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The study aims to estimate metal foam microstructure parameters for the maximum sound absorption
coefficient (SAC) in the specified frequency band to obtain optimum metal foam fabrication. Lu’s theory model
is utilised to calculate the SAC of metallic foams that refers to three morphological parameters: porosity, pore
size, and pore opening. After Lu model validation, particle swarm optimisation (PSO) is used to optimise
the parameters. The optimum values are obtained at frequencies 250 to 8000 Hz, porosity of 50 to 95%,
a pore size of 0.1 to 4.5 mm, and pore opening of 0.07 to 0.98 mm. The results revealed that at frequencies
above 1000 Hz, the absorption efficiency increases due to changes in the porosity, pore size, and pore opening
values rather than the thickness. However, for frequencies below 2000 Hz, increasing the absorption efficiency is
strongly correlated with an increase in foam thickness. The PSO is successfully used to find optimum absorption
conditions, the reference for absorbent fabrication, on a frequency band 250 to 8000 Hz. The outcomes will
provide an efficient tool and guideline for optimum estimation of acoustic absorbents.
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1. Introduction

The World Health Organization (WHO) estimated
that by 2050 over 700 million people (or one in every
ten people) in the world with disabling hearing loss
(WHO, 2021a). If nothing is done, the number of peo-
ple with hearing loss will probably rise. Estimations
have indicated that by 2050 nearly 2.5 billion people
worldwide or 1 in 4 people will be living with some de-

gree of hearing loss (WHO, 2021b). WHO states that
governments can expect a return of approximately $ 16
for every $ 1 invested in hearing care (WHO, 2021b).
Measures to prevent, identify and address hearing loss
are affordable and are beneficial to individuals.

Engineering controls aim to make changes in pro-
cesses, machines, or equipment so that workers are less
exposed to noise. For example, using mufflers, barriers,
enclosures, and absorbent materials helps to reduce
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noise (Bies et al., 2017). In recent years metallic foams
have emerged in scientific research and have been
widely applied in industry and acoustics (Guan et al.,
2015). The sound absorption attributes of metal foams
are remarkable with the theoretical models reported in
the literature (Allard, Atalla, 2009; Ashby et al.,
2000; Arroyo et al., 2014).

Many parameters can affect the sound absorption
coefficient (SAC) of aluminum foam, including porosi-
ty, pore size, pore opening, thickness, flow resistivity
(Guan et al., 2015). Han et al. (2003) pointed out
that porous aluminum with an open cell structure, pro-
duced by the diffusion process, significantly improved
sound absorption capacity compared to a close cell one.
Their study showed that air movement through the
attached pores affects the sound absorption capacity.
Concerning that air movement is dependent on the cell
structure, it is momentous to control the cell parame-
ters for the development of porous metals with high
sound absorption capacity (Han et al., 2003). Various
studies have been conducted on the effect of pore size
on the SAC of open cell porous metals due to the im-
portance of cellular structure control (Lu et al., 2000;
Kuromura et al., 2007; Hakamada et al., 2006a;
2006b; Xie et al., 2004a). Limited studies have exami-
ned optimisation of the stated parameters.

It is time consuming, costly or difficult to obtain op-
timal acoustic parameters in laboratory conditions. So
an acoustic model is required to optimise the param-
eters. Such a model has been developed and provides
a momentous reference for other studies on acoustic
absorption materials (Zhang, Zhu, 2016). Lu et al.
(2000) developed a model for calculating sound ab-
sorption coefficient in aluminum foam semi-open cell
structures. There is a good agreement between this
model and empirical measurements of sound absorp-
tion. Other researchers have confirmed the remark-
able properties of this model (Kuromura et al., 2007;
Hakamada et al., 2006a; 2006b; Li et al., 2011).

In recent decades, metaheuristic algorithms have
gained much attention in solving complex optimisa-
tion problems. Particle Swarm Optimisation (PSO)
is a commonly used metaheuristic algorithm in dif-
ferent fields. Swarm intelligence and information flow
are the most momentous prerequisites for collabora-
tion in this approach. When we want to create mean-
ingful collaboration in a community, a concept called
“self-organisation" and population pattern control are
needed. The PSO addresses these concepts. This algo-
rithm is one of the metaheuristic methods developed
by Kennedy and Eberhart (1995), inspired by the
social behaviour of a group of birds migrating to reach
an unknown destination.

