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Abstract: - Noise pollution is a major environmental challenge that drives the need for sustainable sound-
absorbing materials. Conventional absorbers are often derived from hazardous, non-biodegradable 
polymers, whereas polylactic acid (PLA) offers a non-toxic, biodegradable, and recyclable alternative. 
This study investigates the sound absorption coefficient (SAC) of 3D-printed, disc-shaped PLA panels 
with perforations. A detailed numerical analysis, using a virtual impedance tube in COMSOL 
Multiphysics software, along with experimental validations with the help of a real impedance tube are 
carried out. The influence of the thickness of the disc, infill ratio, and perforation angles on acoustic 
performance is systematically examined. Results indicate that both perforation angles and infill density 
significantly affect SAC. This helps in developing PLA discs for improved sound absorption while 
maintaining their lightweight, compact, and cost-effective designs. These findings establish PLA as a 
promising sustainable alternative to synthetic acoustic materials, offering new opportunities for eco-
friendly noise control solutions in industrial and architectural applications. 
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1. INTRODUCTION  
 

Noise pollution is the third most serious 
environmental hazard after air and water pollution, 
with proven links to hypertension, cardiovascular 
disease, and reduced quality of life. Conventional 
absorbers such as glass wool and polyurethane 
foams, while effective, are hazardous, non-
biodegradable, and environmentally unsustainable. 
In response, polylactic acid (PLA), a non-toxic, 
biodegradable, and recyclable polymer, offers a 
promising green alternative for acoustic 
applications.  

Sound-absorbing elements used for noise control 
applications are of different sizes and geometries. 
These are commonly disc-shaped, cone-shaped, 
pyramid-shaped, or wedge-shaped and are mounted 
on the room's interior walls in some specific patterns 
[1]. Many studies are being conducted to reduce the 
effect of sound by using various sound-absorbing 
elements. A study conducted by the World Health 
Organization says that noise pollution is considered 
the third most hazardous one after air and water 
pollution [2,3]. Exposure to large noise has an effect 
on humans, which can bring psychiatric disorders 
such as hypertension, anxiety, high blood pressure, 
etc. [4]. The major sources of sound in industries are 

pneumatic presses, forging, and drilling machines  
[5,6]. The materials used for sound-absorbing 
elements are generally of a porous type due to the 
presence of voids and cavities, which give 
obstruction to sound propagation and dissipate the 
energy of sound waves.  These obstructions produce 
viscous loss to the propagating sound wave, which 
makes porous material work better in the application 
of sound acoustics [7]. Due to their properties like 
lightweight, efficiency in sound absorption, and easy 
management, porous materials are considered the 
best sound absorbers [8]. Numerous studies have 
demonstrated that porosity is an important 
component for sound absorption. The open pores are 
taken into account since they are the sole 
contributors to the absorption of incident sound [9]. 
When examining sound absorption mechanisms in 
materials, the number, size, and kind of pores are all 
important factors to be considered [10]. As the air 
gap thickness rises, the sound absorption coefficient 
(SAC) increases at the mid and higher frequencies. It 
is also found that as the air gap layer is moved closer 
to the sample surface, the sound absorption 
performance diminishes [11].  

A recent study tells that there are variety of 
artificially developed materials which are used in 
sound absorption applications. The main advantage 
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of using synthetic material in sound absorption is 
that it offers great flexibility in machining, and a 
large variety of designs is possible [12]. The 
diameter of the fibre is the most important 
component in improving the sound absorption 
capacity of any fibrous material, because as the 
diameter of the fibre decreases, the porosity of the 
material increases, thus increasing the viscous 
friction on the incident sound wave. It has been 
reported that the fibre size of natural materials is 
larger than that of artificial sound-absorbing 
materials [13,14]. Glass fibres and glass wools are 
possibly more carcinogenic and cause cancer in 
humans compared to other synthetic sound 
absorption materials. These materials are hazardous 
and represent serious environmental and health risks 
[15]. They leach poisons and are non-biodegradable, 
causing disposal problems. When heated over 220 
°C, polyurethane foams release harmful gases such 
as isocyanides, hydrogen cyanide, halogenated 
chemicals, and alkenes [16]. A study of numerous 
methodologies for determining the toxicity of gases 
produced during the combustion of polyurethane 
foam, as well as their physiological, biochemical, 
and fatal consequences on people, has been 
presented [17]. The fire-toxic effects of glass wool, 
rock wool, expanded polystyrene, phenolic, 
polyurethane, and polyisocyanurate foams under 
different fire circumstances have been investigated 
[18]. As a result, the development of biodegradable 
materials for sound absorption and sound 
transmission loss applications is of great importance. 

