; €3eWWBdXTZ6TBP NON- COPPER- PLATED SOLI D W RE FOR CARBON DI OXI DE GAS

SHI ELDED ARC VELDI NG BACKGROUND OF THE I NVENTION 5 Field tion
The present invention relates to a solid wire for carbon mmmmmmmmmmww
shi el ded arc wel ding which has no copper plating on the wre surrace, and
nore particularly to a non-copper 10 plated solid wire for caf'B&f" di oxi de
gas shielded arc wel ding which has inproved wire feeding property or
feedability, resulting fromcontrolling the roughness_and m cro-hardness of
the wire surf abel-GEPERR HHARE OROBF Dt REURAICH CHRACH RECERPFySASd th t he

i ntroduction of automatic welding systens, a solid wire for carbon dioxide
(C02) gaSHEIBEHEFAARQMELMENG ng has widely been used in the fields of, in
particul ar, steel frames, autonobiles, ship and buil ding construction. 20
As for a solid wire for such C02 gas shielded arc welding, it is usual to
use a so-called copper-plated solid wre wherein copper is plated on the
wire surface. BPREKCRRAIIN QhhyHEOPPEENTEON| ated is to inprove electric
conductivity, wire feedability and corrosion resistance. 25 Due to the
frixxtion between a wire and a drawi ng die occurring in a drawi ng process
at the time of wire manufacturing, a portion of copper plating is peel ed
away fromthe Wiekdsof ftdoe, Invettannt her portion of copper plating is
deposited in the formof copper dust on dents of the wire 5 surf ace .
During a wel di fijeopeea¢noninvdret soppeylatest thalal soflidmwtilte Worecsubdmace and
accunul ates on a welding tip due to the friction between the wire and the
wel di ng tdipxids gaseshlieldele amel digliglinigp wisial dggednot bepedy plaasing

wel ding instability and 10 generating a | arge anmount of spatters. In

addi t i onoho e wippesudfiste, t hadcapper giAtieshlwile has & hachekbppeng
problens: (1) The copper plating layer is nore soft than the wire surface
ana t husplibeegoppetidpivarengoirs catBoht dbbyigeeyad ehfiel8edir aptrt Hhe1diti@
surface due to the friction between the wire and the welding tip, thereby
causi ng wahkdhnghasst ghbtdden (vﬁ)recoﬁﬁéﬂiﬂ?s BroEriEl ldg feedabidity, 083 C
and thus is liable to be vaporized at a ultra high tenperature during a

wel di ng eBehatifY, ribRr &byt SETEIRY Itk ardRfiR saMwat mabrbuRBgandls! Brspite
of these di sadvantages of copper plated wires, copper plating on a wire
surface has hepn seppigdered to be inevitable for the purpose of inproving
el ectric conductivity. In view of the foregoing, it is necessary to devel op
noncopper-pl ated w res capabl e of satisfying various 25 characteristics

i ncl udi ng advant ageous characteristics of 2 copper-plated wres.

anwhi | e, mﬁrggﬁégi Ut GRPREK R%%é%%?ig?ge been proposed, for exanple in

Japanese Pat ent Istration No. rc welding wire), Japanese

patent aonlcakLag,L S S, Qhen; Rubl gt an Jiy HBE | Iutdiia (nascplatino

These b EoRsBRLS R 2R0RE LIV s ol AL ssel a0 dond ol L ool pacpovcer
st e, WERSACHRUTROSRLOT LT ULRS M 610 foadelil) Ly, Jananeg,patont
on L1 uekectLace, 0,2 v perlc ol uduedess.of predetermned

arc starting property, resulting fromcaontrolling pe i ntensity .neasured
it he power sé@c??ﬁn@t%? §§F'eé°§aFﬁ§h f&pgﬁﬁsﬁﬁﬁghgﬁ?EﬁﬁbWF%Qngn

Lai d- Open Publication No. 2000 317%39 disclosef a non-platin ire for arc
wel di ng &fhd*8nu8ret weP dittly Fretdiciilisd "RPERT 2R %%%saqwg Wiiér aRrE Powder
having 20 a smal | average grain dianmeter and an electrically conductive

i nor gani COPBRAetS AP LUK Jii'& B KRe ISHEAG R r et RRIrFSRIOT WHYr £9BPEF ni-fed

amounts usi ng _wat er sol ubl e macronol ecul e, thereby generating a_ reduced
amount oPlfGfes 16y %%aﬂPEFQVeIﬁlﬁﬁaFﬂFoﬁPn§&65h¥ééYPaﬂéﬁFAﬁﬂﬁQQQ&ﬁFBK
Lai d-Qpen 25 Publication No. Hei.ll-342494 discloses a solid wire for
car bon 3anddrexreriasesict@sraing, in which wire conmponents, C, Si and M

involved in spatter generation satisfy the follow ng
25 Due to the friction between a wire and a drawing die

[
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relationship: (10C+2Si +Mh)=2.4 to 5.25 w % thereby generating a reduced
anount of spatters. 5 The above wi res have inprovenents as

non- copper-plated wires but do not satisfy all characteristics desired as
welding wires. In particular, in the case of coating fine powders on the
wire surface in order to inprove the properties of non copper-plated wres,
the powders coated on the wire surface 10 inevitably causes the generation
of funmes. Furthernore, becayse it is difficult to _control the amount of the
powder s PECPEr E¥t ed™t o 2an B | BRI 2t he EpSwddrsCar ot WHFFform y
coated on the wire surface, thereby generati n%,an i.ncreased anount of

spat t er sTaABLRRENGHIT 0,2 iRPEHEMRE CORPRd RgaTiegdasi PREYeef 2WaYief8PRg wire
is defined as the length of the wire energing fromthe front_ end of a

wel di ng ERp MEITE | FerERre hafRef aEDEET PIEEBY Phe ABPEE oML BTG f &2di ng
roller. Poor feedability may increase the | ength of arc and fluctuate a

wel di ng éepepehted nifeldihgfoomopdr agPRREY t HePebprgedersd i A§ a9 neitased
anount of spatters. In this regard, the anount of generated spatters nay be
uséd as austaedard reflecting feedability of the welding wire. 2 5 SUMVARY
OF THE INVENTION 4  Therefore, the present invention has been made in view
of the above pPubirgsa aifdding Lreryasbpact the tduprpsrestuat | hykhs i nomo
provi de a non-copper-plat solid wire for CO2 5 gas shielded arc wel di ng
exhi bi ti bbei mprevetirffeedabindi tarcueslibtesagofir emweddliciand: ifthedwEoumt shef
fumes and spatters due to the absence of copper plating. In accordance with
t he preséntctiverttetwvecrhehabevee ahdtties aledvid ngr cbpensisard relsuil s, anbhebj ect
of the present invention to provide a non-copper-plated solid wire for CO2
gas shi elvdeding et ivel 1§ ngleydedyi tthegebppeavetng eeslahirg tinstaed it ngndr om
reduci ng the anounts of fumes and spatters due invention, the above object
ana ot hegenbir&eing candigeaenonnt i shesbdntddie provision 10 of a

non- copper-plated solid wire for CO2 gas shielded arc welding, in which the
ten point aver age adaughegsso( RYe ddogdes Wius: SufiaCeopse®. pated Swdbe; cm
and the Vickers mcro-hardness of the wire surface (Hv(1g)) is 125 to 310.

