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ABSTRACT

The EDM electrode coke confuses the industry and researchers for a long time. So the
copper electrodes after cryogenic treatment were introduced by this research. The
relationship of electrode coke and EDMed parameters of polarity, duration time, discharge
gap distance, high-voltage current, and low-voltage current of electrical discharge machining
(EDM) were mainly processing parameters with powder metallurgical sintered alloy steel in
this study.

The experimental results explored material removal rate (MRR), electrode wear rate
(EWR), workpiece and electrode surface roughness highly relates processing parameters.
Therefore, the statistical method and the contribution of relation with EDMed sintered alloy
steel by Taguchi method of orthogonal array planning experiments. Analysis of variance by
polarity, duration time, discharge gap distance, high-voltage current, and low-voltage current
are the main processing parameters. Reduced electrode coke by ANOVA was negative
polarity, 300 ps duration time, 70 % discharge gap distance, 2.0 Amp high-voltage current,
and 5 Amp low-voltage current.

Keywords: EDM, Cryogenic treatment, Taguchi method
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Fig. 2 Relation of material removal rate and (a) peak current; (b)pulse duration for P/M steel
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Table 3 Taguchi experiment results of S/N ratio
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2 | +]12]100| 1.5 3 5 2 2 10.0447| 0.0010 | 17.71 5.432
3 + | 12 {300 2 5 7 3 3 10.0272| 0.0026 | 25.36 6.105
4 | +[100] 12 | 0.8 3 5 3 3 10.2366| 0.0007 | 31.87 7.167
5 + |100(100| 1.5 5 7 1 1 10.5280| 0.0004 | 23.595 | 7.865
6 | +|100]300| 2 1 3 2 2 |0.0165| 0.0006 | 16.98 5.83

7 | +(300]12 | 1.5 1 71 2 3 10.0235| 0.0005 | 19.66 8.34
8 | +1300({100| 2 3 3 3 1 [0.2295| 0.0003 | 34.49 8.535
9 | +|300[{300| 0.8 5 5 1 2 10.0826| 0.0007 | 18.73 8.645
10 | - |12]12] 2 5 5 2 1 |0.0716| 0.0106 8.12 14.24
11 | - |12 ]100| 0.8 1 7 3 2 ]0.0025| 0.0012 | 18.17 7.93

12 | - | 12{300| 1.5 3 3 1 3 10.0021| 0.0029 | 11.73 8.787
13 | - |100| 12 | 1.5 5 3 3 2 ]0.0255| 0.0034 | 19.35 14.02
14 | - |100]100| 2 1 5 1 3 10.0167| 0.0029 | 20.69 13.67
15 | - |100]300| 0.8 3 71 2 1 |0.0136| 0.0007 | 15.83 10.45
16 | - |300] 12| 2 3 7 1 2 |0.1106| 0.0023 | 28.81 31.26
17 | - |300]100| 0.8 5 3 2 3 ]0.1785| 0.0045 | 15.96 22.71
18 | - |300(300| 1.5 1 5 3 1 [0.0194| 0.0018 | 21.91 13.16
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Table 4 ANOVA of MRR (cryogenic) with EDM P/Msteel
Col#/Factor DOF(f) Sum of Sqrs(s) Variance(v) F-Ratio(F) Pure Sum(S") Percent P(%)

P 1 407.1 49.29 49.29 398.841 60.653
Ton 2 167.747 83.873 10.155 151.228 22.997
Toff 2 22.695 11.347 1.373 6.177 0.939
hamp 2 5.157 2.578 0.312 0 0
lamp 2 3.251 1.625 0.196 0 0
Gap 2 2.071 1.035 0.125 0 0
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Fig. 6 Main effects plot means for MRR (cryogenic)
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Table 5 ANOVA of workpiece EWR (cryogenic) with EDM P/Msteel
Col#/Factor DOF(f) Sum of Sqrs(s) Variance(v) F-Ratio(F) Pure Sum(S") Percent P(%)

P 1 407.1 407.1 49.29 398.841 60.653
Ton 2 167.747 83.873 10.155 151.228 22.997
Toff 2 22.695 11.347 1.373 6.177 0.939
hamp 2 5.157 2.578 0.312 0 0
lamp 2 3.251 1.625 0.196 0 0
Gap 2 2.071 1.035 0.125 0 0
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Fig. 7 Main eftects plot means for workpiece EWR (cryogenic)
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Table 6 ANOVA of SR (cryogenic) with EDM P/Msteel

Col#/Factor  DOF(f) Sum of Variance(v)  F-Ratio(F) Pure Percent

Sqrs(s) Sum(S") P(%)

P 1 21.495 21.459 1.942 10.43 6.73

Ton 2 37.384 18.692 1.689 15.253 9.842
Toff 2 8.635 4317 0.39 0 0
hamp 2 3.936 1.968 0.177 0 0
lamp 2 10.84 5.42 0.489 0 0
Gap 2 6.29 3.145 0.284 0 0

SV Padiest S

_16|||||I|I|I||I|I|I||I|I|I||I|I|I||I|I|I|

Lol
0123 8123801234123 48 1238061234
P Ton T off Hamp Lamp Gap

Fig. 8 Main effects plot means for SR (cryogenic)
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Table 7 ANOVA of electrode SR (cryogenic) with EDM P/Msteel
Col#/Factor DOF(f) Sum of Sqrs(s) Variance(v) F-Ratio(F) Pure Sum(S") Percent P(%)

P 1 166.018 166.018 47.435 162.518 53.843
Ton 2 69.455 34.727 9.922 62.456 20.692
Toff 2 21.998 10.999 3.142 14.998 4.969
hamp 2 13.699 6.849 1.957 6.699 2.219
lamp 2 9.406 4.703 1.343 2.406 0.797
Gap 2 0.256 0.128 0.036 0 0
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Fig.9 Main effects plot means for electrode SR (cryogenic)
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