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Abstract

Thermo-elastic-plastic  analyses used

in solving plate forming process are often

commputationally expensive. To obtain an optimal process of line heating typically requires
numerous iterations between the simulation and a finite element analysis. This process often
becormes prohibitive due to the amount of computer time required for numerical simulation of
line heating process. Therefore, a new techniques that could significantly reduce the computer
time required to solve a complex analysis problem would be beneficial.

In this paper, we considered factors that influence the bending effect by line heating and
developed inference engine by using the concept of artificial neural network. To verify the
validity of the neural network, we used results obtained from numerical analysis. We trained
the neural network with the data made from numerical analysis and experiments varying the
structure of neural network, in other words varying the number of hidden layers and the
number of newrons in each hidden layers. From that we concluded that if the number of
neurons in each hidden layers is large enough neural network having two hidden layers can
be trained easily and errors between exact value and results obtained from trained network

are not so large.

Consequently, if there are enough number of training pairs, artificial neural network can
infer similar results. Based on the numerical results, we applied the artificial neural network
technique to deal with mechanical behavior of line heating at sirmulation stage effectively.
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Fig. 1 Procedure of numerical analysis
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Table 1 Training pair 1

thickness torch speed max deflection
(t'mm) (s'mm/sec) (5:mm)

20 7.0 2.84

20 9.0 253

20 12.0 0.94

20 13.0 0.54

FAE 20 mmE FI EA oFLEEE

10

mm/sec® 2 vHE Fgo g dgd AATE
o] &3] MY AFs Byrh

Table 2 Result from training pair 1

t |s |dlexact) 8] 52

20 |10 |2.000 2.1175(+5.9%) 12.12(+6.0%)

20 |11 |1517 1.5335(+1.1%6) |1.54(+1.2%)

Table 2 oA B wiel o] 2749 29%8&
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Table 3 Training pair 2

curvature |thickness |speed deflection
(p:mm) (tmm) |(smmy/sec) | (8mm)
1000. 2. 100 2413
1000. 2. 100 1.197
2000. 20. 75 3.328
2000. 2. 75 2.169
3000. 20. 75 3.219
Z7] FEWEE 1000 mm, FAS 20 mm 2
gl Exle] olF £5F 75 mm/secE HHE A
Soff tial AW FE AAYS B8l i Botdh
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Table 4 Verification of trained network

analysis result
result from 1 hidden layer
result from 2 hidden layer

3681
2024
3925

A A BEXQ o]F £xrto] ®izter A
T wEbd gl AR Ao F7t Ao
= oHjay 2AR @E 28 ANtk 2y
FRAA dAedME Fwe z7] FEH FA, 2
2 EAE] ojF £x7t EF QY] wEel
ol o3 2AE ekl AsiMe S8 §
& A dArE Heds ¢ 5 vk gy
Ame] Zgol wisl et A vee RAE
ERCE

3) 7158, FA, EXER SFdAE F
7HNZ S

A A 2AE Fo)7] #ske Table
5 8 Zol dAIE /A EFAA 2okt

Table 5 Training pair 3

curvature [thickness |speed deflection
1000 20 75 364
1000 20 100 2413
1000 20 120 1917
1000 25 10.0 1.958
1000 25 12.0 1.710
2000 20 75 3.328
2000 20 10.0 2466
2000 20 12.0 2.040
2000 25 75 2.169
2000 25 100 1.981
3000 20 75 3219
3000 2 100 2471

Z7] FENET FA 23 B o|F &5
€ Table 6 3 Zo] F7HA] Z-f-ol thsl) WAFTE
T3t AAZFE FEAFH Byt
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Table 6 Result from training pair 3

P | t]s] Bexar 81 &2
1000 |25 |7.5[2.406 |2.56(+6.4%) |2.87(+19%)
2000 (25 (11 [1.89  11.90(+0.3%) |1.84(-2.7%)
1. Network with two hidden layers. 4 neurons

for each hidden neurons

Number of training is 162900.

2. Network with two hidden layers. 6neurons
for each hidden layers.
Number of training is 227700.
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