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TITLE OF THE INVENTION

Wire Electrode for Electro-Discharge Machining and
Manufacturing Method Thereof |
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a wire electrode which
is employed for wire electro-discharge machining, and to a
method of manufacturing method thereof.
Description of the Background Art

Wire electro-discharge machining is a method of causing
intermittent discharge between a linear working electrode
called a wire electrode for electro-discharge machining and
a workpiece through a ﬁorking fluid such as water or oil.
The workpiece is moved relative to the wire electrode for
electro-discharge machining, thereby melting and cutting the
workpiece into a desired configuration. This method is
utilized for manufacturing various types of metal molds and
the like. In such wire electro-disch@rge machining, required
are processing characteristics such as excellent finishing,
high working accuracy, good finished surface state of the
workpiece, no adhesion of the wire electrode material to the
workpiece, and a short electro-discharge ma&hining time. A
wire electrode employed for such wire electro-discharge
machining is generally prepared from a braés wire, which has

good drawability and high strength required for a wire
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Is enpl oyed for wire el ectro-di scharge machining, and to a nethod of
mapuf agturi ng net hod thereof. Description of the Background Art

el ectro-di scharge nmachining is a method. of causing

between a |inear working electrode called a wire el ectrode for
el-ectro-di scharge machi ning and a workpi ece through a working fluid such
oil. The workpiece is noved relative to the wire electrode for

as water

el ectro-di scharge nmachi ning, thereby nelting and cutting the workpiece

or

Wre

intermttent discharge

into a desired configuration. This nethod is wutilized for manufacturing
various types of netal nolds and the like. In such wire el ectro-di scharge
machi ni ng,
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required
electrode.

As working power sources have been improved/advanced,
it is desirable to provide a wire electrode which can
improve processing speed. A wire electrode for improved
processing.speed is particularly desired for applications
employing a power source of a wire electro-discharge
machining which repeatedly applies a high and short-time
pulse voltage.

However, wire electrodes for electro-discharge
machining typically prepared‘from a brass wire are incapable
of attaining a sufficiently high processing speed. Further,
brass wires are problematic in that electrode material
adheres to the workpiece. As a result, the cut surface of
the workpiece is roughened and the wire electrode is easily
broken when electro-discharge machining is performed at a
high processing speed.

A wire electrode for wire electro-discharge machining

_prepared by covering a core formed of Cu (copper) or a Cu

alloy with 2Zn (zinc), or prepared by covering tﬁe core with
Zn, heat treating to generate a Cu-Zn alloy at a surface
layer by diffusion and having an oxide film on the outermost
surface has been used in some applications. The Zn coated Cu
or Cu alloy wire electrode results in improved cut surface
of the workpiece; however, it cannot provide a sufficiently

high processing speed. The diffusion alloy coated wire
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are processing characteristics such as excellent finishing, high working
acguracy, good finished surface state of the workpiece, no adhesion of the
wire electrode material to the workpiece, and a short el ectro-discharge
machining tine. A wre electrode enployed for such wire el ectro-di scharge
machining is generally prepared froma brass wire, which has good

drawabi ity and high strength required for a wire

-2-

electrode improves to some extent the processing speed;
however, the property of the cut surface of the workpiece is
not sufficiently improved and it is difficult to position
the wire electrode before starting electro-discharge

5 machining. As compared with the brass wire, the conventional
wire electrode for wire electro-discharge machining having a
core and a coating layer formed on an outer periphery of the
core hgs improved electro-discharge machining
characteristics. However, the wire electrode itself, a wire

10 contact (a roller or die for feeding electricity), a guide
die and the like.snffer wear and undergo considerable damage,
thereby shortening their lifetime and significantly
increasing ﬁhe cost of electro-discharge machining.
Detailed Description of the Invention

15 An object of the present invention is to provide a wire

| electrode for wire electro-~discharge machining which allows
reduction in electro-discharging machining time, suppresses
adhesion of electrode material to the workpiece and provides
a smoothly cut workpiece sﬁrface, at a low cost. Another

20 object of the present invention is to provide a wire
electrode for wire electro-discharge machining which allows
easy positioning, does not reduce the lifetime of the wire
contact and the guide die and, hence, generally reduces the

cost of electro-discharge machining.

25 After extensive investigation and experimentation, it
mfeelnliefi'im




el ect rode. As wor ki ng power sources have been inproved/ advanced, it

I s desiyable to provide a wire el ectrode which can inprove processing
speed. A wire electrode for inproved processing speed is particularly
desired for applications enploying a power source of a wire

el ectro-di scharge machining which repeatedly applies a high and short-tine
pul se voltage. However, wire el ectrodes for el ectro-discharge

machi ning typically.prepared froma brass wire are incapable

was found that the formation of a thick coating layer at
extremely high speed by exposing the core to a prescribed
vapor to cause reaction between copper contained in the
surface layer of the core with an element of the vapor,

] provides a wire electrode for wire electro-discharge
machining having superior electro-discharge machining
characteristics (high processing speed, no adhesion at the
cﬁt surface of the workpiece and a emoothly cut surface).

In the method of manufacturing a wire electrode for
10 wire electro-discharge machining according to one aspect of
the present invention, a core, at least a surface layer of
which contains copper, is exposed to a vapor containing at
least one element selected from the group consisting of 2n,
Cs (cesium), Se (selenium), Te (tellurium) and Mg
15 (magnesium), which element of the vapor reacts with copper
contained in the surface layer of the core, thereby forming
a coating layer on the outer periphery of the core.
In the inventive manufacturing method, the core is only
exposed to the vapor and, therefore, the manufacturing
20 process is simplified as compared with conventional methods
including electroplating followed by diffusion. Accordingly,
the mahufacturing cost is reduced and inexpensive wire
electrodes for wire electro-discharge machining are provided.
Accoxrding to the inventive method of manufacturing, the

25 core can be exposed several times to the same or different
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of attaining a sufficiently high processing speed. Further, brass w.res
are problematic in that electrode material adheres to the workpiece. As a
result, the cut surface of the workpiece is roughened and the wire
electrode is easily broken when el ectro-discharge nmachining is perfornmed

at- a high processing speed. A wire electrode for wire

el ectro-di scharge machining prepared by covering a core fornmed of Cu
(copper) or a Cu alloy with Zn (zinc), or prepared by covering the core

with Zn, heat treating to generate a Cu-Zn alloy at a surface

| ayer by

di ffusion and having an oxide filmon the outernost surface has been used

I n sone applications. The Zn coated Cu

vapor without encountering any problem as in conventional

' methodology.'.A wire electrode for wire electro-discharge

machining prepared through diffusion unavoidably suffers

from the problem of oxidation or tarnishing of the surface.

5 However, in the inventive manufacturing method utilizing

vapor, the surface is neither oxidized nor tarmnished, and

the electrode wire has a smooth and satisfactory surface.

In the inventive method of manufacturing utilizing

vapor, it is preferred that after formation of the coating

10 layer, the wire is subjected to plastic working to effect an

" area reduction rate (reduction rate in the cross sectional

area) of about 40% to about 99%. Plastic deformation

includes drawing, roll working or the like, for example.

When the area reduction rate of plastic working is smaller

15 than 40%, sufficient strength of the wire electrode is not

ensured. When the area reduction rate exceeds 99%, strength

at high temperature is lost, resulting in frequent breaking

of the wire electrode during electro-discharge machining.

The area reduction rate is defined by the following

20 equation:

Area reduction rate (%) =.{(d.12 - dzz)/dlz} x 100; wherein

dj: is the wire diameter before processing; and

dz: is the wire diameter after processing.

It was found that the electro-discharge machining

25 characteristics can be further improved when the coating
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or Cu-alloy wire electrode results in inproved cut surface of the
woy kpi ece; however, it cannot provide a sufficiently high processing
speed. The diffusion alloy coated wire

-3 - el ectrode i nproves to sone extent the processi-ng speed;
however, the property of the cut surface of the workpiece is

layer is formed with a copper content of about 50.5wt% to
about 75wt%. When the copper content is less than about
50.5wt%, the processing spéed is not satisfactory; and when
copper content exceeds about 75wt%, the processing speed,

5 reduction of adhesion of electrode material to the cut |
surface and surface pﬁoperties are not satisfactory. Further,
when the copper content in the coating layer is smaller thﬁn
about 50.5wt%, plastic working, such as drawing, is
difficult, thereby increasing cost.

10 In a preferred embodiment of the inventive method, the
coating layer is formed by exposing the core to the vapor at
a temperature of about 300°C to about 1050°C. When the
temperature is lower than about 300°C, it becomes necessary
to expose the core to the vapor for a long period of time to

15 form the coating layer, which leads to increased cost; and
when the temperature exceeds about 1050°C, the surface
properties of the wire electrode are déteriorated, thereby
adversely affecting eleétro-discharge machining
characteristics.

20 Preferably, the inventive wire electrode for wire
electro-discharge machining is formed by rapid cooling after
forning the coating layeé by vapor exposure. Rapid cooling
provides surface hardening of the wire electfode, thereby

improving electro-discharge machining characteristics. A

25 suitable cooling rate to achieve a suitable degree of
"



not sufficiently inproved and it is difficult to position the wre

el ectrpde before starting el ectro-di scharge nmachining. As conpared wth
the brass wire, the conventional .wire electrode for wire el ectro-di scharge
machi ning having a core and a coating |layer formed on an outer periphery
of the <core has inproved el ectro-di scharge machining characteristics.
However, the wire electrode itself, a wwre contact (a roller or die for
feeding electricity), a guide die and the |ike suffer wear and undergo
consi der abl e damage, thereby shortening their lifetime and significantly.

I nereasing the cost of electro-discharge machining. Detailed Description
of the Invention '

hardening is about 10°C/sec. to about 500°C/sec.

In the inventive vapor manufacturing method, speed of
growth of a diffusion layef is different from that in the
conventional method of forming copper-zinc alloy by thermal

5 diffusion with zinc and copper being brought into contact
with each other. More specificaliy,_thé speed of growth of
the alloy layer when vapor is utilized is relatively higher
than that of thermal diffusion. Purther, when processing in
zinc vapor, a liquid phaée condensed from zinc vapor is

10 partially generated on the copper surface, thereby further
increasing the speed of growth. In the inventive vapor

_methbd, no oxide film other than a natural oxide film
(having a thickness of at most about 0.2um) was observed at
the surface of the coating layer.

