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Abstract: To give full play to the advantages of perforated plate backed by porous materials in low and
medium frequency noise absorption, this study uses Johnson-Champoux-Allard method with the finite
element model to describe the acoustic characteristics of this composite structure. The effects of
structural parameters of perforated plate and characteristic parameters of melamine foam on sound
absorption coefficient were systematically investigated by numerical simulation. Practical composite
were prepared to verify the reliability of the numerical simulation method. The simulation and
experimental data in this study are helpful to promote the design of porous material-perforated plate
structure for noise control in life.
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1. Introduction

Noise is an important interference factor in life and work. In order to solve noise pollution problem,
great efforts have been put into the research of various sound absorption materials and methods. In this
regard, porous sound absorbing materials, resonant sound absorbing structures and composite structure
have been widely used due to their outstanding advantages in sound absorption [1-3].

Many porous materials have been studied for acoustic absorption such as organic fibers [4-7] (wool,
quartz, hemp, etc.), inorganic fibers (glass wool, metal fibers, etc.), polymer foam, metal foam and
composite foams. The excellent sound absorption effect of porous acoustic materials is mainly derived
from the effective dissipation of acoustic energy, which includes the synergistic effect of various
mechanisms. It can be briefly summarized as two parts of of viscoelastic frame damping and visco-
inertial and thermal damping [8,9]. For the first part, sound waves cause vibrations in the porous
structure, and friction between solid molecules. For the second part, friction between air medium and
porous material wall is caused due to the viscosity of air medium [10]. However, the sound absorption
ability of porous structures is poor for medium and low frequencies below 2000 Hz, due to low
frequencies cause more structural vibration than air friction. Fortunately, the resonant sound absorbers
possess a high absorption coefficient of sound waves near the resonant frequency, which has great
advantages in absorbing low frequency noise. However, resonant sound absorbers usually have the
disadvantage of narrow sound absorption bandwidth. Therefore, composite materials composed of
porous materials and the resonant sound absorbers with specially designed structure is desirably needed
to realize broadband sound absorption. Nevertheless, adequate thickness and complex structure makes
the combined composites difficult to design to achieve excellent sound absorption performance.

The microstructure of porous materials is the main factor to influence acoustic properties of porous
materials. Building appropriate models to simulate the microstructure can help to design or predict the
acoustic properties of porous materials. Through the analysis of propagation and dissipation process of
sound waves in porous materials, the semi-phenomenological model [11-13] (like Johnson-Champoux-
Allard (JCA) model) containing basic acoustic parameters is proposed to characterize sound absorption
properties of the porous materials. Periodic Unit cells (PUC's) and the Finite Element Method (FEM)
have become the effective methods to study the relationship between microstructure and macroscopic
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acoustic properties. K.Gao et al. [14] proposed the method of measuring and simulating the micro-
structure characterization and homogenization of acoustic polyurethane foam, and established two
PUC's model - fully open and partially open Kelvin units with thin film - to represent foam. And they
[15] also studied the relationship between the microstructure of foamed plastics and the macroscopic
acoustic properties using a PUC's model, revealing that the relationship depends on the microscopic
boundary conditions. Ju et al. [9] used crystal clusters formed by the Kelvin unit model to simulate foam
structure, they adjusted the opening degree of PUC’s by eliminating cell walls randomly, and explored
the relationship between polyurethane foam's openness and sound absorption properties. Some
simplified PUC's model is also used for research, hoping to reduce the difficulty of modeling when
meeting the requirements like in [16-18]. People also study and design some novel composite and
periodic structures to realize the controllability of noise absorption [19-21].

