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This study investigates the effects of fiber laser surface texturing on ST52 steel plates to enhance 
hydrophobicity by optimizing surface roughness (Sq). Three key parameters—geometric pattern 
type (square, diamond, hexagon, circle), laser power (40–100 W), and theoretical laser-scanned area 
factor (20–80%)—were examined using a Taguchi L16 orthogonal array to minimize experimental runs 
while ensuring statistical validity. The goal was to maximize the Root Mean Square Height (Sq) for 
improved hydrophobic performance. The results revealed that the hexagonal pattern, 100 W laser power, 
and 80% scanning area produced the highest Sq value (338.39 µm), corresponding to a signal-to-noise 
(S/N) ratio of 50.59. ANOVA identified the scanning area factor (39.94%) as the most influential 
parameter, followed by laser power (34.29%) and pattern type (25.77%). Non-linear trends were observed: 
Sq peaked at 60 W and 100 W but dipped at 80 W, while the 80% scanning area yielded the roughest 
surface, and 40% the smoothest.  
For hydrophobic applications, the optimal combination comprised circular or diamond patterns, an 80% 
scanning area, and laser powers of either 60 W or 100 W. Conversely, low-friction 
surfaces required square/hexagonal patterns, 40% scanning area, and 40 W or 80 W power. Overall, the 
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study demonstrates the efficacy of fiber laser texturing for tailoring ST52 steel surfaces and underscores 
the Taguchi method’s utility in parameter optimization. 
 
Keywords: Fiber laser texturing, ST52 steel, surface roughness (Sq), Taguchi method, hydrophobicity, 
laser power, geometric patterning. 
 
 

 
  
ST52 steel is a high-strength low-alloy (HSLA) structural steel characterized by its excellent mechanical 
properties, including high tensile strength, good weldability, and enhanced durability [1]. The designation 
"ST52" follows the German DIN standard (DIN 17100), where "St" stands for Stahl (steel) and "52" 
indicates a minimum yield strength of approximately 355 MPa [2]. This steel grade typically contains 
alloying elements such as manganese, silicon, and small amounts of carbon, which contribute to its 
enhanced load-bearing capacity and resistance to deformation under stress. Due to its favorable strength-
to-weight ratio and adaptability to various fabrication processes—such as cutting, bending, and welding—
ST52 steel is widely preferred in heavy-duty industrial and manufacturing applications. It is commonly 
used in the construction of bridges, cranes, and structural frameworks, where high mechanical strength is 
essential. Additionally, its robustness makes it suitable for machinery components, pressure vessels, and 
transportation equipment, including truck chassis and shipbuilding. The material’s ability to withstand 
dynamic loads and harsh environmental conditions further solidifies its role in critical engineering 
applications, ensuring both structural integrity and long-term performance in demanding industrial settings 
[3]. 

Surface treatments modify the outermost layer of a material to achieve desired characteristics such as 
increased hardness, corrosion resistance, wear resistance, improved adhesion, or aesthetic appeal [4]. These 
modifications are critical in extending the service life of components, reducing maintenance costs, and 
ensuring reliability under harsh conditions. Common surface treatment methods include mechanical 
processes (e.g., shot peening, grinding), chemical treatments (e.g., anodizing, phosphating), electrochemical 
techniques (e.g., electroplating, electrophoretic deposition), and thermal processes (e.g., carburizing, 
nitriding) [5]. Additionally, advanced methods such as physical vapor deposition (PVD), chemical vapor 
deposition (CVD), and laser surface modification are employed for high-performance applications [6]. 

In the automotive industry, electroplating (e.g., chrome plating) is widely used for corrosion resistance and 
aesthetic finishes, while thermal spray coatings protect engine components from wear [7]. The aerospace 
sector relies on anodizing for aluminum components to prevent oxidation and on PVD coatings for turbine 
blades to withstand extreme temperatures [8]. In the medical field, passivation and electropolishing of 
stainless steel implants ensure biocompatibility and resistance to bodily fluids [9]. The construction industry 
often employs galvanizing (zinc coating) on steel structures to prevent rust [10], whereas the electronics 
industry uses thin-film deposition techniques to enhance conductivity and prevent oxidation in circuit 
boards [11]. By selecting appropriate surface treatments, industries optimize material performance, reduce 
failure rates, and comply with stringent operational and environmental standards. 