Initially, this algorithm was applied to discover pat-
terns related to the simultaneous flight of birds, sudden
change of their direction, and optimal deformation of
their flock. In the PSO, particles (birds) search their

destinations in the search space (Kennedy, Eber-
hart, 1995; Hu et al., 2004). The displacement of par-
ticles in the search space is influenced by the experience
and their information and neighbours’ (Kennedy,
Eberhart, 1995; Hu et al., 2004). So the location of
the particle swarm helps particle to update their posi-
tion and velocity over the training process (ibid.). The
result of modelling this social behaviour is a search
process that guides particles to find an optimum solu-
tion (ibid.). The PSO performs based on the principle
that at any given iteration, each particle adjusts its
position in the search space according to the best si-
tuation it has ever been and the best place in its whole
neighbourhood (ibid.). The PSO offers many advan-
tages compared to other optimisation algorithms. This
algorithm is suitable for nonlinear design spaces and
requires less computational effort. PSO can also easily
handle a variety of continuous, discrete, and numerical
variables (Bansod, Mohanty, 2016).

In the previous studies (Jafari et al., 2020; 2021),
the morphological parameters of metal foam were op-
timised using the local search algorithm and genetic
algorithm. Using the results obtained from the PSO
in this work and previous studies, readers who are
looking for a suitable algorithm for making optimised
metal foam can more easily choose from the proposed
algorithms. In addition, if they want to present a hy-
brid algorithm, they can more easily understand the
strengths and weaknesses of these algorithms to solve
problems.

PSO is applied in this work to obtain parameter
ranges of porosity (Ω), pore size (D), and pore open-
ing (d) in a timely, precise, and efficient manner. First,
the benchmarking method will be applied to perform
and validate Lu’s model using MATLAB software. Af-
ter model validation, the PSO is implemented to op-
timise morphological parameters (porosity, pore size,
and pore opening) in the frequencies ranging from 250
to 8000 Hz. The optimisation process is designed for
the maximum absorption coefficient.

2. Methods

The main objective of this study is to optimise
the parameters affecting the sound absorption coeffi-
cient. In this section, we introduce and validate the Lu
model. Then, we discuss the PSO algorithm in detail.

2.1. Lu model

A schematic model of porous foam is shown in
Fig. 1. Lu et al. (2000) proposed a model based on ex-
perimental and theoretical studies for aluminum foams
with semi-open cells in sound absorption surveys. This
model emphasises the relationship between sound ab-
sorption and morphological parameters such as pore
size, pore opening, and porosity. According to the Lu
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Fig. 1. Schematic model of metallic foam.

model, the acoustic impedance of the air inside a cell
(ZD) is obtained from Eq. (1) (Lu et al., 2000):

ZD = −iρ0c0 cot(
2πfD

c0
), (1)

whereD = 0.806D. The acoustic impedance of the open
cell (Z0) is as follows:

Z0 = R0 + ıM0, (2)

where the special acoustic resistance (R0) and the open
cell reactance among the pores (M0) are as follow:
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(3)

where d = 0.85d. Parameters ZD, z0, R0, and M0

are obtained in [Pa ⋅ s/m]. In Eqs (1) to (3), ρ0 =

1.184 kg/m3 is the air density, η = 1.849 ⋅ 10−5 Pa ⋅ s
is the air dynamic (absolute) viscosity, and c0 =

346.5 m/s is the sound velocity in the air at 25○C.
D [m] is the pore size, d [m] is the pore opening, f [Hz]
is the frequency of the sound wave, and ı2 = −1.

The cell wall thickness (δ [m]) and dimensionless
parameter β are as follow:

δ =
(1 −Ω)D

3.55 − 6I2
,

β =

√
Ωρ0η d

2
,

(4)

where I = d/D is the identical pore connectivity of
a material, and Ω is the porosity [%]. The acoustic
impedance (Z1) is obtained from Eq. (5):

Z1 = z0 +ZD, (5)

where z0 = (0.909D/d)2Z0 is the ratio of the specific
sound impedance of the cell cavity.