15 BRI EFhRESER Pl QN WGngTHECDRAME NGS The above and ot her objects, features
and ot her advantages of the present invention will be nore clearly

under st ood fromy} h?hé%b@ﬂ@e?@lp@&ﬁﬁhﬁ?ﬂaﬁ@ﬁ?fé Ph6PE baKeNthin 20ng0Ripact i on
wi th the acconpanying drawi ng, in ich: Fig. Zis a graph show ng the

relati ongliip,08t WRaN thile K eESHPE LT O fiaifness %Hgvltt)@o%@éléﬁ geper at ed

spatters according to the ten point average roughness. 2 SCRI PTI ON CF

THE PREF%?BﬁDtﬁé/BQPké/EM%?%?t@E t%eér%'tff%@é:gg)tggirb%t%\éﬁ thtedito dgyelop a

non- copper plated wre e ng superi or ity to a copper-plated

wire in the abeence of, copBeLyp! ALLAG, T, AR Aopauders, as 5 surface

treating agents to t ace’o are hey have found

that the amount,pf cdbPet £ asglf]cia} el eia ggiEQ”EEOUS’é’z‘@yaE e AdLusL ment

of the Vickers mcro ness the te int average roughness (R2) of

the wireisupfgces RV pgaLtenti an to He.f actql halpt e feed Rl gy 20

quality o e wWre dep S on the anoun her a spatters i
gas. st oPBRLA COUBATN 0 REBE L. SHEA N o nt 508 AR oo RD) of
LD amount of GBn@PALBa Hpat EeEs T RBERERHRT yOF oBUEEN:  PhEPERy “ZERTbI i ng
a good fce:gggleoi:l iptlxa'ting on a wire surface has been considered to be
inevitable for the purpose of improving electric conductivity.
In view of the foregoing, it is necessary to develop non-

copper-plated wires capable of satisfying various

25 characteristics 1including advantageous characteristics of



In the Vickers mcro-hardness test, as already known, a dianond indenter,
inthe formof a pyramd with an angle of 136 between the opposite faces at
the vertex, is pressed into 20 the surface of the test piece using a
prescribed force and, after the pressing force has been renoved, the

di agonal length of the indentation is neasured. The term"Vickers mcro
hardness (Hv)" as used herein is intended to nean the hardness represented
as the pressing Lorc di vided by the surface area 25 of the indentation, as
the fol | 5WPRG el %E?gﬁﬁﬁ§s-rw = ~2sin2- 1. 854 a wherein, Pis the
pressing force (k and d is the diiagonal length of _the indentation (m.
Hv(1g) as usedM%Q%éFhl?s iWﬁEﬁ%edwFBgﬂ%%n Fﬁ@g%¥ck8;§t5nﬂiCPBYﬁar%ﬁégs
measured using the pressing force of 1g. Wth respect_to the ten point

aver age PEG§RABYs (5@5, §AMPHE piBf i AP SRERRRg TRIESERTQFe Neughness
profile, the third highest peak and the third |owest valley of the profile
on the bas838dt dagentwsliding aviaeldel etradenet Matenke ARl cabipengend-The
ten point average roughness (R2) is defined, in mcrons, as the vertical

di st ance Open Tipatiieny N gHedt 1pebk7bid thondolaviess valdeyg owirhe
profile. Described hereinafter is the adjustnment of the ten point 15

aver age rfeaglshess) apmd \B @k ero% 1Ti8c lwehdi am egsreofwittheouli péatimd) ac&hesFhe
manuf acturi ng process of the wire is summarized as follows: starting wres
(ROD) preparirngrtpi pkbpage shotudt ast i ag, leastt iong Kkind driaviiulg;icdégngasi ng,
wet drawi ng and 20 coiling. The ten point average roughness and Vi ckers

m cr o hapdwdss @uchheswiMaS,suiWbaceasdnCbercalter atdagd ngo dfhel wesicaedngange
of the present invention throughout the above processes. 7 Her ei nafter,

t he respedfli venpreocesges sudtflades désceritied purpetai lofi nimpeswindg t here

adj ustment of the ten point average roughness and Vickers m cro-hardness of
theo Wi r e feeabhaceityn order to increase the ten point average roughness of 5
the final welding wires, starting wires are electrolytic pickled with
sulfuric acid (apaheBe) paxdr@iORepOXtdeisealies Lopehe suri peasief wae
starting wires. At the sane tine, the surfaces of the starting wires may be

etched byoearyingsan @ERRI1CeEsCW I @Rl ddegSivike,t Ooh haniRbywi paigheirflhbe , wire
surfaces. 10 The pickled wires may be subjected to coating or shot

bl ast i ngnalhegsBOotaRaPhirad cghalBL¥ah8ss eaBes bheas oaainess rfvdikegenr e
surfaces. The coating, dry drawi ng and degreasi ng processes are

convent i QNahgPrPRess8S U@t rBht €2 MAULAGE Lk NOwRh hayeRebhi &g 19t gndo
with the characteristics of the present invention. The Vickers

.08 0 Nales S, ol Wi SHELAGRS, | S TBLGI ¥EONt pbhed e ther yal dpauing

process as wll be déescribe after. e Vickers mcro-hardness of the

wire surfagencoeperably,20 ACreRsesan thsdEns | € SLr eaatbeal Jhecw res

i s higher. Howev e I ncrease engt h al one cannot i ncrease

he m crox ' -
Several CERANGAET Pedlede CaBUERUAC AGE 208, BORY, MBRLIBIT AR, LB on 1 1

draw ng %ﬁ%%?gaﬁiggloses a non-plating wire for arc welding and an arc

welding method, in which an insulating inorganic powder having

20 a small average grain diameter and an electrically conductive

inorganic powder are stuck on the welding wire surface in

predetermined amounts using water soluble macromolecule,
thereby generating a reduced amount of fumes or spatters.

In addition, Japanese Patent Application Laid-Open

25 Publication No. Hei.l1-342494 discloses a solid wire for carbon



25 considered. If the reduction angle (2a ) of final drawing dies 8 in
the wet drawi ng process increases to a range of 8 to 40 degrees, the

m cro- hardness of the subsurface area ranging from several umto several
tens umfromthe wire surfaces can be increased. 5 Larger drawi ng force in
t he draw ng process may generate the die marks on the wires. In order to
prevent this phenonenon, it is necessary to |ower respective workabilities
of the dies to 5 to 12% by adj ust,menhof t he nunber of the drawing. 10 In
detail, PROBIHRIFIS 3 &0t RaBPEFRyWHFE RPPML L 5:1521294 ¥R the
reduction angles of final dies (2a ) are 8 degrees, the nunber _of the
drawi ng +BVebVeF ol 138 t 6PBECETt 0 FENGHALLONandSRELISHSy e ol L A¥ANg
degrees, the nunber of the drawing is controlled to be 2 to 5 tines. 15 By
way of eX8HPFEONShHiRiasE A5 2CHeMal 83 i B § P rvédutt | BIeTeky gepeaaring 40
degrees, weak wet drawi ng processes of 2 to 5 tinmes may prevent the

occur r endesedpcedagiuntnefk spapEe¥the same tinme, because the surface |ayers
of the wires are mainly work hardened, hardness of the wire surface | ayers
prévi ded by th8he0 adnoa@i riwf fochase | supdauenent ¢ hasVi ekersonresrplAbedness,
which is proportional to the total workabilities of the wires. As a result,
t he Vi ckwisesi buo-darnressatofsfivhelw cbazactersst prefdasdilyed ancweadiesny
whereby the surface hardness (Hv) of 300 or nore is acconplished. 9 On

t he ot hewihasd, Wirpsrwithlathe M cklee scaserof hapdhisg g pewdens asn 100
can be obtained by carrying out the follow ng processes in order: dry

dr awi ng, thanedlrengsurfiadd | iy andemetodriawroye 3 hEhephomkariesm of onbar dness
is also related to the tensile strength of the wires. Therefore, it is
under st oedppaatpldieed uwti ace, hahdngssvdeays beoxasd r ohl ethebywings yengfabe

di aneters of starting wires (ROD). 10 Exanples Hereinafter, the

efiffeect i venesstaibl ¥ heayde@sehke beBMepit Din i |fukesdesritdiednarenapethuse

i nventive exanples and non-limting conparative exanples. Respective
startingiwi ries RODcCANPESSkBErras ehen aunts spnpaBeHcwdeeE tde B&res,
0.06 % of C, 0.9 wt%of Si, 1.4 wt%of M, 0.014 wt% of P, 0.009 w % of

