TI TLE OF THE | NVENTI ON METHOD OF MANUFACTURI NG POROUS ELECTRODE W RE FOR
ELECTRI C DI SCHARGE MACHI NI NG AND STRUCTURE OF THE ELECTRODE W RE. BACK
GROUND OF THE I NVENTION 1. Field of the Invention. The present invention
relates to an electrode wire for use in electrical discharge machining and
t he nethod of manufacturing the same, particularly to a porous el ectrode
wi re having an inproved nmachini ng speed and the nethod of manufacturing the
sanme. 2. Description of the Background At. Fig. 1 represents a schematic
drawing of a wire electrical discharge machine. An electrode wire is
inserted through a start hole(7) of a workpiece(1l), which is continuously
fed through the hole. A high fremerosy rael tRYENTIONGPP! | €d bet ween the
wire(2) and the inside of the hole(7) to initiate an arc di scharge between
them Then, nMETHODNQF tNFNUFACKPRENE (HOROUS RLEEHODEdWSREPEOK @LEkerachi eved
by nelting the workpiece during the arc discharge and by renoving the
machi ni ng part iDFSEEARGE MR INGYGE|I AN P TRUGUURE 0K TR ERECERARENFIBE .

vapori zati on power between the wire and the workpi ece. In accordance with
the machining principle, the wire electrical discharge machine includes a

ower supply, a wire transfer nmeans, a workpi ece novi ng neans
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1. Field of the Invention.

The present invention relates to an electrode wire for use
in electrical discharge machining and the method of
manufacturing the same, particularly to a porous electrode wire
having an improved machining speed and the method of

manufacturing the same.

2. Description of the Background Art.

Fig. 1 represents a schematic drawing of a wire electrical
discharge machine. An electrode wire is inserted through a start
hole(7) of a workpiece(l), which is continuously fed through the
hole. A high frequency voltage is applied between the wire(2)
and the inside of the hole(7) to initiate an arc discharge
between them. Then, machining the workpiece(l) to a desired
shape can be achieved by melting the workpiece during the arc
discharge and by removing the machining particles using a
machining liquid.and an instantaneous vaporization power between
the wire and the workpiece. In accordance with the machining
principle, the wire electrical discharge machine includes a

power supply, a wire transfer means, a workpiece moving means



and a circulating nmeans of the machining liquid. In general, the workpiece
novi ng neans, as indicated by the arrowin Fig. 1, noves during the
machi ni ng of a workpi ece on a plane perpendicular to the wire feeding
direction. The wire(2) froma supply spool (3) travels to a take-up roll(4)
through a wire transfer means including the upper and the |ower guide
rollers(5 and 5') of the workpiece. Then, a high frequency voltage is
appl i ed between the workpiece(l) and the3electrode wire(2) to start the
machi ni ng of the workpiece. At the sane tine, a machining liquid of

dei oni zed water is supplied to the machining area to renove the heat of the
machi ni ng. adve ama¢hewlaiginef iegnenef thenmpanining aiqtbe. machi ni ng speed,
significantly depends on machining paraneters such as the feedlng speed of
the machini ng | ilquigenerathi Hiengorkpiess moyidgt heashage andi¢atldrycy of the
machi ni ng voltag and it is known to inprove the machining efficiency

t hrough a PEFOB 1R e Imadhi ROYRP ﬁéﬁ%ﬁﬁt‘é‘?% maghipéng opper Weakpaeee gh

el ectrical condu tivit i S easy formfine wire due to |ts hlgh
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hi gh tensile strengt e copper Wi |ng t he
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an inferior i ning accuracy and tenancy of W re breakage. Mreover,
machi ni ng spaed rollers(5 and 5') of the workpiece.

Then, a high frequency voltage is applied between the
workpiece(l) and the electrode wire(2) to start the machining of
the workpiece. At the same time, a machiﬁing ligquid of deionized
water is supplied to the machining area to remove the heat of
the machining. The machining efficiency, in particular the
machining speed, significantly depends on machining parameters
such as the feeding speed of the machining liquid, machining
current, and the shape and frequency of the machining voltage,
and it is known to improve the machining efficiency through a
control of the machining parameters.

Since copper has a high electrical conductivity and is
easy to form fine wire due to its high elongation property, a
copper wire was used initially. However, it revealed many
deficiencies mainly due to its low mechanical strength. For
example, high tensile strength could not be applied to the
copper wire during the machining so that vibration of the wire

can not be controlled, resulting in an inferior machining

accuracy and tenahcy of wire breakage. Moreover, machining speed



was relatively slow Therefore, a nolybdemumw re or a tungsten wire as a
hi gh strength wire has been used for a special application of a high

preci sion machining. A brass wire having 63-67 wt % copper and 33-37 wm %
zinc has been devel oped for the general purpose of wire electrical

di scharge machi ning. The brass wire has a tensile strength about twice to a
copper wire and the machi ning speed can be inproved due to the presence of
zinc content in the alloy, which provideg a stable discharge and a

vapori zation power during the nmachining. Mreover, as the application field
of the wire electrical discharge grows up, it was required for the brass
wire to furidwerreilneiease difoe.t Ensid fHret, r angdhyishumowi fAPrave thagseshi ni ng
speed. Therefore, elenents such as Al and/or Si can be added to a brass
wire to inpricweashe higisidteespgtengite dnad heehiuvdadg fopeadspefriatihe ot her

hand, it was known that the machining speed of a brass wire increases when
zi nc cont erfPAlACRGHRR Foree PEERNPEECRIRN Rachiningassd. brepwevwdire havikat case,
dr awi ng Progces tg forma w re_beconmes difficult because of the presence of
a brittle 3p't§§s¥ FnCeRRe ARGy 33137 §t%patBAthae Pspnigavefaradodes Bheinc

coated wire pper._or hrass_cor nd the.nmethod of nuf acturing the
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copper wire and the machining speed can be improved due to the
presence of zinc content in the alloy, which provides a stable
discharge and a vaporization power during the machining.

