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A Study on the Optimization for a V-groove GMA Welding Process
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Abstract

In general, the quality of a welding process tends to vary with depending on the work environment or external
disturbances. Hence, in order to achieve the desirable quality of welding, we should have the optimal welding
condition that is not significantly affected by these changes in the environment or external disturbances. In
this study, we used a dual response surface method in consideration of both the mean output variables and
the standard deviation in order to optimize the V-groove arc welding process. The input variables for
GMA welding process with the dual response surface are welding voltage, welding current and welding
speed. The output variables are the welding quality function using the shape factor of bead geometry.

First, we performed welding experiment on the interested area according to the central composite design.
From the results obtained, we derived the regression model on the mean and standard deviation between
the input and output variables of the welding process and then obtained the dual response surface. Finally,
using the grid search method, we obtained the input variables that minimize the object function which led
to the optimal V-groove arc welding process.

*Corresponding author :srhee@hanyang.ac.kr (Received February 4, 2008)
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Table 2 Central composite design and experimental

Table 3 Analysis of variance for the mean of
fitness value

results
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o X | & | | oo | 5| o5 H o

1 37 1330| 9 1 1 1 13.0064 ]0.38053
2 37 1330 | 5 1 1 -1 |3.0212]0.40655
3 37 1250 | 9 1 -1 1 [3.1257]0.45742
4 | 37 |250| 5 1 -1 | -1 [2.9634]0.23498
5 125133 9 | -1 1 1 12.4090 (0.17869
6 | 25 1330 5 | -1 1 -1 |1.0352]0.28218
7 1251250 9 | -1 | -1 1 12.9490(0.44132
8 | 25 250 5 | -1 | -1 | -1 [1.2863|0.16312
9 31 [ 290 | 7 0 0 0 [4.2673/0.14910
10 | 31 | 290 | 7 0 0 0 [4.3855|0.12710
11 | 40 290 7 | 1.5] 0 0 [2.80380.22317
12 1 22 1290 7 |-1.5] O 0 [1.9113/0.17300
13 | 31 | 350 | 7 0 | 15| 0 [2.8918|0.40186
14 | 31 [ 230 | 7 0 |-1.5| 0 [3.56650.30979
15 | 31 |290| 10 | O 0 | 1.5 [3.0699 |0.22506
16 | 31 | 290 | 4 0 0 |-1.5(2.1874|0.12162

(= 4.2337+0.4621 X x; — 0.1492 X z, +

0.3606 X 25 +0.0912 X 2, — 0.3611 (11)
X 2,25 — 0.0582 X 225 — 0.7789 X 22
—0.3915 X 25 — 0.6584 X 23

0=0.1238+0.0392 X z, + 0.0071 X x,
+0.0421 X x4 + 0.0298 X 2, +0.0027  (12)

X x5 — 0.0788 X zyx5+ 0.0415 X 23
+0.1116 X 23 4 0.0305 X x5

AN Bl Tl Bde P-4 (F-test) &
(coefficient of multiple determination,
o3 eldE AFT F Utk F-EAHS HF
22 (analysis of variance, ANOVA)o|2t
gte}, o] AL F-gh(F-value) & Ab&Esto] o
BiAge] Al FA=E Ayt of Al
F8 71%e A 7 ol Heeld 2ol FFAEY
Aok BT BAHOR G oIt Y] w2
o JERE Ao]glA] opJm Eio] &) $1g olel
A% AFeed Ut aeEs 2473 o9 o
A ofv] Qi Aol 1 Aol RPN B
Adoz a9 Aol7t Y] el EroNE I3
A vepdeE, wE ovl gl Aelebd 1 Aol
E2 % S Aololx] myas] Bave i
2|

=]

RUS
o=
T

R oM o

o B oo

'ég
r

KEEH- TR EMEEE 552645 29k, 20084 45

Sou?ce of | Degree of | Sum of | Mean P F(0.05)
variance freedom | squares | square
Regression 9 11.8874 | 1.3208 | 18.956" | 4.10
Error 6 0.4181 | 0.0697
Total 15 12.3055

Table 4 Analysis of variance for the standard
deviation of fitness value

SOU}'Ce of | Degree of Sum~of Mean Fo F(0.05)
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Error 6 0.0138 | 0.0023
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Fig. 5 Cross section in the welded part derived
optimal welding condition
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