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Abstract

The arc welding processes are substantially nonlinear, in addition to being highly coupled multivariable
systems. Frequently, not all the variables affecting the welding quality are known, nor may they be
easily quantified. From this point of view, decoupling between the welding parameters from the welding
quality is very difficult, which makes it also difficult to controll the welding parameters for obtaining
the desired welding quality.

In this study, a neural network based on the backpropagation algorithm was implemented and adopted
for the selection of gas metal arc welding parameters of the fillet joint, that is, welding current, arc
voltage and welding speed. The performance of the neural network for modeling the relaltionship
between the welding quality and welding parameters was presented and evaluated by using the actual
welding data. To obtain the optimal neural network structure , various types of the neural network
structures were tested with the experimental data. It was revealed that the neural network can be
effectively adopted to select the appropriate gas metal arc welding parameter of fillet joints for a given
weld quality.
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Fig. 1 Neural Network for determining welding parameters and geometry of fillet weldment
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Fig. 3 Change of weld bead shape for various welding conditions
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Thickness =6 (mm)
Voltage =22 (V)
Current =230 (A)

LU

(b)
Fig. 4 Change of weld bead shape for different speeds
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Fig. 5 Change of weld bead shape for different thicknesses

2HZ9 Emode)F7t 7, FHA Y29 v
F7 TN 281 2¥rc5) 3o 22E A=
3=7-7-39 WA 2GS FAA oZH grSA}o]
o 2AES E4Fo 2 Yehhc) Fig. 6914 B3
Sadlolete] AAEY — srulolEley] 43 2 sa
- 7F 2% A% dgulole A 3009 Ao
Hls 150 B9 o & aghe Yeha glee
& & gdon URNEY FYA ge 7z Ao
FFlolet B 5 d2d £HWSE0] Ay
Ao vy 037 Aee @ 4 9ok

EF Sgdolel} 2e Aoy eyzg v
Fol weh AFsage) Exe) 23¥ wepa 4
Aevz g Ay AYA57) 37 — 2 A,

KBIBEBEE, F11%5 F4%, 19934 128

7+, &9%ol —, 28 AT} 3/} — o}z AL &
HAF, $HEE -9 P29 8] 3—7-7-3, 3-8
—8-3,3-9-9-3,3-10—10-3,3—11—11—3, 3—
12—12—-3, 3—6—10—3, 3—11-5~3, 3—12—7—3
ToE 2439 XNV E uHriy AFsigon
Fig. 79 o1& Z2te] 0] thate &g Fta) 24
AP &S £ o2 YeRL o714
B 3—-7-7-39 T2} 23bgo] 71 2T whaly
TAE ANAH2YE F dE5Hol LS4 o
= Ath

Fig 8ol& A A43l2g o)lgéld o2 gt A
A Abele) e AHgol e FEHAE Jehgon
3—7-7-39 77} ZFHUAo| HF 2L o

158



52 g% - olag - 4T

A
e

Table 1 Data sets used for Training(1—15) and Testing(16—24) of Neural Network

Test Thickness Leg Penetra- Voltage Travel Current
Number of Plate Length tion Speed
(mm) (mm) (mm) 4% (mm/s) a)
1 45 47 05 19 4 200
2 45 435 1125 20 6 200
3 45 55 15 21 4 240
4 45 6.65 1.81 24 4 250
5 45 57 20 24 6 260
6 6.0 6.0 14 21 4 230
7 6.0 6.5 17 23 4 250
8 6.0 5.35 1.82 23 6 250
9 6.0 54 197 25 6 270
10 6.0 58 2.12 26 6 270
11 7.0 65 1.25 23 4 240
12 70 6.85 1.8 26 4 260
13 70 5.1 1.88 25 6 260
14 7.0 725 232 28 4 280
15 70 6.02 25 28 6 280
16 45 38 1.0 19 6 200
17 45 495 1.8 22 6 240
18 45 57 1.25 22 4 220
19 6.0 51 163 22 6 230
20 6.0 6.75 1.85 25 4 270
21 6.0 5.3 1.68 24 6 240
22 7.0 49 14 23 6 240
23 7.0 6.7 2.25 27 4 280
24 7.0 5.55 2.14 25 6 270
18 13
16 16
14 14
< 4 ~
g 12 g 12
E 10 ? 10
25 2
3 - =1
Z 6 Z 6
4 — 4
2 2
0 ' — ; g g [ I ey ey S . .
0 1 2 3 4 5 6 7 & 9 10111213 0 1 2 3 4 5 8 T 3 9§ 10 11 12 i3

Error(%) Error(%)
(a) Training with 15 Welding Data (b) Training with 30 Welding Data

Fig. 6 Error of neural network for two training data
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Table 2 Data sets used for Training(1—30) and Testing(31—39) of Neural Network

Test Thickness Leg Penetra- Voltage Travel Current
Number of Plate Length tion Speed

(mm) (mm) (mm) W) (mm/s) (A)
1 45 47 05 19 4 200
2 45 49 181 20 4 200
3 45 435 1.125 20 6 200
4 45 55 15 21 4 240
5 45 6.25 167 22 4 240
6 45 43 1.75 21 6 240
7 45 6.4 19 23 4 260
8 45 6.65 181 24 4 250
9 45 50 194 23 6 260
10 45 5.7 20 24 6 260
11 6.0 6.0 14 21 4 230
12 6.0 6.35 1.53 22 4 230
13 6.0 45 1.59 21 6 230
14 6.0 6.5 17 23 4 250
15 6.0 6.6 175 24 4 250
16 6.0 535 182 23 6 250
17 6.0 57 1835 24 6 250
18 6.0 6.95 19 26 4 270
19 6.0 54 197 25 6 270
20 6.0 58 212 26 6 270
21 7.0 6.5 125 23 4 240
22 7.0 6.6 132 24 4 240
23 7.0 56 16 24 6 240
24 70 6.6 1.69 25 4 260
25 7.0 6.85 18 26 4 260
26 7.0 5.1 1.88 25 6 260
27 7.0 57 193 26 6 260
28 70 7.25 232 28 4 280
29 7.0 545 2.37 27 6 280
30 7.0 6.02 25 28 6 280
3 45 38 10 19 6 200
32 45 495 1.8 22 6 240
33 45 57 1.25 22 4 220
A 6.0 51 163 22 6 230
6.0 6.75 1.85 25 4 270
36 6.0 53 1.68 24 6 240
37 70 49 14 23 6 240
38 7.0 6.7 2.25 27 4 280
39 7.0 555 214 25 6 270
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Fig. 7 Error of various nodes of hidden layer for 30 training data
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Fig. 8 Standard deviation of error( %) for various nodes of hidden layer
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