Consol i dated specification as at 12 October 2006 NON- COPPER- PLATED SOLI D
W RE FOR CARBON DI OXI DE GAS SHI ELDED ARC WELDI NG BACKGROUND OF THE .
INVENTION 5 Field of the Invention The present inv&spidraiedpraciication o
solid wire for carbon dioxide gas shielded arc wel di nd ahe E5tehe8 200 copper
plating on the wire surface, and nore particularly to a non-copper 10
plated solid wire for carbon di oxi de gas shielded arc welding which has

i nproved wire feedi ng property or feedability, resulting fromcontrolling

t he roughness apgdy }5@%’19; ﬁs 8£1Dt EI’O§ égﬁ%@ﬁ%}:&éﬁegggl ption of

t he Rel at ed Art ecent e Intro ctl on automati c wel di ng

syst ens, rbon di oxi de (CQ2) .gas shielded arc welding
has w dely %gg%ﬁﬁ‘ggﬁ in E%[ %géfl elds of, in particular, steel franes,

aut onobi | es, ship and buil di ng constructlon 20 As for a solid wire for
such CO2 gas shielded arc welding, it is usual to use a so-called

copper-plated s n is plated on the wire surface. The

reason why coppgbbggﬂ%%f%@e%ﬁg B&i?lﬁ@recg\{/e el ectric conductivity, wire _

fee bility and corrosion reS|stance 25 Due to the friction between a ’
re-and a drawi ng die .

Field of the Invention
The present invention relates-to a selid wire for carbon
dioxide gas shielded arc welding wﬁich has no copper plating
on the wire surface; and’ more parﬁicularly to a non-copper-
10 plated 'sclid wire for carbon dioxide gas shielded arc welding
whieh has improved wire feeding property or feedability,
resulting from controlling the roughness and micro-hardness of

the wire surface.

15 Description of the Related Art
Recently, with the introduction of automatic welding
systems, a solid wire for carbon dioxide (CO;} gas shielded arc
welding has widely been used in the fields of, in particuiar,
steel frames, automobiles, ship and building construction.

20 As for a solid wire for such CO; gas shielded arc welding,
it is usual to use a so-called copper-plated solid wire wherein
copper is plated on the wire surface. The reason why copper is
plated is to improve electric conductivity, wire feedability
and corrosion resistance.

25 Due to the friction between a wire and a drawing die



1 Consolidated specification as at 12 Cctober 2006 occurring in a draw ng
process at the tinme of wire mnufacturing, a portiaon of copper lating is
peel ed away from the wire surface, and another porﬂk@ﬂ’@?qééﬁﬁe‘m Pt i ng
is deposited in the formof copper dust on dents of tReati2@ctoler2096 ace.

During a welding operation, the copper dust falls from the wire surface

and accunul ates on a welding tip due to the friction between the wire and
the welding tip. As aresult, the welding tip is clogged, thereby causing

vel ding ingkabihhdy aRd 10 genendyf| “ﬁr@cés%f ge;@anoppt Ok j§RAt (gl S il i
addition to the copper dust the copper plated wire has the foll ow ng

probl ens: (1), rIBE, £ atl@&re%'o@/% %rggagtgﬂéf%ghggrmmt x%rrface

and thus the copper IS Inevita

surface d towﬂlee fsﬁ £Llon ing"‘ea%%t%'é? %&1%&3 ofh%opﬁleg:o atifly 1@6reby

causi ng we |ng |nsta ity. pper w nelt 083C

and thus g oLigbhe erag VeRon! 260 aog il hua high femmer gk utg dur

wel di ng opePa ion y genera i ng ar ge~ anount ures. T sprte
of these drs dvant ages of copper plated wres, copper pl ati ng on awre
surface hds HEER" considered to be inevitable for the pur pose of inproving

electric Conducbhging'ea welding operation, the copper dust falls from
the wire surface and accumulates on a welding tip due to the
friction between the wire and the welding tip. As a result, the
welding tip is clogged, thereby causing welding instability and
10 generating a large amount of spatters.
In addition to the copper dust, the copper plated wire
has the following problems:
{1) The copper plating layer is more soft than the wire
surface and thus the copper plating is inevitably peeled off
15 from the wire surface due to the friction between the wire and
the welding tip, thereby causing welding instability.
(2) Copper has a low melting point of 1,083°C and thus is
liable to be vaporized at a ultra high temperature during a
welding operation, thereby generating a large amount of fumes.
20 In spite of these disadvantages of copper plated wires,
copper plating on a wire surface has been considered to be
inevitable for the purpose of improving electric conductivity.
In view of the foregoing, it is necessary to develop non-
copper-plated wires capable of satisfying various

25 characteristics including advantageous characteristics of



In view of the foregoing, it is necessary to devel op non- copper-pl ated

W res capable of satisfying various 25 characteristics including |

advant ageous characteristics of 2 Consolidated spediarelideiegsrelcaten 12
Cct ober 2006 copper-plated wires. Meanwhile, wires w 2hdu2 @apRasr0Bf at i ng
have been proposed, for exanple in Japanese Patent Registration No.
2682814 (arc welding wire), Japanese Patent Application Laid 5 Open