Laser surface roughening is a precision surface engineering technique that employs focused laser beams to 
modify the topography of a material by creating controlled micro- or nanoscale roughness [12]. Unlike 
conventional mechanical or chemical roughening methods, this process is non-contact, localized, and highly 
controllable, allowing for selective texturing without inducing significant thermal distortion or material 
contamination. The laser's energy selectively ablates or melts the surface, forming patterns such as dimples, 
grooves, or hierarchical structures, depending on the laser parameters (e.g., wavelength, pulse duration, 

1. INTRODUCTION 
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power density, and scanning speed) [13]. This method is applicable to metals, polymers, ceramics, and 
composites, making it versatile for various industrial applications. 

Laser surface roughening is preferred over traditional methods due to its precision, repeatability, and ability 
to enhance functional properties [14]. One of its key advantages is the improvement in surface adhesion, 
which is critical for coatings, bonding, and composite manufacturing. The controlled roughness increases 
the effective surface area, promoting mechanical interlocking and chemical bonding between substrates and 
coatings [15]. Additionally, laser roughening enhances tribological performance by optimizing lubrication 
retention in mechanical components, reducing friction and wear. In biomedical applications, such as 
orthopedic or dental implants, laser-textured surfaces improve osseointegration by encouraging cell 
adhesion and tissue growth. The process is also environmentally friendly, as it eliminates the need for 
hazardous chemicals used in acid etching or abrasive blasting. Furthermore, laser roughening can be 
automated and integrated into high-precision manufacturing systems, making it suitable for industries such 
as aerospace, automotive, electronics, and medical devices, where surface integrity and performance are 
critical. 
 
The preference for laser surface roughening in industry stems from its adaptability and superior surface 
functionality. In the automotive and aerospace sectors, laser-textured surfaces on engine components, brake 
systems, and turbine blades enhance wear resistance and thermal management [16]. The electronics 
industry utilizes laser roughening to improve solderability and adhesion in printed circuit boards (PCBs) 
and semiconductor packaging [17]. In medical device manufacturing, titanium and polymer implants with 
laser-induced micro-textures exhibit better biocompatibility and reduced bacterial adhesion compared to 
smooth surfaces. Another significant advantage is the process flexibility—laser parameters can be fine-
tuned to achieve specific roughness profiles (e.g., Ra, Rz) without altering bulk material properties [18]. 
Unlike mechanical abrasion, which may introduce subsurface damage, or chemical treatments, which can 
leave residues, laser roughening provides a clean and precise alternative. Moreover, advancements in 
ultrafast (femtosecond and picosecond) lasers have enabled nanoscale texturing, expanding applications in 
optics, microfluidics, and anti-reflective surfaces. Given these benefits, laser surface roughening is 
increasingly favored in high-tech industries where performance, durability, and precision are paramount. 
The surface of ST52 steel is often intentionally roughened in industrial and manufacturing applications to 
enhance its functional performance in structural and mechanical components. As a high-strength low-alloy 
(HSLA) steel, ST52 is widely used in heavy-duty applications such as construction, shipbuilding, and 
machinery, where surface properties significantly influence durability, adhesion, and load-bearing 
efficiency. Roughening the surface improves mechanical interlocking for coatings, adhesives, and 
composite materials, ensuring stronger bonds and reducing delamination risks under stress. Additionally, a 
controlled rough surface can optimize lubrication retention in moving parts, reducing friction and wear in 
dynamic applications such as gears, bearings, and hydraulic systems. Unlike smooth surfaces, which may 
suffer from poor coating adhesion or premature failure due to cyclic loading, roughened ST52 steel exhibits 
improved fatigue resistance and long-term structural integrity. 