S, and Ocditug%ef ahl a phaytag1wee, depaebeidstgesref ndtMinifodmmn and
5.5 mm were prepared. These wires were electrolytic pickled in 15% H2S04

sol utioncahtdd Gn &% SQAReOfsUFadR CHIRI-aMy EScNEF £ 1P 861 §dct-R28081

bl asting others were not short blasted. The sufface roughness of the wres
was vari goBye dbf f&iaMe,ghot vel ocity such as slow, nediumand fast in the
shot bl asting operation. Then, the wires were coated with conventi onal
phaesphate 25 ( ' fil t.h k % BaY:a% |l rying
lgt% Ragfgniie) fi aglr%g?}{n%t@ﬁ% %Eléﬁxﬁ,g 11?%3?%6@&8;{ olel guwed; Rynd

and coiling. Processes e pic ing were In-line

. sses T i | _
Convent | GRET Condi Ty ORe: (4 L hey cby"Borarn Iy diaran SiTia g+ (ERer

front end of a welding tip relative to that of the wire fed by
the rotation of a feeding roller. Poor feedability may increase
the length of arc and fluctuate a welding current in welding
20 operation, thereby generating an increased amount of spatters.
In this regard, the amount of generated spatters may be

used as a standard reflecting feedability of the welding wire.

25 SUMMARY OF THE INVENTION



5 wth mediumdianeter sizes of 1.3 nmto 2.5 mm The dry draw ng was
repeated 12 to 16 tines at a rate of 600 mMmn. The dry drawi ng dies were
tungsten carbide dies. The dry drawn wires were al kal i ne el ectrocl eaned.
Before the al kaline el ectrocl eaning, |ubricants of the surfaces of the 10
wires were physically renoved with steel wool. In order to prepare sone
wires that had the | ow Vickers mcro-hardness, the dry drawi ng was fol | owed
by internediate annealing at 880 C and el ectrolytic pickling. In the final
wet draw ng, dies having reduction angles of 15 8, 12, 18, 25, 30, 35 and
40 degrees were used to control the Vickers mcro-hardness of each wre.
The final wel dTRETREPES. wERE PrespRti Anyeairefer Nags Repd Rt idnVaRYl e (2a
) increases, area reduction percentages (workability) of the wet draw ng

di es decPéasteie agbopesprmplensTamnsl 11t THEr cdor ebjehe S fke PAPERBtof the
wires were mainly work-hardened and drawi ng forces were | owered, thereby
prevent i AgveRsigendicat Poevide dpe nar-icorpes -platedalsiod 8 Redieet fon &gl e (2a
) Area reduction (%9 8 18 12 16 18 12 25 8 30 5 35 5 40 5 By way of

corfbi ni ngasheshiotdsd curmli eddngs dabibibedo5 Hmaved arfieedebwll by, each
havi ng different surface roughness and Vickers m cro-hardness were

pr epar edreBadhingr éraams redlidédguhber amhenel di nfuneadatdospakhdirsatied i n
Tabl e 2 and then the anmount of generated spatters was determ ned. 10 Table
2 Di anet eo aheWabdenge Vet diowpade lrdiartgndgél di ng wire Vol tage current speed
Shield gas position CO2100% Downward 1.2 mm 22 V 160 Anp 20 cmimn (20
[err] /mn) podhtiatcdZdands eelithl atks qacizdmavi igvanthbwknadse okbdizenm a
width of 10 cmand a I ength of 50 cmwere placed i n boxes nmeasuring 80cm X
15 cm x 2Bjedt AndOcthelrengtipceb kaadbenaplcai@liuehdingywasecaibiediont for
2 mnutes and then generated spatters were 5 collected to thereby determ ne
wei@ht pef Ui hohl BBppEBLPlaed TRB1EEN WBGINt FaY elcage Ja@UodnEsSEdddR2aref each
wire surface was cal cul ated by averagi ng four roughness neasurenents taken

around awehueusf enangpieh the Wehepodhll hatrhget RBugBASHECTRA} 6F the ten
poi nt average 10 roughness, the Vickers mcro-hardness (Hv) of the wire

surfaces yihat s\eiracki g4abi, 76d tunden oa i HIPIARP S WA e bl 8d rBess
averaging a total of 16 hardness neasurenments, that is, 4 neasurenents from

each of 4fCicheuh 8EeBGREa o4 M\?(l‘@gr)e-isThQspE%SﬂGg force used was 1g. 15
The anmount of spatters generated dependi ng on the Vickers m cro-hardness

(Hv) at various ten point average roughness (R2) is presented in Table 3.
20 25 13 Table 3 Exanple Rz (um

15 BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in

20 conjunction with the accompanying drawing, in which:

Fig. 1 is a graph showing the relationship between the

Vickers micro-hardness and the amount of generated spatters

according to the ten point average roughness.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS



Hv (I g) Amount of spatters (nmg/ m n)Anount of funmes (ng/ mn)

Rermar k10. 08908100Conpar ati ve21236300exanpl es3150560042505050530057006350650
070. 10956100B122405091254000I1 nvent i ve101303940exanpl es111753300122503250133
063890143104000153154070Conpar at i ve163506250exanpl es1737B7180180. 3910048001
91224060 14 Table 3 (continued) Exanple Rz (um Hv (Ig)Anmount of
spatters (ng/mn)Anmount of funmes (ng/ mn)

Rermar k200. 3912539801 nvent i ve211303900exanpl es221B52800232803000243063900253
104000263164060Conpar ati ve273776250exanpl es281. 9875475029100450030122404031
12540001 nvent i ve321273950exanpl es332002100342903110353063900363154080

| Conpar at i ve3738040%605 Lk AiES 48, BBYO0EYERA 15° dealip & FOHnEPRBBH)
Example Rz (um) Hv (I g%Anpu,nt of spatters (ng/mn)Anmount of funes

(mg/ mi n) PREREF kBDBe 0512 PRS0t NPt iore feedablility’ to a copper-plated
exanpl e401273970I nvent i ve411661800exanpl es422501680433002890443073920453103
990463164069 CaRpahat | ASRETTE0 450 06 eBl By oPr 18DPYBDRg powders as
04911056005012340805112540001 nvent i ve521303900exanpl es531753550542503570553
0038905680588395 304000 EFentPabte Zhecorutifmpsd) of BEXaepl Wire. (uds Hy

(1'g) Anount of spatters (ng/ m n)Anmount of funes
result, they have found that the amount of generated spatters

can be controlled by the adjustment of the Vickers micro-
hardness and the ten point average roughness (Rz) of the wire
surface, paying attention to the fact that the feedability
10 quality of the wire depends on the amount of generated spatters

in a welding operation.

In detail, where a non-copper plated solid wire for CO,
gags shielded arc welding exhibits the ten point average
roughness (Rz) of 0.10 to 9.00 um and the Vickers micro-hardness

15 (Hv(1lg)) of 125 to 310, the amount of generated spatters is
noticeably reduced, thereby exhibiting a good feedability.