PUC’s about perforated plates have been proposed for studying the sound absorption properties.
Rostand et al. [22] proposed an expression that can properly explain the hole interaction and non-uniform
distribution effect by PUC's and FEM. It is found that under low sound field excitation, the interaction
effect between holes is closely related to the hole spacing and distribution. Wang et al. [23] used the
homogeneous physical velocity porous media (PVPM) model to describe the acoustic characteristics of
porous plates. The finite element method can effectively study the distribution and mechanism of
acoustic energy dissipation in resonant absorber. The energy loss is mainly distributed at the interface
abrupt change, i.e. the empty edge [24, 25]. In order to improve the sound absorption performance, the
back cavity of the sound absorber is specially designed. J. Carbajo et al. [26] separated the back cavity
with a micro perforated plate to improve the effective sound absorption bandwidth of the perforated
plate. Gai et al. [27] introduced the L-shaped structure after the micro perforated plate cavity to divide
the cavity, and studied the sound absorption characteristics of the L-shaped split cavity structure MPP.
Kim et al. [28] constructed a perforated plate with multiple hole sizes (two and four hole sizes) and
composed a back cavity segmented by porous materials. Ming et al. [29] designed a sound absorbers
with a micro-perforated panel backed by an array of parallel-arranged sub-cavities at different depths.
Li et al. [30] combined porous materials, micro-perforated panel and extended tubes, the sound
absorption performance of low and middle frequency is improved.

In this paper, the composite sound-absorbing structure with porous materials filled in the cavity
behind the perforated plate is designed. The finite element model of composite structure is established
for numerical simulation. The effects of characteristic parameters of porous materials and the structural
parameters of perforated plate of the composite structure on the sound absorption performance are
systematically explored. Moreover, practical composites absorbers combing melamine foam and
perforated plates are prepared to verify the simulated results. The simulation and experimental data in
this study can provide reference for the design of composite structure to achieve excellent sound
absorption performance for the noise control.

2.Materials and methods
2.1. Acoustic model and methodology
2.1.1. Semi-empirical equivalent fluid model

As a classical five-parameter semi-empirical equivalent fluid model, the Johnson-Champoux-Allard
(JCA) model is adopted in this study [27-29]. The effective density p(w) and effective volume modulus
K(w) expressed by the model are as follows:
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where ¢ is porosity, o is (inertial) tortuosity, o is flow resistivity, A (VCL, Lv) is viscosity characteristic
length, and A" (TCL, Lw) is thermal characteristic length. ® is the angular frequency, Npr is Prandtl
number, k is the heat capacity ratio of air, n is the viscosity of air, po is the ambient pressure, po is the
air density.

Positive incidence characteristic impedance Zcand wavenumber k. can be expressed as follows:

(4)

(®)
where p(®) and K(w) are get from equations (1) and (2).

Considering that porous materials are backed by rigid walls and the acoustic wave is incident
vertically, the sound absorption coefficient (o) of materials can be obtained by the surface impedance
method:
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where Z, is normal incidence specific surface impedance, co is air sound velocity, Ls is material thickness,
Zeq is characteristic impedance, and keq is wave number.

2.1.2. Finite element model of composite structured

The finite element model of perforated plate backed by melamine foam is established. Periodicity
and symmetry of composite structures are used to reduce the calculation amount. Figure 1 shows a
quarter of the finite element model. The model is composed of four. The top part is the perfect matching
layer (PML), the second part is the sound field, the third part is perforated plate, and the bottom part is
melamine foam. The visco-thermal acoustic-frequency domain module is used in the perforated part,
and the pressure acoustic-frequency domain module is used both in the air domain and melamine foam
domain.

Mater. Plast., 59 (3), 2022, 189-204 191 https://doi.org/10.37358/MP.22.3.5615


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro
https://doi.org/10.37358/Mat.Plast.1964

K

[~ ‘ PML
sound field (air)

perforated plate

——> i

Ol
N
melamine foam

Figure 1. A quarter of the finite element model

2.1.3. Influencing parameters of perforated plate

The control variable method is used to study the influencing parameter of perforated plate. For the
melamine foam part, the low-density melamine foam (LDMF) with the thickness of 30 mm is set. The
corresponding basic acoustic parameters are listed in Table 1.

The perforation distribution of the perforation plate is shown in Figure 2. The perforation is evenly
distributed. The perforation rate (6) can be calculated from equation (8):

nd
LI,

where a is radius, Lx and Ly are center distance, and L, =L, .