When the number of cells in the direction of
sound distribution (n) is greater than 1, the acoustic
impedance (Zn) is as follows (Lu et al., 2000):

Zn = Rn + ıMn = z0 +
ZD Zn−1

ZD +Zn−1
. (6)

Finally, the sound absorption coefficient (SAC) of
the metal foam is as follows:

α = ρ0c0 (
4Rn

(ρ0c0 +Rn)2 + (Mn)
2
) . (7)

In Eqs (1) to (7), porosity (Ω), pore size (D), and
pore opening (d) are the only independent parame-
ters. If we want to maximise the sound absorption
coefficient, we must determine these parameters op-
timally. In this study, the range of these parameters
is according to previous studies that achieved satisfac-
tory agreement between analytical and experimental
results from the Lu model (Lu et al., 2000; Haka-
mada et al., 2006a; Li et al., 2011; Meng et al.,
2014). These ranges are as follow:

50 ≤ Ω ≤ 95%, 0.1 ≤D ≤ 3.5 mm,

0.01 ≤ d ≤ 0.4 mm.
(8)

2.2. Verification

Governing equations are validated to ensure that
code is correctly performed in MATLAB software. The
results of this study are compared with (Lu et al.,
2000) and the measured values. The sample ‘d’ of this
reference with the thickness of 20 mm is investigated
and Table 1 shows its properties.

Table 1. Properties of sample ‘d’ according
to (Lu et al., 2000).

Sample Bulk density
[g/cm3]

Porosity
[%]

Pore size
[mm]

Pore
opening
[mm]

‘d’ 0.932 65.47 1.06 0.400

To investigate the prediction model, Table 2 shows
the comparison between the current predictions, the
experimental data, and Lu experimental model. Ac-
cording to Table 2, the solved example is following the
Lu model confirming the written code. The next step is
to conduct the optimisation using the PSO algorithm.

2.3. Particle swarm optimisation (PSO)

Particle swarm optimisation (PSO) is a population-
based optimisation algorithm in which each individual
is considered as a particle and each population con-
sists of a number of such particles (Hamerly, Elkan,
2002; Pan et al., 2006). In the PSO, the problem solv-
ing space is considered as the search space, and each
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Table 2. Comparison of the results of this study with the predicted and measured results of Lu et al. (2000).

Frequency
[Hz]

200 300 500 700 900 1100 1400 1700

Experiment 0.1716 0.1231 0.1306 0.1455 0.1978 0.2612 0.4067 0.5560
Lu et al. (2000) 0.0007 0.0012 0.0352 0.0787 0.1481 0.2624 0.4850 0.7275

Error [%] 99.6 99.03 73.05 45.91 25.13 0.46 19.25 30.84
Present work 0.0038 0.0092 0.0287 0.0629 0.1155 0.1905 0.3473 0.5343
Error [%] 97.79 92.53 78.02 56.77 41.61 27.07 14.61 3.90

location in the search space is a problem-related so-
lution. Particles work together to find the best solu-
tion in the search space (solution space) (Hamerly,
Elkan, 2002; Pan et al., 2006). Each particle moves
in accordance with its velocity. The movement of each
particle in each iteration is calculated by the following
formula (Hamerly, Elkan, 2002; Pan et al., 2006;
Nath et al., 2018):

Pi(t + 1) = Pi(t) + Vi(t + 1), (9)

Vi(t + 1) = wVi(t) + c1r1(Pbesti(t) − Pi(t))

+c2r2(Gbest(t) − Pi(t)), (10)

where Pi(t) and Vi(t) are the position and the velocity
of i-th particle at iteration t, respectively. Pbesti(t) is
particle’s best known position found by the i-th parti-
cle, Gbest(t) is the best position known to the swarm,
w is the inertia weight that gives a ratio of the previ-
ous velocity, c1 and c2 are the acceleration coefficients
that determine the effect of each particle’s best posi-
tion and the best global position, and r1, r2 ∈ [0,1]
are random numbers (Cura, 2009; Campana et al.,
2013). The procedure of the PSO algorithm is shown
in Fig. 2. There are several types of stopping criteria
that can be specified in the PSO:

1) reaching an acceptable limit of response,
2) passing the number of iterations or specified time,
3) passing the number of iterations or specified time

without observing a specific improvement in the
result,

4) checking a certain number of responses.