In the Vickers micro-hardness test, as already known, a
diamond indenter, in the form of a pyramid with an angle of
136° between the opposite faces at the vertex, is pressed into

20 the surface of the test piece using a prescribed force and,
after the pressing force has been removed, the diagonal length
of the indentation is measured. The term "“Vickers micro-
hardness (Hv)” as used herein is intended to mean the hardness
repregented as the pressing force divided by the surface area

25 of the indentation, as the following equation:



(ng/ m n)
Remar k589. 003184080Conpar at i ve593505800exanpl es609. 10956880611215B00621265Z
806315045506426044806530847006632251006736862506813. 00116740069120670070127
6250711505900722505750733005850743105900753406700763757500 17 Table 3
(continued) Exanple Rz (um Hv (Ig)Amount of spatters (ng/m n)Anmount of
funmes (ng/ mn)
Remar k7714. 901108000Conpar ati ve781217600exanpl es791257500801506920812257030
82300685083310@38983@@917@00:Alﬁs%gﬁﬁn in Table 4 below, in which the anpunt
of 5 generated spatyers and the wig%e feedability are listed, the maxi num
anount of generated spatters giving acceptable feedability is 400 ng/ m n.
10 15 18 Tabl e 4 Amount of spatters (ng/mn) Feedability 0 - 250
Excel l ent 250 whdBiriood 408 -thA0OpNesshhg 7Fdrce85kdGomantiatd pder B8H€ or
nore Poor Fig. 1 is a graph illustratingthe dataof Table 3.1t5 can be seen
from Fi gdidgbhal IsHgtH rEasteoimtie®isathiaod n@iet en poi nt average roughness
(R2) of0.10 t09.00 um andt he Vickers m cro-hardness (Hv(1lg)) of 125 to 310,
the anount of gemﬁ%tyﬁt 08 Spld efisrdish 400 TtBhAcQr theSteard heh&€byickers
guar ant eei ng good feedability. 10 Welding wires are in firmcontact with
the i nsi gecpb-Rat@HNGhe@b-egandi ke nd @@ sohgarvetdishg 14.p while being
fed by a feeding roller. Therefore, it can be said that the roughness
and/ or hardnesg;pf LASpodkE € SUEARCE Spd it MRl eC ARREHHELsW(RD) L hgawi re
feedability. In detail; wre 15 feedability i1s excellent only in specified
surface EHHg?Q%§§1én@u%éd%ﬁ %iﬁg' W réa%.gl?f%afénrgﬁéhh?é’é agrof‘?frﬁ,r dipg to
eedability y're to the

the present invention, wre is closel ate

m cro- haEH@??hﬁBéﬁ%Q&%é@%ﬁ@t tﬁ!é%ﬁﬁ?g't g%éﬁésﬁ’f v&i‘fﬁg"‘réﬁ @EQS&?%EQ\AP'?; a

mcro 19 press to the surface ness o
that is propartignal to the tensile.strength of the.w re, .Meanwhil e, when a
convent i §ﬁar)tq%:eop 3F-lf)l (ﬁftedasoﬁeln evﬁﬁl;'g? Jt Zﬁﬁiﬁc%ﬁ/\lyl&nhtlﬁ itr]f i 6T anet er

s. wel ded _unpder wel ding 5 current of 250A, 5 to, 6 . of . fumes. were
er ot od TR e bty s, pAR B S B S o b Tt e
has not recommended a ,perm ssi blf oncentration of ¢ er fu&m . Eiowever,
necor di nBLEEoPaperS SRS eNERhrL t AQSREBET nbogreEhe Sifor Faikd SBipBed of
Qccupational and Enviraqnnent al I—E/ i ene, .the 10,Eerm' ssi bl e concentrati on of
copper fBREE PRI otBinGy/mwestnvah %%t%ﬂfaltl?fv’elp&ioﬁé Bperation, the generation

of excess Cu funes can be avoi ded by wearing an appropriate protective

Described hereinafter is the adjustment of the ten point
15 average roughness and Vickers micro-hardness of the wire
surface.

The manufacturing process of the wire is sgummarized as
follows: starting wires (ROD) preparing, pickling, shot
blasting, coating, dry drawing, degreasing, wet drawing and

20 coiling. The ten point average roughness and Vickers micro-
hardness of the wire surface can be controlled to the desired

range of the present invention throughout the above processes.



mask and using a suitable suction equipnent. However, it can be understood
t hat because non-copper-plated wres for welding are 15 used in the present
invention, it is not necessary to consider the generation of Cu funes. As
apparent fromthe above description, the present invention provides a
non- copper-plated solid wire for CO2 gas 20 shielded arc welding with
excellent feedability, which generates a reduced ampunt of spatters when
wel ded at a relatively low current area, resulting fromcontrolling the ten
poi nt aver age H@E@%ﬂﬁé&eq ROYhef repREGH e sRFPeRSSS Wilb be degorihednd t he
Vickers mcro-hardness of the wire surface 25 (Hv(1g) ) to 125 to 310.
Ther ef or én ghéahe] dbngispercdt i e cad] pEmerte %far]?hfédt@@t PRiph Bvghage
efficiency to produce a weld of good quality. Al though the preferred
enbodi nenpsglpfieshengt ddeherEnmentrd orednessheénthesel vsexhiffmcs.| | ustrati ve
pur poses, those 5 skilled in the art will appreciate that various
nmodi fi cati ons, Taddrteonscandcsabsei thei bas apenpossebhge whtbbukssiepfirti ng
fromthe scope and spirit of the invention as disclosed in the acconpanying
cla nms. Rhe WHAIL | ST QIAINEDWiSes]. Atannimppperrgd ateatk se@liedtwbigetior CO2
gas shielded arc welding, in which the ten point average roughness (R2) of
5 the w pecsled agech Ss@l b0 £i1QD (ieaniarg tbe r¥meker sxnter echnesiness of
the wire surface (Hv(1lg)) is 125 to 310. 22
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| NA. %40%08& ()- 9*"10% 0& ()-! N&$940%0& ()- 3"10% o0& ()- OPQS] M\ °

" 10908 () - 9Z940%&: ()-" " 109%E ()-s "10%/E ()-s "10%E ()- 3" 109%& ()- 10' 0
10" ORMIEMN © " 1098VBYA0%E: () -5 " 109V’ () - Y40%VE () -5 " 109V ()- s

" 109K ()- 3" 109 ()-V dEMN > " 109%DO010%E: ()- 3. $10%E: () -, ,
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10M@=s 109VE: () - f 8109VE () - S@! 109VE: () - | +2[ 9b@ XY40%08& () -

"10% 0& (- IEHEY% ¥R o QAT W I BROCGSS [ 109602549 - CO[ FOWWWR' ©F - 8hLThid S2
"10% 0& ()-! @ %0%0=08& ()-! @ %.0% o' 0& ()- 9*
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"L0WVE ( pnUbTESEEESEIYNG: 1AMEOM, JOMB SR fdasebe ive workabilities
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"10% & Ql-g@ 96 &' ()-L9I'10% & ()-L3 "10% & ()-L "10% & ()-v)))' *]***dEYNC!
L*MLO% & ()2 ? "10% & ()-y&10% & ()-s$s! 109% & ()-LI " "10% & ()-

)-f
10% & () - **+Z++++ 610% &4 () -1 4, 10%.&' ()= 2" 10%. & () - .
. %0% &'( % )-. %0@&8%5%0%%% %?d@@%o g‘%‘éé& éﬁ%éﬁl&%@ﬁ%&g%’) bE, TB50ES LS - La 10
10" @ 105065} adtls & Frearetustion v FhohipTy L8R de) (55 °
Lo O%NE: () - L, 4" 109K ()= " 10YVE. () ~&FYLOYVE () - .. //-S000{\ =hCl sO " 109%v&' () -
Fooone CEUFEEAoant ) MUYt RBoGRT) SRV B0t & TSI DA (B of £S 40T V)
11 1bldlelf 1g11xmbCl 10% & ()- 10M 10M 10 0%& ()- 610%E ()-
T L0oM (F 095 1 Oo £ Thel 2E80BaERDEIEN B; gepaes.  the minbed of the
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"10% & ( PrRYB9F &lf \CTUFPILES30RB® 2 "uD % &IMESef 10% & ()-9
"10% & ()- YIOW & () - @10% & ()-L310% & () - 34H44445dENbO . 94.0% & (%-_ Ly, 10% &
(3% 0 "10% & BY- 56" boRRRTH L0 6oFE Of- 598 04SP (L ENEDS GeSeEE58RE: /
10t 10t =10% & g -894.0% & ()-610% & ()-9410% & ()-92! 10% & () - 90
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"109&' ()-999x::::aB7/ 10t!9

;d<~\:
hardened, hardness of the wire surface layers provided by the

20 drawing process is added to the Vickers micro-hardness, which
is proportional to the total workabilities of the wires. As a
result, the Vickers micro-hardness of the wire surfaces
preferably increases, whereby the surface hardness (Hv) of 300

or more 1s accomplished.



