CU- PLATI NG FREE W RE FOR GAS- SHI ELDED ARC VELDI 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 ncor por at ed her ein by reference. BACKGRClJND CF THE

- sem automatlc vvel di ng or automatlc vvel di ng. l\/bre
specifically, the present invention relates to a
Cu-plating-free wire for welding mld steels and high-

CROSSREFEREMIE TORELATED AFPIICATIONS h copper - pl at ed

wres, offers superior arc stability under high-speed
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| ow anperage short circuit transfer and which
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not | ower than 350A. 1 Description of the Related Art

conefiPSbpieRf IRRbiyelee PR RRE Rredehstr o proper i es of

the wire, such as conductivity, feedability,

BACKGROUND OF THE INVENTION

Field of the invention:

[0002] The present invention :relat'es to a Cu-plating-free wire for
semiautomatic welding or automatic welding. More speciﬁcal!y, the present
invention relates to a Cu-plating-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 tha.n 100cm/min
(hereinafter referred to as ‘CPM’) of welding speed in low amperage short circuit
transfer and which exhibits excelient deposition efficiency and high melting 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 unifornmy 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
r ed) fromthe surface of the wre
Des&ﬁéﬁ@i8€v¥@$?%ﬁ&ﬁéﬁmeen the wire and the contact tip
within a contact tip wupon welding, and concentrated
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cl oggi ng phenonmenon of the contact tip | eads to poor

feedability and arc ingtabilit i_le jnereasin :
ordeyo i et pEafES e ey Suglioes: shRFISRRL teeddbiiy,
above-nenti oned problem the copper-plated wire
creat es. har nf ul stewat er, durin [atin rocess,
corgHBRH eIt sl i Bt theinfresiy whele SomprL e PlajBg.an the
In order to solve such problens inclusive of
envi ronnent al.. pol | uti on, re it hout er platin
surees SEdhe ihdt Bnecrssaihia S & Watoryy B copPrg layst on
free wires, have been devel oped. For the copper-plated
the SHEGke @ (s Wi ] Qrdeialt SOOI SOMIRFTIOG HESUaRRRN rust
tip, thereby providing a relatively stable arc

_\%rgoperty. However, for the Cu- plati nlg-free wre to _be
resisfaBge-adn 4 aRG Witre 109ePEb [SpReN-SNHE BRI RIgied on the surface of

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 ftip, 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,
whi.ch 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, Cu-plating-




necessary to inpart specific properties, such as, a
stable contact with the contact tip, to the surface
| ayer of the wire. [0005] In response to such denand,
the conventional technol ogi es have developed a wire
whi ch 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
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incident light fromthe outside. These pits serve to
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wire in order to ensure arc stability and feedability.
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powder - shaped functional coating agent. [0006] In the
J tinme, the i f th t i t h o
platiyfidis, dbis 1o, USPh S 13 AL JBE NP aPoRpaRiBed lRVEr §f s

uniformy control the 3 size(volunme) of the

bott| eneck-shaped. or cave-shaped pits, t is n .
neCRIRAN 0 GOPATAREETCBIRESE courh % 4 SWalpoeditBfonith the
uniformy coat the functional coating agent on the
surface of the wire, that is, in the circunferenti al
contagkty. todhe skitfaes |ayskiof thg Wiet he bot t | eneck- shaped or
cave-shaped pit and the ratio of the portion |ength

which is not illumnated by the virtual incident |ight
[00©5hm Inheesponse 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.
Additiona!ly, 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
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functional coating agent was easily nelted and
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resi stance heat and radiative heat during welding.
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effectively in the degreasing process after final
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at | east the above probl ens and/ or di sadvant ages and

pr.ovi | east es .descri ped
the RHiPangty which 'ﬁs“Ott'h@T'Elag‘?‘i byaheoyiftel incigent jight from the
pr esent |nvent|on to provide a Cu-plating-free wire
for gas-shielded arc welding, which cones into tab
outsidshioBe Wire FeleFrRNGeusitcHar @ncdewthh a%@cqrﬂleg@@ he Weiding
plated | 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 amounit 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 tinme, thereby providing excellent arc stability,
stable wire feedability and reduction in spatter
formati on. [0008] Another object of the present
invention to provide a Cu-plating-free wre having
proper chem cal conponents, so that surface tension of
the droplet during welding can be reduced which in
t Lact L roplet transfer in short
M&M&t@%ﬂi@gand under hi gh-current wel di ng

conditions. [0009] To achi eve the above objects and

ant.age t here i.s pr.ovi ded Cu-pl ating-free wire
[00Bf 18 $Bive. i s e iReng S ehrmr it i AfgEh e o
flat- shaped worked surface, and depressions of a
negative. direction (toward th center.af the wire .
proyii at Jezs dhs SkeiRebaieRatbed Feriaate iy ETefOrd; 3n oblect
circunferential direction of the surface; wherein a
- . Jatio of an agctual length (dr) of _a circylar arg,
of the PiSaititaRver By RnPEMIGE & Chirlanariee (s Toapasslidded arc
within a range of 1.015 to 1.515; and wherein a
-hem cal conposition ratio Cu/ (Si +Mn+P+S)1 x 100
welqﬁngswmobmqm ini;glkabls centagt %’Bh@g%é?n‘{aéb% "Pﬁuéﬁ‘e copper-
exenpl ary enbodi nent, the anmount of |ubricant residue
existing on the wire surface is not greater than

plated dayer o8y thersurfags efrthenuirg, sathah sapper takes arennglclogged in
exenpl ary enbodi nent, the wire surface is coated with

a cgnduit 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] Another object of the present invention to proVide a Cu-plating-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
Cu-plating-freé wire for gas-shielded arc welding, wherein the wire has a flat-

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

center of the wire) with respect to the worked surface formed in a



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 [ 0012] The
above aspects and features of the present invention
will be nore apparent by describing certain
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|sagrap sovvlngt e relation between surface
tensi 0
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tenperature and surface tensi on of elements of an
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wel di ng; [0016] FI G 4 is a graph showing the relation

tween resi s meltin rat.e a wel di ng
(CulERihtsh il s i B gaa0E et e 88 aphs . oach
showi ng t he surface of a wre where a worked surface
t existent, in accordar]_lce Wi th o]p enbod
the amount of |ubri
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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 oil,

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

molten metal (solute);



[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
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FIG 11 is an SEM m crograph, showi ng an inmage for
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i n accordance with one enbodi nent of the present
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(r) of awre, an internal angle (0) of a circle and
arent length of a circular arc (di); and [0022]

metﬁﬂi‘%' £§r Ca¥eldNg ar e SEM i crogr aphs, showi ng an i mage

before a nmeasurenent of an actual length of an arc
ne surenent, respectjve
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system according to one enbodi nent of the present

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED
rateé%,ml ire;

[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 (foward the
cénter of the wire) with respect to the worked surface;

[0020] FIG. 11 is an SEM micrograph, showing an image for measuring a



[0023] Preferred enbodi nents of the present invention
wi |l be described herein belowwth reference to the
acconmpanyi ng drawi ngs. [0024] As descri bed above,

unl i ke a copper-plated wire of the conventional
technol ogies, a Cu-plating-free wire should have
specific properties on its surface to act as a proxy
for a copper-plated |layer, comng into stable contact

length g g FENGEN teichuraf ot Fakghen o SRRt GBoREEF s lrGuigy aro
the wire can be classified into three categories, that
(o0 aefalofien Wi 085 eofRabmbly fe e Bt
surface"” nmeans a flat portion formed on the surface of
100335 o GGt A idmpimtTiibngane e gelgion, Shang &' Bhotn of 2

section of the wire at 90 degrees in the Iongltudl naI
i recgion th whi ch .the im
SublEsBOUh {rs8g Gh OSnjrire P HERR! el (PRCE & Rrclg) and an
V\,here no wor ked surface exists, and a conbi ned surface
0 |st| of . rked rfaces and depressions of the
appﬁ@@i{@% f Aedicy @Er%Q he center of the wire)
vvlth respect to the wor ked surface forned in the

rcunferential direction. [0026] As shown in FI
[0033} o 1Ghel 3 ARdglA are SN deisroasapis..shayipgan image sfote

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 Cu-plating-free wire should have specific properties on its
surface to act as a proxy for a copper-plated layer, coming into stable contact

with a contact tip.




where the worked surface is not existent. According to
the conventional technologies, the wire has a bore
formed on its surface and bottl eneck-shaped or
cave-shaped pits whose interiors are broader than the
bore formed on its cross-sectional surface. However,
it corresponds to the irregular surface according to
the classification of the present i nvention. 9 [0027]

(0045 PHO TPHET A, el 3658 AR oE S WD e

a functional coating agent a stable contact between
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Is deteriorated because friction wthin a feedi ng

onyBanEelie of & ekl cpURI N, D SPeRBrPole form "worked

effectively in the degreasi ng process after final
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shown in FIGS 7 and 8 only consists of the worked

- SU{ﬁf ace, %{vhicgh egsg_es a stabl e contact between the
cireypigrgriial: ¢ Ipeclien by LGk (pon RY, WhRB VIRWING ARgMage of a
capabi Iity of the surface treatnent agent or the

funct.i on coat i n? agent is_ deteriorated, | eadi na tho .
Cr08§o°@@t'0f1é§da§|mre at Qlcdagreenyuihg lengitdinghdiregharpgl the wire,

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

t he conbi ned surface
which the image is magnified 1,000 times by an SEM), an irregular surface (Il

th) where no worked surface exists, and a combined surface consisting of
worked surfaces and depressions of the negative direction (toward the center of
fhe wire) with respect to 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 conventienal
" 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
cross-sectional surface. However, it corresponds to the irregular surface

' ac_:cording 1o the classification of the present invention.



of the wire according to the present invention has the
wor ked surface, which is flat in the circunferenti al
direction, and the depressions forned in the negative
direction (toward the center of the wire) with respect
to the worked surface, instead of the irregular
cross-sectional surface in shape of (NI1) or (8) at 90
10 degrees in the longitudinal direction of the wre.

