COPPER- FREE W RE FOR GAS- SHI ELDED ARC WVELDI NG

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

application clains benefit under 35 U S.C. 119 from

Korean Patent Application No. 10-2005-0076593, filed

on August 22, 2005, the entire content of which is

i ncorporated herein by reference. BACKGROUND OF THE

I NVENTION Field of the Invention: [0002] The present
CORPER{FREE 'WIRE FOR GAS-SHIEEDED ARCAWELDING

sem automatic welding or automatic wel ding. Mre

specifically, the present invention relates to a

copper-free wire for welding mld steels and
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under hi gh-speed wel ding conditions not |ower than
[00L)c MTiish applicationadlaiens behefit aaden3ad).S0BMS) 119 ffrom Korean

wel di ng speed in | ow anperage short circuit transfer

and which exhibits excellent deposition efficiency
Patentl Apipfjbatinr tNond Or20G5-0008593)i filed cnr Aeglistve?, d20ap, the entire

conditions not |ower than 350A. 1 Description of the

Rel ated Art [0003] Welding wires are generally plated
cordentt dfevhichk is ineororajedthereippley rdferenceder to ensure

properties of the wire, such as conductivity,

feedability,

BACKGROUND OF THE INVENTION

Field of the Invention:

[0002] The present invention relates to a copper-free wire for semiautomatic

welding or automatic welding. More specifically, the present invention relates to

a copper-free wire for welding mild steels and high-tension steels, which, in

contrast with copper-plated wires, offers superior arc stability under high-speed

welding conditions not lower than 100cm/min (hereinafter referred to as ‘CPM’)

of welding speed in low amperage short circuit transfer and which exhibits

excellent deposition efficiency and high meiting rate under high current welding

conditions not lower than 350A.



corrosion resistance, and the like. In the case where

copper is plated on the surface of the wire, it is

necessary to forma uniformy plated copper |ayer on

the surface of the wire in order to ensure

conductivity, feedability and rust resistance. In the

case where copper is non-uniformy plated on the

surface of the wire, mnute copper flakes are

rel eased (or detached) fromthe surface of the wre
Desgrription dfithe Relatedétriveen the wire and the contact tip

within a contact tip wupon welding, and concentrated

on a portion within the contact tip, thereby causing
[0003] oY¥eidipngoviras rare agereraliyh plated toacthetn gurfadesswith copper in

cl oggi ng phenonmenon of the contact tip | eads to poor

feedability and arc instability, while increasing the
ordenolontenstires grropenties oofretheomirel nswddids @ontoctivity, feedability,

above-nmenti oned problem the copper-plated wire

creates harnful wastewater during a plating process,
cormgsiarn resistanaggand dhedikenin ithe wase avherel tagperrs plaedddn the

In order to solve such problens inclusive of

environmental pollution, wres wthout copper plating
surfagenefdthenwirbeit 38 negessdrpaoeofm 4 biatfoinsly platedetopperdayér on

W res, have been devel oped. For the copper-pl ated

wire, athin filmof the copper plated |ayer enables
thet hiafager of tihe cwiR@ ih norglenlibeensure acdnduictivity, eedabilic tand rust

tip, thereby providing a relatively stable arc

property. However, for the copper- free wire to be
resmmeasmathter@syé Wiéret Esbpep P BbnirioBdly BMRId oh thé Surface of

necessary to

the wire, minute copper flakes are released (or detached) from the surface of
the wire due to friction between the wire and the contact tip within a contact tip
upon welding, and concentrated on a portion within the contact tip, thereby
causing a clogging phenomenon of the contact tip. This clogging phenomenon
of the contact tip leads to poor feedability and arc¢ instability, while increasing
the amount of spatter formation. In addition to the above-mentioned problem,
the copper-plated wire creates harmful wastewater during a plating process,
which only aggravates environmental pollution.

[0004] In order to solve such problems inclusive of environmental pollution,

wires without copper plating formed on the surface thereof, that is, copper-free



i mpart specific properties, such as, a stable contact
wth the contact tip, to the surface |ayer of the
wire. [0005] In response to such demand, the
conventional technol ogi es have developed a wire which
consi st of a bore and an inner portion expanded inside
the bottl eneck-shaped depressions, and/or cave-shaped
depressions extended into the surface |ayer of the
wire, that is, cave-shaped pits conprising a portion
wiresi bave deeot dévdlopechatlear the copperepibtdd gie, fa dint fiilm of the
outside. These pits serve to stably anchor a
powder - shaped functional coating agent, which nust be
coppee pdated layen drebies frecwireftotdoenevirr stable oontect tvithehs woatact
arc stability and feedability. Additionally,
pol yi sobutene oil is sinultaneously used as a
tip, shebgmoviding a relatiselly stalsieart \prapexiyar Hogveviee, for the copper-
powder - shaped functional coating agent. [0006] In the
meantinme, the inventors of the present invention have
frealmdreotoebe disedads asprogg fot thes ceps@lafdd byenip s hbt&sdady to
uniformy control the 3 size(volunme) of the
bot t | eneck- shaped or cave-shaped pits, that is, an
impanisspecifiy propeetied, sueh LR eBdie Bontiabt Withi the WoHhitddtaid, @o the
uniformy coat the functional coating agent on the
surface of the wire, that is, in the circunferentia
surfageQéyar ofdhé @gitd. on, only with the bottl eneck-shaped or
cave-shaped pit and the ratio of the portion |ength
which is not illumnated by the virtual incident |ight

[000B]M i gesponse to such demand, the conventional technologies have
developed a wire which consist of a bore and an inner portion expanded inside
the bottleneck-shaped depressions, and/or cave-shaped depressions extended
into the surface layer of the wire, that is, cave-shaped pits comprising a portion
which is not illuminated by incident light from the outside. These pits serve to
stably anchor a powder-shaped functional coating agent, which must be present
on the surface of the wire in order to ensure arc stability and feedability.
Additionally, polyisobutene oil is simultaneously used as a supplementary
means for stably anchoring the powder-shaped functional coating agent.

[0006] In the meantime, the inventors of the present invention have

discovered that, since it is essentially impossible to uniformly control the



outside to the wire reference circular arc | ength.

Accordi ngly, when the welding process was carried out

for an extended period of tine, the powder-type

functional coating agent was cl ogged up inside a

conduit cable and the contact tip, which gives rise

to poor feedability and interrupts the stable contact

between the contact tip and the wire, leading to arc
instability. Resultantly, the anpbunt of spatter
size(yphumeoaf s borleneskebaped ardehve-shmpedh pitpothabis,t gpanside

functional coating agent was easily nelted and

attached or by-products thereof were accunul at ed
volpmet O€ dhar dgpreasiont fileisf impossible td urlifermbncaat the fubgtional

resi stance heat and radi ative heat during wel ding.

Especially, the depressions have bottl eneck-shape or
coatimgeagéntpen dmel sufacefadribe deige,ethat gy instheatirquenferentiatl (360°)

effectively in the degreasing process after fina

draw ng and the anmount of a lubricant residue is
direationeasbdwith tBENMHRNEIK-SHpad\WEREVERNEPED it Ad sl \ratio of

at | east the above probl ens and/ or di sadvantages and

to provide at |east the advantages descri bed
thehmortionaéngth, whith iis not hikmeihatesl bpthe@kjreel inddernthight from the

present invention to provide a copper-free wire for

gas-shielded arc welding, which cones into stable
outsidsttache witdreféencertiraalar tar® loMdino WecdinglP PRREN the welding

pl ated | ayer on the surface of the wire, so that

copper flakes are not clogged in

process was carried out for an extended period of time, the powder-type
functional coating agent was clogged up inside a conduit cable and the contact
tip, which gives rise to poor feedability and interrupts the stable contact between
the contact tip and the wire, leading to arc instability. Resultantly, the amount of
spatter formation was increased. In addition, the powder-type functional coating
agent was easily melted and attached or by-products thereof were accumulated
particularly onto the front end of the contact tip by resistance heat and radiative
heat during welding. Especially, the depressions have bottleneck-shape or
cave-shape and therefore degreasing is not performed effectively in the
degreasing process after final drawing and the amount of a lubricant residue is

increased.



a conduit cable and the contact tip upon welding for a
long tine, thereby providing excellent arc stability,
stable wire feedability and reduction in spatter
formati on. [0008] Another object of the present
invention to provide a copper-free wire having proper
chem cal conponents, so that surface tension of the
droplet during welding can be reduced which in turn
facilitates the droplet transfer in short circuit
transfer node and under high-current welding

condi tions. [0009] To achi eve the above objects and

advant ages, there is provided a copper-free wire for
Mémﬁmm%g, wherein the wire has a flat-
shaped wor ked surface, and depressions of a negative
direction (toward the 5 center of the wire) with
[00QZpedio solvetal leeskthe sbevepeotilomseand/or afisadvantages and to
circunferential direction of the surface; wherein a
ratio of an actual length (dr) of a circular arc to
proxideapipeashithel atvgintagss desdribed| aremattet,dt s, threfirg, an ebject
within a range of 1.015 to 1.515; and wherein a
chem cal conposition ratio {Cu/(Si+Wn+P+S)}x100 |ies
of thet Ipresentriangrtiont t0. koOvide 8. &Sppdrdfe)witen fam gas-ashidided arc
enbodi nent, the anount of |ubricant residue existing
on the wire surface is not greater than 0.50g per unit
welding, whitte covnes imasstable[dadiddt with the contagiltipryithout the copper-
enbodi nent, the wire surface is coated with a

plated layer on the surface of the wire, so that copper flakes are not clogged in
a conduit cable and the contact tip upon welding for a long time, thereby
providing excellent arc stability, stable wire feedability and reduction in spatter
formation.

[0008] Anocther object of the present invention to provide a copper-free wire
having proper chemical components, so that surface tension of the droplet
during welding can be reduced which in turn facilitates the droplet transfer in
short circuit transfer mode and under high-current welding conditions.

[0009] To achieve the above objects and advantages, there is provided a

copper-free wire for gas-shielded arc welding, wherein the wire has a flat-

shaped worked surface, and depressions of a negative direction (toward the



surface treatnent agent of 0.03 - 0.70g per unit kg of
the wire mass, and the surface treatnent agent
preferably consists of at |east one of animal oil,
vegetable oil, mneral oil, mxed oil, and synthesized
oi | . BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0031. 2] The
above aspects and features of the present invention
will be nore apparent by describing certain
enbodj nents of the present invention with reference
center t e thec avifsanyithy repaesinde, the warkset swbacs] fermaed1in a
is a graph showi ng the rel ation between surface
_tension and a6 nolten nmetal (solute); [0014] FIG 2
cirayinafg rentish tlireetian oidthewsirfiage; wbeeain aratie ohepractual length (dr) of
tenperature and surface tension of elenents of an
alloy; [0015] FIG 3 is a schematic view show ng
a drcdlesfare tbetndppargit lengthl oka cinetlat aduldipgdeidip lies within a
wel ding; [0016] FIG 4 is a graph showi ng the relation
between resistivity and nelting rate of a welding
ranger @f [1001Y] tad-l 68155 and 6GvhereinSEM chemdaogt apbsiposiioh ratio
showi ng the surface of a wre where a worked surface
IS not existent, in accordance with one enbodi nent of
{Cu/(E+ine P13} x 1BONnliesowithin a range of 0.10 to 0.80.

[0010] In an exemplary embodiment, the amount of [ubricant residue existing
on the wire surface is not greater than 0.50g per unit kg of the wire mass.

[0011] In an exemplary embodiment, the wire surface is coated with a
surface treatment agent of 0.03 - 0.70g per unit kg of the wire mass, and the
surface treatment agent preferably consists of at least one of animal oi,

vegetable oil, mineral oil, mixed oil, and synthesized oil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above aspects and features of the present invention will be more

apparent by describing certain embodiments of the present invention with

reference to the accompanying drawings, in which:

[0013] FIG. 1 is a graph showing the relation between surface tension and a



[0018] FIGS. 7 and 8 are SEM m crographs, each show ng
the surface of a wire which is entirely forned of a
wor ked surface, in accordance with one enbodi ment of
the present invention; [0019] FIGS. 9 and 10 are SEM
m crogr aphs, each showing the surface of a wre
according to the present invention, in which the wire
surface has a worked surface and depressions forned
therein in a negative direction (toward the center of
mofte mgtaklsolteh respect to the worked surface; 7 -
--------- [0020] FIG 11 is an SEM m crograph, show ng
an i mage for rreasuri_ng? a_ length of a subtense (0
[0Q1Aui Fica 2dliagremumaticaliyrshamsaihenelationdiatween deaipesailieg and
arc (di), in accordance wi th one enbodi nent of the
resent invention; [0021] FIG 12 diagrammtically
sur%v@/t@nswa ofgllements efrangllay; | ength of a subtense (0, a
radius (r) of a wire, an internal angle (0) of a
circle and an apparent length of a circular arc (di);
[0QkB] [ 60228 B aeSschednativd viev shewiBgviransieodrahaivior of a molten
showi ng an i nage before a neasurenent of an actual
| ength of an arc and an i mage after the neasurenent,
metad sipdog iavewgldiegich | mage bei ng obtai ned with an i mage
anal yzi ng system according to one enbodi nent of the
present invention. -
[0016] FIG. 4 is a graph showing the relation between resistivity and melting

rate of a welding wire;

[0017] FIGS. 5 and 6 are SEM micrographs, each showing the surface of a
wire where a worked surface is not existent, in accordance with one
embodiment of the present invention;

