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Design Optimization of Thermo-Elastic Structures

Cho, Hee-Keun(System Dept Ajou), Park, Young-Won(System Detp Ajou)

ABSTRACT

Multi-disciplinary optimization design concept can provide a solution to many engineering probiems. In the
field of structural analysis, much development of size or topology optimization has been achieved in the
application of research. This paper demonstrates an optimum design of a multi-layer cylindrical tube which
behaves thermoelastically. A multi-layer cylindrical tube that has several different material properties at each layer
is optimized within allowable stress and temperature range when mechanical and thermal loads are applied
simultaneously. To analyze these problems using an efficient and precise method, the optimization theories are
adopted to perform thermoelastic finite element analysis.
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Fig. 1 Differential control volume for heat transfer
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Fig. 2 Thermoelastic optimization algorithm
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Fig. 3 Multi-layer cylindrical tube

Table. 1 Material property of each layer

Material Property Given Value

KWmmT)| 15.1e3 - 2.e-4*T
. a( /T ) 17.3e-6

Stainless 5= GPa) | 190.

Steel
v 0.3
p (Kg/mm’)| 7.92e-6
KW/mmTC)| 237.e-3 - 2e-4*T
a (1/C ) 22.5e-6

Al E ( GPa ) 71.
v 0.3
p (Kg/mm")| 2.7e6
KWmmT)[ 11.2e-3 - 2e-4*T
a( 1/C) 11.9e-6

Steel E ( GPa) 210.
v 0.3
p (Kg/mm')| 7.85e-6 |
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Fig. 4 Finite element analysis model of multi-layer
cylindrical tube

Table. 2 Boundary condition of cylindrical tube

-
Properties Given values
h ( W/mm* C) 40.e-3 -8.75e-5*T
Quux ( W/mm* ) 400.e-3 -2.5e-4*T
T T ) 20. |
{_ Pressure(MPa) 10. ]
| T C) 20. ]
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Fig. 5 Stress of cylindrical tube when intenal pressure
is applied
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Subject to :
04< #< 37 035 £<32
0.8< #< 5.5
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g€ 60. 045 60.
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Table. 3 The results of optimization

Object
Design Variable J o
Function
Optimized £=1.093
Thickness 15=3.200 Sf=1.07e-2
(mm) £;=1.331

Ao A= vehd 4 9 F = Table. 3
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Fig. 6 Stress of cylindrical tube after optimized.
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