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Modeling and solving of truss topology optimization problems based
on semidefinite programming

HAO Baoxin', ZHOU Zhicheng’, QU Guangji', LI Dongze'

(1. Institute of Telecommunication Satellite, China Academy of Space Technology, Beijing 100094, China;
2. China Academy of Space Technology, Beijing 100094, China)

Abstract; To overcome the non-convexity and non-differentiability of multiple eigenvalues in traditional truss
topology optimization models, a unified semidefinite programming ( SDP) model was established for truss topology
optimization problems with various constraints. Equivalent semidefinite forms were first provided for volume,
compliance, fundamental frequency, and global stability constraints. Since the stiffness matrix and the mass matrix
of truss are both linear with respect to design variables, problems considering volume, compliance, and
fundamental frequency constraints were reformulated as standard dual forms linear SDP. Demonstrated by the global
stability constraint and the stress constraint, nonlinear semidefinite constraints and nonlinear scalar constraints were
separately approximated by simpler SDP forms at the current design point, which converts the nonlinear model to a
solvable approximate SDP model. An algorithm for sequentially solving the approximate problem was then
introduced to deal with the nonlinear problem. When the model contains only linear semidefinite constraints, the
resultant linear SDP is convex and numerically favorable. When it concerns nonlinear constraints, the sequential
approximate scheme enjoys the numerical advantage of linear semidefinite forms and also maintains the ability to
handle ordinary nonlinear constraints, which may contribute to a more practical design. Examples show that the
proposed SDP model and algorithm could deal with various constraints in truss topology optimization, especially
fundamental frequency constraints and global stability constraints with multiple eigenvalues, which verified the
effectiveness of the model and the algorithm.

Keywords: truss; topology optimization; optimization model; semidefinite programming ( SDP); sequential
approximation
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Tab.1 Some constraints in truss topology optimization and their equivalent semidefinite forms
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Tab.2 Variables and coefficients in linear semidefinite programming model
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Tab.3 Variables and coefficients in linear approximate semidefinite programming model
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Tab.4  Comparison of optimization results for the 10-bar truss

DAL R h 2 AR L1070 m?

Bk K T i/ ke S HTUCOE
T 1 2 T3 T4 5
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6 7 8 9 ¥ 10
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Tab.5 Property comparison of the 5 X3 x3 truss topology optimization
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Tab.6  Property comparison of the L-shaped truss topology optimization
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Tab.7 Property comparison of the 3 X3 truss topology optimization
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