; e3eth6, Tft 5 Field of the Invention Thepresent invention relates to
wres for automatic or sem -automatic arc welding, and nore particularly to
an inproved wire for sem -automatic arc welding with no copper plating,
wherein feedability of the inproved wire 10 with no copper plating is
superior to that of a solid wire with copper plating. Description of the
Rel ated Art These days, as automation or sem -automation of Jﬁmmmmmm”mork
proceeds, applications of a solid wire for gas arc wel ding

significantly enlarged, paPPLE&llI HLRY, FOR ARGUWELDINGE i el ds of stgglsos

fram ng, autonobile fabrication, shipbuilding, and building construction.
In this type of a solid wire, it is the normthat a 20 sur]l olid
wireis plated with copper to secure current-carrying char ’mmmﬁmuﬂmmmd
nore parti cul arBACKGR@@Di OF t PHE HOMEUBT TOWNhe solid wire with ceppes

plating, which is consuned in |arge quantities, has the follow ng probl ens,
as are well known. 25 (a) Wen performng a drawi ng process upon

manuf acture 1 of the wire, part of copper plating in the formof fine
copper powder areeBg&psf atied fresntbhenwi re, and the separated copper powder
remai ns attached to fine prom nences and depressions of the wire surface.
The fine powderThs pheBehtsaparaiteibd r eglhheswite e ofbhe afurddaddtare
between a cable or an inner sidewall of atip and a wire, and the separated
fine powesri seascumtlbatzed d nsidewdh8@ihhp LA ME®E CHOBYLBTLatNOr &RBY an
deteriorating the wire feedability. (b) Because copper is soft, the copper
itself peghsrdfeaff wdve t Edrhe daniictdoromdthct hgrenngelghidgnaldi tof the tip,
thereby deteriorating the wire feedability. (c) Copper is vaporized within
ul trahi gho4egper 1M Ry C QH'é'r!%QnWleé’éHSbiimgtgom)ﬁr thumesngr 6vegneriated,
resulting in undésirably injuring a person's health. 15 Methods for

i ovin e i rﬁh{[ n b I ; sed

i rrlrﬁ?gapang‘giebﬁa:ﬁg- g%?#elﬁta%belnt rtﬂ%l ?gagl{lgﬁg}%gg?%\ﬁ:iés@t ??6%838?1&%%?

2- 284792, i sej 490, .Hei sei 7-223087, Heisei 7-328789, Heisei 8-197278,
Hei sei Qﬁggfig?bpé:e% %38% address the feedability problem the
abovedescri bed Japanese Lai d-open Patent Publications include the follow ng
processes of: (1) coating a netal salt of a fatty acid; (2) coating a

m xture of a al soap.and gi]. 2 arrying out surface carburization,
formng a 2 neé:?sé%ﬁl?nl%nc ?bt??zg?lig%leﬁaég)ré and filling the crack with a
| ubricant; (4) ,f rmng.artificial promnences and depr.essions.qon_a surface,

0
and filling the }b?%‘?ri n8AEEs aff dePteEaond wi Ph 5°§% IlGBPitc?glr?tt;lo(IS) Yor ni ng
prom nences. on a wire surface, determ ning roughness and filli an _uneven
PP ace W EhTENG BT EaB oCREaS, 6P SETaI g o Gt Wf oSB1 83 T DL

etc. on the 10 wre surface. The above:descri bed_processes of, the above
Japanese 15Fd¥BpEnlPatiére MAST c%t’t‘?%hgl?:%’ﬁﬁgi’ EBABIrEeEry Paddr Al 1
above-descri bed probl ens (ag, and (b). To address several problens

associ at et wi tiRdwetebpper Ao Hiati RE sl r SFBH R ch AHERIDPS
plating is not agpl ied are devel oped. The above-descri bed problem (c) is
addr essedf 89T et 2ppt yFR§PPHELEdPEer 2PpHabPdd ddR %t KONRItTECHRAR -sever al

probl ens associated with the wire feedabiljty still remain. 20 To address
the several probtefiBifssoFeatell i sRitide Wik f ébddlsi IthS, noaRi $82t rproved
technol ogi es _are proposed, for exanple, in Japanese Patent No. 2682814, and
Japflnese sarfapenclatér Pabidcatliren NosPlpbpdeiwith 199RF4r £Q0GROYITS,
2000- 317679, 2001-191195, etc. These technol ogi es include 25 the foll ow ng
pr ocessescuBrentiyadeyingng chagpedicfrictsiar f aged ar emoreoatdany i8arlyd ,

al kali nmetal, etc. on the specific surface area, and simultaneously

attachi ngfemdabidistyin an dimtanerd essthiean 200gdnR wiccea swifthce;cdpr)
coating MbS2 on the wire and separating MoSz in a weld conduit tube,

t her eby ippaboingg twieloh r ésf eedabuhetly;irf 3)lafrgyam ngaptaniieencesaandhe
depressions on a surface using a tenporary dull finish roller and filling

t he prom fiehtesinagdpdepiensions arehwhbbI2kndEd. C, Na, K Cs, 10 etc.,
thereby inproving the wire feedability (4) attaching C, TiC, W A1203,

Si 08, FeO ZnO (HNGihdhOBer EErmMAG2a BNawihd, phreSesE Npdd Marmrf&NuzdN, Cu
or Fe powder together with a water soluble polyner to a wire, or coating
oil on the wire, thereby inproving the wire 15 feedability (coating of

i nsul ating inorganic powder such as C, TiC, etc. and coating of conductive
i norgani ¢ powder such as Sn, Zn, etc.); and (5) defining O 10-300ppm S:
0.0005-0.02% C: 0.0050.15% Si: 0.2-1.2%and M 1.0-2.20 contained in the
wire, 20 defining C. 0.005-3. 00 detached froma wire surface based on



10kg of a wire, defining case where Ti: 0.10-0.35%is contained in the wire
or aratio of the detached C/ S+0 or coating MbS2 on the wire surface, and
defining a ratio of the detached C/ MbS2, thereby inproving the wire
feedability. 25 Although the above-descri bed processes (1) to (5) are 4
perfornmed, the feedability of a wire with no copper plating is not superior
to that of a wwre with copper plating. Thus, the feedability of a wire with
no copper plating should be inproved. 5 That is, the devel opnent of

t echnol ogyf f ¢hei mpkowi n@atttte ¢ Eedaippen ypbatangi i wihé Momwopeér furet i ng
superior to that of a wire with copper plating, is seriously required. The
i nvent or scapp¢heppwa@sendérensenbrehededichad thiee wdars| asidort hehatefaacttords of
roughness of a surface, a 10 specific surface area, prom nences and

depr essi omsppear i pasdevat Fengg ims eratat ached c.to n fhiotdh qasesindnezd | chnd r es

wi th copper plating and no copper plating be adjusted cannot inprove the

f eedabi | i dgpreads tbns s offheclmswireparutmfdceharBliee efiiaei pafder sdki dchedrre. 15
Thus, as a result of carrying out detailed investigations into surface
frietion bepaestea@ tramekheg wiinee card o comelutticabbr betaecesl di ngdlig, the
inventors of the present invention found that a solid wire with no copper
plating havigg exeekl eadeleadalyf id i achi gvedref 3admeher istssreaabl e of
remar kably reducing friction are provided on an entire flat surface in a
suf fi ci ent; aEoH8lerbesauz@ W irr e fi A t1eat i okbd cWiisR idLddfing,i ke a
surface of a mrror. This idea is based on the fact that conplete

frictionl ess-apyeseptr9brat fRGeEhel wapRe2LeqWhengt4e oil is dropped on a
gl ass surface of a mrror and then the 5 material is put on the oi

dropped on the glasgecIhgel NVEHLOF s 1Qf ddwe: preggntcdgpent i eRcerbqieds the

i dea using a new nethod different fromthe conventional nethod through
defipni ti 05l o7 4L LSRR ¢ ARANAL GHH | G Olnped WAEE,SUHL 3GCcpid bl e
coating material selection and't e ensuring of a stabre source for !

provi din i LE rj t I urface, and succeeded
in signi??@%%%$ ?%%%5§?gét?ﬁgn?égdgg%ﬁi?ﬁgggbghégpﬁd wire with no copper

pl ati ng. 10 SU Y .OF _THE .| NVENIL On eref.qr. nt_ i nventj on has
been made in viev oFopﬁgraﬁﬁ%e§%g8g$5§§,é%$ fﬁ ﬁgggﬁﬁgﬁﬁecedée éy{%esent
15 invention to provide a solid wire for. arc welding with po co r.

ol ating. HHEr SRR EeHREAEREy 2B FREPRRDESTET Hrre RIS A FomBait HT ng i s
superior to that of a solid wire with_copper pl Ebng. I n accordance with an
aspect ofl?h%ng?ﬁéﬁﬁ?lﬁolPﬁVEﬁPgoﬁ,pFﬁéogbgv e&@j ¢t can be acconplished by

t he _provision of solid wire for . arc | di ng, . ¢ rising:, a flat paqrtion
of 5 i e surt dtethafierEoh WREFOVURERERE RaPRBIS M B ke 1k TR ¢+ on
isin the range of from 115 to 310 and arithnetical average roughness (Ra)
of the 252%P%ut pdrtPBA (D) REHSLTANRSRS flﬁ.éipﬁaeé?séﬁmﬁ“ﬁ&% gPaetentcase,
a ratio of an area of lubricant-rich poals to.a uynit area of the wre
surface iBulbicateani Noehelpafge or 195508 8861sedr Pred d a2 | &ifstSone/ -
conmponent selected from a grou of MbS2, BN and a mixture thereof is

pr ef er abl §7 £3@t edlediP s t Ha aﬁPEZMHH%&§§4n7§ﬁ2§%&%ﬂ BeisedmU U2 1S
0.40g9/n2. Wth a new manufacturing concept different fromthe conventional
manuf act ui¢ hgeEobcédpBlOlheepFesent invention can provide a solid wire for
arc wel ding, which has excellent feedability with no copper plating. Al so,
t h8010 feedabi ITey efldxkessoltike wi £eedibhlasycopperbhinat i n§hen @kvretance
with the present invention is equal to or better than the conventi onal
solid w réeskcrhbedppapapeaei bgidtheesbyaitepitoriuld iwaltdions viorddatde ithe
Further, since a process of applying the copper plating is not 15 needed,
consunpt i bol béwener gyocaasbe péduced. Furthernore, since copper funmes are
not generated, a wel ding work environnent can be inproved. The ratio of an
area of |ubricant})rccatjpogl s metalusaltan€aai Saadyusiced;in the
above-descri bed range. Thus, 20 friction-reducing materials, to be provided
to a flat porti ¢h) ofodbenav semsnthaseofanemaatlexbapsted, oiler eby

i npl ementing excellent feedability. Further, where at |east one conponent
sebgcted from a(gy ouga Of y MeP2, olBN ad\k Badé XtaHpuheieoion s costmringn 4 he 25
wire surface in an amount of from0.002 to 0.40g/n2, 7 because the

| ubricant-rich pools of the present invention are conpletely forned by
depressions in which a drawing lubricant material is conpletely renoved,
the lubricantrich pools can be sufficiently filled wth at |east one 5
conponent selected froma group of MS BN and a m xture thereof, thereby
i npl enenting excellent feedability. BRI'EF DESCRI PTI ON OF THE DRAW NGS 10
The above and ot her objects, features and ot her advantages of the present
invention will be nore clearly understood fromthe follow ng detail ed

a1 . o o



8 A detailed description of the present invention is as follows. First,
the present invention is based on four factors: 5 (1) mcro Vickers

har dness (1 oadi ng weight of 1g) of a flat portion of a wire surface; (2)
aver age roughness (Ra) of the flat portion of the wire surface; (3) a ratio
of an area of lubricant-rich pools to a 10 unit area of a wire surfaced and
(4) a coating anmount of at | east one conponent selected froma group of
MbS2, BN and a mxture thereof. Further, the present invention basically

i ncl udes %ﬁ%@%s%@saoﬂaﬁbéﬁéﬂ@ﬁ@Q@liﬂxe%ﬂ%ﬁﬁigg}lb@ﬁtth@,C@ﬁyklﬁﬂdﬂhWing,
wet drawi ng (including a | ow reduction skin pass), electrolytic cleaning
(based onl@prig&ati ne sol uti on and a bi pol ar et hod), coating
rust-preventing oil and wi ndi ng. The above-described four factors (1)-(4)
associ ated 20 wi4h foembagi erpiddeseds pidninenckscandedepEasisheons tde
surface of the wire will be described with reference to an enl arged

m cr oscopa csuinfigeeshend ifii 1Riigg kthq IProujnshoesnt anfl aiepres¥icker svihdr dness
of flat portion 25 M cro-hardness of a wire surface neans hardness of a 9
whi be pord i uwbfitcamt portion) in the enlarged mcroscopic i mage shown in
Fig. 1. The hardness of this portion is adjusted by an entire processing
degree and a fi (Bl Setmbkd nppadsnedcelar dneaswatret Barflace,s dWeftateniirsing
conventionally proportional to the entire processing degree, but the

i nvent or sr@lglihes r asantfinvend i ap faimeed hatirfatet ivairtthbeawaeibtikeand ;r e and
a conduit cable or a welding tip is controlled by hardness of a mcro
portion ufngerneath the 10 wire surface rather than entire hardness. Thus,

Vi ckers hardness is neasured under a |oading weight of 1g. It is inportant
that the Vickergghardaesagmasiadinendes ubs,) ogdi norvei ghtref b means
hardness corresponding to a portion below lamfromthe wre surface. The
haj gness of rdS5sit PP cro portion cannot be adjusted by only the entire
processi ng degree. So, the hardness of the micro portion is adjusted by
varying a procegsl ngpde@reR st ibeld Ngkowetsski N Pashiel N bige I AUGR s 310%
varying an entire angle 2a of dies in the 20 range of 840and conbi ni ng
them In 1 lpal h A8 i es 1hSq] a e st
reducti onﬁ%éﬂw gﬁi Eat%ggsgg%g%cgﬁll%%gh:c%r}cgﬁ sﬁ?#‘g%%eg%g tgﬁgrﬁtg%dr#esh%\;\eof
the mcro i ; | f LS4l eased. In case the entire
angl e of %ﬁéﬁéiéﬁ%é&&é%&nﬁ%égééﬁé ?%grégge3?525 t he occurrence of a die
mark on the wirg s ce. i p fl. r.ng the
reduction rate rlg? %%%la%\nsre.ge%%]f?%eé?g%érr%g %gcs:ggﬁﬁgre ngés\ﬁgfthtegecqﬂpar

po %ion isllomered, ﬁp i nternedi ate ﬁnn aI%n% process ii %arried out 5
durfng t i 9 awionrd Dor BEEEE aHu P éﬁ:?‘pr RESSEPRFT pPLRIARY, t8ati%y, dry
drawing (low reduction rate wet drawi ng (skin pass of a | ow reduction
rate) anoan\é\ngr%(gs‘-i'ﬂ% %?‘éei%%??ied out. WC dies are used for the dry drawi ng

process, and PCD diapond dies are used for the wet draw ng 10 pyrocess. (2)
A ust ment of | S haBOrEaReSaLhes TtRRNELs (R The A5 LB a1k he
wre surface is defined by way of _only the dry draw, ng process. However, at
this ti mPR{Hhessof ?%@p?gatpbBFﬁﬁgn BBcoBE sigAri c&MH y Sfoedé! 15
The present invention ains to | ower the roughness of the flat portion, as
in the efRERRLYRS t AESABOIESHe¥dpdd® ditrdnieReataskYortind mamedm -
surface" exanple. Thus, in accordance wth the present invention, the wet
dradi ng pfocessressadii’t S¢Sl cBABPASEForP DICE P omidht i Bhal Wiste
drawi ng and a | ow reduction rate skin pass. The roughness of the flat
portion ofeedrbinitysuvabteusahnbsovedeteghnpdodirs edsy ®ROPOFEd wetor
drawi ng process has to be conbined with the present invention to

ef fecti vedxarpljaist inhéapsughredate2d (). AUPRZE hént anfl Yapeoesk dradal-of

| ubricant-rich 11 ools to unit area of wire surface Aratio of an area of
| ubri cantepérchPpdeht prudflercad] yordeNends Hepareia diabit Y7 # ubr2i0ddx- % 74 ,at e.
Accordingly, the present invention provides sufficient 5 lubricant-rich
pool s up 2@0Q-h2l 679 dr 2WilAg 1Pr1dGess ehct he Thlesee- teskno bedibasiinginakesses,
and the subsequent wet draw ng process enlarges the flat portion, thereby
adpbsti ngclen Bokbowing herdéobsseant -rich pools. It is preferable to nake the
wire surface rough after 10 the pickling process in order to provide the
sufficient lubricant-rich pools in the dry drawi ng process, and a

| ubrication nmethod by conpul sory |ubrication drawi ng (based on doubl e dies)
or conpression rollers is used to provide the sufficient lubricant-rich
pools in the drawi ng process. 3