An efficient and environmentally green material 
for sound absorption and sound transmission loss 
(STL) applications using biodegradable resin was 
proposed [19]. A significant number of studies were 
pursued in developing high-performance, sustainable 
meta-materials for building MPPs from natural 
resources [20].  PLA is a kind of polymer that has 
minimal to no impact on the environment due to its 
sustainable properties. It is a non-toxic, bio-
degradable, recyclable polymer with a well-
documented thermal history. Furthermore, its 
mechanical qualities and convenience of use are 
equivalent to those of other polymers. PLA may also 
be combined with a variety of other materials to 
improve its qualities.  A study on the acoustic 
behaviour of 3D printed bio-degradable panels made 
of PLA stated that the sound absorption of panels 
with varying perforations cross-section is better than 
that of panels with perforations of uniform cross-
section [21]. But those perforations were straight in 
the longitudinal (axial) direction and did not have 
any inclination. PLA-based natural fibre composites 
made using 3D printing technology can be used for 
acoustic applications because they can create 

structures with different characteristics that absorb 
sound at different wavelengths. Another important 
feature of 3D printing is that its cost and time can be 
adjusted by varying the infill density [22].  

Infill density is the "fullness" of a part's interior. 
In slicers, this is typically described as a percentage 
from 0 to 100, with 0% indicating a hollow 
component and 100% indicating a totally solid 
component [23]. Performance of acoustic panels of 
PLA reinforced wood fibre composites made by 3D 
printing was tested for different infill densities and 
thicknesses using a 2-microphone impedance tube, 
and the effect of shifting the frequency at which 
maximum sound absorption takes place was reported 
[24]. However, those panels were made of 
reinforced wood fibre composites and were tested 
with air gaps. 

Recent advances in 3D-printed and natural fiber–
reinforced PLA composites have shown strong 
potential for acoustic applications. Studies 
demonstrated that 3D-printed PLA panels with 
smaller nozzle diameters (0.4 mm) enhanced sound 
absorption (α up to 0.91), whereas larger nozzles 
(0.8 mm) improved sound transmission loss (STL up 
to 56 dB) through geometric optimization [27]. 
PLA–cork fiber micro-perforated panels (MPPs) 
achieved 25% higher absorption than conventional 
MPPs, with optimal performance at 0.70 mm 
perforation diameter, 0.90 mm thickness, and 8 mm 
spacing, further improved with kenaf layers [28]. 
PLA foam–plant fiber composites (grape stems, 
wood straw) exhibited better performance than pure 
PLA above 1500 Hz, while also reducing cost and 
environmental impact [29]. Coffee waste/PLA MPPs 
achieved peak absorption of 0.90 at 800 Hz and 
reduced reverberation time by 0.59 s at 1000 Hz, 
providing sustainable café noise control [30]. Eco-
friendly PLA composites reinforced with water 
hyacinth and pineapple leaf fibers achieved strong 
mechanical and acoustic performance, with a 
maximum sound absorption value of 0.55 at 5000 
Hz (WHF/PLA) and 0.83 at 4000 Hz (PALF/PLA), 
along with tensile strength about three times higher 
than non-3D-printed versions [31].  

A review of natural fiber–reinforced PLA 
composites highlighted the influence of fiber type, 
porosity, and geometry, while noting emerging 
strategies such as nano-coatings, hybrid structures, 
and 3D printing for enhanced acoustic materials 
[32]. Beyond experimental work, a radial basis 
function (RBF) neural network model for open-cell 
aluminum foams achieved a minimum mean root 
mean square error (RMSE) of 0.012 and maximum 
RMSE of 0.023, outperforming classical Delany–
Bazley (0.121) and Johnson–Champoux–Allard 
(0.097) models for low- and mid-frequency 
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predictions [33]. Open-porous PLA structures with 
porosities of 30–56% and thicknesses of 10–30 mm 
revealed that higher porosity (56%) and thinner 
samples (10 mm) improved reflection (β ≈ 0.9), 
while increased thickness reduced low-frequency 
performance [34]. PLA, high-impact polystyrene 
(HIPS), and polyethylene glycol (PETG) panels 
showed that PLA reduced sound pressure by 
approximately 30 dB (95.8 → 65.8 dB, 
approximately 45%) at 10 kHz, while PETG 
achieved losses up to 26.6 dB, with frequency 
(approximately 13 kHz) [35]. Auxetic PLA 
structures reinforced with chicken keratin exhibited 
superior absorption, with rachis-reinforced 
composites reaching α = 1.126 (1/mm) at 5 kHz, 
compared to plain auxetic PLA (0.823)                  
and honeycomb PLA (0.739), confirming          
keratin’s significant role in enhancing acoustic 
performance [36]. 