[0018] FIGS. 7 and 8 are SEM micrographs, each showing the surface of a
wire which is entirely formed of a worked surface, in accordance with one
embodiment of the present invention;

[0019] FIGS. 9 and 10 are SEM micrographs, each showing the surface of a
wire according to the present invention, in which the wire surface has a worked
surface and depressions formed therein in a negative direction (toward the

center of the wire) with respect to the worked surface;



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0023] Preferred enbodi nents of the present invention
will be described herein belowwth reference to the
acconpanyi ng drawi ngs. [0024] As descri bed above,
unl i ke a copper-plated wire of the conventional
t echnol ogi es, a copper-free wire should have specific
properties on its surface 8 to act as a proxy for a
co er-gl ated layer, coming into stable contact with a
adtdGt i1d. is[ao B M meicregraph, shewingean fimagerfopaneasiging a
on the surface of the wire, the surface of the wire
can be classified into three categories, that is, a
lengthe@f & gublgnse (Bmequitashia ealtulgteran apperant dengih fof eecifcutar arc
the specification, the term"worked surface" neans a
flat portion fornmed on the surface of the wire in the
(di)in acoerdarer with omierarabodimeny ofl thespresent idvenliony, when
viewing an imge of a cross section of the wre at 90
degrees in the longitudinal direction of the wre,
[00Ri]ch FGe 12ndipgraramadigally iskdws, @0 relaties dmoram SkEvgth of a
an irregular surface (M 8) where no worked surface
exi sts, and a conbi ned surface consisting of worked
subiensea s aaradlie () exfsa omise, 0&n tihiernalganglee(li ofegtdieie and an
(toward the center of the wire) with respect to the
wor ked surface formed in the circunferenti al
app#irertlength of a circular arc (di); and

[0

[0022] FIGS. 13 and 14 are SEM micrographs, showing an image before a

measurement of an actual length of an arc and an image after the measurement,

respectively, each image being obtained with an image analyzing system

according to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] Preferred embodiments of the present invention will be described
herein below with reference to the accompanying drawings.
[0024] As described above, unlike a copper-plated wire of the conventional

technologies, a copper-free wire should have specific properties on its surface



[0026] As shown in FIGS. 5 and 6, the irregul ar

surface neans a surface where the worked surface is

not existent. According to the conventiona

technol ogies, the wire has a bore forned on its

surface and bottl eneck-shaped or cave-shaped pits

whose interiors are broader than the bore fornmed on

its 9 cross-sectional surface. However, it

corresponds to the irregular surface according to the
to artyas iar proayi fon aocoRnar-piateseiayer. mpswngdpto plaber pontact with a

Al t hough such an irregul ar surface can offer excellent

anchoring capability of a surface treatnment agent or
confaelifizt i onal coating agent, a stable contact between

the contact tip and the wire is not ensured because of

t he absence of the worked surface and the feedability
[0025k e tTer iropait chebepetife propediesonn ihehsurfaced efdhagwire, the

cabl e during welding increases feeding load. In

addition, since degreasing is not perforned
surigdecef theevive can thieecldssjfied ditadghieeocategorgs, dhat isi adlat surface

drawi ng, the anount of a |ubricant residue is

increased. [0028] In the neantinme, the flat surface as
only henmsistimgFoGe. workad s8irfaney(in dbea sspacification h¢hewdeke d'worked

surface, which ensures a stable contact between the

contact tip and the wire. However, the anchoring
surtametibirieianyg af flathgostio foaned r eat thentsudfgeat obrithe heire in the

functional coating agent is deteriorated, leading to

poor feeclability due to insufficient |ubrication.
circumferential direction by dies upon drawing, when viewing an image of a

cross section of the wire at 80 degrees in the longitudinal direction of the wire,
which the image is magnified 1,000 times by an SEM), an irregular surface (M
rh) where no worked surface exists, and a combined surface consisting of
worked surfaces and depressions of the negative direction (toward the center of
the wire) with respect fo the worked surface formed in the circumferential
direction.

[0026] As shown in FIGS. 5 and 6, the irregular surface means a surface
where the worked surface is not existent. According to the conventional
technologies, the wire has a bore formed on its surface and bottleneck-shaped

or cave-shaped pits whose interiors are broader than the bore formed on its



[0029] On the contrary, as shown in FIGS. 9 and 10,

the conbi ned surface of the wire according to the

present invention has the worked surface, which is

flat in the circunferential direction, and the

depressions fornmed in the negative 10 direction

(toward the center of the wire) with respect to the

wor ked surface, instead of the irregular

cross-sectional surface in _shape of (MB) or (8) at 90
crogageetanalnsemace. oniowayenalt gpiresporsts &@ thee iggular surface

This type of wire surface ensures a stable contact

bet ween the contact tip and the wire during wel di ng
acepndingriothel ekassifisation ef thecpresentripventiono of the tot al

| ength of the worked surface to the neasured |ength

in randomcircunferential direction lies within a
[008 T e Althoagh esuakhiach ircegiden senfaby cardwdtes exeslieat .anchoring

[ 0030] However, nodifying the ratio of the total

l ength of the worked surface to a proper range i s not
capabiily lof teo seifféex treatrhentr agenteort Aduactmnal cohtisgageeat, a stable

formati on during wel ding. Knowi ng that the anount of

spatter formation during welding increases
contadpbetwemmathey contachdipanamdithe ofirea id bt iet@oted becduse of the

however, setting the ratio of the total length of the

wor ked surface to a proper range is not a perfect way
abgemceobf/ ¢he nedrkedssurtdcat addt thet Feedamiitytis adetéherated because

| ubricant residue which varies depending on depth,

vol ume and shape of the depressions. [0031] According
frictti]m witairpa éseding cablenduring wekiing ineeeaesifesdingfioadieinmaddition,

as

since degreasing is not performed effectively in the degreasing process after
final drawing, the amount of a lubricant residue is increased.

[0028] In the meantime, the flat surface as shown in FIGS. 7 and 8 only
consists of the worked surface, which ensures a stable contact between the
contact tip and the wire. However, the anchoring capability of the surface
treatment agent or the functional coating agent is deteriorated, leading to poor
feedability due to insufficient lubrication.

[0029] On the contrary, as shown in FIGS. 9 and 10, the combined surface

of the wire according to the present invention has the worked surface, which is

flat in the circumferential direction, and the depressions formed in the negative

10



t he conbi ned surface consisting of the worked surface
and depressions in the negative direction (toward the
center of the wire) with respect to the worked | |
surface formed in the circunferential direction and
when the ratio of the actual Iength (dr) of a
circular arc to the apparent length (di) of a circular
arc, (dr/di), ranges from1.015 to 1.515, superior
arc stability and excellent weldability can be
direglioa tiewakth &1@ lsentaroRfntheowireh evithu besnash o rthsi wokedssurface,
reduced [0032] Here, the actual length of a circular
arc i s obtained by nmeasuring with the inage anal yzi ng
insteash enthgnirmggtlasicrogsgedtional sudaee in shape of Wi £ or (£4) at 90
corresponds to an area to be neasured on an inmage
whose cross section at 90 degrees with respect to the
degreagi inutenkingitudiset idirection tafethai wizei s Thisgtyrfe ofl viiregorface
times by an SEM (i.e., a sumof the circunferenti al
| ength of depressions fornmed into the surface of the
ensiires aaphbleheontantybhiveden the woniaet! tipuarfdathe wirenduring welding
addition, the apparent length of a circular arc is a
theoretically cal cul ated value of the length of a
and pravidesy a stable are #shendiimgf the totaldahgthi ofehdiveorked suaface to
the limted neasurenent area. This cal cul ation
procedure will be explained later. [0033] In the case
thet mgasutesl temgtio imfrantemacircuahfdremtigl hdicdctiancliesc within ar proper
to the apparent length of a circular arc (dr/di) is
|l ess than 1.015, it is alnost inpossible to achieve
ranga, whizhraalsegqaenthacducesgppttecess and the wire surface
consi sts of

[0030] However, modifying the ratio of the total length of the worked surface
to a proper range is not enough to effectively reduce the amount of spatter
formation during welding. Knowing that the amount of spatter formation during
welding increases proportionally to the amount of a lubricant residue, however,
sefting the ratio of the total length of the worked surface to a proper range is not
a perfect way to solve problems related to the amount of the lubricant residue
which varies depending on depth, volume and shape of the depressions.

[0031] According to the present invention, when the surface of the wire has

the combined surface consisting of the worked surface and depressions in the

negative direction (toward the center of the wire) with respect to the worked

11



al nost entirely of the worked surface |i ke the flat
surface. Wien this occurs, 12 even if a stable
contact between the contact tip and the wire may be
ensured, the anchoring capability of the surface
treatnment agent or the functional coating agent is
deteriorated, |leading to poor feedability due to
insufficient lubrication. Meanwhile, in the case that
the ratio of the actual length of a circular arc to
surfage fosmedriarthe |Icipyierential diredignaandinbendhediafio of dbe astual
1. 515, the cross-sectional surface of the wire
beconmes rough (irregular) and thereby, the anchoring
lengtipds) bf aycirsular faec dorthe epparatength é@eﬁta cisculaparsy e@r/di),
Neverthel ess, a stable contact between the contact
tip and the wire is not ensured due to | ack of the
ranges Keam slul 1% ée 101, tsupefiee debslabilijy asddaweléentr welddbility can
because friction within a feeding cable during
wel di ng i ncreases feeding | oad. [0034] On the other
be hbtaihed &nd tee ampbuot of theHebdeant aésieadg keduiced ci r cul ar
arc to the apparent length of a circular arc (dr/di)
lies within the range of 1.015 to 1.515 as in the
[0Q323s e Mere ntherddtoal, lendih afrapsiscudacaicds abtained dyanedsuring with
wire becones snooth and a sufficient worked surface
is ensured. Moreover, since the volunme of depressions
thedmagespahdimpsysietnan botual ngtikoba cireviar ahewhith corresponds
portion is reduced, the anmpbunt of the | ubricant
residue al so decreases. In this way, a stable contact
to dreamezeto Hehmezsotercdn bndmage witssantroes detiicry at\ed dieqeedsswith

respect to the longitudinal direction of the wire is magnified 1,000 times by an
SEM (i.e., a sum of the circumferential length of depressions formed into the
surface of the wire and the length of the worked surface). In addition, the
apparent length of a circular arc is a theoretically calculated value of the length
of a circular arc corresponding to a real wire diameter at the limited
measurement area. This calculation procedure will be explained later.

[0033] In the case that the ratio of the actual length of a circular arc to the
apparent length of a circular arc (dr/di) is less than 1.015, it is almost impossible
to achieve in the real manufacturing process and the wire surface consists of

almost entirely of the worked surface like the flat surface. When this occurs,

12



13 ensured, the amount of the lubricant residue is
reduced, and the anount of spatter formation can be
reduced substantially. [0035] In the present
i nvention, the anount of the l|ubricant residue was set
to 0.50g9/Wkg or bel ow (weight of the |ubricant
expressed in grans per unit kg of wire nmass). Wen
t he anbunt of the lubricant residue exceeds the
present invention limt 0.509/Wkg, the anopunt of
eveypita siable camliach hetgamtheneontaeigtip endithe vdes awyahe ensured,
t hereby, thereby deteriorating arc stability. [0036]
The lubricant applied during a drawi ng process shoul d
themanahening exapabiipbithel surfagel tosatment lagehtist thir fanictignal coating
process. The degreasing operation is usually done
mechani cally or through al kali sol ution-based
agehdgs eteténorated, leddingrtol padrdedegbibitysdun to TsaifficientniubdEation.
the lubricant residue is affected not only by the
degreasi ng nethod but al so by the shape of depressions
Mebowhide, inrthe dase thaltheaatioalf thbhachial éendthpd @ eitdwar ark to the
the depressions are fornmed deeply or have the
bottl eneck shape or the cave shape, it is very
apphréht dendgthtof aeorsidat bec (Hubi)i earleds[ 08338] the drbes-saskonal
that the ratio of the actual length of a circular arc
to the
surface of the wire becomes rough (irregular) and thereby, the anchoring

capability of the surface treatment agent is improved. Nevertheless, a stable
contact between the contact tip and the wire is not ensured due fo lack of the
worked surface and the feedability is deteriorated because friction within a
feeding cable during welding increases feeding load.

[0034] On the other hand, if the ratio of the actual length of a circular arc to
the apparent length of a circular arc (dr/di} lies within the range of 1.015 to
1.515 as in the present invention, the cross-sectional surface of the wire
becomes smooth and a sufficient worked surface is ensured. Moreover, since
the volume of depressions corresponding to the bottleneck or cave shaped
portion is reduced, the amount of the lubricant residue also decreases. In this

way, a stable contact between the contact tip and the wire during welding is

13



apparent length of a circular arc (dr/di) falls within
the range of 1.015 to 1.515 14 according to the
present invention, it is possible to nmaintain the
amount of the |ubricant residue not higher than
0.50g9/Wkg as set in the present invention. However,
if the ratio of dr/di exceeds 1.515, although the
el ectrolytic degreasing operation may be carried out,
it is still difficult in an in-line systemto |ower
enguied, tmanmouwnt afribel lubricanintesidusi ifusedused, SogNek gmeunt of
bel ow. [0038] Moreover, according to the present
i nvention, the surface of the wire is coated with
spagteg Jormatioroegn/bk sedicedraubstantiaiy. t r eat ment agent .
Here, the surface treatnent agent serves to inpart
stable feedability to the wire, thereby further
[0Q35]anén the aresent itvention, tHeoas@lint 6f thes kibricant Gesiiie whs set
the surface treatnent agent is present per 1 kg of
the wire, sufficient |ubrication cannot be ensured due
to @.500Méelax oebslove{weitbtof thredabritant axprémsedunfgrams per unit kg
treat ment agent, thereby deteriorating the
feedability. On the contrary, if nore than 0.70g of
of wine rsas)adcd'hendhe reenouragefrtheilsbrivaad easidup excéelly tiod present
wre, feedability is deteriorated due to a slip
phenonenon within the feeder section during welding.
invention limit 0.560g/Wekg, the amount of spatter formation during welding is

increased and thereby, thereby deteriorating arc stability.