S e of wiye surfac ures a st.able c nt.act
005 3] o AlRGul slich caR rebon SuTate oD SITEY eaofifhyy fyehoring
and provides a stable arc if the ratio of the total
| engt h. of t urface to, the as red
cap IS e AR S FGAE Fgenl O o Tysdon AL oAl pUS & stable
proper range, which consequently reduces spatter
However, nodifyin e ratjo of the t
confagb avEen (He CRNROdR AMale WG & ploBBsUTPd arause, gf the
enough to effectively reduce the anount of spatter

formati on during wel di ng. Know n at the apoun
absgpeg tof rt theoREKSt SUHAFF ) nd {ee %ﬁaablﬂm e‘ag@?ﬂorated Because

proportionally to the amount of a |ubricant residue,
however, setting the ratio of the total Ien th of t he
frictiggrwithin e ferding eable dyring aveldingdacreasas feedin chh aggjtion,
to solve problens related to the anmount of the
| ubricant residue which varies depending on depth,
sincgoliegreaging ishagiepeformpsd glpetbly dmdhe [quqlsme dqtpae% after
to the present invention, when the surface of the wre
~ has the conbi ned surface consi sting of the worked
finalsdreving the @t of gilobrcan regidue 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
direction (toward the center of the wire) with respect to the worked surface,

~instead of the irregular cross-sectional surface in shape of (M) or (&) at 90

10



negative direction (toward the center of the wire)
Wth respect to the worked surface forned in the
circunferential direction and when the ratio of the
actual length (dr) of a circular arc to the apparent
l ength (di) of a circular arc, (dr/di), 11 ranges
from1.015 to 1.515, superior arc stability and
excel l ent wel dability can be obtained and the anount

of the lubricant residye is, reduced [0Q3 Here, .t he
degfies, AT the iopgitgindl “Breclbnast 1 W oottas Akl by wirk"Surtace
nmeasuring with the i nage anal yzi ng system an act ual
| ength of a circuylar arc,which correspopds . to, an area.
ensiiigsye Stekle oBledl PeiepRdpe Gartad U 888 tedvie (uladysiding
degrees with respect to the longitudinal direction of
the wire is magnified 1,000 tines by an_ SEM (i.e., .a
andsﬂfﬁwaf%star@amer%@ﬁ; theeratiof th@ﬂa\qi legiothy &b F*&&’u"w surface to
formed into the surface of the wire and the | ength of
the worked surface). In addition, the  apparent |ength
the ppeasured dangth iy Fandom qircapyerantia| Idjfeﬁtéﬂ’ dest Wlhipag (roper
of the length of a circular arc corresponding to a
real wre dianeter at the [imted neasurenent area.
rangehwhief censeauestly peduerfusratian | be expl ained later.
[0033] In the case that the ratio of the actual |ength
of a circular arc to the apparent Iength of a

[0030} c utewevere matifying thesratioss’ thadatad | of the woskesbsurface
I mpossible to achieve in the real manufacturing
process and the wire surface consists of al nost
to aepranes| range isheotvenduah doraftectvely kedupe theaameunt ot epatter
When this occurs,
formation during welding. Knowing that the amount of spatter formation during
welding increases proportionally to the amount of a lubricant residue, however,
setting 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

surface formed in the circumferential direction and when the ratio of the actual

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

11



even if a stable contact between the contact tip and
the wire may be ensured, the anchoring capability of
the surface treatnent agent or the functional coating
12 agent is deteriorated, |eading to poor feedability
due to insufficient lubrication. Meanwhile, in the
case that the ratio of the actual length of a circular
arc to the apparent length of a circular arc (dr/di)

randiy BREL 1B, 1dR. SOPRIAE By aRLrbEgR fdidbiiy can

anchoring capability of the surface treatnent agent

be gt BB A e MGt g Wi e bR aue 1o

| ack of the worked surface and the feedability is
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other hand, if the ratio of the actual length of a
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the present invention, the cross-sectional surface of

t he vvirg beconmes snooth and a sufficient V\D{éﬁg .
to ag @rea @ PRdNeARYIRd PN 3j BRYR WhOSE (eSS petianR ggrees with

depressions corresponding to the bottl eneck or cave

shaped ortion is.reduced, the appunt of th ,
resriapb i IO AMA eSOt aadaE 1 Hagied 1290 times by an
stabl e contact between the contact tip and the wire

duri ng wel di nﬂtfiUS' ensured, the anpunt of the .
SEM dbei @afumy ek the sireumiergiédldengihdot depeassians tormed into the

surface of the wire and the length of the worked surface). [n 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,
_even if a stable contact between the contact tip and the wire may be ensured,

the anchoring capability of the surface treatment agent or the functional coating

12



spatter formation can be reduced substantially. 13
[0035] In the present invention, the anount of the

| ubri cant residue was set to 0.50g/Wg or bel ow
(wei ght of the lubricant expressed in grams per unit
kg of wire mass). Wen the anmount of the |ubricant
resi due exceeds the present invention limt

0. SOg/V%g, t he amount of spatter formati on during

aoeHElschPBriatay BAGMET o, PPt [PESB0 LAt bpiciogy ubrication

applied during a drawi ng process shoul d be renoved
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t hr ough aIkaI| sol ution- based degreasing or
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but aI so by the shape of depressions formed into the

u f th re. ciall i.f the de es i ons
surtgp, G MRS QU8 GHRSHRR: redberahanbeg Arphwring
cave shape it is very difficult to reane the
| u In the case that th ti o, .of the
capabiiyab! ThehbRec UReimeRLpGeNLisINTEoVeE Npyalieless,  stable
l ength of a circular arc (dr/di) falls within the
range of 1.015 to 1.515 according to the presen
contewtgﬁtww the cpgtagh &ipi andtheowirgi Iﬁtrﬁatr?nSHéecgﬁlﬂertp lggk of the
the Ilubricant residue not higher than 0.50g/ Vg as

set in the present invention
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 bottieneck 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
ensured, the amount of the lubricant residue is reduced, and the amount of

spatter formation can be reduced substantially.

13



14 However, if the ratio of dr/di exceeds 1.515,

al though the electrolytic degreasing operation may be
carried out, it is still difficult in an in-line
systemto | ower the anount of the lubricant residue
to 0.50g/ Vg or below [0038] Moreover, according to
the present invention, the surface of the wire is
coated with 0.03 - 0. 70g/V%g of the surface treatnent

[0oBHE 1 1n ¢E abPCioniidT e il 8Bl iiisRub was set

further enhancing arc st abl lity. [0039] If Iess t han

R T e

ensured due to the exceSS| veI y low quantity of the

of viSctnage-i PFen Bip aRBUBbAE I | BRERNf il i, B gRbmfgpresent

the surface treat nent agent is present per 1 kg of
feedabll{'\{ﬂ IS deteriorated due to.a s|]ip o
-'nveﬁﬁeﬂdwﬁ&ﬁ% . i 2MQUIH Y %%ttqrofﬁrfaatwg}%@gd‘fvﬁ@'ng Is
[0040] In accordance with the present invention, the
ce treatment agent _consists of at | east one of

mcr%@ﬁ @n%thefe%gtb%ﬁhyéiatenorqtﬂaarfaﬁtqh'ry nmi xed oil, and

synt hesi zed oil. Wen using a powder type surface
treatent agent, after |ong é_‘ﬁ_erlods of wel di ni t he
[00§61meme duhricaet applisd N ga cHawing E’FQ%éoﬁhMl{' ib§ gemoved

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
lubricant.

[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
according to the present inventton, it is possible to maintain the amount of the

lubricant residue not higher than 0.50g/Wekg as set in the present invention.
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conduit cable and the contact tip. However, when using
the surface treatnent agent of oil type, the
accurul ati on of the surface treatnent agent can be
avoi ded, thereby further stabilizing the arc while
nore effectively suppressing spatter formation.

[0041] Unlike copper-plated wires, it is not easy to

i mprove arc stability of Cu-plating-free wires during

Howekr TR BBl U ARG T by Auftrdir ool v dapragmo

hi gh- anperage wel di ng. Therefore, inventors exam ned

opefalRL Ry sEcomarg e fin SPEBERy TR p Trcvkfarn WI6Rbr te
affecting transfer behavior of the wre during
wel ding., [ 0042] The Cu- ting-free wire for gas
amalit of it b rigantrengoe R beda ko B 5 °s %5 and
Fe as its main ingredient and unavoi dable inpurities.

1008H1< MBinyBreteoriBdOdne RiEaeT inbeiuh e SRERSH the wire

inhibiting factors and droplet transfer notivating

. factors and limts of their ranges were set,

is cpategewith\RPF — CotR)V ekaeot theapliddced diepiBRNSAgeRk, Here, the
and S as droplet transfer inhibiting factors, and Cu
as notivating factor, was studied.. The jnvento

surface tisalipent adent: spivesite igpag;stakle feadaliiityalep ﬁ;‘é@e- thereby
short circuit transfer node and deposition

further enhancing arc stability.

[0039] If less than 0.03g of the surface treatment agent is present per 1kg of
the wire, sufficient fubrication 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 I’east one of animal oil, vegetable oil, mineral oil, mixed oil, and

synthesized oil. When using a powder type surface treatment agent, after long

periods of welding, the powdery surface treatment agent is clogged within a
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efficiency and nelting rate during high-anperage

wel ding were i nproved when the ratio of

{Cu/ (Si +WMn+P+S)} x 100 was adjusted to fall within the
range of 0.10 to 0.80. [0044] Anong the el enents of
the wire conposition, Cis a main factor of spatter
formation during welding. Therefore, the inventors
excl uded carbon fromthe wire conposition since it is

conffh BEbieC R0 o e 1o T Rl verr SRph3iatsd 13F suffafe tregtment

maxi m ze deposition effici ency funme, spatter and sI ag

~agob? A My P AGCTRHERG "ol e SulBfe SRR “Remt g0 oo

possi bl e. [0046] By controlling properties of the

sur,face e W I th amount. of the .
avoiidh: FieaY sldfen aleBiATRLBh Al b 4BEF Biaively Supgressing
the surface treatnent agent to the liquid state, the
nto s succeeded to suppress formation of fune,
spa@ a‘f’f’@? '¥hd slag. Particularly, the inventors tried to
achl eve excellent arc stability by suppressing Cu

[°°§:gfltoﬁ3't"f‘??gg¢ ot flfteds Whgihq o TR AP, e THRBE, a1 GRiabilty of

efficiency by 17 suppressing the fume spatter and

sl ag formati on substances as ossi bl e.
Cu- plattgg—free wtlres dunung ‘ow—amperagng spee weIdPng 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 Cu-plating-free wire for gas shield arc welding contains C, Si, Mn,
P, 8, 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.

