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A Study on the Optimal Conditions of Hole Machining of
Microplate by Application of Response Surface Methodology in
Wire-Pulse Electrochemical Machining
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ABSTRACT

Due to the inaccuracy of micro-machining, various special processing methods have been investigated recently. Among them,
pulse electrochemical machining is a promising machining method with the advantage of no residual stress and thermal
deformation. Because the cross section of the wire electrode used in this study is circular, wire-pulse -electrochemical
machining is suitable for micro-hole machining. By applying the response surface methodology, the experimental plan was made
of three factors and three levels: machining time, duty factor, and voltage. The regression equation was obtained through
experiments. Then, by referring to the main effect diagram, we fixed the duty factor and machining time with little relevance,
and solved the equation for the target 900 microns to obtain the voltage value. The results obtained from the response surface
methodology were approximately those of the target value when the actual experiment was carried out. Therefore, it is
concluded that the optimal conditions for hole processing can be obtained by the response surface methodology.

Key Words : Response Surface Methodology(2+&EMH-EAIH), Wire-PECM(2t0|0f EAXMSHI+E), Microplate(D|
M| =+HEh, Dutyfactor(Z24H5)
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Table 1 Fixed condition in Wire-PECM experiment

Parameter Fixed value
Electrolyte NaNO; + Glycerin + D.I Water
Current 3A
Electrode Copper
Temperature 25C
Initial hole size 645~655m
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Table 2 Parameter level for Wire-PECM experiment

Parameter Level
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Table 3 Parameter level for Wire-PECM experiment Contour line on Wire-PECM
Exp. Linear transformation Experiment measured H a::!ﬁs‘:ggg
Number | X, X, X3 Hole size(sm) 2 :zggf i%gg)
1 -1 -1 -1 670 2 : o 3§§§
£
2 -1 0 0 937 =
3 -1 1 1 1548 _g Voltage®) : 0
4 o | -1 | o 1346 g
5 0 0 1 1824
6 0 1 -1 745 1910 -0.5 00 05 1.0
7 1 -1 1 1906 Dutyfactor(%)
8 1 0 -1 962 Fig. 11 The contour line Wire-PECM
9 1 1 0 1689
10 0 0 0 1250 Fig. 119 SJxA=e wWihds  Fistdy
11 1 0 0 1441 Xi=-0.5, Xo=-0.78}3 7}4 P2 vl & A7 &
12 0 1 0 1561 B ]| 900um e sty 4 (8)9] HAgas 9
13 0 0 1 1933 s
14 1 1 1 2587 _
Y(Hole size 900um) = 1293.04+297.8X, (8)
b jo]e 1220 +180.4X, +582.2X,
16 0 0 0 1218
S L L 1160 A B3 X(HHe @ T, X=-0.20
18 | 0 | 0 | 0 1275 7 vhewm, Auuste B4 AA At F7
o [ o | o | o 1220 27¢ T34 sovels Anes d 9 37
20 0 0 0 1188 B2 A fellA B2 HHAZAX, X, X3)=
sfolo] BaAshFe) HgaA =B EAD
Table 4 ANOVA table for hole size 120sec, SAAT 32.5%, At 82velA & =7
900m7t dol Atk AEe £EAT T 29
Source | DF| Seq SS lggj §4d§ F P 0}'7] ‘A"H ‘F]oﬂ}‘-] :I‘La—]' 37]'7(] -”] ]’%‘iﬂ‘/l:ge— 9]'
olo] HxAs|rFFel A &3t 103] XY g A
Regression| 9 |4973196|4973196| 552577 |31.34| 0 3 FF F =7 3 885TmE FS = Yk
Linear | 3 |4120978|3835051{1278350/72.51| 0 Fig. 122 WHERHAIAAGH O R A2 7FgHs
= glo B A o A S |
Square | 3 | 137721 | 87123 | 29041 | 1.65 | 0.24 stelel A7kEel Hgste 7k "—_
< 855.7umell ZAMEE AlES FItEv| AR A
Interaction| 3 | 714497 | 714497 | 238166 |13.51|0.001 5 Azl
Residual |10 | 176305 | 176305 | 17631 %, & MEAA A Ao es e AHE
W5E 248D, SEAY & A8 448 ¥
Lack of Fit| 3 | 161823 | 161823 | 553941 [26.07| 0 = ‘j‘>h ! i 1€ 9= ¥
HEEHAFAAGH S E T3 Y WA & ALt
Pure Error| 7 | 14482 | 14482 | 2069 FH ZxYY 900me & IV E IdE Aol 7}
Total |19 (5149501 Sete Ae &g 5 AT
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