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1. Introduction 

The machining industry constitutes a significant 

percentage of the manufacturing sector, and materials are 

brought into a suitable form through machining operations. 

One of the most important components of machining oper-

ations is the cutting tools [1]. Cutting tools remove excess 

material from the workpiece in chip form, thus bringing the 

workpiece to the desired geometry [2]-[4]. 

The high cost of cutting tools used for machining 

may increase production costs, which could negatively im-

pact a company’s profitability. Therefore, companies should 

conduct R&D activities to develop more efficient and dura-

ble cutting tools. 

During R&D activities, the durability and effi-

ciency of cutting tools can be improved by using different 

materials and machining techniques. For instance, the 

lifespan of cutting tools can be extended using more durable 

coatings or harder materials. Additionally, the design and 

geometry of cutting tools can be improved to shorten the 

machining time and increase the production capacity. 

Developing high-quality cutting tools can also help 

achieve lower surface quality values. For example, sharper 

cutting edges may be required for cutting tools to obtain a 

smoother and more even surface. This improves the surface 

quality of machined parts and shortens production time by 

requiring fewer machining processes. 

In machining operations, a significant amount of 

friction, cutting force, and heat are generated while remov-

ing chips at high speed [5]. This friction, cutting force, and 

heat cause cutting tools to wear out and increase the contact 

surface with the workpiece. As a result, lower quality prod-

ucts are produced. Designing cutting tools that are more du-

rable against all these negative effects will increase their 

lifespan and improve efficiency [6]. 

Ceramic cutting tools, which can remove a higher 

number of chips than carbide cutting tools, are widely used 

in material processing [7]. This is because ceramic cutting 

tools have high melting points, high hardness, high wear re-

sistance, and chemical stability. However, ceramic cutting 

tools have a high coefficient of friction. High friction causes 

the cutting tool to wear out [8]. To reduce all this friction 

and consequent wear, different approaches have emerged in 

the industry [9], [10]. One of these approaches is laser pat-

terning. 

In recent years, the laser patterning method has 

been used to improve the tribological values of material sur-

faces. Initially, it was used in areas such as the production 

of engine cylinders. Later, the positive results obtained led 

to the emergence of ideas about the applicability of this pro-

cess to cutting tools [11], [12]. Engineers researching laser 

patterning have concluded that this process improves the 

tribological properties of cutting tools. The patterns applied 

on cutting tools facilitate the easy removal of chips during 

dry cutting, whereas in lubricated and cooled systems, they 

enable the oil to spread more easily and reduce the friction 

force [13], [14]. Kolvachenko and colleagues tested the ef-

fects of laser patterning on the H-13 material and observed 

a decrease in friction [15]. 

To increase wear resistance, reduce friction during 

machining, distribute lubricating cutting fluid more effi-

ciently over the cutting tool, control heat dissipation through 

chips, and reduce wear, a surface is created on the cutting 

tool using laser texturing [16]. K. Zhang and colleagues ob-

served in 2014 that laser texturing positively affected the 

performance and lifespan of cutting tool edges [12]. In an-

other study, Youqiang Xing and colleagues observed in 

2014 that laser texturing applied to a silicon nitride (Si3N4) 

based cutting tool reduced the cutting force and the amount 

of heat generated during the machining process compared 

with an untreated cutting tool [9]. Kawasegi et al. tested la-

ser texturing on an A5052 aluminum alloy and found that 

both cutting force and friction decreased [17]. In a 2020 

study, De Zanet and colleagues demonstrated that laser tex-

turing could also be applied to ceramic-based materials [18]. 

In their 2022 study, Bogdan Antonzewski and his colleague 

found that lubrication was enhanced and friction was re-

duced in laser-textured cutting edges [19]. In a 2016 study, 

Wei et al. observed that the friction coefficient and cutting 

force generated by a laser-textured cutting tool were lower 

than those generated by a non-laser-textured tool [20]. 

In laser patterning processes, the geometry of the 

designed pattern also affects the performance of the cutting 

tool. Enver Ali Ğasğar designed two different patterns with 

different geometries in his master’s thesis and compared 

them. The results showed that the horizontally patterned tool 

was more efficient than the vertically patterned tool [21]. In 

another study on this topic, Youqiang Xing and colleagues 

compared three pattern geometries. Based on the obtained 

data, the wavy patterned tool was found to be more efficient 

than the horizontal and vertical patterned tools [9]. 