Moreover, as the application field of the wire electrical
discharge grows up, it was required for the brass wire to
further increase the tensile strength and to improve the
machining speed. Therefore, elements such as Al and/or Si can be
added to a brass wire to improve the tensile strength and
machining speed.

An the other hand, it was known that the machining speed
of a brass wire increases when zinc content includes more than
40 wt% in the brass. However, in that case, drawing process tp
form a wire becomes difficult because of the presence of a
brittle . phase in the alloy.

U. S. patent 4,287,404 discloses a zinc coated wire on
copper or brass core and the method of manufacturing the same.
On a core material having relatively high tensile strength or
high electrical conductivity such as copper, brass or steel, a

coating material having a relatively low vaporization



coating material having a relatively |ow vaporization 5 tenperature such
as zinc, cadmum tin, antinony, bisnuth or the alloy was electroplated to
forma coated wire. According to the wire and the nethod, the core allows
to maintain required nechanical strength or conductivity, and the coating
increases cooling ability and flushability because of its relatively |ow
vaporization tenperature, thereby inproving machining speed and accuracy.
Further, the coating material vaporizes gasily by the heat during the
machining, it protects core material because of the cooling effect of the
coating material. Thus, the method of nenufacturing the coated wire may

i ncl ude t hecempatrbngrsterhohszintc lcaekton) afifd satigény heifsmiah &+zémg the
wire or prior to the final sizing of the wire. A method of inproving the
per f or manceldfyavesat b twopdabhed i Solrmsedcoatdd whre patanirddng7¥o 30
According to the patent, the method includes steps of; on a netallic core,
a coating 3t&s 8rdzthe methadi ubrocatiteadl ey tehinehntaimcaduiaddal | oy | ayer
with the core after heat treatnent by diffusion annealing; a heat treatnent

step of th&CBAPLE I FEROtR0BT o??f}dhlcah"bwrduaﬂ;intg at‘ﬁ‘ﬁﬁﬁfr ér;géztﬁflm a o
xanpl o conseriEp RS b e HR T Ph St L6 SGHARYT nlp
”EChan|Ca|VQ§69§Q$E§bn-EQ%perature, thereby improving machining speed and
accuracy. Further, the coating material vaporizes easily by the
heat during the machining, it protects core material because of
the cooling effect of the coating material. Thus, the method of
manufacturing the coated wire may include the coating step of
zinc electroplating after the final sizing the wire or prior to
the final sizing of the wire.

A method of improving the performance of a coated wire was
disclosed in U. S. patent 4,977, 303. According to the patent,
the method includes steps of; on a metallic core, a coating step
of zinc, cadmium or the alloy which forms mixed alloy layer with
the core after heat treatment by diffusion annealing; a heat
treatment step of the coated wire at 700 oC in an oxidizing
atmosphere to form a mixed alloy layer between the core material
and the coating material, for example copper-zinc alloy and
drawing the coated wire accompanying a mechanical hardening. The
coated wire by the method includes a core, a mixed alloy layer
and an outer oxide layér. At this time, the oxide layer prevents
possibility of short circuits between the wire and the workpiece

during the electrical discharge machining, which is not directly



coated wire by the nethod includes a core, a mxed alloy |layer and an outer
oxide layer. At this tine, the oxide |ayer prevents possibility of short
circuits between the wire and the workpi ece during the electrical discharge
machi ni ng, which is not directly related to the machi ning speed. The

i nprovenent in the machining speed of the wire is known to |lie on the heat
treatnent step form ng copper-zinc alloy |ayer, but the nechani smwas not
clearly revealed. U S. patent 4,686, 153di scl oses a coated wire having a
copper clad steel core and a coating |layer of zinc alloy fornmed on the
core, and the nmethod of manufacturing the same. The high strength of steel
in the corerelaitedr 0¥ €tite AmaURALhPIsgeReN| Thegimsveaeyt aikl dHkemakbRdtn Copper
can provide a good conductivity to the coated wire. On this copper clad
steel, zi nccpeeat pligths vapys iiedkhywrelteciliepbat theg henthbtealinengakvapi zi ng
foll owed by heat treatnent to forma copper-zinc alloy layer. Particularly,
when the zifremdagt epprsyraime alloy laypar but|thea mechangwm gfasqfot 50 wt %
the i mprovenent of the coated wire in machi ning speed becones evi dent
conpar ed wi T 1¥i ApYePK%c coated copper clad steel. The coated wire

acording the 3ol WlELyeep Acsuget, slad 3! sel,qoie and gucopper inc
10 - 50 wt %op%re?cf 85_@@' é’te%q _co§g gﬁo%a E@Stm?{; %e‘}f og‘agfﬁ@(:‘;{[lli%iyngogtpgd sane
on the core, and the method of manufacturing the same. The high
strength of steel in the core can provide a superior machining
accuracy and the clad copper can provide a good conductivity to
the coated wire. On this copper clad steel, zinc coating is
applied by electroplating or hot dip galvanizing followed by
heat treatment to form a copper-zinc alloy layer. Particularly,
when the zinc content in the alloy layer is in the range of 40 -
50 wt%, the improvement of the coated wire in machining speed
becomes evident compared with a simple zinc coated copper clad
steel. The coated wire according the patent includes a copper
clad steel core and a copper-zinc alloy layer. At the same time,
the zinc content in the alloy layer ranges 10 - 50 wt$,
preferably 40 - 50 wt%. The method of manufacturing the same
includes steps of; a providing step of a copper clad steel core,
a zinc electroplating step on the core, a drawing step of the
zinc coated core to form a wire having a desirable diameter and
a heat treatment steép of the wire to convert the zinc coating
layer into a copper zinc alloy layer having zinc content of 10-

