes 30 to 50 in range so as to suppress zinc
embrittlement cracking of the weld metal and secure
ductility of the weld metal well.

Furthermore, for improving the detachability of the
solidified slag, it is possible to add Bi in an amount of

0.01% or more with respect to the total mass of the wire.
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In particular, the weld zone of the plated steel sheet
has to be sufficiently cleaned of solidified slag from
the viewpoint of the improvement of the appearance, so
the slag detachability becomes important. However, if the
amount of addition of Bi exceeds 0.1%, it becomes a cause
of segregation of Bi at the time of solidification of the
weld metal and resultant hot cracks. Therefore, the
amount of addition of Bi to the total mass of the wire
was made 0.1% or less.

Note that, in addition to the components defined in
the present invention, it is also possible to combine and
add, as other components, Mo, Cu, V, Nb, N, and other
alloy agents for the purpose of adjusting the 0.2% yield
strength, tensile strength, ductility (total elongation),

0°C Charpy impact absorption energy, and other mechanical
performance of the weld metal, adjusting the slag
detachability, etc.

However, N causes deterioration of the ductility, so
it is preferably made less than 0.05%. Further, it is
also possible to suitably add and adjust Al, Mg, Ti, and
other deoxidizing agents for the purpose of deoxidation
of the weld zone.

Next, the reasons for addition and the reasons for
limitation of the components of the slag forming agents
TiO,, SiO;, Zr0,, and Al,03 will be explained.

TiO; is the most important slag forming agent for
preventing the zinc embrittlement cracking of the base
metal heat affected zone. To obtain slag with a good
sheathability, 3.8% or more is necessary. On the other
hand, if adding over 6.8%, the weld bead shape becomes
uneven and the spatter increases. Therefore, the TiO,
which is included in the flux of the flux-cored welding
wire as a slag forming agent has to be made 3.8 to 6.8%.
Further, if referring further to the slag sheathability
of TiO;, by adding a suitable amount together with the
later explained Si0O,, it becomes possible to obtain a

sheathed state of the slag giving a suitable thickness to
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the toe. This effectively acts to prevent penetration of
molten zinc to the toe.

Si0; is added in 1.8% or more for improving the slag
detachability and obtaining a smooth weld bead shape. On
the other hand, if adding over 3.8%, the spatter
increases. Therefore, the Si0, which is included in the
flux of the flux-cored welding wire as the slag forming
agent is preferably 1.8 to 3.8%. Further, if referring
further to the slag detachability of Si0O,, it is added for
the purpose of improving the slag detachability of the
weld bead as a whole regardless of fixing the zinc.

Z2r0O, can be added in accordance with need for the
purpose of obtaining a good slag detachability even if
zinc sticks to the slag of the weld toe. However, even if
adding over 1.3%, the spatter increases or the weld bead
shape becomes uneven. Therefore, the Zr0, which is
included in the flux of the flux-cored welding wire as
the slag forming agent is preferably 1.5% or less.

Al,03 suppresses zinc embrittlement cracking and,
further, can be added in accordance with need for the
purpose of improving the arc stability even in an arc
atmosphere contaminated by zinc vapor. However, if added
over 0.5%, the slag detachability is lowered. Therefore,
as the slag forming agent in the flux of the flux-cored
welding wire, Al,0; is preferably made 0.5% or less.

As other slag forming agents other than the Ti0,,
Si0z, Zr0Oz, and Al,03;, potassium silicate, sodium silicate,
and other fixing agents which are added when producing
bond flux in the process of production of welding wire,
Na,0, K,0, CaCO;, BaCO3, and other metal oxides or metal
carbonates which are mainly used as arc stabilizers, and
AlF3, NaF, KyZrF¢, LiF, and other fluorides and FeO, Fe,0;,
and other iron oxides etc. which are mainly used for
adjusting the slag viscosity and securing slag
detachability may be suitably added.

However, if the total amount of the slag forming

agent is over 10.5%, the amount of spatter caused
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increases at the time of welding. Therefore, the total
amount of the slag forming agents of the flux-cored
welding wire is made 10.5% or less.

The method of production of the stainless steel
flux-cored welding wire for zinc-coated steel sheet
welding use of the present invention is not particularly
limited. It is possible to produce it by a usually known
method of production of a flux-cored welding wire.