15 After the pickling process, desired roughness of the wire surface can be
achi eved by conbining a pickling tinme, a pickling tenperature, etc. (4)
Coating of at |east one conmponent selected fromgroup of MbS2 powder, BN
powder or m xture thereof 20 In coating of at |east one conponent sel ected
froma group of MbS2, BN or a m xture thereof, mcro powder is mxed in
rust-preventing oil and an anount of coating for the wire is adjusted
according to a mxing ratio. The coating nethod sandwi ches a traveling wire
bet ween 25 two &Eheedsfdhifngl ta papercidnd deovpsathe axda oncohéing tMd2.,
paper. As seen fromthe above description, the hardness and roughness of
the flat gpbtii edkeflit metwil,e stict acm arlee adpestiddcasswhitvee | arBrg. ahd n
accordance with the present 5 invention (the roughness is adjusted so that
the wre simfibceneansbe as tarddiriy asapessabke,irandnt kenqurrasehéssnwarin on
does not carry out a conventional process of form ng severe prom nences and
depr essi onsognef fid ld noadfecgpr om nences and depressions with |ubricating
materials). 10 Further, the lubricant-rich pools are conpletely formed by
depsessions in yghy ctsoé’amglr #eishgohUlhiec afi v aBd eEbphgadiegadbg,emeyved by
bi pol ar el ectrolytic cleaning as described in the basic processes. The

friction-yedyciog9qanpt etiiBLs sHebeB MapZovBhNg ehe wGde BFRddddiad dyy the 15
depressions and hence a ratio of an area of lubricant-rich pools to a unit

area of a wire (531)”ﬁggmhﬁgdgﬂdﬁﬁ%en%1aﬁ@s%eﬁ@]&ss%to(hs’ 49 he ragded to
a flat portion of the wiré surface, are not exhausted, thereby inplenenting

excel | enty g 4& feedabhbbbyry20alhe PEEASEh | RYEILION Y | IRhGMRY ed.ihy new
technology based on "hardness of a surface |ayer of the flat portion and

snoot hi ngpr&pyhggf?eg uly 'dca@épf§§égb‘§s( t«ftt%epﬂm%' ops§, Of ct heyd ubgi cant - rich

pool s), and speci ylng ubri'cation materi al 'her than’t he 'conventi’onal

t eehnol ouy, basedh opeRy 1fiGtLDLhE0B,8! LaLATEAEAGRs 138G dopr essi ons on Lhe

surface and’ coaf1 ng tirmim vatdes of factors will

now be descrlbeE FgEEh?Ba ge%?u§E¥%e @égeAﬁnguntsgé thﬁegraghgg h#ﬂilcant

softened by hea genera uri’‘ng Faw n process refmi NS 'wi 'n the

bt | oant 172 Rool 054 g p@ﬁwﬁét AbpRopHERCelSF it AN nelc OF O o

poi nt, the |ubricant- |ch | s of the invention are material-rich
pool s cap%%‘t"ge]of% 9|rndplt i Y2t4H EQZHEEeI M YIGF atfdr Bs&HEG ¢ RF above
problem and are a nportant characteristic of the present invention.

Next, expe?dmen?s Be#|n| S mith R ueEh%B??%spoﬂagﬁﬁlPS t file  wire
above descrlged four factor w || be described. 6 % Opt i mum val ue of

m éPo Vi cket *Puh%ﬂh&séCBPtflPQt °§or3tf}%’rtf’Wﬂe‘f9 th%otf‘i?% oPPFER TSROV i3F Fi g.

1 is measured, under a | oading i ght_ of , an optimum val ue of m craQ

Vi ckers Her dhtss ¢1%) P§d|ﬁoPhéngaﬁﬁeCSPdeﬁlﬁ@ Sm@rqayhﬁrHQﬁ dedn sHEP occur
because the flat portion is very soft where the Hv is less than 115 and
hence the2%i $@r stihf aREChbéofBd abruptly rough while the wire is noved,

t her eby negatlvely affecting the wire feedabilit Because the flat portion
becones very haft? i iefheipg xcdédds’3PEpma 25 Qi BRAHP-B8R%a EondliG0Tabl e
or a welding tip can be easily 14 worn and abraded, thereby deteriorating
the wire 9ebdabi Fity0.L2)] .@ft iangnMradl e %#Zaﬁftﬁﬁetﬁéaedav@ré@@ rolRfhness
(Ra) of flat portion 5 Fig. 3 is graphs conparing the roughnesses of an

i n@ént i vedefkeinarface. 8AE-3- 8dndehecbadl fwome aswifrgc surfieee dagatbsy of
the inventive wire surface is fundanentally different fromthat of the
convent i oh@kgwigfe surfwdee, THefrodghnesssef whereonVent i Gnbl-Gi 383 suird ace
is based on 10 prom nences and depressions, while the roughness of the

i nventi vecontaisedf dae tilse baseed om deprassoopns. the op¢tachedt B¢ Sroughmess
of the flat portion on the wire surface in the present invention, the

opt i num vebatei 8§ MoS,Ran sthd wheer angefade 0. 8Adt aeXi30mg 15 Aattibe of
snoot hi ng proceeds fromthe Ra of O Oum the lubrication state is poor
during dremé nge 8a6h&8ab)/Rops O0LIEE ¥ S5l Camppbv DEgatheewedebyeaaans latya die
mark, etc. Thus, the snoothing nust proceed on the basis of the Ra of over
0. ghum FurtherAl%o&@te 8hkt BERivieCale saMAIRAP PébdOughness) (Ra) @icepes
0.30m prom nences are increased on the wire surface and hence resi stance
is increased, thereby deteriorating the feedability. (3) Optinmum val ue of
ratio of area of lubricant-rich pools to unit area of wire surface 25 As
descri bed above, the lubricant-rich pools of the 15 present invention are
conpletely forned by depressions after grawi ng and el ectrol ytic cl eaning.
Special lubricating naterials are retaihed in the depressions to inprove
lubricating effect. It is obvious 5 that the area ratio of the depressions
|s a5500|ated wth the mnre feedablllty If the mnre |s noved through the

R A NS . - o .



15 exceeds 88% an anount of lubricating materials detached fromthe
conduit cable or the welding tip is increased, thereby deteriorating the
wire feedability. (4) Optinumval ue of anmount of coating of at |east one
conponent sel ected fromgroup of MbS2, BN or m xture powder 20 thereof As
descri bed above, the two materials in the formof powder are either

i ndependently coated or alternatively coated in the state of mxing in any
ratio of fromO0:100%to 100:0% it is expected that this case achi eves the
sane 25 epéetormedi hehtofeedabdddsy Wiera MpSee andt BNnar eopper imidepergient |y
coated or at |east one conponent of a m xture thereof is coated, the

above- destsi bext caspsrach eve tmtsand edf ecitre AWsth acoppér mmhamnmt of
the coating is in the range of 0.002 to 0.40g/n2. 5 Wen the coating anount
i s | ess thaasp. Gixg/ f2edabidnmynt odf ADSRiwe BNthemaoni agppeart el doitrigons of
the depressions is insufficient, thereby deteriorating the wire

f eedabi | i $youRtirbeeimpwbeadt he coating anount is over 0.40 g/ nR2, an anount
of MbS2 or BN detached fromthe conduit tube 10 is increased, thereby

causi ng cl oggi ngh&ndidet edtieor aévalophenyi of feedabdldodgy. fAT degardbiady
above, the factors (1), (2) and (3) are interdependent in the present
inventiongha@nget8gbiactorsr(d) witd) wahe () el $1dtiRy dapRdest td the

present 15 invention. Thus, each factor depends upon other factors.

Further, thae ¥l yeyoteoperaf cbb?ekaguamn@p is( Berak@ds3) &g pel ue of
one of the factors (1), (2) and (4) is out of an opti mumval ue range, the

wire feedabilitynds QiYL 8¢ ACorAiNGng tavERRYLACt HEL-RegOldb Wi T e
with 20 no copper plating equal to or better than the feedability of a

sol 10 wi 1 oMit s E0RPEERRL A ERGLoQB! T BYM VRIUSHEIANIGT Ofa { NEIRaRECt iye
factors nust be satisfied. These points can'be referred to as
chapacteristics: of e i j rejpa I ; crigg, il
beggiven %?éggﬁéghggqgge%o%ﬁﬁ%gsD%ﬁﬂgi%%kfgfrgh?eggggfﬁgﬁ$$%ﬁ(ﬁ%ﬁ%%%%grs
har dness, o34 i3V GEAAGiLaUINNEss, (Ra) pdtd aELOAT o 8682001488 with

| ubricantFich pool's toa udit area of the wre surface and an anount of
coating of MS2, BN, etc. (1) Mthod for evaluatjng wre.f bilit (a)
The wire T82dabi IQ%I%/UII}] i gg}d)esnahecf?%ée]f hé)\{%()tlli‘?ﬁ(§J vvlgFe %(gj %ggg(?deéoéna%/og
constant speed fromthe welding.tip or not. If the wire feedability is poor
and hencelﬁﬂﬁoﬁfret 8emﬁﬁfﬁapéiﬁﬁﬁaic feh al?engpﬁ opqgi:(ﬂﬂqﬂﬁﬁ%%Flong
and then the melding arc is unsgagle.&the wel ding arc is 10 | engt hened) and
a wel di ngCPBPFEETTSthSuRted SRALEpYAEEEred by arc force. Accordingly, the

superiority or inferiority of the wire feedability,can be determ ned by
me guring an anbui® of Fenerat edSSPdtt er © fte?a5E¥f69n1r@PEwﬂcﬁ?ﬁF%%ﬁga

predeterm ned period of tinme. 15 B | acing a steel plate havin ,
thicknesslBYnghﬂ?téoﬁfdt%PEW I%%ﬁ%ﬁ%ﬂ Eda oPe§889PiﬁHaQﬁé%$lﬁ9%g a
size of 80cmx |I5cmx 20cm wel ding a bead_of 40cm |l ength on the steel

pl ate for"2rdi Alfed, CAMEYS IR IS PSpat VeFIWAEChiPs (&FerldtvVetRRT iy
wel di ng, an anount of generated spatter 20 expressed in units of ng/mn was
neasur ed ¥oe PHEsS8BLi dnfrpeien fRENGr £kt & HPdAQ oH EhFitHe RO RAREBNal
solid wire with copper plating under conditions given in the follow n

Tabl e 1. Phathig cdwwinthe exkleldendui tfeadpleilstpasdd onaghipped 1
arrangenent shown in Fig. 4. As a conparative 25 exanple, the solid wre

w ER coppeaterialag wapabded widerramarkalpby absedudéseri Fed cddmdi tive.
Table 1 5 Wre dianmeter (mm Voltage (v)Current (A) Gasl.4039350M xture of Ar
and C2 (proThdedi pa fagedeiireyfhat evadismeed byaasoifféciesthandunt,
addition to an anount of generated spatter. That is, after a conduit cable
i s wound batgesen aa sykfader dfavang iadledlanebéidofwid®mins whiath ldkei fd er ent
fromthe w 10 type arrangenent, a period of arcing time is neasured.
Because therfeedi o degméerot.t hBhiksr edesa vies ybaeeer eori nthae faase tiat he
two w ndi ngs as described above, it is irregular and arc generation and

wel di ng weskplénal Ify isitdphlesd | mieverenodofetavarat ar el d appakirst iwite Band an
arcing 15 stop tinme becones a paraneter used to determne the superiority
or 2bnferi@iltysofdridppad rén f gedabiki tsyir fAeeorsh ngl yirtbe anseriHare siodid
wire and the conventional solid wire were conpared by the above-descri bed
met hod. (2) Measurenment of mcro Vickers hardness (Hv) of flat 20 portion
The flat portionin Fig. 1 of a wire surface for hardness neasurenent is
shown enl arged 1000 tinmes and Vickers hardness (Hv) is neasured under a

| oadi ng wei ght of 19 1g. At this timeg the hardness was neasured at 4
points on surface of the wire of respec?ive 90 degree in the circunference
direction of the cross section area. The hardness was neasured at each
poi nt seven tinmes (n - 7). 5 Maxi mum and m ni nrum val ues of 28 hardness
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20 curve and a clear flat portion). Further, the Ra was neasured at three
correspondi ng positions of the flat portion of each wire. Subsequently, Ra
val ues were neasured at total 36 points. Then, the average roughness (Ra)
was determ ned as an 25 average val ue of Ra val ues corresponding to the 36
points. 20 (4) Measurenent of ratio of area of lubricant-rich ool to unit
area of wire surface Twenty m crophot ographs of |ubricant-rich pools, as
shown in Fig. 1, nmeasured in four orthogonal directions on 5 the

ci rcunf ereacerbdl aigi peteonf thewpie, dneppedbrai f8§. IJR@Sther, the number of
| attice points occupied by the lubricant-rich pools was cal cul ated on the
basi s of a trarBpar émvemitionsi nef udieg Rréaent cenvemiosed embgdbegoititss,
thereby calculating a ratio of an area of the lubricant-rich 10 pools to a
unit arealdbéasersiomy aaponay ambtidodg didtfieodnt Aframi otloé avrereget igfnalhe

| ubricant-rich pool to a unit area of a wire surface was determ ned as an
aver age vattieodf tareaghatdeds rdarirees ppfidnhgroscbhéc2@harageeriSEics of
Measur enent of amount of coating of at | east one 15 conmponent sel ected from
groep of MB2reBNueramiext wid tdidercdderepf mAtart el haeilpgtaohenrgich tfe | Ccm
was cut to produce 50 test pieces . The test pieces were soaked in a

sol uti on ehsepnignsetl hydroedbDs i cs@et e anfbmatfoildilg f o LB ivHres. 20
Then, coating materials contained in the depressions were conpletely

separ at edecodbengolmdtOniad ftid t eed andet herFaseduesnaersuciss@yedi n an
al kali solution. Concentration of Mo and B of the solution was anal yzed by
an i nducesiliﬁ@yﬁiégn@msm ebGPhgmehBodeedapiurithelor taheIaRE &fitreaaty ath of
MbS2 and BN was obtai hed 21 fromthe concentration of Mo and B, and the
concentrat$oRoRhe M52, 8AHGBN converted was expressed as a coating anpunt
per unit surface area (g/n2). (6) Measurenent of copper funes 5 Amounts of
copger funes were neasured about welding the inventive solid wire with no
copper plating and the conventional solid wire with copper plating. On the
basis of straig r e he conduit cable under conditions
given in Table %ﬁmﬁ%g?mgge@% ggghﬁgﬁggd for 3 mnutes and generated copper
funmes were absorbed through a fine quartz filter. Then, fine particles
absorbed by the filter were dissolved in an acid solution, and

conoentrat s on oty 9BPELe a8 analuzed DY gL R HRLhA ANG e 4

. Ii n view
concentration copper {has expressed as an anount gener a e&’copper
fumes (ng/ m nute). Rod sa es of 8nmm. 6. 4nm_and 5. 5 cont ai ni_ng C
0.070% Pt GRFAEPE fi.r‘g‘gf%emﬁf AR A e G AP ST CT TN
pi ckling process and a Bonderite coating process 20 were lied,to the
ods, | A pPRRFRRGOR e S AS SoROate] AT Hh BeFe 38 (ETEATES VAAD 1P ar ea
of lubricant rich pools, and then roughnesses of wre surfaces sharp
varied af t@PPEFciliFg i whETS ™. ﬁﬁ%ﬂ?&éi%& a‘?ﬁne&?ﬁrblﬂ@ﬁogear Q”drr%vm ng
25 process,and a wet draw ng process. A reduction rate gf 22 _ draw ng and
an entire"+BRUBPI GRPRRH LTt tres RerdPEdiiedt df t T ar §Ladr 613 bW i%e area
of the lubricant-rich pools to a unit area and mcro Vickers hardness of
the wire $uERaEePPRTt R Akt Tr awi ng process. The area of the lubricant-rich
5 pools was increased using both a conpul sory lubrication nethod based on
doubl e di es andl® cERFSZHRFE r oMidD nedRod 2SHRGE t RE wi FRewaPLpifitted to
a bipolar type alkali electrolytic cleaning process and_wounded after
suPface tEREEREAPN(cOBRRNERAVE uSRIRBYeBMNMgPEi | 2aReMPUbEREd: i Py 1B8e
material). The feedability of the wire manufactured as described above is
measur ed Byovasiphnoud welldichgwihgerfgondr€i oies Gingeon FANPHEBSAENY ‘ard
measuri ng an anount of generated spatter, an interrupted arc tine, an
anount of ftappepofties, 46 etc.wilte foldtfawgeg Tigren shover@hafiashters stics
of wire feedability where mcro hardness and arithnetical average roughness
(Ra) are kardedsen (@ondi¢f ohhehdtlasx rexdroioh és dmeaclod rabgecaft -frah
pools to a unit area is constant. As 20 shown in Table 2, where the mcro
Vi ckers hatf8ness JHy)ahd iaritdhmetangel odvetageo Ilyharek sar (Rajreifcathe
aver age roughness is in the range of 0.01 to 0.30m it is understood that
t hesf eedablhtt poftitdre isvent i viee Sehindgewis® @i.0h noo cOppeumpl alnng:hss
superior to that of the 25 conventional solid wire with copper plating.
Further, it 23



is shown that the inventive solid wire generates al nbst no copper funes.
Table 2 Hv (I g) Ra (gynm) Spatter anmount Ing/mn)arcing tinme (sec) Copper
fumes (ng/ m n) Renmar k0. 0083010150. 001Conparati ve

Sanpl e0. 019261026Conpar ati ve Sanpl e1100. 200288020Conpar ati ve

Sanpl e0. 2952980170. 001Conpar ati ve Sanpl e0. 310289021Conpar ati ve

Sanpl e0. 009290015Conpar ati ve Sanpl e0. 0102380601 nventi ve

Sanpl €1150. 2202900470. 001l nventi ve Sanpl e0. 297231048l nventi ve

Sanpl e0. 33234 2020Cakpar &f v Sahed e0f0d9PIITE ot At Poels to a unit
Sanpl €2500. 0132310481 nvent i ve sanpl e0. 2502350450. 001l nventi ve

sanpl e0. 2829380058 kheentiinge 3P @®. 89523A70386€shpar diigerange of 15 to
Sanpl e0. 007302012Conpar ati ve Sanpl e0. 0162900470. 001l nventi ve

sanpl e31088 27523038 mvent | Veastnphe0 cCRUPRIGIEI| swbettod from a group
sanpl e0. 3102850140. 001Conpar ati ve Sanpl e0. 007290015Conpar ati ve

Sanpl e0. 044286817 CBiparat | & em$atrplre3 1130 2402 7062 @ XErCompar abated on
Sanpl e0. 290271014Conpar ati ve Sanpl e0. 312276013Conpar ati ve

Sanpl e3906h&092968044Caapar dini \wa Sanpire). H 2268030C0APatat iOud0g/m?.