50 wt%, preferably 40-50 wt% in such a manner that the



i ncludes steps of; a providing step of a copper clad steel core, a zinc

el ectroplating step on the core, a drawing step of the zinc coated core to
forma wire having a desirable dianeter and a heat treatnment step of the
wire to convert the zinc coating |layer into a copper zinc alloy |ayer

havi ng zinc content of 10- 50 wt% preferably 40-50 wt % i n such a nmanner
that the concentration of the zinc is gradually decreased along the
radially inward direction. Alternativelys; the drawing step nmay be applied
prior to the heat treatnent step and the zinc coating may use hot dip

gal vani zi ng. SUMMARY OF THE | NVENTI ON As nentioned previously, the

i npr ovenentcwicenheathehidf nhesperd iof grhausDhf eidcwhsedosl aghicayed by
coating the core with a material such as zinc which have a nelting

t enper at ur ecagi@ lygpbrvars iddmetbhprer &lieentbiverlt, hahe coraiimgt etepl maynd a
further inmrovenent was achi eved by heat treating the zinc |ayer on the
core to forifi #PRLHRRIRL%Mc t8l FBG hepfetreREBRRfh StePf a8d orhe adaci epabinawen
the core and the cpating. wever, the inprovenment significantly depends on
the sel ecti"6W &FfSt %tc%;% i%Fg VARt 4™ %avi ng | ower vapori zation tenperature
than the core nmetal. Thus, the inprovenent was limted to the nature of the
coating netal. A purpose of the present invention is to provide a coated

SUMMARY OF THE INVENTION

As mentioned previously, the improvement of the machining
speed of the coated wire was achieved by coating the core with a
material such as zinc which have a melting temperature and
vaporization temperature lower than core material, and a further
improvement was achieved by heat treating the zinc layer on the
core to form a copper-zinc alloy layer through diffusion
reaction between the core and the coating. However, the
improvement significantly depends on the selection of the
coating metal having lower vaporization temperature than the
core metal. Thus,'the improvement was limited to the nature of
the coating metal.

A purpose of the present invention is to provide a coated
wire for electrical discharge machining with improved machining
speed by increasing the surface area of the wire which will be
in contact with cooling liquid so as to increase the cooling
ability of the wire.

Another purpose of the invention is to provide a coated
wire for electrical discharge machining with improved machining

speed by allowing the contact of the cooling liquid not only



wire for electrical discharge machining with inproved machi ning speed by
i ncreasing the surface area of the wire which will be in contact with
cooling liquid so as to increase the cooling ability of the wire. Another
pur pose of the invention is to provide a coated wire for electrical

di scharge machining with inproved nmachi ni ng speed by allow ng the contact

of the cooling liquid not only 8 with the surface of the wire but also
with inner part of the wire. Still anotiger purpose of the invention is to
provi de a nethod of manufacturing a porous coated wire with increased
surface area wi thout additional steps. Still another purpose of the

i nventi on withotipd GMirdaca cpaired wareeblivralaloeetithCciine pakarge trechi ni ng
with inproved flushability w thout decreasing the machi ning accuracy during
t he machi nwage. Therefore,. the above nentioned purposes are achieved by the
met hod including the steps of; providing a wire having a first dianeter
made of a first S¥dldl anigerdPPraess & Z%ﬁglltl‘i‘@%ﬁnelsyt%mvﬁ&etﬁe wirein
a desirable tjinme throu%{% a nmojten of a second netal having vaporijzation

t enper at ur BFBRRro% FATUEAET AT TR nBPEPYS tFRATERYVHET MY aRCEPRISA | ayer by

the diffusgggface area without additional steps.

Still another purpose of the invention is to provide a coated
wire for electrical discharge machining with improved
flushability without decreasing the machining accuracy during
the machining.

Therefore, the above mentioned purposes are achieved by
the method including the steps of; providing a wire having a
first diameter made of a first metal, hot dip galvanizing the
wire by passing the wire in a desirable time through a molten of
a second metal having vaporization temperature lower than the
first metal, thereby forming an alloy layer by the diffusion
reaction between the first metal and the second metal having
hardness higher and an elongation lower than the first metal and
the second metal and a coating layer made of the second metal,
and drawing the wire having the alloy layer and the coating
layer to  form a second diameter, thereby forming cracks in the
alloy layer and the coating layer due to the high hardness and
the low elongation of the alloy layer.

At this time, the first metal may use copper or brass
having 63 ~ 67 wt% copper and 33-37 wt% zinc. Further, the

second metal may use zinc, aluminum or tin.



reaction between the first netal and the second netal havi ng hardness

hi gher and an el ongation |lower than the first nmetal and the second netal
and a coating |ayer made of the second netal, and drawing the w re having
the alloy |ayer and the coating |ayer to forma second dianeter, thereby
formng cracks in the alloy |ayer and the coating |ayer due to the high

har dness and the | ow elongation of the alloy layer. At this tinme, the first
metal may use copper or brass having 639 67 wt % copper and 33-37 wt % zi nc.
Further, the second netal may use zinc, alumnumor tin. 9 Particularly
in the present invention, the wire made of the first netal needs to pass

the nolten bat h paRtac@esiIalhe the Eres@ndS i hPe@ECinEVeha WESd mdlle€othi ckness
of the coating layer and alloy layer including the second netal. The

desirabl e ttheeftlepemizadnneééds [enghlks Foe rnexlaepl bath hi;m takesupalsipeed of t he
wire should be fast when the length of the bath is relatively short, and

t he take-upimpesd af tchachieee sholglsdraels|tdvokheast e thengraAtofg thsvelyath i s
short. Thus, the take-up speed and the |ength of the bath are selected to
formthe tIﬁnékﬁé%%ycﬁaﬂ?ﬁelEBéﬁq#ﬂ? FQ?eFe¢&ﬂH mgtal: Hre @esdrehee viiime havi ng

the first damehersn He T8LOAY. Gl TBRURAEL Uriing, 8, Sogt ad Wy 8raggor ding the

wire should be fast when the length of the bath is relatively
short, and the take-up speed of the wire should be slow when the
length of the bath is short. Thus, the take-up speed and the
length of the bath are selected to form the thickness of the
coating layer having 3 - 10 m on the wire having the first
diameter.