For example, steel strip (sheath) comprised of
austenitic stainless steel containing the metal or alloy
was formed into a U-shape, then was filled with a filling
flux obtained by mixing, stirring, and drying the metal
or alloy and the slag forming agent in the U-shaped
groove, then the steel strip (sheath) was further shaped
into a tube which continued to be drawn until the desired
wire diameter.

At this time, it is also possible to weld the seams
of the sheath formed into the tube shape to obtain a
seamless type flux-cored welding wire.

Further, as a method other than the above, when
using a pipe formed into a tube in advance as the sheath,
the pipe is filled with flux while making it vibrate and
is drawn until a predetermined wire diameter.

The zinc-coated steel sheet of the welded material
which is covered by the present invention includes not
only a general molten zinc-coated steel sheet based on
JIS G 3302, but also a molten zinc-5% aluminum alloy
plated steel sheet based on JIS G 3317, molten 55%
aluminum-zinc alloy plated steel sheet based on JIS G
3321, Zn-11%A1-3%Mg-0.2%Si plated steel sheet (Super
Dyma®), Zn-7%Al1-3%Mg plated steel sheet (ZAM®), and other
zinc-based alloy coated steel sheets.

Note that, the zinc embrittlement cracking of the
base metal heat affected zone which occurs when using a
stainless steel-based welding material particularly
easily occurs when the plating components include Mg. For

this reason, when welding the plated steel sheet
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containing Mg (Zn-11%A1-3%Mg-0.2%Si plated steel sheet)
and Zn-7%A1-3%Mg plated steel sheet) by the stainless
steel flux-cored welding wire of the present invention,
the effect of suppression of the zinc embrittlement
cracking of the base metal heat affected zone becomes
pronounced.

As the Zn-Al-Mg-Si-based alloy plated steel sheet,
it is possible to effectively apply a zinc-based alloy
coated steel sheet containing, by mass$%, Al: 2 to 19%,
Mg: 1 to 10%, and Si: 0.01 to 2% and having a balance of
Zzn and unavoidable impurities.

Explaining the zinc-based alloy coating components,
Mg is included in 1 to 10% for the purpose of improving
the corrosion resistance of the plating layer. This is
because if less than 1%, the effect of improvement of the
corrosion resistance is insufficient, while if over 10%,
the plating layer becomes brittle and the adhesion falls.
Al keeps the addition of Mg from causing the plating
layer to become brittle and improves the corrosion
resistance, so is included in 2 to 19%. If less than 2%,
the effect due to addition becomes insufficient, the
plating layer becomes brittle, and the adhesion falls,
while if over 19%, the effect of improvement of the
corrosion resistance becomes saturated and simultaneously
the Al and the Fe in the steel sheet react to cause a
drop in adhesion. Si keeps the Al and the Fe in the steel

sheet from reacting, the plating layer from becoming

brittle, and the adhesion from falling, so 0.01 to 2% is

included. This is because if less than 0.01%, the effect
is not sufficient and the adhesion falls. If over 2%, not
only does the effect of improvement of the adhesion
become saturated, but also the plating layer itself
becomes brittle. Furthermore, as the zinc-based alloy
coating components, to improve the corrosion resistance
after painting, one or more elements of Ca, Be, Ti, Cu,
Ni, Co, Cr, and Mn may be added.

Further, as the zinc-coated steel sheet of the
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welded material which is covered by the present
invention, use of a zinc-coated steel sheet with a
tensile strength of the plating base sheet of the 270 MPa
to 590 MPa class and defining the steel sheet components
of the plating base sheet as follows is preferable since
the effect of suppression of the zinc embrittlement
cracking of the base metal heat affected zone becomes
more pronounced.

C is added in 0.01% or more for improvement of the
hardenability of the weld heat affected zone (below, also
referred to as "HAZ") and therefore suppressing zinc
embrittlement cracking of the HAZ. On the other hand,
excessive addition leads to a drop in bendability and an
increase in delayed cracking due to hardening of the HAZ
and easier zinc embrittlement cracking. For this reason,
the upper limit is made 0.2%.

Si is added in 0.01% or more for deoxidation of the
steel sheet. On the other hand, excessive addition leads
to an excessive increase in oxide scale at the time of
hot rolling and a drop in ductility, so the upper limit
is made 2.0%.

Mn is added in 0.5% or more to immobilize the
unavoidable impurity S as MnS and to improve the
hardenability of the HAZ. On the other hand, excessive
addition leads to a drop in bendability and an increase
in delayed cracking, so the upper limit is made 3.0%.

P is an impurity element. To prevent a drop in
workability of the steel sheet, the upper limit is made
0.020%.

