
 

Journal of Engineering and Applied Technology                                                           Online ISSN 2716-2265 

Vol. 5, No. 1, March 2024, pp. 01-10       Printed ISSN 2716-2257 

 

  

 

 jeatech@uny.ac.id   

 

https://journal.uny.ac.id/index.php/jeatech 

Stereolithography 3D printing for the investigation of acoustic 

focusing 

Burhan Febrinawarta1,*, Adhika Widyaparaga1, I Made Miasa1, Sucipto1, Witnadi Dardjat Premiaji1  

1Department of Mechanical and Industrial Engineering, Universitas Gadjah Mada, Indonesia 

E-mail: burhanfebrinawarta@ugm.ac.id * 

* Corresponding Author 

 

ABSTRACT  ARTICLE INFO 

In our environment, acoustic sound waves transform into undesirable noise when their 

intensity exceeds 100 dB, prompting a need for effective mitigation strategies. In 

recent years, there has been increasing interest in utilising sound/noise and acoustics 

for energy harvesting, especially for low-power electronic devices committed to clean 

renewable energy sources. Metamaterials, with a spotlight on metalens, are emerging 

as a promising solution for precise sound focusing and energy conservation. This study 

delves into the intricate process of fabricating metalens through Stereolithography 

(SLA) 3D printing, unravelling their acoustic focusing capabilities. Metalenses, 

equipped with intricately designed labyrinthine unit cells tailored for manipulating 

reflected wave phases, materialize through the precision of SLA 3D printing, forming 

a sophisticated multilateral structure. The experimental framework for acoustic 

focusing integrates essential components such as a waveguide, speaker array, 

metalens, acoustic foam, and a sound level meter. The resultant metalens, composed 

of 22-unit cells with diverse dimensions, distinctly demonstrate robust acoustic 

focusing capabilities. Calibration procedures are systematically applied to ensure 

uniformity of speaker array output and to create a carefully controlled acoustic 

environment. Sound level measurements clearly depict zones of mutually reinforcing 

resonance heights, while, conversely, there are also zones of mutually attenuating 

sound. The complex interplay of sound waves through the metalens, intricately guided 

by the design of the unit cells, decisively determines the degree of acoustic focus 

achieved. The SLA 3D printed metalens emerges as a compelling manifestation of 

effective sound concentration, poised for potential applications in the realm of 

acoustic energy harvesting. Nevertheless, the study's consequential findings beckon 

further scientific exploration, prompting an in-depth comprehension of the nuanced 

impacts of input frequency and potential heating phenomena. 
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1. Introduction  

Acoustic sound waves, which are mechanical waves containing energy, can be produced by 

numerous noise sources. When these sound waves are unwanted, they are termed as noise. Common 

sources of noise comprise aeroplanes [1], high-speed trains [2], vehicles [3], power plants [4], machinery 

[5], and loudspeakers [6]. In the present era, humans inhabit a world characterized by heightened noise 

levels, where acoustic energy serves as an essential component of the environment. In our environment, 

sound levels frequently surpass 100 dB, and the prevalence of low-frequency noise tends to control the 

frequency spectrum [1], [2], [4]. 

In recent years, the study of sound and acoustics has become increasingly important in the field of 

energy harvesting [7]. The development of low-power electronic devices has led to the exploration of 

clean, renewable energy sources, and sound has emerged as a promising option. Despite its abundance 
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in various environments, the energy density of sound is relatively low compared to other ambient energy 

sources. Hence, it is necessary to focus or confine sound energy through effective conversion media for 

better Acoustic Energy Harvesting (AEH) [6]. 

One of the key challenges in AEH is the low frequency and low amplitude of the ambient sound. To 

overcome this challenge, researchers have explored various methods to enhance the sound energy 

density, such as resonant structures, microperforated panels, and metamaterials. Among these methods, 

metamaterials have shown great potential for sound focusing and energy confinement due to their unique 

properties, such as negative refraction and subwavelength resonances [8]–[11]. 

Metamaterials are artificially engineered materials that possess properties not found in natural 

materials. These materials consist of subwavelength resonators capable of controlling the phase and 

amplitude of incoming sound waves. This capacity facilitates the creation of customized acoustic 

properties, such as negative refraction, superlensing, and cloaking. These unique properties have made 

metamaterials a promising platform for sound focusing and energy confinement [8]–[12]. 