15 | Preferably, the speed of formation of the thickness of
the inventive coating layer is at least Sum/min. When the
speed of formation of the coating layer exceeds Sum/min, the
surface properties of the wire electrode are better improved,
resulting in better electro-discharge machining

20 characteristics. Formation of the coating layer in vapor
under pressnie higher than atmosphéric pressure is preferréd,
in that better surface properties are achieved and control
of composition of Cu alloy in the coating layer is
facilitated.

25 Further, in exposing the core to a vapor having a non-
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An object of the present invention is to provide a wire electrode for wire
el ectrq-di scharge machi ning which allows reduction in electro-discharging
machining time, suppresses adhesion of electrode material to the workpi ece
and provides a snoothly cut workpiece surface, at a | ow cost. Anot her

obj ect of the present invention is to provide a wire electrode for wre

el ectro-di scharge machi ning which allows easy positioning, does not reduce
the lifetine of the wire contact and the guide die and, hence, generally
reduces the cost of el ectro-di scharge nachi ning. After extensive

I nvestigation and experinmentation, it

uniform temperature, e. g. ; 4 temperature gradlent s it is
desirable that temperature of the vapor at least near the
starting point of exposure of the core or near the end point
of exposure is set higher than the lowest temperature of the
5 vapor. When the temperature pf the vapor near the start
point of exposure to the vapor, or near the end point of
exposure, or both near the start point and end point,lis set
higher than the lowest temperature of the vapor, the speed
of formation of the coating layer is increased, so that
10 surface properties of the wire electrode and electro-
discharge machining characteristics are improved.
| A method of manufacturing a wire electrode for wire
electro-discharge machining in accordanée with another
aspect of the present invention includes the steps of
15 forming a Zn layer on a surface of a core at least a surface
layer of which core contains copper,'performing diffusion
annealing so as to convert the Zn layer into an alloy which
serves as a coating layer, and removing an oxide film formed
at the surface of the coating layer during diffusion
20 annealing. The Zn layer may be formed by electroplating,
hot-dip plating, or cladding by extrusion, for example.
In diffusion annealing embodiments, it is preferable to
subject the wire electrode to plastic working after
formation of the coating layer, at an area reduction rate of

25 about 40% to about 99%. Further, the copper content of the

e e——
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4 - was found that the formation of a thick coating |layer at extrenely
hi gh speed by exposing the core to a prescribed vapor to cause reaction
bet ween copper contained in the surface |layer of the core with an el enent
of the vapor, provides a wire electrode for wire el ectro-di scharge
machi ni ng havi ng superior el ectro-di scharge nmachi ni ng

coéting layer should preferably be about 50.5wt% to about
75wt%.
A wire electrode for wire electro-discharge machining
in accordance with a still further aspect of the present
5 invention includes a core and a coating layer formed on the
outer periphery of the core. Material of at least the
surface layer of the core contains copper, and material of
the coating layer contains an alloy of copper énd at least
one element selected from the group'consisting of Zn, Cs, Se,
10 Te and Mg, with copper content being about 50.5wt% to about
75W£%. The coating layer does not have Qny oxide film, other
than a natural oxide film, on its surface. '
The inventors have found that when there is not any
oxide film other than the natural oxide film on the surface
15 of the wire electrode for wire electro-discharge machining,'
the accuracy of the cut surface of electro-discharge
machining is improved. It is believed that short-gircuiting
is more likely to occur between the workpiece and the wire
electrode because of a concentrated discharge when an oxide
20 film other than a natural oxide film ié present, which
tendency is more conspicuous at the time of finishing,
thereby degrading the accuracy of the process surface.
Further, it has been found that useful lifetime of the

wire contact and the guide die are lengthened, since wear

"l



characteristics (high processing speed, no adhesion at the cut surface of
t he wor.kpi ece and a snoothly cut surface). In the nethod of

manuf acturing a wire electrode for wre el ectro-di scharge nmachi ni ng
according to one aspect of the present invention, a core, at |least a
surface | ayer of which contains copper, is exposed to a vapor containing
at | east one elenent selected fromthe group consisting of Zn, GCs
(cesium, Se-(selenium, Te (tellurium and Mg (nagnesium, which el ement
of the vapor reacts with copper contained in the surface |ayer of the
core, thereby formng a coating |layer on the outer periphery of the core.
In the inventive manufacturing nethod, the core is only exposed to the

vapor gnd, tt earne f Orn%tlfrg ox:.gf a%.ttfml ngIt is believed that the existence

of an oxide film other than a natural oxide film makes the
surface layer very hard and increases friction.
Further, it has been found that the absence of an oxide
5 film other than a natural oxide film facilitates positioning
of a wire electrode by causing a weak current to flow
therethrough before initiating electro-discharge machining
and determining the position of the wire electrode. It is
believed that the presence of an oxide film other than a
10 natural oxide film increases surface resistance, thereby
rendering it difficult to accurately detect the position of
the wire electrode by flowing a current therethfough.
An oxide film generated at a temperature exceeding
about 100°C particularly affects the surface properties of
15 the wire electrode, thereby deteriorating the electro-
discharge machining éharacteristics and shortening the
lifetime of the wire contact and the guide die.
Further, it was found that when an oxide film formed on
the surface of the coating layer, other than a natural oxide
20 film, particularly an oxide film having a ﬁhickness
' exceediﬁg about 0.2um, the surface properties of the wire
electrode is affected, thereby deteriorating the electro-
discharge machining characteristics, and shortening the
useful lifetime of the wire contact and the guide die.

25 The wire electrode for electro-discharge machxnlng in
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process is sinplified as conpared with conventional nethods including

el ectroplating foll owed by diffusion. Accordingly, the manufacturing cost
is reduced and i nexpensive wire electrodes for wire el ectro-discharge
machi ni ng are provided. According to the inventive nmethod of

manuf acturing, the core can be exposed several tinmes to the sanme or

di fferent

accordance with the present invention exhibits superior
electro-discharge machining characteristics, enables
electro-discharge machining at high speed with high accuracy
and less adhesion of electrode material fo the workpiece,

5 particularly in applications wherein high and short-time
pulse voltages are repeatedly applied.

The foregoing and other objects; features, aspects and
advantages of the present invention will becéme more.
apparent from the following detailed description of the

10 present invention when taken in conjunction with the
acconmpanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow chart showing the method of

manufacturing a wire electrode for wire eiectrofdischarge
15 machining in accordance with an embodiment of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In a method of manufacturing a wire electrode for wire

electro-discharge machining in accordance with an embo&iment
20 of the present invention is shown in Fig. 1 and comprises
initially preparing a core material with at least a surface
'layer of copper or a copper alloy (step 1). Thereafter, the
core is exposed to vapor containing at least one of Zn, Cs,
Se, Te and Mg. cqnsequently, copper contained in the surface

25 layer of the core reacts with an element contained in the
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vapor -w t hout encountering any problemas in conventional nethodology. A
w re el.ectrode for wire el ectro-di scharge machining prepared through

di ffusi on unavoi dably suffers fromthe problem of oxidation or tarnishing
of the surface. However, in the inventive manufacturing nethod utilizing
vapor, the surface is neither oxidized nor tarnished, and the electrode
wire has a snooth and satisfactory surface. In the inventive nethod
of manufacturing utilizing wvapor, it is preferred that after fornmation of
the coating layer, the wire is subjected to plastic working to effect an

vapor, and a coating layer is formed on an outer periphery
of the core (step 2). Thus a wire electrode for wire
electro-discharge machining is manufactured.

Thereafter, thus obtained wire electrode for wire

5 electro-discharge machining may be subjected to plastic
working, such as drawing or roll working, to attain an area
reduction rate of about 40% to about 99% (step 3).

Alternatively, after the core is exposed to the vapor

and the coating layer is formed (step 2), the core may be
10 rapidly cooled to form the wire electrode.

Alternatively, before the core is exposed to the vapor, -
the core may be heated to attain a temperature higher than
the vapor temperature, and the core may be exposed in this
state to the vapor. Alternatively, after the coating layer

15 is formed in the vapor, the core"may be hgated to a
témperature higher than the vapor temperature.

Preferably, the vapor temperature is set at about 300°C
to about 1050°C, and the speed of formation of the thickness
of the coating layer is controlled such that it is at least

20 about S5um/min. Further, preferably, the coating layer is
formed in vapor under pressure higher than atmospheric
pressure. -

EXAMPLES

Samples No. 1 to 13 in accordance with the present

25 invention, as shown in Table 1, were fabricated by exposing
e
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area reduction rate (reduction rate in the cross sectional area) of about
40% t o ,about 99% Plastic deformation includes drawing, roll working or
the Iike, for exanple. Wen the area reduction rate of plastic working is
smal ler than 40% sufficient strength of the wire electrode is not
ensured. Wen the area reduction rate exceeds 99% strength at high
tenperature is lost, resulting in frequent breaking of the wire el ectrode
during el ectro-di scharge nachining. The area reduction rate is defined by
the following equation: Area reduction rate (%9 = {(dlf[err] -
dierr])/d[err]} x 100; wherein dierr]: is the wire dianeter before
processi ng; and dlerr]: is the wire dianeter after processing.

cores having at least the surface layer formed of copper or
copper alloy to vapor of at least one element selected from
Zn, Cs, Se, Te and Mg. The thickness of the Cu alloy coating

layer generated on the surface of the samples and Cu

5 contents are also shown in Table 1. /
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about

characteristics can be

e linlced

|

l

|

A

is formed with a copper content of about 50.5wt % to

It was found that the el ectro-di scharge machining
| ayer

further,inproved when the coating
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50. 5wm% the processing speed is not satisfactory; and when copper content
exceeds, about 75wt % the processing speed, reduction of adhesion of

el ectrode material to the cut - surface and surface properties are not
satisfactory. Further, when the copper content in the coating |ayer is
smal | er than about 50.5wt % plastic working, such as drawing, is
difficult, thereby increasing cost. In a preferred enbodi nent of the
i nventive method, the coating |layer is formed by exposing the core to the
vapor at a tenperature of about 300[err]C to about 1050[err]C. \When the
tenperature is | ower than about 300[err]C, it becones necessary to expose
the core to the vapor for a long period of tinme to formthe coating |ayer,

which |l eads to |ncre%§ed cost and
es No. 2, and 11 in accordance with the present

invention were exposed to vapor twice, three times and twice,
respectively, to attain the surface coating thickness shown
in Table 1.