S is an impurity element. To prevent high
temperature cracking of the weld metal and a drop in
workability at the time of hot rolling, the upper limit
is made 0.020%.

Al has to be added in 0.001% or more as a
deoxidizing element of steel, but if excessively added,
coarse nonmetallic inclusions are formed and the

toughness and other performance of the steel material are
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lowered, so the upper limit value was made 0.5%.

Ti immobilizes the N in the steel as nitrides and
has the effect of preventing the precipitation of BN, so
is added in 0.001% or more. On the other hand, excessive
addition leads to a rise in the cost of alloy addition,
so 0.5% is made the upper limit.

B is added in 0.0003% or more to obtain a reduction
in interfacial energy of the crystal grain boundaries of
the HAZ and resultant effect of suppression of zinc
embrittlement cracking. On the other hand, excessive
addition invites a drop in toughness of the weld =zone,
zinc easily penetrates to the crystal gfain boundaries of
the weld heat affected zone, and, conversely, zinc
embrittlement cracking easily occurs, so the upper limit
is made 0.004%.

N is added in 0.0005% or more to make B precipitate
as BN or another nitride. On the other hand, it lowers
the effect of B in suppressing zinc embrittlement
cracking, so the upper limit is made 0.006%.

Furthermore, the zinc-coated steel sheet may have Nb
and V added to it. Each element, by addition, has the
action of securing the strength of the steel material and
immobilizing N as carbides and securing an amount of
solid solution B effective for suppressing molten metal
embrittlement. If the total amount of Nb and V is 0.01%
or more, the effect becomes pronounced. However,
excessive addition of a total amount of over 0.20 mass$%
invites a rise in the manufacturing costs of course and
degrades the toughness of the steel material. For this

reason, the upper limit of the content was made 0.20%.

Examples

Below, examples will be used to explain the present
invention in detail.

(Example 1)

First, to confirm the effect of suppression of zinc

embrittlement cracking, the inventors investigated the
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effects of the welding material and the type of the
plating.

In the stainless steel flux-cored welding wires
containing the alloy compositions shown in Table 1,
stainless steel flux-cored welding wires with slag
forming agents of the compositions shown in Table 1 and
Table 3 were prepared. The asterisks (*) in Table 1 and
Table 3 indicate contents of the extent of unavoidable
impurities. The wire diameter was made 1.2 mm. For the
zinc-coated steel sheet, zinc-based alloy coated steel
sheets comprised of plating base sheets of steel sheets
of a sheet thickness of 5 mm and a tensile strength of
the 400 MPa class which were coated with three types of
plating shown in A to C were used.

A: molten zinc-coated steel sheet based on JIS G
3302

B: molten zinc-5% aluminum alloy plated steel sheet
based on JIS G 3317

C: Zn-11%A1-3%Mg-0.2%S1 plated steel sheet

Note that, for the steel sheet components of the
plating base sheet, a steel sheet of C=0.08%, Si=0.02%,
Mn=1.1%, P=0.015%, S=0.007%, Al=0.02%, B=0.0015%,
N=0.003, and Ti=0.01% was used.

For the welded metal performance, a tensile test
based on JIS Z 3323 and an impact test based on JIS Z
3111 were performed. The zinc embrittlement cracking of
the weld metal and the zinc embrittlement cracking of the
base metal heat affected zone were evaluated using a
visible dye penetrant test. Note that, for the welded
test piece for evaluation of cracking, as explained
above, a welded test piece shown in FIG. 6 was used and
was welded by a welding current of 160 to 200A and a
shield gas of CO,. The weld work efficiency was judged by
a functional evaluation at the time of preparing the
welded test piece. These results are shown together in
Table 2 and Table 4.

In Table 2 and Table 4, the "Good" in the row of
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"Spatter" indicates that no spatter occurred and the work
efficiency was good, while "Poor" indicates that a lot of
spatter occurred and the work efficiency was poor. "Good"
in the row of "Slag detachability” indicates that the
slag detachability was good, "Fair" indicates that the
slag detachability was somewhat inferior, and "Poor"
indicates that the slag detachability was poor. "Good" in
the row of "Bead appearance" indicates that the bead
appearance was good, while "Poor" indicates that the bead
shape was uneven or the bead appearance was otherwise
poor. The "Good" of the overall evaluation indicates a
good evaluation, while the "Poor" indicates the
evaluation could not be said to be good.

