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Analysis of thermal stress in laminated material based on state space method

HAN Zhilin, CHENG Changzheng, SHENG Hongyu
(School of Civil Engineering, Hefei University of Technology, Hefei 230009, P.R.China)

Abstract: A state space finite element method for 2D thermal elasticity of laminated materials was deduced
by introducing stress-strain relations of thermal elastic problems. Finite element approximation was
introduced for the variations of displacements and stresses on the horizontal interfaces while the through
thickness distributions of the variations of displacements and stresses were obtained by utilizing state space
method. The displacement and stress at the interface of laminated materials deduced by the present method
were illustrated. It is shown that the present method has high calculation accuracy and low computational
cost by comparing with the finite element method.
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Fig.1 Laminated material in the rectangular coordinate system
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Fig.2 Geometry of laminated material and thermal load
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Table 1 The convergence of finite element method

) u/mm v/mm c,,/MPa o,/ MPa 6.,/ MPa
Mookl 4y S TH
=0 x=L/2 x=0 x=L/4 x=L/4
1+ —0.081 7 —0.020 6 0.001 6 0.000 4 0.000 O
1— —0.079 3 —0.011 2 —0.014 7 —0.041 2 —0.419 7
10X12
3+ —0.079 3 0.011 2 —0.014 7 —0.041 2 0.419 7
3— —0.081 7 0.020 6 0.001 6 0.000 4 0.000 0
1+ —0.081 7 —0.020 6 0.000 3 0.000 4 0.000 0
1— —0.079 3 —0.011 2 —0.005 3 —0.041 2 —0.419 7
20X12
3+ —0.079 3 0.011 2 —0.005 3 —0.041 2 0.419 7
3— —0.081 7 0.020 6 0.000 3 0.000 4 0.000 0
1+ —0.081 7 —0.020 6 0.000 0 0.000 4 0.000 0O
1— —0.079 3 —0.011 2 —0.002 7 —0.041 2 —0.419 7
30X12
3+ —0.079 3 0.011 2 —0.002 7 —0.041 2 0.419 7
3— —0.081 7 0.020 6 0.000 0 0.000 4 0.000 0
1+ —0.081 7 —0.020 6 0.000 0 0.000 4 0.000 0
1— —0.079 3 —0.011 2 —0.001 7 —0.041 2 —0.419 7
40X12
3+ —0.079 3 0.011 2 —0.001 7 —0.041 2 0.419 7

3— —0.081 7 0.020 6 0.000 0 0.000 4 0.000 0
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Fig.3 Mesh of laminated material for ANSYS
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