=

(8)

Table 1. Basic acoustic parameters of low-density melamine foam (LDMF)
and high-density melamine foam (HDMF)

plkg/m? ) o/Pa-s/m? oo Alum A’lum

LDMF 7.59 0.997 7478 1 139.3 164.8

HDMF 14.7 0.992 24400 1 34.9 107.3
LJL If

OO OQ i Figure 2. Schematic picture of
OO0

. = the perforated plates

2.1.4. Influencing parameter parameters design of melamine foam

Five basic acoustic characteristics of the porous material are used in the JCA model and the control
variable method is employed for discussion. Two kinds of perforated plates, the one with advantages in
low frequency sound absorption (called L-perforated plates) with parameters 6 = 0.05, a =2 mm, t, =
10 mm, and the other one with advantages in medium frequency sound absorption (called M-perforated
plates) with parameters 6 = 0.15, a =1 mm, t, = 5 mm are designed in this study.

3. Results and discussions

3.1. Simulation analysis of perforated plate structural parameters on acoustic performance
Simulation analysis in this paper is based on COMSOL Multiphysics. To study the effect of

perforation rate o of perforated plate on the acoustic performance of the composite, six perforation rates

Mater. Plast., 59 (3), 2022, 189-204 192 https://doi.org/10.37358/MP.22.3.5615


https://revmaterialeplastice.ro/

MATERIALE PLASTICE
https://revmaterialeplastice.ro
https://doi.org/10.37358/Mat.Plast.1964

© 0

are designed under two kinds of aperture (a = 1 and 2 mm, respectively) with the thickness of perforated
plate fixed as 5 mm. The data are listed in Table 2 calculated from equation (8). Figure 3 shows the
influence of ¢ on the sound absorption coefficient of the composite. The curve profiles exhibit similar
spectral characteristics with two aperture sizes. The lower the perforation rate is, the sharper the sound
absorption coefficient curve becomes. Moreover, at the lower the perforation rate, the peak value gets
higher and the resonance peak is closer to the low frequency. The sound absorption coefficient equal to
or greater than 0.98 is regarded as complete sound absorption. Notably, when in the cases of 6 = 0.05, a
=1,f=710Hz and a = 2, f = 630~710 Hz, the maximum sound absorption coefficient is 0.99 and 0.98
respectively, which indicates that the absorbers can achieve complete sound absorption. The average
sound absorption coefficient is used to evaluate the sound absorption performance in the corresponding
frequency band. The average sound absorption coefficient of low frequency (180~500 Hz) and middle
frequency (500~2000 Hz) was represented as a. and awm, respectively. As can be seen from Figure 3c
and 3d, the a. value decreases whereas the am value increases both at two different aperture sizes with
the increase of perforation rate. This suggests that the adsorption performance is related to perforation
rate. In addition, with the same perforation rate, the a. value with a=2 mm is higher than that with a=1
mm, while the am value has the inverse trend, demonstrating that the pore size of the perforated plate
can affect the absorption performance of the composite.

Table 2. The parameters of ¢ and Lx(Ly) in the two case of a =1 and 2 mm
calcuyalted from equation (8)
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Figure 3. The Influence of perforation rate (6) with (a) @ = 1 mm and (b) @ =2 mm on sound

absorption coefficient, and the average absorption coefficient a; and au as a function
of 0 with pore size of (¢) a =1 mm and (d) @ =2 mm

Mater. Plast., 59 (3), 2022, 189-204 193 https://doi.org/10.37358/MP.22.3.5615


https://revmaterialeplastice.ro/

MATERIALE PLASTICE
https://revmaterialeplastice.ro
https://doi.org/10.37358/Mat.Plast.1964

