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Abstract

In this study, a variety of welding experiments were carried out to optimize root-pass welding process using GMA process.
Based on the experimental results, optimal welding conditions were selected after analyzing correlation between welding
parameters and back-bead geometry. Then, effectiveness of empirical models developed was compared and analyzed, and
optimized empirical models were finally developed for predicting back-bead by analyzing the main effect of each factor
which affects back-bead geometry and their influence on interaction. Also, functions proper for expressing the surface of
back-bead were selected using diverse quadratic functions, and back-bead geometry was visualized using empirical models

developed and quadratic functions.
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T sle] ojwu) = &S 95t HAE L5 rdg A (Root-gap) 2.5mm, FEH(Root-face) 1.5mm, 7412+ 35°
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202 PG olgsle] FHAFL ST, Fu Ay RE uhgof tfet BERE AAH LR Wk Y=E 24
& golzg Iy} Zo] 3749 o2 AX A §HE £ & FRolth ERe Y WL} T USRI o,
ALt 53] gAE wE= W9l 004 1744 ofm, 12 oA
AAEE FHTAUG Y $EL Table 13} Zo] A48 A4E el 0 sl o] o] §hgo] 818 FAE Hlofdt
oo, ol 7| A4A| S AL 2384 AFxAE AR the AL EFUY. 029 Fig 4= BEE g4 dist 9.9
Y3l BUAR, dolo] Ha&eE: SHHUSE AUt & & Bojeth
A2 9 AR e AR BRSS9 452 Figs. 26} 3of Uepdl Aat 2ol 3 g2 A4S 9lst
< AL G, EHEEE SHUSE AREL of WY B F S ERE o|gsto] ojHEE E3}
o HE A E S A4ste AYS Adsig
offE7] ANE T wholzmo) HEB ANH FHRNE
AAsHATE BE Ao ER70S-G 940]ol, CO, 100%2] B Table 2 Results of back-bead geometry measured
No. Cp Cb W Wb Hb
1 410 60 330 439 0.954
Flat position 2 360 60 385 4.19 0.76
3 360 76 300 3.7 0.19
4 360 60 215 2.17 0.20
5 330 70 350 235 035
N,Ve\'ﬁcal position 6 360 43 300 324 1.33
7 330 50 250 3.33 0.90
8 330 70 250 3.55 0.62
t 9 360 60 300 3.45 0.97
j Overhead position 10 390 50 250 3.19 134
Fig. 1 Schematic of pipe weld experiment with different welding 1 5% 0 20 el 0.76
position 12 | 3% 50 350 4.84 0.99
13 390 70 350 39 0.65
Table 1 Process parameter and level for flat pesition 14 309 60 300 2.99 1.52
Process Symbol | Uni Level 15 360 60 300 3.37 0.74
parameter 1 0 1 16 330 50 250 2.64 0.90
Peak current Cp Ampere | 330 | 360 | 390 7 390 50 250 2.85 130
Backeroun 18 330 70 250 251 049
cuﬁi;lt ’ Co | Ampere | 50| 60 | 70 19 | 39 70 250 354 | 061
Wire feed speed Wi c/min | 250 | 300 350 20 330 50 350 3.58 1.46
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Fig. 3 Contour line for back-bead height

Table 3 The target value of the optimal back-bead determined Table 6 Results of back-bead geometry measured
Min. | Target | Max. | Weight | Signific-ance No | Position Ws Ta Wo Hb
Wh 3 4 5 ) ) 1 10 70 372 0.68
2 15 70 476 0.4
Hb 0.5 1.0 1.5 1 i 3 20 70 3.18 0.08
4 Vertical 10 60 2.56 0.72

ertica
Table 4 The optimal value of process parameters predicted > position 15 60 4.1 044
6 20 60 272 0.36
Predicted response Optimal conditions Flat position 7 10 50 2.1 0.2
Wh Hb Cp Cb Wf 8 15 50 332 0.52
. 0 2975 746 9 20 50 3.84 0.36
i . ' 315 10 10 70 295 0.58
1 15 70 3.08 0.24
Table 5 Process parameter and level for vertical/overhead 12 20 70 4.04 0.14
- bosition EX PR T 60 358 | 072
Process . Level 14 el s 60 318 | 044
Symbol Unit position
parameter -1 0 1 15 20 60 3.12 0.32
Torch angle Ta Degree 50 60 70 16 10 50 448 0.56
Welding 17 15 50 4.5 0.6
Ws Cm/min 30 40 -50

speed 18 20 50 3.94 0.56
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Fig. 4 Concept of satisfaction function
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Table 7 Estimated regression coefficients of empirical model
for back-bead geometry parameters