Metalenses, employed to concentrate sound, belong to the category of metamaterials utilized for the 

focalization of either light or sound. These metalenses are characterized by their flat and thin structure. 

Their design is based on the theoretical phase-shift profile necessary for focusing reflected waves, a 

realization achieved by appropriately arranging labyrinthine units in specific sequences [9], [10], [13], 

[14]. The analysis and discussion delve into coupling effects and multiple reflections occurring among 

or between metalenses. The findings illustrate that acoustic focusing and confinement exhibit 

enhancement with the increasing sides of the multilateral metalens [9], [10], [13], [14]. 

The metalens can be produced through additive manufacturing, commonly known as 3D printing, a 

process that fabricates three-dimensional solid objects from a digital file. This method enables the 

creation of intricate 3D structures with minimal weight and zero material wastage, distinguishing it from 

traditional manufacturing practices. Additive manufacturing encompasses a broad spectrum, ranging 

from printing parts in plastics to metals [13]. Various additive manufacturing technologies, such as 

Stereolithography (SLA) and Fused Deposition Modelling (FDM) [14], are prevalent for producing 

items like jigs, fixtures, and tools. FDM is typically employed for crafting straightforward components, 

whereas SLA excels in developing intricate and highly precise components [15]. Given the metalens's 

demand for precision and a smooth surface, the preferred 3D printing method is SLA. Stereolithography, 

known for its high precision, is a 3D printing method that constructs three-dimensional objects by 

layering thin sheets of UV-curable polymers, such as acrylic resin and rubber, and then curing them 

using UV light radiation [16]–[18]. 

Noise remains an integral part of our world, and if harnessed effectively, it could yield significant 

advantages. One such application involves focusing noise, which opens up the possibility of deriving 

benefits from it, such as enhancing speaker output for optimal human listening comfort. However, 

achieving sound focus requires a validated method to ensure its efficacy. In this research, a fabrication 

of metalens using SLA 3D printing is conducted to investigate acoustic focusing. Furthermore, this study 

also undertakes a fundamental study on sound focusing to increase the intensity of the sound through 

experimentation. The proposed multilateral metasurfaces (metalens) have excellent performance in 

acoustic energy confinement and strong acoustic focusing capabilities, making them a promising 

platform for AEH. The results of this study have important implications for the development of 

sustainable energy sources. 

 

2. Method 

Metalens made up of a variety of unit cells, such as Helmholtz resonators and labyrinthine chambers, 

have demonstrated extraordinary wave-front shaping capabilities [7], [8]. In this paper, different 

labyrinthine unit cells are utilized as candidates to manipulate the phase of reflected waves by coiling 
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up space (space-coiled structure). The shifted phase of the reflected waves controlled by each unit is 

crucial to achieve the desired reflected field. As theoretically and experimentally validated in [8], [9], 

the thickness of the upper or lower plates, 𝑤, and the number of bars are the two essential configurable 

parameters to achieve the full 2π-range phase shift and maintain planar properties as well [8], [9].  

In this research, we made a metalens using SLA 3D printing, and its details can be seen in Fig. 1. 

The process has a few main steps (see Fig. 2). First, in the design phase, the metalens was carefully 

designed using computer-aided design (CAD) software and then converted into STL format. This design 

process is crucial as considerations are made regarding both the lens's focusing capabilities and the 

material properties of the photopolymer utilized in SLA printing. Subsequently, the 3D design was sliced 

into thin layers using specialized slicing software. These sliced layers were then printed layer by layer 

using an SLA 3D printer, with the material being exposed to focused UV light to solidify each layer. 

Upon completion of the printing process, the metalens was removed from the printing platform and 

cleaned with a solvent to eliminate any excess material. Additional steps such as etching or polishing 

may have been performed to enhance its performance. Finally, the metalens was tested to assess its 

sound focusing capabilities. 