Sanpl e0. 190271025Conpar ati ve Sanpl e0. 2952900220. 001Conpar ati ve Sanple 24
0. 309298012Conped th | we rfsnphahalfad twirieigv ¢dddPo2%iFerurent feoml the
Sanpl ecopper plating The following Tables 3 to 5 show that a ratio of an
area of |abfiveationhbth ROOlBadOUALNG tcaiRpaf f eaks prdseheedaRidrntipbn Wiere
the area ratio is in the range of 15 to 88% the mcro Vickers hardness

(Hv) is idakhheprang8e0fallioditio RhiPeandoavenage wAUAAMRSS hildh t g ange
of 0.01 to 0.30m it is understood that only the wire satisfying the

above- de%ﬁ&@@ﬁeﬁ@qwé@&%&m@@s WitE RBaragdes shlle ie@ual Aps@) heid er
than the conventional solid wire with copper plating. Further, it is

unggr st Ooﬂeéaéﬁlmé 1Q,# nygat 'é’@lﬁ@' el A rﬁlgﬁnq{@lt e %'eri‘o%lé‘@lﬁepl%{
fumes. Table 4 and ¥ab le 5 are continuous with Table 5 Table 3 Area

rate of lubrigante ri;¢RnPoehe) eskh® B3 ehpioPatiter o unte { My n)
arcing time (sec) Remark0.008291018Conparative

S B L SR o

Sanpl e0. 3 9 i 1 ive
Sanpl e0. ﬂgg%ggg§6Cbnpg§é%¥ ganpl%ﬁ?Sé%%@@BéOégégara ?ég§ Further,
Sanpl e0. 009291019Cq c&&gtlvefSaa Iﬁl%OO.Z%%ZQOOlSCbnparf £1n is not
SanpleO.Sib%%?Of%Cﬁ) arat v ggPe5.6§72 829%%%Barat?ve g
Sa Ie0.0102§ 899Invent sa e 1150.21023%§§2| en VeL . rth

| 60, 283938850 PRUSHIRSE 1 e%“%’i‘éiésgﬁﬂo nﬁar urthermore,
Sanpl e0. 390270029Cb arative Sanple 158 0072690%6%€nparat Ve, K
Sanple1905156%24ﬁﬁg§ hveht'v8 sanfl eB°395361616 ardti V&-otng wor
Sanpl e0. 008305015Conpar at | ve Sa | e0, 0162370491 nventi ve sanpl e
3100. 240230D5BPAPERT \‘Fé‘“si&)ﬁpllé@ S3B30601 nvent i ve
sanpl e0. 319281017Conpar.ati ve Sanpl e0. 90029Q016Conpar atj ve
Sanpl €0. 00530108 0MFdi | 98 SHpPESET0°29G3PII LR Par SR i P& 3ehpE80.350r
3110 | 12Conparative Sanple Table 4 Area rate of Spatter]|ubricant- Hv (Ig)
Ra ()un) whbtinB&LSi ril@ t2FRURRREr B dhe above-described range. Thus,
pool (mg/ m n) (sec))601120. 005278030Caonpar ati ve Sanpl e0. 240 12730 28
~C8Rpar at fvEChpprEedgcing, 3962830 Gompdrat iRfe Provided to a flat
Sanpl 0. 007298021 Conpar ati ve Sanpl e0. 0142290681 nventi ve sanpl e
2550. 195232D61PAvenf | B s apr @0. 2058006 9PARenipye xhausted, thereby
sanpl e0. 314277035Conpar ati ve Sanpl e0. 3B5287027Conpar ati ve Sanpl e
3350. 00428up2emenpangt exseddgite X eBERBU DR Conpar at i ve
Sanpl e0. 370276026Conpar ati ve Sanpl e0. 005269022Conpar ati ve
Sanpl €1120. 2052m6028€0ppahetrev e tSadgaA s80. @09 29060R00enpasetleveed from a
Sanpl e0. 008284016Conpar ati ve Sanpl e0. 010230068l nventi ve sanpl e
1150. 2002286up| mfeio £ SBRplhead 20023806 Henvereef is coated on the
sanpl e0. 310290015Conpar ati ve Sanpl e0. 390301014Conpar ati ve Sanpl e
8805015230906a| nyenthve sanpl £18HmA@1sHR231065| fwent i ¥e002 to 0.40g/m?,
sanpl e0. 3002300591 nventi ve sanpl e0. 007268031Conpar ati ve
Sanpl e0. 0122400581 nventi ve sanpl e 3100. 2452390621 nventi ve
sanpl e0. 3002310601 nventi ve sanpl e0. 305290017Conpar ati ve
Sanpl e0. 388288016Conpar ati ve Sanpl e0. 004289015Conpar ati ve
Sanpl €3190. 210297015Conpar ative Sanpl e0; 370 ~2610 ~20Conpar ative Sanple 27



Table 5 Area rate of lubricant- rich pool ($) Hv (Ig) Ra (1~)Spatter
anmount (ng~mn) arcing tinme (sec) Remark0.008304012Conparati ve

Sanpl €e1110. 280301011Conpar ati ve Sanpl e 900. 340293017Conpar ati ve

Sanpl e0. 003287019Conpar ati ve Sanpl e1980. 210281018Conpar ati ve

Sanpl e0. 390276019Conpar ati ve Sanpl e0. 007274020Conpar ati ve

Sanpl €3900. 200273022Conpar ati ve Sanpl e0. 370293017Conpar ati ve

Sanpl e0. 007268024Conpar ati ve Sanpl e1130. 280259032Conpar ati ve

Sanpl €950 8990294 030€onparat ¢art Sahphe A 680330enraraséve invention
Sanpl €2890. 270278028Conpar ati ve Sanpl e0. 330296017Conpar ati ve Sanpl e Tabl es
6 to 14 sdwsv efoimpdiest adfy c datrimegl oby Masshrd8s tona nirkt whéchhex edframiere a
ratio of an area of lubricant-rich 5 pools to a unit area is constant.
Wher e an lumbhtant coatemign bf iMDS2omBhNetrely nrerhoved) hetleof ludrimaart-anount
of fromO0.002 to 0.40g/n2, the mcro Vickers hardness (Hv) is in the range
of 115 tor3dR ardlay i thnetieakbudrerdgavlgughpesstRa)itls aft theasangmef
0.01 to 0.30m it is 10 understood that only the wire satisfying the above
desgri bedcsmsithé BIERES e EXELbheat gidup feedadis,it BN narednpamis@u t h
the conventional solid wire with copper plating. Table 7 and Table 14 are
cont i nuough &b JabherbbylImdd emelahiliey 6o XO31 1 86t aFBEARLE 1/4RK), Hv (1 g) Ra
(~) Spatter amountArcing tine

Remar KkM0SzBNMbSz+BN( g/ mi n) (sec) 0. 008278021 Conpar ati ve

Sanpl €1100. 200266020Conpar ati ve Sanpl e0. 370259024Conpar ati ve

Sanpl e0. 007277 QoA st &t ik ¥Or BHPHLOr BB 1prAR PR $90294020Conpar at i ve

Sanpl e0. 310259027Conpar ati ve Sanpl e0. 009269027Conpar ati ve

Sanpl €3200. 018269024Conpar ati ve Sanpl e0. 305281020Conpar ati ve

Sanpl e0. 009271021Conpar ati ve Sanpl e1120. 185284020Conpar ati ve

22%; 21150, 01029500 THPUent 138 SOhaTE 0.003- /0. B303680S00sRshr &TVE
campl 60, FEUSRT0M Come ot Go TEA LD, OBAZT09SCanpit abrvetore clearly

Sanpl e3170, 220266027 arative.S | Q. 310 ~25 ~ aratjve | e 29
Table 7 BRSO Tz o FRLL o B0at e AhginC A | e © N
RenarkoSZBNNbSZ+BNgé% g%ﬁ/ﬂiS%Fc)0.007270026nggarative . hich:
Sanpl e1110" 269261DS8 EBRp AT V& S BP F308B030e8MPdPat e Which:
Sanpl e0. 006257038Conpar ati ve Sanpl e0. 01020103201 nventi ve sanpl e
1150. 19819804100 ¥ ent} ve- Safll e FPFFARDS THTRAFRIRE 1mage  (x 200)
sanpl e0. 310270039Conpar ati ve Sanpl e0. 345261030Conpar ati ve Sanpl e 0. 2eo0 -
- 01905259089t BRPve FHRS D1 Di20D8BD2RTRARNANAE skl ethe present
3100. 2001970610] nventi ve sanpl e0. 3001810780l nventi ve
sanpl e0. 3PYZBVOEYTonpar at i ve Sanpl e0. 371256037Conpar ati ve
Sanpl e0. 006271028Conmpar ati ve Sanpl e3190. 210270029Conpar at i ve
Sanpl e0. 34026703 0Conyfar &€ v@ SEf e S3E5@ 2507 1638Conphraipie of the
Sanpl e0. 370260033Conpar ati ve Sanpl e0. 007270029Conpar ati ve
Sanpl e1130MRBOPEd 0¥ACEpAFaHRPE 1SEivp B0, FIFIETFIONPALEt | ee present
Sanpl e0. 005268036Conpar ati ve Sanpl e0. 01019803901 nventi ve sanpl e
1150. 22020202v0iewent i ve sanpl e0. 29518809151 nventi ve sanpl e 0.900 -
- 0. 305251037Conpar ati ve Sanpl e0. 380264031Conpar ati ve
Sadpl e0. 0062730BUConpar dtsi vgr8ainsl ect8p0r2091980205toyennésees of an
sanpl e0. 29018409071 nventi ve sanpl e0. 310257030Conpar ati ve
Sanpl e0. 0PSO ES | mieat suefsaaphed160c83002200880Lnwantel s rfaams ;e GRr3V52640
~31 ~Conparative Sanple 30 Tabl e 8 Coatin anmount ( /nR)

Fig. 4 is a view illustrating the arrangement of a

conduit cable upon determining feedability of a wire.
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g g HvSpatter Arcing ti mneMoSzBNMOoSz+BN(I g) Ra (fat)amount (

/ m n) (geo) Remar k0. 008278027Conpar ati ve Sanpl e1100. 150274020Conpar ati ve
Sanpl e0. 320280021 Conpar ati ve Sanpl e0. 006261029Conpar ati ve

Sanpl e0. 014259033Conpar ati ve Sanpl e 1190. 205271030Conpar ati ve

Sanpl e0. 290268036Conpar ati ve Sanpl e0. 910-- 0. 310259039Conpar ati ve

Sanpl 0. 400271034Conpar ati ve Sanpl e0. 009269036Conpar ati ve

Sanpl €2100. 170258037Conpar ati ve Sanpl e0. 310261039Conpar ati ve

Sanpl e0. 020271030Conpar ati ve Sanpl e3200. 190277031Conpar ati ve

Sanpl e0. 315280027Conpar ati ve Sanpl e0. 009271027Conpar ati ve

Sanpl €1090. 150Z68029Thhedr debve 184Mene @ BATTE OB CeNpat aveEREion is as
Sanpl e0. 002259037Conpar ati ve Sanpl e0. 650- - 1950. 205261030Conpar ati ve
Sanpl e0. 3BORHEOS 2 Coffiarsdt,i vehSanpt efe 006 2ATO30Comparist | besed on four
Sanpl e3250. 1B0279031Conpar ati ve Sanpl e0. 340280027Conpar ati ve

Sanpl e0. 08627OPR9Conpar ati ve Sanpl e1080. 250279020Conpar ati ve

Sanpl e0. 310288020Conpar ati ve Sanpl e0. 005276022Conpar ati ve

Sanpl e- 0. 001- 2960) 1252900 Cxapay aid vén&Saspl(e0a3B0I8 MXAGfotpar atligye of
Sanpl e0. 005267029Conpar ati ve Sanpl e3900. 230270027Conpar ati ve
Sanpl e0. 302V20 pdPECoBpabE averisa ¥ & &ce; Table 9 Coating anmount (g/m) Hv
(lg) RaSpatter tprcin time g Remar kMbSzBNVbSz+HN( Eun) anoun

(g/ i n) (sec) 0. 00AR6603PEgEP@babhye sSane1070. 219277881 Ferpabat iofe the
Sanpl e0. 320269034Conpar ati ve Sanpl e0. 0101980305I nventi ve

sanpl e1150; 390490964k nventi ve sanpl e0. 385271038Conpar ati ve

Sanpl e0. 002273029Conpar ati ve Sanpl e-0. 002-2350. 2102040270l nventi ve

sanpl eO0. 2902100%:9)(” aventdive $anphe@.QLE12040298l-Aventi Ve ch pools to a
sanpl e3100. 30022003051 nventi ve sanpl e0. 910287025Conpar ati ve

Sappl e0. 103 agat ;e 400, 170284022Conpar ati ve Sanpl eD. 320
~2590 ~28%g%€pa$a§|g\?§@8anplle 3 abl’e 10 Coating amount (g/nzl Hv Ra

(Eun) Spatter t ing ti Kk Sz+BN(L Q)

(g/nin)(sec)O.QB£E64 36%%%%%? t?%§@§§§B|éfog%¥213§9§327 OpararPraent
Sanpl €0. 3 rati a 08 i
Sanpleo.d%%ﬁgggé%o gggn?i é%gghgﬁé%%i .%%%%%gg§£3€%€%%¥§vghereOf'
sanpl e0. 2701680620l nvent i ve sanpl €0. 290191 lnvenptiv .
sanple0.3802643§i€%%%5fat?%% é%ﬁ% %8%00%%?%8%888np§%56%€%ly includes
Sanple-0.900-0.0161892470InvenLive sanmpl e 2350.2%21940400In%entived
sanpl e0. 26019998881 n9ént PrEPEEIRI%0 29518807901 RbehPEye COating, ~dry
sanpl e0. 360266033Conpar ati ve .Sanpl €0. 007274030Conpar ati v , ,
Sahpl e31 .%%b?ioosganvéﬁFWG@%ymﬁﬂQﬁi 10%92£ﬂﬁarﬁﬁg98tl°n skin
Sanpl e0. 005274029Caonpar at j ve, Sanpl e3200. 205268030Conpar ati ve ,
Sanpl e0. IDDB5034 T R 1Yl SanpH SRR IR 71094866 har 8P ve?  alkaline
Sanpl €1120. 290269031 Conpar at,i ve Sanpl eQ. 320270027Conpar ati ve ,
Sanpl e0. 097275H9BCoMpar & | PePSAdH eMethiosho - S5 1026765085 RyS dtinve
Sanpl e0. 330259033Conpar ati ve Sanpl e0. 015270029Conpar ati ve Sanpl e

3700. 2002890 23tBnardiPrde Sanpl e0. 270271020Conpar at i ve Sanpl e0. 3502700~
29( Conparative Sanple 33 Table 11 Coating anount (g/nziSpatterArcin
t i meMbS2BNVb S2+HMHY aPioyereqciyedutoyr rfactors (1)-(4) assoclate
/' m n) (sec)Remar k0. 007271029Conpar ati ve  Sanpl e1080. 190268029Conpar ati ve
Sadfl e0. 32DPY 302 RCAPE: At PYECSERFISe 0V DbE2 Pe0 BRpHHPed i veFurther, the
Sanpl e--0. 0011950. 200279031 Conpar ati ve Sanpl e0. 330266030Conpar ati ve
Sanpl e0. 09528808 0Conpdneatv ivee Saipl eB20Ge205APEIR Mlenreference to an
sanpl e0. 390281026l nventi ve sanpl e0. 008288023Conpar ati ve