Publ i cation No. Hei.l1-147174 (non-plating welding wire for steel) and
2000- 9417 dj g T, it hout plating) . These prior arts propose the
use of at %IO(%) sir %E%t In fgfs'l ubricating powder such as MbS2, W52, and C or

the coating of i i ng il.on i S , by 0s

i nproving wire h%gh?gg%%’bi IY?%SJaBg‘%%\%%@Pa?ééﬁppé?%% Ion Lal d- %%nn

Publ i cati 2000-117484 disclgose | di w.re,,on the wre surface,
havi ng a %%\??ggggt ofoxgugeé’% ggs %IS afa;f?aél\%%faerrpﬁg%ee%t M/a%/eéﬁlgtr%égﬁm%l oﬁnog' t he

[ nf [ di ion,..which i |1 [ 1 i ng.
o opor Ly, SRSCHHE HGEF: SEAEr Orehg  pERE CP R EREFL) AERLLTALTh TR bower

Pubi T cat | SR Ro. FIU0GREI2763 i LBR oLbEL 4l Hin- HRHl G FPe oIt ae YT ng
and an arc. Wi dLlP IR Who-dh 198! Teflidd S A WI¥nb0e" SRR SO AR  faV! N
prior arts propose the use of at least one kind of lubricating
powder such as MoS;, WSz, and C or the coating of lubricating
oil on a wire surface, for the purpose of improving wire
10 feedability. -
Japanese Patent Application Laid-Open Publication No.
2000-117484 discloses a welding wire, on the wire surface,
ha"\ring a wavy part of ruggedness of a predetermined wavelength
along the circumferential direction, which is excellent in an
15 arc starting property, resulting from controlling peak
intensity measured in the power spectrum to a desired wvalue.
Japanese Patent 2Application Laid-Open Publication No. 2000~
317679 discloses a non-plating wire for arc welding and an arc
welding method, in which an insulating inorganic powder having
20 a small average grain diameter and an electrically conductive
inorganic powder are stuck on the welding wire surface in
predetermined amounts using water soluble macromolecule,
thereby generating a reduced amount of fumes or spatters.
In addition, Japanese Patent Application Laid-Open

25 Publication No. Heil.11-342494 discloses a sclid wire for carbon



20 a smal|l average grain dianmeter and an electrically conductive inorganic
powder are stuck on the welding wire surface in predetermned anounts

usi ng water sol uble macronol ecul e, thereby gener at i¢Rpselidagegispediicatiount of
fumes or spatters. In addition, Japanese Patent Applicasatd? Qeprr@ogh 25
Publ i cation No. Hei.ll-342494 discloses a solid wre for carbon 3

Consol idated specification as at 12 Cctober 2006 di oxi de gas arc wel di ng,
in which wire conponents, C, Si and Mh involved in spatter generation

satisfy t *@iéﬂ'deog‘é@garé e‘!aé‘:tci.ifé?igi i “(hji%géjs_i?% Mad 5o, O 20 g‘é’tea?{%l fper eby

generating a reduced anoun patters. e above wires’h

DTV 2 O EOPPSLSL AL LRI I8a0BLesaialy Uhytouias

characteristics desired as we W'T es.

coating fi $._on ire . surface Ln,order_ to_inprove the .
properties&o ﬁg’ﬁ‘gf‘%i%ppé%ééﬁ%a%f%“%eé, Phg'%gv\ﬂ%rg' P Yo FePRENI TR
surface 10 inevitably causes th eneration of funmes. Furthernore, because
it is diffd c]iﬂdtuch %ﬂ?&lo‘fﬁé’a&ﬁ%ﬁﬁt of the powders to be coated to an
appropri ate Ievgﬂ, tg?e ‘Fowders are not, uni form coated on the wire
surface, therebyFen@PAS nYLERS| HEVEasHPLYRBERES 0fSs path e7PPersPREERGNI | e,

in automatic welding, feedability of a welding, wire is defined as the
| ength of Yikesaious PEFngaE+dhY t el characteristics desired as welding

wires. In particular, in the case of coating fine powders on
the wire surface in order to improve the properties of non-
copper-plated wires, the powders coated on the wire surface

10 inevitably causes the generation of fumes. Furthermore, because
it is difficult to control the amount of the powders to be
coated to an appropriate level, the powders are not uniformly
coated on the wire surface, thereby generating an increased
amount of spatters.

15 Meanwhile, in automatic welding, feedability of a welding
wire is defined as the length of the wire emerging from the
front end of a welding tip relative to that of the wire fed by
the rotation of a feeding roller. Poor feedability may increase
the length of arc and fluctuate a welding current in welding

20 operation, thereby generating an increased amount of spatters.

In this regard, the amount of generated spatters may be

used as a standard reflecting feedability of the welding wire.