Wire Nos. 1 to 7 of Table 1 are invention examples,
while Wire Nos. 8 to 14 of Table 3 are comparative
examples. Further, Table 2 shows examples using the
welding wire of the present invention, while Table 4
shows examples using welding wire of the comparative
examples. Note that, Table 2 and Table 4 also show the
types of the plating of the steel sheet used.

Wire Nos. 1 to 7 of the present invention were
suitable in F value, TiO,, Si0O,, Zr0O,, Al,0s3, total amount
of slag forming agents, and ratio of TiO, to total amount
of slag forming agents, so cracking did not occur in
either the weld metal or base metal heat affected zone
and the work efficiency at the time of welding became
good as a result.

On the other hand, Wire No. 8 in the comparative
examples was low in the ratio of content of TiQO, with
respect to the total of the slag forming agents, so
cracking occurred in the base metal heat affected zone.

Wire No. 9 was low in the total amount of the slag
forming agents and was also low in the ratio of content
of TiO;, so cracking occurred in the base metal heat
affected zone.

Wire Nos. 10 and 11 were low in total amount of the

slag forming agents, so cracking occurred in the base
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metal heat affected zone. Further, they were low in
content of Si0O;, so the detachability tended to be
somewhat inferior.

Wire No. 12 was high in content of TiO, and was high
in ratio of content of TiO, to the slag forming agent
total, so spatter frequently occurred and the bead shape
tended to become uneven.

Wire No. 13 was large in total amount of slag
forming agents, so spatter frequently occurred. Further,
it was large in F value, so was low in value of the
elongation of the welded metal (underlined value of Table
4).

Wire No. 14 was low in content of Si0, and was high
in content of TiO, with respect to the total of the slag
forming agent, so was poor in slag detachability and,
further, had frequent spatter. Furthermore, it was small
in F value, so cracking occurred in the weld metal.

(Example 2)

Next, the inventors evaluated the effects of the
components of the plating base sheet on the zinc
embrittlement cracking of the weld heat affected zone of
the steel sheet of the plating base sheet. The plating
base sheet used is a steel material of the tensile
strength of the 270 MPa class to 590 MPa class. The
component composition is shown in Table 5. The underlines
in Table 5 show values outside of the range of the
present invention. The plating components were made the
plating of Example 1 of C: Zn-11%A1-3%Mg-0.2%Si. The
welding wire was the Wire No. 1 of Example 1.

For the welding test piece for evaluation of
cracking, as explained above, the welding test piece
shown in FIG. 6 was used. This was welded by a welding
current of 160 to 200A and a shield gas of CO,. For
evaluation of the zinc embrittlement cracking of the base
metal heat affected zone, a visible dye penetrant test
was used. Note that, the sheet thickness was made a thin

2.3 mm and the evaluation was performed in a state
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facilitating zinc embrittlement cracking.

The Plating Base Sheet Nos. 15 to 18 of Table 5 are
invention examples, while the Plating Base Sheet Nos. 19
to 23 of Table 5 are comparative examples.

When using the plating base sheets of Nos. 15 to 18
of the present invention, cracking did not occur at
either the weld metal or base metal heat affected zone.

On the other hand, when using the plating base sheet
of No. 19 of the comparative examples, since the content
of B was low, cracking occurred in the base metal heat
affected zone.

When using the plating base sheet of No. 20 of the
comparative examples, since the content of B was
excessive, cracking occurred at the base metal heat
affected zone.

When using the plating base sheet of No. 21 of the
comparative examples, since the content of Mn was small,
the base metal heat affected zone fell in hardenability
and therefore cracking occurred due to the increase in
heat stress of the weld toe.

When using the plating base sheet of No. 22 of the
comparative examples, since the content of Ti was small
and the precipitation of BN increased, cracking occurred
at the base metal heat affected zone.

When using the plating base sheet of No. 23 of the
comparative examples, since the content of C was
excessive, cracking occurred at the base metal heat
affected zone and there was a concern of delayed fracture

due to hardening of the weld zone.
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27.42 29,22 25.65 7 value 39.7 34,7.39.7 44.4 39,552.1 29.7