10t!'4 QA0%& ()-5'QA0% t& ()-5! Sni 10%EE& ()-9s10% & ()- 10t 10t

10t =10% &' () - d<g<o<<=====}"SH= 10t! 10t 10t

10t =10% & ()-!'-"10%%& ()-& q -"10% (& ()-&s*10% & ()-*10% & () - =R===

>J>>dESH= 10t! 10t910% & ()- #10% & ()-9 "10% & ()-9 "10% & ()-L

"10% & ()-10% & ()->>>7?] ???dESH= 10t! 10tLs

"10% & ()-913"10% & ()-fo90% & ()- 10% & ()-9F10% & ()-9@B"10% & ()-7?

@ @ @AW ESH= 10t ! . . _ .

10t . 10% & () - LPR0O%4&' pFheoxr! hand & (I resdedsiz the IV isilomse nii)crgy hardness

"10% & () - copooaoooyH 10t! 10t "10%& ()-* "10%& ()-*10%& ()- 10t 10t

10t =10% &HY) - AD%IQW ) 2E0RAE0A canO0kbe "dlovaigied - by 108’y ing * cut0velee () - *

"10%& ()-* "10%& ()-* "10%& ()-* "10%& ()-* AAARASA+A A :OH /Kt D'

"10%& ( foilouDuglptPcesse)%e®’ ¢yder ! 19w &ifgwing, annealing, pickling

"10%& ()-*, A ABAGA: A<AHAI JOH /Kt D' "10%& ()-* "10%& ()-** "10%& ()-*

"10%& (pnd wa0Ud&awWing. " 10%& () - * HAl AKALAPATAVA}A?0H / "10% & ()-*

"10% & ()-* "10%& ()-* "10%& ()-* "10%& ()-*/ Kt D'VA_A AbAcAgAKA} "?0H /

5 The Vickers micro-hardness is also related to the tensile

strength of the wires. Therefore, it 1is understood that the
surface hardness may be controlled by varying the diameters of

starting wires (ROD).

10 Examples

Hereinafter, the effectiveness of the present invention
will be described by way of inventive examples and non-limiting
comparative examples.

Respective starting wires (ROD) comprising, as chemical

15 components for the wires, 0.06 wt% of C, 0.9 wt% of Si, 1.4 wt%
of Mn, 0.014 wt% of P, 0.009 wt% of S, and 0.11 wt% of Ti, and
having wire diameter sizes of 8 mm, 6.4 mm and 5.5 mm, were
prepared. These wires were electrolytic pickled in 15% H,S0,
solution at 45TC.

20 Some of the pickled wires were subjected to shot blasting
others were not short blasted. The surface roughness of the
wires was varied by different shot velocity such as slow,
medium and fast in the shot blasting operation.

Then, the wires were coated with conventional phosphate

25 (Bonderite) films and then with 15% Borax, followed by drying

10



"10%& ()-* "10%& ()-* "10%& ()-* "10%& ()-*/KtD"

"10% &' () - *KAMANAOAQAr AvVAX"?0H / "10% & ()-* "10% & ()-* "10%& ()-*/KtD'
"10%& ()-* "10%& ()-*VAzAl A} A~AAAXY?0H / "10% & ()-* "10%& ()-*/KtD'
"10%& ()-* "10%& ()-* "10%& ()-*AAAAAAAY: OH "10%& ()-*/KtD'

"10%& ()-* "10%& ()-* "10%& ()-* "10%& () - * AAAAAAAN>QOH / Kt D'

"10%& ()-* "10% & ()-* "10% & ()-* "10% & ()-* "10%& () - * AAAAAAAeKOH / Kt D
"10%& ()-* "10% & ()-* "10% & ()-* "10%& ()-* "10% & ()-*

"10% & ( pYASSAAAARY: ORrotegsed’ [rom theopdrk)ing "10%Eke( poatlagymeare) - *
"10%& ()-*1/ Kt D' AAAAAAA| | >0H "10%& ()-* "10%& ()-* "10%& ()-*

"10% & (intlkKo®'prddaetis(.) - * AAAAAAAXN?0H  "10% & ()-* "10% & ()-*

"10%& ()-*/KtD'D "10%& ()-* "10%& () -* AAAAAAAsSY?0H

Subsequently, the wires were subjected to dry drawing

under conventional conditions to thereby obtain dry drawn wires

5 with medium diameter sizes of 1.3 mm to 2.5 mm. The dry drawing
was repeated 12 to 16 times at a rate of 600 m/min. The dry
drawing dies were tungsten carbide dies.

The dry drawn wires were alkaline electrocleaned. Before
the alkaline electrocleaning, lubricants of the surfaces of the

10 wires were physically removed with steel wool.

In order to prepare gome wires that had the low Vickers
micro-hardness, the dry drawing was followed by intermediate
annealing at 880TC and electrolytic pickling.

In the final wet drawing, dies having reduction angles of

15 8, 12, 18, 25, 30, 35 and 40 degrees were used to control the
Vickers micro-hardness of each wire. The final welding wires
were 1.2 mm in diameter.

As the reduction angle (20 ) increases, area reduction
percentages (workability) of the wet drawing dies decrease, as

20 shown in Table 1. Therefore, the surface layers of the wires

were mainly work-hardened and drawing forces were lowered,

thereby preventing the generation of die marks.

25

11



"10%& ()-* "10%& ()-*/KtD' "10%& ()-*D "10%& ()-*

"10% & () - * AAAAAABY: OH

"10%& ()-*
"10%& ()-*
"10%& ()-*
B! BYB) B+BxY: OH

"10%& ()-*"/ Kt D' +B, B- BOB1B5B9B| ] >0H

"10%& ()-*/KtD' "10%& ()-*9B; BGBHBRBL8PBx"?0H

"10%8& ()-*/KtD'D "10%& ()-* "10%& ()-*PBTBVB_B BcBdBsY?0H
"10% & ()-*D "10%& ()-* "10%& ()-*dBhBl BnBoBpBsBY: OH

"10%& () -*/Kt D"

"10%& ()-*/KtD' "10%& ()-* "10%& ()-*D

"10%& ()-*BBBBBB Bn>0H /KtD' "10%& ()-* "10%& ()-*

"10%& ()-* "10%& ()-* BBBBBBBj POH /KtD' "10%& ()-*

"10%& ()-* "10%& ()-* "10%& ()-* "10%& ()-*BB

"10%& ()-*" "10%& ()-*1 "10%& ()-*1 "10%& ()-*
"10%& ()-* "10%& ()-* "10%& ()-*

"10%& ()-* "10%& ()-*
"10%& () -*

"10%& ()-*/KtD' "10%& ()-* "10%& ()-*D "10%& ()-*

Reduction angle (2a )

Area reduction (%)

8

12

18

25

30

35

40

18

16

12

By way of combining the process conditions as described

5 above,

and Vickers micro-hardness were prepared.

various wires each having different surface roughness

Each wire was welded

under the welding conditions indicated in Table 2 and then the

amount of generated spatters was determined.