2.4. PSO adjustment parameters

In this study, after validating the code written by
Lu study in MATLAB software, the authors applied
the concept of constriction coefficients according to the
study of Clerc and Kennedy (2002). Accordingly,
two arbitrary positive real numbers φ1 and φ2 must be
chosen to be greater than four, which means:

φ ≡ φ1 + φ2 > 4. (11)

Start

Initialise population with random 
positions and velocities

Evaluate objective function

Stopping criteria 
satisfied?

Pbest ← min
(

particle cost, Pbest
)

Gbest ← min
(

Pbest, Gbest
)

Update particles’ position and velocity

End

No

Yes

Fig. 2. Structure of particle swarm optimisation algorithm.

Parameter χ is defined as:

χ =
2

φ − 2 +
√
φ2 − 4φ

. (12)

Then, the PSO adjustment parameters will be as fol-
lows:

w = χ, c1 = χφ1, c2 = χφ2. (13)

Clerc and Kennedy’s (2002) analysis showed that
φ1 = φ2 = 2.05 are the optimum values. The population
size is not very sensitive to problem, and the prevalent
selection is 20–50 (Wang et al., 2018), so we used 30
particles to cover the entire domain. We also set the
maximum number of iterations to 150. Convergence
plot analysis (see Fig. 3 in next section) confirms that
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150 iterations are reasonable for achieving the optimal
solution. To increase the algorithm accuracy in this
study, the particle movement velocity in the PSO al-
gorithm is restricted using the following equation (Del
Valle et al., 2008; Clerc, 2010):

∣Vmax∣ = 0.1(Xmax −Xmin), (14)

where X is the vector of variables, and in the present
work defined as follows:

X = [d, D, Ω]
T (15)

and superscript T presents the transpose of the vector.
The maximum value of the SAC will be equal to one.
Therefore, in this research, the objective function is
defined as follows:

F = min (
√

(1 − α)2). (16)

3. Results

The convergence plots of the PSO algorithm for
each thickness at the frequency of 6000 Hz are in-
dicated in Fig. 3. Considering the convergence plot
(Fig. 3), it is clear that the value of the response does
not change from one iteration to the next; therefore,
the number of iterations selected is appropriate for ob-
taining the optimal response.
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Fig. 3. Convergence plot of the PSO algorithm for different
thicknesses at frequency 6000 Hz.

The results of the estimated (optimum) parameters
using the PSO are presented in Figs 4 to 8 for thick-
nesses of 5, 10, 20, 30, and 40 mm, respectively. In the
PSO, three physical parameters are optimised at dif-
ferent frequencies. In Figs 4 to 8, the left hand plots
indicate the optimisation results for a specific defined
range of parameters, Eq. (8), and the right hand plots
show the optimisation results for free range of the pa-
rameters.

Figure 4 shows the optimum parameters for the
maximum absorption coefficient at a thickness of 5 mm
for each frequency. Figure 4 indicates the sound ab-
sorption coefficients of 0.9 and 1 at frequencies of 2000
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Fig. 4. Estimated parameters using the PSO for thickness
of 5 mm for: a) defined ranges, Eq. (8), and b) free ranges.

a)

0  2,000  4,000  6,000 8,000

50

60

70

80

90

100

Porosity

Frequency [Hz]

P
or

os
it

y
 [

%
]

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Pore Size
P
or

e
S
iz

e
[m

m
]

0.080

0.085

0.090

0.095

0.100Pore Opening

P
or

e
O

p
en

in
g

[m
m

]

b)

0  2,000  4,000  6,000 8,000

50

60

70

80

90

Porosity

Frequency [Hz]

P
or

os
it

y
 [

%
]

1.0

2.0

3.0

Pore Size

P
or

e
S
iz

e
[m

m
]