[0043] The relation between Si, Mn, P, and S as droplet transfer inhibiting

factors, and Cu as motivating factor, was studied. The inventors discovered
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[0047] The follow 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

wei ght to total weight of wire) [0049] Cis an el enent
for inproving tensile strength of the deposited netal.
However, if the C content in the wire increases the
spatter forrration during wel ding increases When t he

ess than 0,03 wt/ str

thatcaoReBlly 12 1 SabeAeoy o St iHaRadr Mfde, BN dgposition

the C content exceeds 0.07 wt% the spatter formation

e R AT asﬁ%#’r%ﬁ%]wépw‘) 2 ot e

suppr esses spreadi ng of welding beads. In addltl on,

n, es a nt for ens i.n ren of
the ot CRHETHIE 5ok TP HasnsEado g phbiRande of 0.10
netal, thereby forn1ng slag on the nolten netal. Wen
e Si content is less than 0.50 wt% tensile
to0 ength of the deposited netal and fluidity of the
nolten netal are reduced. On the other hand, when the
Si_content exceeds 1.00 wt % beads spread durln ) #@
looi‘ﬁ]a H‘f\'@ﬁngJh?e@n’?mﬁéﬁ%Pﬁéh%ﬂﬂt%§§“mﬁ’§'tﬂ“wcal'9t 2 6‘%"1 tor of
vol unme during welding increases, which leads to

fluctuation of volune and unst abl e arc. QOOSZ] Vh:
spatier; fprmatiogodwiing 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
excellent arc stability by suppressing Cu content, adjusting Si and Mn contents

through Cu-plating-free wires, and enhanced the deposition efficiency by
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[0053] M has. a deoxidizing effect like Si, forns slag

on the weld netal, and inproves strength of the

desposited netal. When the Wh content is |ess than

1.10 wt% tensile strength and proper surface tension

of the deposited netal cannot be ensured. On the

ot her hand, when the Mh content exceeds 1.80 wt% the

quantlty of active oxygen in the droplet during

s reduced and urface tension of the volune

SUPPEeﬁSHlﬂgé'&%emee[ giRsiter ng) iAo fopmatonySUPSIRRSss #8 mich as

exists in the netal as an inpurity, and produces a | ow

ngkéing poi nt conpound and i ncreases hi gh-tenperature
POSEIPELk receptivity. However, when the P content in the

steel is high, surface tension of the nolten netal is

uced as shown in FIG 1. In _detail, when the P

[0066’i|1t ehite fallovdrg new-gessribes it gstailiapch ¢ampenrnt of the wire and

surface tension of the droplet during welding is

insignificant. On the other hand, when the P content
its raleda c@amesipnadiy thereghuses hi gh- tenperature cracks.

19 [0056] S: 0.01 - 0.03 % [0057] Simlar to P, S

produces a low nelting p0|nt conpound and I ncreases
[OOﬂ- bh_ -: O ’ ﬂ,_u_ D & i VT tot l i d f :

together with O and N, is the representatlve surface

activating el ement, which lowers surface tension of
[oO48E Cis an element fori 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 wt%, 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 wi%

| [0051] Siimproves fluidity of the molten metal and suppresses spreading of
_w_elding 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
strength of the deposited metal and fluidity of the molten metal are reduced. On

the other hand, when the Si content exceeds 1.00 wt%, beads spread during

18



nolten netal as shown in FIG 1. Wen 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- tenperature cracks. [0058] As shown in
FIG 2, the typical elenents of an all oy have | ower
surface tensi on as terrperature goes up. However, when

i 5y e il 5o TRt 7B . g greting

tenperature. Thus, a deep penetration shoul d be done

and at transfer on the nt end of the
iNCrgpses, m&eaﬁé t‘f’%JHFﬁUiaf' vojuie gd Glﬁ‘s{ ?‘E)GEC 0. 030
Wt % [ 0060] Cu exists in the steel as an inpurity. Wen
glated on the surface Cu inproves conductivity
the contact tip, but has a role
as a surface tension conditioner during welding. Wen
content is less than 20 0.003 w% it cannot
[00561 usMnsrmsraeeomemq;ﬂffwt !ﬂqaeSIdFQfmSe%laam thg welddnatgl, and
On the other hand, when the Cu content exceeds 0.030
wt % surface tension increases too nmuch and it
impioyes Hitiength of Hhe gesposiiegnirial. YWhepithede gastenvipdgss than
now descri bes transfer phenonenon of the nolten netal

during arc welding. As shown in FIG 3, transfer
1.1 o ttengjler aidenrgth and proper surface tension of the deposited metal

[00

cannot be ensured. On the other hand, when the Mn content exceeds 1.80 wit%,
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 wt%, its
influence on surface tension of the droplet during welding is insignificant. On
the other hand, when the P content exceeds 0.03 wt%, it causes high-

temperature cracks.
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i ncl ude surface tension (Fs) of the |low nolten netal,
dead |l oad (gravity, Fc) of droplet of the nolten
netal, pinch force (FEM in proportion to the square
of welding current. On the other hand, transfer
inhibiting factors include arc- carrying capacity (FB)
suppressing the transfer on the front end of the
droplet wth the use of carbon dioxi de gas,
| ectro netic force(FEC), surface tension (Fs) of
[oo§§Z Mal and the like. [0062] Mbreover,
the nelting rate of the wire during arc welding is

controll.ed by the drolet transfer notivati Gctor
00STH 1Simit e B st Brasint ganist B0 RATLRATPOWET and i@hases

and the contact tip. The nelting rate can be expressed

the Equation 1 bel ow. [006 3] Equatl on 1] Meltin
hlgrr{ﬁr%oera&rr@ Gragl receniiyity thar itb1@ ang N, is the

(where, a, b: constant, Le: W|re exten5| on, 1: welding

current) [0064] The reS|st ance heat increases in
reprgsepiative grigsetardivating elerment wyhieh dowersosirirge tensin pethe

wel di ng power source during arc welding and to the

W re extension fromthe contact tip to the wire end.
moltememetal &si shown iedriChd . Blhendbediicomtentisgssthan 0. 01 wt%, its
' resi stance heat to obtain Equation 2 bel ow. [0065]

[ Equati on 2]
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%

[0060] Cu exists in the steel as an impurity. When plated on the surface, Cu
improves conductivity between the wire and the contact tip, but has a role as a

surface tension conditioner during welding. When the Cu content is less than
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Resi stance heat = alLel2 (where, a: constant, Le: wre
extension, I: welding current) [0066] Since the

resi stance heat increases in proportion to resistivity
which 1is one of intrinsic (inherent) properties of an
object, it is apparent that resistivity and

resi stance heat vary dependi ng on the kinds of welding
wires and the status of the surface Iayer FIG. 4

0005 o it i ALHEER JPRRIDY O tho ropleiduipd Woiding. On

el ectrlcally conductlve netal, free eI ectrons in the
nove actively as its terrperature goes

the f%fe%rr Aeng, wWherethg L4t content exseedsi 80s00WE Gy ‘Slirface tension

frequently and naeny el ectrons cannot nove easily

because of that. This |leads to an increase in
increasqsstogauch ardtinhibis theydropletdsansfer, 22 resistivity.

Therefore, resistance at the wire end by

hi gh-tenmperature arc heat during welding is greater
[Ooﬁﬁﬂn Theifellawing gewr d@mrtt@i’péfﬁéﬁgﬁfeph%ﬂﬂfnﬁﬂon fr tiehdnolten

obvious that resistance at high tenperature is even
hi gher if resistance at room tenperature is already
metal gurmg cvesyvelstingr dAagsiiown dncbléd.r 81 tramsfeyupramaeting factors

properties of the wire which determ ne the quality of

t he manuf acturing processes and at the sane tine to

inclustenpiiifiece tensitro ff Htoftthadewanolten metal, dgatidoad (graxity, Fe) of
the wire nelting rate

droplet of the molten metal, pinch force (Fgm) in proportion to the square of
welding current. On the other hand, transfer 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{Fgc), 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
between the wire end and the contact tip. The melting rate can be expressed
by the Equation 1 bel.ow.

[0063] [Equation 1]

| Melting rate = arc heat + resistance heat = al + bLel?
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facilitating factors, the inventors Iimted contents

of Si, Ma, P, and S to specific ranges and carried

out optimal experinents repeatedly. Neverthel ess, they

failed to inpart the typical role of a copper-plated

| ayer of the traditional copper- plated wires, i.e.,

adj ustnent of conductivity and surface tension, to the

Cu- plating-free wires. Thus, as a conditioner of

surface tension, the ratio of the Cu conponent to the
(whegs, @ R cpastant b6t Wie edepsiemdi welding garrepl) and s, {cu

/ (S|+Nh+P+S)} x 100 was nmanaged to fall within the

range_of 0.10 to 0.80. In this manner, the inventors
[0°§6111I dTheresigtanceHeat iagrepees i paRRyTien to the gguare of current

anperage short circuit transfer node and thereby,

facilitated high-speed welding. In addition, the
provigec feasm sth@oWBg“ftiblp&Wr @san:%tdguﬁl@gf agewlding ansk toytke wire

23 shiel ded are wel ding, which stabilizes the droplet

transfer during high-anperage weldin [ 0069] Here,
extansiarhdranal the epntech tip (i thehwiresppdx 0@ iEnuadien 1hean be

0.10, it neans the denom nator (Si+Wh+P+S) content is

greater. In other words, steel <contains a |arge
exprassedtin térmaplnesistance heat to obtainEsiation Zbelawge anount

of deoxidizers, i.e., Si and Mh. \Wen the content of

Pand S formng a lownelting point conpound is high,
[00685] i s[Edjuiatioo @]t to properly control the surface

tension and the risk of generating high-tenperature

cracks during wel di ng |s i ncr eased.

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 illusirates the relation between resistivity and
melting rate.

