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UAfE OF RECEIPT .................................. . 

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 em.ployed 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 working fluid such as water or oil. 

The workpiece is moved relative to the wire electrode for 

15 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 characteristics such as excellent finishing, 

20 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 machining time. A 

wire electrode employed for such wire electro-discharge 

mc;t.chining is generally prepared from a brass wire, which has 

25 good drawability and high strength required for a wire 
-- -------------
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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 

5 processing speed is particularly desired for applications 

employing a power source of a wire electro-discharge 

machining which repeatedly applies a h~gh and short-time 

pulse voltage. 

However, wire electrodes for electro-discharge 

10 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 

15 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 fol:llled of Cu (copper) or a Cu 

alloy with Zn {zinc), or prepared by covering the core with 

20 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 

25 high processing speed. The diffusion alloy coated wire 
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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 fonned on an outer periphery of the 

core has 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 suffer wear and undergo considerable damage, 

thereby shortening t~eir lifetime and significantly 

increasing the cost of electro-discharge machining. 

15 

Detailed Description of the Invention 

~ 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 surface, at a low cost. Another 

20 object of the present invention is to provide a wire 

electrode for wire electro-discharge machining which allows 

eas~ 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 
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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, 

5 provides a wire electrode for wire electro-discharge 

machining having superior electro-discharge machining 

characteristics (high processing speed, no adhesion at the 

cut surface of the workpiece and a smoothly 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 Zn, 

Cs (cesium), Se (selenium), Te (tellurium) and ~g 

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 manufacturing cost is reduced and inexpensive wire 

electrodes for wire electro-discharge machining are provided. 

According to the inventive method of manufacturing, the 

25 core can be exposed several times to the same or different 
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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 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 

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 (%) = {(d12 - d22)/d12} x 100; wherein 

di: is the wire diameter before processing; and 

d2: 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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layer is formed with a copper content of about SO.Swt% 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, 

5 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 SO.Swt%, 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 peri~d of time to 

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

when the temperature exceeds about 10S0°c, the surface 

properties of the wire electrode are deteriorated, thereby 

adversely affecting electro-discharge machining 

characteristics. 

20 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 electrode, thereby 

improving electro-discharge machining characteristics; A 

25 suitable cooling rate to achieve a suitable degree of 
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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 

5 diffusion with zinc and copper being brought into contact 

with each other. More specifically, 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 

10 partially generated on the copper surface, thereby further 

increasing the speed of growth. In the inventive vapor 

method, no oxide film other than a natural oxide film 

(having a thickness of at most about 0.2µm) 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 Sµm/min. When the 

speed of formation of_ the coating layer exceeds Sµm/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 pressure higher than atmospheric pressure is preferred, 

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 Q non-
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uniform temperature, e.g., a temperature gradient, it is 

desirable that temperature of the vapor at least near the 

~tarting 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 of 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, is 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 accordance 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 

- 8 -
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coating layer should preferably be about S0.5wt% to about 

7Swt%. 

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 and at least 

one element selected from the group consisting of Zn, Cs, Se, 

10 Te and Mg, with copper content being about S0.5wt% to about 

75wt%. 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 

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-circuiting 

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 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 

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

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 therethrough. 

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 characteristics and shortening the 

lifetime of the wire contact and the guide die. 

Further, it was found that when an oxide filin formed on 

the surface of the coating layer, other than a natural oxide 

20 film, particularly an oxide film having a thickness 

exceeding about 0.2µ:m, 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 machining in 
---- ------- -
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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 to the workpiece, 

5 particularly in applications wherein high and short-time 

puls~ voltages are repeatedly applied. 

The foregoing and other objects, featur~s, aspects and 

advantages of the present invention will become more 

apparent from the following detailed description of the 

10 present invention when taken in conjunction with· the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. l is a floW chart showing the method of 

manufacturing a wire electrode. for wire electro~discharge 

15 machining in accordance with an embodiment of the present 

invention. 

DESCRIPTION.OF THE PREFERRED EMBODIMENTS 

In a met~o~ of manufacturing a wire electrode for wire 

electro-discharge machining in accordance with an embodiment 

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. Consequently, copper contained in the surface 

25 layer of the core reacts with an element contained in 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 

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 c~ating l~yer 

15 is formed in the vapor, the core may be heated to a 

temperature 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 Sµm./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 ---
- 12 -



cores havinq at least the surf ace 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 surf ace of the samples and Cu 

5 contents are also shown in Table 1. 
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Table 1 

No. Core 

1 Cu 

2 Cu·10%Zn 

3 Cu·20%Zn 

4 Cu Coated 
Steel Wire 

5 Cu·20%Zn 

6 Cu-20%Zn 

7 Cu·0.6%Sn 

8 Cu..0.8%Cr .. 
0.1%Zr 

9 Cu-20%Zn 

10 Cu-20%Zn 

11 Cu-0.15%Ae-

12 Cu-200A>Zn 

Cu Coated 13 Steel Wire 

Vapor 
Core 

Diameter Minimum 
{mm+> Type Temp. 