Various surface roughening techniques are employed on ST52 steel, each selected based on cost, precision, 
and application requirements [19]. Mechanical methods such as grit blasting and grinding are commonly 
used for large-scale structures like bridges and ship hulls, where moderate roughness (Ra = 5–20 µm) is 
sufficient for paint or corrosion-resistant coatings. For more precise applications, such as automotive chassis 
components or industrial machinery, laser surface texturing (LST) is increasingly preferred due to its ability 
to create repeatable micro-patterns without introducing subsurface damage or thermal distortion. Chemical 
etching is another alternative, particularly in cases where electrochemical activation is needed before plating 
or bonding. The choice of methods depends on factors such as production scale, environmental 
considerations, and the need for post-treatment compatibility. For instance, in the manufacturing of pressure 
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vessels, a uniformly roughened surface ensures better adhesion of protective linings, preventing leaks and 
corrosion-induced failures. By enhancing surface characteristics, roughened ST52 steel meets stringent 
industrial demands for reliability, safety, and performance in harsh operating environments. 

Surface roughness plays a critical role in determining the hydrophobic properties of a material, as it directly 
influences the interfacial interactions between a solid surface and a liquid droplet [20]. Hydrophobicity, 
characterized by a high-water contact angle (WCA > 90°), is governed by both surface chemistry and 
topography. According to the Wenzel and Cassie-Baxter models, roughness amplifies intrinsic wettability: 
a hydrophobic surface becomes more repellent when roughened, while a hydrophilic surface becomes more 
wettable. The Wenzel model suggests that roughness increases the actual surface area in contact with the 
liquid, enhancing existing wetting behavior. In contrast, the Cassie-Baxter model describes a composite 
state where air pockets are trapped between surface asperities, reducing liquid-solid contact and thereby 
increasing hydrophobicity. For highly rough surfaces, the Cassie-Baxter state often dominates, leading to 
superhydrophobicity (WCA > 150°), as seen in natural examples like lotus leaves and engineered surfaces 
such as microtextured polymers or laser-ablated metals [21]. 

The deliberate manipulation of surface roughness to achieve desired hydrophobic properties has significant 
applications across multiple industries [22]. In aerospace and automotive manufacturing, superhydrophobic 
coatings on aircraft wings or vehicle exteriors reduce ice adhesion and minimize drag, improving fuel 
efficiency. In marine engineering, roughened hydrophobic surfaces on ship hulls prevent biofouling and 
corrosion, extending service life. The medical field benefits from microtextured hydrophobic implants that 
resist bacterial adhesion and protein deposition. Advanced fabrication techniques, such as laser etching, 
electrochemical deposition, and nanoparticle coating, allow precise control over roughness parameters (e.g., 
Sa, Sz, Sq and skewness) to optimize hydrophobicity. However, excessive roughness can lead to mechanical 
fragility or inconsistent wettability, necessitating a balance between structural integrity and functional 
performance. Future research focuses on biomimetic designs and self-healing hydrophobic surfaces to 
enhance durability under extreme conditions. Understanding the roughness-hydrophobicity relationship 
thus enables the development of innovative materials for energy-efficient, anti-corrosive, and self-cleaning 
applications. 

The Root Mean Square Height (Sq), a critical parameter in surface metrology, serves as a statistically robust 
measure of surface roughness by quantifying the standard deviation of height deviations from a mean plane 
[23,24]. Its relationship with hydrophobicity is rooted in the principle that Sq directly influences the 
interfacial contact area and energy between a liquid droplet and a solid surface, thereby modulating 
wettability behavior. According to the Wenzel and Cassie-Baxter wetting models, an increase 
in Sq amplifies the effects of intrinsic surface chemistry: for inherently hydrophobic surfaces (low surface 
energy), higher Sq values promote greater apparent contact angles by either enhancing surface area (Wenzel 
state) or facilitating air pocket entrapment (Cassie-Baxter state). Experimental studies on laser-textured 
metals and polymer composites demonstrate that superhydrophobicity (contact angle >150°) often 
correlates with Sq values in the micro- to nano-scale range (1–50 µm), where hierarchical roughness 
(combining high Sq with skewness/kurtosis control) optimizes liquid repellency. However, 
excessive Sq may destabilize the Cassie-Baxter state, causing wetting transitions to the Wenzel regime—
highlighting the need for precise roughness optimization. 