[0067] Generally, in case of an electrically conductive metal, free electrons in
the metal move actively as its temperature goes up. Naturally, interelectronic
collisions occur frequently and many electrons cannot move easily because of

that. This leads to an increase in resistance and further an increase in
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Simlarly, if the content of Si and M is high, the

surface tension increases and snooth droplet transfer

is not easily achieved. [0070] On the other hand, if

the value of the ratio exceeds 0.80, it neans the

denom nator (Si +WVn+P+S) content is small or the

nunmerator Cu content is large value. Since the

present invention' relates to Cu-plating-free mﬁres

the content in ara terial is ve snal
reﬂ%ﬁh\@ﬁiﬁ%f@ﬁ?fﬁi FRsistARAR &t 1465 i 809 RoHoBeTPRGRILEF Adk neat

be great. [0071] Then, one can suspect that the

éSl +WVh+P+S) contenpt is small. If the content of
duri adqulﬁngmﬁagrfeaiﬁj thaa resistanes: atoioom femperatyice Agdnit f%rather
the weld 24 netal is small, it is difficult to obtain

sound wel d portions or a deS|red strength _due to | ack
obvigustthat psistarra abhigbgemperainre Rbeiy Bighep IS EpisEING gt room
in the Si  conponent directly involved in bead
spreadibility of the weld netal makes the beads of
tempa@tarengialig@iy igdrt i ons have a convex shape, which may
cause undercut in fillet welding and the m xed sl ag
during multilayer welding. [0072] Also, if the content
[0068] P Agrprdinghyh etos wonkiek tgetsmammgor@p@ﬂ@ﬁt of the wie which
little, the surface tension of the nolten netal is
increased and wires are not easily nelt in a
detehimyhe therpualbywidharmanuiestiring pwcerses addatitba ssime time to
transfer frequency in short circuit transfer node.

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 Cu-
plating-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 /
(Si+Mn+P+8S)} x 100 was managed to fall within the range of 0.10 to 0.80. In
this manner, the inventors could motivate the transfer of droplet in low-
amperage short circuit transfer mode and thereby, facilitated high-speed

welding. In addition, the inventors could obtain Cu-plating-free wires for gas
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[0073] Therefore, by limting the value of {Cu /
(Si +Mh+P+S)} x 100 to the range of 0.10 to 0.80, the
i nventors could obtain Cu-plating-free wires which
exhi bit superior high-speed weldability under short
circuit transfer conditions and excellent deposition
efficiency and high nelting rate under high-anperage
melding conditions. [0074] Table 1 bel ow sunmari zes
he, conparison resu]t of conp05|t|ons ratio f
aveldiigy ydigh stabilizeg the degplet {rapsirhdiding ni f' 9%—%@9?@96
surface tensions and resistivities between
copper-plated wires and Cu-plating-free wires. 25
welding.75] [ Table 1] Divisio Chenical conmponents (w% {Cu
/| Surface Resistivity n CS W PSCu *Clhers
éS|+Nh+P+ tensi on (pnc S)} x 100 (10
[0069b5dHereg f mesualgeom{@ (0} €=U e o= B 1@062 lq%@aﬁz%o it
-plated Cu- 0.050 0.95 1.46 0.013 0.025 0.010 Bal .

0.41 980 33.6 plating free
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 weiding 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+S) content is small or the numerator Cu content is large
value. Since the present invention” relates to Cu-plating-free wires, the Cu
content in a raw material is very small below the predetermined range so the Cu
content should not be great.

[0071] Then, one can suspect that the (Si+Mn+P+S) content is small. If the

content of Si and Mn imparting the deoxidation role. or strength to the weld
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(*O hers: Fe and unavoi dable inpurities) Surface
tensi on test nethod: Inagaki (4.3*1*V) / (thickness of
burn through) welding speed) Resistivity measuring
nmet hod: | npressed 100mA to both ends of a test piece
usi ng the 4-point probe nethod. [0076] According to
the result shown in Table 1, copper-plated wres and
Cu- plating-free wires have different conponents,
di fferent. chem cal conpositions, _and different,
metablg small i B Jilficudistoopbtaeseund weld: B8PSR ﬁ’@sﬁﬂd strength
whet her they have a copper-plated | ayer. Because of
these differences, the wires exhibit different .
duewlst dackgok Hee dieoxidation. apgyatiage Maseoves ra deficiepgndndne Si
node and different weldabilities under high-anperage
wel di ng conditions. 26 [0077] The foll ow ng now
compesent %E@Cﬂav Hypbied inobeadbaprasdibiliy afHBedweldi metal raakes the
whi ch exhibits the surface property of the wire, to
fall within the range of 1.015 to 1.515. [0078] First
beads efl the ifinabvrid portioss uhave Iee capbvee shapet avkichnanayheause
ratio of the total |ength of the worked surface, the
roughness prior to the drawing process, that is, the
underaud imidted wefldingraodl thejreixed dslaghdutieg cndtitayer weldings s,
shoul d be kept to 0.40mor below (Ra). This can be
achi eved t hrough hydrochloric acid pickling
[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 fo the
range of 0.10 to 0.80, the inventors could obtain Cu-plating-free wires which
exhibit superior high-speed weldability under short circuit transfer conditions
and excellent deposition efficiency and high melting rate under high-amperage
welding conditions.

[0074] Table 1 below summarizes the comparison result of compositions,
ratios of chemical composition, i.e., {Cu / (Si+Mn+P+S)} x 100, surface tensions

and resistivities between copper-plated wires and Cu-plating-free wires.

25



or sulfuric acid pickling, or through the grinding
process followed by the nechanical descaling process.
[0079] Next, the drawi ng nethod and the draw ng speed
nmust be properly adjusted. Exanples of the draw ng
met hod include all dry drawing (DD), drawing with all
cassette roller dies (CRD), in-line nmethod in
conmbi nation of CRD and DD, and 2-step draw ng nethods
Lacl usi DD (the primary draw ng) - skin pass
loo%gieﬂjégghﬁéry drawi ng) (SP), DD (the primary draw ng)
dr A

- wet WwWin ) ( \_I\h) —CRD (the

DVIsc i mary dr aﬁgﬁéi' cqmpgﬁ"tsg‘ftﬁg secondaly H&wi ng) e r(dessiity
n LU (:t'espr ﬂﬁr% BTawWidig] cu Wramhde SHMR gar Viension (nQem)
driawi ng) . 27 [0080] [In case of the jn-line nethad |t he
driawi ng speed shoul d not |exceed 1000¥#MI0A, |arf®f in
case of| the| 2-step draw ng met hods, | t he hi ghernidyhe
primary aw nig sp he | pwer_the secondary

| v dr peed,
Coppd 53] &Feletid? [OU8110-0145 0190 | bBalpr ppefFy mgndBidng t #e3
_platgoughness of a rod, |[the drawi pg nefhod and |t he
éjravvi ng speed, the rjoughness pf a f)jnished Wire shoul d

cube| 0.080t[M0.95 [ he ramge omks 00db | Ba25[li noaRa) .| [@082] 336
~Thie pragsent|inventiaon wll be|explajned in nore detail
platinghr ougH  enpodijment § bel pw.

free

(*Others: Fe and unavoidable impurities)

¢ Surface tension test method: Inagaki {4.3=1*V) / (thickness of burn through) *
\ 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 Cu-
plating-free wires have different components, different chemical compositions,
and different resistivity values on their surfaces depending on whether they
h.ave a copper-plated layer. Because of these differences, the wires exhibit
different welding speeds in low-amperage short circuit transfer mode and

different weldabilities under high-amperage welding conditions.
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[0083] Table 2 shows surface roughnesses of the
finished wire obtained by various roughnesses of
rods, drawi ng net hods and drawi ng speeds. At this
time, hole-dies are used in addition to the CRD for
draw ng. In order to set the surface roughness of the
finished wire within the range of 0.10 to 0.25m (Ra),
the surface roughness of the rod should be kept to
40m_or _bel ow .. Wien the in-line nmethod is used,
100{7«& JBWM@@@@%%W@%@ sehemedor conlaiing the dr/di value,
irrespective of using the DD, the CRD or the
conbi nation thereof. |In addition, as can be see
whighy giiibits thishrfase PQOBQ"B{)OHWH@ t%faudwtm/aéheugeae Oiff1 015
the primary drawing speed fell within the range of
1000 - 1500mM mn 28 and the secondary draw ng speed
to Tfld.control led to be 400m min or below and if the
primary drawi ng speed fell within the range of 500 -
1000m m n and the secondary draw ng speed was
[00Z8h: rbirsteaf allo imerdadarisachrethewosked swiaethand therato of the
the higher the primary drawi ng speed, the |ower the
secondary drawi ng speed. Exceptionally, if the
totapleingih pf thedwoeashaarfgcal rtheiraggmessdsriern to thet drawing poagess,
as can be seen in Conparative Exanple 18 where the
primary drawi ng speed was set to 500m m n or bel ow
thatasdhereuglenessdzfray radt injeated spthediraningprocess, stadid bierkept to
or below, the surface roughness after the draw ng
process is not higher than 0.10m (Ra) and thus, a
0.4qumopehetowPiRant This cdn béachievedripragteldigdrochloric acid pickling

of sulfuric acid pickling, or through the grinding process followed be 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
drawing) — skin pass (the secondary drawing) (SP), DD (the primary drawing) —
Wet drawing (the secondary drawing) (WD), CRD (the primary drawing) —
(the secondary drawing), and CRD (the primary drawing) — WD (the secondary

drawing).
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IS required. [0084] [Table 2] Surface roughness
Drawi ng speed (nmmn) Surface roughness Division
bef ore drawi ng Drawi ng nmet hod Prinmary draw ng
Secondary after drawing SRB)(un) PD) draw ng (SD)
SRA) (un) CE 1 0.61 DD, > 1500 - 0.35 CRD, CE 2 0.54
RD+DD > 1500 - 0.46 CE 3 0.47 > 1500 - 0.45 CE 4
041>1500- 0.33 CE 5 0.35 > 1000-1500 0. 31 CE6
> 1000- 1500 .0.42 CE 7 0.31 > 1000-1500 - 0.2
[00§9] 8 . gase-of Hup inckioe methgd dhe drawing speed shogisl meb@xceed
0.21 IE 2 0.35 500-1000 - 0.25 IE 3 0.33 500-1000 -

1008'm2/r%1in, 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 yvithin the range of 0.10 to 0.25um (Ra),
the surface roughness of the rod should be kept to 0.40um or below (Ra).
When the in-line method is used, the drawing speed should not exceed
1000m/min, irrespective of using 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
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|E 4 0.34 500-1000 0.24 IE 5 0.40 < 500 0.24 CE 9
0.39 <500 0.19 IE6 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)+WX SD) > 1500 400-600 0.37 CE 12
0.33 > 1500 200-400 0.24 |E 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)+WX S > 1000- 1500 > 600 O. 36 CE 15
41 D) > 1000- 1500 400-600 0.33 IE 9 0.35 >
andltb@cﬁefgo@awwamm speed was qantepligd te bm@@oménm onkelgyend
0.20 IE 11 0.38 > 1000- 1500 < 200 0.15 IE 12 o 34 >
1000- 1500 < 200 0.22 CE 16 0.46 500-1000 > 600
if theprirsary, drewdng speed felbevtbbothe range ef 900 6 3@0@0601110@@51 the
200- 400 0. 24