5 In Table 1, "near the start point" of vapor temperature
represents the iemperature near a point where exposure of
the core to the vapor is started, and "near the end point"
represents temperature near a point where eprsure of the
core to the vapor is terminated. In other words, vapor

10 temperatures near the start point and the end point
represent temperatures near the inlet and the outlet of
vapor when the core is passed through the vapor.

The following three different samples were also
prepared as samples in accordance with the present invention.

15 Sample No. 14: a sample having Cu coéted steel as the
core, Cu-45% Zn alloy as the coating layer, wire diameter of
0.7mmp and surface thickness of 40um was fabricated by hot-
dip plating, thermal diffusion and ‘acid pickling.

Sample No. 15: a sample having Cu-20wt% Zn as the core,

20 Cu-46wt% Zn alloy as the coating layer, wire &iameter of
0.9mm$ and surface thickness of 60um was fabricated by
electroplating, tpermal diffusion and electrolytic polishing.

Sample No. 16: a sample having Cu-0.3wt% Sn as the core,
Cu-43wt% Zn alloy as the coating layer, wire diameter of

25 1.0mm$ and surface thickness of 70um was prepared by
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when the tenperature exceeds about 1050[err]C, the surface properties of
the wirre electrode are deteriorated, thereby adversely affecting

el ectro-di scharge machining characteristics. Preferably, the
inventive wire electrode for wire electro-discharge nmachining is fornmed by
rapid cooling after formng the coating |ayer by vapor exposure. Rapid
cooling provides surface hardening of the wire el ectrode, thereby

i mprovi ng el ectro-di scharge machining characteristics. A suitable cooling
rate to achieve a suitable degree of

electroplating, thermal diffusion and acid pickling.

Further, the following are conventional and comparative
-examples. |

Conventional Sample No. 1: a sample containing Cu-~

5 35.wtl% Zn, and having wire diameter of 8mm$ (or wire
diameter: 0.9mm¢).

Comparative Sample No. 1l: a sample having Cu-10w% Zn
alloy as the core, Cu-55w% 2Zn alloy as the coating layer,
wire diameter of 0.6mmd, and surface thickness of 80um was

10 prepared by electroplating and thermal diffusion.

Comparative Sample No. 2: a sample having steel core,
Cu-45w% Zn alloy as the coating layer, wire diameter of
0.7mm$ and surface thickness of 40ﬁm was fabricated by
electroplating and thermal diffusion. |

15 Comparative Sample No. 3: a sample having Cu-20wt% zZn
alloy as the core materiai, Zn as the coating layer, wire
diameter of 0.5mm$ and surface thickness of 38um was
fabricated by electroplating.

The above described samples were subjected to plastic.

20 working, and wire electrodes having desired wire diameters
shown in Table 2 below were manufactured. Table 2 shows area
reduction rate, surface property and thickness of oxide
coating observed at the surface of the coating layer at that
time. In order to straighten the wires, soft heat treatment

25 by electric conduction was performed in the final stage of
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-7 -- hardening is about 10[err]C/ sec. to about 500[err] C sec.

In the.inventive vapor manufacturing nmethod, speed of growth of a
diffusion layer is different fromthat in the conventional nethod of

form ng copper-zinc alloy by thermal diffusion with zinc and copper being
brought into contact wth each other. Mre specifically, the speed of
gromh of the alloy |layer when vapor is utilized is relatively higher

plastic working. Of the wire electrodes thus obtained, those
in accordance with the present invention had superior
straightness and smooth surfaces without any

oxidation/tarnishing. L
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characteristics. Formation of the coating layer in vapor under pressure

hi gher .t han at nospheric pressure is preferred, in that better surface
properties are achieved and control of conposition of Cu alloy in the
coating layer is facilitated. Further, in exposing the core to a
vapor having a non- - 8-

Samples 8-1, 8-2, 13-1 and 13-2 in accordance with the
present invention and Samples No. 1-1 and 1-2 of the
Comparative Examples have different wire diameters,
respectively.

5 The wire electrodes shown in Table 2 were mounted on a
wire electro-discharge machining apparatus and electro-
discharge machining was performed under the same conditions
and processing speed. Adhesion of electrode material to the
workpiece, cut surface properties of the workpiece, breakage

10 of wire electrodes and easiness of automatic threading ﬁere
studied. 'The results are reported in Table 3 below.

As for the processing speed, processed cross sectional
area per unit time (product of speed of feeding by thickness
of the workpiece) was calculated, and the ratio with respect

15 to the processed cross section of the wire electrode of the
conventional example, which was assumed to be 1.0, was
calculated and shown as the ratic of procesging speed, in
Table 3. The adhesion of Wire material to the workpiece is
also given as a relative ratio, with the adhesion of

20 electrode wire of the conventional example assumed to be 100.

Easiness of positioning the wire electrodes at the
start of electro-discharge machining, and lifetime of wire
contaét and guide die and so on were evaluated, and the
results of evaluation are as shown in Table 4.

25 The lifetime evaluation is given as relative ratio with
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uniformtenperature, e.g., a tenperature gradient, it is desirable that
tenperagture of the vapor at |east near the starting point of exposure of
the core or near the end point of exposure is set higher than the | owest
tenperature of the vapor. Wien the tenperature of the vapor near the start
poi nt of exposure to the vapor, or near the end point of exposure,, or
both near the start point and end point, is set higher than the | owest
tenperature of the vapor, the speed. of formation of the coating |layer is

i ncreased, so that surface properties of the wire electrode and el ectro-
di scharge machi ni ng characteristics are inproved.

the lifetime of a conventional Sample No. 1 assumed to be

1.00. : A

e i
T ————
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A nmet hod of manufacturing a wire electrode for wire
machi ni,ng i n accordance w th another
i ncl udes the steps of

sur f ace

annealing so as to convert the Zn | ayer
and renoving an oxide filmforned
anneal ing. The Zn | ayer
or claddi ng by extrusion,
Is preferable to

coating | ayer,
coating |layer during diffusion
el ectropl ati ng,

hot -di p pl ati ng,
In diffusion annealing enbodi nents, it
el ectrode to plastic working after

aspect of the present
forming a Zn layer on a surface of a core at
| ayer of which core contains copper,

perform ng diffusion
into an all oy which

el ectro-di scharge
I nvention

| east a

serves as a

at the surface of the
may be fornmed by

for exanpl e.

subject the wire

Table 3
Wire Ratio of Workpiece Easiness of
' ) Number of _
No. | Diameter | Processing Surface . Automatic
Adhesion Breakage
{mm ¢) Speed Property Threading |
1 0.2 1.34 T2 A 0 Good
2 0.2 1.42 61 A 0 Good
3 0.2 1.39 64 A 0 Good
4 0.2 1.38 65 A - 0 Good
5 0.2 1.44 60 A 0 Good
6 0.2 1.35 70 A 0 Good
7 0.2 1.36 68 A 0 Good
8-1 0.2 1.37 €9 A Q Good
Examplesof | 8-2 0.07 114 68 A 2 Good
the Invention 9 0.2 1.45 59 A 0 Good
10 0.2 1.43 58 A 0 Good
11 0.2 1.38 64 A 0 Good
12 0.2 1.44 58 A 0 Good
13-1 0.2 1.41 60 A 0 Good
13-2 0.07 1.22 61 A 0 Good
14 0.2 1.40 62 A 0 Good
15 0.2 1.43 ‘61 A 0 Good.
16 0.2 1.41 63 A 0 Good
1 0.2 1.30 T B 2 Good
Comparative :
2 0.2 1.28 82 B 1 Good
Examples
3 0.2 1.09 60 A 2 Good
Conventional 1-1 0.2 1.00 100 C 2 Good
Examples 1-2 0.07 0.60 100 B 16 Good

Surface property A: excellent (surface was very smooth and free of any
dimensional error in thickness direction) '

Surface property B: good (surface was smooth and dimensional error in the

thickness direction was negligible)
Surface property C: poor (surface was rather rough and there was little
dimensional error in thickness direction)
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formati on of the coating layer, at an area reduction rate of about 40%to
about 99% Further, the copper content of the

-9 - coating | ayer should preferably be about 50.5wt%to about
75wt % A wire electrode for wire el ectro-di scharge machi ni ng
Table 4
No. Wire Diar_neter Easiness of Lives of Wire Contact, |
(mm ¢) Positioning Guide Die, Etc.
1 0.2 Easy 1.04
2 0.2 Easy 1.05
8 0.2 Easy 1.02
4 0.2 Easy 1.07
5 0.2 Easy 1.06
8 0.2 Easy 1.06
7 0.2 Easy 1.04
Examples of the 2] 0.2 Easy 1.05
Inventiog 9 0.2 Easy 1.03
10 0.2 Easy 1.04
11 0.2 Easy 1.05
12 0.2 Easy 1.04
13 0.2 Easy 1.07
14 0.2 Easy 1.03
15 0.2 Easy ' 1.08
18 0.2 Easy 1.04
0.2 Difficult 0.32
Comparative -
Examples 2 0.2 Difficult 0.29
0.2 Difficult 0.41
Conventional
Example 1 0.2 Easy _ 1.00 -

Based upon the results shown in Tables 2, 3 and 4, it
5 is apparent that all the examples of the present invention
had higher processing speed, less adhesion of electrode

material to the workpiece and a smoother cut surface allowed

This Sheet Has Been Re;
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I n accordance with a still further aspect of the present invention
includes a core and a coating |ayer formed on the outer periphery of the
core. Material of at least the surface layer of the core contains copper,
and material of the coating |l ayer contains an alloy of copper and at | east
one el ement selected fromthe group consisting of Zn, Cs, Se, Te and My,
w th copper content being about 50.5wt%to about 75w % The coating | ayer
does not have any oxide film other than a natural oxide film on its
surface. The inventors have found that when there is not any oxide
filmother than the natural oxide filmon the surface of the wire

el ectrode for wire el ectro-di scharge machi ni ng,

easy positioning of the wire electrodes at the start of
electro-discharge machining and did not.affect useful
lifetimes of wire contact, guide die and so on, as compared
with the comparative examples and conventional examples.