25 SUMMARY OF THE INVENTION



front end of a welding tip relative to that of the wire fed by the
rotation of a feeding roller. Poor feedability may increase the |ength of
arc and fluctuate a welding current in welding 20 odetafidsied sPREfieapn
generating an increased amount of spatters. In this rayadrid Otaeer2080nt of
generated spatters may be used as a standard reflecting feedability of the
wel ding wire. 25 SUVWARY OF THE | NVENTI ON 4 Consol i dated specification as
at 12 Cctober 2006 Therefore, the present invention has been made in view
of the above problens, and it is an object of the present invention to
provi de a non-copper-plated solid wire for CO2 5 gas shielded arc wel di ng

exhi bi ting irmr%egg%slegabth%t regEBBUlib AL LEAMEEINELR0 e ATPURLS, Of

fumes and spatters due to e absence of cop a i'ng. I'n accordance

with the REESAI LAYED! Lonoibhg, abgwe ;oD eet, r?‘”gbi%@*?egﬁb‘ MR

acconpl i shed ISIOﬂ a hon- copper

gas shlelq§g_$%goﬁel% n #IE%W%gqﬁ$£ﬁﬁ%§%e99i é verags rau hqgss & ) of

the wre surface’is 0. &7 s "M ecro-Hardneds

mnre surface (F%% ?&% is 125 t 310. 15 Bb F DESCRIPTI%N gF %}k MVNGS
The abovquﬁd gt'he (%]éEFé W@ esCERPOHHRY  TRASNESge5S6Re 'esent
re cle
Inventlpn\ggdltlngn?rom re Xng the amounts of fumes and spatters due
to the absence of copper plating.
In accordance with the present invention, the above
object and other objects can be accomplished by the provision
10 of a non-copper-plated solid wire for CO, gas shielded arc
welding, in which the ten point average roughness (Rz) of the

wire surface is 0.10 to 9.00 pm and the Vickers micro-hardness

of the wire surface (Hv(lg)) is 125 to 310.
15 BRIEF DESCRIPTION QF THE DRAWINGS

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

20 conjunction with the accompanying drawing, in which:

Fig. 1 is a graph showing the relationship between the

Vickers micro-hardness and the amount of generated spatters

according to the ten point average roughness.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS



understood fromthe follow ng detailed description taken in 20 conjunction
with the acconpanying drawing, in which: Fig. 1is a graph show ng the

rel ati onshi p between the Vickers micro-hardness and-anselidiasisrecibation
generated spatters according to the ten point averageas gugHaesker 2086
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 5 Consol i dated specification as
at 12 Cctober 2006 The present inventors have tried to develop a

non- copper- plated wire exhibiting superior feedability to a copper-pl ated
wire in the absence of copper plating or applying powders as 5 surface
treating agents to the surface of the wwire. As a result, they have found

that the amount a6 geostal ehalhel havial Py &t&eq)el%g Bynsﬁnegg&? S

of the Vickers m cro- hardness an e ten 0|n avera rou

the wire Tpa;a;]tgacemga&ﬂg ALy %{ggeéloé he.d %&ﬂ@gt eéhspat%gggb' SERA dlo

quality o e wre depen anount o gener P

gas. shi el daiare VI A St 611 oone ”Eﬁl%%r%eroa]‘& SRS () of

?héq%agugtqb Sgng%:thgngég%ﬁé% nlcroﬁ%%ld@%%f %gwghg)%ﬁg%bé§5§%ﬁﬁg}?|ng

a good fe%%%%h%tt¥he§nhggg ¥Eun§r%hgkc%%eh%%ggggso%e%%neggtgérggg tégfmn a
can be controlled by the adjustment of the Vickers micro-
hardness and the ten point average roughness (Rz) of the wire
surface, paying attention to the fact that the feedability

10 quality of the wire depends on the amount of generated spatters
in a welding operation.

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

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

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

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

25 of the indentation, as the following equation:



di anond indenter, in the formof a pyramd with an angle of 136 between
the opposite faces at the vertex, is pressed into 20_the surface of the
test piece using a prescribed force and, after the {RneQdidaid spegittinns peen
renoved, the diagonal length of the indentation is measirl@doctapgs 2086 m
"Vickers mcro- hardness (Hv)" as used herein is intended to nean the
hardness represented as the pressing force divided by the surface area 25
of the indentation, as the follow ng equation: 6 Consolidated specification
as at 12 October 200§p Hv, = d sin 2p= 1.854 P wherein, P is the pressing
force (kg) and dvis in-€i agdna&l54-gngt h of the indentation (M. Hv(lg) as
used herein is intenfled to nmean the& Vickers 5 nicro-hardness neasured
using the pressing force of 1g. Wth respect to the ten point average
roughness (Rz), in_ the profile._curve show ng wire surface roughnes
brofile, the  iHPPESHR ghest 1pedbieantreneinti Fa Foweat)yarhdy i 16 hehsr of i | e
on the basj,s of g centerline are selected within the wire 10 | ength. The

ten poi nt G¢PRGL +RGHhELs thR NN Fed™) n  nicrons, as the vertica
di stance between the third highest peak and third |owest valley of the
profile. DescriB¥dlabr éSnaftest hereiie a8 detapded ofot Meanertlpoi hickas
aver age roughness and Vickers m cro-hardness of the wre

5 micro-hardness measured using the pressing force of 1lg.