C°C) 

0.6 Mg 1010 

1.2 Zn 890 

0.6 Cs 620 

0.7 Mg 1060 

0.6 Zn 850 

0.5 Mg 950 

1.9 Te 970 

0.23 Se 570 

0.6 Zn+Mg 880 

0.6 Zn+Cs 670 

0.4 Cs 290 

0.5 Zn 870 

0.19 Zn 900 

,· 

•. 

Coating Pressure Vapor Temp. 
Surface Coating Layer 

Layer During i°C) 
Cooling After Formation of Growth 

Coating Near Near Passage 
Thickness Cu 

Rate 
Layer Start End Through Vapor 

(µ.m) Content 
(µ.m/min.} 

{mmH2) 
Point Point (wt%) 

29 Atmospheric 
1010 1025 Gradual Cooling 49 69 

Pressure 
27 780 890 890 Raoid Cooline- 92 59 

23 Atmospheric 680 680 Rapid Cooling 30 72 Pressure 

87 
Atmospheric 

1070 1070 Rapid Cooling 58 65 Pressure 

28 
Atmospheric 860 850 Rapid Cooling 51 54 Pressure 

15 
Atmospheric 

950 950 Rapid Cooling 42 80 
Pressure 

24 
Atmospheric 

995 975 Rapid Cooling 104 90 
Pressure 

18 
Atmospheric 

600 600 Rapid Cooling 19 83 Pressure 

38 
Atmospheric 

890 900 Rapid Cooling 52 51 Pressure 

36 
Atmospheric 

685 670 Rapid Cooling 45 55 Pressure 
4 2 295 290 Gradual Cooline- 17 88 

35 Atmospheric 890 885 Rapid Cooling 40 45 Pressure 
Atmospheric 82. 910 900 Rapid Cooling 16 60 Pressure 
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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, 

resp~tively, to attain the surface coating thickness shown 

in Table 1. 

S In Table 1, "near the start point" of vapor temperature 

represents the temperature near a point where.exposure of 

the core to the vapor is started, and nnear the end point" 

represents temperature near a point where exposure 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 pres~nt invention. 

15 Sample No. 14: a sample having Cu coated steel as the 

core, Cu-45% Zn alloy as the coating layer, wire diameter of 

0.7mmcf> and surface thickness of 40f.llil 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 diameter of 

0.9mm4> and surface thickness of 60µm was fabricated by 

electroplating, thermal 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 l.OllUllf and surface thickness of 70µm was prepared by 

- 15 -



·-------·-------------~=~""""" .................................. _... ............................................... ..._ .............. -... ______ _ 

electroplating, thermal diffusion and acid pickling. 

Further, the following are conventional and comparative 

-examples. 

Conventional Sample No. 1: a sample containing Cu-

5 35.wt1% Zn, and having wire diameter of Snun4> {or wire 

diameter: 0.9mm<f»). 

Comparative Sample No. 1: a sample having Cu-10w% Zn 

alloy as the core, Cu-55w% Zn alloy as the coating layer, 

wire di:ameter of 0.6mm.4>, and surface thickness of 80µm was 

10 prepared by electroplating and thermal diffusion. 

15 

Comparative Sample No. 2: a sample having steel core, 

Cu-45w% Zn alloy as the coating layer, wire diameter of 

0.7nun+ and surface thickness of 40tJJU 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 o.smm+ and surface thickness of 38µm 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 surf ace 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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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. 

--------- -- -·--··-
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Table2 

Examples of 
the Invention 

Comparative 
Examples 

Conventional 
Examples 

Wire 
No. Diameter 

(mm ell) 

1 0.2 
2 0.3 
3 0.2 
4 0.2 
5 0.2 
6 0.2 

7 0.2 

8-1 0.2 
8-2 0.07 
9 0.2 
10 0.2 
11 0.2 
12 0.2 

13-1 0.2 
18·2· 0.07 
14 0.2 
15 0.2 
16 0.2 
1 0.2 
2 0.2 
8 0.2 

1-1 0.2 
1-2 0.07 

.·. 

. .., 

Method of Area 
Thickness of Oxide 

Processing 
Reduction Surface Property 

Coating (µm) ·Rate !°Ai) 
Cold Drawina- 89.6 Oxidationtrarnishina? Not Observed, Smooth 0.12 
Cold Drawinl? 94.1 Oxidationtrarnishinl!' Not Observed. Smooth 0.07 
Cold Drawin.r 89.5 Oxidationtrarnishina- Not Observed, Smooth 0.06 
Cold Drawine- 92.3 Oxidation/I'arnishinll' Not Observed, Smooth 0.05 
Cold Drawina- 89.6 Oxidationtrarnishinir Not Observed, Smooth 0.08 
Cold Drawina- 84.6 Oxidationtrarnishine- Not Observed, Smooth 0.08 

Warm Roll Working 
98.9 Oxidation/I'arnishing Not Observed, Smooth 0.09 + Cold Drawing 