5 As described above, the wire electrode for wire
electro-discharge machining in accordance with the present.
invention provides a significant improvement in electro;
discharge machining characteristics (including processing
speed and cut surface property) as compared with the prior

10 art, allows easy positioning of the wire electrode at the
start of electro-discharge machining, allows easy automatic
threading, and does not affect the lifetime of wire contact,
guide die and so on.

Although the present invention has been described and

15 illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope‘of
the present invention being limited oﬁly by the terms of the

appended claims.
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t he accuracy of the cut surface of electro-discharge machining is
inproved. It is believed that short-circuiting is nore likely to occur
bet ween the workpi ece and the wire electrode because of a concentrated
di scharge when an oxide filmother than a natural oxide filmis present,
whi ch tendency is nore conspicuous at the tinme of finishing, thereby

degradi ng the accuracy of the process surface. Further, it has been
found that useful lifetine of the wre contact and the guide die are
| engt hened, since wear and damage are reduced in the_absence.-of . an-oxide
filmother
Il
R
WHAT IS CLAIMED IS:
1. A wire electrode for wire electro-discharge
machining, which wire electrode comprises a core and a
coating layer formed on an outer periphery of said core,
wherein:
5 at least a surface layer of said core conﬁains copper;
the coating layer contains an alloy of copper and at
least one element selected from the group consisting of 2n,
Cs, Se, Te and Mg, and the copper content of the alloy is
about 50,.5wt% to about 75wt%; and
10 the coating layer does not have an oxide film on its

- surface other than a natural oxide film.

2. The electrode wire according to claim 1, wherein
said natural oxide film is generated at a temperature

not higher than about 100°C.

3. The wire electrode according to claim 1, wherein
said natural oxide film has a thickness no greater than

about 0.2pm.-

4. A method of manufacturing a wire electrode for wire

electro-discharge machining, which wire electrode comprises

- 24 - This Sheet Has Bee:
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-10- - than a natural oxide film It is believed that the existence
of an oxide filmother than a natural oxide filmnmakes the surface |ayer
very hard and increases friction. Further, it_-has been-found-that the

absence of an oxide filmother than a natural oxide filmifacili
positioning of a wire electrode by causing a weak culrmuﬂﬁ' mﬂmﬁm
L M s *

t heret hrgugh before initiating el ectro-di scharge nmach

a core and a coating layer formed on an outer peripheiy of
the core, which method comprises:

5 _ exposing the core, at least a surface layer of which
contains copper, to a vapor containing at least one element
selected from the group consisting of Zn, Cs, Se, Te and Mg,
thereby causing reaction of the element of the wvapor and
copper contained in said core surface layer, to form the

10 coating layer on the outer periphery of said core.

5. The method according to cla;m 4, further
comprising:
after forming the coating ;ayer, plastic working to

attain an area reduction rate of about 40% to about 99%.

6. The method according to claim 4, wherein
said coating layer has. a copper content of about

50.5wt% to about 75wt%.

7. The method according to claim 4, wherein
the coating layer is formed by exposing the core to the

vapor at a temperature of about 300°C to about 1050°C.

8. The method according to claim 4, further comprising

rapidly cooling the coating layer.
——_
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and determning the position of the wire electrode. It is believed that
the presence of an oxide filmother than a natural oxide filmincreases
surface resistance, thereby rendering it difficult to accurately detect
the position of the wire electrode by flow ng a current—therethr oug“

h.

An oxide filmgenerated at a tenperature exceeding ab { “Mh‘ mg
particularly affects the surface properties of the wm\mgﬂm r eby
deteriorating the electro- discharge nachining characteri stiks "aind
shortening the Ilifetime of the wire contact and the gui de die.
Further, it was found that when an aoxide filmfornmed on the surface of the
coating |l ayer, other than a natural oxide

9. The method according to c¢laim 4, wherein

speed of formation of said coating layer in thickness

is at least about 5um/min.

10. The method according to claim 4, wherein
the coating layer is formed at a pressure not lower

than atmospheric pressure.

11. The method according to claim 4, wherein
in said step of exposing said core to said vapor, said
vapor has a non-uniform temperature gradient, and at least
near a start point of exposure of said core to said vapor or
5 near an end point of exposure of said core to said vapor,
the temperature of said vapor is higher than the lowest

temperature of said vapor.

12. The method according to claim 4, wherein the vapor

contains Zn.

13. The method according to claim 4, comprising:
preheating the core to a temperature higher than the
vapor; and

.exposing the heated core to the vapor.

14. fThe method according to claim 4, further .._

This Sheet Has Been RTIace
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film particularly an oxide filmhaving a thickness exceeding about
0.2[errfm the surface properties of the wire electrode is affected,
thereby deteriorating the electro- discharge nachlnlng Cﬁaracterlstlcs

and shortening the wuseful lifetinme of the wire contﬁ he gw de di e.
The wire electrode for el ectro-discharge nmachining: i m,’m] ”
- 11 - :

comprising heating the coated core to a temperature higher

than the vapor.

15f- A method of manufacturing a wire electrode for
wire electro-discharge machining which wire electrode
comprises a core and a coating layer formed on an outer
periphéry of the core, which method comprises:

5 forming a Zn layer on a surface of the core, at least a

sﬂrface layer of which core contains copper;

diffusion annealing to convert the Zn layer into an
alloy to form said coating layer; and

removing an oxide coating formed on a surface of said

10 coating layer during diffusion annealing.

16. The method according to claim 15, further
comprising:

after said step of removing said oxide coating, plastic
working to attain an area reduction rate of about 40% to -

5 about 99%.

17. The method according to claim 15, wherein
said coating layer has a Cu content of about 50.5wt% to
about 75wt%.

This Sheet Has Been Rep
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accordance with the. present invention exhibits superior electro-discharge
machi ni;ng characteristics, enables electro-discharge machining at high
speed, with high accuracy and |ess adhesion of electrode material to the
wor kpi ece, particularly in applications wherein high and short-tine pulse
vol t ages are repeatedly applied. The foregoing and ot her objects,
features, aspects and. advantages of the present invention will becone nore
apparent fromthe follow ng detail ed description of the present invention -
when taken in conjunction with the acconpanying draw ngs.

ABSTRACT OF THE DISCLOSURE
A wire electrode for wire electro-discharge machining

conprises a core, and a coating layer f?rmed on an outer
periphery of the core at least a surface layer of which

5 contains copper. The coating layer comprises an alloy of
copper and at lgast'one element selécted from the group
consisting of Zn, Cs, Se, Te and Mg, with the copper éontent
being about 55.5wt% to about 75wt%. The coating layer does
not have an oxide film thereon other than a natural oxide

10 film.

———
——— .
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BRI EF. DESCRI PTI ON OF THE DRAW NGS Fig. 1is a flow chart show ng the
nmet hodsof manufacturing a wire electrode for wire el ectro-di scharge
machi*ni ng i n accordance with an enbodi mrent of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In a nethod of manufacturing
a wre electrode for wire electro-discharge machining in accordance with
an enbodi nent of the present invention is shown in Fig. 1 and conpri ses
initially preparing a core material with at |east a surface [|ayer of
copper or a copper alloy (step 1). Thereafter, the <core is exposed to
vapor containing at |east one of Zn, GCs,

S1
PREPARE CORE L~

FORM COATING LAYER BY EXPOSING 2
THE CORE TO VAPOR AT LEAST ONE /S
OF Zn, Cs, Se, Te AND Mg

PLASTIC WORKING THE RESULTING /83
WIRE ELECTRODE

—_———
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Se, Te and My. Consequently, copper contained in the surface |ayer of the
core reacts with an el enent contained in the

§

-12 - vapor, and a coating layer is formed on an outer periphery
of the core (step 2). Thus a wire electrode foret€eouueeer
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TITLE OF THE INVENTION
Wire Electrode for Electro-Discharge Machining and

Manufacturing Method Thereof

BACKGROUND OF THE INVENTION - REPLACEMENT SHEE;F

Field of the Invention 23 FER 1998

The present invention relates to a wire elpctrode-which

e i - St o

is employed for wire electro-discharge machining;—and-to a
method o% manufacturing method thereof.
Description of the Background Art

Wire electro-discharge machining is a method of causing

intermittent discharge between a linear working electrode

called a wire electrode for electro-discharge machining and

a workpiece through a working fluid such as water or oil.

The workpiece is moved relative to the wire electrode for

:electro-discharge machining, thereby melting and cutting the

workpiece into a desired configuration. This method is
utilized for manufacturing various types of metal molds and
the like. In such wire electro-discharge machining, required
are processing characterisgics such as excellent finishing,
high working accuracy, good finished surface state of the
workpiece, no adhesion of the wire electrode material to the
workpiece, and a short electro-disch%gge maéhining time. A
wire electrode employed for such wire electro-discharge
machining is generally prepared from a Bréss wire, which has

good drawability and high strength required for a wire



el ectro-di scharge machi ning i s manufact ured. Thereafter, thus
*‘obtained wire electrode for wire el ectro-di scharge machi ni ng nay be

subj ected to plastic working, such as drawi ng or roll morklng,
reduction rate of about 40%to about 99@6(step 3) .
Alternatively, after the core is exposeti-to the vapor3
layer is formed (step 2), the core nmay~be—rapidly catl ‘
Al ternatively, before the core is riuosed gy vapor,
the core may be heated to attain a tenperature highgr tHﬁ&
tenperature, and the core may be exposed in this stiatie to

an area

el ectrode.

tQ

Alternatively, after the coating layer is formed in\t¥

may be heated to a

electrode.

