Vibro-Acoustic modelling, simulation and
optimisation of anisotropic cellular materials
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From microstructure to optimisation
of macro performance
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Geometry and morphology
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Geometry and morphology
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® u° solid displacement

® u/ fluid displacement
® p pressure

® K, fluid compressibility

® p, solid constituent density
® ps fluid density

® o5 Cauchy stress
® H Hooke’s matrix
® <5 linear strain
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Hooke's tensor linear elasticity -

recap
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Hooke’s tensor variation
compression and shear moduli
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Hooke’s tensor variation
compression-shear & shear-shear
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Dynamic drag impedance
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oF TechnoLoaY In a local coordinate system
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Solving for the absorption
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Assume a semi-infinite stack of two layers on a rigid backing, total thickness 50 mm.

Each of the layers is a (possibly) twisted Kelvin cell based equivalent material.
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Two layers -
cost function max(Absorption) 500-1000 Hz
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Two layers -
cost function max(Absorption) 500-1000 Hz
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Two layers solution-
max(Absorption) 500-1000 Hz
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Optimal cell

microgeometries
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Optimised anisotropic v Iso
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General framework for acoustic anisotropic poro-elastic
material modelling based on an open cell template.

Microstructure geometry based modelling of elasticity and
viscous drag enable meaningful optimisation.

Optimal vibro-acoustic performance:

- Resulting cell geometry highly distorted and different
between layers

- A complex interplay between different deformation
mechanisms



Aniso optimal @ absorption peak 1100 Hz
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Dynamic drag impedance
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Hooke’s matrix
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