Acoustlc metamaterlals
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Noise around us
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Noise pollution, a silent killer

[ 4 @ [ 4 @ @
140 million Europeans

(60% of Europeans living in urban areas)
are exposed to harmful level of noise

G~

Impact on health
6.5 millionsevere sleep disorders, 48,000 new cases of heart disease,
and 12,000 premature deaths peryear

Livingwith high sleep disturbance due to noise for 57 years
= equivalentinterms of DALYs to dying 1 year earlierthan expected.

5 European Environmental Agency, 2020, Environmental noisein Europe — 2020, EEA Report No 22/2019. TU
World Health Organization, Burden of disease from environmental noise. Quantification of healthy life years lost in Europe, Bonn, 2011. e



Acoustic materials
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Challenges in acoustic materials
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Acoustic metamaterials

Sound blocking

Negative refraction

n~+/p\J1/k

p<0 k<0

Modified from original figure in M. Haberman and M. Guild, Phys. Today 69(6), 2016
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v' Expanded the limits of the achievable
acoustical properties of a material
p =0and/ork=0
p =00 and/or k = o
Extreme anisotropy
Slow sound (Cpaterial < Cair)

- Control sound waves at will

v" A syntheticcomposite material
with a structure such that it exhibits

properties not usually found in natural
materials

v Thin & high-functional acoustic materials

TU/e



Acoustic metamaterials

Noise reduction (Sound absorption & insulation) Acoustic diode Acoustic cloaking
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Remaining challenges
c Broadband performance

° Lack of considerationin finite dimension

“ Manufacturing
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|. Broadband performance

Low-frequency, narrow-band performance Broadband performance
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Metaporous layer with tuned thickness resonances

Unit cell
i Broadband sound absorption is achieved by a combination of three different mechanisms
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Metaporous layer with multiple slow waves
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Ventilating but soundproof metamaterial panel

Designed unit cell
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Il. Finite dimension
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Il. Finite dimension

Periodicity-induced noise reduction effects by barriers

D

g T

. H
%MV /7

16

Frequency |H

IL [dE]

= = = Piana namiar
—— Samiar with pariodic resanTirs |

W)

e

it

o0

e

Al

Frequency [Hd

W)

s

s

400

" Theoretical solution
> ’

199 Hz

- g (kdl/m=0.4)
' ...--:-"@Tmmk;mm.‘o
et J}:{.i'v" N\ ‘0“
f,-:* Numerical 220 Hz
‘f solution (kedlT=1)
0.2 0.4 0.6 0.8
kdlm

Supportedby -, EuroTechPostdoc Programme

* 4 % Excellence in Science and Technology

(B)
f=230Hz

(A)
f=143Hz

f=189Hz f=220Hz

resonance frequency
(resonance gap)

(surface waves)
+ Standing waves

J. Yang and M. Hornikx, manuscriptin preparation. TU/e



lll. Manufacturing

T. Frenzel etal, Appl. Phys. Lett. 103,061907, 2013
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lll. Manufacturing

3D-printed acoustic materials (porous structures)

~Method: FDM SLS SLA
Material: ABS ~ Nylon Resin
FDM: Fused Deposition Modeling, SLS: Selective Laser Sintering, SLA: Stereo-lithography
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\ Name

Layer 1

Geometry

Pore size: 7 mm

Height: 13 mm

Diameter model: 39.5 mm
Porosity: 15.55%

3D modelling

Printed sample

Layer 2

Pore size: 6.5 mm

Height: 12 mm

Diameter model: 39.5 mm
Porosity: 17.43%

Layer 3

Pore size: 6 mm

Height: 11 mm

Diameter model: 39.5 mm
Porosity: 18.33%

Layer 4

Pore size: 5.5 mm

Height: 10 mm

Diameter model: 39.5 mm
Porosity: 19.65%

Layer 5

Pore size: 5 mm

Height: 9 mm

Diameter model: 39.5 mm
Porosity: 21.15%

T. Zielinski et al., Additive Manufacturing 36, 101564, 2020. TU/e




Applications

INDOOR SPACES
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APPLICATIONS
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Acoustic metamaterial by Nissan, CES 2020

sound from the rear of driver

Acoustic metamaterial by KEF, 2020




Applications

Time-domain modelling of noise intervention Time-domain modeling of structural vibration &
scenariosin an airport environment acoustic-structure interactions
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20 . Sihar, R. Pagan Munoz, G. Fernandes, J. Yang, and M. Hornikx, manuscript in preparation. TU/
I. Sihar, J. Yang, and M. Hornikx, manuscript in preparation. e
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