The predictive power of Sq in hydrophobicity is validated by interdisciplinary research linking quantitative 
roughness analysis to wetting dynamics. For instance, in nanostructured titanium dioxide coatings, an Sq 
threshold of ~20 nm was found critical to achieving stable superhydrophobicity, while larger Sq (~1–5 µm) 
in micropatterned polydimethylsiloxane (PDMS) surfaces enhanced durability against abrasion without 
compromising repellency. Notably, Sq alone is insufficient to fully describe hydrophobicity; synergistic 
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effects with other parameters (e.g., skewness (Ssk) for asymmetry or spatial density of peaks) are often 
necessary to account for air-trapping efficiency [25]. Advanced manufacturing techniques like ultrafast 
laser texturing and electrospinning allow precise Sq modulation, enabling tailored hydrophobic surfaces for 
applications such as anti-icing aircraft wings, microfluidic devices, and self-cleaning solar panels. Future 
research directions include machine learning models to correlate multi-scale roughness parameters 
(including Sq) with dynamic wetting behaviors, further refining the design of bioinspired hydrophobic 
materials. 
 
In this study, the Root Mean Square Height (Sq), one of the surface roughness parameters required to 
achieve a more hydrophobic surface, was determined. Subsequently, the laser parameters necessary to 
obtain this value were optimized. The Taguchi optimization method and ANOVA tables were employed 
during the optimization process and in the analysis of the results. Finally, the effect of each laser parameter 
on the outcome was examined using mean effect plots. 
 
 

 

2.1 Optimization Method 

Optimization techniques are essential in scientific and technical research because they make it easier to 
identify the best solutions to complex problems in a systematic and efficient manner [26]. Many engineering 
design processes—such as reducing system energy consumption, optimizing material use, or improving 
machine performance—involve making decisions based on multiple variables. Without optimization 
approaches, finding the ideal balance between competing objectives would require substantial time and 
resources. 

In scientific research, optimization algorithms play a critical role in data processing, simulation, and model 
fitting. They enable researchers to adjust parameters and obtain accurate and reliable results. This is 
particularly valuable in fields such as computational biology, physics, and chemistry, where optimization 
supports experimental design and the solution of complex equations. Advanced optimization techniques—
such as gradient-based algorithms, heuristic methods, and genetic algorithms—offer significant 
computational advantages, allowing researchers to address problems that would otherwise be unsolvable as 
datasets grow larger or as variable interactions become more complex. Consequently, optimization is 
indispensable for improving the efficiency and effectiveness of scientific and technical work, thereby 
fostering innovation and discovery. 

Genichi Taguchi developed the Taguchi method as a statistical approach designed to improve process 
efficiency and product design by reducing variability and enhancing quality [27]. The Taguchi method is 
grounded in robust design principles and aims to minimize the sensitivity of processes or products to 
variations caused by uncontrollable external factors (noise), thereby increasing consistency and reliability. 
By employing orthogonal arrays to systematically design experiments, the method enables the simultaneous 
evaluation of multiple factors while significantly reducing the number of experiments required. This results 
in substantial savings in both time and cost while still providing valuable insights into the effects of multiple 
variables. Another important component of the Taguchi approach is the loss function, which quantifies the 
economic deviation from the desired performance and encourages both meeting design targets and 
minimizing variability. 