0.15

0.20

0.25

0.30
Pore Opening

P
or

e
O

p
en

in
g

[m
m

]

Fig. 5. Estimated parameters using the PSO for thickness
of 10 mm for: a) defined ranges, Eq. (8), and b) free ranges.
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Fig. 6. Estimated parameters using the PSO for thickness
of 20 mm for: a) defined ranges, Eq. (8), and b) free ranges.
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Fig. 7. Estimated parameters using the PSO for thickness
of 30 mm for: a) defined ranges, Eq. (8), and b) free ranges.
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Fig. 8. Estimated parameters using the PSO for thickness
of 40 mm for: a) defined ranges, Eq. (8), and b) free ranges.

to 8000 Hz, porosity between 50 to 95%, pore size of
0.33 to 3.1 mm, and pore opening of 0.09 to 0.36 mm.
Furthermore, at low frequencies of 250 to 1000 Hz, the
absorption coefficient does not increase since the main
limitation is low thickness. Therefore, optimum ab-
sorption coefficient is obtained only at high frequen-
cies. According to the results, frequency increase leads
to pore size and pore opening decreases, whereas such
frequency increase has no impact on porosity.

Figure 5 represents the results of the optimum pa-
rameters at a thickness of 10 mm for each frequency.
Figure 5 reveals the sound absorption coefficient of
almost one at frequencies between 2000 to 8000 Hz,
porosity between 61 to 95%, pore size between 0.1 to
1.4 mm, and pore opening of 0.07–0.31 mm. Accord-
ing to the results, the optimum parameters with re-
spect to the frequency do not have a definite order,
and no general rule can be driven to describe them.
In other words, pore size, porosity, pore opening, and
sound absorption parameters do not rely on frequency
changes.

Figure 6 shows the optimal value of the absorp-
tion coefficient parameters in the thickness of 20 mm.
The results indicate the absorption coefficient of al-
most one at frequencies between 1000–8000 Hz, poro-
sity between 69–95%, pore size between 0.1–3.7 mm,
and pore opening between 0.09–0.48 mm. According
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Table 3. Optimised sound absorption coefficient at different thicknesses for each frequency using the PSO.

Frequency [Hz] 250 500 1000 2000 3000 3500 4000 6000 8000

L = 5 mm 0.0747 0.1645 0.4205 0.9795 1.0000 1.0000 1.0000 1.0000 1.0000

L = 10 mm 0.1227 0.2818 0.7267 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

L = 20 mm 0.2341 0.6391 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

L = 30 mm 0.3729 0.8972 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

L = 30 mm 0.5138 0.9995 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

to Fig. 6, similar to Fig. 5, pore size, porosity, pore
opening, and sound absorption parameters do not rely
on frequency changes.

Figure 6 shows the results of the optimal value of
the parameters for the thickness of 30 mm. This figu-
re represents the absorption coefficients of about one
at frequencies of 1000 to 8000 Hz, porosity between 63
to 95%, pore size of 0.1 to 3.6 mm, and pore open-
ing of 0.09 to 0.98 mm. The optimum parameters with
respect to the frequency do not have a definite order.

Figure 8 reveals the sound absorption of one at fre-
quencies of 500 to 8000 Hz, porosity of 50 to 95%, pore
size of 0.3 to 4.5 mm, and pore opening between 0.1 to
0.7 mm. According to Fig. 8, there is no significant
correlation between sound absorption coefficient and
the pore size, porosity, and pore opening values under
frequency increase. However, at low frequency (500–
1000 Hz), there is an increase in the SAC of 5 mm
thickness. Therefore, at low frequencies, the thickness
increase can potentially lead to the SAC increases.

Table 3 represents the value of optimised absorp-
tion coefficient at different thicknesses for each fre-
quency. As shown in Table 3, at frequencies below
1000 Hz, increase in the SAC corresponds to the panel
thickness increase. However, for frequencies above
1000 Hz, conditions can be found for each thickness
(i.e., D, d, and Ω) in which the maximum sound ab-
sorption value is achieved. It can be also observed that
at frequencies above 1000 Hz, no increase in thickness
is needed to increase the absorbent efficiency (increase
in sound absorption rate), and thickness increase can
be obtained simply by changing the porosity, pore size,
and pore opening values.