With respect to the ten point average roughness (Rz), in
the profile curve showing wire surface roughness profile, the
third highest peak and the third lowest valley of the profile
on the basis of a centerline are selected within the wire

10 length. The ten point average roughness (Rz} is defined, in
microns, as the vertical distance between the third highest

peak and third lowest valley of the profile.

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

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

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

range of the present invention throughout the above processes.



surface. The manufacturing process of the wire is summari zed as foll ows:
starting wires (ROD) preparing, pickling, shot blasting,,6 coating, dry
drawi ng, degreasing, wet drawi ng and 20 coiling. Th qrﬁﬂ“dﬁ%ﬁdﬁﬁ)e%ﬁ@“& e
roughness and Vickers micro- hardness of the wre surfat® 'ZdActeerd8br ol | ed
to the desired range of the present invention throughout the above
processes. 7 Consolidated specification as at 12 October 2006 Hereinafter,
the respective processes will be described in detail in view of the

adj ustment of the Lep,pplnt ayer %gggeégmnﬁgg%ez%%sv:ﬁkl I S, dm 858&@%(%9688

of the wire surface. I'n order to Increase t po aver agé roughness
of 5 the.final | di_ng Wi res tarti.ng wWres e .electrolytic i ckl ed
with sul fdri gﬁécc?i %‘lnn- Jir‘i'“’e)m; o&?eema)g/ Q%Eg?e gc scgfal te%e on " tHh l%%r?g%reasgeof t he
starting wires. At the sane tine, the urfaces _of the starting wires my
be- et chad MSDRPEE e LoREHr BRCERT I RHIENROE: §he b iherBhF Paughen t he

W re surfaces. #0 The Ei ckled wres rrﬁy be subjected to coati nl-? or shot

bl asting. The sHOt BEESt 59 TGECAPG ThEr £55ePHLRE PEEEATRSECWIINGTR Qi re
surfaces. The cgating, dry drawi ng and degreasi ng processes are

convent i offd® prdPedseletSingi M bffnuf SCRGFIAY aRtF 9ty & hfot FLRGTTIEYEE do

with the characteristics_of the present invention.
pickled with sulfuric acid (in-line) to remove oxide scales on

the surfaces of the starting wires. At the same time, the
surfaces of the starting wires may be etched by varying an
"applied current density, to thereby roughen the wire surfaces.

10 The pickled wires may be subjected to coating or shot
blasting. The shot blasting sharply increases the roughness of
the wire surfaces.

The coating, dry drawing and degreasing processes are
conventional processes for wire manufacturing and have nothing

15 to do with the characteristics of the present invention.

The Vickers micro-hardness of wire surfaces is mainly
controlled by the wet drawing process as will be described-
hereinafter.

The Vickers micro-hardness of the wire surfaces generally

20 increases as the tensile strength of the wires is higher.
However, the increased tensile strength alone cannot increase
the micro-hardness of the subsurface area ranging from several

pm to several tens WM from the wire surfaces.

In this regard, area reduction in drawing dies can be

25 considered. If the reduction angle (2a) of final drawing dies



The Vickers mcro-hardness of wire surfaces is mainly

wet drawi ng process as will be described hereinafter. The Vickers
m cro- hardness of the wire surfaces generally 20 i fesglideted spegifictioBnsi | e

strength of the wires is higher.

area reduction in drawing dies can be 25 considered. If the reduction

angl e (2a

Cct ober

to several 't

drawi ng f U riaT etgr aé@\féqaﬁr Q:Cegﬁ&s Wyfﬂﬁrpeﬂ% ?wigcge s%.ir%aggg k aAn ]:Sé"e

wires. In order to prevent this

degr ees, Eg%rgggro-gardness of the su?sg face are
e

2

o ind i pat drawing dlesce8 Gpnsglidet o %pelc;r{daegg%f' g g%foff;mll?
g._rrom Ssevera

In the rocess rncreases to ar

As pnF

S AP R Ao PR5Ra g NG P HET

e m1%$9~hardness
rom e Wwre Ssurrtac

enonenon, It IS necessary to |ower

respective workabilities of the dies to 5 to 12% by adjustnment of the
number of ¥&©28F9wi ng. 10 In detail, in order to | ower the workability of

each _di e

to 5to 12% if the reduction angles of final dies (2a ) are 8

degrees, the nulBEFesi ALRBLYY abPFRE | B0 CHift rdfasids presesst Bay generate

10

15

20

the die marks on the wires. In order to prevent this
phenomenon, it is necessary to lower respective workabilities
of the dies to 5 to 12% by adjustment of the number of the
drawing.

In detail, in order to lower the workability of each-die
to 5 to 12%, if the reduction angles of final dies (20 ) are 8
degrees, the number of the drawing is controlled to be 1 to 4
times, and if they are more than 8 degrees, the number of the
drawing is controlled to be 2 to 5 times.