The method of manufacturing a coated wire according the
present invention may further include heat treatment step to
stabilize the mechanical property of the wire.

Further, the method may include removing step of the
coating layer on the alloy layer.

The coated wire for electrical discharge machining,
according to the present invention, includes a core made of a
first metal including copper, an alloy layer formed on the core
and a coating layer made of a second metal, wherein the alloy
layer having the highest hardness among others is formed during
the hot dipping galvanizing step by diffusion reaction between
the first metal and the second metal having vaporization
temperature lower than the first metal, and wherein the alloy

layer includes cracks having direction perpendicular to the



present invention may further include heat treatnent step to stabilize the
mechani cal property of the wire. Further, the nethod may include renoving
step of the coating |layer on the alloy |layer. The coated wire for

el ectrical discharge machining, according to the present invention,

i ncludes a core nade of a first netal including copper, an alloy |ayer
formed on the core and a coating |ayer made of a second netal, wherein the
alloy layer having the highest hardnessyjgnong others is fornmed during the
hot di ppi ng gal vani zing step by diffusion reaction between the first netal
and the second netal having vaporization tenperature |ower than the first
met al , and1vhgsehdliddie dakbeyid @ thackiktes cracks having direction

per pendi cul ar to the 10 longitudinal direction of the wire. The all oy

| ayer havi ng a mhghahbsyneyerahavind ewheébbngatdressi and oa eeh by di f f usi on
reaction of the first nmetal and the second netal during the hot dip

gal vani zi ngleneptizas disngorhed iivr diffagion ndactipr sef dihgmficet maidd of t he
first metal into a nolten bath of the second netal having | ower )

vapor i zat i 889t ERpetefonfemetipb furing fine oL BIIM YA HHHEISEEBRPIHHET i s

drawn to formthe vvire,havjtn he second di aneter._A tr}:iﬁ: %inrlreﬁalthe first
et al covegéa B S h &33P 8y ]i"gyttelrrs ngl?lﬂ%tecrdaf“laﬁa Phydye tirst me
into a molten bath of the second metal having lower vaporization
temperature. Then, the wire coated with the second metal is
drawn to form the wire having the second diameter. At this time,
the first metal covered by the alloy layer and the coating layer
becomes a core of the wire. Further, the porous nature of thé
wire arises from the cracks in the alloy layer and the coating
layer during the drawing step.

Further, the coated wire for electrical discharge
machining, according to the present invention, includes a core
made of a first metal including copper and an alloy layer formed
on the core, wherein the alloy layer having the highest hardness
among others is formed during the hot dipping galvanizing step
by diffusion reaction between the first metal and the second
metal having vaporization temperature lower than the first
metal, and wherein the alloy layer includes cracks having
direction perpendicular to the longitudinal direction of the

wire.

BRIEF DESCRIPTION OF THE ATTACHED DRAWINGS

Fig. 1 is a schematic drawings showing the structure and a



beconmes a core of the wire. Further, the porous nature of the wire arises

fromthe cracks in the alloy |ayer and the coating |layer during the draw ng

step. Further, the coated wire for electrical discharge nachining,

according to the present invention, includes a core made of a first netal

i ncludi ng copper and an alloy |ayer forned on the core, wherein the alloy

| ayer havi ng the highest hardness anong others is formed during the hot -

di ppi ng gal vani zi ng step by diffusion repction between the first netal and

the second netal having vaporization tenperature |ower than the first

metal, and wherein the alloy |ayer includes cracks having direction

per pendi cubginttoidied angeheiinali rdi & B&dtiiRa0f di HenaMgee maBRLIMPESCRI PTI ON

OF THE ATTACHED DRAWNGS Fig. 1 is a schematic draw ngs show ng the

structure and aFig.p2isiciwd eteps acoferaudbctmrimeipectns cedatidswhaege

machi ning. Fig. 2 shows steps of manufacturing porous coated wires for

el ectri cal farsehestyd asdchipeRrgesFmgchBming. a phot ograph of a wire after

coating step and prior to drawﬁng step accordi%%,to t he present in¥ention
CeE

Fig. 3Bis an effdrgdd 1 &wPHPtAITRRD off 3T e §oawAg $TEPpABL ogr aph
of ‘a_porous coated wi e according 18; L% PSR Pl LA Q1 80OW NG the
surface norp d%y.
Fig. 3B is an enlarged view of a part of Fig. 3A.
Fig. 4A is a photograph of a porous coated wire according
to the present invention, showing the surface morphology.