From the literature, a few papers on the sound 
absorption characteristics of acoustic panels made of 
PLA can be seen. However, the effect of perforation 
angles and the infill densities on the acoustic 
behavior of panels made of PLA has not been 
reported. 
 

2. METHODOLOGY 
 

 

Figure 1. Flow chart showing the methodology 
 
The methodology mainly consists of six different 

stages, namely modeling, numerical analysis, 
fabrication, testing, validation, and results and 

conclusion, as described in Figure 1. First of all, for 
analyzing the sound absorption characteristics of 
PLA material, a computational model is developed 
using COMSOL Multiphysics software. The 
analysis is performed to examine the influence of 
perforation angle, plate thickness, and infill density 
on the sound absorption coefficient. Following this, 
experiments are carried out using 3D-printed PLA 
plates of 10,15and 20 mm thickness with perforation 
angles of 0°, 60°, and 75°, and infill densities of 
50%, 75%, and 100%, tested in an impedance tube 
under ASTM standards.  

 

Table 1. Properties of Polylactic acid [21] 
Specific gravity 1.25 

Relative viscosity 3.30 
Melting point (ᵒC) 190 - 230 

Yield strength, Tensile (MPa) 63 
Elongation (%) 3.6 

 
2.1. Numerical Method 
2.1.1. Modelling of impedance tube 
 

A virtual 3D impedance tube is modelled using 
COMSOL Multiphysics 5.6 to estimate the sound 
absorption coefficient (SAC). It is modelled using 
thermos-viscous acoustic module to account for both 
viscous and thermal losses. The tube has a circular 
cross-section of 100 mm diameter and 900 mm 
length, with two microphones placed at a spacing of 
150 mm. The main specifications of the impedance 
tube are given in Table 2, and Figure 2 shows the 
virtual impedance tube, which is modelled using 
COMSOL Multiphysics software. It can be seen that 
xₗ is the distance between the first microphone and 
the wedge tip, pₗ and p₂ are the total sound pressures 
at the first and second microphones, respectively. 

 
Figure 2. Virtual impedance tube modelled in COMSOL 

 
2.1.2. Modelling of PLA discs 
 

A disc-shaped sound absorbing element with the 
parameters given in Tables 1-3, having perforations 
of different angles (0°, 15°, 45°, 60°), is modelled. 

 

Table 2. Impedance tube dimensional parameters 
L1 900 mm Length of tube 
D1 100 mm Cross-sectional diameter 
L2 200 mm Length of air gap 
L3 150 mm Microphone spacing 
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A disc with a 100 mm diameter is shown in 
Figure 3. Models having thicknesses of 10 mm, 15 
mm, and 20 mm are also modelled for a 0˚ 
perforation angle.  

 
Table 3. Specifications of disc element [21] 

Material Polylactic acid 
Thickness of plate 10 mm 
Diameter of plate 100 mm 

Perforation diameter 1 mm 

 

   a                  b             c 
Figure 3. Plate with different perforation angles:  

(a) 15ᵒ, (a) 45ᵒ and (a) 60ᵒ 
 
2.1.3. Analysis  
 

The numerical simulation using COMSOL 
provides SAC values for different specimen 
geometries. The analysis is carried out over a 
frequency range of 300–5000 Hz.  The standards 
followed for the simulation are ISO10534-2 and 
ASTM C384. Plane waves are generated at one end 
of the virtual impedance tube.  A background 
pressure of 1 Pa is applied in the pressure field 
domain. Material properties assigned to the model 
are directly imported from the built-in library.  

Finite element meshing is applied with a mesh 
size determined by the wavelength of the maximum 
frequency. The finite element mesh size is chosen 
based on the wavelength corresponding to the 
highest frequency given by Eq. (1). 

       𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐶𝐶𝑜𝑜
𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚

                                (1) 

where Cₒ is the speed of sound and 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚  is the 
maximum frequency in the model. The higher 
frequency (fᵤ) and the lower frequency (fₗ) of the 
tube and the distance between the two microphones 
(s) are calculated from Eqns. (2-4).  