4. Discussion

In this study, the PSO method was used to obtain
the optimum pore size, pore opening size, porosity, and
thickness for the metal foam absorbent, in accordance
with Lu model and developed coding in MATLAB soft-
ware. Comparison of the coding results with those of
Lu’s research confirmed the validity of Lu theoretical
model in evaluating the sound absorption performance
of porous metal foam. LU model is reliable for simulat-
ing sound absorption in porous metals with bottleneck
structures and can be used as a tool to optimise porous

structures using porosity and pore size as variables.
According to the optimisation results of this study,
generally the frequency, porosity, pore size, and pore
opening parameters to obtain the highest absorption
coefficient (almost one) range between 250–8000 Hz,
50–95%, 0.1–4.5 mm, and 0.07–0.98 mm, respectively.

In this study, it was found that there is no specific
correlation between porosity and absorption coefficient
under frequency changes, and Lu et al. (2000) also
showed that there was no obvious relationship between
sound absorption and porosity. The results showed
that at each frequency and thickness, the maximum
absorption coefficient porosity had a specific value,
whereas previous studies stated that the SAC increases
by porosity increase (Xie et al., 2004a; 2004b; Lu
et al., 1999; Kuromura et al., 2007).

According to Jin et al. (2015), as the foam porosi-
ty increases, the sound absorption coefficient also in-
creases, which is inconsistent with the present study.
According to the results of this study, it was found
that for each maximum absorption coefficient, the op-
timum pore size is needed, and its range was between
0.1–4.5 mm in our research.

Wang and Lu (1999) stated that the opti-
mal pore size for best sound absorption was about
0.1 mm. Navacerrada et al. (2013) investigated alu-
minum foam with a pore size of 0.5, 1, and 2 mm.
Aluminum foam with a pore diameter of 0.5 mm
showed the highest absorption capacity, which is in
accordance with the optimisation range of the pore
size in the present study (0.1–4.5 mm). Raut et al.
(2016) reported that as the foam thickness increases,
the maximum sound absorption shifts to lower frequen-
cies, which is in line with the current study. They
stated that by decreasing the pore opening size, the
maximum sound absorption shifts to lower frequencies,
which is not in line with the present study. Moreover,
a fixed value cannot be defined.

Li et al. (2011) concluded that the sound absorp-
tion coefficient increases by increasing the number of
pore openings per single area or by decreasing the
pore diameter in the range of 0.3–0.4 mm, which is
in the optimisation range of the present study (0.07–
0.98 mm). The results showed that at 5 mm thickness,
the pore size is decreasing with increased frequency
for maximum absorption coefficient. According to pre-
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vious results, the SAC increases by decreasing pore
size (Zhang, Zhu, 2016; Han et al., 2003; Xie et al.,
2004).

Kuromura’s study (Kuromura et al., 2007) stated
that the sound absorption coefficient varies with pore
size changes, which is in line with the results of this
study. In (Hakamada et al., 2006), sample ‘B’, with
the smallest pore size ranging (212–300 µm) had the
highest SAC, which is in range of parameters obtained
from the optimisation of this study. In some studies,
pore diameters were reported in the range of 0.5 to
2 mm (Lu et al., 2000; Wang, Lu, 1999), which are
still within the optimisation range of this study (0.1
to 4.5 mm). In the study of Wang and Lu (1999), it
was proposed the pore size optimum for the highest
sound absorption capacity of approximately 100 µm
using a computational method; however, in this study
the amount of pore size varies in different frequen-
cies and thicknesses. Li et al. (2011) stated that there
was no specific correlation between pore size and the
SAC of aluminum foam with spherical cells, which is
in accordance with the current study. Hakamada and
Kuromura (2006a) stated that the lack of appar-
ent correlation between pore size and the sound ab-
sorption coefficient is due to significant diaphragm ef-
fects, which is in line with the results of this study.
This clearly demonstrates the importance of control-
ling the pore opening size for the ability to absorb
sound (Hakamada et al., 2006b). In this study, pore
opening size parameter varies at different values of fre-
quency and thickness. Recently, the importance of pore
opening size in air flow resistivity to porous metals has
been emphasized (Hakamada et al., 2006a; Despois,
Mortensen, 2005). Therefore, it has been suggested
that the pore opening size strongly affects the sound
absorption behaviour and the control of the aperture
size is crucial for achieving the SAC (Hakamada
et al., 2006a). Hence, the pore opening size requires
a certain range as well as optimisation for each thick-
ness and frequency. In the present study, the amount
of pore opening was between 0.07–0.98 mm, which had
no correlation with the absorption coefficient at differ-
ent thicknesses and frequencies.