10 Table 2
Diameter of Welding Welding Welding Welding
wire Voltage current speed Shield gas position
CO,100% Downward
1.2 mm 22 V 160 Amp 20 cm/min (20 £ /min) position

12



"10%& ()-*sBxB| BBBBBj : OH /Kt D' "10%& ()-* "10%& ()-* "10%& ()-*D
"10%& ()-* "10%& ()-*BBBBBBB] POH /Kt D' "10%& ()-* "10%& ()-*
"10%& ()-* "10%& ()-* "10%& ()-* "10%& ()-*BBBBBBBBB| oN2 "10% & ()-*
L10% & ()-10"10"10" =10% & ()- "10%& ()-*/ Kt D'BBBBBBBBgG+2 "10% & ()-*
"10% & ()-* "10%W & ()-* "10% & ()-* "10W& ()-* "10UW & ()-*
"10% & ()-*BBBBBBCcC+2 "10% & ( "10% & ()-* "10% & ()-* "10% & ()-*
"10% & ()-* "10%W & ()-* "10%W & ()-*CCC C CCCxX8+2 "10% "10% & ()-*
"10% & ()-* "16%e&l (platdKs@ch' haye 8y (3 - thidlo¥se (OfF MCCORC 6* @+dnis7eR " 10
"10% & ()-* "10%W & ()-*/KsG' "10%W & ()-* "10% & ()-*
"10% & () o* et/ EBCHTLEREREODE2 50" tOVv&TE) pTadads'in I9e® MeasutlOgy 8O¢m - *
"10% & ()-* "10% & () - *BCCCGCKCMCNCOCh8+2 [/ KsG' "10% & ()-* "10%W & ()-*
"10% & (k-%15 cm x 20 cm. A 40 cm length of bead-on-plate welding was
carried out for 2 minutes and then generated spatters were

5 collected to thereby determine weight per unit time (mg/min).

The ten point average roughness (Rz) of each wire surface
was calculated by averaging four roughness measurements taken
around a circumference of the wire.

Similar to the measurement of the ten point average

10 roughness, the Vickers micro-hardness (Hv) of the wire surfaces
that were visualized under a microgscope was calculated by
averaging a total of 16 hardness measurements, that is, 4
measurements from each of 4 circumferences of the wire. The
pressing force used was 1g.

15 The amount of spatters generated depending on the Vickers

micro-hardness (Hv) at various ten point average roughness (Rz)

is presented in Table 3.

20

25
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"10% & ()-* "10% & ()-* OCRCSOWC] C] C°CcG+2 / KsG "10% & ()-* "10% & ()-*
"10%4 & ()-* "10% & ()-* "10% & ()-* "10% & ()-*"C_ChCcCgCkOnCt T4+2
"10%8 & ()-* "10% & ()-* "10% & ()-* "10% & ()-*

"109% & ()-*/ KsG nCnCoCr CsOWC{ CxX8+2 "10% & ()-* "10% & ()-* "10% & ()-*
"10% & ()-*/KsG' "10% & ()-*{C} C~-CCCCCsWi+2  "10% & ()-* "10% & ()-*
"10% & ()-*/KsG' "10% & ()-* "10% & ()-*COCCCCCoS7T+2  "10% & () - *
"10%4 & ()-*/KsG's "10% & ()-* "10% & ()-* "10% & () - * COCCCCCO3+2
"10%8 & ()-*/KsG' "10% & ()-* "10% &Teble 31008 & ()-* "10% & () - * COCCCCCe3+2
[ KsG' "109% & ()-* "109% & ()-* "109% & ()-* "10% & ()-*

"10% & ()-* cGt2 [KsG' "10% & ()-* "10% & ()-* "10% & ()-*
"10% & ()-* "10% & ()-* "10% & () - * CCCLCGabFd+2 /| "A08s&:( )| * "10% & () - *
Example Rz (um) Hv (19) spatters fumes Remark
(mg/min) (mg/min)

1 0.08 90 810 0 Comparative
2 123 630 0 examples
3 150 560 0

4 250 505 0

5 300 570 0

6 350 650 0

7 0.10 95 610 0

8 122 405 0

9 125 400 0 Inventive
10 130 394 0 examples
11 175 330 0

12 250 325 0

13 306 389 0

14 310 400 0

15 315 407 0 Comparative
16 350 625 0 examples
17 378 718 0

18 0.39 100 480 0

19 122 406 0

14



"10%8 & ()-* "10% & ()-* "10% & ()-*/ KsG' COCCCCCxX8+2 / "10% & () - *
"10%4 & ()-* "10% & ()-* "10% & ()-*/KsG' "10% & () -* COCCDDDsWI+2 /
"108 & ()-* "10% & ()-* "10% & ()-*(/KsG' "10% & ()-* "10% & ()-*D
DDDDDD0S7+2 / "109% & ()-* "109% & ()-*/KsG' "10% & ()-* "10% & () - *

"109% & ()-*DD' DSDYDED) DS3+2 "10% & ()-*/KsG' "10% & ()-* "10% & ()-*
"10% & ()-* "10% & ()-*)D*D. D2D4D5D6DN8+2 / KsG' "10% & ()-* "10% & ()-*
"10% & ()-* "10% & ()-* "10% & () - *6D9D: D>DBDDDEDCG+2 / KsG "10% & () - *
"10%8 & ()-* "10% & ()-* "10% &aple* 3" 10088l {Yed)

"109% & () -*EDFDI DJIDNDRDVDX T4+2 "10% & ()-* "10% & ()-* "10% & ()-*
"10% & ()-* "10% & ()-*/ KsG' VDbDcDf DgDkDoDWWW+2  "10% & ()-* "10% & ()-*

"10% & () "I0% & ()-FTKsG "10% & (] - wekmDbb} PDDRemek2 | 10% & ()- |
Remar.
Example Rz (um) Hv (1g) spatters fumes
(mg/min) (mg/min)

20 0.39 125 398 0 Inventive
21 130 390 0 examples
22 185 280 0

23 280 300 0

24 306 390 0

25 310 400 0

26 316 406 0 Comparative
27 377 625 0 examples
28 1.98 75 475 0

29 100 450 0

30 122 404 0

31 125 400 0 Inventive
32 127 395 0 examples
33 200 210 0

34 290 311 0

35 306 390 0

36 315 408 0 Comparative
37 360 470 0 : examples
38 8.05 100 428 0
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"10% & ()-* "10%W & ()-*/KSG' "10% & ()-* "10% & () - * DDDDDDDDs X7* 10"

=10% &

()-

"10% & ()-*/KsG' "10% & ()-* "10% & ()-*

"10% & () -*DDDDDDDDDMMLO #109% & () -*" #10% & ()-* #10% & ()-* #10% & ()-*
#10% & ()-* L10% & ()-10"10" DDDDDDDcCMLO #1096 #10% & ()-* #10% & ()-*
#1098 & ()-* #10% & ()-* #10% & ()-* #10% & () - * DDDDDEEhSNMLO/ Ky M#
#10% & ()-* #1098 & ()-* #10% & ()-* #10% & ()-* #10% & ()-*E
EEEEEY&dDMLO/ Ky #109% & ()-* #1096 & ()-* #10% & ()-* #10% & ()-*
#109% & ()-* #10% & () - * %E- E. EXRPESES EWNFRIMIDISR096 & () -* #10% & ()-*
()-* #109% & ()-*/ KyMt #10% & () - *: ESEFEGEJEKEOESWNMLO #109% & () - *