By way of example, in case of the dies with the reduction
angle (2a ) of 40 degrees, weak wet drawing processes of 2 to 5
times may prevent the occurrences of the die marks. At the same
time, because the surface layers of the wires are.mainly work
hardened, hardness of the wire surface layers provided by the
drawing process is added to the Vickers micro-hardness, which
is proportional to the total workabilities of the wires. As a
result, the Vickers micro-hardness of the wire surfaces
preferably increases, whereby the surface hardness (Hv) of 300

or more is accomplished.

controll ed by the

However, the increasédditi@fstpeer20Péngt h
al one cannot increase the m cro-hardness of the subsurface area ranging
fromseveral mto several tens mfromthe wire surfaces. In this regard,

pm



times, and if they are nore than 8 degrees, the nunber of the drawing is
controlled to be 2 to 5 tines. 15 By way of exanple, in case of the dies
with the reduction angle (20 ) of 40 degrees, weak &eolkflaisq srecifisaieasses
of 2to 5 tinmes may prevent the occurrences of the di & #drliactobgr 2086 sane
time, because the surface |layers of the wires are mainly work hardened,
hardness of the wire surface |ayers provided by the 20 drawi ng process is
added to the Vickers mcro-hardness, which 1is proportional to the total

wor kabilities of the wres. result,.the Vickers mcro-hardness of the
wire surfaces BPeFE‘FaBItseF n@%@‘i‘se@%r%e‘?”etﬂil Eq?e%wgéemﬁﬁfagégggltﬁf) of
300 or nore.is acconplishe 9 Consol idated specjfication as at

Qct ober 2068 On2F het Bt hér hg%l, G o8evi DHEAHE; Bier A TiEng. haPBné’ége (Hv)
as |low as 100 can be obtained by carrying out the follow ng processes in
order: dr foéllawag, PERAR®EFTHgi™ p‘i’rccﬂﬁli' ’nquiérﬁlrﬂi()@tngdr é\ﬂinﬁ@.h%g"rhﬁl%w S

m cro-hardness is also related to the tensile strength of the wres.
Ther ef or e 2%k W dh@féind-ood that the surface hardness may be controlled by

varying the dianeters of starting wires (ROD). 10 Exanples Hereinafter,
t he 2f f ecti veneSheoVirkerprbam-hagdaasbons also related to the tensile

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

starting wires (ROD).

10 Examples

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

Respective starting wires (ROD} comprising, as chemical

15 components for the wires, 0.06 wt% of C, 0.9 wt%s of Si, 1.4 wt%
of Mn, 0.014 wt% of P, 0.009 wt% of S, and 0.11 wt% of Ti, and
having wire diameter sizes of 8 mm, 6.4 mm and 5.5 mm, were
prepared. These wires were electrolytic pickled in 15% H;S04
solution at 45°C.

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

Then, the wires were cocated with conventional phosphate

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

10



wi |l be described by way of inventive exanples and non-limting

conparative exanples. Respective starting wires (ROD) conprising, as
chenical 15 conponents for the wires, 0.06 w % of COEopadbipafilicgtion] 4
W% of M, 0.014 wt%of P, 0.009 wt%of S, and 0.11 wP%8'dr2 F5obe{7§06havi ng
wire diameter sizes of 8 mMmm 6.4 mmand 5.5 mm were prepared. These wires
were electrolytic pickled in 15% H2SO4 solution at 45C. 20 Sone of the

pi ckl ed wires were subjected to shot blasting others were not short

bl asted. The sur.face roughness of _.the _wres varied by different shot
Vel oct 1y Sitn e 18 G, *PRBHT i ane PhsERS nS LR Sih: bl T | SO A,
Then, the.mﬁges were coated wth conventional phosphate 25 (Bonderite)

films and*Ched”®i PRC9%%%or ax, fol l owed by drying 10 Consoli dat ed
specification as at 12 éﬁ;ober 2006 and coiling, Processes fromthe
pi ckling to the UBSPARE Wefe CPA- MiFESpriRis sBPIbghendyY, TFRYT es
were subjected to dry drawi ng under conventional conditions to thereby
obt ai n .dr Yr@EawWROR pistomp hyidomdibdPh EP akRekgbysiokds it dXy3dEaw® WiXS nm
The dry drawi ng was repeated 12 to 16 tinmes at a rate of 600 minmn. The dry
drawt ng divdghweedivmrdisanategashrde of eb-3 Tie tar ¢ - Bramn Wheedrviedeawinal i ne
el ectrocl eaned. Before

was repeated 12 to 16 times at a rate of 600 m/min. The dry

drawing dies were tungsten carbide dies.

The dry drawn wires were alkaline electrocleaned. Before

the alkaline electrocleaning, lubricants of the surfaces of the
10 wires were physically removed with steel wool.

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

In the final wet drawing, dies having reduction angles of

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

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

20 shown in Table 1. Therefore, the surface layers of the wires
were mainly work-hardened and drawing forces were lowered,

thereby preventing the generation of die marks.