Sanpl e0. 04526924 Conpapsiciops cSamage 10712 1026BHG0Cdnrpar at i ve

Sanpl e0. 290270027Conpar ati ve Sanpl e0. 315290020Conpar ati ve

Sanpl e0. 3802910(1BCorAahjad tven Sanpf eGuidS? 8 Mix2Canparkd rdmeess of flat
Sanpl e0. 01020203051 nventi ve sanpl e 1150. 1901810595l nventi ve

sanpl e0. 29540088801 nvent i ve sanpl e0. 315261038Conpar ati ve

Sanpl e0. 370270039Conpar ati ve Sanpl e0. 006274037Conpar ati ve

Sappl e- - 0. 0020. HlO2H40BOHh ey enbifves saipeé € s2e8Ac21 HHHISINL pURBEEVRE a
sanpl e0. 29619104851 nventi ve sanpl e0. 315260039Conpar ati ve

Sanpl e0. 400273034Conpar ati ve Sanpl e0. 006271030Conpar ati ve

Sanpl e0. 0171H10560I nventi ve sanpl e 3100. 2901790710l nventi ve

sanpl e0. 30018809901 nventi ve sanpl e0. 311260033Conpar ati ve

Sanpl e0. 380260039Conpar ati ve Sanple0.0Q§271030Cbnparative

Sanpl €3180. 210280021 Conpar ati ve Sanpl e0. 290272024Conpar ati ve Sanple 34
Tabl e 12 Coatin anount ( /m)Spatter i i MoSzBNWbS2+HNHv (| g) Ra (gym anount
( /mn)ngt me Arc (sec)Remar k0. 006278019Conpar ati ve
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Tabl e 14 Coatin anount ( /m)Spatter Arcin ti MyS2 BN MoSz+BNHv (I g) Ra
(Jun)amount  ( /mn)g ne (sec)Remar k0. 009289030Conpar ati ve Sanpl e

1070. 021278028Conpar ati ve Sanpl e0. 290273024Conpar ati ve

Sanpl e0. 310260023Conpar ati ve Sanpl e0. 009268026Conpar ati ve
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present iwvebei @gosiat sdifdséd porthenhccdonpahgi ngnbarged mnli qgrasdateiss a
solid wire for arc wel ding having excellent feedability w thout copper

pl ati ng bimag¢ usthiongn minr FN§ ckérs Hareinbssdardsardf hradtiiscaboaveongels
roughness of a flat portion of the wire surface. Further, the feedability
of the i ny@éhhsvedsblyi dnweneiwket procecspper de@ rgleatanny a < ieguialwedr ssiuiperi or
to that of the conventional solid wire with copper plating, thereby

i mprovi ngpawesd workability. Furthernore, consunption of energy during
manuf acture of the solid wire can be reduced because the solid wire is
mangf act ured W gheahe sopper pliié ngwiged asukbraed di ng WaIdn Wit IcHETENE can
be i nmproved because copper funes are not generated. In accordance with the

present Iﬁfgpét@ﬂoﬁéldl g6l oggd | BntheecacpemRaRyifg ClRighed, but the
friction-reducing materials 37 fed into a flat portion of a wire surface

are not exhaustsds therebyei nples@nt i nthexeeldentrdeedabindd y.rdittion
accordance with the present invention as disclosed in the acconpanying

claim 3, becguse tt*&% | Wbrd caRly 1d ChoRdR90! Ta1& COPPletRd Vai® {,m%q pb¥is
depressions in which a drawing lubricant material is conpletely renoved
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conponent selected froma group of MS a mxture thereof, thereby

| mpherrent ng. exgel 4 st 10, L500PIAA Yot ]&@0% Rotepr ef grred phodiyent s

of "the present 1nvention have been disclosed or i1 "Ustrative purposes,

those ski }H&F@néQES“ . dadlitls 2BRGEE! elsggamyaw %%&ggcgﬁ :_'I.%atl 2 is

addi tions ions are p055|b t ho g from
scope and, s he |nvent| S, d| closed in 4 mpanyl pg alns.
If‘éof:tﬂlﬁ/EDE]i’ﬁt th%\ solr?](gl W r:n oC?n%srsc e ng,gcon%%,el% n%rl‘ a
flat port on of awre surface with no c atln rein cro
Ui oker e hioanthe® el ot oA Rkt iang; cRaRGhes! hCéOFJé%a@OB 155 %o and
arithnetical aver rou hness (Ra). of the flat_portio range of
0 01 o SBRESR0 BELoMha il Fao (e eE [BRiHATe o e baldnasel Pl
rati o of an area of Iubrlcant-rlch s tQ a unit. area _of the W re surface
i s1Pn t hethandgs G° 18°F5188s. C%nnerﬁe?%?ol pdIWPLEdasP R e t RRFN THEHTF 1,

wherein at 15 | east qgne conponent selected froma group of MbS2, BN and a

m xture tREPEBFSIBICHEPERSON the wire surface in an amount of from 0.002 to
0. 40g/ n2. 39 , , , _

. A5% Al % AF9. A% P06 BN, ARTANQZSA Af | Bhe, R@HiA . 290k 800 ABoRANRSART AF{B% A, %
A@A{ % A@A. A %A A9. A .Aq,.A9. A9. A9. Av9. A{, % AnB. AL. A9. AONmJ) - . +, XI' " 3TU}x
sni d_Z] caY@BYERPca] eAPSapEadaldegnes o} ca] Ealeh] valcakia] CasEa)ich] €28 ca] ca

]ca]ca]ca]ca]ca]ca]c {ca]cTa]calU 6
range of varying an entire angle 2a of dies in the

20 range of 8~40°nd combining them. In particular, if the
entire angle of dies 1s increased, the lowest reduction
drawing is focused on only the wire surface and the hardness
of the micro portion of the wire surface is increased. In
case the entire angle of dies in the skin pass is increased,

25 the occurrence of a die mark on the wire surface is
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =D=J=Q=>>>>

AaBbBBBBBz LG D RikDR<E FEEE XanhewYldedl sal o al a8 ¢ ahed] cdfad L] cal ¢
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aJcalcalcalcalc %ca] ca] ca] ca] ca] ca] ca] ca! CLEou OPpv. #) [ " Tek{vql gb] X] ] ca] ca]
ca] ca] ca] ca] ca] EBpea] dda] cé?@@f@é]léa] cHjtdn] £8€) (Pal]etﬁﬂrtta] é&]’@&Fé&PcaU]Ic%] calc
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"109%&R' () -! @PUOWHHE () - Y'10%K& ()- f 10%H& ()-)~_ @ 4"109%H& () -1 10%4& () -
10H 10H The roughness of the flat portion of the wire surface can be
10H=s109&' () - 2940%4& () -!2940%HE () - X3_"?~ @ F4"109%& () -!' FAA0%HE ()-' @
% 0%HHE' ( okdtraa%Rut) -t e () tad D UWHEL (Jrasint} prec@sB2 ¥EF/RRE 1 -
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%O%{I—NH& ()-, %09 () T+ Z%0%H+HE () -1+ Z9d0%H+H& () -

10944& () - 3" 109448 O)-\""?2mbC I s* %4 0%H& () -!s*%0%HE () -1 (10%4& () - f &3" 10%H

& ()-'Y'"9%0%H& ()-L3"10%& ()-Cuj _=I"119%0%H& () - 1 10H 10H
10H="10%14&' () - 4940%H& () -!4940%H& ()-0 "10%& () -
HWJE] _=%40%H& () - 1! @40%H& () - 1! J90%HE () - 1! %iO%—lH& ()-119%40%H& ()-1'%
0%HE () - IHIKLM-&d~_ @%40%1&' () - 4" 10%—1814‘ ()-'V "109%H& ()-'10%& ()- 10H 10H
10H:10%-I&() d $=tdE~_ @ @10%4& ()- F 10%& ()- @O0%& ()-9 10%H& ()-
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1096& ()-4"1096& ()- 10H 10H 10H >10%4&' () - p4444"555aB = 1 1"11096& ()-!Q
"10965& ()-Y YS1096& ()-f109%& ()-L3"109%& ()-F "109%6& ()-506p667WI72[ < =
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'@ SY0% Ao te = de SOROBEHE hd s B4" 1996€eddes, and the subsequent wet
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Yy, &10%H& £ dwi %Qgéé&(énygLE?éQ%&e( )‘E'laty BriQ¥%n, &thlered i
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28109 () - sO! 1@%&1£)EE&¥@9%&e(kd RO %IR () 7 $%’6&9%‘&e koldh after
F3 10%—|H& ()-KY% L L LaLbLLL~ > 1 > Z°/<10°/<>V>& ()-3"10%%& ()- °10A 10H 10HF =

%—IH& l)%]’ %&‘E}bﬂ%??%%%gg%og Ll(%&v[\l f?ﬁ'dé SHONK P dient
A (hEREI sl e ooutn "
Illzm/&ggﬁﬁ%é%‘zﬁ?ﬁ@/&ﬁég é%”s M?%(i%%&%“@&(hr%wmg AP
At R d Tl g oo v

DY 094HH&!

1033" 109 7 )55 M“E) IEZ%G%%F()“%/&%M 19 - 1B5egreying process.

! 9
13({‘6‘0&4_' %YYZ g?BF:hE%(J(J')Zr?g %gg{;‘%@&ﬁw <%§SJSred roughness of the wire
"1091& () - 'J %4 0%HH& ( [+\|\I\Mn\0\\\bC I, 1094& () - f 10944& (%- 10H 10H

10Hf =1094R2¥ 52 81 (A, %>5f EPRRFRE ( PY \ conbinee 2 plckllng ime,
#3811 109448 () -! 109%44& () -! 10%4& () -! 10%4& () - s10%H& () -\\\\\\\ ] dK*
94090 ()P 8k BW&*C%’)‘P%B@W{@%&‘:E) | 1094& () -1 109%4& ()-!10%& ()-]1~ " " |
[:- 10% y=10%4& () 1&100/8/&5()- 1&10%& ()-H P (%10%3%3& () &

%0W& ()-" @ADR IR Stpo@ne: oo § - S€ b 9
" 1090& () - 10%?/& () » 1000 () - 10940%0bnbbbocc| |- A 1000  %40%& () -
%4.098& () & AR N\pOWMDOWdeddSeGe| [DA

1090 594,00 & ()- OF 10%/&( - L %H09& ()- , "1099& ()- * "109%& ()- &
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, 10984&’ () - LLOYA0%L.0% f =1098@&' ()- ), 5%40%@& ()-fff*gggh|[:vU410 " 109%& ()-
%d0%8& ()9rodpsas (MoSy, " BOUAEL (> ®ikto¥eR {hereof, micro powder is
94099@& ()-hzhhhh2i mi | [:VvUA10 *3"109%8& ()- (1098& ()- @YA0%& ()-
"1000& ()mixed 1098 ()st -PUOISMEE (g oLl jdrig | &f: bt <iD%R@at)ing for
379409%&' ()- 37%40%& ()- 53" 10%& ()- 6. 9% 0%& ()-
, 1 10%9&' (Jhéjyik&kEsnhtAdi08d abEHEOYRB €p- a4 YEL'i0).- Y fS10W& ()- F
"1099& ()- @"1098& ()- 10940%l | nf mmhn|[: A410% H$9A0%& ()- $YA0% & () -
3"10%8& ()- ! 10P0& £Jat iBGORREhOY- sandwiches a traveling wire between

25 two sheets of felt paper and drops the o0il on the felt

12



"109%& ()-hnt nnnohoo| [: A410% &3%40%W& ()- &3%WOWRK () - 1 "1098& ()-

[ 9%40%& ()- -109& ()- *109%& ()-oooooUpppgvU4l0 | Z940%& ()- S3"10%& ()-
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WU o RDUFSTEE e d i OV BAEES - BEPREESS Sy px FaBoa HE LTS HE 0 ()
-Y" px! 109%9" J& () - Y U4/ px! 10%" J& () - Y"/ Kt G2v! Gpx! 1094 J& () - Y" px!
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)- Y'px! 109" J& Q -Y'px! 109" J& () - Y" wwawwwxxt T8vUA/ / px! 10%" J& () - Y" px! 10%"
J& () - Y Reab3a TPy ) UVt bx PTEFI "l ) WHESX I SBAR IR £F- PGS xxEBEE X % s S3
vU4/ px! 109" J& ()- Y" px! 109" J& () - Y" px! 109" J& ()-.Y"px! 109" J& ()- Y"/ Kt G?v!
vpx! 109" MeB7) - BN o -SESeax AkOx 138 BYOMLERA109 " 3& {Haty periaady J&E ()EPE px! 10
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When the flat portion shown in Fig. 1 is measured
under a loading weight of 1lg, an optimum wvalue of micro
Vickers hardness (Hv) i1s in the range of 115 to 310.

20 Striation may occur because the flat portion is very
soft where the Hv 1s less than 115 and hence the wire
surface becomes abruptly rough while the wire is moved,
thereby negatively affecting the wire feedability. Because
the flat portion becomes very hard if the Hv exceeds 310, a

25 sidewall of a conduit cable or a welding tip can be easily
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5 Fig. 3 1s graphs comparing the roughnesses of an
inventive wire surface and a conventional wire surface. The
roughness of the inventive wire surface is fundamentally
different from that of the conventional wire surface. The
roughness of the conventional wire surface is based on

10 prominences and depressions, while the roughness of the
inventive wire surface is based on depressions.

To optimize the roughness of the flat portion on the
wire surface in the present invention, the optimum value of
its Ra is in the range of 0.01 to 0.30um.

15 As the smoothing proceeds from the Ra of 0.0lpum, the
lubrication state 1is poor during drawing and stable
production cannot be achieved by means of a die mark, etc.
Thus, the smoothing must proceed on the basis of the Ra of
over 0.0lpm. Further, as the arithmetical average

20 roughness (Ra) exceeds 0.30um, prominences are increased
on the wire surface and hence resistance 1is increased,
thereby deteriorating the feedability.

(3) Optimum value of ratio of area of lubricant-rich

pools to unit area of wire surface

25 As described above, the lubricant-rich pools of the

15



[11098& ()-r [!'109& ()-r [!'1098& ()-r [!'109%8& ()-r/KP\ W ATUZ esS3/;/
[1109& ()-r [!1098& ()-r [!'109%8$& ()-r [!'109%& ()-r(/KP\ WW

[1109%8& ()-reh{|}~sW/;/ [!'109%& ()-r [!'109%B& ()-r [!'109B& ()-r/KP\ W
[11098& ()-r [!'109& ()-roT3/;/ [3"109& ()-) [!'109& ()-r/KP\ W
[1109%8& ()-r [!'109& ()-r [!'109%& ()-rK,c|[:-;10% S=109%& ()- 810%& ()-
| G'10%& ()- 9RA0%& ()-r 9BA0W& ()- #nPAd0%W& () -

/ 67891 ML1! 1094 J& ()-!10%! J& ()-! 109! J& ()-! 109! J& ()-!10%! J& ()-

L 10%)! J& Bred€64 04@RShOKon Ca ki 1 tongd 3 elgydoraed) byl oaprag Sionsl GoaHeIR’ () - !

109! J& ()-110%! J& ()-! 10%)! J& () - _del nrugk+i M1 109Q! J& ()-110%! J& ()-;

cly=!11008tI&ity- 400981 8&t £D1yLoed tI&ap)ingh~gKi ML! 109! J& () -1 109! J& ()-!1

098! J& ()-110%! J& ()-!109Q1 J& ()-!10%!J& ()-!10%! J& ()-pT4i ML! 109%! J& ()

-110%T J& () -! 198ad D& () T OPPAIRNG ) -thdO81 RS ()are retained in  the

cly=l cGH ML 10%3! J& () -1 109! J& () -;

cl y=11 109a&38E 631 b B%Ha) &1 fip r bTBYAIIIR (JatdDidVL EEEREE & (DY 1090 k& i(Jud 10%)!

J& ()-110%1 J& ()-110%! J& ()-! 109! J& ()-!10%! J& ()-pT4i ML! ! 109! J& ()-!1

0%B5J& ()EhdO0%the& dDed 10%@ i I& df) - tHOYAedp&essions is associated with

cly=l cGH ML! 10%! J& () -! 109! J& () - ;

cly=I'"110%hd &wi)rd 16%2Hd81()tYy10%1 & the ) RH-M!{1D%hod&d( ) th20%dhI&He - ! 10%

J1J& ()-11091 J& ()-110%1J& ()-!10%! J& ()-! 109! J& ()-)*0248>AH(i M 109! J

& ()-1 10990 3 hy- ! 2AMALIE Moch10%BNIE Grd 10%Hd& brovided from the

cly=! >CFYZ[\ cGH M 1091 J& () - 10%! J& () -

Cly=! 1 T0%48 £ nk10%G kI 8615 10%)! d8a()rddf dileisMsl0%4 J 8 o MR I & () -

1109%! J& () - 10%1 J& () - 10981 J& ()-1 10%i! J& ()-! 1091 J& () -pT4i M 110%)! J&

()-! 10%]_!\95?‘&16) ti’léo%‘]:!e%‘%r(t) 'J!H‘\%%Jt':Qéh( ) éhlgﬁ!i‘;r&n{ Jvdlue of a ratio of

cly=1 cGH M 10%J! J& ()-! 10041 J& ()~ :

clyg!110%1L J& ()- | 1O%H J&5 ()3 LQ%L_J& () -k 1091 J& A9+ 10%IL I& A )1 10%! J
0 (I %Ir%)a o) E]I?%&;?%F:LEQ@E %&cc?-g o M 10% 68&5@? QLI & trﬁ1

&' )-!10%]!J )-!10%] F'10%)! J& -110%! J& - 4 M!10%! J& 110%
JIJ& -1 04l ! ! -110%J!.J&' -1 0@l J&: ; o
o yer S WA s es gl s g Y6t (s o gas.