This study focuses on a different approach to in-

crease the efficiency of the laser patterning process that en-

hances the performance of cutting tools. In this approach, 

the width of the designed pattern, the gap between the pat-

terns, and the angle between the lines of the pattern were 

modified to observe the dimensions where most chips were 

removed and which of these factors had a greater effect on 

tool performance. The experimental design was created us-

ing the Taguchi method and L9 orthogonal array. GG25 cast 

iron was selected as the material to be machined using the 

dry cutting method with the turning process. A silicon ni-

tride (Si3N4) based cutting tool was used in the experiment. 

After the experiments, the amount of wear on the cutting 

tools was examined under a microscope, and the amount of 

chips lifted by the cutting tool was measured. The patterns 
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were compared with each other to determine the most effi-

cient combination, and the factor that had the greatest im-

pact on efficiency was identified using the signal-to-noise 

ratio method. 

2. Materials and Methods 

2.1. Materials 

In this study, GG25 cast iron was used as the ma-

terial for processing. The mechanical properties and chemi-

cal compositions of the material are listed in Tables 1 and 2, 

respectively. GG25 is an easily machinable material with 

low production costs. Additionally, it has high strength and 

wear resistance. For all of these reasons, its use is wide-

spread in industry [22]. Fig. 1 shows the materials used in 

the experiments. 

 

Fig. 1 Material used in the experiments 

Table 1 

Mechanical properties of GG25 cast iron [23] 

Property Value 

Maximum tensile stress (MPa) 250-350 

Brinell hardness (HB) 180-220 

Fracture toughness (MPa) 1000 

Table 2 

Chemical composition of GG25 cast iron [24] 

C, % Fe, % Mn, % P, % Sİ, % S, % 

3.00-

3.25 

Rest 0.40-

0.70 

0.25  

maximum 

1.85-

2.10 

0.12  

maximum 

 

Silicon nitride (Si3N4) based cutting tools were 

used in this study. The properties of the material are given 

in Table 3. SiAlON-based cutting tools are commonly used 

in machining because of their durability in chip removal 

processes, particularly in materials other than iron. In addi-

tion, SiAlON ceramics are high-strength, high-temperature 

resistant materials with good thermal shock resistance. The 

main areas of application for these ceramics are machine 

tool components and metalworking tools [25]. Fig. 2 shows 

the ceramic content cutting tool used in this study. 

Table 3 

Properties of SiAlON ceramics [25] 

Density, g/cm3 3.24 

Bending Strength, MPa 760 

Elastic Modulus, GPa 288 

Shear Modulus, GPa 120 

Poisson's Ratio 0.25 

Hardness, kg/mm2 1430-1850 

Fracture Toughness (MPa.m1/2) 6-7.5 

 

Fig. 2 SiAlON cutting insert (left) and representative 

mounted view (right) 

2.2. Methods 

Before conducting the experiments, an experi-

mental design was created using the Taguchi method. The 

purpose of using the Taguchi method is to perform the min-

imum number of experiments possible and obtain the most 

efficient values. The Taguchi method makes it possible to 

reduce the number of experiments to be performed. As a re-

sult, both the cost incurred in the experiments is reduced and 

the desired result is obtained in a shorter time [22]. 

In this study, the factors required for using the 

Taguchi method and their levels were determined as shown 

in Table 4. 

The L9(33) orthogonal array was selected accord-

ing to the number of factors and levels given in the table. 

Table 5 shows the L9(33) orthogonal array, and the array 

created with the factors and levels determined in Table 6 is 

shown in Table 6. 

Using the values specified in Table 6. The drawn 

patterns are shown in Fig. 3 and Fig. 5. Patterns were drawn 

in different sizes and engraved on the ceramic cutting tools 

using the i-Mark laser machine. The parameters used during 

laser engraving are listed in Table 7 

The patterns created based on the parameters 

mentioned above were examined under an Axio Zoom V16 

microscope, and the images of these patterns under the mi-

croscope are shown in Fig. 3 and Fig. 5. 