𝑓𝑓𝑢𝑢𝑑𝑑 < 0.5𝐶𝐶𝑜𝑜                                 (2) 

𝑓𝑓𝑙𝑙 > 0.75𝐶𝐶𝑜𝑜
𝑙𝑙−𝑑𝑑

                                   (3) 

𝑓𝑓𝑢𝑢𝑠𝑠 < 0.45𝐶𝐶𝑜𝑜                                 (4) 
where l is the overall length of the tube, and d is the 
diameter of the tube. Also, the distance between the 
two microphones should be greater than 5% of the 
longest wavelength, which is the lowest frequency 
of interest. Thermo-viscous acoustic simulations are 

employed to account for both viscous and thermal 
energy losses. The SAC is calculated using Eq. 5. 

     SAC =  1 −  |Rc|²                      (5) 
where the reflection coefficient Rc = Pr/Pi, in which 
the incident pressure (Pᵢ) and the reflected pressure 
(Pᵣ) are obtained in post-processing. 
 
2.2. Experimental Method 
2.2.1. Preparation of samples 
 

Test samples are fabricated using the fusible 
deposit method (FDM) in a 3D printer. Physical and 
material properties of PLA used in 3D printing are 
given in Tables 1-3. Circular discs are prepared with 
three infill densities (50%, 75%, and 100%) having 
perforation angles of 0°, 60°, and 75°, and diameters 
of 29 mm and 100 mm to suit the impedance tube 
holders Figure 4. Printing is performed with a 0.4 
mm nozzle, 0.2 mm layer height, 55 mm/s speed, at 
a nozzle temperature of 210 °C, and bed temperature 
of 60 °C. Environmental conditions of 20 °C with no 
moisture are maintained to ensure good print quality. 

 

  
(a)                                     (b) 

  
(c)                                      (d) 

Figure 4. 3D printed PLA plate (a) & (b) 100 mm 
diameter plate, (c) & (d) 29 mm diameter plate 

 
2.2.2. Sound absorption tests 
 

The fabricated specimens are tested in an 
anodized aluminium impedance tube equipped with 
a loudspeaker and two microphones, conforming to 
ISO 10534-2, ASTM E1050, and ASTM E2611 
standards. The transfer function method is employed 
to calculate SAC by separating incident and 
reflected sound waves. The frequency range is 100–
6300 Hz, which depends on the inner tube diameters 
of 29 mm or 100 mm. The impedance tube shown in 
Figure 5 is made of anodized aluminium and is 
meant to evaluate sound absorption coefficient and 
transmission loss according to ISO 10534-2, ASTM 
E1050, and ASTM E2611 test standards at normal 
incidence, that is, 0°. The test sample's acoustic 
properties are estimated using the transfer function 
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approach, which separates incident and reflected 
energy from the measured transfer function. 
 

Table 4. Specifications of the impedance tube 
Model No HO-AE-ITA219 

Tube  Combined type (Large 100 mm 
& Small 29 mm) 

Inner Diameter 100 mm                     29 mm 
Frequency Range 100Hz - 1600 Hz    500Hz - 

6300Hz 
Sample Holder 
I  di t  

100 mm                     29 mm 
Sample Holder 
M    l th 

200 mm                   200 mm 
Standard ISO10534-2, ASTME1050, 

ASTME2611 

Loud Speaker 3½ “in diameter, 30 Watts,  
4 Ohm 

Microphone ¼” in diameter, -3dB at 1.5V 
sensitivity, 20-16,000Hz 
frequency response 

Measurement 
software 

Holmarc Wave Analyzer 4C 

Measured 
parameter 

Sound Absorption Coefficient 
(α) 

 

 
Figure 5. Impedance tube 

 
2.3. Validation 

 
The experimental results are compared with the 

numerical results obtained from the virtual 
impedance tube (COMSOL Multiphysics). First of 
all, the results obtained from the simulation          
(Figure 7) using COMSOL are validated with the 
available experimental result [21]. The perforations 
in the plate are straight and are of uniform cross-
section. The maximum value of the sound 
absorption coefficient obtained by simulation is 
0.91, which is close to the experimentally obtained 
value of 0.94. The percentage of error between the 
two methods is about 3.2%, though there is a 
frequency shift of around 170 Hz between the peak 
values of the two results. This shift could be due to 

the mounting conditions in the impedance tube [25] 
and the ideal conditions in the software. 
 