 

 

Fig. 1 The nomenclature of two-dimensional space-coiled structure (metalens) [8] 

 

 

 

 

Fig. 2 The nomenclature of two-dimensional space-coiled structure (metalens) [8] 

 

 

The geometry of the unit cell for a metalens is presented in Fig. 3. The dimensions and quantity of 

labyrinths within these unit cells play a crucial role in achieving effective sound focusing. The 

constructed metalens comprises 22-unit cells, each featuring 11 distinct types of unit cells arranged in a 

mirrored fashion. Despite variations in dimensions among the 11-unit cells, some dimensions, such as 

S0 at 22 mm, w0 at 1 mm, and L0 at 108.6 mm, remain consistent. The arrangement of the unit cells 

within the metalens is illustrated in Fig. 4. The unit cells of the metalens were produced using the 

Anycubic Photon Mono X SLA 3D printer, employing Anycubic 405 nm Resin. To translate the pattern 

design (in STL format) into G codes, the Photon Workshop software served as the slicing tool. The 

selection of SLA printing over FDM was based on its capability to deliver higher precision and smoother 
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surfaces in the printed components. For the unit cell printing, a slicing layer thickness parameter of 50 

microns was opted for to ensure accurate and precise printing results.  

 

 

(a) 

 

(b) 

Fig. 3 The geometry of a unit cell for a metalens: (a) parameter of unit cell and (b) 3D model 

 

 
Fig. 4 The design of unit cell arrangement on metalens 

 

The experimental arrangement, detailed in Fig. 5, encompasses a comprehensive setup. It includes a 

waveguide formed by two glass plates (1000 x 500 x 3 mm), a speaker array (8 small speakers 5W 40 x 

70 mm), a metalens, acoustic foam, and a sound level meter. Prior to initiating the experiment, 

meticulous calibration procedures were implemented. This calibration involved ensuring the sound level 

meter was precisely calibrated. Additionally, a calibration process for the speaker output was conducted 
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to guarantee uniformity, ensuring that the output of each speaker falls within a specified range, as 

depicted in Fig. 6. 

 

 

(a) 

 

(b) 

Fig. 5 (a) The schematic of experiment setup and (b) experiment setup (exploded view) 

 

 

Fig. 6 Speaker output calibration 

 

The procedural methodology for this experiment involves a systematic approach: (a) initialization by 

setting up the experimental apparatus; (b) the initiation of the speaker emitting sound at a predefined 

frequency, specifically set at 1000 Hz for the current study; and (c) the precise measurement of sound 

levels at designated points, employing a sophisticated sound level meter. The instrument of choice for 

this purpose is the LT Lutron SL-4013, notable for its extensive reading range spanning from 31.5 to 

8000 Hz and a dynamic range of 30 to 130 dB. 

 

3. Results and Discussion 

The conceptualization of unit cell configurations has undergone meticulous design (see Fig. 3 and 

Fig. 4), and subsequent to this phase, the unit cells have been actualized through the implementation of 

an SLA 3D printer, as illustrated in Fig. 7. Furthermore, the arrangement of these unit cells has been 

executed in a manner that results in the cohesive formation of a metalens, as visually depicted in Fig. 8. 
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(a) 

 

(b) 

 

(c) 

Fig. 7 The printed unit cell: (a) i-0; (b) i-5; and (c) i-10 

 

 

Fig. 8 The printed metalens 

 

The speaker output calibration process was methodically conducted, aiming for precision and 

consistency in the acoustic setup. This calibration was designed to ascertain that each speaker uniformly 

produced sound within a predefined range. The outcome of this calibration effort revealed an average 

output value for the entire speaker array, registering at 89.8 + 2.4 dB. Further scrutiny indicated a tightly 

clustered range, with individual speaker outputs fluctuating within the interval of 88.2 dB to 90.6 dB. 

This meticulous calibration lays a robust foundation for the subsequent acoustic experimentation, 

ensuring a controlled and standardized auditory environment. 

The coordinate system employed for measurement is delineated in Fig. 9 (a). The measurement 

outcomes along the X-axis and Y-axis are elucidated in Fig. 9 (b) and (c), respectively. As depicted in 

Fig. 9 (b), the peak of intensity is observed at X = 0 mm, denoting a focal point of sound energy 

concentration. Correspondingly, Fig. 9 (c) unveils the zenith of intensity at Y = 100 mm. These apices 

signify regions where sound waves passing through the metalens synergistically reinforce one another. 

