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Homogenization framework
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(1) Quasi-static component

(2) Inertial component

Hypothesis:

𝒑 1 ≈ 𝟎
Result:

𝛔 = 𝐂eff : 𝛆
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Computational design of acoustic 
metamaterials
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Topology optimization to maximize the bandgap:

Local resonance. Vibration of 
internal resonating elements at 
resonance frequencies causes 
acoustic wave amplitude 
attenuation.

Quiet environment

Acoustic metamaterials are artificially 
engineered structures designed to obtain 
specific properties, typically unachievable 
in naturally occurring materials. In the 
context of acoustics, it becomes possible 
to design materials exhibiting an effective 
behaviour equivalent to that of a material with 
zero, negative, or even, infinite density. This is a very
interesting feature for noise attenuation applications, specially in 
the low-frequency range, where acoustic metamaterials become a 
lightweight alternative to conventional materials that need to rely 
on a high mass and thickness to operate efficiently.

A set of numerical tools based on the three fundamental pillars
of the computational design of materials is applied to the
design of efficient and practical acoustic metamaterials.

Model-order reduction. 
Decrease the computational 
cost retaining relevant modes.

Topology optimization. Get 
optimal design configurations 
with a set of given constraints.

Multiscale modelling. Obtain set of 
effective microscale properties 
describing macroscopic behaviour.
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