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]

Surface roughness Drawing speed (m/min} Surface roughness
Division before drawing Drawing method \Primary drawing ~ Secondary after drawing -
SRB)(pm) PD) drawing (SD)  (SRA)(um)
CE1 0.61 DD, > 1500 - 0.35
CRD,
CE2 0.54 CRD+DD > 1500 - 0.46
CE 3 0.47 > 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 - 027
CE 8 0.40 > _1000~1500 - 0.37
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| E 15 0.39 500-1000 200-400 0.23 1E 16 0.34 500-1000
< 200 0.19 I1E 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 Conparative Exanple
, E: Invention Exanple) Table 3 bel ow shows the

results of nmeasurenent _on..the.cross-sectional surface
s'ﬁépe pf thespwire] ratio (dr/ dog~tedo t he actual | engtihs
qé A Ti rcui&)[s arc (dr) to t & 004 dﬁdlt‘lt rengttrs Hgsa
GL I3Lui at d|0'33( di)§ the anou ltstH OOt hetuobricant 0'22
M | i, '+ + + - .
IIEbAflAuu ,b,d tUAl? } S!I unt s of s J|5b81~L,|8 o Lc At 1!!:‘[][ -d&?”l)a‘i
o, —ancdfteedant11tles and&rc apt11TTtres a1 'ﬂf
Lh?%n s 0.40 LS ANl Al ol D2,
b‘bd)cb I'v~e JV‘ 'S, [ 0085] [T |92 - oU I“\IJIJI I C_U allldl,féll
oF—€ross-sectional Anount }f——T—u% cant—brviston—
=56 L . 037 _ . Feedabi | i tv NeD00 0 gL, - 0.20
QU T Al [0 ) Al 1TTeTTt y N L Staprti l.y
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 h > 1500 < 200 0.25
CE 14 0.42 CRD(PDHWD(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 0.156
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)
Table 3 below shows the results of measurement on the cross-sectional surface
shape of the wire, ratio (dr/di) of the actual lengths of a circular arc (dr) to the
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]
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surface shape dr/di residue(gNV Kg) gent(gM Kg) CE 1
MB 1.529 0.64 0.33 X X CE 2 MB 1.536 0.66 0.12 X X
CE 3 MB 1.545 0.75 0.03 X X CE4 Nl _ 1.519 0.52 0.24
XX CE5 1.521 0.57 0.42 "~ X CE6 N ~51.541 0.72
0.02 XX CE7 N 1.516 0.55 0.35 " X CE8 N f5
1.533 0.68 0.01 X X IE 1 NJ 1.515 0.49 0.56 0 0 IE 2
NL-1.479-0.50 0.70 0 0 JE 3 N 1.467.0.44.-0.-45 00
| E|4 I\_Iacﬁ.rlngLS 0. 41 18,37 ofp @ iﬁ"’%“ﬁ“"i‘?sae 0.42 0.]22 0
pivisin | CE O NI 1. 295 0.137 0. 75 A GuurdoireBiméd) 1. 225,0135ncc stabilty
0. $&fa0s Papel E 797  1re@R4i0.-34) .09 0 O CE 10 NI T5
1. 558 0.82 (.21 X X pgentigvv - Kg)
CE1 ] ¢y 1.529 0.64 0.33 X X
CE 2 M Y 1.536 0.66 0.12 X X
CE 3 My 1.545 0.75 0.03 X X
CE 4 M 1.519 0.52 0.24 X X
CE 5 1] 1.521 0.57 0.42 3 X
CE 6 [ 1.541 0.72 0.02 X X
CE 7 M 1.516 0.55 0.35 o X
CE 8 M Yy 1.533 0.68 0.01 X X
IE 1 L] 1515 0.49 0.56 0 0
IE 2 M 1.479 0.50 0.70 0 0
IE 3 £ 1.467 0.44 0.45 0 0
IE 4 ] 1.415 0.41 0.37 0 o
IE 5 H 1.366 0.42 0.22 0] 0
CE9 i 1.295 0.37 0.75 0 0
IE 6 M 1.325 0.35 0.15 o] 0
IE 7 L] 1.221 0.34 0.09 0 0
CE 10 M Y 1.558 0.82 0.21 X X
CE 11 My 1.524 0.71 0.35 X X
CE 12 M 1.518 0.54 0.41 0 X
IE 8 M 1.154 0.31 0.31 o] 0
CE 13 ) 1.517 0.53 0.52 o] X
CE 14 LI 1.602 0.85 0.33 X X
CE 15 (EPL 1.534 0.61 0.34 X X
IE 9 & 1.181 0.38 0.47 o] 0
IE 10 L] 1.280 0.32 0.61 0 o]
IE 11 L] 1.023 0.30 0.03 0 o
IE 12 ] 1.310 0.33 0.11 o] o)
CE 16 M L 1.518 0.52 0.45 X X
IE 13 M 1.016 0.28 0.64 0 0
IE 14 M 1.027 0.36 0.55 0 o]
IE 15 Ll 1.382 0.42 0.28 0 0
IE 16 M 1.021 0.33 0.42 0 0
IE17 M 1.261 0.29 0.18 0 0
CE 17 My 1519 0.54 0.54 X X
iE 18 M 1.026 0.21 0.38 0 0
IE 19 M 1.015 0.28 0.05 0 0
IE 20 M 1.018 0.32 0.07 0 0
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CE 11 N fS 1.524 0.71 0.35 x x CE 12 NI 1.518 0.54
0.41 0 X IE81 | 1.154 0.31 0.31 0 0 CE 13 N 1.517
0.53 0.52 0 X CE 14 Cof.5 1.602 0.85 0.33 X X CE 15
NJ1S 1.534 0.61 0.34 X X IE9 N 1.181 0.38 0.47 00
[E 10 NI 1.289 0.39 0.61 0 0 IE 11 NI 1.023 0.30 0.03
00 IE12 Nl 1.310 0.33 0.11 0 0 CE 16 NJb 1.518

0.52 0.45 x x_ IE 13 NI 1.016.0.28 0.64 0.0 1 E 14 Nl

051833?“6F§%*¢.55n@ d | EobS NI‘1.382uﬁ142 0]28 0 0| I DO

16 NF10210.33 0.42 0 0 IE 17 N 1.26186—29—0 18 0
1.026

& Bsfi 5Pt (RPN B8 o/ 0s 0 o

The cross-sectional surface shape of the wire was taken from an image of the
cross section of the wire at 90 degrees in the longitudinal direction of the wire,
which is magnified 1,000 times in the SEM micrograph, wherein the mark ([¢h)
indicates an irregular surface having no worked surface, the mark (( )
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.
As can be seen in Table 3, the combined surface of the present invention is
obtained when the surface roughness of the finished wire among the wires of
Table 2 falls within the range of 0.10 to 0.25um (Ra).

[0086] The following now describes how to measure the ratio of the actual

length (dr) of a circular arc to the apparent length (di) of a circular arc, (dr/di).
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E 20 NJ 1.018 0.32 0.07 0 O 31 F cEla Flatsurface
1.013 0.09 0.20 » O IE: Invention Exanple, CE
Conpar ati ve Exanpl e The cross-sectional surface shape
of the wire was taken froman image of the cross
section of the wire at 90 degrees in the |ongitudina
direction of the wire, which is magnified 1,000 tines
in the SEM m crograph, wherein the nmark (M)
indicates an irregul ar surface havi ng no rke

[0°§Jgf a%é?t ofrll. e L@Cél(aail"?”gth ‘?fn%i ceatlas 9%9&%?@%)4@% measured
surface of the present invention, which consists of a
.wor ked surface and depressions of the negative .

using a1 4NagM apalyENosYskN {BRage-Pas plttsrfeS.AMegja Grhgnetics) at the
respect to the worked surface forned in the
circunferential direction, and the FS.indicates a )

magnitigation, oTaxle000y Herenthesactvgl enath @b prateular argebtaingd with
can be seen in Table 3, the conbined surface of the
present invention is obtained when the surface

the iroagh ealyzistg syrdemi eorsernengsrie aarumeltthe alfcugyergntial length
Table 2 falls within the range of 0.10 to 0.25m (Ra).

0086] The follqmﬁn% now descri bes how to neasure the

of denrpssions tfhemedtiotn the avige rsyrtace endathei lengtiarofathe werked
the apparent length (di) of a circular arc, (dr/di).
32 [0087] First of all, the actual length of a

surfatecul ar length (dr) to be measured

[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 (/) 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
length of a circular arc (di). Once the length of the subtense was obtained, as
shown in FIG. 12, the internal angle (6) between the radius (r) of the wire and
the subtense can be calculated by applying the trigonometric function. The
apparent length of a circular arc (di) equals to the radius (r) of the wire x the

internal angle (8) of the circle. In other words, the apparent length of a circular

33



usi ng an i mage anal yzing system (1 mage-pro plus 4.5,

Medi a cybernetics) at the nagnification of x1,000.

Here, the actual length of a circular arc obtained

with the imge analyzing systemcorresponds to a sum

of the circunferential |length of depressions forned

into the wire surface and the | ength of the worked

surface. [0088] FIGS. 13 and 14 are SEM mi crographs,

showi ng an i mage before the nmeasurenent of the actual
arc (dhgam caéc@ate@un%mg theragdivs (4 of theywirgrahdainggd Oy measuring

nmeasurenent, respectively. To cal cul ate the apparent

length of a circular arc (di), a length of a subtense
the regl wite dipmatery t ed measurenent area of the wire was

measured using the image anal yzi ng system at the

nification of x1,000. FIG 11 is a picture show ng

[00§Qgh Aelagk megshrasaeniorusiag cthet iv@oe hanalygindensystem was

length of a circular arc (di). Once the length of the

subt ense was obtained, as shown in FIG 12, the
performed @@l dessgbed b@Jovbet ween the radius (r) of the wire

and the subtense can be cal cul ated by applying the

trigononetric function. The apparent length of a
[009D] c uFiest, afinishied ) wirguaanplest mere agixtracied) andt emaved of

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

words, the apparent length of a circular 33 arc (di)
contzaninhetscaih d suefdca shawpaf Heraughi uitragonicatleamivgvinran organic

obt ai ned by neasuring the real wire dianeter.