[0036] The lubricant applied during a drawing process should be removed
completely following the last drawing process. The degreasing operation is
usually done mechanically or through alkali solution-based degreasing or
electrolytic degreasing. The amount of the lubricant residue is affected not only
by the degreasing method but also by the shape of depressions formed into the
surface of the wire. Especially, if the depressions are formed deeply or have
the bottleneck shape or the cave shape, it is very difficult to remove the
tubricant.

[0037] In the case that the ratio of the actual length of a circular arc to the

apparent length of a circular arc (dr/di) falls within the range of 1.015 to 1.515

14



[0040] In accordance with the present invention, the
surface treatnent agent consists of at |east one of
animal oil, vegetable oil, nmineral oil, mxed oil, and
15 synthesized oil. Wen using a powder type surface
treatnment agent, after long periods of welding, the
powdery surface treatnent agent is clogged within a
conduit cable and the contact tip. However, when using
the surface treatnment agent of oil type, the
aceprdingutoaihediresent: invesiinn, dt is pessibladatmaigéain thamnpeunt of the
avoi ded, thereby further stabilizing the arc while
nore effectively suppressing spatter formation.
lubficanat1 fesighla ket bighee rthah L. 809 vkgsas iset iis thetpresanyt inwention.
i nprove arc stability of copper-free wires during
| ow- anper age hi gh-speed wel ding or to achi eve
Howepen Vidtiedalio of di/dhexsddadsi ©Hty, althdugblthée mipatmiicdiagregsing
hi gh- anperage wel ding. Therefore, inventors exam ned
chem cal conponents of the wire to be able to adjust
operatios méyabe carnad ont,ahds stibdiffidulti inyaroin-liree system to lower the
affecting transfer behavior of the wire during
wel di ng. [0042] The copper-free wire for gas shield
amaunt efethdilnlgricamt residse € 0350g/\Wkkg Br beldw.Cu and Fe as
its main ingredient and unavoi dable inpurities. In
order to achieve arc stability during welding, these
[0038ip o Moresvae raecdidingl ésl thenpresdng idveintioh) thieséwface of the wire
inhibiting factors and droplet transfer notivating
factors and Iimts of
is coated with 0.03 — 0.70g9/Wekg of the surface treatment agent. Here, the

surface treatment agent serves to impart stable feedability to the wire, thereby
further enhancing arc stability.

[0039] If less than 0.03g of the surface treatment agent is present per 1kg of
the wire, sufficient lubrication cannot be ensured due to the excessively low
quantity of the surface treatment agent, thereby deteriorating the feedability.
On the contrary, if more than 0.70g of the surface treatment agent is present
per 1kg of wire, feedability is deteriorated due to a slip phenomenon within the
feeder section during welding.

[0040] In accordance with the present invention, the surface treatment agent

consists of at least one of animal oil, vegetable oil, mineral oil, mixed oil, and

15



their ranges were set, respectively. 16 [0043] The
relation between Si, M, P, and 3 as droplet transfer
inhibiting factors, and Cu as notivating factor, was
studi ed. The inventors discovered that arc stability
in | ow anperage short circuit transfer node and
deposition efficiency and nelting rate during
hi gh- anperage wel di ng were i nproved when the ratio of
rétCU/'(Si +Mh+P+S)} x 100 was adjusted to fall within the
syntlegized pilo Viben using. apowdeo dyie sunbaee traatresrragens, affer long
the wire conposition, Cis a main factor of spatter
formati on during welding. Therefore, the inventors
perixts atiweidingbthe pbwdent Burface draatmpob iagieoh is clhoggeidt witlsin a
going to damage arc stability contrarily to the
obj ect of the present invention. [0045] Moreover, to
conduiti cabte anddbsiconbactdipt i Howesgr, ihere usimgatheesurtace fsdatment
formati on substances which | ower the deposition
efficiency during welding were suppressed as nmuch as
agerissfi bil etypg 0 @Heb JadBymtatiorolof ithg  surfgeer tieefmemt Bhent can be
surface of the wire, nanaging the anount of the
| ubricant residue on the wire surface, and limting
avdided, sthefeimefurthee atalsiiting gRe tart avthilee mdrg uéffbctivelyesugphessing
i nventors succeeded to suppress formation of fune,
spatter and slag. Particularly, the inventors tried to
spatieh f@vieation.

[0041] Uniike copper-plated wires, it is not easy to improve arc stability of
copper-free wires during low-amperage high-speed welding or to achieve
improved deposition efficiency and melting rate during high-amperage welding.
Therefore, inventors examined chemical components of the wire to be able to
adjust the surface tension and resistivity of the wire affecting transfer behavior
of the wire during welding.

[0042] The copper-free wire for gas shield arc welding contains C, Si, Mn, P,
S, Cu and Fe as its main ingredient and unavoidable impurities. in order to
achieve arc stability during welding, these components were divided into droplet
transfer inhibiting factors and droplet transfer motivating factors and limits of

their ranges were set, respectively.
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17 excellent arc stability by suppressing Cu content,

adjusting Si and Mh contents through copper-free

wi res, and enhanced the deposition efficiency by

suppressing the funme, spatter and slag formation

subst ances as nmuch as possible. [0047] The foll ow ng

now describes in detail each conponent of the wire and

its role in conposition ratio thereof. [0048] C 0.03

- 0.07 wt% (ratio of weight to total weight of wre)
[0Q43}40[The icdatiom bewvesmt Si,dvinj Rprandi Boas draplétetransfen ditibiting

of the deposited netal. However, if the C content in

the wire increases the spatter formation during
facterbdang Cu@seawtisatingh éactohevd strdient Tre irentdrisadiscovered

0.03 wt% strength of the deposited netal gets weak

too nuch. Meanwhile, when the C content exceeds 0.07
thateit dthilgilitypiat toev-ampemrage ehoducireuit Wahsiengnbde and deposition

increased. [0050] Si: 0.50 - 1.00 w % [0051] Si

i mproves fluidity of the nolten netal and suppresses
effisienepdindgnekting watedd odnd dihsamberaédivelding weire limpfoved when

essential element for ensuring strength of netals and

has a deoxi dizing effect on the nolten netal, thereby
thefratioion CeA Big-MrovP £33 xmI( was adjuted Wl vitren e ROReasTt0.10

is less than 0.50 wt% tensile 18

to 0.80.

[0044] Among the elements of the wire composition, C is a main factor of
spatter formation during welding. Therefore, the inventors excluded carbon
from the wire composition since it is going to damage arc stability contrarily to
the object of the present invention.

[0045] Moreover, to maximize deposition efficiency, fume, spatter and slag
formation substances which lower the deposition efficiency during welding were
suppressed as much as possible.

[0046] By controlling properties of the surface of the wire, managing the
amount of the lubricant residue on the wire surface, and limiting the surface
treatment agent to the liquid state, the inventors succeeded to suppress

formation of fume, spatter and slag. Particularly, the inventors tried to achieve
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strength of the deposited netal and fluidity of the
nmolten netal are reduced. On the other hand, when the
Si content exceeds 1.00 w % beads spread during the
hi gh current wel ding process and fluidity of the
vol unme during welding increases, which |eads to
fluctuation of volunme and unstable arc. [0052]
Vh: 1.10-1. 80w % [ 0053] M1 has a deoxi di zi ng effect
like Si, forms slag on the weld netal, and _inproves
excglpehgithstabilibhey seppressingdCreoatentyadivsting Sixengdvin eentents
is less than 1.10 w% tensile strength and proper
surface tension of the deposited nmetal cannot be
threughur eeppendfrashewseperanthnenhavced tthe Mepositioentefficiency by
exceeds 1.80 wt% the quantity of active oxygen in
the droplet during welding is reduced and surface
suppression e fumee,vepaiier andi slageftsmatiop 09EEtames) a81much as
0.03 W% [0055] P exists in the netal as an inpurity,
and produces a low nelting point conpound and
podsitdeecases hi gh-tenperature crack receptivity. However,
when the P content in the steel is high, surface
tension of the nolten netal is reduced as shown in
[0047] Thelfollaleinginow deseriddsenRetaintact compbrest ¢fithe wire and
0.01 wt% its influence on surface tension of the
droplet during welding is insignificant. On 19 the
its rtidn & cdrapositiow estia thergbfcont ent exceeds 0.03 WM % it
causes hi gh-

[0048] C:0.03 — 0.07 wt% (ratio of weight to total weight of wire)

[0049] Cis an element for improving tensile strength of the deposited metal.

However, if the C content in the wire increases the spatter formation during

welding increases. When the C content is less than 0.03 wi%, strength of the

deposited metal gets weak too much. Meanwhile, when the C content exceeds

0.07 wt%, the spatter formation during welding is increased.

[0050] Si:0.50 —1.00 wt%

[0051] Siimproves fluidity of the moiten metal and suppresses spreading of

welding beads. In addition, Si is an essential element for ensuring strength of

metals and has a deoxidizing effect on the molten metal, thereby forming slag

on the molten metal. When the Si content is less than 0.50 wt%, tensile
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tenperature cracks. [0056] S: 0.01 - 0.03 w % [0057]
Simlar to P, S produces a |low nelting point conpound
and i ncreases high-tenperature crack receptivity.
However, S, together with O and N, is the
representative surface activating el enent, which
| oners surface tension of the nolten netal as shown
in FIG 1. Wen the S content is less than 0.01 w %
its influence on surface tension of the dropl et
strength g theetepogjteidsmietsd imgdifluidityaf. th€@moltememetai@re nedisbed. On
when the S content exceeds 0.03 wt% it causes high-
tenperature cracks. [0058] As shown in FIG 2, the
thet gthiec dland| ament theoBi eontaht excdsrdse1/00wet%, beafiaepread during
tensi on as tenperature goes up. However, when the
surface activating elenent is added thereto, surface
thet highi ourrehie wetding nuoease sarr fpidityi ohéd wolune during welding
tenperature. Thus, a deep penetration should be done
and at the sane tine transfer on the front end of the
incrgases sWwhichdedds fofudtiatairedt vdl e HndunstébleQic- 0. 030
w%20 ---- ------ [0060] Cu exists in the steel as an
impurity. Wen plated on the surface, Cu inproves

[oOSZ2Jduddn:ViL1y —be8@wea% the wire and the contact tip, but
has a role as a

[0053] Mn has a deoxidizing effect like Si, forms slag on the weld metal, and

improves strength of the desposited metal. When the Mn content is less than

1.10 wi%, tensile strength and proper surface tension of the deposited metal

cannot be ensured. On the other hand, when the Mn content exceeds 1.80 wt%,

the quantity of active oxygen in the droplet during welding is reduced and

surface tension of the volume is increased.

[0054] P:0.01~0.03 wt%

[0055] P exists in the metal as an impurity, and produces a low melting point

compound and increases high-temperature crack receptivity. However, when

the P content in the steel is high, surface tension of the molten metal is reduced

as shown in FIG. 1. In detail, when the P content is less than 0.01 wi%, its

influence on surface tension of the droplet during welding is insignificant. On
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surface tension conditioner during welding. Wen the

Cu content is less than 0.003 w% it cannot adjust

surface tension of the droplet during welding. On the

ot her hand, when the Cu content exceeds 0.030 wt %

surface tension increases too nuch and it inhibits

the droplet transfer. [0061] The foll ow ng now

descri bes transfer phenomenon of the nolten netal

during arc welding. As shown in FIG 3, transfer
thepothmot hagd f adterr she | Actentent wxicaeds t @08i wb%( F§) carfseshhigh-

| ow nolten netal, dead load (gravity, FG O dropl et

of the nolten netal, pinch force (FEM in proportion
temperatuee scpokse of  wel ding current. On the ot her hand,

transfer inhibiting factors include arc- carrying

capacity (FB) suppressing the transfer on the front
[0056} ofS: 01 400ps @k% Wi th the use of carbon dioxide

gas, electromagnetic force(FEC;), surface tension

(Fs) of the high nolten netal and the |ike. [0062]
[0087]e 0 Bihilait toeP 'S |prodecdstd Rve nditiey Fbih@c@hhbb[lﬁd &g increases

wel'ding is controlled by the droplet transfer

notivating factor and by resistance heat generated 21
higheéwperatuRe ciicketBgtivityd HBReveNtRGhgbindr wWilltOBhd IN)ds the

rate can be expressed by the Equation 1 below. [0063]

[Equation 1] Melting rate = arc heat + resistance heat

represintativel &liface activating element, which lowers surface tension of the

molten metal as shown in FIG. 1. When the S content is less than 0.01 wt%, its

influence on surface tension of the droplet during welding is insignificant. On

the other hand, when the S content exceeds 0.03 wt%, it causes high-

temperature cracks.