 
Figure 6. 3D printed plate with 50%, 75% and 100% 

infill density 
 

 
Figure 7. Sound absorption coefficients for PLA discs 

with straight and uniform cross-sections 
 
2.4. Influence of different parameters on 
SAC 
 

Having validated the numerical results with 
experimental data, the simulation is extended to 
different cases to investigate the influences of i) 
perforation angle, ii) plate thickness, and iii) infill 
density on the sound absorption coefficients. This is 
done to identify the optimal parameters that 
maximize the SAC. 

 
2.4.1 Perforation angles  
 

The influence of perforation angle on the sound 
absorption coefficient (SAC) is illustrated in        
Figure 8. Although the maximum SAC of 0.9 at   
550 Hz remains unaffected by perforation angle, 
increasing the angle enhances absorption at other 
frequencies. Quantitatively, at low frequencies 
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below 1000 Hz and above 2000 Hz, discs with all 
perforations show almost the same SAC, while in 
the mid frequency range (1000-2000 Hz) the 60° 
perforated disc shows higher SAC compared to the 
15 and 45 perforated discs. 

 
Table 4: Specifications of impedance tube 

From Table 5, the maximum variation occurs at 
1650 Hz, where the SAC of inclined perforations 
shows a substantial increase compared to straight 
(0°) perforations, with the 60° configuration 
providing the greatest improvement. This 
enhancement is attributed to the longer path length 
of sound waves within the porous region at higher 
angles, which increases viscous resistance and 
energy dissipation. 

 
Table 5. Percentage change of sound absorption 

coefficient with perforation angle 
Sl. 
 No 

Perforation  
Angle (ᵒ) 

Frequency 
(Hz) 

Percentage  
increase in 𝛼𝛼 

1 15ᵒ 1650 10 % 
2 45ᵒ 1650 34 % 
3 60ᵒ 1650 54 % 

 
As observed, though the increase in perforation 

angle does not change SAC, the corresponding 
frequency SACs at other frequencies are 
considerably improved. The physics behind this 
phenomenon is simple. As illustrated in Figure 9, 
increasing the perforation angle causes the sound 
waves to travel a greater distance and dissipate more 
energy so as to get more sound energy absorbed 
within the panel, which is almost the same as 
increasing the panel thickness. The effect of 
changing the perforation angle on the SAC of panels 
made of PLA has not been reported. So, instead of 
increasing the thickness of the panels, the 
perforation angle can be increased so as to have a 
minimum panel thickness, weight, and cost. These 
findings in the present work will enable the design 

of low-cost, light-weight, and compact panels for 
sound absorption. 

 

 
(a) 

 
(b) 

  
(c) 

Figure 9. Perforation angles (a) 0 𝑜𝑜 (b) 60𝑜𝑜, and (c) 75𝑜𝑜 
 
2.4.2. Plate thickness 
 

In this part, the influence of plate thickness on 
the sound absorption coefficient (SAC) of perforated 
PLA discs is studied. Fig 10 and Table 6 show the 
results for three thicknesses (10 mm, 15 mm, and 20 
mm) with 0° perforation angle. Similar to the case of 
perforation angles, increasing thickness does not 
alter the maximum SAC, which remains at ≈0.92 at 
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550 Hz for all cases. However, the thickness 
significantly influences the performance at other 
frequencies, with the most notable variation 
occurring at 1700 Hz. Table 6 indicates an almost 
92% increase in SAC for the 20 mm disc compared 
to the 10 mm disc. In the mid-frequency range 
(1000–1500 Hz), the 10 mm sample exhibits the 
lowest SAC (around 0.3), while thicker specimens 
(15 mm and 20 mm) maintain higher absorption 
levels (0.4–0.5). At higher frequencies (around 2000 
Hz), the absorption improves with thickness, with 
the 20 mm disc reaching SAC of around 0.85, 
outperforming the 15 mm and 10 mm discs. These 
results confirm that while thickness does not affect 
the peak low-frequency absorption, it plays a crucial 
role in enhancing absorption at mid- and high 
frequencies. 