As working power sources have béen improved/advanced,
it is desirable to provide a wire electrode which can
improve processing speed. A wire electrode for improved
processing.speed is particularly desired for applications
employing a power source of a wire electro-discharge
machining which repeatedly applies a high and short-time
pulse voltage.

However, wire electrodes for electro-discharge
machining typically prepared'from a brass wire are incapable
of attaining a sufficiently high processing speed. Further,
brass wires are problematic in that electrode material
adheres to the workpiece. As a result, the cut surface of
the workpiece is roughened and the wire electro&e is easily
broken when electro-discharge machining is performed at a
high processigg speed.

A wire electrode for wire electro-discharge machining

.prepared by coverlng a core formed of Cu (copper) or a Cu

alloy with Zn (zinc), or prepared by covering the core with
Zn, heat treating to generate a Cu-~2Zn alloy at a surface
layer by diffusion and having an oxide film on the outermost
surface has been used in sone applications._ The Zn coated Cu
or Cu alloy wire electrode results in improved cut surface
of the workpiece; however, it cannot provide a sufficiently

high processing speed. The diffusion alloy coated wire

attain



tenperature higher than the vapor tenperature. Preferably, the vapor
Yenperature is set at about 300[err]C to about 1050[err]C, and the speed
of formation of the thickness of the coating layer is controlled such that
it is at |east about 5[err]m mn. Further, prefer [ 0 m&;I ayer
Is fornmed in vapor under pressure highgr than at r .
EXAVPLES Sanples No. 1 to 13 in™accordance
i nvention, as shown in Table 1, were fabricated b

i tfi t he pr esent

ekp@d FEB 1998

o

electrode improves to some extent the processing speed;
however, the property of the cut surface of the workpiece is
not sufficiently improved and it is difficult to position
the wire electrode before stérting electro-discharge
machining. As compared with the brass wire, the conventional
wire electrode for wire elecﬁro-discharge machining having a
core and a coating layer formed on an outer periphery of the
core has-improved electro-discharge machining
characteristics. However, the wire electrode itself, a wire
contact (a roller or die for feeding electricity), a guide
die and the 1ike.suffer wear and undergo considerable damage,
thereby shortening their lifetime and significantly
increasing ﬁhe cost of electro-discharge machining.
Detailed Description of the Invention

An object of the present invention is to providé a wire
electrode for wire electro-discharge machining which allows
reduction in electro-discharging machining time, suppresses
adhesion of electrode material to the workpiece and provides
a smoothly cut workpiece surface, at a low cost. Another
object of the present invention is to provide a wire
electrode for wire electro-discharge machining which allows
easy positioning, does not reduce the lifetime of the wire
contact and the guide die and, hence, generélly reduces the

cost of electro-discharge machining.

After extensive investigation and experimentation, it



-13 - cores having at |east the surface |ayer forned of copper or
‘copper alloy to vapor of at |east one el enment selected from Zn, Cs, Se, Te
and My. The thickness of the Cu alloy coating |ayer generated on the
surface of the sanples and Cu contents are also shown in Table 1

-4- -
- REPLACEMENT SHEET

was found that the formation of a thick coating layer at
extremely high speed by exposing the core to a prescribed
vapor to cause reaction between copper contained in the
surface layer of the core with an element of the vapor,
provides a wire electrode for wire electro-discharge
machining having superior electro-discharge machining
charactegistics (high processing speed, no adhesion at the
cﬁt surface of the workpiece and a smoothly cut surface).

In the method of manufacturing a wire electrode for
wire electro-discherge machining according to one aspect of
the present invention, a core, at least a surface layer of

- which contains copper, is exposed to a vapor containing at
least one element selected from the group cohsisting of Zn,
Cs (cesium), Se (selenium), Te (tellurium) and Mg
(magnesium), which element of the vapor reacts with copper
contained in the surface layer of the core, thereby forming
a coating layer on the outer periphery of the core.

In the inventive manufacturing method, the core is only
exposed to the vapor and, therefore, the manufacturing
process is simplified as compared with conventional methods
including electroplating followed by diffusion. Accordingly,
the mahufacturing cost is reduced and inexpensive wire
electrodes for wire electro-discharge machihing are provided.

According to the inventive method of manufacturing, the

core can be exposed several times to the same or different
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vapor without encountering any probleh as in conventional
methodology.'.A wire electrode for wire electro-discharge
machining prepared through diffusion unavoidably suffers
from the problem of oxidation or tarnishing of the surface.
However, in the inventive manufacturing method utilizing
vapor, the surface is neither oxidized nor tarnished, and
the electrode wire has a smooth and satisfactory surface.

In the inventive method of manufacturing utilizing
vapor, it is preferred that after formation of the coating
layer, the wire is subjected to plastic working to effect an
area reduction rate {(reduction rate in the cross sectional
area) of about 40% to about 99%. Plastic deformation
includes drawing, roll working or the like, for éxample.
When the area reduction rate of plastic working is smaller
than 40%, sufficient strength of the wire electrode is not
ensured. When the area reduction rate exceeds 99%, strength
at high temperature.is lost, resulting in frequent breaking
of the wire electrode during electro-discharge machining.
The area reduction rate is defined by the following
equation: |
Area reduction rate (%) = {(d12 - dgz)/dlz}lx 100; wherein

di: is the wire diameter before processing; and

dy: is the wire diameter after érocessing.
It was found that the electro-discharge machining

characteristics can be further improved when the coating



Samples No. 2, 7 and 11 in accordance with the present invention were

‘exposed to vapor twice, three tinmes and tw ce,
surface coating thickness showmn in Table 1
start point" of vapor tenperature represents t
where exposure of the core to the vapg-is sta

the vapor is termnated. In other words, vapor
poi nt and the end point represent tenperatures
outl et of vapor when the core is passed throug

Aeﬁ&RﬁﬁﬁﬂMENfJﬁﬁﬁﬁﬁ r a point

point" represents tenperature near a-pormt whe}

respectively, to attain the
ear the

n t he vapor

layer is formed with a copper content of about 50.5wt% to

about 75wt%. When the copper content is less than about

50.5wt%, the processing speed is not satisfactory; and when

copper content exceeds about 75wt%, the

processing speed,

reduction of adhesion of electrode material to the cut

surface and surface properties are not satisfactory. Further,

when the copper content in the coating layer is smaller than

about 50.5wt%, plastic working, such as

difficult, thereby increasing cost.

drawing, is

In a preferred embodiment of the inventive method, the

coating layer is formed by exposing the

core to the vapor at

a temperature of about 300°C to about 1050°C. When the

temperature is lower than about 300°C, it becomes necessary

to expose the core to the vapor for a long period of time to

form the coating layer, which leads to increased cost; and

when the temperature exceeds about 1050°C, the surface

prdperties of the wire electrode are déteriorated, thereby

adversely affecting electro-~discharge machining

‘characteristics.

Preferably, the inventive wire electrode for wire

electro-discharge machining is formed by rapid cooling after

forming the coating layer by vapor exposure. Rapid cooling

provides surface hardening of the wire electiode, thereby

improving electro-discharge machining characteristics. A

suitable cooling rate to achieve a suitable degree of



The followng three different sanples were also prepared as sanples in
‘accordance with the present invention. Sanpl e No. 14: a sanple having
Cu coated steel as the core, Cu-45%Zn alloy as the coating |layer, wre

dianeter of O.7mferr] and surface thickness e E bri cat ed
by hot- dip plating, thermal diffusieff-and ac gﬁﬁfﬂ.&ﬁﬁ iy

15: a sanpl e having Cu-20wt % Zn as the"TOre, {fujdow % Zn all s the
coating layer, wire dianeter of QO 9mierr] anfl suZRFER P98k of
60[err]mwas fabricated by electroplating, therpal diffusion

el ectrol ytic polishing. Sanpl e No. 16: a}s: Ving . 3wt % Sn
as the core, Cu-43wt% Zn all oy as the coating | er of

hardening is about 10°C/sec. to about 500°C/sec.

In the inventive vapor manufacturing method, speed of
growth of a diffusion layer is different from that in the
conventional method of forming copper-zinc alloy by thermal
diffusion with zinc and copper being brought into contact
with each other. More specificaliy, the speed of growth of
the alloy layer when vapor is utilized is relatively higher
than that of thermal diffusion. Further, when processing in
zinc vapor, a liquid phase condensed from zinc vapor is
partially generated on the copper surface, thereby further
increasing the speed of growth. In the inventive vapor
method, no oxide film other tﬁan a natural oxide fi;m
(having a thickness of at most about 0.2um) was observed at
the surface of the céating layer.

Preferably, the speed of formation of the thickness of
the inventive coating layer is at least 5um/min. When the
speed of formation of the coating layer exceeds Sum/min, the
surface properties of the wire electrode are better improved,
resulting in better electro-discharge machining
characteristics. Formation of the coating layer in'vapor
under pressufe higher than atmosphéric pressure is preferred,
in that better surface properties are achieved and control
of composition of Cu alloy in the coating layer is
facilitated.

Further, in exposing the core to a vapor having a non-



1.0nmm{err] and surface thickness of 70[err]mwas prepared by
*- 16- el ectropl ating, thermal diffusion and acid pickling.
Further, the followi ng are conventional and conpar gkk)g,._exanpl es.

REPLACEMENT Snggr
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uniform temperature, e.Q., a temperature gradient, it is
desirable that temperéture of the vapor at least near the
starting point of exposure of the core or near the end point
of exposure is set higher than the lowest temperature of the
vapor. When the temperature of the vapor near the start
point of exposure to the wvapor, or near the end point of
exposure, or both near the start point and end point,_is set
higher than the lowest temperature of the vapor, the speed
of formation of the coating layer is inbreased, so that
surface properties of the wire electrode and electro-
discharge machining characteristics are improved.

| A method of manufacturing a wire electrode for wire
electro~discharge machining in accordanée with another
aspect of the present invention includes the steps of
forming a Zn layer on a surface of a core at least a surface
layer of which core contains copper,.performing diffusion
annealing so as to convert the Zn layer into an alloy which
serves as a coating layer, and removing an oxide film formed
at the surface of the coating layer during diffusion
annealing. The Zn layer may be formed by electropiating,
hot-dip plating, or cladding by extrusion, for example.