The widths of the patterns shown in Fig. 3 are 180  

Table 4  

Factors and levels used in the experiment 

Factor Level 1  Level 2 Level 3 

Pattern Width 18 μm 20 μm 25 μm 

Pattern Spacing 200 μm 300 μm 400 μm 

Pattern Angle 30° 60° 90° 

Table 5 

L9(33) orthogonal array 

Experiment 

No 

Factor 1 Factor 2 Factor 3 

1 Level 1 Level 1 Level 1 

2 Level 1 Level 2 Level 2 

3 Level 1 Level 3 Level 3 

4 Level 2 Level 1 Level 2 

5 Level 2 Level 2 Level 3 

6 Level 2 Level 3 Level 1 

7 Level 3 Level 1 Level 3 

8 Level 3 Level 2 Level 1 

9 Level 3 Level 3 Level 2 
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μm. The pattern spacing and angle vary in the pattern mod-

els shown in Fig. 3. Specifically, in Fig. 3, a, the pattern 

spacing is 200 μm and the pattern angle is 30°. In Fig. 3, b, 

the pattern spacing is 300 μm and the pattern angle is 60°. 

Finally, in Fig. 3, c, the pattern spacing is 400 μm and the 

pattern angle is 90°. 

Table 6 

L9(33) orthogonal array generated with factors and levels 

Experiment 

No  

Pattern 

Width  

Spacing between 

Patterns 

Angle of the 

Patterns 

1 18 μm 200 μm 30° 

2 18 μm 300 μm 60° 

3 18 μm 400 μm 90° 

4 20 μm 200 μm 60° 

5 20 μm 300 μm 90° 

6 20 μm 400 μm 30° 

7 25 μm 200 μm 90° 

8 25 μm 300 μm 30° 

9 25 μm 400 μm 60° 

Table 7 

Laser pattern parameters 

Number of 

Cycles 
Time, ns Power, % 

Frequency, 

kHz 

5 500 100 50 

 

a b c 

Fig. 3 Laser pattern geometries with 180 μm width applied 

to cut tool surfaces: a – pattern 1, b – pattern 2,  

c – pattern 3 

 

a b c 

Fig. 4 Laser pattern geometries with 200 μm width applied 

to cut tool surfaces: a – pattern 4, b – pattern 5,  

c – pattern 6 

The widths of the patterns shown in Fig. 4 are 200 

μm. The pattern spacing and angle vary in the pattern mod-

els shown in Fig. 4. Specifically, in Fig. 4, a, the pattern 

spacing is 200 μm and the pattern angle is 60°. In Fig. 4, b, 

the pattern spacing is 300 μm and the pattern angle is 90°. 

Finally, in Fig. 4, c, the pattern spacing is 400 μm and the 

pattern angle is 30° 

 

a b c 

Fig. 5 Laser pattern geometries with 250 μm width applied 

to cut tool surfaces: a – pattern 7, b – pattern 8,  

c – pattern 9 

The widths of the patterns shown in Fig. 5 are 

250 μm. The pattern spacing and angle vary in the pattern 

models shown in Fig. 5. Specifically, in Fig. 5, a, the pattern 

spacing is 200 μm and the pattern angle is 90°. In Fig. 5, b, 

the pattern spacing is 300 μm and the pattern angle is 30°. 

Finally, in Fig. 5, c, the pattern spacing is 400 μm and the 

pattern angle is 60° 

The performance tests of the ceramic cutting tools 

produced by laser patterning were carried out on a Doosan 

Puma V550 CNC lathe machine (Doosan Machine Tools, 

South Korea). The cutting tools were examined before and 

after machining using an Axio Zoom V16 stereo zoom mi-

croscope (Carl Zeiss, Germany) to measure wear. Laser tex-

turing was performed with an i-Mark industrial laser mark-

ing system (XYZ model, ABC Company, Country) using 

the parameters listed in Table 7. Chemical composition 

analysis of the GG25 cast iron was carried out using a 

Foundry-Master Xpert optical emission spectrometer (Hita-

chi High-Tech, Japan). 

During the turning tests, a digital calliper (Mi-

tutoyo, Japan) was used for dimensional checks, and all ex-

periments were conducted under dry cutting conditions 

without coolant. The spindle speed was set to 600 rpm, and 

the feed rate was adjusted to 0.3 mm/rev. 