Table 1
Wire no. 1 2 3 4 5} 6 I/
Ti0, 3.824.505.33]5.60(6.74 | 4.50[5.30
Si0, 1.98 |2.402.822.90]2.18[1.88(3.10
210, 0.43| * * |0.76|0.56| =
v AL,0, 0.07]0.12]0.07]0.31]0.06]0.25[0.43
= FeO+Fe;0; 0.50(0.50(0.01[{0.01[0.20]|0.10]0.10
“ Na,O 0.10]0.05|0.10|0.10]0.10[0.08|0.10
= K,0 0.10]0.05]0.11]0.11]0.10] * *
m AlF, * * * * * * *
hr NaF 0.10]0.20]0.79[0.790.20] * *
m KoZrFg * x - * « lo0.10[0.10
D LiF * * * lo.10] = * *
O .
P Other slag forming |, 5414 70|0.10]0.10|0.10]0.10|0.10
% agents
3
— SoiEch of By 7.60 | 8.52|9.33[10.02|10.44|7.57 | 9.23
4 forming agents
& =2 :
o Ti0,/slag forming |, o016 535]0.57|0.56|0.65]|0.59]0.57
i agent total
ﬁ O * * * * * * O-Ow
“ si * |o0.s50[1.00] = * |0.650.65
. Mn * * » lo.20[1.80] = *
@ Ni 0.301.30[1.00] * [o0.50[0.20]0.20
< Cr 13.00|12.10|13.00(15.00(14.00[14.00[14.00
Fe 3.95|0.50[3.50] = * * *
Bi 0.05[0.05]0.03[0.05]0.05|] * |o0.02
Mo 0.10 [0.05[0.10]| =+ * * *
Filling rate % 25.0]23.0|28.0]25.3|26.8|22.4|24.1
Sheath rate % 75.0 | 77.0]72.0|74.7]73.2|77.6]| 75.9
e c 0.021/0.018|0.018[0.018[0.021]0.021]0.021
— P
ook Si 0.57]0.41]0.41]0.41]0.57|0.57|0.57
o . [}
TES < Mn 0.98[1.60[1.60[1.60[0.98]0.980.98
O O
mm £ Ni 9.1 |10.3]10.3/10.3] 9.1 | 9.1 | 9.1
o © Cr 18.3|18.6(18.6|18.618.3|18.3|18.3
cm c 0.016[0.014(0.013[0.013]0.015(0.016]0.046
“ Si 0.43]0.82]1.30[0.310.42[1.09|1.08
- .mm o Mn 0.74 [1.23]1.15|1.402.520.76 0. 74
mm g g Ni 7.13[9.23|8.42[7.707.16 | 7.26 | 7.10
=0 m Cr 26.73]26.42]26.40[28.90(27.40[28.19]27. 88
0 F value 40.0|34.4(38.9]43.6|39.4|46.943.9

Class

Invention examples




A 591 C24 (.112602 681.70313735n 232705it 241 19 No No No No No Yes Yes

Yes Yes Yes

= 28 =
Table 2
Wire no. il 2 3 4 5 6 7
Type of plating A C @ B G C B
Lo | 0-2% yield strength | o0, | 599 | 608 | 624 | 612 | 599 | 611
o 8 Mpa
N
g g Tensile strength Mpa| 702 | 669 | 705 | 735 | 715 698 | 708
9
o)
9 & Elongation $% 16 | 21 18 12 16 19 15
o
= Q vE 0°C J 18 | 22 | 24 | 28 | 19 | 21 | 20
g Weld metal cracking No No No No No No No
-
5 Base metal heat
i affected zone No No No No No No No
o cracking
ﬁg Spatter Good | Good | Good | Good | Good | Good | Good
o ay
20
_O'S Slag detachability | Good | Good | Good | Good | Good | Good | Good
-
oy
é’ua—)l Bead appearance Good | Good | Good | Good | Good | Good | Good
Overall evaluation Good | Good | Good | Good | Good | Good | Good
Class Invention examples




No No No Good Good Good Good Poor Good Good Lair Fair Good God Poor Good Good
Good Good , 1 Poor Good Good Poor PoorPoor Poar, Pgor. Comparative e,?aE:ple2i’, abe