In diffusion annealing embodiments, it is preferable to

subject the wire electrode to plastic wérking after
formation of the coating layer, at an area reduction rate of

about 40% to about 99%. Further, the copper content of the



Conventional Sanple No. 1: a sanple containing Cu- 35. mﬁl@bZn and havi ng

‘W re dianeter of 8mjerr] (or wire dianeter: O.
Conpar ative Sanmple No. 1: a sanpl e having Cu-1 0w B PLMEMEWTa%EE'Te core,

Cu-55w Zn all oy as the coating layer, wre dia ¢ r], and
surface thickness of 80[err]mwas premgared by elfe tr I% gﬁ anh her mal
di f f usi on. Conpar ative Sanpl e Ne—2+~ a sampl cpre,

Cu- 45w Zn all oy as the coating |layer, wire di angt ef.. 0 7nn1err and

surface thickness of 40[err]mwas fabricated by electroplatlng and therm
di f f usi on. Conpar ative Sanple No. 3: a sanple tretvTme—6d 20uti% Zn
alloy as the core material, Zn as the coating |ayer, wire

coéting layer should preferably be about 50.5wt% to about
75wt%.

A wire electrode for wire electro-discharge machining
in accordance with a still further aspect of the present
invention includes a core and a coating layer formed on the
outer periphery of the core. Material of at least the
surface layer of the core contains copper, and material of
the coating layer contains an alloy of copper and at least’
one element selected from the group consisting of Zn, Cs, Se,
Te and Mg, with copper content being about 50.5wt% to about
75w£%. The coating layer does not have any oxide film, other
than a natural oxide. film, on its surface.

The inventors have found that when there is.not any
oxide film other than the natural oxide film on the surface
of the wire electrode for wire electro-discharge machining,
the accuracy of the cut surface of electro-discharge
machining is improved. It is believed that shortjcircuiting
is more likely to occur between the workpiece and the wire
electrode because of a concentrated discharge when an oxide
film other than a natural oxide film is present, which
tendency is more conspicuous at the time of finishing,
thereby degrading the accuracy of the process surface.

Further, it has been found that useful lifetime of the
wire contact and the guide die are lengthened, since wear

and damage are reduced in the absence of an oxide film other



diéneter of 0.5mierr] and surface thickness of 38[err]mwas fabricated by
‘el ectropl ati ng. The above described sanples were subjected to plastic

wor ki ng,

treat nent

and wire el ectrodes having desired wire dianeters shown in Table
2 bel ow were manufactured. Table 2 shows area reduCideRwimai-Cpmsll.Lace

property and thickness of oxide coating.observed at tREéLMHM&GeSﬂEETt e
coating layer at that tine. In order~te—straighten}t

heat
by el ectric conduction was performed in the féﬁaﬂ:gétﬁ%

than a natural oxide film. It is believed that the existence -
of an oxide film other than a natural oxide film makes the
surface layer very hard and increases friction.

Further, it has been found that the absence of an oxide
film other than a natural oxide film facilitates positioning
of a wire electrode by causing a weak current to flow
therethrough before initiating electro-discharge machining
and determining the position of the wire electrode. It is
believed that the presence of an oxide film other than a
natural oxide film increases surface resistance,-thereby
rendering it difficult to accurately detect the position of
the wire electrode by flowing a current therethiough.

An oxide film generated at a temperature exceeding
about 100°C particularly affects the surface properties of
the wire electrode, thereby deteriorating the electro-
discharge machining éharacteristics and shortening the
lifetime of the wire contact and the guide die.

Further, it was found that when an oxide film formed on
the surface of the coating layer, other than a natural oxide

film, particularly an oxide film having a thickness

' exceeding about 0.2um, the surface properties of the wire

electrode is affected, thereby deteriorating the electro-
discharge machining characteristics, and shortening the
useful lifetime of the wire contact and the guide die.

The wire electrode for electro-discharge machining in
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plastic working. O the wre electrodes thus obtained,

t hose

in accordance with the present invention had superior _ straightness and

snmoot h surfaces w thout any oxidation/tarnishing. REPLACEMENT SHEET
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accordance with the present invention exhibits superior
electro-discharge machining characteristics, enables
electro-discharge machining at high speed with high accuracy
and less adhesion of electrode material ﬁo the workpiece,
particularly in applications wherein high and short-time
pulse voltages are repeatedly applied.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more.
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow chart showing the method of
manufacturing a wire electrode for wire eiectro-discharge
machining in accordance with an embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In a method of manufacturing a wire electrode for wire
electro-discharge machining in accordance with an embodiment
of the present invention is shown in Fig. 1 and comprises
initially preparing a core material with at least a surface
layer of copper or a copper alloy (step 1). Thereafter, the
core is exposed to vapor containing at leést one of Zn, Cs,
Se, Te and Mg. Consequently, copper contained in the surface

layer of the core reacts with an element contained in the



-18 - [err] -19- Sanpl es
8-1, 8-2, 13-1 and 13-2 in accordance with the
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vapor, and a coating layer is formed on an outer periphery
of the core (step 2). Thus a wire electrode for wire
electro-discharge machining is manufactured.

Thereafter, thus obtained wire electrode for wire
electro-discharge machining may be subjected to plastic
working, such as drawing or roll working, to attain an area
'reéuction rate of about 40% to about 99% (step 3).

Alternatively, after the core is exposed to the wvapor
and the coating layer is formed (step 2), the core may be
rapidly cooled to form the wire electrode.

Alternatively, before the core is exposed to the vapor, -
the core may be heated to attain a temperature higher than
the vapoi temperature, and the core may be exposed in this
state to the vapor. Alternatively, after thé coating layer
is formed in the vapor, the core may be hgated to a
témperature higher than the vapor temperature.

Preferably, the vapor temperature is set at about 300°C
to about 1050°C, and the speed of formation of the thickness
of the coating layer is controlled such that it is at least
about Sum/min. Further, preferably, the coating'layer is
formed in vapor under pressure higher than atmospheric
pressure.

EXAMPLES

Samples No. 1 to 13 in accordance with the present

invention, as shown in Table 1, were fabricated by exposing



present invention and Sanples No. 1-1 and 1-2 of the Conparative Exanples
have different wire dianeters, respectively. The wire electrodes
shown in Table 2 were nounted on a wre el ectro-disclE
apparatus and el ectro- discharge nachining was perfo it
conditions and processing speed. Adhesjson of el ectroge :
wor kpi ece, cut surface properties of ~t+the—workpi ece, bfepk

el ectrodes and easi ness of automatic threading were EFiihﬁWBe uljt s
are reported in Table 3 bel ow. As for the procqs

cross sectional area per unit time (product of speed of feedlng y
t hi ckness of the workpiece) was cal cul ated, and the ra

of wr

cores having at least the surface layer formed of copper or
copper alloy to vapor of at least one element selected from
Zn, Cs, Se, Te and Mg. The thickness of the Cu alloy coating

layer generated on the surface of the samples and Cu

contents are also shown in Table 1. /
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conventi onal

start of

with the adhesi on of

cal cul ated and shown as the

was

exan@l £ assuned to be 100.

Tabl e 3. The adhesion of wire nateri al

in

the wire el ectrodes at the

al so given as a relative rati o,

whi ch was assuned to be 1.0,

rati o of processing speed,

t he workpiece is
Easi ness of positioning
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Samples No. 2, 7 and 11 in accordance with the present
invention were exposed to vapor twice, three times and twice,
respectively, to attain the surface coating thickness shown
in Table 1.

In Table 1, "near the start point" of vapor temperature
represents the £emperature near a point where exposure of
the core.to the vapor is started, and "near the end point*
represents temperature near a point where eprsure of the
core to the vapor is terminated. In other woxrds, vapor
temperatures near the start point and the end point
represent temperatures near the inlet and the outlet of
vapor when the core is passed through the vapor.

The following three different samples were also
prepared as samples in accordance with the present'invention.

Sample No. 14: a sample having Cu coéted steel as the
core, Cu-45% Zn alloy as the coating layer, wire diameter of
0.7mm$ and surface thickness of 40um was fabricated by hot-
dip plating, thermal diffusion and acid pickling.

Sample No. 15: a sample having Cu-20wt% 2Zn as the core,
Cu-46wt% Zn alloy as the coating layer, wire &iamefer of
0.9mm$ and surface thickness of 60um was fabricated by
electroplating, tpermal diffusion and electrolytic polishing.

Sample No. 16: a sample having Cu-0.3wt% Sn as the core,
Cu-43wt% Zn alloy as the coating layer, wire diameter of

1.0mm$ and surface thickness of 70um was prepared by



- 21 - Tabl e 3 Wre Rati o of

Wor kpi ece Nunmber of Easiness of No. D aneter
Processi ng Sur face Aut omat e,

(mm $) Speed Adhesi on Property Breakage

1 0.2 1.34 72 _16A

2 0.2 1.42 61 e

3 0.2 1.39 64 A

4 0.2 1.38 65 A

5 0.2 1.44 60 A

6 0.2 1.35 70 A

7 0.2 1.36 68 A

electroplating, thermal diffusion and acid pickling.

Further, the following are conventional and comparative
-examples.

Conventional Sample No. 1l: a sample containing Cu-
35.wtl1l% 2n, and having wire diameter of 8mm¢ (or wire
diameter: 0.9mmé).

| Cq@éarative Sample No. 1l: a sample having Cu-10w% Zn
alloy as the cére, Cufssﬁ%-Zn alloy as the coating layer,
wire diameter of 0.6mm$, and surface thickness of 80um was
prepared by electroplating and thermal diffusioﬁ.

Comparative Sample No. 2: a sample having steel core,
Cu-45w% Zn alloy as the coating layer, wire dia@eter of
0.7mmd and surface thickness of 40um was fabricated by
electroplating and thermal diffusion.

Comparative Sample No.' 3: a sample having Cu-20wt$ Zn
alloy as the core material, Zn as the coating layer, wire
diameter of 0.5mm$ and surface thickness of .38um was

fabricated by electroplating.

