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Abstract. This paper introduces the classical theory of MPA (micro-perforated panel absorb-er). Its
sound absorption coefficient primarily related to these structure parameters. Based on the theory of
MPA which is proposed by M, sound absorption performances are researched by using MATLAB.
By this method, the influence of different structural parameters on the sound absorption coefficient is
obtained. And MPA samples are fabricated by taking typical parameters for international standard
impedance tube size. The frequency ranges from 100Hz to 5000Hz. The absorption coefficient of
these samples is measured. The experimental results are in agreement with the numerical simulation
results.

Introduction

The development of the perforated panel lasts for more than half a century, it is can control the highly
-favored resonance characteristics, but it must use additional porous sound-absorbing material to
remedy the insufficient absorption. When an aperture is smaller to a certain extent, the sound wave
can effectively absorbed and does not require additional porous sound-absorbing material, which is
the concept of micro-perforated panel ™. MPA belongs to a simple resonance sound absorption
structure that is made up of perforation diameter under 1mm and a cavity behind. However, an MPA
sample was not proved in actual productions.

The limitations of the processing conditions and the appropriate combination of structural
parameters are taken into account to design standards for sound absorption model. Assumed several
groups structure parameters to simulate the relationship of the sound frequency and absorption
coefficient by MATLAB and then fabricated by laser processing. The experimental data are analyzed,
and the validity of the test data is verified.

Classical Theory

MPA was proposed in 1975 by the famous acoustics expert M, and the relevant theoretical model was
established. According to classical MPA model %!, Function (1) is used to calculate the relative sound
impedance ?4.
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In this function, d (mm) is the bore diameter, t (mm) is the thickness, p (%) is the perforation ratio,
k= d\/g is the parameter of MPA, f (Hz) is the sound frequency.

Function (2) is used to calculate the relative sound quality.
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In this function, m is the relative sound quality.
Based on Function (1) and (2), the absorption coefficient of MPA can be calculated.
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In this function, D (mm) is the back of cavity depth, a is the sound absorption coefficient.

Based on Function (3), when the MPA is in the resonance frequency, the absorption coefficient
achieves the maximum value.
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MATLAB Simulation

The sound absorption coefficient of MPA is determined by structural parameters, such as the
perforation diameter, thickness, perforation rate and cavity depth. In order to obtain the influence of
the structural parameters on their sound absorption characteristic, taking several groups by changing
one parameter value and others constant to calculate the coefficient [5, 6].

Perforation Diameter

In order to study the influence of the perforation diameter on the absorption coefficient, assumed that
t=0.1mm, p=3% and D=120mm, d is the only variable.
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Figurel. curve of sound frequency and absorption coefficient by changing d
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Simply consider the impact of the perforation diameter on the absorption coefficient. From figure 1,
the sound absorption coefficient will be better when the diameter getting smaller. The maximum
coefficient increase with the decrease of diameter, followed by widening of the absorption band.

Thickness

In order to study the influence of the thickness on the absorption coefficient, assumed that p=3%,
d=0.1mm and D=120mm, t is the only variable.
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Figure2. curve of sound frequency and absorption coefficient by changing t

From figure 2, the sound absorption coefficient will be better with the increasing of thickness when
the frequency range is less than 300Hz. However, the higher the maximum absorption coefficient
when the thickness of the thinner. But when the resonant frequency shifts to higher frequencies,
maximum coefficient of frequency range decreases as the thickness increases. It is not suitable that
the thickness is as small or as big as possible.

Perforation Rate

In order to study the influence of the perforation rate on the absorption coefficient, assumed that
t=0.1mm, d=0.1mm and D=120mm, p is the only variable.
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Figure3. curve of sound frequency and absorption coefficient by changing p

From figure 3, the sound absorption coefficient will be better with the increasing of perforation rate.
But the frequency range of the maximum coefficient is decreased. If the perforation rate is too large,
the coefficient will be higher, but the absorption band will be smaller. If the perforation rate is too
small, the absorption band will be increasing, but the coefficient will be too low. However, in
practical application, the perforation rate should be chosen properly.

Cavity Depth

In order to study the influence of the cavity depth on the absorption coefficient, assumed that
t=0.1mm, d=0.1mm and p=3%, D is the only variable.

