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Motivation

® Recently, it has been observed that

& Macro-cellular polyolefin foams (e.q.,Quash-like) absorb
sound enerqgy even though the foams are mostly closed-
celled and the average cell size is very large.
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 How does this sound absorption arise?

 How do you model this effect?

% C. Park et al., New Sound-Absorbing Foams from Polyolefin Resins, Proc. of Inter-
Noise 2000, pp 583-586, 2000
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Quash Membrane Model

- To this point, model is based on tensioned membranes
- Stiffness of this model is provided by tension of membrane

Top View of Quash
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Foam Modeling Procedure

3-D Model 2-D Model Sound Energy Loss Mechanisms

* Energy dissipation
— by membrane flexure
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Theoretical Model - Permeable Membrane
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TENSIONED, PERMEABLE MEMBRANE

Assumed Solutions

® Sound Pressures in P(r,z)=e ™ + ZBnJo (k. ,,)esznz
Acoustic Cavities: - n

Py(r,2)=Y.CJ (k rye

® Membrane Displacement
(Solid Component): y(r,t) = Z AJ (k, 1)

® Membrane Displacement
(Fluid Component): u(r,t) = ZFnJo (ko,7) + F,
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Theoretical Model —

® Boundary Conditions

- The Continuities of Velocity at the Both
Side of a Membrane:
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- The Force Equilibrium Equation in the
Membrane:
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where

I'=T,(1+jn)
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Solution Method

® Solution Method

Apply four boundary conditions on a

point-by-point basis across the
membrane
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Energy dissipation by Membrane
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Measurement
MEMBRANE

Sound Pressure ]
from

microphones J l

-
Transfer Impedance\

RNﬁrmtf?" '”Cid?_f”tR of Membrane :
Estimation eflection coeff.:
yy : Zm: (1+R) / (I'R) “PoC =
Fourier Bessel W
coeff. of
Incident / Transmitted
Waves J
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Transfer Matrix Method

e Membrane & Air Cavity Transfer Matrix

| A cos(k - (I, —1,)) ip,csin(k-(1, —1,))
[Tm] — [Ta] = Lsin(k-(lz—ll)) cos(k-(1, = 1))
0 1 0,¢
e Total Transfer Matrix N la
/\yers
P P 4 R
To ottom
U R o SO A AT A
Top tOta Bottom H_/
1 layer B> 1 layer
e Reflection Coefficient R, = Z1yp ~ PoCo
v ZTop + poco >
N layers
» Absorption Coefficient a=1- ‘RTOP :
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Experimental Set-up

B&K Pulse System
Power :
Amplifier Signal Analyzer
» Pre-Amplifier Computer

v

Sound Microphone

Source

SErnE Quash

EEEE Sample
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Experimental Set-up

Measurement Set-up

Loading Quash Sample
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Comparison of Measurement and Prediction
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Membrane Size

Foam Thickness

Parameter Effects on Sound Absorption
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Parameter Effects on Sound Absorption

Surface Mass
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Parameter Effects on Sound Absorption
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Some High Absorption Designs
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Conclusions & Future Work

® An acoustical model for membrane-based sound absorbing materials
was presented and was verified experimentally on the basis of
acoustical measurements.

¢ It has been found that the theoretical model can accurately reproduce
the acoustical behavior of the particular foam studied here.

# It was shown that the choice of particular combinations of material
properties can result in improved sound absorption.

® The present work can provide the foundation necessary to design
membrane-based sound absorbing materials having enhanced sound
absorption capacity.

® The present work implies that alternative stiffness mechanisms of
membrane systems such as flexural stiffness, membrane curvature,
bulk elasticity, and membrane inhomogeneity, can also result in sound
dissipation in membrane-based foams; this work will be presented in the
future.
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