The above described samples were subjected to plastic
working, and wire electrodes having desired wire diameters
shown in fable 2 below were manufactured. Table 2 shows area
reduction rate, surface property and thickness of oxide
coating observed at the surface of the coéting layer at that
time. In order to straighten the wires, soft heat treatment

by electric conduction was performed in the final stage of



8-1 0.2 1.37 69 A 0 Good Exanpl es

‘of 8-2 0. 07 1.14 68 A 2 Good

t he I nvention 9 0.2 1.45 59 A 0

Good 10 0.2 1.43 58 A 0
Good 11 0.2 .38 64 A 0
Good .12 0.2 -Eir4¢k 58 A 0
Good 13-1 0.2 1.41 60 A 0
Good 13-2 0. 07 1.22 61 A 0
Good 14 0.2 1.40 62 A 0
Good 15 0.2 1.43 61 A 0
Good 16 0.2 1.41 63 A 0
Good 1 0.2 1.30 77 B 2
Good Conparative 2 0.2 1.28 82 B 2
Good Exanpl es 3 0.2 1.09 . 60 A o2
Cood Conventplaic wbrking. 00Of the wird .dlectrodesl®Bus obtainéd, those 2
Good Exanpl es 1-2 0. 07 0. 60 100 B 16
Good irSladamrignoeperitth Aheepresénht itwent tore heak soperiemoot h and
free of any dinensional error in thickness direction) Sur f ace

property B: sferiiqhtinessc angasmoptbt funfiaces melchoralantror in the

t hi ckness direction was negligi bl e) Surface property C  pooy
(surface waLHdatdon/Sagmishdngner i i ;
t hi ckness direction)
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5 0.2 Easy 1. 06

0.2 Easy 1.06 7

Easy 1. 04 Exanpl es of the 8 : PR

1.05 | nventi on 9 0.2 Easy | F@PLA

10 0.2 Easy -19 - 1.04

0.2 Easy 1. 05———rme

Easy 1.04 13

1.07 14 0.2

15 0.2 Easy 1.08

0.2 Easy 1.04 1 0.2 )
Difficult 0.32 Conparative 2 0.2 Difficult
0.29 Exanpl es 3 0.2 Difficult : 0.41
Convent i onal 1 0.2 Easy

1. 00 Exanpl esamples 8-BasS®d UAP:1t Gadr esuRt $nShe¥brdandahliasn 2he3 and 4,
it is apparent that all the exanples of the present invention

present invention and Samples No. 1-1 and 1-2 of the

Comparative Examples have different wire diameters,

respectively.

The wire electrodes shown in Table 2 ﬁere mounted on a
wire electro-discharge machining apparatus and electro-
discharge machining was performed under the same conditions
and processing speed. Adhesion of electrode material to the
workpiece, cut surface properties of the workpiece; breakage
of wire electrodes and easiness of automatic threading were
studied. The results are reported in Table 3 below.

As for the processing speed, processed cross sectional
area per unit time (product of speed of feeding Sy thickness
of the workpiece) was calculated, and the ratio with respect
to the processed cross section of the wire electrode of the
conventional example, which was assumed to be 1.0, was
calculated and shown as the ratio of processing speed, in
Table 3. The adhesion of wire material to the workpiece is
also given as a relative ratio, with the adhesion of
electrode wire of the conventional example assumed'to be 100.

Basiness of positioning.the wire electrodes at the
start of electro-discharge machining, and lifetime of wire
contact and guide die and so on were evaluated, and the
results of evaluation are as shown in Table 4.

The lifetime evaluation is given as relative ratio with



had hi gher processing speed, |ess adhesion of electrode nmaterial to the
‘wor kpi ece and a snoot her cut surface all owed
-23 -

-20-

vt e

the lifetime of a conventional Sample No. 1 assumed to be

1.00. : £




easy positioning of the wire electrodes at the start of electro-discharge

machi ni ng and did not affect useful Ilifetinmes of wre contact, guide die
and so on, as conpared wth the conparative exanples and conventi onal
exanpl es. As described above, the wire electrode for wire

el ectro-di scharge machining in accordaride with the present invention
provides a significant inprovenent inmeteectro- discharge nachining
characteristics (including processing speed and cut surface property) as
conpared with the prior art, allows easy positioning he wire el ectrode
at the start of electro-discharge machining, allows e SRHQH '
t hreadi ng, and does not affect the lifetine of wire copt

Table 3
Wire Ratio of Workpiece Easiness of
. , Number of
No. | Diameter | Pracessing Surface Automatic
Adhesion Breakage
(mm §) Speed Property Threading |
1 0.2 1.84 72 A 0 Good
2 0.2 1.42 61 A 0 Good
_ 3 0.2 1.39 64 A ) Good
4 0.2 1.38 65 A - 0 Good
5 0.2 14 60 A g Good
6 0.2 1.35 . 70 A 0 Good
7 0.2 1.86 68 A 0 Good
8-1 0.2 1.87 62 A 0 Good
Examplesof | 8-2 0.07 1,14 68 A 2 Good
the Invention 9 0.2 - 1.45 59 A 0 Good
10 0.2 1.43 58 A 0 Good
11 0.2 1.38 64 A 0 Good_
12 0.2 1.44 58 A 0 Good
13-1 0.2 1.41 80 A 0 Good
13-2 |° 0.07 1.22 61 A 0 Good
14 0.2 ©1.40 62 A 0 Good
15 0.2 1.43 ‘61 A 0 Good
16 Q.2 1.41 63 A 0 Good
1 0.2 1.30 77 B 2 Good
Comparative :
2 0.2 1.28 82 B 1 Good
Examples
3 0.2 1.09 60 A 2 Good
Conventional | 1-1 0.2 1.00 100 C 2 Good
Examples 1-2 0.07 0.60 100 B 16 Good

Surface property A: excellent (surface was very smooth and free of any
dimensional error in thickness direction)
Surface property B: good (surface was smooth and dimensional error in the
5 thickness direction was negligible) '
Surface property C: poor (surface was rather rough and there was little
dimensional error in thickness direction)



gui de die and so on. Al t hough the present invention has been
‘described and illustrated in detail, it is clearly understood that the
same is by way of illustration and exanple only and is not to be taken by
way of limtation, the spirit and scope of the present | ' [
limted only by the ternms of the appe@fed cl ains.

Table 4
No. Wire Diameter Easiness of Lives of Wire Contact,
(mm ¢) Positioning Guide Die, Etc.
1 0.2 Easy 1.04 '
2 0.2 Easy 1.05
3 0.2 Easy 1.02
4 0.2 Easy 1.07
_ 5 0.2 Easy 1.06
8 0.2 Easy 1.06
7 0.2 Easy 1,04
Examples of the 8 0.2 Easy 1.05
Inventiog 9 0.2 Easy 1.03
10 0.2 Easy 1.04
11 02 Easy 1.05
12 0.2 Easy : 1.04
18 0.2 Basy 1.07
14 0.2 Easy 1.03
15 0.2 Easy ~1.08
16 0.2 Easy 1.04
. 1 0.2 Difficult 0.32
C;:m Z‘:e 0.2 Difficult 0.29
0.2 Difficult 0.41
Conventional
1 0.2 Easy , 1.00 -
Example '

Based upon the results shown in Tables 2, 3 and 4, it
is apparent that all the examples of the present invention
had higher processing speed, less adhesion of electrode

material to the workpiece and a smoother cut surface allowed



What is clainmed is: 1. Awire electode for wire el ectro-di scharge
machi ni ng, which wire el ectrode conprises a core and a coating |ayer forned
on an outer periphery of said core, wherein: at |east a surface |ayer
of said core contains copper; and the coating |ayer contains an alloy
of copper and at |east one el enment selggted fromthe group consisting of

Zn, Cs, Se, Te and My. and has a snoott—surface fornmed through a liquid
phase condensed from a vapor of said elenent at |east partially generated

on said core surface |ayer. 2. The wire electrode according to claim
1, wherein said selected elenent is Zn and said vapor is at a tenperature
nore than 800[err]C 3. The wire electrode according to claim1,

wherein the copper content of the alloy is about 50.5 W% to about 75 wt %
4. The wire el ectrode according to claim1, wherein the coating |ayer does
not have an oxide filmon its surface other than a natural oxide film

5. The electrode wire according.to claim4, wherein said natural oxide film
is generated at a tenperature | ess than about 100[err]C.

easy positioning of the wire electrodes at the start of
electro-discharge machining and did not affect useful
lifetimes of wire contact, guide die and so on, as compared
with the comparative examples and conventional examples.

As described above, the wire electrode for wire
electro-discharge machining in accordance with the present
invention provides a significant improvement in electro-
discharge machining characteristics (including processing
speed and cut surface property) as compared with the prior
art, allows easy positioning of the wire electrode at the
start of electro-discharge machining, allows easy automatic
threading, and does not affect the lifetime of wire contact,
guide die and so on.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited oﬁly by the terms of the

appended claims.
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6. The wire electrode according to claim4, wherein said natural oxide film
‘has a thickness less than about 0.2 [err] m 7. A nethod of
manufacturing a wire electrode for wire electro- dlscharge ‘machi ni ng, whi ch

wire electrg-- ouprhses a core and a coating |ayer fo
1L, GH et hod comgr. ses: 1 l’ﬁﬂ“ﬂ#ﬂﬁtgfw at
,L ! >\ con sy s ol

cont ai s—Topper, to a vaporc
rpm the group consisting of Zn, Cs, Se, Te and

core. 8 A net hod of nanufacturlng a wre electrode for wire
el ectro-di scharge machining, which wire el ectrode conprisés a core and a-

coating layer formed on an outer periphery of the core, Whis®heet®lROG Reni
conpri ses: exposing the core, at |east a surface lay
contains coppgiar ¥8 ALX®ReH P§: nore than 800[err]C contai ﬁ'W,mmime,m
causing reaction of Zn of the
1. A wire electrode for wire electro-discharge
machining, which wire electrode comprises a core and a
coating layer formed on an outer periphery of said core,
wherein:
at least a surface layer of said core con£ains copper;
the coating layer contains an alloy of copper and at
least one element selected from the group consisting of 2Zn,
Cs, Se, Te and Mg, and the copper content of the alloy is
about 50.5wt% to about 75wt%; and
the coating layer does not have an oxide film on its

surface other than a natural oxide film.