Fig. 4B is a photograph of a porous coated wire according

to the present invention, showing the cross-section.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be explained in detail with
preferred embodiments. Fig. 2 shows the steps of manufacturing
porous electrode wires for electrical discharge machining,
according to the present invention. First, a brass wire having
an intermediate diameter of 0.9 mm and made of 35 wt% zinc and
65 wt% copper is provided as a core.wire(12). The core wire(12)
is passed through a molten bath(10) of zinc having a
vaporization temperature lower than the brass for a given time
to form a coating layer made of zinc on the core wire(12). At
this time, an alloy layer is simultaneously formed on the core
wire by diffusion reaction of the brass of the core wire and
zinc of the coating layer. Thus, the coating layer is formed on

the alloy layer which has the highest hardness and the lowest



Fig. 4B is a photograph of a porous coated wire according to the present

i nvention, showi ng the cross-section. DETAI LED DESCRI PTI ON OF THE PREFERr ED
EMBODI meNTS The present invention will be explained in detail with
preferred enbodi nents. Fig. 2 shows the stéps of nmanufacturing porous

el ectrode wires for electrical discharge machining, according to the
present invention. First, a brass wire having an internedi ate di aneter of
0.9 mm and made of 35 wt % zi nc and 65 w{®o copper is provided as a core
wire(12). The core wire(12) is passed through a nolten bath(10) of zinc
havi ng a vaporization tenperature |lower than the brass for a given tine to
form a coatilsggdeiwer ampeg ofherisnic on the core wire(12). At this tine, an
alloy layer is sinmultaneously formed on the core wire by diffusion reaction
of the brass of Wihe ceferenceetandioi P& ehowiry coahiohgotagferaftehuthet he
coating layer is formed on the alloy |ayer which has the highest hardness
and the | ofe3ting skEpePéngtt¢ AR &RBnBrIThercre Wih 3 EL€nceB tPPIGI 3A

showi ng a photograph after the coating step of ,.zinc on_the brass core wire
and Fig. 3BPSPRYRTRFSTLER| 3F Jof vitw BF 38 §oSSALT (£ SP5EEXF Lt 1At & Abser ve

that the alloy |aysr and LAS SSRHA0LLANE A FoLRLITLRSAVEN] 1y 33 the

brass core W r

brass core wire.

The coated core wire(l2) thus formed is drawn through a
drawing means(14) to form a desirable diameter of the wire, for
example 0.05 - 0.35 mm.

At this time, since the alloy layer between the core and the
coating layer has the highest hardness and lowest elongation, a
porous structure on the surface of the wire is formed during the
drawing step due to the cracks in the alloy layer having
direction approximately perpendicular to the drawing direction.

The wire is followed by a heat treatment step to stabilize
the mechanical property.

Fig. 4A shows the surface morphology of the porous wire,
and Fig. 4B shows cross~section of the porous wire according to
the present invention. With reference to Fig. 4A, it is observed
that the cracks have direction approximately perpendicular to
the longitudinal direction of the wire. These cracks are formed
by drawing the hard alloy layer and, as shown in Fig. 4B, the
alloy layer and the coating layer are porous with spongy-like

structure.



The coated core wire(12) thus fornmed is drawn through a draw ng neans(14)
to forma desirable dianeter of the wire, for exanple 0.05 - 0.35 mm At
this time, since the alloy |ayer between the core and the coating | ayer has
t he hi ghest hardness and | owest el ongation, a porous structure on the
surface of the wire is formed during the drawing step due to the cracks in
the alloy layer having direction approximtely perpendicular to the draw ng
direction. The wire is followed by a hegg treatnent step to stabilize the
nmechani cal property. Fig. 4A shows the surface norphol ogy of the porous
wire, and Fig. 4B shows cross-section of the porous wire according to the
present inventi arhe \Btirhcteieramenet pofhs bArelitwife absenyed 4 hat the
cracks have direction approxi mately perpendicular to the |ongitudinal

di recti on cforteH@l\i made Tfebeass amkd threeshoromdiing doawvdimyg lakerhasd al | oy

| ayer and, as shown in Fig. 4B, the alloy layer and the coating [ayer are
porous W t FRasiSoRdyzinke Ther gerareire (21) 3mgneusst cgppear confbrase pbicus coat ed

wire includes.a core(21) made of brass and the surrounding coating
| ayer (23) neEXfeUges ZFIRRETFhaNEEr cthf ore 1Y FaiP s &2t oppias @lestassaini ch

I ncl udes CQ&%&?ﬁth@P@Y gdyemggﬁghyﬂéﬁeg%%gnégﬁiéﬂgu?%egl§§¥réﬁ%aglectrode
wire for electrical discharge machining and the coating
material (23) protects the core wire(21) and increases the
machining speed. At the same time, since the coating layer (23)
has a porous structure, the wire reveals improved cooling
ability compared with a conventional coated wire. This is
because the surface area of the wire to contact with cooling
liquid significantly increase during the electrical discharge
machining. Since the improved cooling ability allows to maintain
relatively lower temperature for a given material, it is
possible for the electrode wire with improved cooling ability to
increase relative electrical conductivity so as to improve the
machining speed and also possible to improve mechanical strength
of the core wire so as to improve the machining accuracy during
the machining. Thus, the porous coated wire with improved
cooling ability according to the present invention is expected
to improve the machining accuracy and the machining speed at
least 15% faster than a conventional coated wire. The
requirement for the material for the coating includes a melting
temperature or vaporization temperature lower than that of core

material, being able to be coated to the core metal including



conductivity and nechanical strength required for the electrode wire for

el ectrical discharge machining and the coating material (23) protects the
core wire(21) and increases the machining speed. At the sane tine, since
the coating | ayer(23) has a porous structure, the wire reveals inproved
cooling ability conmpared with a conventional coated wire. This is because
the surface area of the wire to contact with cooling liquid significantly
increase during the electrical dischargggmachining. Since the inproved
cooling ability allows to maintain relatively |ower tenperature for a given
material, it is possible for the electrode wire wth inproved cooling
ability to dorpezase bedsd ibyehotedip igalva g tdrbick¥s SADdidgl ABIOVE, t he
machi ni ng speed and al so possible to i nprove nmechanical strength of the
core wre shtorsanoalhey cvayverheinmcthienicogeametalacrdoyi tige tdeatanghi ni ng.
Thus, the porous coated wire with inproved cooling ability according to the
present inRAAGESH P¥ &xifestien rea¢thimmovEhepe matehiiail ngnelbsier adpcand t he
machi ni ng speed at | east 15% faster than a conventional coated wire. The
requi renent*FOFPEHB R &iPal TRBF tHe iCoBPFREPI trudest & mInoMAg t enper at ur e

