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ABSTRACT

Introduction: Natural materials are more efficient and attractive than synthetic materials. In this study,
the sound absorption behavior by natural kenaf composite and Micro-Perforated Panel (MPP) at low
and medium frequency region was investigated.

Material and Methods: Initially, the results of kenaf fibers with a thickness of 10 mm were validated by
the Finite Element Method (FEM) based on COMSOL Multiphysics 5.3a. The studied combined panel is
consisting kenaf fibers with micro-perforated plates and an air layer. This study examined the varying
arrangement of the behind layers of the MPP, the different thickness of the layers, and the structural
parameters of MPP. The structure with the best absorption coefficient was chosen for the following
stage and was considered constant at each stage.

Results: The arrangement of composite layers indicated a strong direct effect on the sound absorption
performance; as we discovered that kenaf fibers behind MPP led to better performance in frequencies
below 2500 Hz. In addition to the chamber depth behind the MPP, the material and macroscopic
properties of the layers, at the same depth, are also important determinants of the exact point of the
resonant frequency. Furthermore, configurations in which air layer depth is more than the absorption
layer, with the same diameter (hole) and depth (chamber), maximum resonant absorption peak is
achieved.

Conclusion: Low-frequency sounds can be successfully dissipated by combining MP plates with
kenaf fibers as reinforcing absorber in combined panel. In general, choosing the optimum structural
parameters (Composite panel according to structure A with 0.5 mm hole diameter and 2% perforation
percentage) allows a significant absorption at a specific frequency range. In this context, the use of
numerical estimation to assess the sound absorption behavior can be meticulously substituted the
difficult methods and laboratory costs.

Keywords: Micro-Perforated Plate (MPP), Kenaf natural absorption, Combined panel, Low and medium
frequencies
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1. INTRODUCTION

In the past two decades, rapid industrialization
and urbanization have resulted in environmental
issues such as noise pollution. One of the most
significant approaches to mitigate noise pollution
can be achieved by sound absorbers. Absorption
fibers decreases total sound by raising the
absorption coefficient value of internal surfaces
and minimizing reflected sound. Because of their
eco-friendliness, lightweight, excellent electrical
resistance, and low cost, natural fibers, such as kenaf
fibers, are becoming a viable alternative to synthetic
fibers. Furthermore, multilayer structural design
has great absorption properties as well as being
efficient in the low-frequency range. In the low-
frequency range, traditional sound absorbers have
proven to be ineffective. On the other hand, low-
frequency sound remains a significant challenge
today. Hence, in this study, a novel combined panel
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at frequencies below 2500 Hz was investigated.

2. MATERIAL AND METHODS

The combined panel under study consisted
of three layers of micro-perforated plate, kenaf
fibers, and air layer. Three A-B-C constructions
were investigated to discover how the structural
arrangement impacted the absorption performance
(Fig1). Thefirst step was to relocate the layers behind
the MPP, while keeping the same components and
thickness. After identifying the optimum layout
with the best absorption coefficient, the next steps
in this research were to determine the best of hole
diameter and afterwards perforation rate. Finally,
the effect of different kenaf fiber thickness and
depth layers behind the MPP on the absorption
coeflicient was investigated. The remaining modes
were removed when determining the optimal
factor, as well as the selected factor was input as the
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Fig. 1: Types of different structures and arrangement nvestigated in this research
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Fig. 2: The effect of air layer depth on the absorption performance at structure A. (MPP perforation 2%, hole diameter 0.5, porous

absorbent layer thickness 10 mm.)
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Fig. 3: The effect of kenaf fiber thickness on the absorption performance at structure A. (MPP perforation 2%, hole diameter 0.5, air

layer thickness 10 mm.)
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Fig. 4: The effect of hole diameter on the absorption performance at structure A. (MPP perforation 2%, air layer thickness 10 mm,
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porous absorbent layer thickness 10 mm.)

0.9+
0.8f
0.7f

0.6r

—P=2.0%
~-P=3.0%
- P=4.0%
~—P=6.0%
—-P=8.0%

-e-porous+air(d=21 mm)

0.5r

0.2r
0.1r

L L

500 1000 1500 2000
freq (Hz)

Fig. 5: The effect of perforation percentage on the absorption performance at structure A. (hole diameter of MPP 0.5, air layer

thickness 10 mm, porous absorbent layer thickness 10 mm.)
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constant variable in the following stage. All tests
defined in this study were carried out using the
Finite Element Method and COMSOL 5.3 software.

3. RESULTS AND DISCUSSION

The validation kenaf fiber results derived using
FEM simulation were comparable to laboratory
procedure (impedance tube). According to the
findings, inserting a kenaf fiber absorber behind
MPP plate (structure A in fig 1) can effectively absorb
lower frequencies. The effect of MPP hole diameter
on absorption performance reveals that the smaller
the hole diameter at the constant percentage of
MPP perforation, the greater the adsorption range
and lower the adsorption coefficient. As seen in fig
4 and 5, broadband absorption at low frequencies is
improved as the percentage of perforation rises and
the hole diameter lowers, assuming a constant MPP
thickness and depth behind the MPP.

By applying twice the thickness of kenaf fiber
relative to the air layer, higher absorption at lower
frequencies can be achieved. As the depth of the
air layer doubled from 10 to 20 mm, the resonant
frequency shifted to lower frequencies. On the
other hand a number of the studies support this
assertion. Furthermore, the effect of the overall
depth chamber behind the MPP on absorption

Journal of Health and Safety at Work 2023; 12(4)

performance indicates that doubling the thickness
of the overall depth chamber results in greater
performance at lower frequencies. Broadly
speaking, varying the structural properties of
MPP’s behind layers have generated a difference in
their absorption performance.

4. CONCLUSION

The combined panel proposed can solve for
MPPs’ poor performance at low frequencies and
kenaf fibers’ narrow absorbing range. In this study,
resonant frequency and broadband frequency
absorbing depend on hole perforation, depth
of chamber, perforation percentage, and MPP
thickness parameters. According to the results of
this research, resonant frequency and broadband
frequency absorption are regulated by hole
diameter and perforation percentage of MP plates,
chamber depth, and absorber thickness behind
MPPs. Each change on the thickness, material, and
arrangement of the layers behind MPPs can affect
the sound absorption performance. Increasing the
thickness of kenaf fibers relative to the air layer
immediately after MPP improves performance
in absorbing lower frequencies. Finally, acoustic
modeling of structures is a low-cost, high-
performance approach for noise reduction.
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