[0058] As shown in FIG. 2, the typical elements of an alloy have lower

surface tension as temperature goes up. However, when the surface activating

element is added thereto, surface tension thereof increases proportionally to

temperature. Thus, a deep penetration should be done and at the same time

transfer on the front end of the wire should be facilitated.

[0059] Cu: 0.003 —0.030 wt%
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current) [0064] The resistance heat increases in
proportion to the square of current provided fromthe
wel di ng power source during are welding and to the
wire extension fromthe contact tip to the wire end.
The Equation 1 can be expressed in terns of
resi stance heat to obtain Equation 2 bel ow. [0065]
[ Equation 2] Resistance heat = alLel2 (where, a:
[0a60)st 4t exitle: invhe stestasrei iompurity. Wéheh plptedionding surface, Cu
[ 0066] Since the resistance heat increases in
proportion to resistivity which is one of intrinsic
improvee cend ctivity betweers thed wire anig thet contact tp,dpjidrasna role as a
that resistivity and resistance heat vary dependi ng
on the kinds of welding wwres and the status of the
surfacef eosidnaganditidrdd. dutind weldingit &8hém¢he Satonmenbit weenhan
resistivity and nelting rate. 22 [0067] Cenerally, in
case of an electrically conductive netal, free
0.06Bagt% obsannot adiastelidhcarisiane bf Wed Yraslet dsring welding. On
tenperature goes up. Naturally, interelectronic
collisions occur frequently and many el ectrons cannot
thenotter agrid, ywhes ateeCaf corttbat exdbéds 10808 Wi%,aBurface tension
increase in resistance and further an increase in
resistivity. Therefore, resistance at the wire end by

incRiaghs tEARIOAtAHEt aitibiteie droplet transfer.

[0061] The following now describes transfer phenomenon of the molten
metal during arc welding. As shown in FIG. 3, transfer promoting factors
include surface tension (Fs) of the low molten metal, dead load (gravity, Fg) of
droplet of the molten metal, pinch force (Fem) in proportion to the square of
welding current. On the other hand, fransfer inhibiting factors include arc-
carrying capacity (Fg) suppressing the transfer on the front end of the droplet
with the use of carbon dioxide gas, electromagnetic force(Fec), surface tension
(Fs) of the high molten metal and the like.

[0062] Moreover, the melting rate of the wire during arc welding is controlled

by the droplet transfer motivating factor and by resistance heat generated
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during welding is greater than resistance at room
tenperature, and it is rather obvious that resistance
at high tenperature is even higher if resistance at
room tenperature is already high. [0068] Accordingly,
to control the surface properties of the wire which
determ ne the quality of the manufacturing processes
and at the same tine to conbine the droplet transfer
motivating factors and the wire nelting rate
betiwgen| iheavire gntlaandihe comlact tiventhsr melting tate caorbe pxpressed
of Si, Mn, P, and S to specific ranges and carried
out optimal experinents repeatedly. Neverthel ess, they
by the Eedatian 1 below. t he typical role of a copper-pl ated
| ayer of the traditional copper- plated wires, i.e.,
adj ust nent of conductivity and surface tension, to the
[006elEatiatem Wi res. Thus, as a conditioner of surface
tension, the ratio of the Cu conponent to the nelting
rate control conmponents Si, Mr, P, and S, ~Cu 23
( Si +MMeHIR) Fate <18@ et +resiagante loedtat bl wbLbl?n t he
range of 0.10 to 0.80. In this manner, the inventors
could notivate the transfer of droplet in | ow
(wherpea dyeosistant, lod:ivire extensios| &waltidg cundnther eby,
facilitated high-speed welding. In addition, the
i nventors could obtain copper-free wires for gas
[00B4 el e msistaviedhegt incteéasessihairoporion tohtiedsquaretof current
transfer during high-anperage welding.

provided from the welding power source during arc welding and to the wire
extension from the contact tip to the wire end. The Equation 1 can be
expressed in terms of resistance heat to obtain Equation 2 below.
[0065] [Equation 2]

Resistance heat = alel®
{where, a: constant, Le: wire extension, |: welding current)
[0066] Since the resistance heat increases in proportion to resistivity which
is one of intrinsic (inherent) properties of an object, it is apparent that resistivity
and resistance heat vary depending on the kinds of welding wires and the
status of the surface layer. FIG. 4 illustrates the relation between resistivity and

melting rate.
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[0069] Here, if the value of {Cu / (S +Mh+P+S)} x 100
is less than 0.10, it neans the denom nat or
(Si +WMn+P+S) content is greater. In other words, steel
contains a |arge anount of inpurities, i.e., P and S,
or a |arge anount of deoxidizers, i.e., Si and M.
When the content of P and S formng a | ownelting
poi nt compound is high, it is difficult to properly
control the surface tension and the risk of
[00RTEr &¢nayally, gh caserpéantalparicallycdonddative:metal, fieegléctrons in
increased. Simlarly, if the content of Si and M1 is
hi gh, the surface tension increases and snooth
thedmegtdl enove acdively as itadempesatuye goks ave dNa{uBaIR)|int@relebteonic
ot her hand, if the value of the ratio exceeds 0.80, it
nmeans the denomni nator (Si+Vh+P+S) content is small or
colligiens ooeurfrequeéntiycamd emdny slecroge canablimov8i gasilythezause of
present invention relates to copper-free wires, the Cu
content 24 in a raw material is very small bel ow the
thapr eTaiselgadieto raandacreasé hie tasistantenand Shabéd amoindp€ase in
great. [0071] Then, one can suspect that the

(Si +Mh+P+5) content is small. If the content of Si
resistigitih Thapelore, esistencieairdavira rerdbg t@fh-ﬁdmﬁ@r@td‘retérc heat
the weld netal is small, it is difficult to obtain

sound wel d portions or a desired strength due to |ack

duriig Wetling & gfsdte P thapP RisKtance aMpb@aviemperalied, SAERGY rather
in the SI  conponent directly involved in bead

spreadibility of the weld netal nmakes the
obvious that resistance at high temperature is even higher if resistance at room

temperature is already high.

[0068] Accordingly, to control the surface properties of the wire which
determine the quality of the manufacturing processes and at the same time to
combine the droplet transfer motivating factors and the wire melting rate
facilitating factors, the inventors limited contents of Si, Mn, P, and S to specific
ranges and carried out optimal experiments repeatedly. Nevertheless, they
failed to impart the typical role of a copper-plated layer of the traditional copper-
plated wires, i.e., adjustment of conductivity and surface tension, to the copper-
free wires. Thus, as a conditioner of surface tension, the ratio of the Cu

component to the melting rate control components Si, Mn, P, and S, {Cu /
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beads of the final weld portions have a convex shape,

whi ch may cause undercut in fillet welding and the

m xed slag during nultilayer welding. [0072] Also, if

the content of P and S, the surface activating

elements, is too little, the surface tension of the

nmolten netal is increased and wires are not easily

nelt in a high-tenperature arc, leading to the

reduction of transfer frequency in short circuit
(SitManPf&)} rolde. whe Gdhagdteteefallr withinythei range g 0.1@ to d.8& In

of ~{Cu /(S +WMn+P+S)l x 100 to the range of 0.10 to

0.80, the inventors could obtain copper-free wires
thisMmahnerx hthki investgrer tould hirgitivatee ede wehlsfbr aft draplstein low-

short circuit transfer conditions and 25 ---------

excel l ent deposition efficiency and high nelting rate
amparigye rshght- airpeit agensfer! tiodg epdditdrebg. faditatdd Tagh-epeed

1 bel ow summari zes the conparison result of

conpositions, ratios of chem cal conposition, i.e.,

weltfdg./ IhSaddioR- e iKvédfdrs Teufebtdifnsospts-fretNdvires for gas
resistivities between copper-plated wires and

copper-free wires. [0075] [Table 1] Divisio Cheni cal
Shl@l@@ﬁ@ﬂ@ Wetdibyt Which @laSlizd 28R ﬁ@?leﬂﬂa\‘lbf&f dufing hiyh-Mhgrage

*Qt hers (Si +Mh+P+ tension

welding.

[0069] Here, if the value of {Cu / (Si+Mn+P+S)} x 100 is less than 0.10, it
means the denominator (Si+Mn+P+S) content is greater. In other words, steel
contains a large amount of impurities, i.e., P and S, or a large amount of
deoxidizers, i.e., Si and Mn. When the content of P and S forming a low-melting
point compound is high, it is difficult to properly control the surface tension and
the risk of generating high-temperature cracks during welding is increased.
Similarly, if the content of Si and Mn is high, the surface tension increases and
smooth droplet transfer is not easily achieved.

[0070] On the other hand, if the value of the ratio exceeds 0.80, it means the

denominator (Si+Mn+P+8) content is small or the numerator Cu content is large

value. Since the present invention relates to copper-free wires, the Cu content
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S)j X100 (10 NNnm) Copper 0.058 0.85 1.54 0.014 0.014
0.160 Bal. 6.62 1050 32.3 -plated Copper 0.050 0.95
1.46 0.013 0.025 0.010 Be[. 0.41 980 33.6 -free
(*O hers: Fe and unavoi dable inpurities) Surface
tension test nethod: I|nagaki (4.3*1*V) / (thickness of
bum t hrough) wel di ng speed) Resistivity nmeasuring
nmet hod: | npressed 100mA to both ends of a test piece
usi ng the 4-point probe nethod. [0076] According to
in a heav redetial is kemnsmall Beldwethk, predptermimeditatevdo e @odontent
copper-free wres have different conponents, different
chem cal conpositions, 26 - -- - --- - _ and different
shaudd het baigreatval ues on their surfaces depending on
whet her they have a copper-plated | ayer. Because of
these differences, the wires exhibit different

[ooﬂd]di Thenpead TanrsUspachiiRe ted eSisMH+P8 ) sohiténtt is FMSAIRT If the
node and different weldabilities under high-anperage

wel di ng condi ti ons.
content of Si and Mn imparting the deoxidation role or strength to the weld

metal is small, it is difficult to obtain sound weld portions or a desired strength
due to lack of the deoxidation operation. Moreover, a deficiency in the Si
component directly involved in bead spreadibility of the weld metal makes the
beads of the final weld portions have a convex shape, which may cause
undercut in fillet welding and the mixed slag during multilayer welding.

[0072] Also, if the content of P and S, the surface activating elements, is too
little, the surface tension of the molten metal is increased and wires are not
easily melt in a high-temperature arc, leading to the reduction of transfer
frequency in short circuit transfer mode.

[0073] Therefore, by limiting the value of {Cu / (Si+Mn+P+S)} x 100 to the
range of 0.10 to 0.80, the inventors could obtain copper-free wires which exhibit

superior high-speed weldability under short circuit transfer conditions and
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[0077] The follow ng now descri bes a schene for

controlling the dr/di value, which exhibits the

surface property of the wire, to fall within the range

of 1.015 to 1.515. [0078] First of all, in order to

secure the worked surface and the ratio of the total

| ength of the worked surface, the roughness prior to

the drawi ng process, that is, the roughness of a rod

injected in the drawi ng process, should be kept to
exagligot- (depopitioor elisienwy( Rag . highi melfing ateacinder digh-amperage

t hrough hydrochloric acid pickling or sulfuric acid

pi ckling, or through the grinding process followed by
weldireg congtitiens.cal descal i ng process. [0079] Next, the

draw ng net hod and the draw ng speed nust be properly

adj usted. Exanpl es of the drawi ng nethod include all
[0074] dTabiend bEDW sunhnaavizes thiet bomphrisars yestle of addnegositions,

dies (CRD), in-line method in conbination of CRD and

DD, and 2-step draw ng nethods inclusive of DID (the
ratips iofrehgmical cdnmaisitioh, i.e SKCo /g8sdvig +eS jectdolagwface tensions

drawing) (SP), DID (the prinmary drawi ng) - wet draw ng

(the secondary drawi ng) (WD), CRD (the primary
andireshdtivities-bebivBen (Coppes platedinirgs dhavdopper-freadwitdd. D (t he

primary drawing) - WD (the secondary draw ng). [0080]

In case of the in-line method the drawi ng speed shoul d

[0O%B] eXTasie 1]

Divisio Chemical components {(wt%) {Cu/ Surface | Resistivity
n C Si Mn P 8 Cu *Others | (Si+Mn+P+ | tension (nC2cm)
S) x 100 (10°
N/}
Copper | 0.058 | 0.85 | 1.54 | 0.014 | 0.014 | 0.160 Bal. 6.62 1050 32.3
-plated
Copper | 0.050 | 0.95 | 146 | 0.013 | 0.025 | 0.010 Bal. 0.41 980 33.6
-free

(*Others: Fe and unavoidable impurities)

e Surface tension test method: Inagaki (4.3*1%V) / (thickness of bum through) *
v welding speed)

¢ Resistivity measuring method: Impressed 100mA to both ends of a test piece
using the 4-point probe method.

