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Abstract--- The main objective of this project is to develop 

and establish of marking procedure and investigation of 

marking characteristics of most commonly used EN8 

Bearing steel for ball bearings. To perform the experiment, 

an experimental design matrix was constituted using the 

design of the experiments. For this purpose, in the Response 

Surface method, Box Behnken design was chosen as a 

statistical tool to build an experimental layout and also for 

the Optimization Response Surface Method. An Nd-YAG 

laser and Fiber laser was used in the laser marking process 

of stainless steel. The influence of the pulse frequency, 

Focal Point, marking seed of the laser beam on the mark 

depth, width and mark contrast have been studied in this 

Dissertation. Design of Experiment was obtained using Box 

Behnken design. Also Anova and Regresion Analysis were 

performed. Optimization of that parameters has been done 

using Response Surface Method.  
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I. INTRODUCTION 

In the past decades, laser has been widely used in cutting 

and welding operations. Quite recently, this technology has 

been adopted in other industrial processes like marking, 

selective ablation and machining of different materials, 

thanks to the introduction of laser sources characterized by 

short and ultra-short pulses having from nanosecond to 

femtosecond duration.[3] 

Marking is a process to make a mark on a product 

for the purpose of product identification. There are many 

marking methods, such as ink-marking, mechanical 

engraving and electro-chemical methods. Laser marking is a 

new marking method. There are many advantages in laser 

marking compared with conventional marking methods, 

such as no wear on tools, high degree of automation, free 

programming and choice of characters [1]. 

The main advantages of laser process are non-

contact working, high repeatability, high scanning speed, 

worked area comparable to the laser spot, high flexibility 

and automation. Furthermore, the use of shorter 

wavelengths, which are better absorbed by the material, 

allows smaller feature sizes to be worked, while the use of 

shorter pulses reduces heat-affected zone and opens new 

ways for nanometric accuracy [3]. 

II. LASER MARKING PHENOMENA 

 Vaporization A.

The laser beam is focused to a small spot, which greatly 

increases the energy density. When the energy is high 

enough, and the surface temperature is raised well above the 

melting point, most of the material on which the beam is 

focused will vaporize.  

 
Fig. 1: Vaporization 

 Softening/Melting B.

Some materials are melted by infrared laser radiation, e.g. 

metals, epoxies and glass (Figure 2). In the case of metals, 

mark contrast is achieved by oxidation or incorporation of 

impurities into the melt. 

 
Fig. 2:  Softening 

 Layer removal/ablation C.

Layer removal/ablation is actually a form of controlled 

vaporisation (Figure 3). A thin layer of plastic film, paper, 

ink or paint is vaporized exposing the different coloured 

under-layer. 

 
Fig. 3: Layer removal 

 Colour change D.

At certain energy densities (below melting point), materials 

can undergo chemical changes when exposed to laser 

radiation of a specific wavelength. The color change is due 

to changes in chemical composition or in molecular 

structures 

 
Fig. 4: Colour change 
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III. LITERATURE REVIEW 

 J. Qi, K.L. Wang, Y.M. Zhu [1] studied on the influence A.

of the pulse frequency of the laser beam on the mark depth, 

width and mark contrast. A Q-switched Nd: YAG laser was 

used in the laser marking process of stainless steel. The 

mark contrast is the ratio of the apparent brightness between 

the mark and unmarked areas which shows the clearance 

degree of the mark. Also they have investigated that the 

pulse frequency of a Q-switched Nd: YAG laser has a 

significant effect on the mark quality. 

 T.W. Ng, S.C. Yeo [2] has studied on the CIE colour B.

difference formula was applied to evaluate four types of 

material surfaces; anodized aluminium, stainless steel, poly-

butylenes tetra-phthalate (PBT), and phenol formaldehyde, 

marked using a Nd:YAG laser, and viewed under three 

common modes of illumination; tungsten, Fluorescent and 

daylight at different speeds. The colour difference values 

were based on the spectral reflectance readings obtained 

from a spectrophotometer. 

 C. Leone, S. Genna, G. Caprino, I. De Iorio [3] has C.

carried out Laser marking tests to determine the correlation 

occurring between working parameters (i.e. pulse frequency, 

beam scanning speed, and current intensity) and resulting 

mark visibility on AISI 304 steel, using a Q-switched diode 

pumped Nd:YAG laser. The latter was evaluated as the 

contrast index measured from digital images of the marks. 