25

11



the al kaline el ectrocl eaning, lubricants of the surfaces of the 10 wres
were physically renoved with steel wool. In order to_prepare song Wres
that had the | ow Vickers micro-hardness, the dry dr%RMSﬂléjiaWQsSpF‘é '$95RBd by
internedi ate annealing at 880C and el ectrol ytic pickl Phef.12IHctehRs 200hal  wet
drawi ng, dies having reduction angles of 15 8, 12, 18, 25, 30, 35 and 40
degrees were used to control the Vickers mcro-hardness of each wire. The
final welding wires were 1.2 nmin dianeter. As the reduction angle (2a)

i ncreases, area reduction percent agelsbgv\/oékabi lity) of the wet draw ng

di es decrease, as 20 shown in Table I “Therefore, the surface layers of
the wires were mai nly work-hardened and drawi ng forces were | owered,

t her eby i i i }

speci fication s at, .12 Cctaob 006 Table 1 i?educti on angle (2a Ar ea
rgducti on—{o) Zeqhctied FEole 25‘43 25 8 30 5 Area reduction (%)( )

8 18
12 16
18 12
25 8
30 5
35 5
40 5

By way of combining the process conditions as described

5 above, various wires each having different surface roughness
and Vickers micro-hardness were prepared. Each wire was welded
under the welding conditions indicated in Table 2 and then the

amount of generated spatters was determined.

10 Table 2
Diameter of Welding Welding Welding Welding
wire Voltage current speed Shield gas position
C0,100% Downward
1.2 mm 22 v 160 Amp 20 cm/min {20 € /min) position

12



35 5 40 5 By way of conbining the process conditions as descri bed 5
above, various wres each having different surface r%@n SS \/ ckers
m cro- hardness were prepared. Each wire was wel ded r‘afeﬁlép ‘Eﬁt'ﬁg
conditions indicated in Table 2 and then the anount ofSgdrd?de tters
was determ ned. 10 Table 2 D aneter of Wl ding Welding Welding Wl d| ng

wire Voltage current speed Shield gas position $602100% Downward 1.2 nm 22
V 160 Amp 20 cmimin (20 a /mn) position 12 Consolidated specification as

t 12 Cctob t | h_h f 12 dth
gf 10 cmoaﬁcrj aglggni ﬁfa}lg gé%c%l \%%?éngﬁ\élcggm}ﬁn%sosxeos ?%ag"mr’i ﬁgm%k?n V¥x
20 A 40 d- | at di d
(r:nmn)ljt es ;né) tcﬁ'eﬁnéeﬁeigg%gh parter Céno\r)lﬁ’ﬁ?&gagﬁé%\%ieﬁr? g?]‘x’{teog P}%%%rgkgn%g#@% ne
ht t ot Th h (Rz f
\gglcﬁ Wi rpgrxstjjr I \A%é”%% cd’% A% b #doae\r/a&{m%%@ %eggf‘ﬁ%d%ae?(‘)rent s
taken around a ci rcumc erence of the wire. Simlar to the measurenent of

the ten pSidftigferde 20 rouBHMEsS BRE ViheRer$ERAIETEh S RHESES( HISEDf t he

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

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

Similar to the measurement of the ten point average

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

15 The amount of spatters generated depending on the Vickers
micro-hardness (Hv) at various ten point average roughness (Rz)

is presented in Table 3.

20

25

13



that were visualized under a m croscope was cal cul ated by averaging a

t ot al

of 16 hardness neasurenents,

circunferences of the wre.
of spatters generated depending on the Vickers
vari ous ten point average roughness (Rz)

13 Consol i dated specification
Amount of Exarrple Rz (pm Hv (1g) spatters fumes Remark

1 0.08 90 810 O

| nventi ve

that is,

as at 12 Cctober

4 neasurene
pressi ng force used-qpsel
m cr o- Fard
IS presented in Table 3. 20 25
2006 Table 3 Amount of

(ng/min) (mg/mn)

o

d spsciffgat
gtop

S fronleach of 4
OB mpunt

4008t

Conparative 123 62% P.exanples 3 150 560 0 4 250 505 O
5 300 570 0 6 350 650 0 7 0 10 95 8 © °8 122 405 0 9 125 400 0
Amount of Amount of
Example Rz (pm} Bv (lg) spatters fumes Remark
{mg/min) (mg/min)
1 0.08 90 810 0 Comparative
2 123 630 0 examples
3 150 560 0
4 250 505 0
5 300 570 0
6 350 650 0
7 0.10 9% 610 0
8 122 405 0
9 125 400 0 Inventive
10 130 394 0 examples
11 175 330 0
12 250 325 0
13 306 389 0
14 310 400 0
15 315 407 0 Comparative
16 350 625 Y examples
17 378 718 0
18 0.39 100 480 0
19 122 406 0

14




exanpl es
0 Conparative

10 130 394 0 exanpl es
0 15 315 407 0 Conparative
480 0 19 122 406 0 14 Consolidated specification
Tabl e 3 (continued) Anmount of Amount of Remark
spatters fumes (ng/mn) (ng/mn) 20 0.39 125 398 0 Inventive
22 185 280 0 23 280 300 O 24 306 390 0 25 310 400 O 26 316 406

11 175 330 0 12 250 325 0 13 306 389 0 14 310 400
17 378 718 0 18 0.39 100
sgljdatesl speitigaiPn 2006

Exanpl & & 4 Pepbens0pe g)

16 350 625 0 exanpl es

21 130 390 O

Table 3 (continued)
Amount of Amount of
Example Rz (gm) Hv (ig) spatters fumes Remark
{mg/min) {mg/min)

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

23 280 300 0

24 306 3%0 0

25 310 400 0

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

29 100 450 0

30 122 404 0

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

34 290 3i1 0

35 306 390 0.