38/ ()- 1 10%1 9 (5 16981 SEEF) ZFORRY 15T 1000% 001y - FCBPOLR ORI () -1 1
gi%;]llz\ll <(?L_ g)cﬁ 0%%#/?1(()())/;?:]{1?2‘?;&%8/& %ﬁgy(l;c‘_llgén(t)l_y provided, thereby

cly=!110%]! J& ()-!10%)! J& ()-1.10%ILJ& () - EGHNSVi hHi M 10%J! J& ()-!10%)! J& ()

-110%)! J&gﬂ‘?F%%%&Eg()éii‘%oc»’&!rf&' f??iﬂ%’ééfgﬁ’fé{'-()ﬂ'rﬁ%@/&! §§ (")“-fig%‘kll%ﬁﬁlp"rm M1
0] | ! | 0] | ! | 0] | ! | 0] | ! | 0] | ! -

LNE (oL 10991 98 () - L10WL 38 () <1099 I8 ()1 LI081 8 ()5 aerachea

cly=11109%! J& ()-!10%! J& ()-!10%! J& ()-dDi M 10%! J& ()! 10%)! J& ()-!10%J! J

& ()-11098%9%: (Bhe 1698A8&t( )< b8g PFe ‘é%‘?! I&fﬁm ( FAPLOY M $OFERE ]9 - 1 109

1J& ()-110%! J& ()-!10%)! J& ()-! 109! J& (%L-; o

cl y=! cG MF1996PY! d63§rieratintdine &iye 1 18998882 LFYr100! J& ()-! 109! J& ()

-110%1 J& () - pT4i M 10%! J& ()-!10%! J& ()-!10%)! J& ()-!10%)! J& ()-!10%J! J&

()-:;cly=! cGHi M@_prumlexp_vqhbym qﬁl-gj)no}mt of coating of at least one

cly=11109%1 J& ()-!10%! J& ()-!10%)! J& () - #4dDi M 10%)! J& ()! 10%! J& ()-! 10%)

| J& grgrent - sedegted rom gpgpu' oF - Mofes) B OY- adargareypawden 094! J

& ()-110%1 J& ()-!10%! J& ()-!10%! J& ()-110%! J& ()-:

cl 981 7DGZthgrenrt M 10%)! J& ()-! 10%! J& ()-;

cly=11109%1 J& ()-!10%! J& ()-!10%!1 J& ()-]1"_ej mhH M 109! J& ()-!10%! J& () -

1 109! J& () -! 1086 d&sCyibedymbns/e(,) - tHOA woEMaLarigos Jig (FhpPEoMmL 098! J& (

)-110%! J& ()-!10%! J& ()-!10%)! J& ()-!10%)! J& ()-;

cly=! cG+i u@ed! J&t ¢ ) -¢ 19F J&ir{dependently coated or alternatively

cly=11109%1 J& ()-!10%! J& ()-!10%! J& ()-hH M 10%! J& ()-!10%! J& ()-! 10%)!

J& ()-110864984 (1n! tHeIEI8LE) of 109GKAG (h- AhViHals o Jof] rex@nil GVAN QX |, tid%

& ()-10 10 10 S= 10% & ()-!10%)!1 J& () -; cly=I kK/ #U' 10% & () - +*#U' 10%

& () - +*# W A0S, ()i-tr* #E' 1p&E {dd +THdtLOUn RS ( )cadd #dChA%vR S ) £ ha #\$ 0%

' () -+ cC #U' 10% &#U' 10% & () - +*#U' 10% & () - +*#U' 10% & () - +*#U' 10%

' ep- +H#HEADYe & ( hst  HPSlO% Srihidr +F chbpsl9l L, WHPN10MoK, () and#UBNO%are

") -+ #U 10% & ()-+* cl{ N S'#U 10% & ()-+*#U' 10% & () - +*9; =?2@LcC #U' 10%

U'10% & () - +*#U' 10% & () - +*#U' 10% & () - +*#U' 10% & () - +*#U" 10%

Y() -+ #U ' 10% & () - +* LMNOPQRDTS/ ##U' 10% & () - +* %U" 10% & () - +* U#U" 10%

C() -+ HU 10% & ()-+*:cl{ N S"#U'10% & () - +*RX] “stuC / #U' 10% & () - +*0; cl {

S"#U' 10% & () - +*#U' 10% & () - +*#U' 109%6,& () - +*#U' 10% & () - +*uvw{ hH #U' 10%

+%0; #U' 10% & () - +*#U' 10% & () - +* #0P10% & ()-+*#U'10% & () - +*#U' 10%

/A

) R0 R0 Ro Z R0 Ro FH Ro Ro Ro

(
()-

() -+ #U 10% & () - +¥KOB/ #U' 10#U 10% & () - +*#U' 10% & () - +*#U' 10%
()-+*+#U"10% & ()-+*;cl{ N S"(#U'10% & ()-+*C /#U'10% & ()-+*;cl{ N

"
1
1 S I/ B A /NN A1 ~n 7 1 1 A PNNAZ 1



fkncGt, #U'10% & () - +*#U'10% & ()-+*:cl { N S"#U' 10% & () - +*#U' 10%

Y- +*#U'10% & () - +*dD, #U' 10% & ()#U 10% & () -+*#U'10% & () - +*#U' 10%

Y-+ #U 10% & () - +¥#U 10% & () - +*#U'10% & () - +*pT4, #U' #U' 10%

Y-+ #U'10% & () -+*#U'10% & () -+*#U'10% & () -+*#U'10% & ()-+*;cl{ N

Gt #U'10% & () - +*#U'10% & ()-+*;cl{ N S"#U'10% & () - +*#U' 10%

Y- +*#U'10% & () - +*hH, #U' 10% & () +¥#U'10% & () - +*#U'10% & () - +*#U' 10%
Y-+ #U 10% & () - +¥#U'10% & () - +*#U' 10% & () - +*pT4, #U' #U' 10%

) - +*#UndepandgniigUcoowed OF- 2t I€adh &1 - sorppnens &of) a+migtiune S

GH, #U'10% & () - +*#U'10% & ()-+*;cl{ N S"#U'10% & ()-+*#U'10% & () - +*#U' 10%
) - +* wmempﬂul:w%:&a(:pd##mndomw@—dewlm &capes* #HlNDoFe the

Y-+ #U'10% & () - +¥#U' 10% & () - +*#U' 10% & () - +* 3DEFGHI kOB, ##U' 10%

) - +* #BA80 &F Epett #UALB, &'afn) -oftHithlinl 0&m&Lf) - ©F, dlHe NeG€#510% in

Y-+*1 OTXi j kKC , #U'10% & ()-+*;cl{ N S"&*U'10% & () - +*#U'10% & () - +*#U' 10%
) - H*HUEHO Y% &g - STKOL 002X tgKe#WOFOMT & () - +*#U ' 10% & () - +*#U' 10%

+ () -+ () -+ () -+ () -+*~CGt++ ()
Y-+ #U'10% & () - +*#U' ' 10% & () - +*#U'10% & () - +*#U'10% & () - +* ~cGr+#U" 10%
b- +*#U' 10% SvHan +thed { cObBIAY'" IO ( ) it* #LE49%tkdn - 6% #0240%, an
Y-+ hHH#U 10% & () - +*#U' 10% & () - +*#U ' 10% & () - +*#U' 10% & () - +*#U' 10%
) -
) -
) -
) -
) -
) -

T #UEAOIBE (9f H'MAE; 1006 & B - HOMAHHLhEU NN’ d ) uSthEdd%of  the
+#U 10% & () - +*#U"10% & () - +*#U'10% & ()-+*:cl { N S'cGH#U' 10%

+*#UY é§%{én§ 1§|ﬁn@dﬁﬁﬂéi@%é“&ﬂﬁeﬂ5$§féQ%@@iéfaflﬁ "10% wire
+*hHHU 1006 & () - +*#U' 10% & () - +*#U' 10% & () - +* #U" 10% & () - +* #U" 10%
+*#Ufé@c§/a}§tlﬁt§*#'~i“&&/ﬁ§r,()wHeKO%h%#léo]aQé@ (Amaui' 10%&el) -ot 4" 10%
4+ 10% & ()4 cl{ N S (#U 10% & (). +*" 345C +#U 10% & () -+ ¢l { N

10% N *#éﬁ&QdQ&OE)M3Sl$ﬂlgﬁ&dé%aéhg&r%gdﬁ th condult tube
+*56 Yi'L, B0710% & () - +* SRR RUT 100 & () —+#UT10%

BEr A Oneia st Toke

| MOGr ML 190K () U 10% & ()4 ol { N S'#UT10% & ()2 34 To%
+*#J’§‘EL){3A)§¥%§%‘@5 FEU 10% & ()#U 10%& () - +*#U 1096 & () - 44U 10%

) -
)2 10% 21 agigpiARy e oty Bl ol e

, >10% 9% & S"#U'10% & *#U'10%
RRE (A7 é% 5@&%@%&%& ﬁ%%ﬁn Nonss 11%/(5){(1) s ftors
-z&="10% Op " 0 "10 "10."ILO 10% &— 10%
7t ]}b% ()aE ”o>% aég %9 fdb}%er&i? e“z%flo% é‘% 3

s
&
&
&
S
&
&
&
C
&
&
&
&
&
&
&
&
&
&
&
&
&
&
S &#
&
&
&
S
&
&
&
S
& ()-
)

0, = 0, = 0, = 0,
18 z& , 5dD$="10% " h&) 28=' 0/0 (o(’rzg‘_p "& () -z&="10% z&="10%
() -
() -
() -

(
(
(
c
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
¥
d
(
(
(
c
(

z&; Jcnve%‘&tﬁ@gRscT $09%°%h) ff&f " R @J‘—h%% %t(%rsz&— 10%
z&&"10% " & () - z&STUV\admAL "10% "& ()-z&="10% " & ()
z&=Fypohexr (}fz&— VEdHe &%) 0&&—%0%*?6& factREs 164 - Tana (3)
z&mmyz{pPO ="10% "& ()-z&="10% "& ()-z&"10%

alue of one of the factors (1), (2) and (4) is out of
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an optimum value range, the wire feedability is
deteriorated. Accordingly, to manufacture a solid wire with
20 no copper plating equal to or better than the feedability of
a solid wire with copper plating, optimum values/ranges of
the respective factors must be satisfied. These points can

be referred to as characteristics of the present invention.
Hereinafter, a description will be given of a method

25 for measuring the wire feedability, micro Vickers hardness,
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"& ()-2&"10%"& ()-z&"10%"& ()-z& c_:"cG+, ="10%"& ()-z&"10% " & ()-z&;
C_:"="10%"& ()-z&"10% "& ()-z&"10% "& ()-z&H ="10%"& ()-z&" 10%

"& ()-2&"10% "& ()-z&"10% "& ()-z&"10% " & ()-z&="10% " & ()-2z&="10%

"& ()-z& T4, ="="10%"& ()-2&="10%"& ()-2&="10%"& ()-2&="10%"& ()-z&="10%
"& ()-z&c_:"cGH ="10%"& ()-2&"10% "& ()-z& c_:"="10%"& ()-z&="10%

"& ()-2&"10% " & ()-z&H, ="10%"& ()-z&"10% " & ()-z&"10% " & ()-z&="10%
"& ()-2&"10%"& ()-z&"10%"& ()-2z&"10%"& ()-z& T4, ="="10%"& ()-z&="10%
"& () - z&=2AVELB YL (PuaBre 399 RE) () az&at10%0't&af) ax&ac of" lt&)e<=bexbr1=ca10%

"& ()-z&c_:"="10%"& ()-2&"10%"& ()-z&="10%"& ()-2z&="10%

"& () - z&PI@CLShO Ls =t 60% Ui} &’ ko tige (Yiz&=510%at& andz &' Eddunt

"& ()-28&"10%"& ()-2z&"10%"& ()-z&"10% " & ()-z&bci kmthL, , ="10%

"& ()-z&BA086ARIEY - aRMADY "B [ )etzd="10% " & ()-z&="10% "& ()-z&

C_:"ty| cGH ="10%" & ()-28&="10%"& ()-2&;c_:"="10%"& ()-2&="10%
"& ()-28="10% " & X )Me’ihdH =f 4% &@tzlﬁg"w%"&e(e)iab&;'itg% "& ()-2z&="10%
"& ()-28="10%"& ()-z&="10% "& ()-z&="10% "& ()-z& T4, = ="10% " & () - z&="10%

"& 6)-2&="10% ")) TRE&="WHQ% "RedJaB&FI49%indicates whether the solid
wire is provided at a constant speed from the welding tip or
not. If the wire feedability is poor and hence the wire
feeding is insufficient, a length of arc column is long and
then the welding arc is unstable (the welding arc is

10 lengthened) and a welding droplet is bounced and spattered
by arc force. Accordingly, the superiority or inferiority
of the wire feedability can be determined by measuring an
amount of generated spatter after performing welding for a
predetermined period of time.

15 By placing a steel plate having a thickness of 12mm, a
width of 10cm and a length of 50cm in a box having a size of
80cm x 15cm x 20cm, welding a bead of 40cm length on the
steel plate for 2 minutes, and collecting spatter which is
generated during welding, an amount of generated spatter

20 expressed in units of mg/min was measured for the solid wire
of the present invention and the conventional solid wire
with copper plating under conditions given in the following
Table 1. In this case, the weld conduit cable is based on
w-type arrangement shown in Fig. 4. As a comparative

25 example, the solid wire with copper plating was used under
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"& ()-z& c_:"cGH ="10%"& ()-2&="10%"& ()-z& c_:"="10%"& ()-z&="10%
"& ()-2&="10%"& ()-z&ID, ="10% " & ()="10%"& ()-z&="10%"& ()-z&="10%

"& ()-28="10%"& ()-z&="10%"& ()-z&="10%"& ()-z&T4, ="="10%"& ()-z&="10%
"& ()-28="10%"& ()-2&="10%"& ()-28&="10%"& ()-2& C_:"*+, -cGt, =" 10%
& ()-28="10%"& ()-2&c_:"="10%"& ()-2&="10% " & ()-z&="10%

"& ()-28& ./5:=PhH, ="10% "& ()-z&="10%"& ()-z&="10%"& ()-z&="10%
& ()-28="10% " & ()-2&="10% " & ()-2&="10% " & () - z&PQRSTX"pPO, =" 10%
"& () - z&tNOWBEr¢Fdeger 10esl" @oNJizdeng0% " & () -z&="10% "& () - z&

c_:"Acfyz{|cGH ="10%"& ()-2&="10%"& ()-z&c_:"="10%"& ()-z&="10%
"& ()-28&"10%"& ()-z& }~hH, ="10%"& ()-z&="10% "& ()-2&"10%"& ()-z&"10%
"& ()-28&="10%"& ()-z&="10%"& ()-z&="10%"& ()-z&T4, ="="10%"& ()-z&="10%
"& ()-z2&&"10%"& ()-z&="10% "& ()-z&="10%"& ()-z& Cc_ :"CG+ ="10%
"& ()-z&&"10% "& ()-z& c_"="10%"& ()-z&&"10% " & () - -z&="10%
"& ()-2z&JD, =" 108aBR: (1 ="10% "& ()-2z&"10% "& ()-z&"10% " & ()-z&" 10%
"& ()-28&="10%"& ()-z&="10%"& ()-z& T4, ="="10%"& ()-2&"10% "& ()-z&="10%
"& 6)-z2&&"10%"& ()-z&="10% "& ()-z& C_ :"CG+ ="10% " & ()-z&="10%

Wire diameter (mm) Voltage (v) Current (A) Gas

1.40 34 350 Mixture of Ar and CO,

(b) The wire feedability was evaluated by another
method in addition to an amount of generated spatter. That
is, after a conduit cable is wound twice on a cylinder
having a diameter of 300mm, which is different from the w-

10 type arrangement, a period of arcing time 1is measured.
Because the feeding degree of the wire is very severe in the
case of the two windings as described above, it is irregular
and arc generation and welding work finally stops.

A time period between a weld start time and an arcing

15 stop time becomes a parameter used to determine the
superiority or inferiority of the wire feedability.
Accordingly, the inventive solid wire and the conventional
solid wire were compared by the above-described method.

