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One-dimensional Topology Optimization for Transmission Loss Maximization
of Multi-layered Acoustic Foams
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ABSTRACT

We present a new design method of one-dimensional multi-layered acoustic foams for transmission loss maximization by
topology optimization. Multi-layered acoustic foam sequences consisting of acoustic air layers and poroelastic material layers are
designed for target frequency values. For successful topology optimization design of multi-layered acoustic foams, the material
interpolation concept of topology optimization is adopted. In doing so, an acoustic air layer is modeled as a limiting poroelastic
material layer; acoustic air and poroelastic material are handled by a single set of governing equations based on Biot’s theory. For
efficient analysis of a specific multi-layered foam appearing during optimization, we do not solve the differential equations directly,
but we use an efficient transfer matrix approach which can be derived from Biot’s theory. Through some numerical case studies, the
proposed design method for finding optimal multi-layer sequencing is validated.
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Fig. 1 Transmission loss of a poroelastic material layer for
various values of the design variable g, .
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Fig. 2 Design domain for multi—layered acoustic foam
design.
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Fig. 3 Comparison topology optimized multi—layered
acoustic foams with nominal one—layered foam. (a) A
nominal layer filled with poroelastic material as much as
70% of design domain, (b) Optimized multi—layer
sequence at 1.0 kHz and (c) Optimized multi~layer
sequence at 5.0 kHz.
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Fig. 4 Improvement on transmission loss by the proposed

topology optimization design method for (a) 1.0 kHz and

(b) 5.0 kHz.
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