The wear on the cutting tools after the turning pro-

cess was observed, and the amount of wear occurring in dif-

ferent experiments was compared.  

The obtained results were compared using the sig-

nal-to-noise ratio (S/N Ratio) method, and the most efficient 

pattern combination and the factor that affects the efficiency 

the most were determined. The signal-to-noise ratio is a 

method used to select the best combination of variables in 

the design [25]. 

3. Results 

The wear amounts of the cutting tools subjected to 



 431 

laser patterning and processing the GG25 standard material 

on the lathe machine were examined under a microscope, 

and the number of GG25 parts from which they were able 

to remove chips was recorded. 

The number of parts in which the cutting tool re-

moves chips is given in Table 9. 

Table 9 

Number of parts removed by the cutting tool 

 Number of Pieces  

Side 

No 
1 2 3 4 5 6 7 8 9 

1 15 26 40 40 15 20 8 13 15 

2 13 14 15 6 16 24 17 17 8 

3 14 12   20 14 18 23 9 

4 12 18   9 37 7 17 4 

Tot. 54 70 55 46 60 95 50 70 36 

In the tool where pattern number 1 was applied, 

overall free surface and notch wear were observed. The cut-

ting tool could perform chip removal on 54 GG25 parts at 

the four corners. The wear amount of this cutting tool is 

shown in Fig. 6, a. 

On the tool that processed pattern 2, free surface, 

notch, and nose wear were observed. It could perform chip 

removal operation in 70 GG25 parts on four corners. The 

wear amount of this cutting tool is shown in Fig. 6, b. 

The third patterned cutting tool broke at its second 

corner during the cutting process. Before breakage, nose 

wear and tool breakage were observed. This tool could per-

form cutting operations on 55 GG25 parts in two corners. 

The wear amount of this cutting tool is shown in Fig. 6, c, 

and the number of parts in which the cutting tool performed 

the cutting operation until the moment of its breakage is 

given in Table 9. 

The cutting tool with pattern number 4 during its 

machining operation experienced a fracture in its second 

corner. Before fracture, nose wear and tool breakage were 

observed at the edges. This cutting tool performed chip re-

moval operations on 46 GG25 parts with two edges. The 

wear amount of the cutting tool is shown in Fig. 7, a, and  

 

a b 

 

c 

Fig. 6 Wear images of each corner of tools with 180 μm 

wide laser-etched surface 

the number of parts where the cutting tool performed chip 

removal until the moment of fracture is given in Table 9. 

The cutting tool that processed pattern number 5 

showed free surface and notch wear. It could perform the 

chip removal process on 60 GG25 parts with four edges. The 

amount of wear of this cutting tool is shown in Fig. 7, b, and 

the number of parts on which the chip removal process was 

performed is given in Table 9. 

On the cutting tool where pattern number 6 is pro-

cessed, free surface, notch, and nose wear have been ob-

served. The cutting tool performed machining on 95 GG25 

parts with four corners. The amount of wear for this cutting 

tool is shown in Fig. 7, c, and the number of machined parts 

is given in Table 9. 

On the cutting tool where pattern number 7 was 

processed, free surface wear, nose wear, and tool breakage  

 

a 

 

b c 

Fig. 7 Wear images of each corner of tools with 200 μm 

wide laser-etched surface 

 

a b 

 

c 

Fig. 8 Wear images of each corner of tools with 250 μm 

wide laser-etched surface 
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were observed. The cutting tool performed machining on 50 

GG25 parts with four corners. The amount of wear of this 

cutting tool is shown in Fig. 8, a. 

On the cutting tool where pattern number 8 is pro-

cessed, free surface and notch wear have been observed. The 

cutting tool performed machining on 70 GG25 parts with 

four corners. The amount of wear for this cutting tool is 

shown in Fig. 8, b, and the number of machined parts is 

given in Table 9. 

On the cutting tool where pattern number 9 is pro-

cessed, free surface, notch, and nose wear have been ob-

served. The cutting tool performed machining on 36 GG25 

parts with four corners. The amount of wear of this cutting 

tool is shown in Fig. 8, c. 