36 315 408 0 Comparative
37 360 470 0 examples
38 8.05 i00 428 0

15



27 377 625 0 exanpl es
400 O I nventive
390 0. 36 315 408 0 Conparative
15 Consol i dated specification

Amount of Amount of Remark
(my/mn) 39 8.05 122 405 0 Conparative
166 180 0 exanpl es

28 1.98 75 475 0 29 100 450 0 30 122 404 0 31 125
32 127 395 0 exanpl es

33 200 210 0.34

37 360 470 0 exanpl
as at 12 Cctober 2006
Example Rz (m Hv (1lg) spatters fumes (ng/ mn)

R

exanple 40 127 397 O Inventive
42 250 168 O
Table 3 (continued)
Amount of Amount of
Remark
Example Rz (jm) Hy (lg)} spatters fumes
(g /min} (mg/min)
39 8.05 122 405 0 Comparative
example

40 127 397 0 Inventive
41 166 180 0 examples
42 250 168 0

43 300 289 0

44 307 392 Q

45 310 399 0

46 316 406 0 Comparative
47 360 450 0 examples
48 9.00 100 750 0

49 110 560 0

50 123 408 0

51 125 400 0 Inventive
52 130 390 0 examples
53 175 355 0

54 250 357 0

55 300 389 0

56 308 393 0

57 310 400 0

16

35 306
. @Honzs o
'@ QcebgstPPhued)




43 300 289 0 44 307 392 0 45 310 399 0 46 316 406 0 Conparative 47 360
450 0 exanples 48 9.00 100 750 0 49 110 560 0 50 123 408 0 51,%25 400 O
Inventive 52 130 390 O exanples 53 175 355 0 54 25¢Pnsefdded specifigpiiongg o
56 308 393 0 57 310 400 0 16 Consol i dated specifi cat Roff 1248ctaper290byxt ober
2006 Table 3 (continued) Ampbunt of Anount of Remark Exanmple Rz ()M Hv
(1g) spatters funes (ng/mn) (nmg/mn) 58 9.00 318 408 0 Conparative 59 350
580 0 exanpl es

Table 3 {continued)

Amount. of Amount of
Example Rz (jm) Bv (lg) spatters fumes Remark
{mg/min) (mg/min)

58 9.00 318 408 0 Comparative
39 . 350 580 0 exanples
60 9.10 95 688 0

61 121 580 0

62 126 518 0

63 150 455 0

64 260 448 0

65 308 470 0

66 322 510 0

67 1 368 625 0

68 13.00 il6 740 0

69 120 670 0

70 127 . 625 0

71 150 590 0

72 250 575 0

73 300 2585 0

74 310 590 Q

75 340 670 0

76 375 750 0

17



60 9.10 95 688 0 61 121 580 0 62 126 518 0 63 150 455 0 64 260 448 0 65

308 470 0 66 322 510 0 67 368 625 0 68 13.00 116 4o|o 69 120 670 0 70
127 625 0 71 150 590 0 72 250 575 0 73 300 585 0 Cofgolgdpipdsgecitication 340
670 0 76 375 750 0 17 Consol i dated specification as2att "2LeLRSBEP6 2006

Tabl e 3 (continued) Anpbunt of Amount of Exanple Rz ()M Hv (1g) spatters
fumes Remark (nmg/mn) (nmg/mn) 77 14.90 110 800 O Conparative

Table 3 (continued)

Amount of Amount of Remark
Example Rz (im) Bv (1q) spatters fumes
(g /min) {mg/min}

77 14.90 110 800 0 Comparative
78 121 760 0 examples
79 125 750 0

80 150 692 0

g1 225 703 0

82 300 685 0

83 310 678 0

84 350 730 0

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

maximum amount of generated spatters giving acceptable

feedability is 400 mg/min.

10

15
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78 121 760 O exanples 79 125 750 0 80 150 692 0 81 225 703 0 82 300 685
0O 83 310 678 0 843507300Assh0wninTabIe4b(jF nvx/mc t he
amount of 5 generated spatters and the wre feedabi ‘?rls glidgied sppatieiont he
maxi mum amount of generated spatters giving accept abl e® #el@d2gPberiaP0s 400
mg/mn. 10 15 18 Consolidated specification as at 12 Cctober 2006 Table
4 Amount of spatters (ng/mn) Feedability O - 250 Excellent 250 - 400
Good 400 - 700 Norrmal 700 - 850 Sonewhat poor 850 or nore Poor Fig. 1is
a graph illustrating the data of Tablg,g 4t 5 can be seen fromFig. 1
that only in case of wires having the