#10% &
#10% &
#10% &
#10% &
#10% &
#10% &

16

)-* #10W & () -*/KyM¢ #10% & () -* #10% & () -* OESEUENE_EbECE0S7mMLO

*

)-* #109% & ()-*/ KyMd #10% & () ]* »d606& () -fnount of
) - tEgEk ENEnBe EnES3nML A 1QYE &) () sphidkydvl |#10%8n8s () -+ #1086% () -
)-* #10% & () - *r ESEWE{ E} E~EERSIMLeGKy MY #10%oBhif) - *| #1096 & () 1*
)-* 39 8.05 122 405 0 Comparative
example

40 127 397 0 Inventive

41 166 180 0 examples

42 250 168 0

43 300 289 0

44 307 392 0

45 310 399 0

46 316 406 0 Comparative

47 360 450 0 examples

48 9.00 100 750 0

49 110 560 0

50 123 408 0

51 125 400 0 Inventive

52 130 390 0 examples

53 175 355 0

54 250 357 0

55 300 389 0

56 308 393 0

57 310 400 0



#1096 & ()-* #10% & () - * EEEEEEECGTMLO/ KyM #1096 & ()-* #10% & ()-*

#109% & ()-* #10% & ()-* #10% & ()-* #10% & () - * EEEEEEEt TAmMLO #10% & () - *
#109% & ()-* #1096 & ()-* #10% & ()-* #10% & () - */ KyMtEEEEEEEXX8NMLO
#1098 & ()-* #1098 & ()-* #1098 & ()-* #10% & ()-*/ Ky Mt

#109% & () - * EEEEEEESW/MMLO #109% & ()-* #10% & ()-* #10% & ()-*(/ KyM¢

#109% & ()-* #10% & () - * EEEEEEE0S3MMLO #1098 & ()-* #10% & ()-*/ KyM¢
#10% & ()-* #10% & ()-* #10% & ()-*EEEEEEEEI L, 1 #10% & ()-* #10% & ()-*
#1098 & ()-* #10% & ()-* #10% &ap)le* 3#1008@iYed) #10% & () - * EEEEEEESW, 1
#1096 & ()-* #1098 & ()-* #1098 & ()-*/ KyM#* #1096 & ()-*

#109% & () - *EEEEEEFsS7, 1 #10% & ()-* #10% & ()-*/ KyMt #10% & ()-*

#10% & ()-* #10% & () - * FFF FFFFS3, 1 #10%ndout) of / Ky Mot 06 & () - *
#1008 & () - ExalihQ96 &' ()ra* (at10% & o) 15 FFFFFSipihdde 1/|Ky Mhurd 098 & ( FE™*
#1090 & ()-* #10%W & ()-* #1009 & ()-* (mg/min) (mg/min)

58 9.00 318 408 0 Comparative

59 350 580 0 examples

60 9.10 95 688 0

61 121 580 0

62 126 518 0

63 150 455 0

64 260 448 0

65 308 470 0

66 322 510 0 i

67 368 625 0

68 13.00 116 740 0

69 120 670 0

70 127 625 0

71 150 590 0

72 250 575 0

73 300 585 0

74 310 590 0

75 340 670 0

76 375 750 0
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#10% &
#10% &
#10% &
#10% &
#10% &
#10% &
#10% &
#10% &
#10% &
#109% &
#10% &
#10% &
#10% &

10

15

()-*%(F) F- FIF3F<FhH, 1/ KyM¢ #10% & ()-* #10% & ()-* #10%W & ()-*

()-* #10% & ()-* #109% & () - * <F=F@AFEFI FKFxX8, 1/ #109% & ()-*

()-* #10% & ()-* #1098 & ()-* #10% & () -*/ KyMtKFLFMFPFQFUFYFx X8, 1/
()-* #10% & ()-* #1096 & ()-* #10% & ()-*/ Ky Mt

()-*YF[ F\ F] F FaFeFsW, 1/ #10% & ()-* #10% & ()-* #10% & ()-*/ KyM¢
()-* #10% & () - *eFi FKFl FnFpFqFsS7, 1/ #10% & ()-* #10% & ()-*/ KyM#
()-* #10% & ()-* #10% & ()-*qFuFyF{F| F} FFS3, 1 #10% & ()-*/ KyM#

()-* #1096 & ()-* #10% &= %Le*3#i@3Bt&1%ed9FFFFFFFh8, 1/ KyM¢ #10% & () -*
()-* #10%W & ()-* #10W & ()-* #10% & ()-*FFFFFFFFF| " @K #10% & ()-*
)-*& “10% & ()-10"10"10" =10% & ()- #10% & ()-*FFFFFFFFhL, @

)-* #1096 & ()-* #10 & ()-* #1D0%kuby of FLOUEE (oF-* #1096 & () }*
) - BERREFFFCGR@ #0968 #1086 &' () -dbbecHd098 &' (Jurbs #1096 & () - *
)-*( #10%& ()-* #1096 & () - * FGECO8ES3, @ (mg/min)

77 14.90 110 800 0 Comparative

78 121 760 0 examples

79 125 750 0

80 150 692 0

81l 225 703 0

82 300 685 0

83 310 678 0

84 350 730 0

As shown in Table 4 below, in which the amount of
generated spatters and the wire feedability are listed, the
maximum amount of generated spatters giving acceptable

feedability is 400 mg/min.
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#109% & ()-* #1096 & ()-* #10% & ()-* #10% & ()-*/ K Q #
#10% & () -*G3 G QUGG GsW, @ #1096 & () -* #109% & ()-* #10% & ()-*/ K} Q #
#1098 & ()-* #10% & ()-**G CORIG G=GBC0S3, @ #10% & ()-* #10%W & ()-*/ K} Q #
#1096 & ()-* #1098 & ()-* #10% & () - *BGEG GKGLGMGPGS3, @ #10% & ()-*/ K} Q #
#1096 & ()-* #1098 & ()-* #10% & ()-* #10% & ()-*PGQGUGYE G G Gh8, @ K} Q #
#1098 & ()-* #109% & ()-* #10% & ()-* #10% & () -
#10% & ()-*] G GaGeG GkA GcG @K} Q #10% & ()-* #10% & ()-* #10% & () -
#1098 & ()-* #1098 & ()-* #10% & () - *FanBpCGCUGYG[ Gt T4, @ #10% & () -
#1096 & ()-* #1098 & ()-* #10% & ()-* #10% & ()-*/ K} Q #{ G G GGGEXX8, @
#1096 & ()-* #10% & ()-* #10% & ()-* #10% & ()-*/ K Q #
#109% & () -* GOGGCOGS W, @ #1096 & ()-* #109% & ()-* #10% & ()" 1K Q#
ﬁigfﬁ g() m&%&f()spat@%@%&»@#lo% & ()-* #J:.:Q%a&lﬁty/K}Q#

0 ,

#10% & () * #10(V & ()J - 2#@-0% & () Excellent
250 - 400 Good
400 - 700 Normal
700 - 850 Somewhat poor
850 or more Poor

Fig. 1 is a graph illustrating the data of Table 3. It

5 can be seen from Fig. 1 that only in case of wires having the
ten point average roughness (Rz) of 0.10 to 9.00 um and the
Vickers micro-hardness (Hv(lg)) of 125 to 310, the amount of
generated spatters is 400 mg/min or less, thereby guaranteeing
good feedability.

10 Welding wires are in firm contact with the inside of a
feeding cable and the inside of a welding tip while being fed
by a feeding roller. Therefore, it can be said that the
roughness and/or hardness of the wire surface is intimately
connected with the wire feedability. In detail, wire

15 feedability is excellent only in specified surface roughness
and hardness value ranges.