or vapori zatJ erature | ower than that of .core material, being able to
be coat ed ta%é ﬁgﬁghggﬁan%eealcofg%?%allaﬁﬁ t duping Jhise Frari iy antsepbﬁ??hB]?e di p

gal vani zi nJaQeess-ransh Reiig bl &4 e alloy layer between the core and

the coating layer having different hardness and elongation
properties that the core.

In Fig. 3A, a relatively uniform distribution of cracks on
the coated wire can be observed. The crack propagation direction
is approximately perpendicular to the longitudinal direction of
the wire which is the drawing directioﬁ of the wire. Further,
the cracks are mainly formed by intergranular crack with minor
transgranular cracks. On the other hand, The surface of the
porous wire maintains uniform profile of periphery rather than
having sharp protrusions. Therefore, The possibility of
evolution of particles from the wire during the machining
becomes low. Further, the particles of the machining may be
easily removed by the cracks of the porous wire so that the
flushability of the wire can be improved in comparison to the

conventional coated wire.

PREFERRED EMEBODIMENT 1

A brass wire having 63-67 wt% copper and 33-37 wt% zinc is

prepared as a core wire of an intermediate diameter. Hot dip



forman alloy layer with the core netal during the coating process by

di ffusion reaction. These material include zinc, alumniumand tin. Thus,

it is possible to forma porous structure in the coating |ayer during the
drawi ng step of the coated core wire because of the alloy |ayer between the
core and the coating layer having different hardness and el ongation
properties that the core. In Fig. 3A a relatively uniformdistribution of
cracks on the coated wire can be observeg. The crack propagation direction
is approxi mately perpendicular to the |ongitudinal direction of the wire
which is the drawing direction of the wire. Further, the cracks are mainly
formed by igalengtamg als grackivéd orvither cbf@nsideanl 8sre’aA¢kacifly the ot her
hand, The surface of the porous wire maintains uniformprofile of periphery
rat her thanayagvi.nghehartp dipoyalsamisingThey efse ezintheapasisiiin, i tynodr
evolution of particles fromthe wire during the machining becones |ow
Further, tH&attiryldd grtheuhaehinizigenhy wrefeasedy desmvédgbyotde cracks
of the porous w o that the flushahility of the wire can be inproved in

conpari son ﬁ%@ﬂé%@?ﬁ/é’f% GBI IFRTEF 1R r RECISISEERRECEMBOBERENT 1 A br ass
Wire having, 536209 £0RCE, B 3311 PAEIG oS RS PHL L1350 TnGOT © W T
of an internedi ate aneter. (9]

Then, it passes ammonium chloride flux bath. Subsequently, the

core wire passes a molten bath of zinc. At this time, the

temperature of the bath is maintained 400-500 oC and the core

wire is coated for about 1 - 10 seconds to form a zinc coating

layer and a copper-zinc alloy layer. The alloy layer is formed

by a diffusion reaction between the core and the zinc and the

coating layer of zinc is formed thereon. Further the alloy layer

is the hardest layer among others and has lower elongation than

the core.

Thus, an copper-zinc alloy layer of 1-2 m and a zinc
coating layer 3-8 m are formed on the brass core wire, which
are compact layers. The formation of the alloy layer allows
superior adhesion between the core wire and the zinc coating
layer.

The coated wire having intermediate diameter is cooled in
air atmosphere, then is followed by a drawing step to form a
fine wire having a desired diameter ranged from 0.05 mm to 0.30
mm. At this time, since the alloy layer has properties of a high
hardness and a low elongation compared with the core wire, the

fine wire, during the drawing step, produces uniform cracks in



15 galvanizing is practiced on the core wire to forma coating |layer. The
hot di p gal vanizing may use zinc, alumnium tin or the alloy and
particularly, zinc is preferred. According to a conventional hot dip

gal vani zi ng process, the core wire undergoes pre-treatnent of alkal
degrease and acid cl eaning. Then, it passes anmmoni um chl oride flux bath.
Subsequently, the core wire passes a nolten bath of zinc. At this tinme, the
tenperature of the bath is maintained 43@-500 oC and the core wire is
coated for about 1 - 10 seconds to forma zinc coating |layer and a
copper-zinc alloy layer. The alloy layer is formed by a diffusion reaction

bet ween t hetieorceadifigt heyerd BRdaBEk t418 0L 88 1ANREKmMOL BdiWud SthQEPRE:
thereon. Further the alloy layer is the hardest |ayer anong others and has

| over el ongat ithe shafinche These. cifdniss aae poppesatzidnehabhgly dhaygkah 1-2 m
and a zinc coating layer 3-8 mare forned on the brass core wire, which are
conpact | ayRquidathieof ofratdogtiing lawerakhdytheydireatiomsosuperi or adhesi on
between the core wire and the zinc coating |layer. The coated w re having

i nt er medi at¥F RHRELRR §% p@&BFEﬂl?W% rtoai:g%swléw%h@h digecgipowedl by a
drawi ng st ep, ! flne desj red di anmeter ranged from 0. 05

nmto 0.30 nm %ﬁfgrﬁ}%c‘? |trr§ f“ﬁjc%’ tc{‘}égﬁﬁ%’?/ isrbe AdRe rbpdeti es of a high
hardness and,:kQWs £1 ONGAIQRREOIPALRI LD § Q:h%gr el e flne wire,

during the drawi ng step, produces uniformcrac
layer may be removed. Then, the fine wire after the drawing step

having a desired diameter undergoes a heat treatment at 300 -
600 oC for about 1 - 2 seconds in order to stabilize its
mechanical property, which makes final products of the porous

coated wire.