© 0

The influence of pore size on the sound absorption coefficient is further explored. Six pore sizes are
designed at two perforation rates with the thickness of perforated plate fixed as 5 mm. The data are listed
in Table 3 calculated from equation (8). As shown in Figure 4, the sound absorption curve becomes
narrow and sharp and the spectra peak moves towards the low frequency with the increased size of
aperture. In Figure 4a, the maximum sound adsorption coefficient for a = 0.5, 1, 2, 3 mm is 0.99, 0.98,
0.99, 0.99, respectively, revealing that complete sound absorption can be reached for the composite.
However, with further bigger pore size (a = 4.00 and 5.00 mm), the maximum sound absorption is
degenerated (0.97 and 0.95, respectively). In Figure 4b, the maximum acoustic absorption coefficient
successively increases from 0.87, 0.88, and 0.90 to 0.95 with the increase of aperture from 1 to 5 mm.
However, the maximum acoustic absorption coefficient is 0.89 with a = 0.50 mm. The effect of pore
size on the average sound absorption coefficient at low and medium frequencies is also summarized. As
can be seen from Figure 4c and 4d, the L increases with the increase of pore size at both perforation
rates, and the increase is more obvious when the perforation rate is lower. The am decreases with the
increase of aperture, and the decrease is more obvious when the perforation rate is lower. So we can
determine that lower perforation rate and larger aperture are favorable for low frequency sound
absorption, while higher perforation rate and smaller aperture are favorable for medium frequency sound
absorption.

Table 3. The parameters of a and L«(L,) in the two case of 6 = 0.05 and 0.15
calculated from equation (8)

(3) 9=0.05 a/mm 0.50 1.00 2.00 3.00 4.00 5.00
' Lx=Ly/mm 3.96 7.93 15.85 23.78 3171 39.63
(b) 5= 0.15 a/mm 0.50 1.00 2.00 3.00 4.00 5.00
' Lx=Ly/mm 2.29 4.58 9.15 13.73 18.31 22.88
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Figure 4. The Influence of aperture size (a) with (a) 6 = 0.05 and (b) 0 = 0.15 on
sound absorption coefficient, and the average absorption coefficient oz and au as
a function of a with perforation rate of with (c) 6 = 0.05 and (d) 6 =0.15
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The thickness of perforated plate is an important factor affecting the sound absorption performance
of the composite. Six kinds of perforated plate thicknesses are selected under the combination of
different perforation rate and aperture with data listed in Table 4. The simulation results are shown in
Figure 5. As the thickness of the perforated plate increases, the curve becomes sharp, the sound
absorption bandwidth becomes narrow, and the absorption peak moves to low frequency. Specifically,
the sound absorption peak locates at 500 Hz at t,=8 mm, which is the boundary between low frequency
and intermediate frequency (Figure 5a). Moreover, all of the maximum sound absorption coefficients
are about 0.95, manifesting excellent sound insult performance of the composites. In Figure 5b, the shape
of the curves changes dramatically with the increase of thickness. In the case of 6 = 0.15 a = 0.5 mm,
Figure 5b displays that the maximum sound absorption coefficient increased from 0.84 to 0.98 with the
increase of perforated plate thickness from 2 to 17 mm, and the sound absorption peak moves from 1700
to 720 Hz. This shows that when the perforation rate is high and the aperture is small, the sound
absorption is very sensitive to the thickness.

The Figure 5c and 5d display that the a. increases with the increase of thickness at both combination
of perforation rate and aperture, and the am decreases with the increase of thickness. We can conclude
that the perforated plate with lower perforation rate, larger aperture and larger thickness (called L-
perforated plate) has advantages in low frequency sound absorption, while the perforated plate with
higher perforation rate, smaller aperture and smaller plate thickness (called L-perforated plate) has
advantages in medium frequency sound absorption.
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Figure 5. The Influence of thickness (tp) with (a) 0 = 0.05, a =5 mm and (b) 6 =0.15, a = 0.5 mm

on sound absorption coefficient, and the average absorption coefficient a; and oy as a function
of tp with perforation rate of with (c) 6 =0.05, a =5 mm and (d) 0 = 0.15, @ = 0.5 mm

3.2. Simulation analysis of influencing parameters of melamine foam on acoustic performance
The traditional perforated plate theory suggests that filling the porous material in the back cavity of
the perforated plate can adjust the acoustic resistance ratio of the perforated plate [31]. Filling the porous

Mater. Plast., 59 (3), 2022, 189-204 195 https://doi.org/10.37358/MP.22.3.5615


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro A

https://doi.org/10.37358/Mat.Plast.1964

material means changing the medium in the back cavity of the composite. In other words, the acoustic
waves in the back cavity change from propagating in the air to propagating in the porous material, which
are equivalent to increasing the sound volume of the body cavity, so that the resonance frequency of the
perforated plate decreases. To analyze the influence of porosity (¢), tortuosity (a«), flow resistivity (o),
viscous characteristic length (1), and thermal characteristic length (4 ") of melamine foam on the acoustic
performance of the composite, the corresponding experimental scheme is designed and the data are given
in Tables 4-8.

