
Characterization of Nonlinear Sound 
Absorption for Fibrous Metals 

Xiaolin Wang, Feng Peng, Hao Liang 

Institute of Acoustics, Chinese Academy of Sciences

 
wangxl@mail.ioa.ac.cn

SAPEM 2014



 Introduction

 Formulation of the problem

 Results and discussion

 Conclusion

1/16



Introduction

Solutions to porous metal layers at high sound intensities

Incident sound

Reflected sound

Porous material      Rigid backing

Wilson, McIntosh & Lambert
McIntosh & Lambert
Lambert & McIntosh
Umnova, Attenborough, 

Standley & Cummings
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Introduction

70 80 90 100 110 120 130 140 150 160 170
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0
S

ou
nd

 a
bs

or
pt

io
n 

co
ef

fic
ie

nt

Incident SPL(dB)

             544Hz
 Measured
 Calculated

80 90 100 110 120 130 140 150 160
0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

            768Hz
 Measured
 Calculated

So
un

d 
ab

so
rp

tio
n 

co
ef

fic
ie

nt

Incident SPL(dB)

70 80 90 100 110 120 130 140 150 160 170
0.7

0.8

0.9

1.0

           4216Hz
 measured
 predicted

So
un

d 
ab

so
rp

tio
n 

co
ef

fic
ie

nt

Incident SPL, Linc(dB)
70 80 90 100 110 120 130 140 150 160 170

0.7

0.8

0.9

1.0

           4312Hz
 measured
 predicted

So
un

d 
ab

so
rp

tio
n 

co
ef

fic
ie

nt

Incident SPL, Linc(dB)

How can we verify these trends of chosen materials ?
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Sample No 1 2 3 … 19 20 21

Radius r 
(μm) 12 100 200 … 12 100 200

Porosity 0.85 0.85 0.85 … 0.97 0.94 0.95

Maximum radius r (mm) 0.3 0.6

Porosity 0.236 0.430

Sample thickness (mm) 14.5 15.2

Lotus-type porous metals

Fibrous porous metals

Porous metal samples  

Introduction
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Formulation of the problem

One-dimensional, rigid frame, nonlinear  
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Formulation of the problem

Dimensionless parameters  
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Formulation of the problem

Characteristic flow resistance level

Resistivity at the first absorption resonance frequency 

Introducing         
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Results and discussion

Surface impedance absorption contour, χ,β
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Results and discussion

Surface impedance absorption contour, γ,β
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Results and discussion

β=0.26, (χ=1.59, γ=0 )
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Results and discussion

Characteristic impedance of fibrous metal samples 
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Results and discussion
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Results and discussion
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Introduction

Trend characteristics being verified by two samples 
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Conclusions



 

Constant SPL curves on a surface impedance map 
indicate that the first absorption resonance maxima tend 
to shift toward the acoustic higher resistance and lower 
reactance ends.



 

With SPL increasing at a constant frequency, absorption 
of samples with larger fibre diameters are more likely to 
first increase to a maximum then followed by decreasing, 
while absorption of small fibre diameter samples or 
samples having low porosities tends to monotonically 
decrease.



 

The trend of sound absorption coefficient at a resonance 
frequency at high SPLs can be reflected by a 
characteristic flow resistance at the first absorption 
resonance at linear SPLs.
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