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A Study on the Prediction of Deformations of Plates due to Line
Heating Using a Simplified Thermal Elasto-Plastic Analysis Method

by
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Abstract

Line heating process has been used in forming hull swfaces long before and it has
depended on skillful workers. As the reduction of production cost is major concern of
shipbuilding companies, line heating work must be improved for higher productivity. In this
paper, as the first step to automatic hull forming, a method is proposed to predict deformations
due to line heating. It includes a simplified thermal elasto-plastic analysis to increase
computing efficiency and to do real time visualization of deformed shapes. For the prediction of
deformation, a method to estimate heat flux of the torch is also introduced Predicted
deformations for line heated plates show good agreement with experimental results. The
proposed method can be used in control and simulation of line heating process with ease.
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a = radius of the circular disk

B = breadth of the specimen

b = maximum breadth of the inherent strain
zone

b, = breadth of the inherent strain zone

e = 3.32x107°

¢ = 2.5%107"

D = deformation at center

d = maximum depth of the inherent strain
zone

E, = Young’'s modulus of the disk

E, = Young's modulus of the plate

K = spring constant of the plate

2 = thickness of the plate

%k = thermal diffusivity

P = uniform pressure

q = strength of the heat source

¥ = radial distance

R = Vuw'+y + 7

R, \/wz-i—yzﬁ—(Znh—z)2

R, V' + 9+ Qnh+ 2)°

! = time

T = temperature of the plate

T. = critical temperature

T, = initial temperature of the plate
uy = radial displacement of the disk
u; = radial displacement of the plate
v = moving speed of the heat source
w = x—vt

@ = thermal expansion of the disk

¢ = angular deformation

€" = inherent strain of the disk

Eme = maximum plastic strain

€, = radial strain of the disk

€, = radial inherent strain of the disk
€y = tangential strain of the disk

€p = tangential inherent strain of the disk
A = heat conductivity

v = Poisson’s ratio
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= Poisson’s ratio of the disk
Poisson’s ratio of the plate
radial stress of the disk

= vield stress of the disk

= tangential stress of the disk

= stress of the disk
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Fig. 2 Geometry of inherent strain zone
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Table 1 Heating condition

Line| Ab28t |22 o 4/ 718 &=
No.| (kPa) (kPa) {cm) | (cm/sec)
1 55.2 51.7 2.1 0.380
2 55.2 51.7 2.1 0.405
3 55.2 51.7 2.1 0.505
4 55.2 51.7 2.1 0.485
5 556.2 51.7 2.1 0.472
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