[0076] According to the result shown in Table 1, copper-plated wires and

copper-free wires have different components, different chemical compositions,
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I OOOM mn, and in case of the 2-step draw ng nethods,
the higher the primary drawi ng speed, the |ower the
secondary draw ng speed. [0081] Lastly, by properly
managi ng the roughness of a rod, the drawing nethod
and the draw ng speed, the roughness of a finished
wWire should be wthin the range of 0. 10 - 0.25gm
(Ra). [0082] The present invention will be expl ai ned
in nore detail through enbodiments bel ow. [0083]
and aliffercpt sesisbviyuvdlace oo digdinessfases fddpemdirignionhetiethier ehey
obt ai ned by various roughnesses of rods, draw ng
net hods and draw ng speeds. At this time, hole-dies
haver @ osmskripla@ddiayenn Becdule &iRtHeskodiffdrenwesgthd wviksdexhibit
to set the surface roughness of the finished wire
within the range of 0.10 to 0.25] Lm (Ra), the
differsrit aweldiny ipeess B Idweinimstagdoshett beirdutptrahsied . hoe8 and
or below (Ra). 28 Wen the in-line nethod is used,
the drawi ng speed shoul d not exceed 1000n m n,
diffefer Watddbimfe0findetinigh-bifePhdd weltBngBbnaitioh§ie _
conbi nation thereof. In addition, as can be seen in
Tabl e 2, when the 2-step drawi ng nethod was used, if

[ormg PTHEBoYoWingheW deRersled 8l dchehid ot dorgrollingdfefr/di value,
1000 - 1500mM mn and the secondary draw ng Speed was

controlled to be 400n mn or below and if the primary

whigﬂ Zéedtrﬁ]tgtssm%%rfa@el probERY B tthe wWi) 46 faf wiith thelRPGRT &1 No15
to 1.515.

[0078] First of all, in order to secure the worked surface and the ratio of the
total length of the worked surface, the roughness prior to the drawing process,
that is, the roughness of a rod injected in the drawing process, should be kept to
0.40um or below (Ra). This can be achieved through hydrochloric acid pickling
or sulfuric acid pickling, or through the grinding process followed by the
mechanical descaling process.

[0079] Next, the drawing method and the drawing speed must be properly
adjusted. Examples of the drawing method include all dry drawing (DD),
drawing with all cassette roller dies (CRD), in-line method in combination of

CRD and DD, and 2-step drawing methods inclusive of DD (the primary
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secondary draw ng speed was controlled to be 600m m n
or below. In other words, the higher the primary
drawi ng speed, the |lower the secondary drawi ng speed.
Exceptionally, if the primary and secondary draw ng
Speeds are set too |ow, as can be seen in Conparative
Exanpl e 18 where the primary drawi ng speed was set to
500m mi n or bel ow and the secondary draw ng speed was
set to 200m m n or below, the surface roughness after

dramtieg)d+ stinnpagsr(the secoredamp drawingh 68 P), HaD (thelptimarg ¢famying) —
and thus, a proper conbination of the draw ng speeds
is required. [0084] [Table 2] Division urface

wet drayting Jthdsavomiprpedranthd)r (VD) oCRPe fhe (pvimanyndrasuing) — SP
~ace roug~hness 29 before drawing Primary draw ng
Secondary after drawing (SRB)(Vm) (PD) draw ng (SD)

(the¢ SBEYHdRIrp)dr&kinY) Oatd ARID(the FManOd@vingRF BV DGhe? sécdrary
CRD+DD > 1500 - 0.46 CE 3 0.47 > 1500 - 0.45 CE 4
0.41 > 1500 - 0.33

drawing).

[0080] In case of the in-line method the drawing speed shouid not exceed
1000m/min, and in case of the 2-step drawing methods, the higher the primary
drawing speed, the lower the secondary drawing speed.

[0081] Lastly, by properly managing the roughness of a rod, the drawing
method and the drawing speed, the roughness of a finished wire should be
within the range of 0.10 — 0.25um (Ra).

[0082] The present invention will be explained in more detail through
embodiments below.

[0083] Table 2 shows surface roughnesses of the finished wire obtained by
various roughnesses of rods, drawing methods and drawing speeds. At this
time, hole-dies are used in addition to the CRD for drawing. In order to set the
surface roughness of the finished wire within the range of 0.10 to 0.25um (Ra),

the surface roughness of the rod should be kept to 0.40um or below (Ra).
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CE 5 0.35 > 1000-1500 - 0.31 CE 6 0.36 > 1000-1500 -

0.42 CE 7 0.31 > 1000-1500 - 0.27 CE 8 0.40 >

1000- 1500f - 0.37 IE 1 0.32 500-1000 0.21 I1E 2 0.35

500-1000 - 0.25 IE 3 0.33 500-1000 - 0.22 I1E 4 0.34

500-1000 - 0.24 IE S5 0.40 <500 - 0.24 CE 9 0.39 <

500 - 0.19 IEG6 0.37 <500 - 0.20 IE 7 0.29 < 500 -

0.15 CE 10 0.38 DD(PD)+SP(SD), > 1500 > 600 0.35 CE

11 0.35 DD(PD)+WD(SD) > 1500 400-600 0.37 CE 12 0.33
Whenlhitd ifdidedbkibo®ds used Chs8ir8RD(PEBpesd( Shbuid 1A6D exceed

200 0.24 CE 13 0.40 > 1500 < 200 0.25 CE 14 0.42

CRD( PD) +WD( S > 1000- 1500 > 600 0.36 CE 15 0.41 D) >
100000nih > (Hespativd of Gsihg the DD, the CRD or the combination thereof.

In addition, as can be seen in Table 2, when the 2-step drawing method was

used, if the primary drawing speed fell within the range of 1000 — 1500m/min

and the secondary drawing speed was controlied to be 400m/min or below and

if the primary drawing speed fell within the range of 500 ~ 1000m/min and the

secondary drawing speed was controlled to be 600m/min or below. In other

words, the higher the primary drawing speed, the lower the secondary drawing

speed. Exceptionally, if the primary and secondary drawing speeds are set too

low, as can be seen in Comparative Example 18 where the primary drawing

speed was set to 500m/min or below and the secondary drawing speed was set

to 200m/min or below, the surface roughness after the drawing process is not

higher than 0.10um (Ra) and thus, a proper combination of the drawing speeds

is required.

[0084] [Table 2]

Division Surface roughness |Drawing method Drawing speed (m/min) Surface roughness
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E 9 0.35 > 1000- 1500 200-400 0. 22
1000- 1500 200-400 0. 20

0. 15

lE 10 0.37 >
|E 11 0.38 > 1000-1500 < 200
lE 12 0.34 > 1000-1500 < 200 0.22 CE 16 0.46

500- 1000 > 600 0.31 1E 13 0.39 500-1000 400-600 0.21

| E 14 0. 33 500-1000 200-400 0. 24
| E 16 0.34 500-1000 < 200 0.19

200- 400

0. 23

| E 15 0. 39 500-1000

| E 17

0.28 500-1000 < 200 0.16 CE 17 0.37 < 500 > 600 0.27

| E 18 OpedTe draB@0 400- 600 0. ZRimard brawh Cge&gdaj 50@¥ter drawing
200-400 0.18 |IE 20 0.30 < 500 200-40Q 0.2 de 18
0.29 < BBY* 200 0.09 (CE [CVnparat i EEEXERp| ERVVE:
Inventiljon Exanple).. 30 Table |3 bel ow shows the results
ofE heasjur enggt on Phe cross-|seefg onal |surface | ghape
UE Ehc wre at+eCRMr / di ) af th? %btuai tengtihs—of—a
cEF fttar—ar 824 dr)—eRD+Dhe > 150 : 9.4
CE 3 Gar ~ / > 1500 - 0.45
CE 4 0.41 > 1500 - 0.33
CE 5 0.35 > 1000~1500 - 0.31
CE 6 0.36 > 1000~1500 - 0.42
CE 7 0.31 > 1000~1500 - 0.27
CE 8 0.40 > 1000~1500 - 0.37
E1 0.32 500~1000 - 0.21
IE_2 0.35 500~1000 - 0.25
IE_3 0.33 500~1000 - 0.22
IE 4 0.34 500~1000 - 0.24
ES5 0.40 < 500 - 0.24
CE 9 0.39 < 500 - 0.19
IE 6 0.37 < 500 - 0.20
IE 7 0.29 < 500 - 0.15
CE 10 0.38 DD(PD}+SP(SD),| > 1500 > 600 0.35
CE 11 0.35 DD(PD}*WD(SD)|___ > 1500 400~600 0.37
CE 12 0.33 : > 1500 200~400 0.24
IE 8 0.38 CRD(PD}+SP(SD|___ > 1500 < 200 0.24
CE 13 0.40 ) > 1500 <200 0.25
CE_14 0.42 CRD(PD)+WD(S | > 1000~1500| > 600 0.36
CE 15 0.41 D) > 1000~1500| 400~600 0.33
IE 9 0.35 > 1000~1500| 200~400 0.22
IE_10 0.37 > 1000~1500| 200~400 0.20
IE_11 0.38 > 1000~1500| < 200 0.15
IE_12 0.34 > 1000~1500| < 200 0.22
CE 16 0.46 500~1000 > 600 0.31
IE 13 0.39 500~1000 400~600 0.21
IE 14 0.33 500~1000 200~400 0.24
IE 15 0.39 500~1000 200~400 0.23
IE 16 0.34 500~1000 <200 0.19
IE 17 0.28 500~1000 <200 0.16
CE 17 0.37 < 500 > 600 0.27
IE_18 0.37 < 500 400~600 0.25
IE_19 0.32 < 500 200~400 0.18
IE_20 0.30 < 500 200~400 0.24
CE 18 0.29 < 500 < 200 0.09

(CE: Comparative Example , IE: Invention Example)
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apparent lengths of a circular are (di), the amunts
of the lubricant residues, the amounts of surface
treatment agents used, and feedabilities and arc
stabilities of the respective wires. [0085] [Table 3]
Applied amount of Division Cross-sectional A nount of
| ubricant surface treatnent Feedability Arc stability
surface shape dr/di residue(g/ VW - Kg) agent(g/ VW ,
Kg) CEI M15 1.529 0.64 0.33 x x CE 2 1.536 0.66
Talge Pbelow shomvssthe. 1e86it9 o7 iedsodment ordbedcrossseciiors surface
0.24 x x CE 5 1.521 0.57 0.42 LI x CE 6 1.541 0.72
0.02 x x CE 7 1.516 0.55 0.35 0 x CE 8 1.533 0.68
shape0af thexwire Fratiol(ds/th) of e actGsl lengthsl & 2 circdlad adc &r) to the
0.70 00 IE 3 1.467 0.44 0.45 00 IE 4 1-415 0.41
0.37 00
apparent lengths of a circular arc (di), the amounts of the lubricant residues, the

amounts of surface treatment agents used, and feedabilities and arc stabilities

of the respective wires.

[0085] [Table 3]

Applied amount of
Cross-sectional fmount of lubricant
Division , urface reatment Feedability Arc stability
surface shape drfdi residue(@W  Kg) E
gent{g/W - Kg)}
CE 1 M 1.529 0.64 0.33 X X
CE 2 EIFL 1.536 0.66 0.12 X X
CE 3 My 1.545 0.75 0.03 X X
CE 4 P 1.519 0.52 0.24 X X
CE 5 M 1.521 0.57 0.42 0 X
CE 6 LIfL 1.541 0.72 0.02 X X
CE 7 M 1.516 0.55 0.35 1 X
CE 8 (LI 1.533 0.68 0.01 X X
IE 1 L 1.515 0.49 0.56 0 0
IE 2 M 1.479 0.50 0.70 0 0
IE 3 M 1.467 0.44 0.45 0 0
IE 4 M 1.415 0.41 0.37 0 0
IE 5 M 1.366 0.42 0.22 0 0
CEQ M 1.295 0.37 0.75 (] o]
IE 6 M 1.325 0.35 0.15 0 0
IE 7 L 1.221 0.34 0.09 0 0
CE 10 M 1.558 0.82 0.21 X X
CE 11 DL 1.524 0.71 0.35 X X
CE 12 L 1518 0.54 0.41 0 X
IE 8 M 1.154 0.31 0.31 0 e}
CE 13 M 1.517 0.53 0.52 0 X
CE 14 MY 1.602 0.85 0.33 X X
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I[T1E 5 1.366 0.42 0.22 0 0 CE9 1.295 0.37 0.75 11 0

IE 6 1.325 0.35 0.15 0 0
10 1.558 0.82
12 1.518 0.54
13 1.517 0.53

CE 15 1.534 0.
1E 10 1.289 0.

