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Abstract

In generd, the quality of a welding process tends to vary with depending on the work environment or externd
disturbances. Hence, in order to achieve the desirable quality of welding, we should have the optima welding
condition that is not significantly affected by these changes in the environment or external disturbances. In
this study, we used a dua 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. Finaly,
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)

Key Words : Central composite design, Dual response surface method, Bead geometry, Object function,
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(a) Objective function of the bead width(j(1))
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(b) Objective function of the bead height(j(H))
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(d) Objective function of the back bead width(j(B))
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Fig. 2 Quality function with geometric condition
of the weld part

189



88 7 - ks - 2R - oA
= gdo] WA= dEviel Adat 49 HelH N=2"+2k+n, (7)
o og A=At gHE=E) T A o
FEoR LS whaw Yol ra & 5 9l 4334 ESPHse F7) J 27} BARFL 4
ong AgH AR skt (8)¢k 2t 2 (8)ellM ke Q1A AelH, ﬁOL
e e we STl Al S awm p= 1499 A% g1 238 A%
Gx), ST (), SHEE(R e ggg
n, FEWSs 4 A 2AdA 28] &4 F AlE
43A HlES] @gdSs Aol SHERET @ 5 +Eﬂ +Eﬁ 8
()] B BEBAE ARt v=hr b )
32 HusaetdAE 2 ()l 22k ARl AAAF 6, 6, 6,4
o A2AIF FEANEE 44 5, 6. 6, B B 2%
£ Apede FE wsEdd de AWAEL o a0 4 gow gaEg,
2 AnFAPIALE A8, HeEAEAE 9 T T T
sto] AHEElE AE A dEAQ dE 2" T :
<]—O:] lo ] _EU ] H‘/] q_]_ B _] H yu:ﬂ[]+_261':1’1u E Tin E ]1!1 }u (9)
X (2" factorial design), AZd 2 A& (simplex i=1 = i<
o] W (3k ZA) _
design), 3" 29X (3" factorial design)Z % Table 1S ZAEAAZA AL 7} ezl

&4 7189 (central composite design)E°] cH?.

ok ooL]uH;‘thJJr Az~ AgWe 23 347} Ao

WS T FEAIMT Ago] Hu

7}
2 W] —fr HAgtel] wheba] B = vk
Al WstE AT 4 glon, 22t AR AlF
g 279 AF B,5S FHE 4 ok i 38 el
AL ZF Wpe] 3 FEoA] AEo] HER WMo
T Wt web BAEE v ARl vskE
A = da, 23 FARGAN AFY 279 AF
Biee FHE F dvh. 2y A3 Slge it 25
= 7lsharA o2 Bokle ©ae 7 AL Aot

B dFdMe AL Sl didow whgae] 3
A9l Wsks A et7] 9@l F414 (center points) 2
%74 (axial points)< 28 QQluixHel| 7} A7 34
A Attt SAFIALL Boxt Wilson

13)

o 9Jsle] AgkE AozAq,
RS = & 5 e el A
AellA Eol AHE AL e AEAE
AN E SR s A
W3, F49 e 2007 dok A7 k9] g

ml

b

O:

A= k> 29 ASdE 3hacmx et A AL
AR 3l¢E 7R A "o w3 =AEAAge] Zke
T o] e 23149 (sequential experiments)

o] Fhselthe Aol

190

Toe Hehla glvh

Table 2 Table 1o Yepd 7z} YR £F&
o] gato] FAEAAL e TAE 16719 &4 =
A3 APARNE BlF3 ). Table 2014 Al 7]
AL 2, 25, 235 X;, Xy, X3 & H3SE Ao
=22 (1003 2 WAE et

T, = %, 1<k<3 (10)

°] 0 gl gk A
W] +1 e oig

A (10004 X, & 9
e eI, X, € 9
AA g2 YR Qi

v rE
-h

Table 29] Wl it =4 =,
ol g3sl] 22 JARLEE Fstitt. HAaAFHA 9
3 249 SREAT ()Y H

LSk =

(o)l Wt 2l

o

Table 1 Factors and levels for central composite
design

Level
-1.5 | -1 0 +1 | +1.5
(X1): Welding voltage(V) | 22 | 25 | 31 | 37 | 40
(X2): Welding current(A] | 230 | 250 | 290 | 330 | 350
(X3): Welding speed(mm/s)| 4 5 7 9 10

Factor
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Table 2 Central composite design and experimental

Table 3 Analysis of variance for the mean of
fitness value

results
Natural Unit Coded Unit Result

o X | X | K| oo | 2y | om 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 12.409010.17869
6 | 25 1330 5 | -1 1 -1 |1.0352]0.28218
7 12512501 9 | -1 | -1 1 12.9490(0.44132
8 | 25 250 5 | -1 | -1 | -1 [1.2863/|0.16312
9 | 31 |29 | 7 0 0 0 [4.2673/0.14910
10 | 31 [ 290 | 7 0 0 0 [4.3855/0.12710
11 | 40 | 290 7 | 15| 0O 0 [2.80380.22317
12 | 22 |290| 7 |-15| 0O 0 [1.9113/0.17300
13 | 31 [ 350 | 7 0 | 15| 0 [2.8918|0.40186
14 | 31 [ 230 | 7 0 |-1.5| 0 |3.5665|0.30979
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 z; — 0.1492 X z, +
0.3606 X 23 +0.0912 X z,2, — 0.3611 (1)

—0.0582 X x5 — 0.7789 X 27
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X XT3
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—0.0788 X 29154 0.0415 X 23
+0.1116 X 23 4 0.0305 X 23

X T1T3
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Source of | Degree of | Sum ‘of Mean Fy 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)
variance freedom | squares | square
Regression 9 0.1922 | 0.0214 | 9.2699* 4.10
Error 6 0.0138 | 0.0023
Total 15 0.2060

AR FHE 3R o) wkg W
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3|AZ o] W W] W 2 ARE F
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oo o Ho L
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a)=
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i, 24 (1D)9 F=18.956 > 4.10°9, 24 (12)9
F=09.2699 > 4.10°| 22 3|Ando] fo&s & 5
A

ARAGE 2 Bde] YHUSFE o] gsl] P
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