Conversely, the nadir of intensity is evident at X = -150 mm, X = 150 mm, and Y = 200 mm, indicative 

of regions where sound waves negate each other, resulting in attenuated acoustic signals. 
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(a) 

 

(b) 

 

(c) 

Fig. 9 (a) The coordinate of X and Y; (b) The results of measurement along X-axis; and (c) The results 

of measurement along Y-axis 

 

As evident from the observations depicted in Fig. 10, there is a distinct concentration of sound at 

specific coordinates, precisely X = 0 and Y = 100, when the frequency is set at 1000 Hz. Additionally, 

zones experiencing sound cancellation are observed at coordinates (-225, 225) and (225,225). Upon 

traversing the metalens, an intriguing acoustic phenomenon unfolds, revealing a nuanced interplay of 

focused sound zones and the cancellation of sound waves. This intricate behaviour can be attributed to 

the varied phases of individual waves navigating the unit cell structure within the metalens. The ensuing 

interference patterns among the emitted sounds are contingent upon the relative phase differences 

inherent in each wave. 

An intriguing insight emerges when sounds passing through the metalens exhibit congruent phase 

differences, they cohesively amplify, culminating in the creation of intensified acoustic zones. 

Conversely, disparate phase differences lead to the cancellation of these sound zones. Consequently, the 

effectiveness of sound focusing is intricately tied to the intricate design of the unit cell and the specific 

frequency of the acoustic output. This underscores the critical influence wielded by these parameters in 

determining the precise degree of acoustic focus achieved. Building upon the findings of previous 

research [8], it was revealed that by employing an alternative metalens design and adjusting the input 

frequency to 4 kHz, notable variations in sound intensity values were observed. Specifically, the results 

indicated that at distinct spatial coordinates, namely X=0 mm and Y=250 mm, sound intensity values 
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reached significant levels. This divergence in outcomes underscores the sensitivity of sound focusing 

phenomena to the intricacies of metalens design and input parameters. 

 

(a) 

 

(b) 

Fig. 10 Mapping of the results from measurements using a sound level meter (frequency of 1000 Hz); 

(a) 3D map and (b) contour map 

 

Hence, it can be deduced that, at a frequency of 1000 Hz, the configuration of these metalenses, 

comprising 11 pairs of symmetrical unit cells, facilitates the generation of a focal point for sound 

intensity at X = 0 mm and Y = 100 mm. Furthermore, the localization of the sound intensity's focal point 

subsequent to traversal through the metalens is contingent upon various parameters inherent in the 

experimental setup, including the metalens design and the input frequency of the speaker array. 
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4. Conclusion 

In this study, the SLA 3D printing method was employed for the fabrication of metalens, with the 

aim of scrutinizing their capacity to concentrate sound. Subsequently, a systematic series of experiments 

was conducted to gain a more profound understanding of the acoustic focusing process. The efficacy of 

sound concentration by metalens was unequivocally demonstrated by the findings. Throughout the 

experimental procedures, a meticulous examination of sound patterns subsequent to their interaction 

with the metalens was conducted. Clear distinctions were observed, delineating zones characterized by 

heightened sound intensity, reaching peaks of 92.5 dB (at coordinates 0, 100), contrasted with areas 

exhibiting diminished sound intensity, registering at 65 dB (at coordinates -225, 225, and 225, 225), all 

at a frequency of 1000 Hz and with a specific configuration of 11 pairs of metalens. Importantly, the 

precision of sound focus was found to be contingent upon the intricate design intricacies of the unit cell 

within the metalens. 

 

Recommendation 

Despite these significant findings, acoustic focusing is influenced by numerous factors, warranting 

further exploration. For instance, the influence of input frequency on acoustic focusing and the 

investigation of potential heating phenomena are considered potential areas for future research. The 

considerable potential inherent in the application of sound-focusing materials such as metalens across 

various scenarios is underscored by these discoveries. This concept introduces a novel and potentially 

transformative solution to enhance efficiency and sound quality in diverse applications. Beyond the 

confines of the laboratory, this breakthrough has the potential to revolutionize the improvement of 

sound-related technologies in practical real-world applications. 
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