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
scattering electrons of the SEM, and the apparent length of a circular arc and
the actual length of a circular arc were measured using the image analyzing
system to calculate the dr/di value. At this time, the magnification was x1,000.

[0091] Measurement of the applied amount of the surface treatment agent

‘was carried out as follows:
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[ 0089] Actual neasurenent using the inmage anal yzing
systemwas perfornmed as descri bed bel ow. [0090]
First, finished wire sanples were extracted, and
renoved of contam nants on the surface thereof
t hrough ultrasonic cleaning in an organic solvent.
The wire sanples were heated to 400C for 2 - 3 hours,
thereby form ng an oxidized thin filmon the surface
of the wire sanples. Subseq uentIY each of the
[0092]1 EsPieRaring a Wise srmile bavingi a lenothpf ﬁer@ﬁh%ﬁ@ weight of
subjected to a mounting process using a thernosetting
resin at 90 degrees vertically in the |ongitudina
50 -f#Qgkction of the wire, followed by polishing the wire
sanples. Finally, the polished cross section of each
‘Wi re was observed using back scattering el ectrons of
[0098} SENPremasing iesclyerddr efils 0fcHafl ml.dn asbeakerul ar arc and
the actual length of a circular are were neasured
usi ng the i mge anal yzin systemto cal cul ate the
[0084] di 3.vileasuring thérivesightnVb) bk theayiinef sarapieobefass degreasing
x1, 000. [0091] Measur ement of the appl i ed anount of
the surface treatnent agent was carried out as
on Tg10.606:scales. 0092] 1. Preparing a wire sanple having a
l ength of 4 - 6cmand a weight of 50 - 80g. [0093] 2.
Preparing a solvent, CCl4 of 150 m, in a beaker.
[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 té room temperature in a desiccator.
[0097] 6. Measuring the weight (Wa) of the wire sample after degreasing on
1 g/10,000 scales.
[0098] 7. Calculating the applied amount of the surface treatment agent
based on measured values of Wb and Wa according to the following Equation 3.
[0099] [Equation 3]

Applied amount of surface treatment agent (g/W.kg) = {(Wb -

Wa)Wa} x 1000
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[0094] 3. Measuring the weight (W) of the wire sanple
bef ore degreasing on 1g/10,000 scal es. [0095] 4.
Inputting the wire sanple into the beaker containing
CCl 4, and degreasing of surface treatnent oil from
the wire sanple for 10 mnutes while stirring the
W re sanples two or three tinmes. [0096] 5. Drying the
degreased wire sanple for 10 mnutes within a dry
oven, and cooling the wire sanple to roomtenperature
[00190} Measeremeant of thpamount ofubsiganhiesidue op thg sulfges of the
of the wire sanple after degreasing on 1 g/10,000
_scales. [0098] 7. Calculating the applied anmount of
wirerWas sarfeglceutiasdallowst agent  based on nmeasured val ues
of Wb and WA according to the foll ow ng Equation 3.

50099}]19[ Equation 3] Applied anmount of surface ]
[0019d}t tre Rlaradpnou teveamy proggdure-witkajhend - & sterroused in the

[ 00100] Measurenent of the amount of [ubricant residue
on the surface of the wre was carried out as
medsuireéroant of the epplied angaunt wf the surtfacehreatanent@astédur e
with the 1 - 6 steps used in the neasurenent of the
appl i ed anount of the surface treatnent 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 (CrO3) maintained at 70°C.

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

[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.

tOO 106] 6. Measuring the weight (Wa'}) of the wire sample after degreasing on
1 9/10,000 scales.

[60107] 7. Calculating the amount of the lubricant residue based on measured
values of Wb' and Wa' according to the following Equatiqn 4,

[00108] [Equation 4]

- Amount of lubricant residue (g/W.kg) = {{Wb' - Wa')/Wa'} x 1000
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[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% anhydrous chronic acid
(Cr03) maintained at 70C. [00104] 4. Washing the
degreased wire sanple with boiled water and then
al cohol. [00105] 5. Drying the wire sanple washed with
al cohol for 10 minutes within a dry oven, and cooling
it toroomtenperature|nadeS|ccator [001 ?}96. ..
[ooﬂ;@ﬂ uThﬁéoI{OI*f’éngvélog‘hF’e%W%S afmethed\p r%"%‘éﬁ‘%get kg stability
degreasing on 1 g/10,000 scales. [00107] 7.
Cal cul ati ng t he amount of the lubricant residue based
anddhe fieedaAkild®  val ues of W' and Wa' according to the
foll owm ng Equation 4. [00108] [Equati on 4] Armunt of
| ubricant residue (g/Wkg) = {(W' Wa' )/ V'
[00330] oDale)4 shews dhe mleﬁlggrﬁﬂnd@mrfob@yawaﬁﬁgﬁ | Etiﬁ Stablllty,
eval uating the arc stability and the feedability.
- !QOllO Tabl e 4 shows the wel di n% condi tions for .
in reight ferdiag cableabaving y, lenpth ohdmhvas ssedifgihevaluating
feedi ng cable having a I ength of 3m was used for
evaluating the arc stability.
the arc stability.

[00111] [Table 4]

Welding conditions for evaluation of arc siability Welding position
Current (A) : 210 Voltage (V) : 23 Bead on plate
- Speed {(cm/min) : 120 Welding time (sec) : 12
Shielding gas: 100% CO2 Gas flow rate (I/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
deposited metal exceeds 9(%), the arc stability was regarded to be poor, which
is indicated "x" in the table, and when the weight of the spatter is below the
value as mentioned above, the arc stability was regarded to be excellenf, which
is indicated "O" in the table. Wires used for evaluating thg arc stability were JIS

Z 3312 YGW 12 (AWS A5.18 ER70S-6) 1.2mm.
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[00111] [Table 4] Welding conditions for eval uation of
arc stability Welding position Current (A : 210
Voltage (V) : 23 Bead on plate Speed (cmmn) : 120
Wl ding tine (see): 12 Shielding gas: 100% CO2 Gas
flowrate (I/mn) : 20 [00112] According to the arc
stability evaluation results, when the wei ght of
spatters havi ng a parti cle size of 1mm or greater
exceed or when the ratlogp of the total
IOOMF-’@ h-{alé’? 55&'&‘?‘@’% fhe welding é@B@'@Pnﬁ it gealgating thﬁefleﬁﬁ?b’ﬂ?y in
the deposited netal exceeds 9(%, the arc stabi I|ty
was regarded to be poor, which 1is indicated "x"
whigha @%\leéed'é?ﬂdcﬁm%rhﬁ\’mg Adepath of Simand pueynd twe tlﬁ'éq?%wmg
the value as nentioned above, the arc stability vvas
regarded to be excellent, which is indicated "0"
Shapﬁbtot hayieca digrmneter g& 3a0man wasalsedifphgvalnating ﬂﬁesiegsf'ﬂbihtw
were JIS Z 3312 YGW 12 (AW5 A5.18 ER70S-6) 1.2mm 37
iOOlﬁgj Table 5 shows the wel ding conditions for
Bbleydk he feedability, in which a new feeding
' a length of 5Smand wound two tines (ring

[00}

sh ap‘@?'di'rgcfowﬁ'\?eﬁ fer %'%ﬁ@t%ﬁee@ﬁ"itﬁmm wels us edVeiding position
tho - fAan rTr\lnl P =y | \AAL A ey
TV l IIC T CUUUI 1 UJ.J."I‘J L LIL®, 8 | IIU
coﬁudrlet |( Jns for eyal uat |V0|F1ab%%v) fdeﬂedabl ity W ega Ongﬁalte
psyekd (c@imin) : 50 Welding time (sec) : - Zigzag weaving
Shielding gas: 100% CO- Gas flow rate (Fmin) : 20

[00115] According to the result of evaluation for the feedability, when a
continuocus 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 tab!e. 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
| in the range of 80 — 100sec, the feedability was regarded to be normal, which
is indicated "A" in the table. Wires used for evaluating the feedability were also

JIS Z 3312 YGW 12 (AWS A5.18 ER70S-6) 1.2 mm.
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Current (A) : 420 Voltage (V) : 44 Bead on plate ,
Speed (cmmn) : 50 Welding tinme (sec) : - Zigzag
weavi ng Shielding gas: 100% C02 Gas flow rate (1/mn)
20 [00115] According to the result of evaluation for
the feedability, when a continuous welding tinme was
shorter than 80sec, feeding was not snoothly
performed, resulting in failure of welding, and the

feedabjility was regarded to pe poor, which is
IOOH&S cﬁkﬂ@wg*}( the i eﬁse ugag) far th@a@fmm B, OfwHish PrgRent invention

conti nuous welding tine was 100sec or Ionger the

f eedabi | |t was regarded to be excell ent,
were Wifp addle | @W"ﬁ(f‘ﬁ\ést%ﬂ% FE%QS@1%HHH 1."§eYGW11 14, 15,

continuous welding time is in the range of 80 -
100sec, the feedability was regarded to be nornmal,
16, {hiac 21 wires gisoayielded e samenieslisl e. Wres used for
eval uating the feedability were also JIS Z 3312 YGW
12 (AWS A5.18 ER70S-6) 1.2 mm 38 [00116] Although the
[00}l7¢ A% 8D Baopeemdn dablgpBeComparatiys &gamplesﬂent?n én10
were JIS Z 3312 YGM2 (AWS A5. 18 ER70S-6) 1.2 nm JIS
YGW 11, 14, 15, 16, 18 and 21 wires also yielded the
14, 4ama6rancLl¥ {indleting 7 high speechdravéea donditighl of tBe secondary
Conparative Exanples 1 - 3, 4, 10, 11, 14, 15, 16 and
17 (including a high speed drawi ng condition of the
drawiagp hdue wurfdcawhags lvd (B dgonathe coapssctidn phttd wine due to
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 (Y1} 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
invention were applied thereto. Although marginally good feedability was
ensured in this way, the ratio dr/di exceeded the set range of the presént

invention. That is, because there are many other surfaces except the worked
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hi gh speed drawi ng, thereby resulting in poor
feedability and arc stability even wth a proper
anmount of the surface treatnent agent within the range
of the present invention. In addition, as the ratio
dr/di exceeds the set range of the present invention,
the anmount of the |ubricant residue exceeded its range
and the anount of spatter forrration was i ncreased.