5 Si Mn

Table 3
Wire no. 8 9 10 11 12 13 14
Ti0, 1.70|3.31(3.50]4.50]6.94|6.65
Si0, 3.62|2.80(1.55|1.33|2.83[1.80]1.40
Zr0, 2.40 | * « lo.72] * |1.40
v A1,0, 0.07]0.31|0.12]|0.20{0.03]0.020.60
= FeO+Fe,0, 0.20]0.50|0.50] = « [o0.50]0.30
v Na,0 0.10[0.05]0.10[0.05] * [o0.10]0.10
m K50 0.10[0.05]0.20] * Jo.10] * [o.10
é AlF3 * * * * * * *
. NaF 0.200.20] = * + lo0.10]0.20
g K,ZrFg * « [o0.15] * |o0.07| = *
b LiF * * * lo.10] = f *
3 Other slag forming |, 1610 10]0.30]0.10| * |o0.20]0.25
» agent
E fToort;‘ilngOfagselnatgs 8.49|7.32]6.32]7.00]9.97(10.76] 9.41
3 Tlo;;iigtiiﬂi“g 0.20]0.45|0.55|0.64|0.70|0.62]0.69
L;:: C * * * * * * *
“ si « |o.50]1.00| = « [0.80]0.80
dop Mn * * « lo.20]1.80] * [2.00
4 Ni 0.30[1.30|1.00| * [0.50(0.20]2.00
2 Cr 13.00[12.10[13.00[15.00{14.00[16.00[12.00
Fe 3.95|0.50(3.50]| = « * *
Bi 0.05]0.050.03[0.05]0.05|0.02]0.05
Mo 0.10]0.05|0.10| * * «+ |0.35
Filling rate % 25.9|21.8 [25.0[22.3]26.3|27.8]26.6
Sheath rate % 74.1]78.275.077.7]73.7 [72.2]73.4
ey C 0.021]0.018[0.018[0.018[0.021]0.021]0.021
o' ek Si 0.57]0.410.41]0.41]0.57[0.57]0.04
51 o 8% Mn 0.981.60[1.60|1.60]0.98]0.98]0.35
ﬁ%’%‘% Ni 9.1 [10.3[10.3[120.3] 9.1 | 9.1 |10.3
O Cr 18.3|18.6|18.6|18.6|18.3|18.3|18.6
w c 0.016/0.014[0.014[0.0140.015[0.015[0.015
Yy, Si 0.42[0.82[1.31]0.32[0.421.21]0.83
dp_g*oé)g Mn 0.73]1.25[1.20|1.44]2.52]0.71(2.26
§§ g g Ni 7.049.35[8.73[8.01[7.206.779.56
=0 g Cr 26.56(26.64]|26.96(29.46[27.48(29.22]25. 65
o F value 39.7(34.7[39.7|44.4[39.5[52.1(29.7

Class

Comparative examples




Chemical tecal3onents (mass%) Others Ten3lle strength 15 0.03 0,02 1.10 0.015 0.007
0,022 0.0015 0..0023 0.010 430 MPa ex, 16 0.115 O,_023%.79 0.007 0,02010.0020 0.003
0.010 450 MPa 17 0.05 0.01 0.50 C, 0.007 0,020

Table 4
Wire no. 8 9 10 11 12 13 14
Type of plating C C © C B A C
—

Lo | 0-2% vield strength | o0, | 591 | 605 | 624 | 612 | 612 | 602
e 8 Mpa
i
GE) g Tensile strength Mpa| 703 681 703 | 735 715 732 | 705

g

o]
3 ¢ Elongation % 16 | 23 | 15 12 16 5 16
o

o
= a vE 0°C J 18 ) 24 28 19 19 25
8‘ Weld metal cracking | No No No No No No Yes
-~

S Base metal heat

T affected zone Yes | Yes | Yes | Yes No No No
O cracking

>
ﬁg Spatter Good | Good | Good | Good | Poor | Poor | Poor
o)
2@
_0'5' Slag detachability | Good | Good | Fair | Fair | Good | Good | Poor
34
é’ua Bead appearance Good | Good | Good | Good | Poor | Good | Good

Overall evaluation Poor | Poor | Poor | Poor | Poor | Poor | Poor
Class Comparative examples




0.0020 0.002 0,006 340 MPa 10UO05 0.02 1,50 0.014 0.007 0.021 0.0015.0.003 0,012 Nb -0,02,v=0,02 620 MPa 12 0.08 0,C:2.0 0,015
0.00710.020 0.01301H0.004 0,010 420 MPa 20 0,15 0.02 0,70 0.015 0,007 0.021