 

 
Figure 10.  Effect of plate thickness on SAC 

 
Table 6. Percentage change of sound absorption 

coefficient with plate thickness 
Sl.  
No 

Plate 
thickness 

(mm) 

Frequency 
(Hz) 

Percentage 
increase in 𝛼𝛼   

1. 10 1700 - 
2. 15 1700 54 % 
3. 20 1700 92 % 

 
2.4.3. Infill density 
 

Infill density is an important parameter that 
influences both the energy-absorbing properties of 
3D-printed structures and their manufacturing cost 
and time. Lowering the infill density introduces 
more void spaces inside the panel, which enhances 
viscous friction and leads to greater dissipation of 
acoustic waves, thereby improving sound 
absorption. In this work, panels with three different 
infill densities (50%, 75%, and 100%) are tested. 

 
(a) 

 
(b) 

 
(c) 

Figure 11. SAC at different infill densities (a) 0ᵒ (b) 60ᵒ 
and (c) 75ᵒ perforation   angle 

 
From Figure 11 and Table 7, it is observed that at 

a 0° perforation angle, the maximum sound 
absorption is achieved at 50% infill density. As the 
infill density increases, the peak value of the sound 
absorption coefficient is found to decrease. This is 
because higher density creates smaller pores in the 
interior of the plate, restricting the passage of low-
frequency sound waves and causing a larger portion 
of the energy to be reflected at the surface [26]. 
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Table 7.  Maximum sound absorption coefficient (𝛼𝛼) at a 
different angle of perforation 

Infill 
density 

(%) 

Perforation 
angle (ᵒ) 

Frequency 
(Hz) 

Peak 
SAC 
(𝛼𝛼) 

% 
Change 

 
50 

0 950 93 - 
60 1350 98 5.4 
75 1600 88 -5.4 

 
75 

0 950 83 - 
60 1350 90 8.4 
75 1600 76 -15.6 

 
100 

0 950 52 - 
60 1350 62 19.2 
75 1600 55 -11.3 

 

At 0°, the maximum SAC appears near 1000 Hz, 
with the 50% infill plate reaching almost 90% 
absorption. At 60°, the peak remains near 1000 Hz, 
where the disc with 50% infill density again 
performs the best, achieving nearly 100% 
absorption, while higher infill percentages show 
significantly weaker performance. At 75°, the peak 
shifts to around 1500 Hz, with the 50% infill plate 
again showing the highest absorption (~85%), while 
the 75% and 100% plates provide moderate but 
lower values. Beyond the peak corresponding to 
maximum SAC, the 50% infill plate consistently 
delivers stronger and more stable absorption (30–
40%) across the mid-to-high frequency ranges, 
whereas the 75% and 100% infill plates offer 
relatively weaker but steadier absorption. Overall, 
the 50% infill configuration demonstrates superior 
absorption performance at all perforation angles  
 
3. CONCLUSION 
 

Sound absorption characteristics of a perforated 
PLA disc are investigated in this paper. While most 
of the work is numerical simulation using COMSOL 
Multiphysics software, an experiment is also carried 
out for validation purposes.  The results show that 
perforation angle, thickness, and infill density 
significantly influence the sound absorption 
coefficient (SAC) of PLA panels. Numerical results 
show that increasing the perforation angle from 0° to 
60° enhances the SAC by up to 5.4% (93% to 98%) 
at 1350 Hz, while it gets reduced by 10.2% (98% to 
88%) with further increasing the perforation angle to 
75°. So, for 50% infill density, the optimal 
perforation angle is 60°. It is found to be the same 
(from Table 7) for other infill densities as well. 
These results show that the larger the perforation 
angles improve dissipation by lengthening the sound 
path, while increased thickness enhances absorption 
in the mid- and high-frequency ranges. 

Plate thickness is also an influencing parameter, 
with a 92% increase in SAC at 1700 Hz when the 
thickness is raised from 10 mm to 20 mm 

Increasing infill density is found to decrease the 
sound absorption coefficient because higher density 
creates smaller pores in the interior of the plate, 
restricting the passage of low-frequency sound 
waves and causing a larger portion of the energy to 
be reflected at the surface [26].  Infill density of 50% 
infill exhibits the highest SAC (0.98 at 1350 Hz), 
whereas denser structures (100% infill) show 
reduced absorption (0.62 at 1350 Hz), showing that 
increased porosity enhances viscous dissipation.  

Overall, an optimized PLA panel with 60° 
perforation angle, 20 mm thickness, and 50% infill 
provided the best balance of high absorption (up to 
0.98), lightweight structure, and reduced material 
cost, demonstrating that biodegradable PLA can 
serve as an efficient and sustainable alternative to 
conventional synthetic absorbers. 
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