Porosity refers to the percentage of air in porous materials. High porosity is an important
characteristic of porous materials, and it gives porous materials a very large specific surface area which
is conducive to thermal-viscous dissipation. Figure 6 shows the effect of porosity on the sound
absorption coefficient. With the increase of porosity, sound absorption peaks move to low frequency
under both perforated plate conditions. For the L-perforated plate the maximum sound absorption
coefficient almost always reaches 1 (Figure 6a), illustrating the excellent sound insulate properties.
However, for the M-perforated plate, the maximum sound absorption coefficient decreases with the
increase of porosity (Figure 6Db).

The influence of porosity on the average sound absorption coefficient at low and medium frequencies
are shown in Figure 6c and 6d. Obviously, for L-perforated plate, am increases and o decreases with the
increase of porosity, while both a. and awm increase with increasing porosity for M-perforated plate. So
for L-perforated plate, higher porosity has advantages in low frequency sound absorption and lower
porosity has advantages in medium frequency sound absorption. For M-perforated plate, higher porosity
has slight advantages in both low and medium frequency sound absorption.

Table 4. The parameters of t, in the two case of 6 =0.05a=5mmand 6 =0.15a=0.5mm

to/mm
(@) 0=0.05a=5mm 2 5 8 11 14 17
(b) 0=0.15a=0.5mm 2 5 8 11 14 17

Table 5. Perforated plate parameters and porosity design

porosity/ ¢
(@d=005a=2mmt,=10mm | 0.75 0.8 0.85 0.9 0.95 0.99
(b) =0.15a =1 mm t, =5 mm 0.75 0.8 0.85 0.9 0.95 0.99

Table 6. Perforated plate parameters and tortuosity design

tortuosity/o..

(2)0 =0.05a=2mm t, = 10 mm 1 1.05 1.1 1.15 1.2 1.25
(b)d =0.15 a =1 mm t, =5 mm 1 1.05 1.1 1.15 1.2 1.25

Table 7. Perforated plate parameters and flow resistivity design
flow resistance/o/Pa-s/m?
(2)0 =0.05a=2mm t, = 10 mm 5000 10000 15000 20000 25000 30000

(b)d =0.15a =1 mm t, =5 mm 5000 10000 15000 20000 25000 30000

Table 8. Perforated plate parameters and viscous characteristic length design

viscous characteristic length/4 /um
(@)0=0.05a=2mmt, =10 mm 20 50 100 150 200 250
(b)d =0.15a =1 mm t, =5 mm 20 50 100 150 200 250

Porosity refers to the percentage of air in porous materials. High porosity is an important
characteristic of porous materials, it gives porous materials a very large specific surface area which is
conducive to thermal-viscous dissipation. Figure 6 shows the effect of porosity on the sound absorption
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coefficient. With the increase of porosity, sound absorption peaks move to low frequency under both
perforated plate conditions. For the L-perforated plate the maximum sound absorption coefficient almost
always reaches 1 (Figure 6a), illustrating the excellent sound insulate properties. However, for the M-
perforated plate, the maximum sound absorption coefficient decreases with the increase of porosity
(Figure 6b).

