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Acoustic properties of sound-absorbing poroelastic media such as sound
absorption coefficient are affected by microscopic structures. However, a design method for
microscopic structures of sound-absorbing poroelastic media has not been established and the trial
and error approach by prototypes is required. In this study, two new design methods for
sound-absorbing poroelastic media are proposed. One is a parametric optimization method to design
microscopic parameters of sound-absorbing poroelastic media, such as fiber diameter and pore size.
In this method, Biot"s parameters are identified by the homogenization method and are optimized by
genetic algorithm. The other is topology optimization method to design microstructure directly. In
this method, the homogenization method based on the asymptotic expansion and the topology
optimization method based on density approach is utilized. Microscopic structure of sound-absorbing
poroelastic structure is optimized to maximize dissipated energy.
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Figure 1: Proposed process to design optimal microstructure of sound-absorbing poroelastic materials (in red
line).
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Figure 2: (a)Typical microscopic structure of fibrous poroelastic material obtained by scanning electron micro-
scope (SEM). (b) Micro structure model of fibrous poroelatic material. (c¢) Unit cell model of fibrous poroelatic

material.

Table 1: Optimal microscopic parameters obtained by a genetic algorithm (GA).

Target frequency d [um] df [um] ¢ [—] p° [kg/m?]
250 Hz 4.572 6.452 0.828 1650.
500 Hz 4.956 14.049  0.932 956.6
1.0 kHz 3.278 25472 0.987 1301.
2.0 kHz 3.535 42.102  0.994 944.5
4.0 kHz 34911  77.764  0.904 2000.
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Figure 3: Frequency characteristics of sound absorption coefficients for normal incidence when the optimal
microscopic parameters for prescribed target frequency are applied.
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Figure 4: Optimal topology of solid phase.
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