The Taguchi method offers several advantages, including affordability, ease of implementation, and the 
ability to analyze multiple variables with minimal computational effort. It is particularly effective in 

2. MATERIAL AND METHODS 
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situations where conventional optimization methods are difficult to apply, such as when interactions 
between process variables are complex or when real-world experimentation is costly or impractical. The 
method is widely used in industrial sectors—especially electronics, automotive, and aerospace—to improve 
process efficiency and product quality. Applications include optimizing machining parameters, enhancing 
manufacturing processes, and developing high-performance materials. Beyond manufacturing, the Taguchi 
method has been applied in biotechnology, environmental engineering, and chemical processing, where 
minimizing variability and optimizing experimental conditions are crucial. Overall, the Taguchi method 
provides a systematic and efficient optimization framework applicable across diverse scientific and 
industrial domains. 

Depending on the objective of a study, the Taguchi method employs three distinct quality characteristics. 
The “larger-the-better” characteristic is used when the goal is to maximize the response value, whereas the 
“smaller-the-better” characteristic is applied when the objective is to minimize the response. The “nominal-
the-best” characteristic is selected when the target value is a specific numerical outcome. Three different 
calculation algorithms are used depending on these characteristics. These are: 
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The goal of this research is to create the most stable hydrophobic surface possible. The adage "larger the 
better" was applied in this context. 
 
2.2 Material and Experimental 

In this study, the surfaces of 2 mm thick ST52 steel plates were machined using a high-precision fiber laser 
under various machining parameters listed in Table 1. Different geometric patterns were engraved onto the 
steel surfaces using fiber laser technology. 
Four geometric designs—Square, Diamond, Hexagon, and Circle—were processed using four different 
laser power levels (40 W, 60 W, 80 W, and 100 W) and four different theoretical laser scanned area factors 
(80%, 60%, 40%, and 20%). The aim of the experiments was to investigate how surface energy, 
microstructural characteristics, and surface roughness change in response to variations in laser parameters 
and surface geometries. The textures were categorized according to the pattern type applied by the laser, 
and multiple experimental conditions were evaluated for each geometric design. The overall goal of the 
study is to examine the effects of laser processing parameters on ST52 steel surfaces and to determine the 
conditions required to achieve optimal surface properties. 
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Fiber laser systems, known for their reliability and efficiency, are capable of generating high-intensity laser 
beams and are widely used in marking, materials processing, and micromechanical applications. They are 
characterized by long operational lifetimes, high energy efficiency, low maintenance requirements, and 
superior beam quality. A fiber laser with a power output of 100 W is suitable for medium- to high-power 
applications and is effective for surface modification, marking, and metal cutting. 
Three factors listed in Table 1 were examined at four different levels during the experiments. One of these 
parameters involves the classification of the surface pattern, while the remaining two are numerical 
processing parameters. 
 
Table 1. Three machining parameters and their fours of levels. 

Pattern Type Scanned Area 
factor 
(%) 

Laser Power 
(Watt) 

Square 80 40 
Diamond 60 60 

Hexagonal 40 80 
Circle 20 100 

  
 

 
When three components with four levels are examined, 34 (=81) experiments are needed according to 
traditional experimental design. Effective results can be obtained with fewer experiments when optimization 
techniques are used. In this study, the Taguchi method—which has demonstrated strong performance in 
many scientific and engineering fields—was used. According to the Taguchi technique, the first step is to 
select the appropriate orthogonal array to minimize the number of experiments. For this investigation, the 
L16 orthogonal array was chosen because it accommodates three parameters with four levels each. The L16 
orthogonal array was used to organize the laser machining experiments listed in Table 1, and the 
experimental sets were constructed accordingly. The experimental configurations and averages of Root 
Mean Square Height values of the surfaces obtained with these configurations are listed in Table 2. 
In this study, the primary objective is to achieve the highest Sq value (Root Mean Square Height across the 
Surface) to obtain a more hydrophobic surface. For this purpose, the "larger-is-better" characteristic provided 
in Equation 2 was adopted. The Root Mean Square Height (Sq) values obtained from the analysis of the 
topographies of all laser-processed surfaces, as well as the corresponding S/N ratios calculated from these 
values, are presented in Table 2. 
 
