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From microstructure to optimisation 
of macro performance 

2

Micro: geometry (strut radius) and morphology
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Geometry and morphology
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Basic cell

Cell arrays 2 x 2 x 2 - top view

Isometric Kelvin cell

Iso



Geometry and morphology
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Basic cell

”Do the twist again”

Cell arrays 2 x 2 x 2 - top view

Isometric Kelvin cell

Iso 60°

Anti-symmetric



Porosity
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Influence of distortion

Thinner struts Thicker struts

Cell height 3 mm



Governing equations
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• 𝒖𝑠 solid displacement

• 𝒖𝑓 fluid displacement

• p pressure

• 𝐾
˜

𝑒𝑞 fluid compressibility

• 𝜌𝑠 solid constituent density

• 𝜌𝑓 fluid density

• 𝝈
̂ 𝑠 Cauchy stress 

• 𝑯 Hooke’s matrix

• 𝜺𝑠 linear strain

Need to establish models for:

Cmf

Cmf



Hooke’s tensor linear elasticity - 
recap
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Iso

Anti-symmetric

twist

Hooke’s law

Cauchy stress

Linear strain

H. Mao et al, Twist, tilt and stretch: From isometric Kelvin cells to anisotropic cellular materials, Mater. Des. 193 (2020) 108855

H. Mao, R. Rumpler, P. Göransson, An inverse method for characterisation of the static elastic Hooke’s tensors of solid frame of 
anisotropic open-cell materials, Int. J. Engrg. Sci. 147 (2020) 103198



Hooke’s tensor variation
compression and shear moduli
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Anti-symmetric twist

R0=0.25 mm
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Hooke’s tensor variation
compression-shear & shear-shear

R0=0.25 mm



Dynamic drag impedance
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In a local coordinate system

𝑹𝒏
rotation matrix

B. P. Semeniuk, E. Lundberg, and P. Goransson. “Acoustics modelling of open-cell foam materials from microstructure 

and constitutive properties”. The Journal of the Acoustical Society of America 149.3 (2021), pp. 2016–2026.



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. 

Initially same 

thickness

Layer 1

Layer 2

O Dazel et al. ” A stable method to model the acoustic response of multilayered structures”. J Applied Physics 113 (2013), p. 83506

J P Parra Martinez et al. “Acoustic analysis of anisotropic poroelastic multilayered systems”. J Applied Physics 119.8 (2016), p. 84907.

J P Parra Martinez et al. “Derivation of the state matrix for dynamic analysis of linear homogeneous media”. JASA 140.2 (2016), EL218-EL220.
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Two layers - 
cost function max(Absorption) 500-1000 Hz
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Optimisation step

Initial solution

Final solution

NB 4 design variables, radii and thicknesses



Two layers - 
cost function max(Absorption) 500-1000 Hz
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Optimisation step

Absorption spectrum

~800 Hz



Two layers solution- 
max(Absorption) 500-1000 Hz
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Layer
Twist

°

Radius

mm

Thickness

mm

Porosity

%

Surface 

density

kg/m^2 

top 89 0.31 34 66 18.4

bottom 46 0.14 16 93 1.8

Optimal cell 

microgeometries



U = real(u * e^(i 𝜔 t)), animation over 𝜔t ∈ [0 2𝜋]
~1100 Hz ~1900 Hz

36 mm

14 mm

Optimised anisotropic Iso

xz-plane yz-plane



The optimal solutions elastic parameters

H11 H12 H14 H15
H16

H44

H45



Conclusions

•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



0 0

Aniso optimal @ absorption peak 1100 Hz

Iso @ absorption peak 1800 Hz

u_x^s u_y^s

u_z^s



Dynamic drag impedance
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In a local coordinate system, aligned with the strut

B. P. Semeniuk, E. Lundberg, and P. Goransson. “Acoustics modelling of open-cell foam materials from microstructure 

and constitutive properties”. The Journal of the Acoustical Society of America 149.3 (2021), pp. 2016–2026.



Hooke’s matrix
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Normalised with 𝐻11

Layer 1 x 5.5 MPa = 𝐻11

Layer 2 x 0.9 MPa = 𝐻11
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