Amount of spatters (mg/min) Feedability
0 - 250 Excellent
250 — 400 Good
400 - 700 Normal
700 - 850 “Somewhat poor
850 or more Poor

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

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

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

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

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

outermost surface layer of the wire measured under a micro

19



ten point average roughness (Rz) of 0.10 to 9.00 mand the Vickers

m cr o- hardness (Hv(lg)) of 125 to 310, the anount of enerated spatters is
400 ng/min or |less, thereby guaranteeing good feeda(f)c?']%?lf‘f??e%lsﬁe?/é‘?a&f’ﬂg
wires are in firmcontact with the inside of a feeding® &5 @ctabyy 20Re
inside of a welding tip while being fed by a feeding roller. Therefore, it
can be said that the roughness and/or hardness of the wire surface is
intimately connected with the wire feedability. In detail, wire 15

feedani || Gyebsygyceblent antvebneageshtledsapriars,conaness and haedness

val ue ran n“partricul ar, according present 1 nvention, wre

f eedabi | i i.s. ¢l . ed t he m.cr.o-ha ss of .the._ outernost
surface I%églrt 6% ﬁ%@%%@h%agar@aé utne esrl(iéle r?itgéggﬁléj%&ﬁ?owagf ed

i ficati Qct.ober 2006 ing force, |
S ace. har dnes BOBRRES i 14 {hap SO BBENL IORRE Tt BLOHE: (BHSTd cVShTengt h

of the wire, .l e, when _a_conventional copper-plated solid wire, JIS
73312 Ya/\ésmzyﬁ??_lgéw dfdteder Mls SHETaEST fifor el Bl HPaar 3 ¥t dER of

250 5to0 6 of Cuy funes were generated. The Japanese Society of
Cccupat i oﬁé‘lrrgﬁﬂ BhviaGhment atC Hy gfenehdsd Hgtes ekermredaReratsser mids bl e

concentration of copper funmes. However, according to papers presented at
t he meeti HGPgRepReSociety of Occupational and Environmental Hygiene has

not recommended a permissible concentration of copper fumes.
However, according to papers presented at the meeting of the
American Society of Occupational and Environmental Hygiene, the

10 permissible concentration of copper fumes is 0.2 mg/m'.
In an actual welding operation, the generation of excess
Cu fumes can be avoided by wearing an appropriate protective
mask and using a suitable suction equipment. However, it can be
understood that because non-copper-plated wires for welding are
15 used in the present invention, it 1s not necessary to consider

the generation of Cu fumes.

As apparent from the above description, the present

_invention provides a non-copper-plated solid wire for CO, gas

20 shielded arc .welding with excellent feedability, which
generates a reduced amcunt of spatters when welded at a
relatively low current area, resulting from controlling the

ten point average roughness (Rz) of the wire surface to 0.10

to 9.00 wm and the Vickers micro-hardness of the wire surface

25 (Hv(lg)) to 125 to 310. Therefore, the welding operation can

20



Anerican Soci ety of Cccupational and Environmental Hygiene, the 10
perm ssi bl e concentration of copper funmes is 0.2 ng/pi. lp an actua
wel di ng operation, the generation of excess Cu fune mﬁgwﬂﬁﬁﬂ%@gb8@8nby
wearing an appropriate protective mask and using a suiff bl%CsaReiHRe

equi pnent. However, it can be wunderstood that because non-copper-pl ated
wres for welding are 15 used in the present invention, it is not necessary
to consider the generation of Cu fumes. As apparent fromthe above

descr 298 SRR LIV EOLAORSPLEYLAE o RSO e S gl v o

gener at es aﬁgggced anount of spatters when welded at a relatively |ow
current area, reésulting fromcontrolling the ten point average roughness

() o the i ISHELRe, L8c0, R0oclorRa00clmang e, Viekess, morg oy dness
oper at | 0n 63 20,CA0ag! hal o SPecl ] Al an 1,258t 32 Sorober, 2006 he

carried out Wit ICi ency to produce a we qual i

Al t hough t referr enmbodi ts of th resent _i.nventign_.have. been
i scf o560 THLER 81 FhP GC pll bhs RO T T oy PG e P HAE B g HT
appr ect al g L vari ous IRdLLSatl ons. 2001408180 SHBRL Bl SR Al

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

accompanying claims.
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fromthe scope and spirit of the invention as disclosed in the

acconpanyi ng clains. 21 Consolidated specification ) a]t 12 Oct_gbe,r 2006
WHAT IS CLAIMED I'S: 1. A non-copper-plated solid w re®rgidagssrgglcalinne| ded
arc wel ding, in which the ten point average roughness @R3Y)T2PctOber286j re
surface is 0.10 to 9.00 mand the Vickers mcro- hardness of the wire
surface (Hv(lg)) is 125 to 310. 22

WHAT IS CLAIMED IS:

1. A non-copper-plated solid wire for CO; gas shielded
arc welding, in which the ten point average roughness (Rz) of
5 the wire surface is 0.10 to 9.00 pm and the Vickers micro-

hardness of the wire surface (Hv(lg)) is 125 to 310.

22