1

(R=R S

08

0.7

Absorption coefficient
(]
m

I I L I I 1 L I I
0 100 200 300 400 500 BOOD 700 8OO 200 1000
Sound frequency(Hz)

59



1

09r

08H

07!
06}
05 g

0.4¢

Ahsorption coefficient

03r

02r

01r

D 1 2 1 1 1 £ | 1 1
1000 1500 2000 2500 3000 3500 4000 4500 0 5000
Sound frequency (Hz)

Figure4. curve of sound frequency and absorption coefficient by changing D

From figure 4, the depth of the cavity does not affect the maximum of the absorption coefficient.
But the frequency coverage of maximum absorption coefficient will be larger when cavity depth is
deeper.

It has been proved that sound absorption coefficient is effected by perforation diameter, thickness,
perforation rate and cavity depth. When a frequency in the range of 0-5000Hz, the smaller the
diameter of the hole is, the better the sound absorption coefficient is. But it is difficult to machine
diameter less than 0.1mm micro pores in actual production process. The thickness of the perforated
panel is not the smaller or bigger is better. So we can confirm other structural parameter, and then
chooses the appropriate structural parameter. From the simulation results, it can be seen that we can
get the maximum absorption coefficient if the perforation rate is 3%. The smaller cavity depth is, the
wider the sound of the absorption band is. According to the practical situation, we should combine
with the size of impedance to choose appropriate cavity depth.

Experiment

Commonly there are two kinds of measurement method of sound absorption coefficient. The one is
impedance tube method and the other is reverberation chamber method. In order to manufacture the
size of the impedance which meets the standard of international B&K 4206, the samples are made
into a diameter of 200mm round aluminum plate. According to GB/T 18696 absorption coefficient of
the sound impedance and acoustic impedance measurement, we measure the sound absorption
coefficient of the samples [7]. Each sample after nine measured average. Lastly compare what we
have measured absorption coefficient with the theoretical value by MATLAB Compared with
theoretical values and experimental values.

Experimental Data

Take d=0.1 mm, t=0.1mm, p=3% and D=120 mm to product micro-perforated model, carried nine
times repeated experiment, respectively Aj1,A12, A1z, Az, A2z, Az, Asi, Az, Aass.
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Tablel Standard deviation according to nine times repeated experiment

Absorption coefficient Standard
f(Hz) da
deviation
A1 Az A1z Az Az Az Az Az As3
100 0.15 0.12 0.14 0.13 0.14 0.15 0.12 0.11 0.14 0.01
200 0.16 0.14 0.12 0.15 0.17 0.14 0.15 0.16 0.15 0.02
300 0.10 0.12 0.11 0.12 0.14 0.12 0.1 0.12 0.13 0.01
400 0.46 0.46 0.47 0.5 0.51 0.44 0.48 0.45 0.50 0.03
500 0.78 0.79 0.79 0.78 0.79 0.78 0.78 0.78 0.77 0.01
600 0.78 0.81 0.81 0.87 0.85 0.83 0.84 0.84 0.82 0.03
700 098 | 098 | 096 | 094 [ 096 [ 095 | 0.98 | 0.97 | 0.98 0.02
800 0.99 0.99 0.99 0.94 0.94 0.96 0.98 0.96 0.98 0.02
900 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.00
1000 098 | 099 [ 099 [ 098 [ 098 [ 096 | 0.96 | 0.98 | 0.98 0.01

From table.1, it can be concluded that the absorption coefficient of the standard deviation of the
experimental data is smaller and the repeat-ability of experimental data is very well by nine times

repeated experiment.

Compare Experimental Value with Theoretical Value

Assumed that p is 3%, d is 0.1 mm, and t is 0.1 mm, D is the only variant [8].
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(a) Absorption coefficient curve by MATLAB calculated
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Figure5. Absorption coefficient curve

By comparing the curve of experimental value and theoretical value, the two curves are not
perfectly match. Apart from the structure parameters of MPA, environmental factors such as
temperature, pressure, and humidity will affect the results of the experiment.

Conclusions

The classical theory model of MPA that proposed by professor M was summarized. According to the
formula, the absorption coefficient can be calculated. Assumed the structure parameters of several
groups and using MATLAB to simulate the curve of the sound frequency and absorption coefficient.
In this way, we find that the structural parameters directly affect the sound absorption performance.
Laser processing technology is used to produce MPA samples. Application of measure equipment
tests the absorption coefficient of MPA. Simulation method remains to be improved by experimental
research.
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