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Thermal Deformation of Curved Plates by Line Heating
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ABSTRACT: It has been well documented that plate forming is one of the most important processes in shipbuilding. In the most shipyards,
the line heating method is primarily used for plate forming. Since the heating process is carried out for the curved plate and not for the flat
plate, a curvature effect on the final deformation must be considered in deriving the simplified prediction models for deformation. This paper
investigates the effect of curvature along the heating line on the deformation of the plate. First of all, results of numerical analysis are
compared with those of a line-heating test, to justify the elasto-plastic analysis procedure for the present study, which shows good agreement.
Then, the present numerical procedure is applied to flat and curved plate models, to investigate the curvature effect on the heat transfer

characteristics and deformation by line heating.
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Fig. 1 Temperature dependent physical properties
of mild steel
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Fig. 2 Temperature dependent material properties
of mild steel
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Fig. 4 Overall model (mesh)
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Table 1 Models and conditions for line heating test
MODEL curvature thickness heating speed
(mmy) (mm) (mm/min)
R7000_t18_600 7,000 18 600
R7000_t15_500 7,000 15 500
R4500_t9_450 4,500 9 450
Test Condition
- oxygen pressure : 6 kgf/cm’
- LPG pressure : 1.58 kgf/cm’
- distance from torch tip to plate surface : 50 mm
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Fig. 5 Comparison of temperature history at mid-point
of heating line between experimental and
numerical results (R7000_t18_600)
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Fig. 6 Comparison of deflection between experimental
and numerical results (R7000_t18_600)
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Table 2 Angular distortions by numerical analysis and
experiment

Experimental | Numerical
MODEL Results Result | Exp./Num.
(x10°rad) | (x10°rad)

R7000_t18_600 2378 229 1.035
R7000_t15_500 291 3.142 0.926
R4500_t9_450 3.638 3.814 0.954
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Fig. 7 Transient temperature distribution for flat plate
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Fig. 8 Transient temperature distribution for curved plate
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(b) curved plate model

Fig. 11 Deformed shape
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