Coeff Flat position
Wy Hp
a 16727 10.730
a -0.1059 -0.1117
a 0.1069 0.0243
a -0.0020 0.0694
as 0.0001 0.0001
as 0.0001 -3.0783
a6 0.0001 -0.0001
as 0.0003 0.0001
ag 0.0001 -0.0001
ao 0.0001 -0.0001
Coeft. Flat position Overhead position
ag -16.8467 -9.2177 36.7511 -1.6888
a -0.1640 0.2373 -0.8565 0.0873
a 1.1966 0.1433 -0.3216 0.0009
a 0.0036 -0.0011 0.0053 -0.0001
ay -0.0104 -0.0017 0.0009 0.0005
as -0.0057 -0.0019 0.0040 -0.0011

Table 8 Variance test for developed empirical models

Developed models SSE R-Square
N Flat W 1.540 0.819
position H, 0.467 0.842
Vertical Wy 0.548 0.901
position H, 0.046 0.864
Overhead W 3.620 0.882
position H, 0.020 0.931
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Table 9 Estimated effects and coefficients of back-bead for flat

position
Terms Results

SE Coeff.| Coeff. T P
Constant| 02764 | 3.4150 | 12356 | 0.000
H, 0.1601 | 0.6058 | 3.784 0.004
G 0.1618 | -02302 | -1422 0.185
W, 0.1610 | 0.6291 3.907 0.003
- G’ 03556 | 0.1718 | 0483 0.639
c’ 03605 | -0.1139 | -0.316 0.758
Wy 03668 | -0.1423 | -0.388 0.706
GGy, | 03146 | 0.2801 0.890 0.394
Gy | 03200 | 0.7081 2213 0.051
GW; | 03306 | -08971 | -2.713 0.022
Constant | 02764 | 3.4150 | 12356 | 0.000
G 0.1601 | 0.6058 | 3.784 0.004
G 0.1618 | -02302 | -1422 0.185
Wr 0.1610 | 06291 3.907 0.003
. G’ 03556 | 0.1718 | 0483 0.639
% 03605 | -0.1139 | -0.316 0.758
Wy 0.3668 | -0.1423 | -0.388 0.706
GCy | 03146 | 02801 0.890 0.394
GW; | 03200 | 0.7081 2213 0.051
GW; | 03306 | -0.8971 | -2.713 0.022

Table 10 Estimated effects and coefficients of back-bead
for vertical position

Terms Results

SE Coeff.| Coeff. T P
Constant | 03186 | 3.8200 | 11.990 | 0.001
T, 0.1745 | 04000 | 2292 | 0.106
A 0.1745 | 02267 | 1299 | 0285
W T/ 03023 | 03600 | 1.191 0.319
w; 03023 | -1.0400 | -3441 | 0.041
TW. | 02137 | -05700 | -2.667 | 0.076
Constant | 0.09247 | 054222 | 5864 | 0010
T, 0.05065 | 0.01333 | 0263 | 0.809
o A 0.05065 | -0.13333 | -2.632 | 0.078
Y 0.08773 | -0.13333 | -1.520 | 0.226
w2 | 008773 | -0.05333 | -0.608 | 0.586
T.W, | 0.06203 | -0.19000 | -3.063 | 0.055
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Table 11 Estimated effects and coefficients of back-bead for

overhead position

Results
Terms
SE Coeff.| Coeff. T P
Constant | 02549 | 322778 | 12.662 | 0.001
T, 0.1396 | -0.47500 | -3.402 | 0.042
W, 0.1396 | 0.01500 | 0.107 0.921
"o . 02418 | 053833 | 2.226 0.112
Wi 02418 | 0.09833 | 0.407 0.712
W, | 01710 | 040750 | 2.383 0.097
Constant | 0.06093 | 045778 | 7.514 0.005
T, 0.03337 | -0.12667 | -3.796 | 0.032
W, 0.03337 | -0.14000 | -4.195 | 0.025
i 7. 0.05780 | -0.04667 | -0.807 | 0.479
w? | 005780 | 0.05333 | 0.923 0.424
T,W, | 0.04087 | -0.11000 | -2.691 0.074

Table 12 Variance test for modified empirical models

Developed models SSE Sql:;lre
Empirical Wy 1.540 0.819

Flat model H, 0.467 0.842
position | pModified W 1.787 0.892
model H, 0.888 0.867
Empirical W 0.548 0.901
Verticat | model H, 0.046 0.864
position | Nodified Ws 0.807 0.854
model H, 0.088 0.743
Empirical W 3.620 0.882
Overhead | model Hy 0.020 0.931
position | Modified | Wb 0370 0.875
model H, 0.030 0.897
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Fig. 5 The accurate prediction of two developed models for
back-bead width (flat position)
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Fig. 7 The accurate prediction of two developed models for
back-bead width (vertical position)
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Fig. 9 The accurate prediction of two developed models for
back-bead width (overhead position)
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