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Optimization for a V-Groove CO; Gas Metal Arc Welding Process
Using Dual Response surface Method
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J=j(W+i(H)+3(P)+5(B)+5(S) (1)

Fig. 1 Weld bead geometry
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Table 1 Central composite design experimental results

NO. Natural Unit Coded Unit Result

X | XX x | x| x u g
1 {37 [330] 9 1 1 1 |3.0064 1038053
2 | 37133 5 1 1 -1 | 3.0212 | 0.40655
3 137 (20| 9 1 -1 1 {3.1257 1045742
4 | 37 1250] 5 1 -1 | -1 |29634 |023498
5 12 [330] 9 -1 1 1 [2.4090 10.17869
6 1 25130} 5§ -1 1 -1 110352 ]0.28218

7 125120 9 | -1}-1 1 1259490 | 0.44132
8 | 2 |250] 5 | -1 | -11]-111283]0.16312
9 131 120 7 0 0 0 14.2673 1 0.14910
10 131 (290] 7 0 0 0 143855012710
11 | 40 [2%0] 7 [ 15 0 0 | 28038 |0.22317
12 12 (207 7 [-15] 0O 0 119113 10.17300
13 1 31 130 7 0 [15] O |28918 040186
14 |31 [230] 7 0 |-15] 0 |35665 (030979
1531 [290) 10 [ O 0 | 15 |3.0699 | 0.22506
16 | 31 (200] 4 0 0 |-15121874{0.12162
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1= 4.2337 +0.4621 X ; —0.1492 X z, +0.3606 X z,
+0.0912 X 7,2, — 0.3611 X 2,2, — 0.0582 X z,75
~0.7789 X 22 —0.3915 X 22 — 0.6584 X 3 (7)

0=0.1238 +0.0392 X ; +0.0071 X 2, +0.0421 X
+0.0298 X 2,2, +0.0027 X 2,2, — 0.0788 X 2,24
+0.0415 X 22 —0.1116 X 22 +0.0305 X 2 (8)
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Table 2 Analysis of variance for the mean

Source of | Degree of | Sum of | Mean Fo

variance freedom | squares | square (0.05)
Regression 9 11.8874 | 1.3208 | 18.9560° | 4.10
Error 6 04181 | 0.0697

Total 15 12.3055

Table 3 Analysis of variance for the standard deviation

Source of | Degree of | Sum of | Mean F.
variance freedom | squares | square 0 0.06)
Regression 9 0.1922 | 00214 | 92699° | 4.10
Error 6 0.0138 | 0.0023
Total 15 0.2060
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D(X) =(j~5)"+0* (9)
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Fig. 2 Response surface of using grid-search method
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Fig. 3 cross section of optimal welding condition
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D(X) = (u—5)? (10)

Table 4 Comparison of the optimal condition

Object Optimal - ~
function Condition K a
(;1— 5)2 (0.2358, -0.1792, 0.2171) | 4.3407 0.1502
(p—5)? tot (0.2312, -0.1675, 0.2061) | 43405 | 0.1487
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