Table 2. Root Mean Square Height (Sq) and Signal-to-Noise (S/N) Values Across the Surface for All Experiments 

 Texture Scanned area 
factor (%) Power (W) 

 
Sq 

S/N 
values of 
contact 
angle 

1 Square 80 40 55.20 34.84 
2 Square 60 60 163.00 44.24 
3 Square 40 80 23.00 27.23 
4 Square 20 100 129.00 42.21 

3. RESULTS AND DISCUSSION 
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Table 2 (continuous) 
 

5 Diamond 80 60 254.00 48.10 
6 Diamond 60 40 49.40 33.87 
7 Diamond 40 100 93.30 39.40 
8 Diamond 20 80 221.00 46.89 
9 Hexagon 80 80 290.00 49.25 
10 Hexagon 60 100 160.00 44.08 
11 Hexagon 40 40 197.00 45.89 
12 Hexagon 20 60 46.60 33.37 
13 Circle 80 100 225.00 47.04 
14 Circle 60 80 192.00 45.67 
15 Circle 40 60 45.30 33.12 
16 Circle 20 40 28.80 29.19 

  
 
Statistical reliability was tested by calculating the total sum of squares. The ANOVA results are shown in 
Table 3. The highest levels were obtained as follows: for pattern type, "3rd level - (Hexagonal)," for scanning 
area ratio, "1st level - (80 W)," and for laser power, "4th level - (100 W)." The expected S/N and Sq values 
for the optimum combination were calculated as "50.59" and "338.39," respectively. 
 
Table 3. ANOVA table for Hydrophobicity (larger Sq) according to the Taguchi Method. 

   Average S/N      

Factors 1. Level 2. Level 3. Level 4. Level Factor
s 

Optimum 
Level 

Optimum 
Parameter 

Pattern 37.13 42.06 43.15 38.75 25.77 3 Hexagonal 
Scanned Area 

 
44.81 41.97 37.51 37.91 39.94 1 80 % 

Power 35.95 39.71 42.26 42.88 34.29 4 100 W 
Average 
  

40.27   
  
  
  
  

Total 
  
  
  
  

100.00   
   Optimum S/N 

  
  
  
  
  
  

50.59 
 Optimum Sq 
  
  
  
  
  
  

338.39 
 
The most effective parameter for achieving a more hydrophobic surface was found to be the scanning area, 
with a contribution rate of 39.94%. The second most influential parameter was laser power, contributing 
34.29%. Among the parameters examined, the least effective was the pattern type formed on the surfaces, 
with a contribution rate of 25.77%. The main effect plots for hydrophobicity are presented in Figure 1 (see 
Section 3.1). 
 
3.1. Effects of Laser Processing Parameters on the Arithmetic Average Height (Sa) of a Surface 
 
This section examines how laser processing parameters influence the Arithmetic Average Height (Sa) of the 
surface. The main effect plots are presented in Figure 1. 
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Figure 1. Main Effect Plots for the Effects of Laser Processing Parameters on the Arithmetic Average Height (Sa) of 

a Surface 
 
As shown in Figure 1(a), the circular and diamond design types had the highest Sa values, whereas the 
hexagonal and square patterns yielded the lowest Sa values. The effect of scanning area on Sa is depicted in 
Figure 1(b), where an increase in scanning area from 20% to 40% resulted in a sharp drop in Sa. The Sa 
value then rapidly climbed to its maximum value as the scanning area was expanded from 40% to 60% and 
subsequently to 80%. The scanning region with the highest Sa value was 80%, and the one with the lowest 
Sa value was 40%. 
 
Figure 1(c), which shows how laser power affects Sa, shows that the Sa value rose quickly as the laser power 
increased from 40 W to 60 W. Nevertheless, the Sa value dropped almost as quickly when the laser power 
was raised from 60 W to 80 W. The Sa value then rose at a comparable pace when the laser power was raised 
from 80 W to 100 W. 
 
