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Abstract: This paper presents a study on some of the issues with the conventional SIMP (Solid Isotropic
Material with Penalization) model in topology optimization of continuum structures. The approach
based on continuous material distributions and mixed finite elements is presented and investigated. By
introducing design variables at chosen locations in the design domain, a continuous material pseudo-
density can be defined and a smooth boundary can be achieved for the optimized topology. Mixed
finite elements are used for the analysis of structures with variable material constants over individual
elements. The 2D continuum and plate bending problems are considered and solution algorithms are
presented. It is shown that, without the use of any special techniques, the new approach does not
suffer from any of the numerical problems with the conventional element design variable and the
nodal design variables, such as the checkerboard patterns or islanding phenomenon. Numerical
examples are presented to illustrate the advantages of the presented approach and effectiveness of
the algorithms.

References

(1) Bendsoe M P, Sigmund O. Topology optimization: Theory, Methods and Application. New York: Springer, 2003

(2) Sigmund O, Petersson J. Numerical instabilities in topology optimization: a survey on procedures dealing with
checkerboards, mesh-dependencies and local minima. Struct Optim, 1998, 16:68-75

(3) Rahmatalla S F, Swan C C. A Q4/Q4 continuum structural topology optimization implementation. Struct Multidisc Optim,
2004, 27:130-135

(4) Pian T H H, Sumihara K. Rational approach for assumed stress finite elements, Int. J. Numer. Methods Eng., 1984, 20(9):
1685-1695

(5) Gao X, Ma H. Topology optimization of continuum structures under buckling constraints, Computers and Structures 2015;
157:142-152.



