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A Study of the Development of a simulator
for Deformation of the Steel Plate in Line Heating

DOWON SEO, PACK-DAL-CHI YANG
School of Naval Architecture and Ocean Engineering, Univ. of Ulsan, Ulsan, Korea

" KEY WORDS: Line Heating 41’47}, Curvature Deformation 25, Artificial Neural Network Q13-41%4%

ABSTRACT: During the last decade several different methods have been proposed for the estimation of thermal deformations in the line
heating process. These are mainly based on the assumption of residual strains in the heat-affected zone or simulated relations between
heating conditions and residual deformations. However these results were restricted in the application from the too simplified heating
conditions or the shortage of the data. The purpose of this paper is to develop a simulator of thermal deformation in the line heating
using the artificial neural network. Two neural network predicting the maximum temperature and deformations at the heating line are
studied. Deformation data from the line heating experiments are used for learning data for the network. It was obserbed that thermal
deformation predicted by the neural network correlate well with the experimental result.
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Fig. 1 Methods of Heating in Experiments
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Table 1 Data of line heating experiments

Torch

Model Thickness Speed O, Propane Heating

[mm] [mm/min] Method
F01-1, FO1-2 15.0 100 0.030 0.0025 H1
F02-1, F02-2 15.0 125 0.030 0.0025 H1
F03-1, FO3-2 15.0 150 0.030 0.0025 H1
FO4-1, FO4-2 15.0 200 0.030 0.0025 H1
FO05 20.0 150 0.030 0.0025 H1
Fo6 | 20.0 150 0.030 0.0025 H3
F07 18.0 100 0.030 0.0025 H3
F08 20.0 100 0.030 0.0025 H3
F09 20.0 200 0.030 0.0025 H3
F10 12,0 150 0.030 0.0025 H3
Fi1 18.0 100 0.030 0.0025 H3
F12 12,0 100 0.030 0.0025 H3
F13 18.0 200 0.030 0.0025 H3
Fl4 12.0 200 0.030  0.0025 H3
RO1 120 500 0.060 0.1500 H1
R0O2 18.0 400 0.060 0.1500 Hi1
RO3 20.0 150 0.030 0.0025 H3
RM4 18.0 150 0.030 0.0025 H3
RO5 20.0 100 0.030 0.0025 H3
RO6 20.0 200 0.030 0.0025 H3
RO7 120 150 0.030 0.0025 H3
RO8 18.0 100 0.030 0.0025 H3
R09 12.0 100 0.030 0.0025 H3
R10 18.0 200 0.030 0.0025 H3
R11 120 200 0.030 0.0025 H3
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Fig. 3 Comparison of displacements between experiment
and FEM result for model F06
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Table 2 Comparison of the maximum displacement between
experiment and analysis (mm)

Model Contents FO6 FO7

Exp 0.980 1.019

y=0 Num, 0.920 1.030
_____________ Eror 0060 0011

""""""" Exp. 0.448 0529

y=250 Num. 0.389 0.447
_____________________ Error 0089 0082

T Exp. 0.248 0.208

y=500 Num. 0.163 0.141

Error 0.085 0.067
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Table 3 Learning data of artificial neural network

Max.  Initial deform. (mm) Final deform. (mm)

Model temp.
(C)  y=0 y=250 y= y=0 y=2%0 y=
Fo6 737 0000 0.000 0.000 0980 0480 0.248

Fo7 746 0000 0000 0000 1019 0529 0347
FO8 803 0.000 0000 0000 1008 0379 019
F09 716 0000 0000 0000 0761 0394 0.268
F1I0 753 0.000 0000 0000 1040 079 0391
F11 814 0000 0.000 0000 0694 0246 0170
F12 84 0000 0000 0000 0633 022 0172
F13 713 0000 0.000 0000 0815 0391 0270
Fl4 728 0000 0000 0.000 0820 0360 0214
RO3 743 0980 0480 0248 1351 1236 1.637
RM4 751 1019 0529 0347 1391 1211 158
R0O5 843 1008 0379 0198 1509 1277 1.642
RO6 703 0761 0394 0268 0940 0718 0871
RO7 759 1040 079 0391 1734 1910 2144
ROS 809 069 0246 0170 1215 1.085 1462

RO 89 0633 0262 0172 0882 0715 0958
R1I0 722 0815 0391 0270 0962 0741 0927
R11 734 0820 0360 0214 1453 1307 1756
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Table 4 Comparison of maximum temperature deformation
between experiments and artificial neural network.

Deformation(mm)

Model  Contents  Temperature
y=0 y=250 y=500
Experiment 78T 0820 0360 0.214
F14 Neural network  721TC 0815 0388 0237
error 0.8% 06% 6.7% 10.7%
 Dgeriment 72T 0% 0741 097
R10 Neural network  724TC 096 0715 0963
error 0.3% 27% 3.6% 39%
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