This has | ed to an unstabl e are. npar ati ve Exanpl es
surfgce 7the) gontgghibetvaen, thes Gentask t'@lﬁﬁeﬂ"%f“’“’@'\/@‘)‘"% ng was
cross section of the wire according to stable draw ng

conditions and proper anmounts of the surface
not sfatde gpftatdge ﬁﬁrrw imeriherrmeunid wtienéomatioanwas increased
I nvention were appl | ed thereto. Al though marginally
good feedabilijt ensured in this way, the ratio
duedio/ the Bgtaasgeln ﬁea@@unt ahdfe bebricast pesidusduring the drawing
invention. That is, because there are nmany ot her
surfaces except the wor ked 39 surface, the contact
prog¢ges#tdween the contact tip and the wire during wel ding
was not stable and at the sane tinme the anmount of
spatter formation was i ncreased due to the increase
[0014 8] headiculanly, if caseeof GCompsnative Exatpdesidr 7n§2.t4ed 13, even
drawi ng process. [00118] Particularly, in case of
Conparative Exanples 5, 7, 12, and 13, even though
thoudte thersurfaeer caugimesses aff thehevivg rheforef or eafter dfawing were
drawi ng were secured within the range of the present
i nvention, since the drawing rates 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 ([“Idh
) 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
invention, the amount of spatter formation was resultantly increased due to the
increase in the amount of the lubricant residue.

[00119] Comparative Example 9 has a surface shape of (1) on the cross

section of the wire according to stable drawing conditions and at the same time
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not appropriately controlled, the ratios of dr/di
exceeded the range of the present invention.
Conparative Exanples 6 and 8 has a surface shape of
(U18 on the cross section of the wire due to a high
speed drawi ng and at the sanme tinme the anount of the
surface treatnent agent applied thereto deviated from
the range of the present invention, thereby resulting
in poor feedability and inferior arc stability. As
the ragio (Qi{di ang thei amebiakakihe wbrisapt Fasidite lie within the sanges of
i nvention, the anount of spatter formation was
resultantly increased due to the increase in_the
the apRssant dRventien, ytharebint exiibiting e superiar girc cetabditat iHwever,
Exanple 9 has a surface shape of (M on the cross
section of the wire according to stable draw ng
becaesrithe amoushaef the sudacaiireatment agantiaxsceded dhelrarge of the
and the anount of the lubricant residue lie within the
ranges of the present invention, thereby exhibiting
presan einventialr, cther atitg islip. prabl@meoccurtast dnsteedre seebons upon
of the surface treatnment agent exceeded the range of
the present invention, the wire slip problem occurred
welding f ard dhus e ifeedahilify wasvelotiisegyuresin d Gomgaratiee Example 18
feedability was not secured. Conparative Exanple 18
has a flat surface on the cross section of the wire,
hastahdlat sotface dretivee erogsheectionbadhe twipe,adhd ¢dndaci between the
during wel ding was stable and arc stability was
secured. Although the applied anobunt of the surface
contacttp aedtthagdémnt duviryg weklingvumalkistalblbeand 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
drawing within their respective ranges of the present invention, Invention
| Examples 1 - 20 could have the surface shapes (M} in the negative direction
(toward the center of the wire) with respect to the worked surface, and the ratio

(dr/di) of the actual length of a circular arc to the apparent length of a circular
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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 wel di ng,
| eading to poor feedability. [00120] Meanwhil e, by
optimally adjusting the surface roughness before
drawi ng, the drawi ng nethod, the drawing rate, and the
surface roughness after drawing within their
' respectjv nges of the prese i nvention, Jnvepntion

arc wiexgpakoled o cuhin thi ANGRe! tbe ArasentIRBnIon FAddiaally,
the negative direction (toward the center of the

wre) w respect to the worked surface, and the
the @éﬂ“??%"ts 6’% ﬂ?%l F‘J)Sb“Gfﬂ”*c el MEre alegiwitjp the sppge Phfhepresent
to the apparent length of a circular 41 arc were
. controlled to fell within the range of the present
invgriiganwhish. inAdd fedyead the amayat ghestier agnaralon-ubr i cant
resi dues were also within the range of the present
invention, which in turn reduced the anount of spatter
[00d24d kx pdditionothep applied amnunt o thersurigast treatregriurgendrwas
the surface treatnent agent was adjusted to fall
wthin the range of 0.03 to O. 708N\/*kg, thereby
adjusded 4o yalhyithist the rangeadfi 0.08ytoahdlafieka, dberabyysatisfying both
[00122] The foll om ng now descri bes an enbodi nent for
securing Cu-plating- free wires, which exhibit a
feedahilily iaod arc ghabili¥ed wel dability even in | ow anperage
short circuit transfer node and excell ent deposition
efficiency and
[00122] The following now describes an embodiment for securing Cu-plating-

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
applying only the liquid surface treatment agent. The same results were
obtained by suppressing the Cu content, that is, using Cu-plating-free wires,
and by adjusting the composition of Si and Mn contents, thereby improving

. deposition efficiency. Thus, the objects of the present invention were attained .
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high nelting rate under high-current wel ding
condi tions. [00123] As explained so far, the anount of
fume, spatter and slag formation could be suppressed
by properly controlling the surface properties of the
wire, by managi ng the anount of the |ubricant residue
on the wire surface and by applying only the liquid
surface treatnment agent. The same results were
obt ai ned by suppressing the Cu content, that is, using
by ERPYVIAL tﬁ@-m?li'@gvﬁa?ﬁsﬁ?muﬂﬁ dheyadjisgtment ﬁé chagical components
conposition of Si and Wh contents, thereby inproving
deposition efficiency. Thus, the objects of the
andgrasseegitiominaieeiors slawn it Tablecibelow.by i nproving the
nmelting rate through the adjustnent of chem ca
conponents and conposition thereof as shown in Table
[00824d| Gwablg 6D124] [Tabl e 6] Chenical conponent Depositi

Surface Resistivit Melting Division {Qu/(Si+ dr _
ens CHUIROCBRAeHt e(g/ i Qthers Mi+P+S)) X /| %QQ CN)  PePosttl ing
__effreienc G Sip MiP-SpCu 100 di38.m 1) (JO Resistivit
Division : tension(10 rate(g/mi
Others |Mn+P+S)X { W{HEQ M) lefficienc
C Si Mn| P S Cu 100 di *N/m}) 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[1.4710.014|0.010/0.010| Bal. | 0.42 1.018 | 1020 | 33.4 | 98.5 | 125
IE 3 0.055 |0.91(1.43/0.010|0.022/10.010| Bal. | 0.42 1.325 | 1010 | 34.1 | 98.8 | 127
IE 4 0.061 [0.87|1.48/0.013/0.013/0.007| Bal. | 0.29 1.231 | 1015 | 33.3 | 987 | 126
IE 5 0.060 |0.96(1.46/0.011)/0.015/0.004| Bal. | 0.16 1.450 | 990 | 33.9 | 98.8 | 129
IE 6 0.066 |0.82|1.48/0.010/0.013/0.012| Bal. | 0.52 1.501 | 1005 | 34.1 | 986 | 124
IE7 0.051 |0.76(1.53/0.016/0.019/0.017| Bal. | 0.73 1025 | 1017 | 33.1 | 985 | 123
IE 8 0.058 [0.79[1.57/0.016/0.011/0.013| Bal. | 0.54 1510 | 997 | 343 | 98.7 | 128
IE9 0.071 10.61(1.25/0.014]0.010/0.005| Bal. | 0.27 1,380 | 1002 | 33.8 | 986 124
IE 10 0.074 [0.58/1.19/0.012/|0.016/0.014| Bal. | 0.78 1490 | 1015 | 341 | 985 & 121
CE1 0.066 |0.85(1.42/0.011|0.008/0.180| Bal. | 7.86 1.005 | 1100 | 31.8 | 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 0.058 |0.85|1.54/0.014/0.014(0,160| Bal. | 6.62 1.011 | 1050 | 32.3 | 983 | 116
CE 4 0.058 [0.79]1.57/0.016/0.011]0.200| Bal. | 8.38 1.009 | 1105 | 32.0 | 98.2 | 113
CE 5 0.071 |0.61]1.25/0.014/0.010/0.210| Bal. | 1115 | 1.007_| 1075 | 31.9 | 981 | 117
CE 6 0.065 |0.66(1.23/0.014{0.011/0.007| Bal. | 0.37 1.010 | 1020 | 33.3 | 984 | 118
CE 7 0.051 |0.8911.44/0.012{0.022 0,007, Bal. | 0.30 1570 | 1010 | 345 | 98.2 | 117
CES8 0.038 |0.74/1.58|0.012|0.008 0.008| Bal. | 0.34 1.630 | 1024 | 34.8 | 98.3 | 119
CE 9 0.071 10.91[1.49|0.011]0.011/0.038| Bal. 1.57 1550 | 1035 | 33.9 | 98.1 | 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

[00125] Welding conditions for measuring deposition efficiency and melting
rate are illustrated in Table 7 below, and the déposition efficiency and the
melting rate were calculated in accordance with Equations 5 and 6 as follows:

[00126] [Equation 5]
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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 33.4 98.5 125 |E 3 0.055
0.91 1.43 0.010 0.022 0.010 Bal. 0.42 1.325 1010 34.1
98.8 127 IE 4 0.061 0.87 1.48 0.013 0.013 0.007 Bal .
0.29 1.231 1015 33.3 98.7 126 IE 5 0.060 0.96 1.46
0.011 o 015 o 004 Bal. 0.16 1. 450 990 33.9 98.8 129
IE 6 Q.066 0.82 1.48 0,010 0,013 0.012 Bal. 0.52 1.
1005 Bepasitien gfficiency (i) o (\Weigh of depositechmeial /cWGEElé‘t of rod
0.017 Bal. 0.73 1.025 1017 33.1 98.5 123 |E 8 0.058
0.79 1.57 0.016 0.011 0.013 Bat. 0.54 1.510 997 34.3
conggmed peging weldipgd x108. 61 1. 25 0. 014 0.010 0. 005 Bal
0.27 1.380 1002 33.8 98.6 124 I|E 10 0.074 0.58 1.19
0.012 0.016 0.014 Bal. 0.78 1.490 1015 34.1 98.5 121
[00&ERY] dEgwetion$b 1. 42 0.011 0.008 0.180 Bal. 7.86 1.005
1100 31.8 98.3 115 CE 2 0.050 0.95 1.46 0.013 0.015
0.160 Bal. 6.56 1.010 1080 32.1 98.4 115 CE 3 0.058
0. 85 MeRirgorata fo/oion# (Waight ehrod eomsumed duringseeldings/ Arc
98.3 116 CE 4 0.058 0.79 1.57 0.016 0.011 0.200 Bal .
~8.38 1.009 1105 32.0 98.2 113 CE 5 0.071 0.61 1.25
time). 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 33.3 98.4 118 CE 7 0.051 0.89 1.44 0.012 0.022
[00B28)7TRAle 7]0. 30 1.570 1010 34.5 98.2 117 CE 8 0.038
0.74 1.58 0.012 0.008 0.008 Bal. 0.34 1.630 1024 34.8

Wejdinggongitlods 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 (I/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
result, high speed weldability in low-amperage short circuit transfer mode and
superior arc stability under high-current welding conditions could be secured.

