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Abstract

Welding is one of the main processes in a ship construction. Automation of
welding is a key work to increase the productivity of the shipbuilding.
Welding robots and special automatic welding machines are widely used at
the assembly stage for plane block. However, these automatic machines are
not used yet for the curved blocks because they contain very complex and
continuously changed weld joints. To achieve the automatization of welding
for the curved block, an highly intelligent automatic welding system is
required. Getting the optimal welding parameters is an important part for the
suitable use of this automatic system.

This research aims to do develop a computer program for determination of
suitable welding condition for the curved block of a ship hull. In this paper
the relationships between welding parameters such as current and voltage,
current and deposition rate were investigated through literature survey,
theoretical study and the welding experiments. The concept of the critical
deposited area and suitable welding current for that area are introduced to
get the sound bead at the various inclination of the joint. This area and the
current are dependent on the joint inclination and their relationships could be
determined by a lot of welding experiments and use of artificial neural

network.



Suitable pass number and the other welding parameters could determined by
the relationships between the critical area and the welding parameters.
Finally, an algorithm to determine suitable parameter values was developed

on the basis of their investigations and realized into a pc program.
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T able. 41 Experiment examples

1) 0
(A) (V) _
(cm/min) (mm) | (mm2
258 26.0 30 13 22.29
2 340 314 60 13 16.42
2 15
(A) (V) (cm/min) (mm)| (mm32
3 289 29.1 30 13 26.08
4 334 31.7 60 13 16.0
3) 30 ,
(A) (V) (cm/min) (mm)| (mm32
5 263 26 30 13 22.89
6 340 32 60 13 16.5
4) 45
(A) (V) (cm/min) (mm)| (mm32
7 269 26 30 13 23.61
8 342 33 60 13 16.56
5) 60
(A) (V) (cm/min) (mm)| (mm32
9 256 26 30 13 22.05
10 323 32 60 13 15.26
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6) 15
Y, :
(A) (V) (cm/min) (mm)| (mm32
11 280 27.9 31.6 13 24.96 V-Down
12 347 32 60 13 20.93 V-Down
7) 30 ,
Y, :
(A) (V) (cm/min) (mm) | (mm2
13 260 24 34.3 13 19.70 V-Down
14 285 25.2 34.3 20 27.12 V-Down
8) 45
Y, :
(A) (V) (cm/min) (mm)| (mm32
15 316 264 70 20 15.54 V-Down
16 262 22.7 55 20 14.92 V-Down
9 60
Y, :
(A) (V) (cm/min) (mm) | (mm2
17 235 22.7 50 20 14.00 V-Down
18 200 17.7 45 20 12.34 V-Down
10) Q0 , 0
Y, :
(A) (V) (cm/min) (mm)| (mm32
19 278 26 734 20 12.21 V-Down
20 282 24.6 734 20 12.48 V-Down
11) 30 , 30
Y, :
(A) (V) (cm/min) (mm) | (mm2
21 270 28.3 325 20 2640 | V-UP,
22 296 27.3 48 20 20.52 V-Down
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12) 30 , 45
Y, :
(A) (V) (cm/min) (mm)| (mm32
23 265 243 54.4 20 15.34 V-Down
24 310 27.7 64 20 16.51 V-Down
13) 30 , 60
Y, :
(A) (V) (cm/min) (mm) | (mm2
25 270 26 69.5 20 12.35 V-Down
26 260 24.3 69.5 20 11.68 V-Down
14) 60 30
Y, :
(A) (V) (cm/min) (mm)| (mm32
27 270 28.3 28.6 20 3001 | V-UP,
28 300 264 434 20 23.16 V-Down
15) 60 45
Y, :
(A) (V) (cm/min) (mm) | (mm2
29 270 27.3 60.7 20 14.14 V-Down
30 282 26.7 60.7 20 15.09 V-Down
16) 60 60
Y, :
(A) (V) (cm/min) (mm)| (mm32
31 268 26.5 69.5 20 12.21 V-Down
32 267 254 69.5 20 12.14 V-Down
30
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Fig. 4.2
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Fig. 4.2 Critical deposition area dependent on the inclination of joint
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5.6

Fig. 5.6

(b) 2 hidden layer

(a) 1 hidden layer

Fig. 5.6 Configuration of 2 neural network models
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Table 5.1
, Table 5.2

Table 5.1 Input pattern and target pattern used to learn the neural networks

No.
1 0 0 320 31.0
2 0 15 300 28.0
3 0 30 290 26.5
4 0 45 270 25.0
5 0 60 260 23.0
6 15 0 310 30.0
7 30 0 290 27.0
8 30 30 270 25.0
9 30 60 260 22.0
10 45 0 260 15.0
11 45 30 270 16.0
12 45 60 280 17.0
13 60 0 220 125
14 60 30 250 14.0
15 60 60 270 15.0
16 90 0 280 125
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T able 5.2 Output pattern given by the learned neural networks

No.
1 15 15 305 275
2 15 30 290 26.0
3 15 60 260 225
4 30 15 285 26.0
5 30 45 256 233
6 45 15 261 15.7
7 45 45 285 16.0
8 60 15 216 134
9 60 45 270 14.7
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Fig. 6.1 Flowchart for determination of the suitable welding condition

for the curved block.
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Fig. 6.1
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Fig. 6.2 Real time control of welding parameters
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