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Abstract. With the development of society, noise pollution has become more and more serious. How
prevent and control the noise pollution to get the proper acoustic environment has been the hotspot.
Therefore, a broad band sound absorber which is thin, durable, clean and environmentally friendly is highly
demanded in modern society. In this paper, a new type of multiple size micro-perforated panel (MPP)
absorbers with different cavity depths is proposed and studied. Firstly, a mathematical model for multi-size
MPP absorbers with different cavity depths is developed. Thereafter, based on the established model,
adaptive genetic algorithm (AGA) is proposed in this study as a tool to solve the optimization problem of
finding the best combination of the constitutive parameters of multi-size MPP absorbers with different cavity
depths providing the maximum average absorption within a prescribed frequency range. Results show that
AGA provides a fast and effective method to solve the structure optimization of multi-size MPP absorbers
with different cavity depths.
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1. Introduction

It is well known that noise can seriously hurt people's physical and mental health. Based on the
investigations carried out in 1970 by the Occupational Safety and Health Act (OSHA), noise is largely
responsible for the psychological and physical illness of workers. Therefore noise control has become
increasingly important and pressing as technology develops and society evolves. An MPP absorber with
uniform-size holes [1-3] has been regarded as a promising clean alternative to the traditional porous sound-
absorbing materials which are environmentally-unfriendly. Since Maa's pioneering works [1], the MPP
absorber is always one research focus and has been used in various fields [4-7]. However, a uniform-size
MPP absorber is usually insufficient for a general purpose absorber because it is effective only in a narrow
band around its resonance frequencies. And thus, in efforts to widen the absorption bandwidth, numerous
studies have been performed [1, 2, 8, 9]. Introducing more resonance frequencies is an effective way to
widen the absorption bandwidth, such as multi-layer MPP absorbers, however, which will result in thicker
sound absorbers because the panels are arranged in series [10]. And many researchers keep studying and
finding more new and better ways to introduce more resonance frequencies without significant increase in
thickness of the absorbing structure. One is to use holes of multiple sizes for MPP absorbers instead of a
uniform holes size [11, 12]. Another is to use partitioned cavity of varying depths for MPP absorbers instead
of a constant cavity depth [13]. With these type of MPP absorbers that have perforations of multiple sizes or
cavities of different depths, a wider sound absorption bandwidth and thinner sound absorber is achievable,
and which would be very beneficial when only a limited space is available to install the sound absorber. So
far, however, few studies have combined the advantages of multi-size holes and different depths of cavities.
One possible reason is that such structure is very complicated which greatly increases the difficulty and
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complexity of structure design. Since the absorption performance of a uniform-size MPP absorber with a
constant cavity depth depends on only four parameters—the hole diameter, the perforation ratio, the panel
thickness and the cavity depth, while the design of an N-size MPP absorber with respective different depths
of cavities involves the tuning of 3N+1 parameters usually greater than those of a uniform-size MPP
absorber with a constant depth of cavity, and which makes it difficult to design in a practical application.

From an engineering point of view, here the interest is to obtain the combination of structure parameters
within given variation ranges that provides the maximum mean absorption for a specified frequency range.
This is typically an optimization problem. In this paper, as an improved genetic algorithm, adaptive genetic
algorithm (AGA) is proposed and used as a new attempt to optimize the mean absorption of a multi-size
MPP absorber with different cavity depths within given variation ranges of constitutive parameters.

2. Incidence Sound Absorption Of Various MPP Absorbing Construction

2.1. Two-size MPP absorber with different cavity depths

Unlike the traditional uniform-size MPP absorber [1], a two-size MPP absorber proposed in this paper
has partitioned cavities of different depths and two sizes of holes that are of parallel arrangement, as shown
in Fig. 1. Only in this way [16], the benefit from each size of holes or cavities can be combined.
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Fig. 1: Schematic diagrams of two-size MPP absorbers with two partitioned cavities

In the present theoretical model, the panel is assumed to be rigid that will not vibrate under acoustic loading. The
analysis is based on the flow continuity of air on both sides of MPP. As shown in Fig. 2, ¥, and V, is the mean particle

velocity of surrounding air under any acoustic loading with respectively pressure difference Ap, and Ap, are respectively
for two-size holes.

Fig. 2: Analytical model of a multi-size MPP with diferent cavity depths

The continuity of the volume velocity gives the following formulation for the average particle velocity of the
surrounding air in the vicinity of both sides of the MPP:

Vi =vio, , V, =V,0, (1)
Where v, and Vv, are the spatially averaged velocity in the holes of diameter d, (namely hole 1 in the following
expression) and in the holes of diameter d, (namely hole 2 in the following expression), respectively, and o,and o, are

respectively the perforation ratio of hole 1 and hole 2. Let z, and z, be the specific acoustic impedance of the hole 1 and
hole 2, respectively, which are defined as

2, =Ap,/V,, 2, =Ap, /v, 2)
The specific acoustic impedance of the air cavities are given by

z, =—jpccot(wD, /C) , z_, =—jpccot(wD, /c) 3)
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Since the partition panel is perpendicularly installed between the MPP and the back wall (see Fig. 2) which will

provide separate cavity for each size holes. In such case, the total specific acoustic impedance z,,, can be given by

-1 -1
o =(1/(f—p+zcl)+1/< - +zcz>] =[ i ] @
1

v, o,V, /o +2, 1,/0,+1Z,

According to the equivalent circuits, their total relative specific acoustic impedance can be calculated as

-1
1 1
Ztotal = - - + - B (5)
(rl + jom, — jeot(wD, /c) r,+ jom, — jcot(wD, /C)j

Where r, + jom, in equation (18) denotes the relative specific acoustic impedance of hole 1, r, + jom, is
the relative specific acoustic impedance of hole 2, and —jcot(wD, /c)and —jcot(wD, /c) is the relative specific
acoustic impedance of their back cavity As can be seen from equation (18d), two resonant absorption peaks
may be introduced provided that the structure parameters are appropriately designed.