In particular, according to the present invention, wire
feedability is closely related to the micro-hardness of the

outermost surface layer of the wire measured under a micro

19



#10% & (

) _%
#1096 & ()-* #10% & ()-*CECEEEE C, @K #10%W & ()-* #10%W & ()-* #10%W & () -
#10W & ()-* #10%W & ()-* #10W & ()-*CEEEEEE T4, @#10W & () -* #10%W & ()-*
#1006 & ()-* #10%W & ()-*% #10% & ()-*/ K} Q #GEEEEEGkX8, @ #10% & () - *
#1006 & ()-* #10%W & ()-* #10%W & ()-*/ K} Q # #10% & () - * GEEEEEEW, @
#1096 & ()-* #10% & ()-* #10% & ()-*/KIQ # #10% & ()-*
#10% & () - *GGHHHHHSS7, @ #10% &' () -* #10% & ()-*/ K} Q # #10% & () -* |
#10% & (Presginys Royge » HIPHHHMHHSRS @ 218bs guriaes khardneapoplk therwire
#10% & ()-* #10% & ()-* #10% & ()-*HHHH H H'Hh8, @ K} Q # #10% & () -*
#109% & ( Fhat#9opmerortiopedote’ the *tengoeg'styengrbe-RHHHOHSC G @ K Q
#L0% & ()-* #1096 & ()-* #L0%W & ()-* #1090 & ()-* #10% & ()-*
#10% & () - * 1H2MB# ¥ HaeH@WITRN @ #aoweiydora ly arber-platgd 0spkid) wire,
#1096 & () -* #10% & ()-*/ K} Q #@HAHBHEHFHIHNHX X8, @ #10% & () - *
JIS Z3312 YGW12 with 1.2 mm diameter was welded under a welding
5 current of 250A, 5 to 6 mg of Cu fumes were generated. The
Japanese Society of Occupational and Environmental Hygiene has
not recommended a permissible concentration of copper fumes.
However, according to papers presented at the meeting of the
American Society of Occupational and Environmental Hygiene, the
10 permissible concentration of copper fumes is 0.2 mg/mr’.
In an actual welding operation, the generation of excess
Cu fumes can be avoided by wearing an appropriate protective
mask and using a suitable suction equipment. However, it can be
understood that because non-copper-plated wires for welding are
15 used in the present invention, it is not necessary to consider
the generation of Cu fumes.
As apparent from the above description, the present
invention provides a non-copper-plated solid wire for CO; gas
20 shielded arc welding with excellent feedability, which
generates a reduced amount of gpatters when welded at a
relatively low current area, resulting from controlling the
ten point average roughness (Rz) of the wire surface to 0.10
to 9.00 um and the Vickers micro-hardness of the wire surface
25 (Hv(1lg)) to 125 to 310. Therefore, the welding operation can

GGGGGEGENS, @ K} Q # #10% & ()-* #10% & ()-* #10% & ()-*

20
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#109% & ()-* #109% & ()-* #10% & ()-*/ K Q #

#109% & () - * NHPHQHRHSHVHWHXHYHXWI=010" 10" 10" =109 & ()- #10% & ()-**/ K} Q #
#1096 & ()-* #109% & () - * YHTHNH HWHHHHGK+0 " 1098& () - " 1090& ()-0 " 109%8& () -
"100804& ()- "10984& ()- "1094&' ()- L10%A& ()- HHHHHHHCGHO " 10984 ( " 10984 () -
"10080& ()- "10084& ()- "1098& ()- "1094& ()- "10%4&' () - HHHHHHHS7+0

"1000& ()-/KIM" "1008& ()- "1098& ()- "109%4& ()-

" 100804 () - HHHHHHH / +0/ KIM "} "10984& ()- "10084& ()- "1094& ()- "10%4& ()-

" 100804 ( PeHEBHEREAHOOL KWiEh hiobe@rff)cienopago (Producena veld " e0meod) -

"1008& ()- "1008& ()-H11111xX8+0/K "100& ()- "100& ()- "10%& ()-
"1000& (JmallitPe& ()-/ KM I111111xX8+0/ K "10%& ()- "10%& ()- "10%& ()-
"1008& ()-/KIM" "1008& ()-111 1#$I(IsW+0/K "10%4& ()- "10%4& ()-

"109%9&' () -/ K} MAlthoooh®' the "poederted (| erbodimedtstl sS7+0Ltke" 1098y -
"1098& ()-/KfM "
invention have been disclosed for illustrative purposes, those
5 skilled in the art will appreciate that wvarious modifications,
additions and substitutions are possible, without departing

from the scope and spirit of the invention as disclosed in the

accompanying claims.
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1000@& ()- "1090& ()- "1098& ()-4181<I>I 21 @Cl S3+0/ "1090& ()-/KIM"

1099& ()- "1098& ()- "1098& ()- "1098& ()-CI DI H LI N O Pl h8+0//K}M "

1098& ()- "1098& ()- "1098& ()- "1098& ()-
" 1094 ()-PISITIXI\IAL_IcGrO//K}M " 1094 ()- " 1094 ()- " 10%4& ()-
"1099& ()- "109& ()- "1098&' ()- | lalllJ#JsR1+0/ s' 10%& ()-0 "%
"1000& ()- 9HQWOWAR ()-% ! 109& ()- "1008& ()-/KIM"#J&J)J, J-J. 3/ I7J_JIvUs/
9"109%&' ()- 1094 () - &0%310%10% =1098& ()- S8109%& ()-

)

1098 ( -_JJJ% WR' () - &FYL0WE () - &FYd0%& ()- L109B& () -

SZ10%%$& ()- f° 100/8/& () JJJK! K. K2K_?vU4/

&FYA0%& () - &FYA0%& () - &FA 0% () - &FYL09& () - #3g[ #DY&RFYL09R&' () - 2K3KWK_K

k KoKpK™ <vU4/ . . ,

#3g[ #DYEFYL0%A: ( * SR TRBRY) P&@?féﬂ/&wl(l)d SEROVERE ( 5-‘9#33?%[)%5%[1(129&‘ M Ma

@u/ # "3 108& ()- . %40%& ?ﬁﬁ" "1099& ()- &YA0WR () -

4" 1099 CFC&rsi oI F (Y WMWN— R N@Nnm éﬁ&ﬁveragsomgbyxeﬁe%@ﬂ/@/&e'% =
109%9&' ()- ~93"109%& ( S7 "1099& ()- 510%4& ()-nNNN O*OCQ [ : bu4/

1 WK Ehe wnﬁ)mx%?}ce e AR Lr ) (f;o 9. 001@@@/&11@ -tTmepl@rs micro-

* L1098 Sn OPWPPPQHQ [: bU4/  “f  "10%4& ()- sL "109& ()- F10%& ()- |,

1098& () hardneggR& the wire 1DusEIqE) -(HOOOIRXRRE[ 1p8M¢E0 310409« ()- s,

"10989& ()- *1098& ()- Sy&@OW& ()- sSPUOW&E ()- I

"1099& ()- RRSCSSSSS|[:-410% =109%&' ()- 8%10%& ()- s6 "1099& ()-

"1099& ()- s2 "109& ()- sO "109& ()- SSSTATT<UQUa@10% -~ 10%K%& () -

"10% K% & ()- 093%0% K& ()-!!93%0%Z& () -

L4"10% K% & () - 1094 09%€QQUTUUUVUWK UUUW U410 &3%40% 9% ()- = "1099%& () -

10%89% ()- 109%9% ()-10zK%Z10zK%Z10zK% = 10%K%&z& ()- VITIVWWUWU4A10
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