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Estimation of Plate Deformation in Thermal Processing using the Eigenstrain Concept

Kwang-Jae Son* - Young-Soo Yang** and Sang-Gyun Chang*

**Dept. of Mechanical Engineering, Chonnam National University, Gwangju 500-757, Korea

Abstract

In the present work, a formula for plate deformation produced by line heating, in terms of process parameters such
as heat input and plate dimensions, is developed analytically using an eigenstrain concept. The residual deformation
that was due to thermal process was depends on the magnitude and region of plastic strains at heating zone. The
magnitude of plastic strains was determined by disk model and its region was calculated using the Rosenthal"s
solution. The vertical displacement of the plate was analyzed by using an infinite laminated plate theory to consider a
cuboidal inclusion with an eigenstrain. Comparison of the calculated results and experimental data shows the accuracy
and validity of proposed method.

(Received June 27, 2002)
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_ €, Radial eigenstrain of the disk
72l g M d

& Tangential strain of the disk

X>X;, X5 Plate-fixed rectangular coordinate system € Plastic strain of the disk

5 »X;:X;  Moving rectangular coordinate system o, Radial s'tress of the disk '

T Temperature o, Tangential stress of the disk

T Initial temperature o, Yield stress of the plastic region

T Critical temperature E Young's modulus of the disk

0 Heat flax E, Young's modulus of the plate

k Thermal conductivity a Radius of the plastic region

A Thermal diffusivity o Thermal expansion coefficient

v Travel speed of heat source v . , .

, , v Poisson's ratio

R=(§ tX +x3) v, Poisson’s ratio of the disk

R = [(gz +x +(2nh——x3))]m v, Poisson’s ratio of the plate Equivale
K i t

R; _ [(52 +x22 +(2nh +x3))T/2 Spring constan
U, Out of plane displacement of the plate

£ Residual plastic strain S, Kronecker delta

€ Radial strain of the disk b Minor axis of ellipsoid
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Table 1 Thermal and mechanical properties of plate

Value

11.6x10° mm/mm®
30.0 kgf/mm?

Properties

Thermal expansion
Yield strength

Critical temperature 800TC
Room temperature 20T
Poisson s ratio 0.3
Density 7.8%x10° kg/mm’
Specific heat 486.0 J kg/TC

Thermal conductivity 51.9x10™ J/s mmT
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Fig. 5 Specific diagram of 11l shape specimen
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Fig. 6 Specific diagram of = shape specimen
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