A higher Sa value is required to achieve a more hydrophobic surface. The main effect plot shows that the 
circular and diamond patterns produced the highest Sa values, indicating improved hydrophobicity due to 
increased surface roughness. In addition, the 80% scanning-area condition yielded the highest Sa values 
among all tested levels. Laser power also significantly affected roughness: the highest Sa values were 
obtained at 60 W and 100 W. Therefore, to produce a more hydrophobic surface, the optimal combination 
includes the circular or diamond pattern type, an 80% scanning area, and a laser power level of either 60 W 
or 100 W. 
In contrast, a lower Sa value is desirable when the goal is to obtain a surface with a lower friction coefficient. 
The main effect plot shows that the hexagonal and square patterns produced the lowest Sa values, making 
them more suitable for applications requiring smoother surfaces. The lowest Sa value was observed at a 40% 
scanning area. Additionally, the 40 W and 80 W laser power levels generated relatively low Sa values 



 Natural & Applied Sciences Journal Vol.8, (2) 2025 10 
 

compared to the other levels. Consequently, the optimal condition for achieving reduced friction consists of 
the hexagonal or square pattern type, a 40% scanning area, and a laser power of either 40 W or 80 W. 
Overall, the results indicate that hydrophobicity and friction are controlled by different optimal parameter 
combinations. Surfaces requiring high hydrophobicity benefit from high roughness (high Sa), whereas 
applications requiring reduced friction benefit from lower roughness (low Sa). The circular/diamond patterns 
and higher scanning areas enhance roughness, while the hexagonal/square patterns and moderate scanning 
areas produce smoother surfaces.. 
 

 

This study investigated the influence of laser processing parameters—including geometric pattern type, 
laser power, and theoretical laser-scanned area factor—on the surface characteristics of ST52 steel plates, 
with a focus on achieving enhanced hydrophobicity through increased Root Mean Square Height (Sq). 
Utilizing the Taguchi method, an L16 orthogonal array was employed to optimize experimental efficiency 
while maintaining statistical reliability. The key findings and conclusions are summarized below: 

1. Optimal Parameters for Hydrophobicity: 

● The hexagonal pattern (3rd level) produced the highest Sq values, followed by circular and diamond 
patterns, indicating superior surface roughness conducive to hydrophobicity. 

● A laser power of 100 W (4th level) and a scanning area ratio of 80% (1st level) were identified as 
optimal for maximizing Sq, with predicted S/N and Sq values of 50.59 and 338.39, respectively. 

2. Parameter Contributions: 

● Scanning area ratio was the most influential parameter (39.94%), followed by laser power (34.29%) 
and pattern type (25.77%). 

● The 80% scanning area yielded the highest Sq, while 40% resulted in the lowest, demonstrating a 
non-linear relationship between scanned area and surface roughness. 

● Laser power exhibited a fluctuating effect: increasing power from 40 W to 60 W raised Sq, but a 
drop occurred at 80 W before rising again at 100 W. 

3. Surface Hydrophobicity vs. Friction: 

● For maximizing hydrophobicity, circular/diamond patterns, 80% scanning area, and 60 W or 100 W 
laser power were optimal. 

● Conversely, minimizing friction required square/hexagonal patterns, 40% scanning area, and 40 W 
or 80 W laser power. 

4.1 Practical Implications 

The findings highlight the potential of fiber laser texturing to tailor ST52 steel surfaces for specific 
applications—whether for hydrophobic coatings in corrosion-resistant environments or low-friction 
surfaces in mechanical systems. The Taguchi approach proved effective in reducing the number of 
experimental trials while ensuring robust optimization. 

 

4. CONCLUSION 
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4.2. Future Work 

Further studies could explore additional laser parameters (e.g., pulse frequency, scanning speed) 
and their interactions. Long-term durability assessments of laser-textured surfaces under real 
operational conditions would also enhance practical applicability. 
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