According to Figs 4 to 8, it can be seen that at
low frequencies, increasing thickness from 5 to 40 mm
leads to the sound absorption coefficient increase from
0.16 to 0.99 and from 0.42 to 1 at frequency of 500 Hz
and 1000 Hz, respectively. The SAC raised by increas-
ing sample thickness in the low frequency ranges be-
tween 500–1000 Hz, which is similar to that of Haka-
mada’s study (2006b). Moreover, Wang et al. (2011)
reported that at low frequencies, the absorption coeffi-
cient of sound is low for thin sample with open porosity
of more than 90%. In this study, as the frequency or
thickness of the sample increases, the sound absorption
also increases significantly. Han et al. (2003) reported
that increasing the sample thickness also increases the

air flow resistivity and thus increases the absorption
capacity. Li et al. (2011) stated that as the sample
thickness increases, the absorption peak shifts to lower
frequencies. They also noted that the effect of sam-
ple thickness on sound absorption is understandable
due to the long propagation distance in relatively thick
samples, which results in increased acoustic wave in-
teraction with the pore walls (ibid.). Furthermore, it is
evident that at frequencies above 1000 Hz, the thick-
ness does not need to be increased in order to increase
the absorption efficiency (increase in sound absorption
rate), and this can be achieved only by changing the
porosity, pore size, and pore opening values. In this
study it was found that the factors of porosity, pore
size, and pore opening are essential for optimisation.
Studies have shown that porous metal foam using op-
timum morphology shows better acoustic absorption
behaviours than non-optimum samples at different fre-
quencies.

5. Conclusion

Changing porosity, pore size, and pore opening is
an efficient strategy for sound absorption spectrum en-
gineering of open cellular foam. Lu model is reliable for
simulating the sound absorption in porous metals with
bottleneck structures. In this study, the PSO algorithm
was used to optimise the three parameters affecting
Lu model absorption coefficient for metal foam. Com-
paring the coding results of this study with those of
Lu model, we confirmed the validity of the theoretical
model in evaluating the sound absorption performance
of porous metal foam. At frequencies above 1000 Hz,
absorption coefficient of almost one can be achieved by
optimising the porosity, pore size, and pore opening;
however, at low frequencies, the thickness has a sig-
nificant effect on increasing the absorption coefficient.
According to the optimisation results of this study,
to obtain the highest absorption coefficient (approxi-
mately one), the range of frequencies, porosity, pore
size, and pore opening parameters need to be between
250–8000 Hz, 50–95%, 0.1–4.5 mm, 0.07–0.98, respec-
tively. Interestingly, at low frequencies between 500
and 1000 Hz, the thickness of the absorption coeffi-
cient increased by 40 mm compared to the thickness
of 5 mm. In this study, it was found that no fixed
value can be defined for pore size, porosity, and pore
opening. Additionally, there was no specific correlation
between the stated parameters and absorption coeffi-
cient under changed frequency. Therefore, the values of
sound absorption coefficient varied at each frequency
and thickness, which emphasizes the importance of ap-
plying optimisation in this research. Sound absorption
raised by increasing thickness of the metal foam ab-
sorbent at low frequencies. The method presented in
this study can be a reliable reference and guide for fu-
ture studies to optimise the micro-structural parame-
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ters and to increase the sound absorption coefficient at
each frequency, and can also help in optimised metal
foam fabrication. As a suggestion for future research
work, other models such as the Johnson-Champoux-
Allard-Lafarge-Pride (JCALP) model can be used for
optimisation and compared with this study.
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