ADVANTAGES OF THE PRESENT INVENTION

The porous coated wire for electrical discharge machining
according to the present invention improves the machining speed
about 15% compared with a conventional zinc coated wire. This is
due to the porous structure of the wire which increases cooling
ability of the wire ig contact with a cooling liquid during the
machining. On the other hand, since the surface of the porous
coated wire maintains uniform profile of periphery rather than
having sharp protrusions, it does not have negative effects to
the machining accuracy. Rather, the porous nature allows to
remove the particles during the machining so as to improve
machining accuracy with improved flushability. Therefore, the

method manufacturing the porous coated wire according to the



16 the coating layer and the alloy |ayer to forma porous structure on the
surface. These cracks are propagated through the grain boundary of the
coating layer and the direction of the propagation is perpendicular to the
| ongi tudi nal direction of the wire since the drawing direction is the sane
to the longitudinal direction of the wire. Further, the outer zinc |ayer
may be renoved. Then, the fine wire after the drawing step having a desired
di amet er undergoes a heat treatnent at 360 - 600 oC for about 1 - 2 seconds
in order to stabilize its mechanical property, which nakes final products
of the porous coated wire. ADVANTAGES COF THE PRESENT | NVENTI ON The por ous
coat ed W r edesienel eatenttialn dbsshisgardiache i 419 RERLhAD St ke present

i nvention inproves the machining speed about 15% conpared with a

convent i onaimpzione thatmegthinieg Jipeed ianddtke tniadHi®@ipgr accusddyuebipered t he
w re which increases cooling ability of the wire in contact with a cooling
l'i quid duri'Hght ke neetisfitignasnme thodbofenamafattusingea t ¢ratedr frace. of t he
porous coated wire maintains uniformprofile of periphery rather than

havi ng sharp protrusions, it does not have negative effects to the

machi ni ng accuracy. Rather, the porous nature allows to renove the
particles during the machining so as to inprove



machi ni ng accuracy with inproved flushability. Therefore, the nethod

manuf acturing the porous coated wire according to the 17 present

i nvention does not requires an additional step to inprove the nachining
speed and the nmachi ning accuracy conpared with the conventional method of
manuf acturing a coated wre. 18 What is clained is: 1. A et hod of
manuf acturing a coated electrode wire for use in electrical discharge
machi ni ng conprising the steps of; provijding step of an internediate wire
having a first dianmeter and made of a first nmetal including copper; hot dip
gal vani zing step of the internediate wire through a nolten bath of a second
met al havi Rgha¥aRQr LZad ilsgnperature ower than the first netal for a
desired tine and tenperature, wherein an alloy layer is formed on the

i nternedi atie W rg pR¥hddi Jﬁlﬁ'eﬂu%tdrﬁ%'fatdda{édcéflechjaﬁe ire 3 ﬁgétlﬁlhle@?i@alt he second
nmetal , having hardness higher and ower el ongation t an t rst metal and
second netal, (ﬁﬁﬁhereln a.coat ormed on the alloy |ayer; and

:1
drawi ng step of ARG HE‘&?%Y"""“ f yaiﬁgﬁenﬁo he alloy |ayer and the

coating layer to forma coated el ectrode wire havin (g a second di aneter,
wherei n cracks providing step of an intermediate wire having a first diameter and made of a first

-

metal including copper;

hot dip galvanizing step of the intermediate wire through a molten bath of a
second metal having vaporization temperature lower than the first metal for a
desired time and temperature, wherein an alloy layer is formed on the
intermediate wire by diffusion reaction of the first metal and the second metal,
having hardness higher and lower elongation than the first metal and second
metal, and wherein a coating layer is formed on the alloy layer; and

drawing step of the intermediate wire having the alloy layer and the coating
layer to form a coated electrode wire having a second diameter, wherein cracks
are formed during the drawing step in the alloy layer and the coating layer due to

the high hardness and low elongation.

2. The method according to claim 1, further comprising the step of;

heat treatment step of the coated electrode wire having the second diameter to

stabliz ts mechanicl propertis Hll!lll IIIIII lllll i llll

3. The method according to claim 1, wherein the first metal is made of a brass.
_
This Sheet HasB THIS SHEET HAS BEEN
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are formed during the drawing step in the alloy layer and the coating |ayer
due to the high hardness and | ow el ongation. 2. The met hod according to
claim1l1, further conprising the step of; heat treatnment step of the coated
el ectrode wire having the second dianeter to stabilize its nmechanica
properties. 3. The nethod according to claim1, wherein the first netal
is made of a brass. TH S SHEET HAS BEEN 19 4. The met hod according to
claim 3, wherein the second netal includes zinc, alumnium tin or the
al l oys. 5. The met hod according to claim4, wherein the desired tine
allows to formthe coating Iayer of 3 - 10 mon the intermediate wire. 6.

The net hod accor 0,C econd, ne ncludes zinc,
aluminium tin o etlﬂgt of F‘E)cﬂénng’to (%ml'ﬁewnﬁ?lﬁ ’EPFWE dEF gy 6,

wherein the desired time allows to formthe coatlng layer of 3 - 10 mon
t he i nt er medi at ealWhingumgtin or thgpHoyset hod according to claim 1, wherein the
desired tinme allows to formthe coating |layer of 3 - 10 mon the
internediate wire. 9. The net hod according to claim11, further
conprising the step of; removing step of the coating layer formed on the

i ntermedi ate W rg, 11]1&;10({1i a%@g%igg{mgnﬁf,%e%iﬂ%et SesGh Pl Wowihs o?r'n et:he

first netal is ma

coating layer of 3 - 10 m on the intermediate wire.

