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ABSTRACT

Introduction: Micro perforated panel (MPP) absorbents promise the next generation of sound absorbers as
they have significant advantages over other porous adsorbents. In this study, we will investigate the acoustic
performance of MPP absorbents made of biodegradable polylactic acid composite reinforced with natural
corkwood fibers (PLA/Corkwood) by 3D printing technology.

Material and Methods: First, the effective dimensional characteristics of the parameters were determined,
then, all of the samples were fabricated by the Zortrax M200 3D-Printer using the FDM method. The
normal incidence sound absorption coefficient of the samples was measured using an acoustic impedance
tube according to ISO 10534-2 in the frequency range of 64 to 1600 Hz. Then the effect of four geometric
parameters, including hole diameter, panel thickness, perforation ratio, and air gap depth, on the absorption
coefficient was studied.

Results: The findings show that the SL-MPP 12 absorbent has the highest average sound absorption coefficient
(SACA) with a value of 0.28, so that at a frequency of 804 Hz it has the highest sound absorption equal to 0.91.
The parametric study found that as the hole diameter increased, the values of peak adsorption and average
absorption coefficient were decreased. Increasing the MPP thickness causes the absorption peak to move
towards the lower frequency range. Decreasing the perforation ratio increases the peak absorption values and
the average sound absorption, and the frequency with the highest absorption also moves towards the higher
frequency range. The resonant frequency also depends on the depth of the air gap behind the screen. Changes
in air gap depth from 30 mm to 70 mm reduced the resonant frequency by more than 35%.

Conclusion: Using 3D printing technology, sustainable MPP can be fabricated with more quality and in less time
than traditional methods such as mixing and heat pressing.

Keywords: Microperforated panel, Sound absorption coefficient, 3D printing, Corkwood fiber reinforced
composite
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1. INTRODUCTION The use of absorbents is one of the control
Today, various solutions have been proposed engineering methods in the path of sound waves.
to eliminate annoying noise in the environment. Micro perforated panel Absorbent (MPPA) is

- - - more environmentally friendly and has a simpler
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Fig. 1. Zortrax 3D printer (model M200)

structure than conventional porous materials
and is, therefore, a better option for using in
harsh conditions such as high temperatures and
pressures. They are also fiber-free and can be easily
used in clean environments such as hospitals,
restaurants, clean rooms, and clean industries such
as the electronics industry and food manufacturing
companies. Although MPPA is a very good
alternative to conventional porous materials, their
sound absorption performance is usually not quite
sufficient for practical applications, especially in
confined spaces. One way to improve the absorption
coeficient is through the use of natural composites.
Recently, the production of acoustic panels
from natural fibers has become popular, as these
fibers are environmentally friendly, lightweight,
abundant, and have high economic efficiency.
Numerous studies have shown that the natural
fibers in acoustic panels significantly improve the
sound absorption performance, which is due to the
creation of porosity in the panel. Today, there are
various solutions for fabricating sound-absorbing
composites with natural fibers, one of which is 3D
printing of natural fiber-reinforced composites
(NFRC). Today, natural fiber (NFRC) with 3D
printing technology has attracted a lot of attention
from acoustic researchers.

2. MATERIAL AND METHODS

Polylactic acid composite reinforced with
natural corkwood fibers (PLA/Corkwood) is
a PLA-based cork fiber-reinforced lightweight
filament that is filled with approximately 30%
cork fibers by weight, which means that a large
volume of this filament is filled with lightweight
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cork fibers, so the parts are made very similar to
corkwood and have properties such as lightweight
and high impact resistance. In order to print the
samples, a 3D printing machine made by the Polish
company Zortrax, model M200 (Fig. 1), was used.
All samples with a diameter of 10 cm and an infill
density of 100% were printed and transferred to the
acoustic laboratory of Tarbiat Modares University
to measure the sound absorption coefficient in the
frequency range of 633 to 1600 Hz, using a two-
microphone impedance tube model SW420-470
made by the company BSWA TECH to be studied.

3. RESULTS AND DISCUSSION

As shown in Table 1, at an air gap depth of 50
mm, the SL-MPP 12 absorbent has the highest
average sound absorption coefficient (SACA).
The sound absorption curves are similar in most
MPP samples. In most samples, their peak sound
absorption coefficient is in the frequency range
of 630 to 1250 Hz. As the hole diameter increases
from 0.6 to 1 mm, the peak absorption and
SACA values decrease, and the frequency with
the highest absorption moves towards the higher
frequency range. In other words, if the panel
thickness (t) is constant, increasing the diameter
of the holes will cause the SACA peak to occur
at high frequencies and the bandwidth will be
reduced. Also, when increasing the thickness from
0.6 to 1 mm, in addition to decreasing the values
of absorption peak and SACA, the frequency
with the highest absorption moves towards the
lower frequency range. In the study by Sakagami
et al, increasing the MPP thickness shifts the
absorption peak to the lower frequencies and
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Table 1. Summary of structural and acoustic characteristics of fabricated samples

. Hole Hole . Abs. peak
Thickness . : Perforation
Sample name diameter | spacing .
(mm) ratio (%)
(mm) (mm)
SL-MPP 6 50 0.8 0.6 6 0.79 0.25 756 0.73
SL-MPP 8 50 0.8 0.8 6 1.40 0.22 834 0.65
SL-MPP 10 50 0.8 1 6 2.17 0.17 922 0.50
SL-MPP 1 50 0.6 0.8 6 1.40 0.19 906 0.57
SL-MPP 15 50 1 0.8 6 1.40 0.25 778 0.73
SL-MPP 7 50 0.8 0.8 2 12.56 0.06 1600 0.19
SL-MPP 9 50 0.8 0.8 10 0.50 0.27 610 0.85
30 0.9 0.7 8 0.6 0.25 804 0.91
SL-MPP 12 50 0.9 0.7 0.6 0.28 650 0.88
70 0.9 0.7 8 0.6 0.31 524 0.84

sharply reduces the absorption coeflicient values.
According to previous studies, in samples with
the same thickness, decreasing the perforation
ratio or increasing the hole spacing (assuming the
diameter of the cavities is constant) increases the
peak adsorption and SACA values and also the
frequency with the highest adsorption towards
the higher frequency range. In this study, in order
to determine the effect of the air gap cavity behind
the MPP on the sound absorption coeflicient,
distances of 30, 50, and 70 mm were selected.
The findings show that as the depth of the air gap
increased all sound absorption peaks shifted to
lower frequencies.
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4. CONCLUSIONS

This study has shown that as noise problems
expand, we can use new technologies such as 3D
printing to solve these problems. Using 3D printing
technology, sustainable MPP can be fabricated
with more quality and in less time than traditional
methods such as mixing and heat pressing.
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1 Particle Reinforced Composites
2 Polymer Nanocomposites

3 Polymer ceramic composites

4 Metal Filament

5 Glass Fiber Filament
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