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ABSTRACT

The objective of this research study is to investigate the optimal process parameters of electrical discharge

machining (EDM) on SCM440 steel with copper as a tool electrode. The effect of various process parameters on

machining performance is investigated in this study. Modern ED machinery is capable of machining geometrically

complex or hard material components, that are precise and difficult-to-machine such as heat treated tool steels,

composites, super alloys, ceramics, etc. This paper reports the results of an experimental investigation by Taguchi

method carried out to study the effects of machining parameters on material surface roughness in electric discharge

machining of SCM440 steel. To predict the optimal condition, the experiments are conducted by using Taguchi’s L27

orthogonal array. The work material was ED machined with copper electrodes by varying the pulsed current, pulse

on-time, voltage, servo speed and spark speed. Investigations indicate that the surface roughness is strongly depend

on pulsed current.
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Table 1. Chemical composition(wt.%)

Fa

2743

C Si Mn p S
0.38 0.18 0.64 0.014 0.002
Cu Ni Cr Mo A\
0.12 0.07 1.04 0.15 0.01
Table 2. Mechanical properties
Yield strength Tensile strength Elongation
[MPa] [MPa] [%]
1232 1365 11.7

Reduction of area [%)] | Vickers hardness

32 437

Fig. 1. Experimental set-up.
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Table 3. Specification of experiment device

Name Model Co. Ltd
EDM M/C JCE-50C HWACHEON
Roughness SURF 5000 MAHR
Measurement Device
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Table 4. Codes, parameters, and level values used for
orthogonal array

Level
Factors | Symbol Parameter/Unit
1 2 3

A Current [A] 5 15| 30

B Pulse on-time [us] 20 | 40 | 60
Control | . Voltage [V] 5 11015
factors

D Servo speed 40 | 65| 90

[rev/min]

E Spark speed [umy/s] 40 | 60 | 80
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Fig. 2. Probability plot of Ra.

4.2 AR M(Analysis of Variance)
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Table 5. Experimental results of R, , S/N ratios calculated

Run A B C D E Ra S/N
1 1 1 1 1 1 2.185 -6.789
2 1 1 1 1 2 2.320 <7310
3 1 1 1 1 3 2.656 -8.485
4 1 2 2 2 1 2.602 -8.306
5 1 2 2 2 2 2293 -7.208
6 1 2 2 2 3 2.254 -7.059
7 1 3 3 3 1 2.152 -6.657
8 1 3 3 3 2 2.514 -8.007
9 1 3 3 3 3 2.012 -6.073
10 2 1 2 3 1 2.880 -9.188
11 2 1 2 3 2 3.502 -10.886
12 2 1 2 3 3 2.861 -9.130
13 2 2 3 1 1 2.998 -9.537
14 2 2 3 1 2 3.426 -10.696
15 2 2 3 1 3 3.005 -9.557
16 2 3 1 2 1 3.892 -11.803
17 2 3 1 2 2 3.682 -11.322
18 2 3 1 2 3 3.434 -10.716
19 3 1 3 2 1 2.882 -9.194
20 3 1 3 2 2 2.518 -8.021
21 3 1 3 2 3 3.045 -9.672
22 3 2 1 3 1 3.610 -11.150
23 3 2 1 3 2 3.718 -11.406
24 3 2 1 3 3 3.983 -12.004
25 3 3 2 1 1 3.357 -10.519
26 3 3 2 1 2 3.526 -10.946
27 [ 33| 2| 1]3 3652 | -11.251
Table 6. ANOVA analysis for surface roughness R,
Factor DF SS MS F-value | P-value
A 2 56.5466 | 28.2733 | 4735 0.000
B 2 5.2761 2.6380 4.42 0.030
C 2 10.2402 | 5.1201 8.57 0.003
D 2 0.1843 0.0922 0.15 0.858
E 2 0.4133 0.2066 0.35 0.713
Error 16 9.5543 0.5971
Total 8 82.2148
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Fig. 3. Main effects plot for Means.
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Fig. 4. Main effects plot for S/N ratios.
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Fig. 5. Interaction plot of S/N ratios for surface roughness.
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Fig. 7. Scanning electron microscope image of machined
surface by using graphite electrode.
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