(2) Measurement of micro Vickers hardness (Hv) of flat

20 portion

The flat portion in Fig. 1 of a wire surface for
hardness measurement 1is shown enlarged 1000 times and

Vickers hardness (Hv) is measured under a loading weight of
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"& ()-z& c_:"="10%"& ()-z&="10%"& ()-z&="10%"& ()-z&$ : hH, =" 10%

"& ()-28&="10%"& ()-z&="10%"& ()-z&="10%"& ()-z&="10%"& ()-z&="10%
"& ()-28="10%"& ()-z& ; ACEI OhH(, ="10% " & ()-z&="10%"& ()-z&="10%

"& ()-28="10%"& ()-z&="10%"& ()-z& c_:"OTW kI ntG+, ="10% " & () - z&="10%

"& ()-z& c_:"="10%"& ()-z&="10%"& ()-z&="10% " & ()-z&mouz}hH, =" 10%
"& ()-282="10%"& ()-z&="10%"& ()-z&="10%"& ()-z&="10%"& ()-z&="10%
"& ()-28="10%"& ()-z&T4, ="="10%"& ()-2&="10%"& ()-z&="10%"& ()-z&="10%

"& ()-z&130% A& thiz&tdme,Cc Ghe"HALANSS £ ) wa&=md8%ut&d( p+z &, pairt'slQ%

"& ()-z&&"10% "& ()-2z&="10% " & ()-z&dD, ="10% "& ()="10%"& ()-z&="10%

& ()-z8&=sdPfac& (pfzE&FhE0%WiE&d ) -F8="1d88pe st { Ve &30 10%eg&el) - Z&P T4 e =" 10%
"& ()-z2&&"10%"& ()-2&="10% "& ()-z&"10% " & ()-z&"10% " & ()-z&

C_:" G, =2 1000 8o (ana&="d0% R &1 - 2 Crho="dB%3 & ool 10%eE () -més" 10%
"& ()-z& +hH ="10% "& ()-z&="10% " & ()-z&"10%"& ()-z&"10% "& ()-z&="10%
"& ()-z&= ~ & (ViZ8=n 10%0, 2 & z =/ , S 0% " & ()7 &= 10%

g () 3aTDIne R YL GETRR G F g RERY S Rt or, Miose
"&Ig)'Z&ﬁﬁ&Q%%&§j(gﬁé&ﬁﬁ}ﬁiﬁﬁﬁog@alues of 28 hardness values were

discarded and an average value of 26 hardness values was
determined as hardness of a wire surface.

(3) Method for measuring arithmetical average

roughness (Ra)

10 Roughness was measured on the basis of Japanese
Industrial Standards JIS B 0601.

Arbitrarily sample wires cut having a length of 10cm
were manually straightened and then the wires were immersed
in a tetrachlorocarbon solution and coating materials of the

15 wire surface were removed by ultrasonic vibration.

Roughness of a roughness curve graph was measured on
the wire surface in four directions, which are orthogonal to
one another on the circumference of a circle in each of
three wires (Fig. 3 shows an laterally enlarged roughness

20 curve and a clear flat portion). Further, the Ra was
measured at three corresponding positions of the flat
portion of each wire. Subsequently, Ra values were measured
at total 36 points.

Then, the average roughness (Ra) was determined as an

25 average value of Ra values corresponding to the 36 points.
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"& ()-z&&"10% " & ()-2z&="10% " & ()-z&MKY_dgzhH, ="10% " & ()-z&="10%

"& ()-z2&&"10% "& ()-2&="10%"& ()-2z&="10%"& ()-z&"10% "& ()-z&="10%

"& ()-z8&{|}~pT4,="="10%"& ()-2&="10% " & ()-2&"10%"& ()-z&="10%

"& ()-z&&"10%"& ()-z& c_:"cG ,="10%"& ()-z&"10%"& ()-z& c_:"="10%
"&f()-z&:"lO%)"&f()-z&:"lO%)"&f()-z&;?,="10@6"="1096"&f()-z&:"lO%)

"& ()-z2&&"10% "& ()-2&="10%"& ()-2&="10%"& ()-z&"10% " & ()-z&pT4, =="10%
"& ()-z2&&"10% "& ()-z&EF"10% " & () - z&r—"1096"&f()-z&;"lO@b"&f()-z&;
c_:"cGt, ="10% " &4 ) Mz uken® ( pfz& at18="df0%'r&a()e 2 &L Ui t{Jrizdr" 10%
"&f() z&H, ="10% " & ()-z&&"10% "& ()-z&="10% " & ()-z2&"10% " & ()-z&="10%
"& ()-287pd0% L& GhielardR Yot &ivrez&ubtaB =" 10% " & () - 2&=" 10%
"&'()-z&r”lO@b"&f() z&—"1ow*"&'() z&="10% "& ()-z& c_:"*/ 2EFGHCGH, =" 10%

"& ()-z&"10% "Bydnt ¢ &nfidroy HHE@"ﬁhﬁHsZ&Eleﬂ% &céhtl&tcﬁog'ools, as

"& () - z&HIJPMZnhH "1096"&f )-z&f" 10% " & ()-z&&"10% " & () - z&f" 10%

& 0 2800 B il A0% e o kLTl 0P G oRENBALS! UkLRBGIOHIGE 10%
I & ()-10r10! 10! S= 96&]() ="10% " & () - C"TKK+PT10% ! & ()-P'10%!

& (% P 10€ﬁe circumference of a circle of a wire, were obtained.

Further, the number of lattice points occupied by the
lubricant-rich pools was calculated on the basis of a
transparent film including a lattice composed of 325 points,
thereby calculating a ratio of an area of the lubricant-rich
10 pools to a unit area (based on a point counting method). A
ratio of an area of the lubricant-rich pool to a unit area
of a wire surface was determined as an average value of area

ratios corresponding to the 20 images.

(5) Measurement of amount of coating of at least one

15 component selected from group of MoS,, BN or mixture powder

thereof
A wire having a length of 10cm was cut to produce 50
test pieces. The test pieces were soaked in a solution of
condensed hydrochloric acid and water (1:1) for 10 minutes.
20 Then, coating materials contained in the depressions were
completely separated. The solution is filtered and then
residues were dissolved in an alkali solution.
Concentration of Mo and B of the solution was analyzed by an
induced-coupled plasma (ICP) method.

25 Further, the concentration of MoS; and BN was obtained
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& ()-P'10%! & ()--P'10%! & ()-&P"10%! & ()-P'10%! & ()-c' +;cY
-MP'10%! & ()-P'"10%! & ()-&P"10%! & ()-P'10%! & ()-P"'10%! & ()-hH+; cY
-MP'10%! & ()-P"'10%! & ()-P"10%! & ()-P"10%! & ()-P"10%! & ()-P"'10% !
& ()-gK/+; cP"10% ! &f()-P"lO@b! & ()-;cY -M'P"10%)! &'()-P"lO@b! & ()-P'10%
' & ()-hH+; cP"10% ! & ()P"10%! & ()-P"10%! & ()-P'10%! & ()-P"10%'!
& ()-P'10%! & ()-P"'10%! & ()-!pPO+;cP'10%! & ()-P"10%! & ()-P'10%!
& ()-P"10%! & ()-P'10%! & ()-;cY -M!& <=>?cG++; P*10%

from the concentration of Mo and B, and the concentration of

MoS, and BN converted was expressed as a coating amount per
unit surface area (g/mz).

(6) Measurement of copper fumes

5 Amounts of copper fumes were measured about welding
the inventive solid wire with no copper plating and the
conventional solid wire with copper plating.

On the basis of straight-type arrangement of the
conduit cable under conditions given in Table 1, the wire
10 was welded for 3 minutes and generated copper fumes were
absorbed through a fine quartz filter. Then, fine particles
absorbed by the filter were dissolved in an acid solution,
and concentration of copper was analyzed by the ICP method
and the concentration of copper was expressed as an amount
15 of generated copper fumes (mg/minute).
Rod samples of 8mm, 6.4mm and 5.5mm containing C:
0.070%, Si: 0.72%, Mn: 1.50%, P: 0.016%, S: 0.010% and Ti:
0.20% used.
A pickling process and a Bonderite coating process
20 were applied to the rods. A pickling time and acid
concentration were adjusted to vary an area of lubricant-
rich pools, and then roughnesses of wire surfaces sharply
varied after pickling.
A wire of 1.40mm was obtained through a dry drawing

25 process and a wet drawing process. A reduction rate of
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& () -

& ()-P"10%! & ()-;cY -MP"10%! & ()-P"10%! & ()-P"10%!
& ()-2@CLONH P'10% ! & ()-P'10%! & ()-P'10%! & ()-P'10%! & ()-P"

P'10% ! & ()-P'10%! & ()-bcdef gnpT4+; P'P'10% ! & ()-P"10% !

& ()-P'10% ! & ()-P"10%! &'()-P"lO%! &'()-;CY-M'rrrch++;P"10%!

& ()-P'10% !

& (YP'10%! & ()-P"10%! & ()-P"10% ! & ()-P"10%! & ()-P"10%! & ()-P"
& ()-pTa+ P'P'10%! & ()-P'10%! & ()-P'10%! & ()-P'10%! & ()-P"'10% !

10

15

20

25

drawing and an entire reduction angle of dies were adjusted
to vary a ratio of the area of the lubricant-rich pools to a
unit area and micro Vickers hardness of the wire surface in
the wet drawing process. The area of the lubricant-rich
pools was increased using both a compulsory lubrication
method based on double dies and a compression roller method.

Then, the wire was applied to a bipolar type alkali
electrolytic cleaning process and wounded after surface
treatment (coating of rust-preventing o0il and lubricating
material).

The feedability of the wire manufactured as described
above 1s measured by carrying out welding under conditions
given in Table 1 and measuring an amount of generated
spatter, an interrupted arc time, an amount of copper fumes,
etc.

The following Table 2 shows characteristics of wire
feedability where micro hardness and arithmetical average
roughness (Ra) are varied on condition that a ratio of an
area of lubricant-rich pools to a unit area is constant. As
shown in Table 2, where the micro Vickers hardness (Hv) is
in the range of 115 to 310 and arithmetical average
roughness 1s in the range of 0.01 to 0.30pum, it 1is
understood that the feedability of the inventive solid
wire with no copper plating is superior to that of the

conventional solid wire with copper plating. Further, it
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& ()-;cY -McGH; P"10% ! & ()-P"10%! & ()-;cY -MP"'10%! & ()-P"'10%!

& ()-P"10% ! & ()-hH+: P"10%! & ()-P"10%! & ()-P"10%! & ()-P"10% !

& ()- "10%. & ()-P"10%! & ()-P"10%! & ()- hH(+; P"10%! &'()-P"lO%!

& ()-P'10%! & ()-P'10%! & ()-P"10%! & ()-:cY -M*+, -cG++; P'10% !

& ()- P"lO%. & ()-;cY -MP'10%! & ()-P"10%! & ()-P"'10%! & ()--./5: >ChH+;

P 10% ! & ()-P"10%! & ()-P"10%! & ()-P"10%! & ()-P"10%! & ()-P"10% !
& ()-P"10% ! & ()- OPORSTZpT4+ P'P"10% ! & ()-P"10%! & ()-P"10% !
& ()-P'"10£8 shown that the inventive solid wire generates almost no

copper fumes.

Table 2
Hv (1g) Ra (pm) iﬁiﬁﬁ;ﬁ arciggciime igﬁi;: Remark
{mg/min) (mg/min)

0.008 3010 15 0.001 Comparative Sample
0.014 2610 26 Comparative Sample

110 0.200 2880 20 Comparative Sample
0.295 2980 17 0.001 Comparative Sample
0.310 2840 21 Comparative Sample
0.009 2900 15 Comparative Sample
0.010 2380 60 Inventive Sample

115 0.220 2400 47 0.001 Inventive Sample
0.297 2310 48 Inventive Sample
0.312 3120 20 Comparative Sample
0.009 2990 15 Comparative Sample

250 0.013 2310 48 Inventive sample
0.250 2350 45 0.001 Inventive sample
0.292 2400 58 Inventive sample
0.305 2770 28 Comparative Sample
0.007 3020 12 Comparative Sample
0.016 2400 47 0.001 Inventive sample

310 0.275 2310 58 Inventive sample
0.300 2200 59 Inventive sample
0.310 2850 14 0.001 Comparative Sample
0.007 2900 15 Comparative Sample
0.011 2650 17 Comparative Sample

315 0.210 2700 20 0.001 Comparative Sample
0.290 2710 14 Comparative Sample
0.312 2760 13 Comparative Sample

340 0.009 2900 14 Comparative Sample
0.012 2690 30 Comparative Sample
0.190 2710 25 Comparative Sample
0.295 2900 22 0.001 Comparative Sample
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| & ()-P10%! & ()-icY -MZ ctuvweGrt P10% ! & ()-P110%! & ()-
M P'10%! & ()P 10% ! & ()-P'10% ! & ()-wx|dDr P'10%! & ()P"10%!
& ()-P'10%! & ()-P"10%! & ()-P"10%! & ()-P"10%! & ()-P"'10%! & ()-pT4+;
P'P'10%! & ()-P'10%! & ()-P'10%! & ()-P'10%! & ()-P"'10%! & ()-;cY

-M cGH: P"10% ! &'()-P"lO%! & ()-:cY -MP'10%! & ()-P'10%! & ()-P'10% !
& ()-hH+: P"10% ! () P'10%! & ()-P'10%! & ()-P'10%! & ()-P'10%!!

& ()-P'10% ! & ()-P 10%0-3@ () - pRO+ [P 10% | & ()- P L0%toa®t (V- Se10%

Solid wire with

2410 42 5.02 Conventional Sample
copper plating

The following Tables 3 to 5 show that a ratio of an
area of Jlubricant-rich pools to a unit area affects wire
feedability. Where the area ratio is in the range of 15 to
88%, the micro Vickers hardness (Hv) is in the range of 115

5 to 310 and average roughness is in the range of 0.01 to
0.30um, it is understood that only the wire satisfying the
above-described requirements has wire <characteristics
equal to or better than the conventional solid wire with
copper plating. Further, it 1s understood that the

10 inventive solid wire dgenerates almost no copper fumes.

Table 4 and Table 5 are continuous with Table 3.
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| & ()-P"10%! & ()-P"10%! & ()-;cY -McGH+; P"10% ! & ()-P"10%! & ()-;cY
“MP'10%! & ()-P'10%! & ()-P'10%! & ()-9%: hH+ P'10%! & ()-P"10% !

& ()-P'10%! & ()-P"10%! & ()-P"'10%! & ()-P"10%! & ()-P"10%! & ()-;
<=@BCL{na@"10% ! & 10% & ()-10"10"10" @10% & ()-P"'10% ! & ()-:cY

- M LbcdghqykK+ 9% 10% & () -V 9% 10% & () -V 9% 10% & () -V % 10% & () - V6
%8 10% & ()-Wb % 10% & ()-W6 9% 10% & ()-Wby{cG + % 10% & () -
08109 & ()-V;ci"" %109 & ()-W % 10% & ()-Ws 9% 10% & () - WcC+ 9% 10% & (
08 10% & (TaMBe%810% & () -V % 109 & ()- W % 109 & () -V 9% 10% & () -

05 10% & () - WBpT8+ 96 10% % 10% & () - W% % 10% & () - W% % 10% & () - W

05109 & ()-Vb:ci"" % 10% & ()-WsC + 9% 109% & ()-W80; ci "" % 10% & () -V

%8 10% & (
%8 10% & (

)RV 8 1B & () - Wb %0 1096 & (). VPhH+ 96 1096 &T () - We0; 6 10 | () - Wb
1 icant- Hv arcing time
) _ri pool (19) Ra (pm) amoupt (sec) Remark
(%) (mg/min)
0.008 2910 18 Comparative Sample
110 0.200 3060 15 Comparative Sample
0.350 2880 20 Comparative Sample
13 0.007 2790 22 Comparative Sample
200 0.270 2810 23 Comparative Sample
0.340 3070 14 Comparative Sample
325 0.009 3120 12 Comparative Sample
0.290 2690 26 Comparative Sample
0.340 2880 30 Comparative Sample
0.009 2910 19 Comparative Sample
110 0.230 2900 18 Comparative Sample
0.310 3010 15 Comparative Sample
0.007 2780 29 Comparative Sample
0.010 2370 49 Inventive sample
115 0.210 2310 52 Inventive sample
0.295 2390 50 Inventive sample
0.314 2880 20 Comparative Sample
0.390 2700 24 Comparative Sample
0.007 2690 30 Comparative Sample
15 190 0.200 2400 58 Inventive sample
0.395 2910 16 Comparative Sample
0.008 3050 15 Comparative Sample
0.016 2370 49 Inventive sample
310 0.240 2340 58 Inventive sample
0.300 2330 60 Inventive sample
0.319 2810 17 Comparative Sample
0.400 2900 i6 Comparative Sample
0.005 3010 14 Comparative Sample
317 0.290 3210 12 Comparative Sample
0.350 3110 12 Comparative Sample
Table 4
Ai:grizz:t?f Hv (19) Ra (pm) iﬂiﬁiﬁf arcing time Remark
rlcT%?ool (mg/min) (sec)
60 112 0.005 2780 30 Comparative Sample
0.240 2730 28 Comparative Sample
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) - V\$ ci ™" (| YPI0W& e > DA PR LT Y N
) %1006&'()_\, 01004 &' ( \'I\$1I_l 041094 &' ! )-V\$
: b o 004t ndp o 2370 T . ‘Xgmpyaifﬁfg mp(l§
) %1000&()-\\23 oA 109 & -\I\_$ Cn100n2,()- (s) /r'\ \'\$pT4,
) -V 9% 1098 & () -\ %4f10ds & F; g 08 100478 () -\EIETTEESETES - \:
9% 10% & ()| W398 1098 (Y- Wb2TP" " 96 10988 () -|\iE™ 981 /968" ?-m
) _ V\$#&9hH1 % 10% &'0(2585 W; 2910 21 Comparative Sample
0.370 2760 26 Comparative Sample
0.005 2690 22 Comparative Sample
112 0.205 2760 24 Comparative Sample
0.309 2960 20 Comparative Sample
0.008 2840 16 Comparative Sample
0.010 2300 68 Inventive sample
115 0.200 2290 79 Inventive sample
0.290 2380 61 Inventive sample
0.310 2900 15 Comparative Sample
0.3%90 3010 14 Comparative Sample
g8 0.015 2390 62 Inventive sample
184 0.215 2310 55 Inventive sample
0.300 2300 59 Inventive sample
0.007 2680 31 Comparative Sample
0.012 2400 58 Inventive sample
310 0.245 2390 62 Inventive sample
0.300 2310 60 Inventive sample
0.305 2900 17 Comparative Sample
0.388 2880 16 Comparative Sample
0.004 2890 15 Comparative Sample
319 0.210 2970 15 Comparative Sample
0.370 2610 20 Comparataive Sample
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% 10% & (
%8 10% & (
%8 10% & (