The influence of porosity on the average sound absorption coefficient at low and medium frequencies
are shown in Figure 6¢ and 6d. Obviously, for L-perforated plate, am increases and o decreases with the
increase of porosity, while both a. and awm increase with increasing porosity for M-perforated plate. So
for L-perforated plate, higher porosity has advantages in low frequency sound absorption and lower
porosity has advantages in medium frequency sound absorption. For M-perforated plate, higher porosity
has slight advantages in both low and medium frequency sound absorption.
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Figure 6. Influence of porosity on sound absorption coefficient for (a) L-perforated
and (b) M-perforated plates, and the average absorption coefficient a; and au as a function
of ¢ for (c) L-perforated and (d) M-perforated plates

Tortuosity (or tortuosity factor) is used to describe the complexity of the propagation path of sound
waves in porous materials, which is related to the microscopic geometric characteristics of porous
materials [13]. It can be considered as the ratio of the actual average propagation path length of sound
waves to the thickness of porous materials. Therefore, this value is usually greater than 1. Figure 7 shows
the effect of tortuosity on sound absorption coefficient. Clearly, tortuosity has a relatively small effect
on sound absorption coefficient of L-perforated plate with almost the same spectra profiles (Figure 7a).
As for M-perforated plate shown in Figure 7b, sound absorption peak slightly moves to low frequency
from 1230 to 1180 Hz and the maximum sound absorption coefficient also slightly increases from 0.87
to 0.88 with the increase of tortuosity. Similarly, the tortuosity has little influences on the average sound
absorption coefficient of low and medium frequencies with unnoticeable variation of o and am values
for both L-perforated and M-perforated plates (Figure 7c and 7d).
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Figure 7. Influence of tortuosity on sound absorption coefficient for (a) L-perforated
and (b) M-perforated plates, and the average absorption coefficient o, and ay as a function
of o for (¢) L-perforated and (d) M-perforated plates

Flow resistivity is a parameter that describes the resistance of a gas through a porous material, which
is calculated by dividing the pressure difference per unit thickness by the linear velocity of the flow. The
simulation results are shown in Figure 8. With the increase of flow resistivity, the maximum sound
absorption coefficient of L-perforated plate decreases (Figure 8a). It is worth noting that the sound
absorption coefficient increases when the frequency band below 400 Hz or above 800 Hz, implying
enhanced sound adsorption performance of the composites in the low and middle frequency. The
situation is totally different for M-perforated plate. As shown in Figure 8b, as the flow resistivity
increases, the sound absorption coefficient of the whole frequency band is improved and the maximum
sound absorption coefficient is significantly improved. When the flow resistivity is 20000 Pa-s/m2,
complete sound absorption can be achieved at 1200-1400 Hz. With the increase of flow resistivity, the
complete sound absorption has a wider frequency band. Figure 8c and 8d show the influence of flow
resistance on the average sound absorption coefficient of low and medium frequencies. With the increase
of flow resistance, the o and am of L-perforated plate and M-perforated plate increase, but the o of L-
perforated plate changes slightly when the flow resistance is between 20000 and 30000 Pa-s/m2. That is
to say, higher flow resistance is beneficial to the improvement of sound absorption performance of the
two types of perforated plate.
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The viscous characteristic length () is a parameter describing the viscous effect of acoustic wave
propagation in porous materials [28,29]. When fluid flows in porous materials, the viscous effect causes
the velocity gradient between fluids and the friction between fluids and porous material walls, resulting
in viscous loss. For porous materials, viscous characteristic length is mainly related to the geometric
characteristics of the holes, which can be understood as the average size of the channels connecting the
holes. The results of simulation experiments are shown in Figure 9. As for L-perforated plates, the 4 in
the range of 100-250 um has almost no effect on the absorption coefficient curve (Figure 9a). When A
= 20 um, the resonance peak significantly moves towards the low frequency and the corresponding
maximum absorption coefficient decreases. Figure 9b shows that the A in the range of 150~ 250 pum has
little effect on the sound absorption coefficient curve for M-perforated plates. When the 4 continues to
decrease, the resonance peak moves to the low frequency, and the maximum sound absorption
coefficient is significantly improved. When 4 = 20 um, the sound absorption coefficient is 0.99,
illustrating that complete sound absorption can be achieved. Figure 9cd shows that there is no significant
effect on the results when A is greater than 150 um. For L-perforated plate as the /4 decrease a. increase
and am reduce, and for M-perforated plate as the A decrease both oL and am are improved. We can
conclude that when the length of viscous characteristic length is too high, it does not have much effect
on the results. For L-perforated plate, the smaller length is favorable for low frequency sound absorption,
and the larger length is favorable for medium frequency sound absorption. For M-perforated plate, the
smaller length is favorable for low and medium frequency sound absorption.
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3.2. Experimental verification