[00130] On the other hand, when the wire composition ratio

{Cu/(Si+Mn+P+8)} x 100 did not satisfy the range of 0.10 to 0.80 and when the
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CE 9 0.071 0.91 1.49 0.011 0.011 0.038 Bal. 1.57 1.550
1035 33.9 98.1 119 E 10 0.074 0.86 1.49 0.006 0.009
0.036 Bal. 1.52 1.320 1040 33.3 98.4 114 'Ohers: Fe
and unavoi dabl e inmpurities [00125] Wl ding conditions
for measuring deposition efficiency and nelting rate
are illustrated in Table 7 below, and the deposition
efficiency and the nelting rate mere calculated in

accordance with Equations 5 and as foll ows: ofoﬁl%%b”
ratip éE{QbWﬁ%ﬁegjat%éf@Eb% $5taAnge pf&ﬂéln"cty 1-64 5thewdre Fredgpoility

deposited netal / Weight of rod consuned during
wel di n x 100 [00127] [Equation 6] Melting rate

or the ars ﬁ%bﬂit( tegprat %Hﬁ%ﬁéﬁeo@f‘?%@‘%P@ieﬁbof Ppgnd S,
time) [00128] [Table 7] Welding conditions for
measuring deposition efficiency and nelting rate

the purface @cgw@tmg glemenis vdiigh sayve: tozlgweydne égg‘ap%teﬂswslz of the
Bead on pl ate Speed (cmmin) @ 30 Wlding tine (sec)
. 60 Gas: 80% Ar - 20% CO2 Gas flow rate (1/mn)

- moltegomeg! was sallbthesswfacentension was high. oMoreayey. elnoehtbﬁ Cu

the wire COI’TpOSItIOﬂ

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 — 5 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 Cu-plating-free wires in
Invention Examples 1 — 10, resistivities of the copper-plated wires were small
and.the surface tensions of the molten metals were increased. In result, the
wires exhibit low melting rates and relatively lower rates of weld materials
becoming deposited metals (that is, low deposition efficiencies) than those of

the Cu-plating-free wires. Therefore, it was impossible to aftain high-speed
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ratio {Cu/ (Si +WMn+P+S)} x 100 lied wthin 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 nolten netal was | owered and
at the sane tine its resistivity was increased. As a
result, high speed weldability in | ow anperage short

t t.ransf er, node, and erior arc stabjl.jt .
werGARIEY i SO ek asied A0S GG $RsET st o' dnder high-
secur ed. [00130] On the other hand, when the wire

tion ratio {Cu/(Si+Mh+P+S)} x 100 did not
currggpﬁ@%ng ReNdIHAB® of 0.10 to 0.80 and when the 44

ratio dr/di was deviated fromthe set range of 1.015
tg 1.515, the wire feedability or the arc stability
[00}32] fepairplJrxaranles 6 —tthare Crgdating-free WiFRS. cHS G b%ﬁe@‘ in
and S, the surface activating el enents whi ch serve to
ower the surface tension of the nplten neta

Tab!ﬁrﬁl even Heough fhe witeeraMBASIHAS Aiig r{Cur(f@ﬂ’elUvéP+S%h ﬁé&o lied

the Cu content was reduced, it is dlfflcult to
properly control the surface tensjon.

Wlthd’bﬁlﬁaﬁetﬂla@EJédevQ 1@ 0 08 toe relimdeat whgch lﬁdh@&#éfécg wpsoperty
to the Cu-plated |ayer existing therein, and this in
turn reduces the resistivities, the deposition

contsek vajue wap deviateldromthe opt rasgei @igl .Of 6@@.31@1 Tokonsequently,
Exanples 1 - 5 are copper-plated wires. As nentioned
before, these wires contain nore than a predeterm ned

the wineufeedabiliu abd dhesarc 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 Cu-plating-free wires. quever,
due to an excessive Cu content, the wire composition ratio {Cu/(Sian+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.

[00134] In short, the inventors succeeded in manufacturing Cu-plating-free
wires as in Invention Examples 1 — 10, which exhibit high speed weldability

even in low-amperage short circuit transfer mode and superior arc stability
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of the copper-plated |ayer existing therein. Unlike

Cu-plating-free wires in Invention Exanples 1 - 10,

resistivities of the copper-plated wires were snal

and the surface tensions of the nolten netals were

increased. In result, the wres exhibit Iow nelting

rates and relatively lower rates of weld materials

becom ng deposited netals (that is, IOM/deposition

ef ficjienc n thosg of the Cu-platin
undgr  BSh SRl weli (cotaioha oL mipBells seE g he surtace

hi gh- speed 45 meldablllty in short circuit transfer
node and superior arc¢ stability under high- current
Prora\%r%aﬁngf HEi w'reﬁsanfﬁdmeﬂ;use@st fhair E!?ﬁﬁ%q%sc%npo%e'ﬁﬁea“d
Cu-plating-free wires. As can be seen in Table 6,
even t hough the wire conposition ratio
CO“IF@?,‘ [05S+Mh+P+S)} x 100 lied within the set range of

0.10 to 0.80, the ratio dr/di which is the surface
roperty control value was deviated fromthe set
[Ooﬁaﬁ eAdfarpagan fram the descrplityy Arsarding to the piggant invention,
feedability and the arc stability, which are basic
properties of welding wres, could not be secured or
the @éb@lélilﬂgrﬁwea wiiedoE pagrshiaidest sraweldine semeseinto stable contact
made it di ffl cult to obtain desired wel ding
properties. 00133;l Control Exanples 9 and 10 are al so
withdhegloatadi §iofwiw withe soppemplatad layeuentte surfase ebtievwire, so
Cu content, the wire conposition ratio
{Cu/ (Si +l\/h+P+S)} X 100 exceeded the set range of 0.10
thatttbeGopper Rakeas aatrioy claggedsiar theceondaitscaie 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 Cu-plating-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 properties of those wires and by adjusting their chemical

components and compositions.
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of the nolten netals were increased and desired
wel di ng properties could not be obtained. [00134] In
short, the inventors succeeded i n nmanufacturing
Cu-plating-free wres as in Invention Exanples 1 -
10, which exhibit high speed weldability even in

| ow- anperage short circuit transfer node and superi or
arc stability 46 under hi gh-current wel di ng

IO AR SRR R ——

chem cal conponents and conpositions. [00135] As

T CUR T N ST R J—

gas-shi el ded arc wel ding cones into stable contact
th the contact fti t hout the cop ted | ayer
invegigonshau ratebs it i ABe. deScribegr brateed mBpodfins but
are not clogged in the conduit cable and the cont act
-t upon wel ding for a long tinme, thereby providjn
varlgqgé:hpgg@s ang @Paﬁpﬁt"t% can madg; withindba pint; ﬁ"iF! g‘PPe of
reductlon in spatter formation. [00136] Moreover, the
plating-free wires of the present invention
the Pé%ﬁﬁnt Hivengion @@ﬁt@é@@dthyethpreéwélﬂeg AMSecur rence of
resi stance heat between the contact tip and the wire
and at the same tine offer high speed weldability in
| ow- anperage short circuit transfer node and superior
arc stability under high-
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current wel ding conditions, which benefits are
achi eved by properly controlling the surface
properties of those wires and by adjusting their
chem cal conponents and conpositions. 47 [00137]
Al t hough the preferred enbodi nent of the present
i nvention has been described, it wll be understood
by those skilled in the art that the present

vent.i on .should not be imted to the described

Whﬁ?@f%‘?@&“@n‘oodl ment, but various changes and
rmdl fications can be nade within the spirit and scope

t he rese vention as defined by the appende
cI di ns. Igpng gre@l ‘A’Frﬁef@ru%as'ﬁh'e'ﬂ\e@lgrﬁl ‘%{?'idﬂﬁ) fViV*é%re’“ the
wire for gas shi el ded arc wel ding, wherein the wre
. has a fl at-shaped worked surface, and depreSS|ons of a
wire, s @ Nat-shaped werked cusRgR dand depegisions,ef a meogfiye direction
mnth respect to the worked surface forned in a
ircunferential direction of the surface; wherein a
(tO\'\fae*ifi ithe srenter efctheavireewifhrespest tor theawerkeg swface formed in a
an apparent length (di) of a circular arc, (dr/di),
lies within a range of 1.015 to 1.515; and wher ei n
circymégrential dﬂtﬁﬁ@@mﬁl@m swrfaces wheein siratimoefarsprtual lemgth (dr)
lies within a range of 0.10 to 0.80. 2. The

Cu-plating-free wire as set forth in claiml, wherein
a ciggular 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+8)} x 100 lies within a range of 0.10 to 0.80.

2. The Cu-plating-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 Cu-plating-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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amount of |ubricant residue existing on the wire
surface is not greater than 0.50g per unit kg of the
wire mass. 3. The Cu-plating-free wire as set forth in
claiml or 2, wherein the wre surface is coated with
a surface treatnment agent of 0.03 - 0.70g per unit kg
of the wire mass. 49 4. The Cu-plating-free wire as
set forth in claim3, wherein the surface treatnent

agent cansists of. at | east one of .ani mal oil, .
vedet abﬁn eoﬁ%'p‘aﬁ{‘%‘irﬁgl Wi asysekdordh |in giln’ 3, wherein the
synt hesi zed oil. 50

surface treatment agent consists of at least one of animal oil, vegetable oil,

mineral oil, mixed oil, and synthesized oil.
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