0.21
0.41
0.52
61 0
39 0

X X
0 x
0 x

.34 X X

IE 7 1.221 0.34 0.09 0 0O CE
CE 11 1.524 0.71 0.35 X X
IE 8 1.154 0.31 0.31 0 O CE
ClE 14 1.602 0.85 0.33 X X 31
1E 9 1.181 0.38 0.47 0 O

CE

.61 0 0 _1E 11 1.023 0.30 0.03 0 0

celfs (12 #1810 0. 3830.11 0dx1 CE 16 1.5E8 0.52 0.45 x| X x
15 (13 1016 0.28,,0. 64 0 [, 1E 14 1. Q27 0.3 0.55 0] 0 4
IE 10 M 1.289 0.39 0.61 o o
IE 11 0 1.023 0.30 0.03 0 o
IE 12 M 1.310 0.33 0.11 o o
CE 16 M & 1.518 0.52 0.45 X X
E13 L 1.016 0.28 0.64 0 0
iE 14 o 1.027 0.36 0.55 o) o
IE 15 ) 1.382 0.42 0.28 0 0
IE 16 M 1.021 0.33 0.42 0 0
IE 17 W 1.261 0.29 0.18 o) o
CE 17 i 1.519 0.54 0.54 X X
IE 18 M 1.026 0.21 0.38 0 0
IE 19 o 1.015 0.28 0.05 0 )
IE 20 [ 1.018 0.32 0.07 0 o)
CE1g | [atsurface |, o4 0.09 0.20 5 o

IE: Invention Example, CE: Comparative Example

The cross-sectional surface shape of the wire was taken from an image of the

cross section of the wire at 20 degrees in the longitudinal direction of the wire,

which is magnified 1,000 times in the SEM micrograph, wherein the mark ([Xd4)

indicates an irregular surface having no worked surface, the mark {(( Y1)

indicates a combined surface of the present invention, which consists of a

worked surface and depressions of the negative direction (toward the center of

the wire) with respect to the worked surface formed in the circumferential

direction, and the FS indicates a flat surface only consisting of a worked surface.
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1E 15 1.382 0.42 0.28 0 0 1E 16 1.021 0.33 0.42 00
1E 17 1.261 0.29 0.18 0 0 CE 17 1.519 0.54 0.54 X x
1E 18 1.026 0.21 0.38 0 0 1E 19 1.015 0.28 0.05 0 O
1E 20 1.018 0.32 0.07 0 O CE 18 Flat surface 1.013
0.09 0.20 0O I1E Invention Exanple, CE Conparative
Exanpl e The cross-sectional surface shape of the wire
was taken froman inage of the cross section of the
wire at 90 degrees in the |ongitudinal direction of
Astdam e rseen inhialhiei 3 timegeorbieed 15w0kRet ol present irSEkition is
m cr ogr aph, wherein the mark (MB) indicates an
i rregul ar surface having no worked surface, the nmark
obta{ned Wwhen ribie carfase aoughbesse df the fimished fwitdhanmumesthet wires of
i nvention, which consists of a worked surface and
depressions of the negative direction (toward the
Talvler#t faills efithirt the range)of \OL.10to @26ant (Ra). t he wor ked
surface formed in the circunferential direction, and
the FS indicates a flat surface only consisting of a

[0088k ed heufollawing nGw dsscribas ivvs &8 méasuf@lhe ratio fighe actual
conbi ned surface of the present invention is

length (dr) of a circular arc to the apparent length (di) of a circular arc, (dr/di).
[0087] First of all, the actual length of a circular length (dr) to be measured
using an image analyzing system (Image-pro plus 4.5, Media cybernetics) at the
magnification of x1,000. Here, the actual length of a circular arc obtained with
the image analyzing system corresponds to a sum of the circumferential length
of depressions formed into the wire surface and the length of the worked
surface.

[0088] FIGS. 13 and 14 are SEM micrographs, showing an image before the
measurement of the actual length of a circular arc and an image after the
measurement, respectively. To calculate the apparent length of a circular arc
(di), a length of a subtense (f} at the limited measurement area of the wire was

measured using the image analyzing system at the magnification of x1,000.

FIG. 11 is a picture showing such image required for calculating the apparent
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obt ai ned when the surface roughness of the finished
wWire anong the wires of Table 2 falls within the
range of 0.10 to 0.25(err)m (Ra). [0086] The foll ow ng
now descri bes how to neasure the ratio of the actual

l ength (dr) of a circular arc to the apparent |ength
(di) of a circular arc, (dr/di). [00871 First of all,
the actual length of a circular length (dr) to be
measured wusing an image anal yzi ng system (Il nage-pro

lengtruef 4.dirculdedira (diy.b @moet theslength ohihe seedende ewaisi abtaioked, as

x1, 000. Here, the actual length of a circular arc
obtained with the inmage anal yzi ng system corresponds

shdwen én §lG1 62, tHeeintérmabiahglean) betwean didradifis ¢ wrfeRs ivwins and
formed into the wire surface and the length of the
wor ked surface. [0088] FIGS. 13 and 14 are SEM

thensaitegsapas, be healcuigteanby rmgﬁyiub?fthe erijbeomewis furefent The
of the actual length of a circular arc and an i nage
after the neasurenent, respectively. To calculate the

appareat Rrgth engt biraflatad (diykaualgre thediadiusa(r) endrd wife R the

subtense (0 at the limted neasurenent area of the
wire was neasured using the inage anal yzi ng system at

intdrigl am@8i(H) 6PHeoErd. X off} - worls Gheldpparedt @ng{ewwa circular

showi ng such inmage required for calculating t
apparent 33 length of a circular arc (di). Once the

arcl (@Nddh 158 célh@lafﬁéﬂmﬁiﬂ?gh%’g?di%t(ﬁ)id’fQHe vife olStAMMY ﬂ)%“n?}g@uring

12, the internal ang between the radius (r
the wire and

the real wire diameter.

[0089] Actual measurement using the image analyzing system was
performed as described below.

[0090] First, finished wire samples were extracted, and removed of
contaminants on the surface thereof through ultrasonic cleaning in an organic
solvent. The wire samples were heated to 400°C for 2 - 3 hours, thereby
forming an oxidized thin film on the surface of the wire samples. Subsequently,
each of the wire samples having the oxidized thin film thereon was subjected to
a mounting process using a thermosetting resin at 90 degrees vertically in the
longitudinal direction of the wire, followed by polishing the wire samples.

Finally, the polished cross section of each wire was observed using back
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t he subtense can be cal cul ated by applying the

trigononetric function. The apparent |ength of a

circular arc (di) equals to the radius (r) of the wire

x the internal angle (0) of the circle. In other

wor ds, the apparent length of a circular arc (di) can

be cal culated using the radius (r) of the wire

obtai ned by neasuring the real wire dianmeter. [0089]

Actual neasurenent using the inage anal yzi ng system
scatbesingpaletioome df e SEMr alxk thdapparent 08/8fth dfia sircular arc and

finished wire sanples were extracted, and renoved of

contami nants on the surface thereof through ultrasonic
thecaetanl femgtm ofira oirgadlar arc swreantasdred wsing tharplage awdlgzing

heated to 400'C for 2 - 3 hours, thereby form ng an

oxidized thin filmon the surface of the wire sanples.
systorste patnilatg the daidhvallie! e thik tiens ah® ngsgrifodtiod wdex1,000.

oxidized thin fil mthereon was subjected to a

mounting process using a thernosetting resin at 90
[0OBT) edseastirément bY the dpbfed lapmslirt Ush thal sudcectré@imarit agent

the wire, followed by polishing the wire sanpl es.

Finally, the polished cross section of each wire was
wafksafarsutusd fodowack 34 scattering el ectrons of the

SEM and the apparent |length of a circular arc and

the actual length of a circular arc were neasured
00929 1t P?e'éfﬁ%e hPR haisd 8RAGhGE LU @ridhe weight of
[ %Igrn/};l val u%. ta?\nhli%lsyﬁﬁrr%, thﬁeEd rragnglﬁfi cation was ght0

x1, 000.

50 - 80g.

[0093] 2. Preparing a solvent, CCl, of 150 ml, in a beaker.

[0094] 3. Measuring the weight (Wb) of the wire sample before degreasing
on 19/10,000 scales.

[0095] 4. Inputting the wire sample into the beaker containing CCls, and
degreasing of surface treatment oil from the wire sample for 10 minutes while
stirring the wire samples two or three times.

[0096] 5. Drying the degreased wire sample for 10 minutes within a dry
oven, and cooling the wire sample to room temperature in a desiccator.

[0097] 6. Measuring the weight (Wa) of the wire sample after degreasing on

1 g/10,000 scales.
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[0091] Measurenent of the applied anmobunt of the
surface treatnent agent was carried out as foll ows:
[0092] 1. Preparing a wire sanple having a length of 4
- 6cmand a weight of 50 - 80g. [0093] 2. Preparing a
solvent, CCl4 O 150 m, in a beaker. [0094] 3.
Measuring the weight (W) of the wire sanple before
degreasing on 1g/ 10,000 scales. [0095] 4. Inputting
the wire sanple into the beaker containing CO4, and
[0QR8] esi Galcytatisgr thec epplieshtamountodi the swfene teatment agent
sanple for 10 mnutes while stirring the wire sanples
two or three tines. [0096] 5. Drying the degreased
basgd en seeasiused yalues afWhead Wiatadcording ty theofolawirgnBquation 3.
cooling the wire sanple to roomtenperature in a
desi ccator. [0097] 6. Measuring the weight (W) of the
[0099k d{aapatioredl er degreasing on 1 g/1 0,000 scal es.
35 10098] 7. Calculating the applied anount of the
surface treatnment agent based on neasured val ues of
W andppliedc aowmdinhgot csurfaeef tebtmenty dggntt (gdV ) = {(Wb -
[0099] [Equation 3] Applied anount of surface
treatment agent (g/Wkg) = {(W -
Wa)/Wa} x 1000

[00100] Measurement of the amount of lubricant residue on the surface of the
wire was carried out as follows:

[00101] 1. Carrying out the same procedure with the 1 — 6 steps used in the
measurement of the applied amount of the surface treatment agent.

[00102] 2. Designating the weight (Wa) of the 6 step as the weight (Wb').
[00103] 3. Depositing the wire sample for 20 minutes in 5% anhydrous
chromic acid (CrOs) maintained at 70°C.

[00104] 4. Washing the degreased wire sample with boiled water and then
alcohol.

[00105] 5. Drying the wire sample washed with alcohol for 10 minutes within

a dry oven, and cooling it to room temperature in a desiccator.
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Wa) / WA} x 1000 [00100] Measurenent of the anount of

| ubricant residue on the surface of the wre was

carried out as follows: [00101] 1. Carrying out the

same procedure with the I - 6 steps used in the

measur enent of the applied anmount of the surface

treatnment agent. [00102] 2. Designating the weight

(Wa) of the 6 step as the weight (W'). [00103] 3.

Depositing the wire sanple for 20 mnutes in 5%
[0(bl£§hrﬁou|§|ea§ﬂiﬂifmﬁhﬁ weight (Wad 3 thewinessareplezafter glegreasing on

[00104] 4. Washing the degreased wire sanple with

boil ed water and then alcohol. [00105] 5. Drying the
1 oM 3,808 snplee. washed with al cohol for 10 minutes within

a dry oven, and cooling it to roomtenperature in a

desiccator. 36 ---------- [00106] 6. Measuring the
[OQEOTht7. Cadcylatirig tHeeambuet afahpllebridant residge basédgnaneasired

g/ 10, 000 scal es. [00107] 7. Calculating the anount of

the lubricant residue based on neasured values of W'
valaes of b’ and Wdi axpardingtie thefdllowimpERqatidn dn 4. [ 00108]

[ Equati on 4]

[00108] [Equation 4]

Amount of lubricant residue (g/W.kg) = {{(Wb' - Wa")/Wa"} x 1000
[00109] The following now describes a method of evaluating the arc stability
and the feedability.
[00110] Table 4 shows the welding conditions for evaluating the arc stability,
in which a straight feeding cable having a length of 3m was used for evaluating

the arc stability.

[00111] [Table 4]

Welding conditions for evaluation of arc stability Welding position
Current {A) : 210 Voltage (V) : 23 Bead on plate
Speed (cm/min) : 120 Welding fime (sec): 12
Shielding gas: 100% CO; Gas flow rate (/min) : 20

[00112] According to the arc stability evaluation results, when the weight of

spatters having a particle size of 1mm or greater exceeds 1.6(%) or when the

ratio(%) of the total weight of spatters with respect to the total weight of the
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Amount of lubricant residue (g/Wkg) = {(W'-W'")/ W'}
x 1000 [00109] The foll ow ng now descri bes a nethod
of evaluating the arc stability and the feedability.
[00110] Table 4 shows the wel ding conditions for
evaluating the arc stability, in which a straight
feeding cable having a | ength of 3mwas used for
evaluating the arc stability. [00111] [Table 4]
Vel di ng conditions for evaluation of arc stability
depugiigdryeiad exceeds 9Ca). thatarg Ajahility WasVeigasded toipe podB which
Bead on plate Speed (cmimn): 120 Welding tine (sec):
12 Shielding gas: 100% C02 Gas flow rate (1/min) : 20
is ihdEatel "“Acivothe tadple, canich evhencthet wieight tof theadpedter as below the
results, when the weight of spatters having a
particle size of | mmor greater exceeds 1.6(% or
valubars mastionad alogve, tioé ardetabiiityvasaeghtdenf todpatkesitent, which
with respect to the total weight of the 37 deposited
netal exceeds 9(%, the arc stability was regarded to
is ibdicpiedr"O™ihithd tabls. Widés ased forcvaluatingethb at etabiling were JIS
when the weight of the spatter is below the value as
menti oned above, the arc stability was regarded to be

Z 3ieerGein 2 (ANSAS ISSERTIB@£Emn®” in the table. Wres
used for evaluating the arc stability were JIS

[00113] Table 5 shows the welding conditions for evaluating the feedability, in
which a new feeding cable having a length of 5m and wound two times (ring

shape) to have a diameter of 300mm was used for evaluating the feedability.