2.2. Genetic Algorithm

Genetic algorithm (GA) is an adaptive search technique and has been applied to a variety of problems
[16]. GA is based on mechanics of natural genetics and natural selection. The artificial survival of the fittest
is combined with genetic operators which are abstracted from nature. As an improvement for simple genetic
algorithm (SGA), adaptive genetic algorithm (AGA) develops the adaptive crossover probability and
mutation probability in the process of evolution which can not only make that the group search towards a
good direction more quickly, but also make it combat premature convergence inherent in SGA. So AGA will
work well for our problem domain where the global optimal value is searched for by given a fitness function.
In the following, we give a short description of the AGA, which is applied as the optimizer in the sound
absorption performance optimization of multi-size MPP absorbers with partitioned cavities of different
depths.In this study, the objective function is (a>=2a( f.)/(f,—f), where f, and f, represent the lower
limiting frequency and the upper limiting frequency, féspectively, (a) denotes the average absorption in the
frequency band ( f,, f,) and a(f;) denotes the absorption coefficient corresponding to the frequency f; . The
step size between f, and f,is 1. Under this condition, N, equals to f, — f,and f;,, is equivalent to f,+1. The
block diagram of the AGA procedure is depicted in Fig. 3.
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Fig. 3: Block diagram of MPGA procedure

2.3. Case Study

Please acknowledge collaborators or anyone who has helped with the paper at the end of the text. The optimization
system is programmed by MATLAB and run in Lenovo PC-Intel. In our program, the panel thickness is kept fixed
according to the actual demand, and therefore the decision variables will be reduced which makes the algorithm more
efficient and easy to run. Consequently, for a two-size MPP absorber with different cavity depths, there are six decision
variables, the hole diametersd, , d,, the perforation ratio o, , o, and the cavity depths D, and D, Similarly, there are nine

decision variables for a three-size MPP absorber, the hole diametersd,,d,,d,, the perforation ratio o, , 0, , 0, and the
cavity depth D,,D,, D,.
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Suppose a two-size MPP absorber with different cavity depths is designed to reduce noise in the frequency range of
100~4000 Hz. The panel thicknesst is kept fixed at 0.5 mm based on the actual demand and cost constraints. Based on
the current processing technology and practical application, a series of assumptions of the constrained condition in design
are illustrated as

0.lmm<d,,d, <Imm, 0.1%< o,,0, < 16%, 0.005m< D,,D, <0.1m (6)

SGA is applied to optimize this two-size MPP absorber within given variation ranges. The procedure
comes to an end at the 150th generation. As stated above, the objective function to be maximized is the
average absorption in the frequency band ( f,, f, ) with f=100Hz and f, =4000Hz . To evaluate the
performance of AGA, we compare it to SGA that has the same population size. Table 1 shows structure
parameters (the panel thickness is kept constant at 0.5 mm).

Table 1: Optimized Structure Parameters of Two-size MPP Absorbers

Structure Parameters
di (mm) dz (mm) 71 (%) 7, (%) D1 (M) D, (m)
AGA 0.079 0.132 8.597 2.672 0.024 0.1
SGA 0.131 0.163 2.962 2.086 0.017 0.098

The normal sound absorption coefficient curve relative to frequency is plotted in Fig. 5 for comparison.
Fig. 4 shows that the AGA outperforms the SGA. Particularly, the absorption coefficient around the

frequency of 3500 Hz is improved greatly.
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Fig.4: Optimal sound absorption coefficient for a two-size MPP absorber with different cavity depths based on AGA

and SGA

3. Conclusions

In this paper, to fill the research gap, a multi-size micro-perforated panel (MPP) absorber with different
cavity depths is presented and studied from the dual—mathematical model and optimization method. The
theoretical analysis is based on the continuity of air flow on both sides of MPP. The mathematical model of
normal incidence sound absorption for multi-size micro-perforated panel (MPP) absorber with different
cavity depths provides a basis for the optimization method based on adaptive genetic algorithm (AGA) that
has global searching ability. AGA is used to optimize the structure parameters of fitness function in order to
obtain optimal sound absorption performance under given conditions. Its performance is evaluated by
comparing with simple genetic algorithm (SGA) results and the available results in the literature. Results
show that AGA works better at optimizing in respect of obtaining broad absorption bandwidth. This study
provides the reference for using AGA when determining the best combination of the structure parameters of
MPP absorbers with different cavity depths under normal incidence condition. The optimization of MPP
absorbers with different cavity depths under oblique incidence condition should be expected in the near
future.
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