The values shown above were obtained from all 

experiments. These values were entered into the Minitab 

software, and signal noise processing was applied. After 

processing, the values shown in Table 10 were obtained. 

Table 10 

Results in the Minitab 

Pattern 

width 

Pattern 

Spacing 

Angle of 

the Pat-

terns 

Number 

of GG25 

Parts 

S/N 

Value 

18 μm 200 μm 30° 54 34.6479 

18 μm 300 μm 60° 70 36.9020 

18 μm 400 μm 90° 55 34.8073 

20 μm 200 μm 60° 46 33.2552 

20 μm 300 μm 90° 60 35.5630 

20 μm 400 μm 30° 95 39.5545 

25 μm 200 μm 90° 50 33.9794 

25 μm 300 μm 30° 70 36.9020 

25 μm 400 μm 60° 36 31.1261 

 

Fig. 10 Minitab-generated main effects plot 

 

Fig. 11 Signal-to-noise ratio plot obtained in Minitab 

According to the results obtained in Figs. 10 and 

11, the parameter that has the most impact on performance 

is the angle of the patterns. Additionally, these values have 

shown that the pattern width of 20 μm, pattern spacing of 

300μm, and pattern angle of 30° provide the highest perfor-

mance in the pattern combination that shows the best results. 

4. Conclusions 

It has been observed that laser patterning applied 

to ceramic-based cutting tools, designed and applied in dif-

ferent sizes, can be applied to machining on a different num-

ber of GG25 parts for each pattern. The tool processed with 

pattern number 6 achieved the highest performance. The 

width of pattern number 6 is 20 μm, the distance between 

the patterns is 400 μm, and the angle of the pattern is 30°.  

When the wear on the tools was observed, it was 

found that in the tools that showed high performance, nose 

wear was observed, and other types of wear occurred in 

smaller amounts. 

The tools with pattern numbers 3 and 4 broke, but 

they still managed to perform 40 cuts on GG25 parts at the 

initial edge, and thus obtained the highest number of cuts. 

In cases where no breakage occurred, it is believed that four 

edges can reach the highest total number of cuts. 

Other conclusions that can be drawn from this 

study can be listed as follows: 

1. The dimensions used in the design of the pattern 

during the laser patterning process can have a positive or 

negative effect on tool performance. 

2. The applied process, workpiece, spindle speed, 

feed rate, whether the process is dry or with coolant, etc. are 

factors that affect the ideal pattern dimensions. 

3. Taking all these factors into account, the pattern 

shape and dimensions to be designed for each factor may 

vary. Accordingly, there is no ideal pattern shape or dimen-

sions for all processes. Even a change in the parameters of 

the laser patterning device can have a significant impact on 

the performance of the cutting tool. 

4. The observation of different types and amounts 

of wear in each tool subjected to laser patterning demon-

strates the effect of this application on wear. 
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A. Çalik 

EFFECT OF DIMENSIONS IN LASER SURFACE 

TEXTURING ON CUTTING TOOLS 

S u m m a r y 

A significant part of the costs the companies that 

produce with the machining method is the cost of the cutting 

tool. The high cost and the continuous increase in the com-

petition in the sector have pushed the companies operating 

in this field to work to extend the life of cutting tools. In this 

study, laser patterning was applied to the surfaces of silicon 

nitride-based cutting tools, and the most ideal combination 

was determined by changing the dimensions of the pattern-

ing. Before the laser patterning process, an experimental de-

sign was created using the Taguchi method and the L9 or-

thogonal array. The experiments were carried out on a Doo-

san Puma V550 turning machine, and the chip removal pro-

cess was carried out dry. Material conforming to the GG25 

standard is processed on the turning machine. In the experi-

ments, the widths of the patterns, the spaces between the 

patterns, and the angles between the lines of the patterns 

were varied. The wear number of the cutting tools was ob-

served using an Axio Zoom V16 microscope. After all these 

examinations, the data were collected and the results were 

compared using the signal-to-noise ratio method. With this 

comparison, it was seen that the most efficient pattern was 

20μm-300μm-30°. In addition, it was determined that the 

most influential factor on cutting tool performance was the 

angle of the patterns. 

Keywords: laser texturing, Taguchi method, turning, ce-

ramic cutting tool. 
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