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Fig. 3 Topology design of the MBB beam(l.=24 mm,
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Fig. 4 TIterative histories of topology optimization of

the MBB beam
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the cantilever beam
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Fig. 8 Topology design of the cantilever beam under 170 Hz
(J=11.49

r [initial design
—— Dhesign result under 5 Hz
[Desigm result uncler 100 He
i - Diesign result under 170 He

T

.3
#
}D-. -
o

/
\.

Ohbjective functions

103 ﬂ

400

] il 200 300 500 el
Excitation ff'.'i.]L'\..'I:IL'_'-'

P9 A3 e i

Fig. 9 Excitation frequency plot of objective functions
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Fig. 10 Design domain and boundary conditions of

the quarter annulus
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Fig. 11 NURBS geometric model of the quarter annulus structure
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Fig. 12 Topology design of the quarter annulus structure under 100 Hz using different number of elements
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Tab.1 Comparison of structural topology design using different number of elements under 100 Hz
Number of elements Number of design variables Number of iterations Objective function value
(a) 120 X60=7200 170 128 10. 49
(b) 140X 70=9800 170 117 10. 54
(o) 160X 80=12800 170 120 10. 58
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Fig. 13 Design domain and boundary conditions of the curved

cantilever structure
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Fig. 14 Quadratic NURBS representation of the curved

cantilever structure
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Fig. 15 Topology design of the curved cantilever structure under
100 Hz (J=17.42)
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Fig. 16 Topology design of the curved cantilever structure under
1000 Hz (J=20.34,J4=2.03,],=18.31)
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Topology optimization of harmonic excitation structures based on isogeometric
analysis and material field series expansion model

WANG Pei-jin', LIU Hong-liang""*, ZHANG Ye-wei', LEI Zhen-zeng®, YANG Di-xiong®
(1. Key Laboratory of Liaoning Province for Composite Structural Analysis of Aerocraft and Simulation,
Shenyang Aerospace University,Shenyang 110136 ,Chinaj;

2. State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment,
Dalian University of Technology,Dalian 116024 ,China)

Abstract: Topology optimization of structures under a considering harmonic excitation has important
research significance and engineering application value, especially for the rapidly developing aerospace
field. In order to facilitate the extraction and control of geometric features of the optimal design results,
while taking into account the calculation accuracy. efficiency and iteration stability of the design, this
paper develops an isogeometric optimization method based on isogeometric analysis and material field
series expansion model for topology optimization of structures under a harmonic excitation. Due to the
characteristics of geometric modeling accuracy and high-order continuity across elements, the precision of
response analysis and sensitivity calculation can be ensured without the need of extremely fine meshes.
By combining the material field series expansion model,dimensionality reduction technology is empolyed
to greatly reduce the number of design parameters, improve the efficiency of design optimization, and
obtain an optimal configuration independent of elemental subdivision and with clear geometric
boundaries. In order to avoid iteration oscillation and non-convergence which may occur in dynamic
topology optimization, the convergence design solution with stable iteration is obtained by using the
stabilization scheme. Numerical examples show that the proposed method can effectively avoid appearance of a
gray fuzzy region, sawtooth boundary, mesh dependency and checkerboard phenomenon, and can achieve

topology optimization of structures under a hamonie excitation with high accuracy and efficiency.

Key words: isogeometric analysis; topology optimization; harmonic excitation; stabilization schemej;

material field series expansion model



