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The effect of Surface Roughness on Wire-cut Electric Discharge Machining of
Discharge Energy in Aluminium Alloy 2024

Cheong-Won Ryu*, Seong-Dae Choi’, Soon-Kwan Lee™

Abstract

The surface roughness depending on the machining method is very important because is produce a finished product through
riveting, sealing, bonding, and special paint in order to curb the turbulence and air resistance which occur between the
sheets . Aluminum alloy 2024 which is widely used for interior and exterior material of aircraft are tested. Jin-young JW-60C
wire cutting machine was used in this experiment. In this paper, the experimental investigation has been performed to find
out the influence of the surface roughness and surface shape characteristics on the wire-cut EDM of discharge energy in
aluminium alloy 2024. The selected experimental parameters are peak current, no-load voltage, off time and feed rate. The
experimental results give the guideline for selecting reasonable machining parameters. The high discharge energy on the

idle time, almost no change in surface roughness can be seen.

Key Words : Aluminum alloy 2024(25ul¥ 2 2024), Wire-cut EDM(9}0]0] %1 HF41715), Discharge energy(HFd o U %),
Surface roughness(3H #&7))
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Table 1 The specification of wire-cut E.D.M

Item Specifications
Model JW-60B
Work capacity(mm) 1000x750%300
Max. table speed(mm/sec) 360
Table stroke(mm) 600x400
Wire diameter(mm) 0.1~0.35
Wire tension(gf) 200~ 3000
Wire feed rate(mm/sec) 250
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Table 2 Chemical compositions and mechanical properties of
wire electrode

Chemical compositions(wt.%)

Cu Zn Pb Sn Fe
63.04 36.86 0.03 0.02 0.03
Mechanical properties
Tensile strength(MPa) Elongation(%)
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Table 3 Chemical compositions and mechanical properties of
work-piece

Chemical compositions (wt.%)

Si Fe Cu | Mn | Mg Zn Cr Al
0.5 0.5 49 02 1.8 | 0.28 | 0.1 |remainder
Mechanical properties

Tensile strength (MPa) 470
Yield strength (MPa) 325
Elongation (%) 20
Electric conductivity (%) 30
Heat conductivity (W/mk) 121
Melting Point (°C) 500
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Table 6 Specifications of measuring microscope

[
IBC Condeaser]
. circuit ~
Work setting i
parameter [ O

Fig. 1 Schematic diagram of wire-cut E.D.M.

Table 4 Discharge cutting conditions

Wire diameter(mm) 0.2, 0.25
Peak current(A) 12, 14, 16
No-load voltage(V) 10, 11, 12, 13, 14, 15
Off time(|Ls) 56,7
Feed rate(mm/min) 2,4,6,8 10

Table 5 The specification of surface roughness measuring

instrument
Item Specifications
Model Mitutoyo SURF-TEST SV-414
Limit indication(Rmax, pm) 600
Cut off value(mm) 0.08~8
Basic range(mm) 0.25~8
Stylus force(N) 0.00392
Driving speed(mm/sec) 0.02~12
Stylus tip radius(ium) 5
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Item Specifications
Model Mitutoyo TF-510F
X, Y table travel(mm) 50, 50
Digital X, Y counter resolution 0.001, 0,005
(mm)
Measuring accuracy 3+0.02L
(um, @20°C) (L = measuring length: mm)
Focusing travel(mm) 150
Driving speed(mny/s) 0.02~12
Eyepieces magnification x10, x15, x20
Objective magnification x1, x3, x5, x10, x20, x50, x100
X X X
Resoing power of | S0 20 S 07
magnification(jum) (100)

Table 7 Specifications of measuring field emission scanning
electron microscope

Item Specifications
Model JSM 7401F
Resolution(nm) 1.0, 1.5
Accelerating voltage(kV) 0.1~30
Magnification %25 ~300,000
Type I X=70mm, Y=50mm
Stage Type I X=110mm, Y=80mm
Type III X=140mm, Y=80mm
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. 2 Surface roughness according to peak current in Al alloy
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. 3 Surface roughness according to non load voltage in Al
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. 4 Surface roughness according to off time in Al alloy 2024
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5 Surface roughness according to feed rate in Al alloy 2024
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Fig. 8 Cutting section and surface of workpiece by optical
micrographs : discharge energy 182 W, off time 7 us
and feed rate 10 mm/min
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(b) Wire diameter 0.25 mm

Fig. 6 Cutting section and surface of workpiece by optical
micrographs : discharge energy 182 W, off time 7 s
and feed rate 2 mm/min
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(b) Wire diameter 0.25 mm

Fig. 7 Cutting section and surface of workpiece by optical
micrographs : discharge energy 182 W, off time 7 us Fig. 9 F.E.-S.EM. surface : discharge energy 182 W, off time
and feed rate 6 mm/min 7 us and feed rate 10 mm/min
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