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Predictive System Evaluation of Residual Stresses of Plate Butt Welding Using Neural Network
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Abstract

This study develops a system for effective prediction of residual stresses by the backpropagation algorithm using the

neural network.

To achieve this goal, a series of experiments were carried out to and measured the residual stresses using the
sectional method. With the experimental results, the optional control algorithms using a neural network could be

developed in order to reduce the effect of the external disturbances during GMA welding processes.

Then the results obtained from this study were compared between the measured and calculated results, weld guality
might be controlled by the neural network based on backpropagation algorithm.. This system can not only help to
understand the interaction between the process parameters and residual stress, but also improve the quantity control for

welded structures.
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Table 1 Mechanical properties of BV-AH32 steel Table 2 Conditions of butt welding
Yield Tensile Elongation Young s Arc current Welding Weaving
Strength Strength %) Modulus and speed Layer Total | )
4 Voltage N Width | Number Layer :
(MPa) (MPa) (GPa) vy | Cem/min) |
402 558.6 20 213.1 30 7 100 1
30 7 100 2 !
30 9 80 1 2
oot 1A HAS At AP Al 7] 09 9 0 5 2
AA A4AL Table 13 2t} 39 6 100 1
A]aﬁq A7)= 27 8HEe] dekAd 27 B A 39 6 100 2 3
i 39 10 70 3
lo] ol 1z] ok A
Hol 4%, 3] Ja2 W7 g Hi V2 A 39 6 100 1 3
7&?0}‘”‘0“% Al g Aot = dohd 9 oA S 39 6 100 2 4
7+g dygloz shgsiden 150(L)x200(B)x12(t) 31 12 50 3
1 % 7le) B8 el 8Hlslel AFRE A 2=
A stolol A7 1.2mme] 1§98 (F) 199 50| 6 | 100 | 3 >
& SM-70 6types AMgdldor, SRHE GMA 50 6 100 | 4 4
£ S5 BENAE Ar 80%, OOz 20%E AMel R B
Aok ® Eol: 15mm, EX ZTE 90° 2 akyt). 42 6 100 | 3 6
3 843 3] Aol AlgHe] Ul 7139l Sealing 42 6 100 4
beadZ 140(A )x20(V)>22 cm/mini 34tk Fis. 25 1o 45 |1 7
o 2ANHA 248 HoZE aPo|T, Table 2 25 | 18 | 45 | 1 | 2
o} o] 4= 7401] E}E} /\I“ﬂ«l ZHE A 17 13 45 2 8
Fig. 2+ #A9 $AZANA S g dd9 Ad 3 30 2 120 1
Bg RolFe aRonA dgsl A4 i 2% i T e 1 ’
30 2 120 1 3
30 100 2 10
220~26 23 13 45 3
35 3 120 1
35 7 100 2 1
40 3 120 3
40 3 120 4
35 3 120 1 4
35 7 100 2
32 5 80 3 12
32 5 80 4
17 11 45 1 3
Fig. 1 The pass number of Welding specimen 19 11 45 2
17 13 | 45 1 | 2 "
12 13 45 2
22 4 120 1
22 8 70 2 15
24 11 50 3
22 4 120 | 1 | 3
170%93 22 8 70 2 16
18 13 50 3
25 4 120 1
25 8 70 2
32 4 120 3 17
32 4 120 4
25 4 120 1 | 4
25 8 70 2
24 6 80 3 18
Fig. 2 Total block diagram for experiment 24 6 80 4
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Fig. 3 Modeling for FEM analysis

Table 3 Model item for FEM analysis

Model design Size (mm)
Length of plate 300
Width of plate 200

Bead width 13

Thickness of plate 12

Root Gap size 1
Root Face size 1
Size of modeling 150

Bevel angle 60°
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Fig. 6 Block diagram of the training and estimation
procedures for residual stresses using a
neural network estimator
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Table 4 Welding condition of prosecution experiment

specimen
Arc current | Welding Weaving Total
and Voltage| speed | Width| Number | Layer Laver No.
(IxV) (cmy/min) | (mm) | (n/min) v
30 8 90 1
26 8 90 2 2 !
39 6 100 1
39 6 100 2 3 2
270%28 35 11 60 3
42 3 120 1
42 6 100 2
46 6 100 3 4 3
46 6 100 4
25 12 45 1
21 12 45 2 2 4
30 2 120 1
30 7 100 2 3 5
220%26 27 12 50 3
35 3 120 1
35 7 100 2
36 4 100 3 4 6
36 4 100 4
17 12 45 1
15 12 45 2 2 7
22 4 120 1
22 8 70 2 3 8
17023 21 12 50 3
25 4 120 1
25 8 70 2
32 5 100 3 4 9
32 5 100 4
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60 R, - the welded residual stress value
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Fig. 7 Comparison with the measured and calculated
residual stress for neural network for specimen
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Fig. 8 Comparison with the measured and calculated
residual stress for neural network for specimen
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Fig. 9 Comparison with the measured and calculated
residual stress for neural network for specimen
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Fig. 11 Distribution of optimized welded residual
stress for OUT-1
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Fig. 12 Distribution of optimized welded residual
stress for OUT-2
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Fig. 13 Distribution of optimized welded residual
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Fig. 14 Distribution of optimized welded residual
stress for OUT-4
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Fig. 15 Distribution of optimized welded residual
stress for OUT-5
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Fig. 16 Distribution of optimized welded residual
stress for OUT-6
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Fig. 17 Distribution of optimized welded residual
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