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Abstract: The vibration suppression performance of a damping composite structure depends on the material layout and the
damping material properties. A topology optimization method was proposed for damping material microstructures with
varied volume constraints, to obtain the damping material microstructure with desired properties under the smallest material
consumption. Based on the homogenization method, a 3D finite element model for the damping material was established,
and the effective elastic matrix of the damping material was formulated. The Hashin-Shtrikman bounds theory was used
inversely to estimate the volume fraction bound of the damping material corresponding to the desired effective modulus,

and a movement criterion for volume constraint bounds of damping materials was constructed. Then the optimization
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problem of achieving the desired properties of damping materials with microstructures was converted to another problem of
maximizing the desired modulus under volume constraints, and a topology optimization model for the damping material
microstructure was established. The optimality criteria method was employed to update the design variables, and the
optimized topology configurations of damping material microstructures were obtained. The feasibility and effectiveness of
the proposed method were verified with several numerical examples, and the influences of the initial configurations, the

mesh density and Young’s modulus on the microstructure configurations of the damping material were also discussed.

Key words: damping material; varied volume constraint; effective modulus; homogenization method; Hashin-Shtrikman

bounds theory
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Fig. 1 Schematic drawings of a sandwich damping structure with a damping core microstructure: (a) the sandwich damping structure;

(b) the deformation of the damping core; (c) the 3D microstructure of the damping core
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Fig. 2 Initial configuration A of the damping material unit cell
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(a) viscoelastic damping material (b) microclement  micro element with a density =~
with density 1 as the initial volume fraction limit

I i void material

B 4 BEMERIAIEL () BUEFEHRIIAAE B; (b) BB R MRIEL C

Fig. 4 The initial configurations of the damping material unit cell: (a) initial configuration B of the damping material unit cell;

(b) initial configuration C of the damping material unit cell
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Fig. 5 Topology optimization results of the damping material unit cell microstructure for initial configuration B
(v=0.383) (v=0.604) (v=0.820)
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Fig. 6 Topology optimization results of the damping material unit cell microstructure for initial configuration C
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Fig. 7 Topology optimization results of initial configuration A (15 x 15 x 15)
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Fig. 8 Topology optimization results of initial configuration A (25 x 25 x 25)
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Fig. 9 Topology optimization results of initial configuration A (30 x 30 x 30)
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Fig. 10 Topology optimization results of initial configuration A (E,=10 MPa)
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Fig. 11 Topology optimization results of initial configuration A (E,=15 MPa)
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