[00114] [Table 5]

Welding conditions for evaluation of feedability Welding position

Current (A) : 420 Voltage (V) : 44 Bead on plate ,
Speed (cm/min) : 50 Welding time (sec) : - Zigzag weaving
Shielding gas: 100% CO; Gas flow rate (Ifmin} ; 20

[00115] According to the result of evaluation for the feedability, when a

continuous welding time was shorter than 80sec, feeding was not smoothly

performed, resulting in failure of welding, and the feedability was regarded to be

poor, which is indicated "X" in the table. Meanwhile, when the continuous

welding time was 100sec or longer, the feedability was regarded to be excellent,

which is indicated "O" in the table. Lastly, when the continuous welding time is
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Z 3312 YGWN 12 (AWS A5. 18 ER70S-6) 1.2nm [00113] Table
5 shows the wel ding conditions for evaluating the
feedability, in which a new feeding cable having a

| ength of 5m and wound two tines (ring shape) to have
a diameter of 300mm was used for evaluating the
feedability. [00114] [Table 5] Wl ding conditions for
eval uati on of feedabi ity Welding position Current

(A : 420 Volta . 44 Bead on plate, Speed
Ti@nﬁﬁ'i‘iﬂiﬁ\)Of 8050 ng‘@@ ngheifeedakjlily)was re%"@@d@p weavirmgl, which
Shi el ding gas: 100% C02 Gas flowrate (I/mn) : 20
[00115] According to the result of evaluation for the

is indicatdsl 14" ip, thetableaWiremuserl tarsevatlatinggthei feedalaitity were also
shorter than 80sec, feeding was not snoothly

perfornmed, resulting in failure of welding, and the

JIS‘%@&&BNGV\MB\/&%W&@&H&ERV@SE@ 1.poom, which is
i ndicated "x" in the table. Meanwhile, when the
conti nuous welding tinme was 100sec or |onger, the

[COERGRKilthoughvihe wirgarued far the examplenf,thewiesbni vention
indicated "0" in the table. Lastly, when the
continuous welding time is 38 in the range of

weBDJIB0ASISd 2 YGRV T2 00WS ABI18 BRI0Segjat.datint, JISGwar 1hl 14, 15,
which is indicated "A" in the table. Wres used for
eval uating the feedability were also JIS Z 3312 YGW

16,118 4riy\B1 AlirdBalsRitid&] tHe Samdresults.

[00117] As can be seen in Table 3, Comparative Examples 1 — 3, 4, 10, 11,
14, 15, 16 and 17 (including a high speed drawing condition of the secondary
drawing) have surface shapes of ([Y1{4) on the cross section of the wire due to
high speed drawing, thereby resulting in poor feedability and arc stability even
with a proper amount of the surface treatment agent within the range of the
present invention. In addition, as the ratio dr/di exceeds the set range of the
present invention, the amount of the lubricant residue exceeded its range and
the amount of spatter formation was increased. This has led to an unstable arc.
Comparative Examples 5, 7, 12, and 13 have surface shapes of (M) on the
cross section of the wire according to stable drawing conditions and proper

amounts of the surface treatment agent within the range of the present
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[00116] Al though the wires used for the exanple of the
present invention were JIS Z 3312 YGM2 (AWS A5. 18
ER70S-6) 1.2 mm AS YGW 11, 14,15, 16, 18 and 21
wires also yielded the sanme results. [00117] As can be
seen in Table 3, Conparative Exanples 1 - 3, 4, 10,
11, 14, 15, 16 and 17 (including a high speed draw ng
condition of the secondary draw ng) have surface
. shapes of (M8) on the cross section of the wre due
invegtiomiweres peptiedirtharatg, #Aibouph mesginallngaod feedability was
feedability and arc stability even wth a proper
anmount of the surface treatnent agent within the range
engifred his thig ovayntthentatiot dudi exeeadid the rset asngeeofr titd present
dr/di exceeds the set range of the present invention,
the anobunt of the |ubricant residue exceeded its range
invaniipn.t Adahim ecavte sheret ae manyesthen swdacesexaapd die worked
This has led to an unstable arc. Conparative Exanpl es
5, 7, 12, and 13 have surface shapes of (M on the
surtaces she eontanh beftwebe the roentant dipdand the veitealdugng vesiding was
condi tions and proper anmounts of the surface
treatnment agent within the range of the present 39
noti stablet arehatheesang ltines tHehameuat of\spdtterdbrmaticn wakliycreased
good feedability was ensured in this way, the ratio
dr/di exceeded the set range of the present
due o ¢ing imoreadddn thes aniot s ehé Helbricamt eesidoy durlrey the drawing
surfaces except the worked surface, the contact
bet ween the contact tip and the wire during wel ding

provess.

[00118] Particularly, in case of Comparative Examples 5, 7, 12, and 13, even
though the surface roughnesses of the wire before or after drawing were
secured within the range of the present invention, since the drawing rates were
not appropriately controlled, the ratios of dr/di exceeded the range of the
present invention. Comparative Examples 6 and 8 has a surface shape of ([ (%
) on the cross section of the wire due to a high speed drawing and at the same
time the amount of the surface treatment agent applied thereto deviated from
the range of the present invention, thereby resulting in poor feedability and

inferior arc stability. As the ratio dr/di exceeded the set range of the present
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not stable and at the sanme tine the anmount of spatter
formati on was increased due to the increase in the
anmount of the |ubricant residue during the draw ng
process. [00118] Particularly, in case of Conparative
Exanples 5, 7, 12, and 13, even though the surface
roughnesses of the wire before or after drawi ng were
secured within the range of the present invention,
since the drawing rates were not appropriately

Inveglien.dhe eanowniof saattes f@mnaiwaéi@@é@é@ytiweaaﬁ@ glugfto the
the present invention. Conparative Exanples 6 and 8

. _has a surface shaPe of (M8 ) on the cross section of

'ncf%e\/tﬂr“éeéﬂplt%oéhﬂ@h"@@@d@s@ﬂéw ng and at the sane
time the anount of the surface treatnent agent applied
thereto deviated from the range of the present

[00}18hiGasnparnative fbxampleud thasgai surfaser shame abi([4) pnathe cross
inferior arc stability. As the ratio dr/di exceeded
the set range of the present 40 invention, the anount

SthIOnsQfathe ayires acmdir@ntovﬁsbleeyammcdnydltlms and af thkisame time
the increase in the anount of the |ubricant residue.
[00119] Conparative Exanple 9 has a surface shape of

the( radicodr/dhand the eamaurttdfdhe diibriidemt wesiduadieowithingheaanges of
stable drawi ng conditions and at the sane tine the
radio dr/di and the anount of the l|ubricant residue

the| ipsesénthinvenbieny dhgebyofexhibitngorspenior i arcerstallity. However,
t hereby exhibiting superior arc stability. However,

because the amount of the surface treatment agent exceeded the range of the
present invention, the wire slip problem occurred in feeder sections upon
welding, and thus the feedability was not secured. Comparative Example 18
has a flat surface on the cross section of the wire, the contact between the
contact tip and the wire during welding was stable and arc stability was secured.
Although the applied amount of the surface treatment agent was also within the
range of the present invention, however, due to the flat surfaces on the cross
section of the wires, the wire slipped in the feeder sections upon welding,
leading to poor feedability.

[00120] Meanwhile, by optimally adjusting the surface roughness before

drawing, the drawing method, the drawing rate, and the surface roughness after
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because the anpbunt of the surface treatnent agent
exceeded the range of the present invention, the wire
slip problemoccurred in feeder sections upon
wel di ng, and thus the feedability was not secured.
Conparative Exanple 18 has a flat surface on the
cross section of the wire, the contact between the
contact tip and the wire during welding was stabl e and
arc stability was secured. Although the applied )
drayyipgnwithin their Jespertivet Frandasef theedresent Kvesntion.t vention
the range of the present invention, however, due to
the flat surfaces on the cross section of the wres,
Examplesi T e 2 cpplddhave thee stdack shapes ( Bhsinupemagaitisie ntirection
| eading to poor feedability. [00120] Meanwhil e, by
optimal |y adjusting the surface roughness before
(fowawdihegcentaeotiingwving) with mespedt he thie seirked safage, andl thegatio
surface roughness after 41 drawing within their
respective ranges of the present invention, Invention
(dridijapipthesactual lRogtivof d dimutartare tothé sappasentpengihy( eff a)gircular
in the negative direction (toward the center of the
wire) wwth respect to the worked surface, and the
arcriglieccontaiedity felf withia the trange beihgt preséniineentior. aAdditionally,
to the apparent length of a circular arc were
controlled to fell within the range of the present
thei ameuntsaf.thadubricamt aé sigues Weee asouwithinothetraage Wthe anésent
resi dues were also within the range of the present
i nvention, which in turn reduced the anount of spatter
inveetivar, athichnin turn reduced the amount of spatter generation.

[00121] In addition, the applied amount of the surface treatment agent was
adjusted to fall within the range of 0.03 fo 0.70g/Wekg, thereby satisfying both
feedability and arc stability.

[00122] The following now describes an embodiment for securing copper-free
wires, which exhibit a superior high-speed weldability even in low-amperage
short circuit transfer mode and excellent deposition efficiency and high melting
rate under high-current welding conditions.

[00123] As explained so far, the amount of fume, spatter and slag formation
could be suppressed by properly controlling the surface properties of the wire,

by managing the amount of the lubricant residue on the wire surface and by
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[00121] In addition, the applied amount of the surface

treatnment agent was adjusted to fall within the range

of 0.03 to 0.70g9/WKkg, thereby satisfying both

feedability and arc stability. [00122] The foll ow ng

now descri bes an enbodi nent for securing copper-free

w res, which exhibit a superior high-speed weldability

even in | ow anperage short circuit transfer node and

excel | ent deposition efficiency and higP nmelting rate
apRiyigr ORiYg < lerkhsuare; irgatmsaiti e9eiils. oo s2p]e Agsults were

expl ained so far, the anount of fune, spatter and sl ag

formation could be suppressed by properly controlling
obtafniedshiy suRrepsing dhe Cascarttenty éhatiis.cising gopperfieayireheand by

amount of the lubricant residue on the wire surface

and b¥ 42 applying only the liquid surface treatnent
adjugling thergempariion«d Bitandbinecontants tleereby imppovieg siepgsition

the Cu content, that is, using copper-free wires, and

by adjusting the conposition of Si and M contents,
efficieaerby Ths: olhien @birate soft then presentciieventionTese atiained by

obj ects of the present invention were attained by

inproving the nelting rate through the adjustnent of
impravingdhe neeltipo metet threurgh thecmjostiment of tthemicd| casndnemts and

in Table 6 below. [001241 [Table 6]

composition thereof as shown in Table 6 below.

[00124] [Table 6]

IChemical component JDGPOSW
Surface Resistivi Melting
Division {CulSi+ dr tension(10 " rate(g/mi
Others (Mn+P+3)X / y(HCem) bfficiene
C Si [ Mn P S Cu 100 di ™ Nfm) n)
(%)
IE 1 0.050 [0.95]1.46|0.013[{0.025/0.010| Bal. 0.41 1.020 980 33.6 | 98.8 129
IE 2 0.080 [0.89!1.47|0.014|0.010{0.010! Bal. 0.42 1.018 1020 334 | 98.5 125
IE 3 0.055 10.91,1.4310.010]0.022|0.010! Bal. 0.42 1.325 1010 34.1 | 98.8 127
IE 4 0.061 10.87(1.48{0.013]|0.013|0.007| Bal. .29 1.231 1015 333 | 98.7 126
IE 5 0.060 [0.96]1.46|0.011/0.015/0.004| Bal. 0.16 1.450 990 339 | 988 129
IES 0.066 ;0.8211.48|0.010/0.013{0.012| Bal. 0.52 1.501 1005 341 | 986 | 124
IE7 0.051 {0.76{1.53|0.016|0.019|0.017| Bal. 0.73 1.025 1017 33.1 [ 985 123
IE 8 0.058 10.79|1.57|0.016|0.011|0.013] Bal. 0.54 1.510 997 343 [ 98.7 128
iE 9 0.071 10.61]1.25{0.014|0.010[0.005| Bal. 0.27 1.380 1002 338 | 986 124
IE 10 0.074 10.5811.19|0.012|0.016/0.014| Bal. 0.78 1.490 1015 341 | 985 121
CE 0.066 |0.85;1.42(0.011{0.008/0.180| Bal. 7.86 1.005 1100 318 | 983 115
CE 2 0.050 |0.95|1.46|0.013(0.015]/0.160! Bal. 6.56 1.010 1080 32.1 | 984 ; 115
CE3 0.068 [0.85]1.54|0.014(0.014(0.160] Bal. 6.62 1.011 1050 323 | 98.3 116
CE4 0.058 (0.79]1.57|0.01610.011[0.200| Bal. 8.38 1.009 1105 32.0 | 98.2 113
CES 0.071 10.6111.25|0.014:0.010/0.210| Bal. 11.15 1.007 1075 31.9 | 98.1 117
CE 6 0.065 |0,66{1.23/0.014(/0.011{0.007| Bal. 0.37 1.010 1020 333 | 984 118
CE 7 0.051 [0.89]1.4410.012(0.022|0.007| Bal. 0.30 1.570 1010 345 | 93.2 117
CE 8 0.038 |10.74]1.58{0.012|0.008(0.008{ Bal. 0.34 1.630 1024 348 | 983 11¢
CE 9 0.071 {0.91(1.49|0.011]0.011/0.038| Bal. 1.57 1.550 1035 33.9 [ 981 119
CE 10 0.074 [0.86]1.49(0.006|0.009/0.036| Bal. 1.52 1.320 1040 33.3 [ 984 114

*Others: Fe and unavoidable impurities
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Chem cal conponent Depositi Surface ResisWil Melflng

Division (Cu/(Si+ dr tension(10 on rate(g/mi thers

M+P+S) I X Y(PQVW efficienc M1 P S Cu 100 d! 3 Nm n)

Tcs i YMIE 1 0.050 10.9511.46 0.013 0.025 0.010 Bal.