Ci"" 95109 & ()-V$ 9% 10% & ()-Ws % 10% & ()-V8hi j nty}hH,

% 10% & (
% 10% & (
% 10% & (
% 10% & (
9% 10% & (
% 10% & (
ci""cGt,

% 10% & (
% 10% &
% 10% &
% 10% &

(
(
(
% 109 & (

10

15

) -\ 9% 109% & ()-Wb % 10% & ()-Wb % 10% & ()-Wb % 10% & () - W
) - W9: <BDEKhL, , % 10% & ()-\Ws % 10% & () -\ % 10% & () - W

) -\ 9% 109% & ()-\W: ci "" KPTef ghcG+, % 10% & () -\ %
08 109% & () - V&
) -\ 98 109% & ()-Wb 9% 10% & ()-Wb 9% 10% & ()-Wb % 10% & () - W
) -} KkO3, % 10% & ()-Wb % 10% & ()-Ws % 10% & () - WbW

) -\ ci""( % 10% & ()-WBC , %109 & ()-Wh ci""& % 10% & () -\
TaMBe%510% & () -V % 109 & ()-WI L, %109 & ()-W 9% 10% & () -

) -V 9% 10% & ()-V$ % 10% & ()-8 % 10% & () -V % 10% & () - VpT4,

) -\ % 10% & () - W % 10% & () Vi 961096 & () -V 96 10% & () - W5

BAOE ) V6 9 [0 & ( BI0W & ()| 96 T0W & () - Vb

) -WESHFE" 95L00ER] (k- M§ 96 10&@& ()-V\Ec%gm%g () - Ve 109 &
) - g8 Yook & ()-8 % 1095 &inpimimg$d& (,2pP0, [% 10% & () - W
)-V& 9% 10% & () - V6 oPd 0% & ()50VE 96 10%?&' () -|\WBrretatl 2 SaVhOC G,
)- Wb 96 109 &14) - YWbpCel ™ |90 188 & () - O|&ofphra¥iive sample |
) - WBOPQW _[r hH, 94 TO%:i& () - VWbs3%0 1096 & (J7 Wb | Comparative sample
20 0.003 2870 14 Comparative Sample
198 0.210 2810 18 Comparative Sample
0.390 2760 19 Comparative Sample
0.007 2740 20 Comparative Sample
340 0.200 2730 22 Comparative Sample
0.370 2930 17 Comparative Sample
0.007 2680 24 Comparative Sample
113 0.280 2590 32 Comparative Sample
95 0.340 2710 30 Comparative Sample
0.009 2630 33 Comparative Sample
289 0.270 2780 28 Comparative Sample
0.330 2960 17 Comparative Sample
Tables 6 to 14 show effects of coating of MoS,;, BN or

a mixture thereof where a ratio of an area of lubricant-rich

pools to a unit area is constant. Where an amount of

coating of MoS;, BN or a mixture thereof is in an amount of

from 0.002 to 0.40g/m?, the micro Vickers hardness (Hv) is
in the range of 115 to 310 and arithmetical average
roughness(Ra) 1is in the range of 0.01 to 0.30um, it 1is
understood that only the wire satisfying the above-

described requirements has excellent wire feedability in
comparison with the conventional solid wire with copper

plating. Table 7 and Table 14 are continuous with Table 6.
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% 109% & ()-W 9% 10% & ()-W 9% 10% & ()-W 9% 10% & () -V

08 10% & () - Vrstuvwd pT4, % % 10% & ()-Ws % 10% & ()- W6 9% 10% & () - V6
08109 & ()-V %109 & ()-W; ci""}cGH % 10% & ()-Ws 9% 10% & ()- W ci""

08 109% & ()-Wb 9% 10% & ()-Wb 9% 10% & ()-WbdD, % 10% & () % 10% & () -V

0% 109% & ()-VW % 10% & ()-Wb 9% 10% & ()-W6 9% 10% & ()- W6 % 10% & () - VpT4,
% % 10% & ()-W %1094 & ()-W 9% 10% & ()-W % 10% & ()-Ws 9% 10% & () -
cCi""cGr, W10W & ()-V %W 10% & ()-W;ci"" %W 10% & ()-W % 10% & () - Vb

08 10% & (TaMbehbl, %109 & ()-W6 % 10% & ()-V % 10% & () -V 9% 10% & () -
% 109% & ()-Wb % 10% & ()-W 9% 10% & ()-W6 pPO, 9% 10% & ()-W 9% 10% & () -
08 10% & ()-V % 10% & ()-V % 10% & ()-Wb; ci"" #6789cGH 9% 10% & () -V

% 1096 & ([) - WhrDh amodd® 1096 & () F Wb U8 N0%p&ktky) - Voo LOYB[& () - VOT; AFTVRH,
% 10% & (P IAp-—0a/ noggN()mmgw | ROYBE |( ) a\ditos 1698 & () (Vb 96 288K () - Wb
06 1096 & (N oA 100FE () - v\ 1 h ~ agpTia (96minbs § (E8e’ () -G of 1004 & ()= \%
%6 10% & ([) - & |96 10% & (|) - 6 % 1h%& |() -3 ci '"ql%}cG CORPIEIAE SETRHS |
o4 10% & ()_ V\$; ci'l" 9% 10% 82;0() | V%ZOO 2660 Comparative Sample
0.370 2590 24 Comparative Sample
0.007 2770 25 Comparative Sample
0.001 - - 185 0.190 2940 20 Comparative Sample
0.310 2590 27 Comparative Sample
0.009 2690 27 Comparative Sample
320 0.018 2640 24 Comparative Sample
0.305 2810 20 Comparative Sample
0.004 2710 21 Comparative Sample
112 0.185 2840 20 Comparative Sample
0.340 2790 22 Comparative Sample
0.006 2660 22 Comparative Sample
115 0.010 2180 278 Inventive sample
0.002 _ _ 0.330 2680 30 Comparative Sample
0.010 2290 290 Inventive sample
310 0.300 2200 355 Inventive sample
0.350 2610 31 Comparative Sample
0.006 2780 29 Comparative Sample
317 0.220 2660 27 Comparative Sample
0.310 2590 28 Comparative Sample
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% 10% & ()-Wb % 10% & ()-WbhH, % 10% & ()-Wb % 10% & ()-Ws % 10% & () - W6
% 10% & ()-Wb % 10% & ()-Wb % 10% & ()-Wb 9% 10% & ()-WbcG+, % 10% & () - W
% 1096 & ()-Ws;ci"" %109 & ()-W6 % 10% & ()-Ws 9% 10% & () - WBhH,
% 10% & ()-Wb % 10% & ()-Wb % 10% & ()-Wb % 10% & ()-Wb 9% 10% & () - Wb
% 10% & ()-W6 % 10% & ()-WbpT4, % %W 10% & ()-W6 % 10% & ()- Wb
%109 & ()-Wb % 10% & ()-Wb % 10% & ()-Wb; ci ""cG, % 10% & ()- W6
% 1096 & ()-Ws;ci"" %109 & ()-Ws % 10% & ()-W6 9% 10% & ()-Ws hH,
% 109 & (TabBe%F10% & ()-Wb % 10% & ()-Wb 9% 10% & ()-Wb % 10% & () - Wb
% 10% & ()-Wb % 10% & ()- Wb+, -./0kO3, % 10% & ()-Wb 9% 10% & () - W
% 109% & () - VWBW 9% 109 & () -W; ci " " ( %'10%'&'() Ws06; >QRSC , % 10% & () - W;
ci""& % JOYESt{np -WMn®B TOU &T() - VWb PO TAWE& () - VWb 96 109 & () - WeSTUW af ZI|L,
08 1096 & ([} 01004 & (1) WA | Ot 1G9 & (ool 8 1088 8.1 W % 1098&r ) - W
% 10% & ([ oA {005 E" () - &2 { | { na@ 049 n%,e-(\ 101101 10! £=1008 & (|) -)
% 109% &' () _ V\$ 0.007 2700 Comparative Sample
ci ""oQ U'|10% & ()f-) U 10948 () 2% 1p% &P) - ) U' 10%8% () -) U rovs & $=r$Ur 109

' ) hH(/ U

T

& ()-)U 10% & I 100 &0 (30) ' 109 & () -) U’ 1006 & () CoNRatargon Smgip- )|:
CR_R" U'1J% & ( 0.006 2570 38 Comparative Sample
cR R'U' 1% & & () T EI0% & 60) O VG JrfpPUC
% & ()-) U 10% 110% & CFmFT TOvARs ()
& ()-) !"&a 0 () YUrLeot & >
cR R' (U 10% & |( HlC O '
cR R &U' 10% & b & (
)U'10% & ()-) I
nopqr xpT4, dfsb0%8 & ' 1004 &°(%F2)
cR R'x}cG , U 0% U 1096 &3 - ) .
cRR'U'10% & () - )| U’ 10% [&,() {) O210% & £579) 7
"10% & ()|-) U' 0% U 1098 &363 - ) U 109 &
R cGH3U 109
L U I0W & ()-
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mﬂwi& b960 ) NI,
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CR_ R'U'10% & ()-) U 109% & () - )U'lO%&'()3 U'10% & ()-)I
"()-)U'10% & ()-)U'10% & ()-)U'10% & ()-) U 109% & ()-) U"
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"8 (P'10%"& ()-P'10%"& ()-P'10%" & ()-P'10%" & ()-, P'10%"& ()-P"10%
"& ()-dDS| P"10% " & ()-P"10% " & ()-P"10% " & ()-P"10% "& ()-P"10% " & ()-
CR M _?| P"10% " & P"10%"& ()-P"10%"& ()-P"10%"& ()-P"10% " & ()-P" 10%
"& ()-P"10% " & ()-kO3| P"1P"10% " & ()-P"10% "& ()-P"'10% "& ()-P"'10% " & () -
CRMP'10%"& ()-C |P"10% "& ()-;cR M &"10% "& ()-P"10% " & () - P"10%
"&()-P"10%"& ()- %:IL, P'10%"& ()- P"lO%"&'() P'10% " & () - P"10%

"& ()-P"10%"& ()-P"10% "& ()-P"10%" & ()-:<=>?@pT4, P'10% " & () - P"10%
"& ()-P" 108b1& 8)-P"10% " & ()-P"10% "& ()-:cR M DIORefgC , P"10% " & () - :
CR M P"10% "& ()-P"10%"& ()-P"10% " & ()-P"10% " & ()-ghij puxl L, P" 10%
"&T()-P10% " & ()-P 10% " & ()-P10% " & ()-P"10% " & ()-P"10% " & ()-P"10%

"& ()-pT4, ESalQ%am&né)(gR”)lQ%H';&' () - P" 10%4t&x( | - B.10%;,&[() - P"10% " & () 4;
cR M cG+, [PRED & ( M82+1ﬂ00 18) (|)%2; eR_MPI09 &( s)wP" 10% " & BB 10%
"& ()-hH, o0 0P0 28e0() T P 109 & (oipardoHe Kendrd = 7" 10%
"&()-PR0% " & () - IOT4, PP 1@%) 0.150 | 2740 20 Comparative Sample
0.320 2800 21 Comparative Sample
0.006 2610 29 Comparative Sample
0.014 2590 33 Comparative Sample
0,205 2710 30 Comparative Sample
1o 0.290 2680 36 Comparative Sample
0.410 - - 0.310 2590 39 Comparative Sample
0.400 2710 34 Comparative Sample
0.009 2690 36 Comparative Sample
210 0.170 2580 37 Comparative Sample
0.310 2610 39 Comparative Sample
0.020 2710 30 Comparative Sample
320 0.130 2770 31 Comparative Sample
0.315 2800 27 Comparative Sample
0.004 2710 27 Comparative Sample
109 0.150 2680 29 Comparative Sample
0.320 2640 30 Comparative Sample
0.002 2590 37 Comparative Sample
0.650 - - 195 0.205 2610 30 Comparative Sample
0.340 2680 32 Comparative Sample
0.006 2710 30 Comparative Sample
325 0.180 2740 31 Comparative Sample
0.340 2800 27 Comparative Sample
0.006 2790 29 Comparative Sample
108 0.250 2740 20 Comparative Sample
0.310 2880 20 Comparative Sample
0.005 2760 22 Comparative Sample
- 0.001 - 245 0.195 2900 20 Comparative Sample
0.380 2810 26 Comparative Sample
0.005 2670 29 Comparative Sample
340 0.230 2700 27 Comparative Sample
0.340 2740 29 Comparative Sample
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"& ()-P"10% " & ()-P"10% " & ()-P"10% "& ()-P"10% " & ()-; cR M cG+ P"10%

"& ()-P"10% " & ()-:cR MP"10% " & ()-P"10% "& ()-P"10% " & () - %D, P" 10%

"& ()P 10% " & ()-P"10%"& ()-P"10%"& ()-P"10%"& ()-P"10% " & ()-P" 10%

"& ()-%& ()*O0pT4, P'P"10% "& ()-P"10% "& ()-P"10% "& ()-P"10% " & () - P"10%
"& ()-; cR_M 059JKLM:GH P"10% "& ()-P"10% "& ()-;cR M P"10% " & () - P"10%

"& ()-P"10% " & ()- MNOUZ] phH, P"10% " & ()-P"10% " & ()-P"10% " & () - P" 10%

"& ()-P"10% " & ()-P"10% " & ()-P"10% " & ()-pgrstu{pT4, P'P"10% " & () - P" 10%
"& ()-P'1D&HI& §)-P"10% " & ()-P"10% "& ()-;cR M{cG , P'10%"& ()- P"10%

"& ()-;cR MP'10%"& ()-P"10% " & ()-P"10% "& ()-_?, P"10% "P"10% " & () - P" 10%
"& ()-P"10% " & ()-P"'10% " & () P'10% " & ()- P"10% & () - pT4, PP" 10%

"& () - P JOTEE (ol A0, " - PP LD S&ica- P 19(3 & ()~ CRMCcGF, P 10%
"& () - P IO & () [C RVl 1*80 & (P TN & () -BE10% &' ()- AP 10%
& () - P IO (TR T0% & ()P Te%0i ¥ heor LUU/o &Pl ide Gimte 9%
" & () -pT4, P"P|110% " & () P" 10(1)/ ) &I ‘[0?2-1?' +Y%7¥0 31 Comparative Sample
0.320 2640 34 Comparative Sample
0.010 1980 305 Inventive sample
115 0.300 1900 415 Inventive sample
0.385 2710 38 Comparative Sample
0.002 2730 29 Comparative Sample
- 0.002 - 235 0.210 2040 270 Inventive sample
0.290 2100 240 Inventive sample
0.011 2010 298 Inventive sample
310 0.300 2200 305 Inventive sample
0.410 2870 25 Comparative Sample
0.006 2710 30 Comparative Sample
340 0.170 2840 22 Comparative Sample
0.320 2590 29 Comparative Sample
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"& ()-P"10%"& ()-P"10%"& ()-;cR M "5678cG+ P"10% " & ()-P"10% " & () -

CR M P"10% " & ()-P"10%"& ()-P"10% "& ()-89=CHL] dD, P"10% " & () P" 10%

"& ()-P"10%"& ()-P"10% " & ()-P"'10% " & ()-P"10% " & ()-P"10%

"& ()-17_" abhpT4, P"P"10% " & ()-P"10% " & ()-P"10%"& ()-P"10% " & ()-P"10%
"& ()-; cR_MhngcGr, P*10% " & ()-P"10% " & ()-; cR_M P"10% " & () - P"10%

"& ()-P'10%"& ()-hH P"10%"& ()-P"10% "& ()-P"10% " & ()-P"10% "& () - P"10%
"& ()-P10%"& ()-P'10%" & ()-pT4, P'P'10% "& ()-P*10% & ()-P'10%

"& ()- P 1D8bI& 10-P"10% " & ()-:cCR M cGH P"10% "& ()-P"10% "& ()-; cR_M P"10%
"& ()-P"10%"& ()-P"10%" & ()-hH, P'10% "& ()-P"10% " & ()-P"10% " & ()- P"10%
"& ()-P"10%"& ()-P"10% " & ()- P"lO% "& ()-kOB, P"10% " & ()-P"10% " & ()-P"10%

