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Table 2 The potential energy functional for the 2D multi-cell structure
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Accuracy of the Mathematical Homogenization
Method for Thermomechanical Problems

LI Hongpeng', LING Song', QI Zhenbiao',
JIANG Keru', CHEN Lei’
(1. State Grid Anhui Economic Research Institute, Hefei 230009, P.R.China;
2. Hefei Innovation Research Institute, Beihang University,
Hefei 230012, P.R.China)

Abstract. For thermo-mechanical problems of periodical composite structures, the full decou-
pled scheme of each order perturbation and the governing equation of each order influence
function for the mathematical homogenization method (MHM) were derived, then the weighted
residual method was utilized to transform them into the conveniently programmable finite ele-
ment matrix form. The perturbation displacements in the uncoupled form were defined as the
products of influence functions and the macro field derivatives, and the calculating accuracy of
the perturbation displacements were determined by the accuracy of influence functions and the
macro field derivatives, in turn the accuracy of influence functions depended mainly on the ap-
plicability of unit cell boundary conditions. For the static problems of 2D periodical composite
structures, the super unit cell periodical boundary condition and the differential quadrature fi-
nite element method were applied to guarantee the calculating accuracy of the influence func-
tion and the macro field derivatives respectively. On this basis, the influence of the high-order
perturbations on the true displacement of the MHM was studied, and the necessity of the 2nd-
order perturbation was emphasized. Finally, the potential energy functional was used to evalu-

ate the accuracy of the MHM. Numerical comparisons validate the conclusions.

Key words: mathematical homogenization method; periodical composite; thermo-mechanical;

high-order perturbation