Cold Drawin2 36 Oxidationtrarnishina- Not Observed, Smooth 0.07 
Cold Drawine 92.2 Oxidationtl'arnishinl!' Not Observed, Smooth 0.05 
Cold Drawin2 89.6 Oxidation!I'arnishine: Not Observed, Smooth 0.04 
Cold Drawine: 89.6 Oxidationtrarnishine- Not Observed, Smooth 0.06 
Cold Drawine: 76.2 Oxidation/I'arnishine- Not Observed, Smooth 0.08 
Cold Drawinl? 84.6 Oxidationtrarnishinl? Not Observed, Smooth 0.05 
Cold Drawina? 0 Oxidationtrarnishine: Not Observed, Smooth 0.06 
Cold Drawinl!' 87.8 Oxidation/I'amishin2 Not Observed Smooth 0.04 
Cold Drawinl!' 91.8 Oxidationtrarnishinl!' Not Observed Smooth 0.06 
Cold Drawina- 95.1 Oxidationtrarnishintr Not Observed Smooth 0.03 
Cold Drawina- 96.0 Oxidationtrarnishin2 Not Observed, Smooth 0.04 
Cold Drawina 88.9 Oxidation!I'arnishine: Observed Roue:h 0.35 
Cold Drawine: 91.8 Oxidation!I'arnishine: Observed, Roue:h 0.42 
Cold Drawine: 88.9 Oxidation/I'arnishinl? Observed, Rough 0.51 
Cold Drawinl? 99.9 Oxidationtrarnishinit Not Observed 0.07 
Cold Drawina- 99.4 Oxidationtrarnishine: Not Observed 0.06 
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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. 

The wire electrodes shown in Table 2 were mounted on a 

wire electro-discharge machininq apparatus and electro­

discharge machining was perfo.oned 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 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 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 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 

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

25 

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

1.00. 

·-··----------
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Table 3 

Wire Ratio of Workoiece 
Number of 

No. Diameter Processing Surface 
Breakage Adhesion 

(mm+) Soeed Pronertv 

1 0.2 1.84 72 A 0 

2 0.2 1.42 61 A 0 

s 0.2 1.39 64 A 0 

4 0.2 1.88 65 A 0 

5 0.2 1.44 60 A 0 

6 0.2 1.85 70 A 0 

7 0.2 1.36 68 A 0 

8-1 0.2 1.87 69 A 0 

Examples of 8-2 0.07 1.14 68 A 2 

the Invention 9 0.2 1.45 59 A 0 

10 0.2 1.43 58 A 0 

11 0.2 1.38 64 A 0 

12 0.2 1.44 58 A 0 

13-1 0.2 1.41 66 A 0 

13-2 0.07 1.22 61 A 0 

14 0.2 1.40 62 A 0 

15 0.2 l.48 '61 A 0 

16 0.2 1.41 . 63 A 0 

1 0.2 1.80 77 B 2 
Comparative 

2 0.2 1.28 82 B 1 
Examples 

3 0.2 1.09 60 A 2 

Conventional 1-1 0.2 1.00 100 c 2 

Examples 1-2 0.07 0.60 100 B 16 
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) · 

Easiness of 

Automatic 

Threading 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

__ .. ______ - ··-· 
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Table4 

Wire Diameter Easiness of Lives of Wire Contact, 
No. 

(mm4i) Positionine: Guide Die, Etc. 

1 0.2 Easv .1.04 

2 0.2 Easv 1.05 

8 0.2 Easy 1.02 

4 0.2 Easv 1.07 

5 0.2 Easv 1.06 

6 0.2 Easy 1.06 

7 0.2 Easv 1.04 

Examples of the 8 0.2 Easy 1.05 

Invention 9 0.2 Easv 1.08 

10 0.2 Easy 1.04 

11 0.2 Easv 1.05 

12 0.2 Easy 1.04 

13 0.2 Easv 1.07 

14 0.2 Easy 1.03 

15 0.2 Easv 1.08 

16 0.2 Easv 1.04 

1 0.2 Difficult 0.82 
Comparative 

2 0.2 Difficult 0.29 
Examples 

3 0.2 Difficult 0.41 

Conventional 
1 0.2 Easy 1.00 

Examnle 

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 surf ace allowed 
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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 

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 ~imitation, the spirit and scope.of 

the present invention being limited only by the terms of the 

appended claims. 
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* C L M S * 

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: 

at least a surface layer of said core contains copper; 

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 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 ~emperature 

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. 2µm. · 

4. A method of manufacturing a wire electrode for wire 

electro-discharge machining, which wire electrode comprises 
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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 element 

selected from the group consi~ting of Zn, 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 

10 coating lay~r on the outer periphery of said core. 

5. The method according to claim 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 

S0.5wt% 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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9. The method according to claim 4, wherein 

speed of follll.ation of said coating layer in thickness 

is at least about 5µm/min. 

10. The method according to claim 4, wherein 

the coating layer is fonned 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-unifopn 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. The method according to claim 4, further 
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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 

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; 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 coatinq, 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%. 

--- ·-- - ---· 
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