"& ()-P" Jm( P" B9%[" gyz @atdet TO% & (Jas .R_M' &P" 10%
"& ()-P" "R ) - WO & (1 PP gos’ leepyRe 1 #) . %Bb P! 10% ""a’;"‘“’(rj‘- P" 10p6
"& () - P I0% ()= T0% & () R EGYE & Eeuo P10 & \)' PCobbfEtive Sample
" & () - DERGH QpT4, P|10% " &| () goP TH0 %0 &b 0% S0P kbt o0
0.315 2630 27 Comparative Sample
0.008 2710 26 Comparative Sample
0.010 1708 410 Inventive sample
115 0.190 1700 530 Inventive sample
0.270 1680 620 Inventive sample
0.290 1910 610 Inventive sample
0.380 2640 31 Comparative Sample
0.006 2700 33 Comparative Sample
- 0.400 - 0.016 1890 470 Inventive sample
235 0.210 1940 400 Inventive sample
0.260 1710 660 Inventive sample
0.295 1680 740 Inventive sample
0.360 2660 33 Comparative Sample
0.007 2740 30 Comparative Sample
310 0.300 2100 390 Inventive sample
0.320 2610 29 Comparative Sample
0.005 2740 29 Comparative Sample
320 0.205 2680 30 Comparative Sample
0.370 2660 34 Comparative Sample
0.008 2710 34 Comparative Sample
112 0.240 2640 31 Comparative Sample
0.320 2700 27 Comparative Sample
0.007 2740 28 Comparative Sample
_ 0.410 _ 215 0.170 2670 30 Comparative Sample
0.330 2590 33 Comparative Sample
0.015 2700 24 Comparative Sample
370 0.200 2690 21 Comparative Sample
0.270 2710 20 Comparative Sample
0.350 2700 24 Comparative Sample
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"& ()-:cR M QX[ nopscH , S=10% & ()-P"10%"& ()-;cR M P"10%"& ()-P"10%
"& ()-P"10% " & ()-stuv| DS=10% & ( Y"10% & ()- Y'10% & ()- Y'10% & ()-
Y'10% & ()- 109 & ()-'10"10"10"1 0| D, cRIW Y'10% & ()- Y'10% & ()-
Y'10% & ()- Y'10% & ()- Y'10% & ()-1L,D Y'10% & ()- Y'10% & ()- Y'10% & ()-
Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-gG D Y'10% & Y'10% & () -
Y1006 & ()-( Y'10%& ()- Y'10%& ()-( Y'10% & ()- Y 10% & ()-kGB, D
Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-;cRIW Y'10% & ()-C ,
Y"10% & (Tabt®WLE Y 10% & ()- Y 10% & ()- Y 10% & ()- Y 10% & ()- &+ hH,
Y'10% & ()-; Y'10%8 & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-
Y"109% & ()-.ABCDEFKO3, Y'10 Y'10% & ()- Y'10% & ()- Y'10% & ()-

Y" 10% &' ([)corGRINRnY (GLOVE & (g LQIghi [Copat eI & - inC RAW & Y™ 10% & ()]-
Y'10% & ([os:YTEO% &sao(syaﬂr“id B &' 5e) B kljgf}gylznf L, Y'3098& ()- Y IOWE ()-
Y'10% & (- Y|71I0% T0% & 0Joo7 V| 10700 & [(J- YolOP & clbaliRe sdmpid0(& () -
Y109 & () - Y']109% g ()- Y LQ80 &Grreo Y[ TR E () CRAW e B 0
Y*10% & (|) -; cRAW 0.320 2730 27 Comparative Sample
0.006 2710 27 Comparative Sample
- - 0.001 195 0.200 2740 31 Comparative Sample
0.330 2660 30 Comparative Sample
0.005 2890 30 Comparative Sample
320 0.205 2710 27 Inventive sample
0.340 2810 26 Inventive sample
0.008 2880 23 Comparative Sample
0.015 2760 21 Comparative Sample
107 0.210 2680 30 Comparative Sample
0.290 2700 27 Comparative Sample
0.315 2900 20 Comparative Sample
0.380 2910 19 Comparative Sample
0.005 2810 22 Comparative Sample
0.010 2020 305 Inventive sample
115 0.190 1810 595 Inventive sample
0.295 1900 480 Inventive sample
0.315 2610 38 Comparative Sample
0.370 2700 34 Comparative Sample
0.006 2740 37 Comparative Sample
- - 0.002 0.019 2040 395 Inventive sample
208 0.215 2000 390 Inventive sample
0.296 1910 485 Inventive sample
0.315 2600 34 Comparative Sample
0.400 2730 34 Comparative Sample
0.006 2710 30 Comparative Sample
0.017 1810 560 Inventive sample
0.240 1740 710 Inventive sample
310 0.300 1880 490 Inventive sample
0.311 2600 33 Comparative Sample
0.380 2600 39 Comparative Sample
0.009 2710 30 Comparative Sample
318 0.210 2800 21 Comparative Sample
0.290 2720 24 Comparative Sample
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Y'10% & ()- Y'10% & ()- Y'10% & ()-hH, Y'10% & ()- Y'10% & ()- Y'10% & () -
Y'10% & ()- Y'10%8 & ()- Y'10% & ()- Y'10% & ()-k@B, Y'10% & ()-
Y'10% & ()- Y'10% & ()- Y'10% & ()-;cRIW( Y'10% & ()-C, Y'10% & ()-
CRAW & Y"10% & ()- Y'10% & ()- Y'10% & ()- Y'109% & ()-& L, Y 10%& ()-
Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & () -

Y'10% & ()-& () *+1pT4, Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-
Y'109% & ()-; cRAW 169LMNOCGH, Y'10% & ()- Y'10% & ()-; cRIW Y"10% & () -
Y'10% & (TabY210% & ()-OPQN rhH, Y'10% & ()- Y'10% & ()- Y'10% & ()-
Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-rstuvwppT4, Y' Y'10% & () -
Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-;cRAW}cG+, Y'10% & ()-

Y'10% & ([JecatCROWWoure TORB & () - Y 1096 & EgatteY LQW.& (1N, Y 10 & () -
w 109 & (|) mosY'| 1894 Raugs)+en i (o & Re) Wy PROBR () - VEL0% & () - ¥mRO9% & ()|- gGH,
1096 & (= YTI0% & () Y 109 & G)ove V| T & ()= CROW (T ¥onb F28 8 Gimpte
Y" 10% & ()' ; CRAW " 109 & ()- 0.019 2880 18 Comparative Sample
110 0.230 2740 16 Comparative Sample
0.290 2900 14 Comparative Sample
0.315 2890 14 Comparative Sample
0.395 2790 18 Comparative Sample
0.007 2910 19 Comparative Sample
115 0.010 2010 381 Inventive sample
0.300 2115 490 Inventive sample
0.007 2740 20 Comparative Sample
0.014 1960 320 Inventive sample
- - 0.185 205 0.170 1890 480 Inventive sample
0.289 1930 500 Inventive sample
0.310 2600 39 Comparative Sample
0.008 2880 31 Comparative Sample
310 0.012 1880 410 Inventive sample
0.300 1910 370 Inventive sample
0.008 2590 38 Comparative Sample
0.018 2710 32 Comparative Sample
320 0.210 2800 30 Comparative Sample
0.288 2830 27 Comparative Sample
0.310 2730 30 Comparative Sample
0.340 2660 33 Comparative Sample
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Y'10% & ()- Y'10% & ()- Y'10% & ()-1L, Y'10% & ()- Y'10% & ()- Y'10% & ()-
Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-pT4, Y'10% & ()- Y'10% & () -
Y" 10% & ()- Y'10% & ()- Y'10% & ()-; cRIW"9B9: ; cG+, Y'10% & ()-

109% & ()-;cRIW Y"10% & ()- Y'10% & ()- Y"10% & ()-: <=CHKAhH, Y"10% & () -
Y"lO%&'() Y'109% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-
Y'10% & ()-~_"abci pT4, Y' Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-

Y'10% & ()-;cRIWinrcGr, Y'10% & ()- Y'10% & ()-;:cRIW Y'10% & ()-

109% & (TabYe10% & ()-hH, Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-
Y'10% & ()- Y'10%8 & ()- Y'10% & ()-kO8, Y'10% & ()- Y'10% & ()-
Y'10% & ()- Y'10% & ()-: cRIW ( Y'lO%&'() C, Y‘lO%&'()-;CRdW&

Y 10% & (|)coaind ORGE (ym) Y 10% & () - Y| 0B )Arj:lln Y I0% & ()- Y 10%& ()-
Y 109% & (|)Hos.Y"| BOYE Ridsyan Y1 0688 F(“*) Gy ag)%g \i’cm% & () - pFrary 1096]& () -
10% & (- YTIOW & ()- Y 10% & 0)oo7 Y| 1@%0& ) -, CROAW  [Clabarativd Sepde (|-
112 0.150 2580 37 Comparative Sample
0.310 2730 36 Comparative Sample
0.007 2820 30 Comparative Sample
0.010 1900 410 Inventive sample
115 0.190 1830 510 Inventive sample
0.294 1790 660 Inventive sample
0.308 2610 30 Comparative Sample
0.370 2710 31 Comparative Sample
0.005 2680 32 Comparative Sample
0.020 1910 370 Inventive sample
208 0.170 1840 415 Inventive sample
- - 0.400 0.293 1900 405 Inventive sample
0.314 2700 30 Comparative Sample
0.390 2660 31 Comparative Sample
0.002 2780 30 Comparative Sample
0.021 2030 360 Inventive sample
310 0.180 2000 406 Inventive sample
0.300 1990 695 Inventive sample
0.310 2590 37 Comparative Sample
0.360 2710 34 Comparative Sample
0.001 2710 34 Comparative Sample
105 0.205 2740 34 Comparative Sample
0.300 2800 30 Comparative Sample
0.340 2860 27 Comparative Sample
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Y'10% & (
Y' 10% & (
Y"10% & (
Y'10% & (
Y'10% & (
Y'10% & (
Y"10% & (
Y'10% & (
P" 10984 (
P" 1098& (
P" 1098& (
"g+cCl

P" 10984 (
P' 10984& (
P" 1098& (

10

15

)-; cRIW Y"'10% & ()- Y'10% & ()- Y'10% & ()- !"(-0ChH, Y"'10%
)- Y'10% & ()- Y'10% & ()- Y'10% & ()- Y'10% & ()-

)- CDEFGHLPT4, Y' Y"10% & ()- Y'10%& ()- Y'10%& ()- Y'10% &
) - cRAW LRAZmoC , Y"10% & ()-; cRIW Y'10% & ()- Y'10% & () -
)- Y'10% & ()-opgrx}IL, Y'10% & ()- Y'10% & ()- Y 10% & ()-
)- Y'10% & ()- Y'10% & ()- Y'10% & ()-pT4, Y'10% & ()- Y'10%
)- Y'10% & ()- Y'10% & ()-;cRAWcH , S=10%& ()- Y"10% & () -
FabY2 1026 & ()- Y'109% & ()-| DS=10% & ( P"109%8& ()-1 P"10984& (
)-1 P"10%4&' ()-1 |10%4&' ()-'10"10"10"hL| DS=10% & ( P" 1094

)-1 P"10%& ()-1 P"10%& ()-1 P"1098& ()-1 P"10%& ()-11L0| D
)Cokt ity QORI | P LOY0& () - || SO do)g ki 1OV () -1 CMZM
D |30/ P" 1BRER (2 1P FOORR |( Y2 TP |1098@e( ) - | | P" 109 2 - |
)T P TO& ()~ | - 06=>78chs H LOB& () - T ;0 VZM | Sk Gimple
)-1 P 109& ()-1| P 1098 = 2@hBHNPCH s P09t reihe B
) - 107 0.290 2730 24 Comparative Sample
0.310 2600 23 Comparative Sample
0.009 2680 26 Comparative Sample
- - 0.412 206 0.187 2790 25 Comparative Sample
0.310 2710 24 Comparative Sample
0.190 2810 18 Comparative Sample
325 0.205 2870 17 Comparative Sample
0.314 2760 18 Comparative Sample
0.330 2640 22 Comparative Sample

The present invention as disclosed in the accompanying
claim 1 provides a solid wire for arc welding having
excellent feedability without copper plating by adjusting
micro Vickers hardness and arithmetical average roughness of
a flat portion of the wire surface. Further, the
feedability of the inventive solid wire with no copper
plating is equal or superior to that of the conventional
solid wire with copper plating, thereby improving weld
workability. Furthermore, consumption of energy during
manufacture of the solid wire can be reduced because the
solid wire is manufactured without copper plating, and a
welding work environment can be improved because copper
fumes are not generated.

In accordance with the present invention as disclosed

in the accompanying claim 2, friction-reducing materials
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P"1099& ()-1 P'109& ()-1 P'109& ()-1 P'10%& ()-I|cdefghl pT4, P"'10%& ()-|
P'1099& ()-1 P"1099& ()-1 P"10%& ()-1 P"109%4& ()-1;cMZM | rwzC ,

P'109%9& ()-1;cMZM P"109%4& ()-1 P'109%& ()-1 P'109%& ()-1 P'10%& ()-11L,
P'109%9& ()-1 P'109& ()-1 P'109& ()-1 P'10%& ()-1 P"'10%& ()-|

P'1099& ()-1 P'109& ()-1pT4, P"10%W& ()-1 P"10%W& ()-1 P"109& ()-I
P'109%9& ()-1 P"109%& ()-1;cMZM cG+, P'109& ()-1 P"'109& ()-1;cMM
P'10%9& ()-1 P"10%& ()-1 P"'1094& ()-1hH, P"10%& ()-1 P"10%& ()-|

P" 1098& (%ecﬁ Pinoosga() filap' 10waEion | FF 1088@Vi¥el Purde@® ()pre hHot

P*109%9& ()-1 P"109%& ()-1 P"10%& ()-1 P"109%& ()-1 P"109%& ()-1;
cMZM'/ 01 2zxXhauptedre@heyreby PO Ying cividgl Penoogeedpbi 1IRtH0%0K' () - |
P"109%8& ()-1234: ?BUhH, P"109%& ()-11 P"10%& ()-1 P"10%& ()-1 P"109%9& ()-I
P'10%9& ()-1 P'TI0%@BEOYdbnPel e (Yhd MNP TAnvPhtPOROMR di)lsdlosed
P'10%& ()-1 P"1099& ()-1 P'10%8& ()-1 P"109& ()-1;cMZM " eh{|}~cGt,
P'"10909& (Ir| tRelO%R&ohpahydMgM cPaif%8®; ( odcaR'<)%Rie ) 1 b1t r(i)cH ~hH,
P"109%8& ()-1 P"109%& ()-1 P"10%& ()-I
5 pools are completely formed by depressions in which a
drawing lubricant material is completely removed, the
lubricant-rich pools can be sufficiently filled with at
least one component selected from a group of MoS,, BN and a
mixture thereof, thereby implementing excellent
10 feedability.

Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that wvarious
modifications, additions and substitutions are possible,

15 without departing from the scope and spirit of the

invention as disclosed in the accompanying claims.
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P'10%& ()-1 P'109& ()-1 P"1098& ()-1 P"1098& ()-1kO8, P"10%& ()-I

P 1098& ()-1 P'1098& ()-11 P'1098& ()-1;cMZM ( P'1098& ()-1C ,

P'1098& ()-1;cMZM & P'1098& ()-1 P'1098& ()-1 P'1098& ()-1 P'1098& ()-11L,
P'1099& ()-1 P"1099& ()-1 P'1098& ()-1 P'1098& ()-1 P"1098& ()-I

P'1099& ()-1 P'1099& ()-1.D gF%; " 940%& ()-9' S 940%& ()-9 " Y40%& ()-9
F1099& ()-) P'1098& ()-1;cMIM #& ()[vU4 94 d 3"10%1%l& ()- 3"10% & () -

"1099& ()-10% 109 10% f=1090&' ()- [ 2%40%& ()-98"T|[:vU4 % d & 10%& ()-

1098&' () -WHADYWER CLAIMEDOI®R ()- H nPd0%A4& ()- C ndOWR ()-ehijkvUd %d 3

F10%8&' ()- 1099& ()-10%40%10% S= 1099& ()- 6L$%WO0W& ()- @

4"10%& ()-N[:vUa %4 @A0%& ()- 3 10%& ()- ,3"10%& ()- & "10%& ()-

Z9%40%& () - 108& ()-=s|[:vU4 % F(1098& ()- f&3"10%& ()- ~ $%0N& ()-

Y'109%9& ()- LylDB& 6piiB Wi ) -dfc Wil dding F(&O@®RIE)ng:f &3" 109K () -

T $9%40%R () - Y'109%9& ()- Lyl0%®& ()- S= 10%& ()- Normal" "Heading 13]c"

"Headi ng 23] c" &Hefldathg p3Htci'on Heefli g #3ke" Stieddcag ©3tR" ridleatbpigeH3] c”

"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font

I(_;< &* 051 : gzBal Non YIurgd e Bindgr oU v 8Kk 8F s =R d ekt Ch)) T ofHdthe [fHat&
*-.103p457089;
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UK Lxi xxxxxy-yLynyyyyyz+z@Lzwzz||}1}V}g}}}}}~$~-B~h~~~~~~
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3. The solid wire as set forth in claim 1, wherein at
15 least one component selected from a group of MoS;, BN and a
mixture thereof is coated on the wire surface in an amount

of from 0.002 to 0.40g/m?.
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