6. The method according to claim 1, wherein the second metal includes zinc,

aluminium, tin or the alloys.

7. The method according to claim 6, wherein the desired time allows to form the

coating layer of 3 - 10 m on the intermediate wire.

8. The method according to claim 1, wherein the desired time allows to form the

coating layer of 3 - 10 m on the intermediate wire.

9. The method according to claim 1, further. comprising the step of;

removing step of the coating layer formed on the intermediate wire.

10.  The method according to claim 10, wherein the first metal is made of a brass.

A
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20 11. The net hod according to claim9, wherein the second netal includes
zinc, alumnium tin or the alloys. 12. The met hod according to claim 11,
wherein the desired tine allows to formthe coating layer of 3 - 10 mon
the internmediate wire. 13. The met hod according to claim9, wherein the
desired tinme allows to formthe coating layer of 3 - 10, on the

I nternmedi ate wire. 14, An electrode wire for use in electrical discharge
machi ning conprising; a core wire nmade of a first metal including copper,;
an alloy layer formed on the core wire; and a coating |layer on the all oy

| ayer made of a second netal havi ng vaporization tenperature |ower than the
first netal ein fy | ayer is forned by diffusion reaction

bet ween the”fl r skhefRe P 1ng tosaights Wherein thasecepdsmetgbinglugregincel ongat i on

anong ot hers, and wherein cracks are formed in the alloy layer and the
coating | ayer hahimipiutnyticon thealeyspendi cul ar to the | ongitudinal direction
of the electrode wre. 15. The el ectrode wire according to claim 14,
wherein the cracks in the alloy layer and the coating layer is forned

during the 1gr awipg Iﬂém&&‘gccﬁ%ﬁgfw d& L1, &xl;l%rem it deSrd £5 rhé Mot 1o ﬁkagmr]%lel 4,

| ongi t udi nal direction e Wre according to c
wherein the first net ma& rass
coatln lg.yer osf3 m on e?ntermedlate wire.

13.  The method according to claim 9, wherein the desired time allows to form the

coating layer of 3 - 10 m on the intermediate wire.

14. An electrode wire for use in electrical discharge machining comprising;
a core wire made of a first metal including copper;
an alloy layer formed on the core wire; and
a coating layer on the alloy layer made of a second metal having vaporization
temperature lower than the first metal, wherein the alloy layer is formed by
diffusion reaction between the first metal and the second metal and has the
highest elongation among others, and wherein cracks are formed in the alloy

layer and the coating layer having direction perpendlcular to the longltudlnal

direction of the electrode .
e ) O Y

15.  The electrode wire according to claim 14, wherein the cracks in the alloy layer

and the coating layer is formed during the drawing of the core wire in the

This Sheet Has Been Rep THIS SHEET HAS BEEN ’
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17. The el ectrode wire according to claim 16, wherein the second netal is

made of zinc, alumnium tin or the alloys. 18. The el ectrode wire
according to claim15, wherein the second netal is made of zinc, alum nium
tin or the alloys. 19. An electrode wire for use in electrical discharge

machi ning conprising; a core wwire nmade of a first nmetal including copper;
and an alloy layer fornmed on the core wire, wherein the alloy layer is
formed by diffusion reaction between thejfirst metal and a second net al
during hot dip galvanizing in a nolten bath of the second netal and the

all oy | ayer has the highest elongation anong others, and wherein cracks are

formed in the allo In ection perpendlcular to the
| ongi t udi nal di rdéfe%/‘?%gfgg {] 1%%@&%8%% re. TH'S SHEET HAS BEEN Thi s
Sheet Has Been Repl aced REPLACED 22 20. The el ectrode wire

according to claim19, wherein the cracks in the alloy |ayer and the
coating layer is forned during the drawing of the core wire in the

direction gk, t haheeRgirbdehiviie acbrdifg td 6laim 24, wherdii thefiREinell & Mhdeofaccor di ng
to claim19, wherein the first netal is made of a brass. 22. The

el ectrode wire %ga[csgrdl ng to claim2l, wherein the second netal is nade of
zinc, alumnium tTin or the alloys. 23 The el ectrode wire according to
claim 20, wherein the second netal is nade of

17.  The electrode wire according to claim 16, wherein the second metal is made of

zinc, aluminium, tin or the alloys.

18.  The electrode wire according to claim 15, wherein the second metal is made of

zinc, aluminium, tin or the alloys.

19.  An electrode wire for use in electrical discharge machining comprising;
a core wire made of a first metal including copper; and
an alloy layer formed on the core wire, wherein the alloy layer is formed by
diffusion reaction between the first metal and a second metal during hot dip
galvanizing in a molten bath of the second metal and the alloy layer has the
highest elongation among others, and wherein cracks are formed in the alloy

layer having direction perpendicular to the longitudinal direction of the electrode

- ] O A
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zinc, alumnium tin or the alloys. This Sheet Has Been Repl aced REPLACED

20.

21.

22

23.

22

The electrode wire according to claim 19, wherein the cracks in the alloy layer
and the coating layer is formed during the drawing of the core wire in the

direction of the longitudinal direction.

The electrode wire according to claim 19, wherein the first metal is made of a

brass.

The electrode wire according to claim 21, wherein the second metal is made of

zinc, aluminium, tin or the alloys.

The electrode wire according to claim 20, wherein the second metal is made of

zinc, aluminium, tin or the alloys.
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