2. The electrode wire according to claim 1, wherein
said natural oxide film is generated at a temperature

not higher than about 100°C.

3. The wire electrode according to claim 1, wherein
said natural oxide film has a thickness no greater than

about ¢.2um.-

4. A method of manufacturing a wire electrode for wire

electro-discharge machining, which wire electrode comprises



25 vapor and said core surface |layer and at |east partially generating
a liquid phase of Zn condensed fromthe vapor on said core surface |ayer,
to formthe coating |layer having its snmooth surface on the outer periphery

of said core. 9. The method according to claim?7, further
conprising.. after formng the ce@bi-ng IayerT_pIasplc working to
attain pee - n rate of abomt—#40%to about 99% 10. The

met hod peeesdind. PO dim 7, wherein said coating | m

cont gnt} of about 50.3 yt % to about 75wt % ﬁlm lﬁlnu)mﬂmr di ng
to clfaijm &3 GEBWIR tihd coating layer is formed by expo&i ng t'e Score to the
vaporg dt_a tenperatugefof about 300[err]C to about 1050[err]C. 12.
The thod accorarng t claim7, further conprising rapidly cooling the
coat i 13. The nmethod according to claim7, wherein speed of

formation of said

a core and a coating layer formed on an outer periphery of
the core, which method comprises:

exposing the core, at least a surface layer of which
contains copper, to a vapor containing at least one elemept
seiected from the group consisting of 2n, Cs, Se, Te and Mg,
thereby causing reaction of the element of the vapor and
copper contained in said core surface layer, to form the

coating layer on the outer periphery of said core.

5. The method according to claim 4, further
comprising: |
after forming the coating layer, plastic working to

attain an area reduction rate of about 40% to about 99%.

6. The method according to claim 4, wherein
said coating layer has. a copper content of about

50.5wt% to about 75wt%.

7. The method according to claim 4, wherein
the coating layer is formed by exposing the core to the

vapor at a temperature of about 300°C to about 1050°C.

8. The method according to claim 4, further comprising

rapidly cooling the coating layer.
This Sheet Has B
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coating layer in thickness is at |east about 5 [err]m mn. 14. The
‘met hod according to claim7 wherein the coating layer is fornmed at a

pressure hlgher than at nospheric pressure. 15. The met hod according
to cl ai ge=fmmy aj d step of exposing said core-to sai'd vapor, said

\ég:og{ QSREPM:EWNUSHEETB g};s;aﬁgrgagtédl -ent, 0<r31nd at‘mﬂ&ﬂ!ﬁaﬂ\ﬂ‘ma”

exposur ¢ HVapor*i s
hi gher gha ! ehperature of sai d vapor. 16. A nethod of

wre el ¢ core and a coating layer formed on an outer

peri phery™ o M ch nmet hod conpri ses: formng a Zn | ayer on
a surface of the core at |east a surface |ayer of which core-contains
copper; di ffusion annealing to convert the Zn layer into an alloy to
form sai d coatingdtayihle method aerevding ke sdaist doamhegeiosr ned on a
surface of said coating |ayer during diffusion annealing; and pl astic
working to attai nSE®e@reh g‘é@éﬂfftﬁ% ofafaids caabimg 4tRxen igpdhickness

is at least about Sum/min.

10. The method according to claim 4, wherein
the coating layer is formed at a pressure not lower

than atmospheric pressure.

11. The method according to claim 4, wherein

in said step of exposing said core to said vapor, said
vapor has a non-uniform temperature gradient, and at least
near a start point of exposure of said core to said vapor or
near an end point of exposure of said core to said vapor,
the temperature of said vapor is higher than the lowest

temperature of said vapor.

12. The method according to claim 4, wherein the vapor

contains Zn.

13. The method according to claim 4, comprising:
preheating the core to a temperature higher than the
vapor; and

exposing the heated core to the vapof.

14. The method according to claim 4, further

TN “Yin




26 17. The method according to claim 16, wherein said coating
ayer has a Cu content of about 50.5wt% to about 75wt %
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comprising heating the coated core to a temperature higher

than the vapor.

15.. A method of manufacturing a wire electrode for
wire electro-discharge machining which wire electrode
compriées a core and a coating layer formed on an outer
periphéry of the core, which method comprises:

forming a Zn layer on a surface of the core, at least a
sﬁrface layer of which core contains copper;

diffusion annealing to convert the Zn layer into an
alloy to form said.coating layer; and

removing an oxide coating formed on a surface of said

coating layer during diffusion annealing.

16. The method according to claim 15, further
comprising:

after said step of removing said oxide coating, plastic
working to attain an area reduction rate of about 40% to -

about 99%.

17. The method according to claim 15, wherein

said coating layer has a Cu content of about 50.5wt% to

about 75wts%. C——
This Sheet Has Been
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REPLACEMENT SHEET

Wire Electrode for Electro-Discharge Machining and Manufacturing Method

Thereof

ABSTRACT OF THE DISCLOSURE

A wire electrode for wire electro-discharge machininé
comprises a core, and a coating layer f?rmed on an outer
periphery of the core at least a surface layer of which
contains copper. The coating layer comprises an alloy of
copper and at least one element selécted.fram the group
consisting of Zn, Cs, Se, Te and Mg, Qith the coppef éontent
being about 55.5wt$ to about 75wt%. The coating layer does
not have an oxide film thereon other than a natural oxide

film.

Figure 1
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27 - -27- conprising heating the coated core to a tenperature
hi gher than the vapor. "

-1-

FIG. 1
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15. Ane

_ machi ni rg- MIWI\EOde conprises a core and a coating |ayer forned
on an ou peri phery o he core, which netod —f-orfk RQ-A

%’1 gﬁgﬂ “’b{f }‘\}Vhl ch“‘dore
PR

Zn | ayer
cont ai ns
alloy to
formed o
16. The

WIS G Al

thod of manufacturing a wire el ectrode for wre electro-discharge

erftp’“f’H i yé‘}r Pﬁ
form sai d' cdat *ng | ayer; and Hgtdn oRpYd
n a surface of said coating |ayer du g ﬂl*ff\fl‘él @#fé‘nnem P#Ejd
met hod according to claim 15, further] O %ostract  :paged....to paged

[ 4
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What is claimed is :

1. A wire electode for wire electro-discharge machining, which wire
electrode comprises a core and a coating layer formed on an outer periphery of
said core, wherein;

at least a surface layer of said core contains copper; and

the coating layer contains an alloy of copper and at least one element
selected from the group consisting of Zn, Cs, Se, Te and Mg, and has a smooth
surface formed through a liquid phase condensed from a vapor of said element at
least partially generated on said core surface layer.

2. The wire electrode according to claim 1, wherein said selected element
is Zn and said vapor is at a temperature more than §00°C.

3. The wire electrode according to claim 1, wherein the copper content of
the alloy is about 50.5 wt% to about 75 wt%.

4. The wire electrode according to claim 1, wherein the coating layer does
not have an vxide film on its surface other than a natural oxide film.

" 5. The electrode wire according to claim 4, wherein said natural oxide film
is generated at a temperature less than about 100°C.

6. The wire electrode according to claim 4, wherein said natural oxide film
has a thickness less than about 0.2 u m.

7. A method of mapufacturing a wire electrode for wire electro-discharge
machining, which wire electrode comprises a core and a coating layer formed on
an outer periphery of the core, which method comprises:

expusing the core, at least a surface layer of which contains copper, to a
vapor containing at least one element selected from the group consisting of Zn,
Cs, Se, Te and Mg, thereby causing reaction of the element of the vapor and said
core surface layer and at least partially generating a liquid phase of the element
condensed from the vapor on said core surface layer, to form the coating layer
having its smooth surface on the outer periphery of said core.

8. A method of manufacturing a wire electrode for wire electro-discharge
machining, which wire electrode comprises a core and a coating layer formed on
an outer pexiphery of the core, which method comprises:

exposing the core, at least a surface layer of which contains copper, to a
vapor of more than 800°C containing Zn thereby causing reacti
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conpri si ng: after said step of renoving said oxide coating, plastic
sworkjng to attain an area reduction rat’e of about 40%to about 99%
" 17. The nethod according to claim15, wherein said coating |ayer has
a Cu content of about 50.5Wwt%to about 75wt % s

|

s ¢ Lo s

vapor and said core surface layer and at least partially generating a liquid phase
of Zn condensed from the vapor on said core surface layer, to form the coating
layer having its smooth surface on the outer periphery of said core.

9. The method according to claim 7, further comprising:
after forming the coating layer, plastic working to attain an area
reduction rate of about 40% to about 99%.

10. The method according to claim 7, wherein said coating layer has a
copper content of about 50.5wt% to about 75wt%.

11. The method according to claim 7, wherein the coating layer is formed
by exposing the core to the vapor at a temperature of about 300°C to about
1050°C.

12, The method according to claim 7, further comprising rapidly cooling
the coating layer. '

13. The method according to claim 7, wherein speed of formation of said
coating layer in thickness is at least about 5 x m/min.

14. The method according to claim 7 wherein the coating layer is formed
at a pressure higher than atmospheric pressure.

15. The method according to claim 7, wherein in said step of exposing said
L core to said vapor, said vapor has a non-uniform temperature gradient, and at
least near a start point of exposure of said core to said vapor or near an end
paint of exposure of said core to said vapor, the temperature of said vapor is
higher than the lowest temperature of said vapor.

16. A method of manufacturing a wire electrode for wire electro-discharge
machining witch wire electrode comprises a core and a coating layer formed on
an outer periphery of the core, which method comprises:

forming a Zn layer on a surface of the core, at least a surface layer of
which core contains copper;

diffusion annealing to convert the Zn layer into an alloy to form said
coating layer;

removing an oxide coating formed on a surface of said coating layer during
diffusion annealing; and

plastiq working to attain an area reduction rate of about 40% to about 99%.
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. 17. The method according to claim 16, wherein said coating layer has a Cy
content of about 50 5wt% to about 75wt%.
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