The practical composites composed of the perforated plate and the melamine foam was used to verify
the numerical simulation results. Two kinds of perforated plates (named PP1 and PP2, respectively) were
prepared by 3D printing (additive manufacturing). The 3D printing device is the Ultimaker, and the 3D
printing material is PLA. The print core is AA 0.4, and the packing density is 100%. The parameters of
the two kinds of perforated plates are shown in Table 10. The basic parameters for two melamine foams
(LDMF and HDMF) are shown in Table 1. The numerical simulation results and the measured results
are shown in Figure 11, with four groups for two perforated plates (PP1 and PP2) and two melamine
foam (LDMF and HDMF).

Table 9. Perforated plate parameters and thermal characteristic length design

thermal characteristic length/4 /lum
(@)0=0.05a=2mmt, =10 mm 150 200 250 300 350 400
(b)s =0.15a =1 mm t, =5 mm 150 200 250 300 350 400
Table 10. Parameters of perforated plates
a/mm ) to/mm
PP1 2.25 0.08 5.2
PP2 1.10 0.08 5.2
(a) L0 (b) L0
E 081 E 0.8
E 0.6 E 0.6
- z
E 0.4 4 E 0.4
E 0.2 E 0.24
— 30mm LDMF+PP|-mea. 30mm LDMF+PP2-mea.
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Figure 11. Measured (mea.) and simulated (sim.) sound absorption coefficients
curves :(a) 30 mm LDMF+ PP1, (b) 30 mm LDMF+ PP2,
(c) 32 mm HDMF+ PP1 and (d) 32 mm HDMF+ PP1

0.0

Figure 11 exhibits that the simulation results are roughly consistent with the measured results under
the four combinations. The two combinations that contain PP2 show more errors when the frequencies
are higher than 1000 Hz in Figure 11b and 1250 Hz in Figure 11d. The errors may be caused by the
manufacturing of the perforated plate. In practical, the rough wall of the holes creates a part of heat
dissipation through friction and viscosity, which makes the measured sound absorption coefficient
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higher than the simulation results in some frequency bands. It must be emphasized that melamine foam
is not a homogeneous material which caused some errors. Compared with the experimental and
simulation data errors in other related studies [23, 30], the errors in this paper are acceptable. The
validation experiment proves that it is reliable to use numerical simulation method to explore the
influence of characteristic parameters of porous material and structural parameters of perforated plate
on sound absorption performance. Accordingly, the simulation results can provide some guidelines for
the design of the required composite structure in practical applications.

4. Conclusions

In this study, we established the finite element model of composite structure with perforated plate
backed by porous materials and the JCA model is used to describe the acoustic characteristics. The
influences of the characteristic parameters of melaine foam and the structural parameters of perforated
plate on the sound absorption performance of the composite structure are investigated by numerical
simulation. The results show that when we discuss perforated plates, lower perforation rate, larger
aperture and thicker perforated plate are favorable for low frequency sound absorption, while higher
perforation rate, smaller aperture and thinner perforated plate are favorable for medium frequency sound
absorption. The effects of basic acoustic parameters on the sound absorption performance of the L-
perforated plate and M-perforated plate are discussed separately. The tortuosity and thermal
characteristic length have little influence on the results. For L-perforated plate and M-perforated plate,
higher porosity, higher flow resistivity and smaller viscous characteristic length have advantages in low
frequency sound absorption. For L-perforated plate, lower porosity, higher flow resistivity, larger
viscous characteristic length have advantages in medium frequency sound absorption. For M-perforated
plate, higher porosity, higher flow resistivity, smaller viscous characteristic length have advantages in
medium frequency sound absorption.

Two kinds of perforated plates were prepared by 3D printing, respectively in the combination of
LDHM and HDMF to form four groups of the composites. The comparison between the numerical
simulation and the measured absorption coefficient curves proves that the numerical simulation method
has good adaptability and high reliability. The obtained results are helpful to promote the development
of porous material-perforated plate composite structure, and the appropriate parameter combination can
be selected according to the frequency band of environmental noise.
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