Table 5 Chemical components (mass$)
C Si Mn p S Al B N Ti Others Tensile strength
15 | 0.08 [0.02|1.10(0.015(0.007(0.022|0.0015/0.003 0.010 430 MPa
nv. ex. 16 |0.15/0.02|0.70(0.015(0.007[0.020/0.00201(0.003| 0.010 450 MPa
17 10.05]0.01|0.50(0.015(0.007(0.020|/0.0020/0.002] 0.006 340 MPa
18 | 0.05(0.02|1.50(0.014[0.007[0.021]/0.0015/0.003] 0.012 Nb=0.02, v=0.02 620 MPa
19 /0.08|0.02|1.20(0.015/0.007/0.020|0.00010.004| 0.010 420 MPa
20 {0.15(0.02|0.70|0.015|0.007{0.021/0.0045|0.003| 0.010 470 MPa
Comp. ex.| 21 | 0.03]0.01 0.19(0.017|0.007({0.010|0.0015/0.003| 0.012 310 MPa
22 1{0.08{0.02|0.70|0.014|0.007|0.012/0.0015/0.003/0.0005 440 MPa
23 10.25]0.02(1.10(0.014|0.007/0.021|0.00200.003| 0.011 670 MPa

1€



, 0,0045 0.003 0,01,0 470 MPa 1..10m10.cm. 0,03 O. Oa 0.19 0.017 0,007 0.010 0,0015

0,003 0.012
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310 M2a 22 0,050,02 ' 0.014 0.00449€,01:1H 0.0015 0,003 0.0005

Reference Signs List

1 zinc-coated steel sheet (base sheet)

la base metal heat affected zone

2 standing sheet (unplated steel sheet or plated steel
sheet) or round steel bar

3 weld metal

4 weld toe

5 zinc plating (molten zinc)

6 zinc embrittlement cracking of base metal heat

affected zone

7 zinc embrittlement cracking of weld metal zone
8 solidified slag covering weld metal
9 steel sheet for constraining zinc-coated steel sheet

10 weld bead for constraining zinc-coated steel sheet
11 observed cross-section of zinc embrittlement

cracking occurring at base metal heat affected zone



440 MPa 23 0.250,02 1.10 0,01410,007 0.0020 0.003 0,011 670 MPa Reference Signs List
izinc-coated steel sheet. (base sheet) labase metal heataffected zone 2standing sheet
(unplated steel sheet or plated steel 5sheet.) or round steel bar ,weld metal 4weld toe 5zinc
plating (molten zinc) 6zinc embrittlament cracking of base metal beat 10affected. zone , (zinc
embrittlement cracking of weld metal zone osolidified%@évering weld metal 9steel sheet
for constraining zifc-edatedl steel sheet 10weld bead for constraining zinc-coated steel sheet

1511.observed cross-sectionf zinc.embgitlement,cracking ogcyuing, at base metal heat

affected zone 33 - Claim 1 A stainless steel flux-cored welding wire for welding of a

zinc-coated steel SHebt A8 \WdidihgAnite SeBpted 'dt alstaltieds steBPsHEA R WHIAR flux
is characterizeddnhratstetal afaeunt tof elerentsswbich arkdrclnded, ashmetals bhalloy
compositions in said sheath and flux are, by mass% with respect: to a total 10mass of the

welding wire, C.: 0,01 to 0,05%, Si: 0,1 to 1.5%,

characterized in that total amount of elements which
are included as metals or alloy compositions in said
sheath and flux are, by mass% with respect to a total
10 mass of the welding wire,
C: 0.01 to 0.05%,
Si: 0.1 to 1.5%,
Mn: 0.5 to 3.0%,
Ni: 7.0 to 10.0%, and
15 Cr: 26.0 to 30.0%, and
a F value which is defined by the following formula
(1) is 30 to 50;
further, said flux comprises, as slag forming
agents, by mass?® with respect to the total mass of the
20 wire,
TiO,: 3.8 to 6.8%,
Si0y: 1.8 to 3.2%,
Zr0Oy: 1.3% or less (including 0%), and
Al,03: 0.5% or less (including 0%), and
25 a total amount of said slag forming agents and other
slag forming agents is 7.5 to 10.5%;
furthermore, said TiO, satisfies, by mass% with
respect to the total amount of slag forming agents,
TiO,: 50 to 65%;
30 a balance of said sheath and flux is Fe and

unavoidable impurities.
F value = 3x[Cr%]+4.5x[S1i%]
-2.8x[Ni%]-84x[C%]

