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Realtime Simulation of Deformation due to Line Heating
for Automatic Hull Forming System
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Abstract

Line heating is a method widely used in forming ship hull surface. From the
viewpoint of mechanics it is large deformation thermal elasto-plastic problem of
arbitrary shaped plate. Many researches have been carried out to resolve this
problem. Especially, Jang et al.(1] proposed a simplified thermal elasto-plastic
analysis method to predict effectively the deformation of plate due to line heating.
In this paper, we improved the method of Jang et al.(1) by considering tension
yielding in temperature decreasing stage and verified with experimental results.
FEA program using MITC4 degenerated shell element was made to deal with
elastic large deformation problem. The newly proposed method can be used in the
simulation and control of forming hull surface for higher productivity with
simplicity and efficiency.
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: radius of circular disk
. element thickness at node k

: breadth of specimen
. max. breadth of inherent strain region
. breadth of inherent strain region

: 3.66%x107°?
0 2.5%x1074

> max. depth of inherent strain region
: base vector in global coordinate

: Young's modulus of disk

:Young’s modulus of disk in x direction

. “Young's modulus of disk in y direction
: Young’s modulus of plate
: covariant base vector in element

coordinate

! contravariant base vector in element

coordinate

. thickness of plate
: spring constant

* uniform pressure

: strength of heat source
: element coordinate

. critical temperature

 equilibrium temperature

! equilibrium temperature in x direction
: equilibrium temperature in y direction
. displacement at node k

: moving speed of heat source

'V} : unit normal vector at node k

a;
A, -
a, -
a, -
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B

S :
et

€n -
€p2:

.
&y -

thermal expansion coeff. of disk at T,
thermal expansion coeff. of disk at T,
thermal expansion coeff. of disk at T,
thermal expansion coeff. of disk at T,
rotation about ‘Vj at node k
rotation about ‘Vy at node k

angular deformation

! inherent strain of disk

plastic strain of disk in temperature
increasing stage
plastic strain of disk in temperature
decreasing stage
inherent strain of disk in x direction
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€y © inherent strain of disk in y direction
&y ° strain tensor in global coordinate

~

Emy - covariant strain tensor in element
coordinate

v . Poisson’s ratio

o : stress of disk

Oy © yield stress of disk

Oy: - yield stress of disk at T,
Oy, * vield stress of disk at T,
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Fig. 1 Circular disk-spring model
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Fig. 2 Equivalent forces applied to finite
element
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