0.41 1.020 980 33.6 98.8 129 1E2 0.080 0.89 1.47

0.014 0.010 0.010 Bal. 0.42 1.018 1020 1 33.4 98.5 125

IE 3 0.055 0.91 1.43 0.010 0.02210.010 Bal. 0.42 1

1.325 1010 34.1 98.8 127 |1E4 0.061 0.87 1.48 0.013
[0Q123p Welltw Banditiong Jou masurings>dgosdtias efficla®y andSmelting

0.060 0.96 1.46 0.011 0.015 0.004 Bal. 0.16 1.450 990

33.9 98.8 129 |E6 0.066 0.82 1.48 0.010 0.013 0.012
rat@agre tluskatedson Tabks 73belbwosartd 1hd ddpdsitioh. efitidhcy6and the

1.53 0.016.0.019 0.017 Bal. 0.73 1.025 1017 33.1 98.5

1, 23 IE 8 0.058 0.79 1.57 0.01610.011 0.013 Bal. 0.54
meltirgli@td oers daBulBed iMlacchrd dfcOwith ERHLLONS E dnd26 28 .folldvs:

0.010 0.005 Bal. 0.27 1.380 1002 33.8 98.6 124 |E 10

0.074 0.58 1.19 0.012 0.016 0.014 Bal. 0.78 1.490 1015
[oR126a] 9Bgaatichl5] CEL 0.066 1 0.85 1 1.42 0.011 0.008

0.180 Bal. 1 7.86 1 1.005 1100 1 31.8 98.3 115 CE2

0. 050 10.9511.46 0.013 0.015~0.160 Bal. 6.56 1.010

1080 TpbsABrleflidBncEls} =qVIGighDoBdeposiédMethf/ Weight of rod
0.01410.160 Bal. 6.62 1.011 1050 32.3 98.3 116

consumed during welding) x 100
[00127] [Equation 6]

Melting rate (g/min) = (Weight of rod consumed during welding / Arc
time)

[00128] [Table 7]

Welding conditions for measuring deposition efficiency and melting rate Welding position
Current (A) : 350 Voltage (V) : 32 Bead on plate
Speed {cm/min) : 30 Welding time (sec) : 60
Gas: 80% Ar—20% CO» Gas flow rate (//min) : 20

[00129] As can be seen in the results of Table 6, when the wire composition

ratio {Cu/(Si+Mn+P+S)} x 100 lied within the range of 0.10 to 0.80 and when the

ratio dr/di satisfied the set range of 1.015 to 1.515, superior arc stability and

excellent weldability were obtained. Moreover, surface tension of the molten

metal was lowered and at the same time its resistivity was increased. As a
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CE4 0.058 0.79 1.57 0.016 0.011 0.200 Bal. 8.38 1.009
1105 32.0 98.2 113 CE 0.071 0.61 1.25 0.014 0.010
0.210 Bal. 11.15 1.007 1075 31.9 98.1 117 E 6 0.065
0.66 1.23 0.014 0.011 0.007 Bal. 0.37 1.010 1020 33.3
98.4 118 E 7 0.051 0.89 1.44 0.012 0.022 0.007, Bal.
0.30 1.570 1010 34.5 98 2 117 E L8 0.038 0.74 1.58
0.012 0.008 0.008 Bal. 0.34 1.630 1024 34.8 98.3 119 1
E 9 0.071 0.91 1.49 0.011 0.011 0.038 Bal. 1.57 1.550
resyit] high geechweldGbility g dovr-aagpenage ghariagincult tkangfer mpde and
*Q hers: Fe and unavoidable inpurities 43 ---- --- ---
[00125] Wl ding conditions for neasuring deposition
supsrior @ire atapiliyn under highgurient welding icbhdidionaceudld e Fadired.
7 bel ow, and the deposition efficiency and the
nmelting rate were cal culated in accordance with
[003Q) iGms theandtteeras hfaod) owshen [ D26 wifeEquampositkin  ratio
Deposition efficiency (Wight of deposited netal /
Wei ght of rod consuned during welding) x 100 [00127]
{CU/&jtbin+61+9} x et did qrat seésfydheirahge of V& (ytat 0.80D areblwhen the
consuned during welding | Arc

ratio dr/di was deviated from the set range of 1.015 to 1.515, the wire feedability
or the arc stability was deteriorated. In this case, since the content of P and S,
the surface activating elements which serve to lower the surface tension of the
molten metal was small, the surface tension was high. Moreover, since the Cu
content was reduced, it is difficult to properly control the surface tension. In
case of copper-plated wires, the Cu content is increased due to the Cu-plated
layer existing therein, and this in turn reduces the resistivities, the deposition
efficiency and the rate of melting.

[00131] Control Examples 1 — & are copper-plated wires. As mentioned
before, these wires contain more than a predetermined amount of Cu because
of the copper-plated layer existing therein. Unlike copper-free wires in Invention
Examples 1 — 10, resistivities of the copper-plated wires were small and the

surface tensions of the molien metals were increased. In result, the wires
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time) [001281 [Table 7] Welding wnditions for
nmeasuring deposition efficiiency and nelting rate
Wel di ng position Current (A) : 350 Voltage (V) : 32
Bead on plate Speed (cmmin): 30 Wlding tine (sec):
60 Gas: 80% Ar - 20% C02 Gas flowrate (1/mn) : 20
[00129] As can be seen in the results of Table 6, when
the Wi re conposition ratio ~{CU/(Si+Nh+P+S)} X 100
? within the range of 0.10 to 0.80 and when t
exmalif QN apelting satesanc gelateli lawerarades of “@l@meaa@ “hgming
superior arc stability and excellent weldability were
obt ai ned. Myreover, surface tension of the nolten
deprsited matals Gnat isd lomdegositinn aftigienciespthanshpss iof the copper-
was increased. As a 44 result, high speed weldability
i n_| ow_anperage short circuit transfer node and
freq wiresi okhetetore: ibhwasiimpognible tonatiain high-speedwieliiabiiity in short
conditions could be secured. [00130] On the other
_hand, when the wire conposition ratio
cirquitu fregsfernrpds) and  sWEergir dareo statlity seyder bighaggreentt welding
0.10 to 0.80 and when the ratio dr/di was deviated
fromthe set range of 1.015 to 1.515, the wire
corfdiéansbi ity or the arc stability was deteriorated. In
this case, since the content of P and S, the surface
activating el enents which serve to | ower the surface
[0Q0132] &ondifol Bxamples 6 — 8 are copper-free wires. As can be seen in

Table 6, even though the wire composition ratio {Cu/(Si+Mn+P+S)} x 100 lied
within the set range of 0.10 o 0.80, the ratio dr/di which is the surface property
control value was deviated from the set range of 1.015 to 1.515. Consequently,
the wire feedability and the arc stability, which are basic properties of welding
wires, could not be secured or deposition inhibiting factors were generated.
This made it difficult to obtain desired welding properties.

[00133] Control Examples 9 and 10 are also copper-free wires. However, due
to an excessive Cu content, the wire composition ratio {Cu/(Si+Mn+P+S)} x 100
exceeded the set range of 0.10 to 0.80. Resultantly, the surface tensions of the
molten metals were increased and desired welding properties could not be

obtained.
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nolten netal was small, the surface tension was high.
Mor eover, since the Cu content was reduced, it is
difficult to properly control the surface tension. In
case of copper-plated wires, the Cu content is
i ncreased due to the Cu-plated |ayer existing
therein, and this in turn reduces the resistivities,
the deposition efficiency and the rate of nelting.
é\fOlBll Control Exanples 1 - 5 are coner;pI at ed ]
[0} 34k In gboreihe thveators stsseedachissmanuiasturingheepperirewires
than a predeterm ned anmount of Cu because of the
copper-plated | ayer existing therein. Unlike B
as do UHETLIPRexamPpIes 1 m 1Gwehich skIES high seer weldzbility even in
resistivities of the copper-plated wires were snal |
and the surface tensions of the nolten netals were
low-amperaaaishor cirewit transarenedle ead sipesiohiale stabdity under high-
melting rates and relatively |ower rates of weld
material s becom ng deposited netals (that is, |ow
cursesjowetdirg) ashtlitioingn diye piopehlyncontosiing fthe heurtamepproperties of
free wires. Therefore, it was inpossible to attain
hi gh-speed welclability in short circuit transfer
thoge srdresrands by adjusting theis cldrnidat gompdeentsi arid compesitions.
wel ding conditions. [00132] Control Exanples 6 - 8
are copper-free wires. As can be seen in Table 6,
[00135] Ascapparehefram thecdeguuiption oaceaating to the present invention,
{Cu/ (Si +WMn+P+S)} x 100 lied wthin the set range of
0.10 to 0.80, the ratio dr/di which is the surface
thepropper-free wire for gas-shielded arc welding comes into stable contact with

the contact tip without the copper-plated layer on the surface of the wire, so that
the copper flakes are not clogged in the conduit cable and the contact tip upon
welding for a long time, thereby providing excellent arc stability, stable wire
feedability and reduction in spatter formation.

[00136] Moreover, the copper-free wires of the present invention resultantly
increase the frequency of occurrence of resistance heat between the contact tip
and the wire and at the same time offer high speed weldability in low-amperage
short circuit transfer mode and superior arc stability under high-current welding

conditions, which benefits are achieved by properly controlling the surface
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control value was deviated fromthe set range of 1.015
to 1.515. Consequently, the wire feedability and the
arc stability, which are basic properties of wel ding
wi res, could not be secured or deposition inhibiting
factors were generated. This made it difficult to
obtain desired wel ding properties. [00133] Control
Exanples 9 and 10 are al so copper-free wires. However,
due to_an excessive Cu content, the wire conposition
propgeties puiness Mires-aeyll by adjosting deeid ahenieals eempangets and
of 0.10 to 0.80. Resultantly, the surface tensions of
the nolten netals were increased and desired wel di ng
corppoptiens.es coul d not be obtained. 46 [00134] In
short the inventors succeeded in manufacturing
opper-free wires as in Invention Exanples 1 - 10,
[00/13'25}1 AdthbLgh thénprferpd ednbvaslimieabof iheypresent inwention has been
| ow- anperage short circuit transfer node and superi or
arc stability under high- current wel ding conditions,
dedgyibpdpjitewilly beounderstdadg by nthoserdkiltesl pr diperdrt disatothe present
those wires and by adjusting their chem cal conponents
and conpositions. [00135] As apparent fromthe
invelstgarT ishbuldnnotibeolintited tootheh deperitszh prefewedt embodinhdre, but
copper-free wire for gas-shielded arc wel di ng cones
into stable contact with the contact tip without the
varibuspehangestadl hmdifications lvanshe iz aithinhi@evépint and scope of
that the copper flakes are not clogged in the conduit
cabl e and the contact tip upon
the present invention as defined by the appended claims.
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wel ding for a long tinme, thereby providing excellent
arc stability, stable wire feedability and reduction
in spatter formation. [00136] Moreover, the
copper-free wires of the present invention resultantly
i ncrease the frequency of occurrence of resistance
heat between the contact tip and the wire and at the
same tinme offer high speed welclability in
| ow short circuit transfer node and superior
Wh:ﬂttsggg%‘?cffsty under high-current welding conditions,
whi ch beneflts are achi eved by properly controlling
the surface 47 ------------- properties of those
wirks antl @ppsa}‘regtww@ fqm&s@ﬁ@ﬁdc@nc welgingn evieseianihe wire
conpositions. [00137] Although the preferred
enbodi nent of the present invention has been
hagi@s fiaf-slaned warked ssfagedamnst depraspiansost askiegative idirection
the art that the present invention should not be
limted to the described preferred enbodi nent, but
(towaid Hhescentangh themire)wdinf respecbies theawotkedrauréace farmed in a
the spirit and scope of the present invention as
defined by the appended clainms. 48 What is clained is:
circumfgrerdispdiredtiomeoivihe sufface gabersin alrdtid ofian astilalilergth (dr) of
wherein the wire

a circular arc to an apparent length (di) of a circular arc, (dr/di), lies within a

range of 1.015 to 1.515; and wherein a chemical composition ratio

{Cu/(Si+Mn+P+S)} x 100 lies within a range of 0.10 to 0.80.

2. The copper-free wire as set forth in claim 1, wherein an amount of
lubricant residue existing on the wire surface is not greater than 0.50g per unit

kg of the wire mass.
3. The copper-free wire as set forth in claim 1 or 2, wherein the wire

surface is coated with a surface treatment agent of 0.03 - 0.70g per unit kg of

the wire mass.
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has a fl at-shaped worked surface, and depressions of a

negative direction (toward the center of the wire)

with respect to the worked surface fornmed in a

circunferential direction of the surface; wherein a

ratio of an actual length (dr) of a circular arc to

an apparent length (di) of a circular arc, (dr/di),

lies within a range of 1.015 to 1.515; and wherein a

chem cal _conposition ratio e%Cu/ (Si +WMn+P+S)} x 100

li ed wi t i@ capPPanee ovire agcet dogh 4o claim Fpnwnerein the surface

copper-free wire as set forth in claiml1, wherein an

amount of lubricant residue existing on the wire ]
treafmand @agent cagsisigrdfatdeastene of soigna«il, yagetablegoibfminesal oil,

wire mass. 3. The copper-free wire as set forth in

claim1l or 2, wherein the wire surface is coated with
mixgdseik padesynthasizasheil. agent of 0.03 - 0.70g per unit kg

of the wire mass. 49 4. The copper-free wire as set

forth in claim3, wherein the surface treatnent agent

consists of at |east one of animal oil, vegetable oil,

mneral oil, mxed oil, and synthesized oil. 50
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