-1.4x[Mn%]1-19.8 ... (1)
35 wherein [Cr%], [Si%], [Ni%], [C%], and [Mn%]

respectively indicate totals of Cr, Si, Ni, C, and Mn



Mn: 0,5 to 3,0%, 7.0 to 10,0%, and 15Cr: 26.0 to 30,0%, and  a F value which is defined by
the following formula (.) is 30 to 50; further, said flyx comprises, as slag forming agents,
by mass% with respect to the total mass of the 20wire, TiC)2: 3,8 to 6.8%.. 5i02; 1,6 to 3.2%,
Zr02: 1.3% or leas g}ncluding %), and Al203: 0,5% or less (including 0%), and 25a total |
amount of said slag¥ormihg §%e]rﬂs 5ha &H&F&Qb%ﬁni‘ﬁbrﬁgéﬁs 2 55110 86 wire with
furthermore, said. TiORsatisfigs, hyamass withmespectftotthe tetat amount of slag forming
agents, Ti02: 50 ta-63%g; 3Pa balance of said sheath and flux is Fe and unavoidable
impurities. F value =, 3x[er%]+4.5x[61%; -2.6x[lii%]-64x[C%)] -1-4x[Mn%]-19.8 ... (1) wherein
[Cro%], [Sit], [Nit], [0%], aﬁé‘ﬁ/vft\‘i?égﬁe%?iéeﬁ/ﬁﬁﬁrka@t&alﬁ%‘feéjr, e IGLNG, &Hd Mt 2% -
contained In the shiedtdang wife i thezieldiag adredwith eespect ¢e thextotalerhass ot theiwire,

Claim 2 The stainlgss stee] fluxcpred welding wite; for Swelding of the zincscoated steel sheet

as set. forth in claim 1, further comprising Ei as a_metal or alloy composition, and a total

amount contained 788 afieatR and¥itcis "6y Aasiss With re3peeifsttotd mass of e th
welding wire, 10al2a0@1ftoux1%: Claim Ba s sAnvaixeh welding anethodaof zinmdoated stedl the
sheets, characterized iy that geating of the zinc-coated steel sheet is zinc-based alloy coating
comprisi % by mass%, 15Al: 2 tg 19%, !\@or 1 to 10%, Si: 0.01 to 2% and. a balance of Zn
and unavoidable impuritigé‘,'th Zirc-E6at disfteel sheet coated is arc welded, 20using the
stainless steel flux-éered. welding wire for welding of the zinc-coated steel sheet as set. forth

in claim 1 or 2. Claim 4 An.arg,weldingsmethogkef zinc cpated; steel sheet, 25eharagtersized in

that the steel sheet other than ,coag'ng , ,
characterize n that coating of the zinc-coated steel

sheet is zinc-based alloy coating comprising, by mass$%,
15 Al: 2 to 19%,
Mg: 1 to 10%,
Si: 0.01 to 2% and
a balance of Zn and unavoidable impurities;
the zinc-coated steel sheet coated is arc welded,
20 using the stainless steel flux-cored welding wire for
welding of the zinc-coated steel sheet as set forth in
claim 1 or 2.
Claim 4
An arc welding method of zinc-coated steel sheet,
28 characterized in that the steel sheet other than coating
of the zinc-coated steel sheet comprises, by mass$%,
C: 0.01 to 0.2%,
Si: 0.01 to 2.0%,
Mn: 0.5 to 3.0%,
30 P: 0.020% or less,
S5: 0.020% or less,
Al: 0.001 to 0.5%,
Ti: 0.001 to 0.5%,
B: 0.0003 to 0.004%,
35 N: 0.0005 to 0.006%, and
a balance of Fe and unavoidable impurities;

the zinc-coated steel sheet coated is arc welded,



of the zinc-coated steel sheet comprises, by mass%, C: 0.01 to 0.2%, Si.: 0.01 to 2.0%, Mn:
0.5 to 3.0%, 30 P: 0.020%. or less4 S.: 0.020% or less, @lj 0,001 to 0.5%, Ti: 0.001 to 0.5%,
8: 0.0003 to 0.004%, 350.0005 to 0,006%4 and a balance of re and unavoidable impurities;
the zinc-coated steel sheet coated is arc welded, using the stainless steel flux-cored welding
wire for welding' of Finc8oatddl StEEr<ht St Gdrth &R ECor 9 EfiRPS "1 ' $hE%rc
welding method ofwziricicoated Stealrsheeb asset fortiein claime 4, eharacterizedtin that thieszinc
- coated steel sheet qtherthan the coating further comprises one or ‘'moth of Nb and V, and

the 'total amount of Nio and V is 0.01 to 0.20%.
laim

5 The arc welding method of zinc-coated steel sheet as
set forth in claim 4, characterized in that the zinc-
coated steel sheet other than the coating further
comprises one or both of Nb and V, and the total amount

of Nb and V is 0.01 to 0.20%.



