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A Study on Surface Roughness in Wire Electrical Discharge Machining
of STD11 based on Taguchi method

Man Sung Choi’

School of Mechatronics Engineering, Korea University of Technology and Education

ABSTRACT

The experimental analysis presented aims at the selection of the most optimal machining parameter combination for
wire electrical discharge machining (WEDM) of STD11. Based on the Taguchi experimental design (L,; orthogonal array)
method, a series of experiments were performed by considering time-on, voltage, time-off, wire speed, and flow rate as
input parameters. The surface roughness was considered responses. Based on the signal-to -noise (S/N) ratio, the influence
of the input parameters on the responses was determined. The optimal machining parameters setting for the minimum
surface roughness was found using Taguchi methodology. In order to investigate the effects of process parameters on the
surface machined by WEDM, Several experiments are conducted to consider effects of time-on, voltage, time-off, wire
speed and flow rate on the surface roughness. Analysis of variance (ANOVA) as well as regression analysis are performed
on experimental data. The best results of surface roughness were obtained at higher voltage, lower wire speed, and lower

time-on.
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Fig. 1. Cause and effect diagram of WEDM.

Table 1. Factors, their levels, and designation

Description Unit W600SP
Axis distance
(X/Y/Z) mm 570 x 370 x 350
Max. size
(W/D/H) mm 770 x 520 x 340
Max. weight kg 1000
Max. wire speed mm/sec 0~250
. 4950
M/C weight ke (NC involved)
U, V Axis distance mm 120 x 120
Table 2. Mechanical properties of STD11
Tensile strength Elongation Hardness
[kgf/mm?] [%) [HRp)
72 58 212
Table 3. Chemical properties of STD11
C | Si | Mn P S Cr|Mo | W | V
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Fig. 2. Wire-EDM set-up.

Table 4. Factors and levels used in the factorial design

Parameters Level 1|Level 2|Level 3
(A) Time-on [us] 6 7 8
(B) Voltage [v] 60 80 100
(C) Time-off [us] 8 10 12
(D) Wire feed rate [mm/min] 20 25 30
(E) Flow rate [mm’/min] 30 40 50
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Table 5. Assigned orthogonal L,; with the acquired data

Run Inner control factor array | Outer noise array
A | B C D E Ra S/N
1 1 1 1 1 1 | 1.848 | —5.3340
2 1 1 1 1 2 | 1.992 | -5.9857
3 1 1 1 1 3 |2.135| —6.5879
4 1 2 2 2 1 |2.179 | —-6.7651
5 1 2 2 2 2 | 1.888 | —5.5200
6 1 2 2 2 3 | 2.049 | —6.2308
7 1 3 3 3 1 | 1.903 | -5.5887
8 1 3 3 3 2 | 1.874 | —5.4553
9 1 3 3 3 3 | 1.806 | —5.1335
10 2 1 2 3 1 | 2216 | -69114
11 2 1 2 3 2 | 2.624 | -83798
12 2 1 2 3 3 | 2412 | -7.6475
13 2 2 3 1 1 2.09 | -6.4023
14 2 2 3 1 2 | 2.017 | -6.0942
15 2 2 3 1 3 | 1.768 | —4.9496
16 2 3 1 2 1 | 1.753 | —4.8764
17 2 3 1 2 2 | 1.893 | —5.5430
18 2 3 1 2 3 | 1.708 | —4.6497
19 3 1 3 2 1 |2.079 | -6.3570
20 3 1 3 2 2 | 2.534 | -8.0761
21 3 1 3 2 3 | 2314 | -7.2872
22 3 2 1 3 1 |2.528 | -8.0555
23 3 2 1 3 2 | 232 | -7.3097
24 3 2 1 3 3 | 2.001 | —6.0249
25 3 3 2 1 1 | 1.628 | —-4.2330
26 3 3 2 1 2 | 1.816 | -5.1823
27 3 3 2 1 3 | 1.921 | -5.6705
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Fig. 3. Probability plot of surface roughness.

Table 6. ANOVA for S/N ratio of surface roughness

Source | df | Seq. SS | Adj. SS |Adj. MS| F p
A 2 1.74 1.74 0.87 |1.69]0.217
B 2 | 1525 | 15.26 7.63 [14.79] 0.000
C 2 0.26 0.26 0.13 | 0.26|0.778
D 2 0.63 5.63 2.82 |546]0.016
E 2 | 0.76 0.76 0.38 |0.74 | 0.494
Error | 16 | 8.26 8.26 0.52
Total |26 | 31.92
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Table 7. ANOVA for S/N ratio after pooling 5.0
. . 5.2 —e— Time-on
Source | df | Seq. SS | Adj. SS |Adj. MS| F p —o— Voltage
54 4 —v— Time-off
A 2 1.74 1.74 0.87 1.87 10.180 56 4 —&— Wire feed rate
8 —=— Flow rate
B 2 | 1526 15.26 7.63 |16.450.000 B 58 —— Mean
D [2] 563 [ 563 | 28 [607]0009] 50 N\ —-S - ,,&\7/1,
c 621
Error | 20 | 9.28 9.28 0.46 § 64
Total |26 | 31.92 = 661
-6.8
Table 8. Response table for S/N ratios(smaller is better) ;Z 1

Level A B C D E
1 —5.845 | —6.952 | —6.041 | =5.604 | —6.058
2 -6.161 | —6.373 | —6.282 | —6.145 | -6.394
3 —6.466 | —5.148 | —6.150 | —6.723 | -6.020
Delta 0.622 1.804 0.242 | 1.119 | 0.374
Rank 3 1 5 2 4
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Fig. 4. Main effects plot S/N ratios.
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