 Janez Diaci, Drago Bracun, Ales Gorkic, Janez Mozina D.

[4] has presented a novel method for rapid and flexible laser 

marking and engraving of tilted, curved and freeform work-

piece surfaces. The method is based on integrating a three-

dimensional (3D) laser measurement system into a 3D laser 

marking system. The same laser source and optics for 

measurement and processing with a minimum of additional 

hardware components were used.  

 F.Agalianos, S.Patelis, P. Kyratsis, E. Maravelakis, E.

E.Vasarmidis, A.Antoniadis [5] has investigated on the 

influence of the process parameters on the surface quality 

when machined by laser engraving. The examined 

parameters were: the pulse frequency, the beam speed and 

the layer thickness. The surface quality was determined by 

the surface roughness for every set of parameters. it can be 

summarized that the surface roughness strongly depends on 

the frequency and the scan speed used. 

 Sefika Kasman[6] has investigated the machinability of F.

hard metal produced with powder metallurgy and puts 

forward a new approach relating to the laser engraving of 

P/M metals. The main objective of this study is to determine 

the impact of laser engraving process on Vanadis 10.  

1. The experimental results showed that increasing scan 

speed decreases both Ra and D. 

2. The optimal level for Ra is where the scan speed is at 

800 mm/s, the frequency is at 30 KHz, and power is at 

25W (SS3F2P1). Optimal levels for D for each material 

type were obtained at a scan speed of 200 mm/s, a 

frequency of 30 KHz, and with power at 50W 

(SS1F2P3). 

3. After determining the optimal level for each parameter, 

a confirmation experiment was performed for both Ra 

and D. The predicted and experimental results were 

compared, and the results show that there is a high 

correlation between them. To achieve a good surface 

finish, a high scan speed at the lower power level is 

recommended. 

IV. EXPERIMENTAL SETUP 

An EN-8 Bearing was used as Work piece. Experiment was 

carried out on AKSHAR FIBER PRO-410 (Fiber laser) and 

AKSHAR DIODE PRO (Nd-YAG laser) in Sahajanand 

Laser Technology, Gandhinagar. A Square hatch and a line 

has marked on the bearing as shown in figure 5, 6. For 

measuring width and Depth, Tool makers microscope and 

Surface profile gauge was used. 

 
Fig. 5: Fiber laser marking Experiments 

 
Fig. 6: Nd-YAG laser marking Experiments 

V. DOE AND ANALYSIS 

DOE has been carried out by box behnken method in Design 

Expert Software. And then ANOVA and Regression 

Analysis has been performed wich was given in table below. 

Factors Responses 

Frequency 

KHz 

Focal Point 

mm 

Speed 

mm/sec 

Depth 

mm 

Width 

mm 

42.50 -0.50 75.00 0.315 0.216 

20.00 -0.50 112.50 0.241 0.191 

42.50 0.50 75.00 0.288 0.23 

65.00 0.00 150.00 0.262 0.26 

42.50 0.00 112.50 0.27 0.267 

42.50 0.00 112.50 0.272 0.257 

42.50 -0.50 150.00 0.262 0.23 

20.00 0.50 112.50 0.214 0.253 

65.00 -0.50 112.50 0.304 0.233 

20.00 0.00 75.00 0.237 0.252 

20.00 0.00 150.00 0.209 0.234 

65.00 0.00 75.00 0.329 0.212 

42.50 0.00 112.50 0.27 0.267 

42.50 0.50 150.00 0.253 0.245 

65.00 0.50 112.50 0.304 0.199 

Table 1 DOE for Fiber Laser marking 

According to this DOE Anova Analysis was performed and 

found, Quadratic model was Significant with P value 0.0001 

for both Depth and Width Fiber laser. 
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Factors Responses 

Frequency 

KHz 

Focal Point 

mm 

Speed 

mm/sec 

Depth 

mm 

Width 

mm 

42.5 -0.5 75 0.245 0.251 

20 -0.5 112.5 0.195 0.243 

42.5 0.5 75 0.242 0.269 

65 0 150 0.226 0.234 

42.5 0 112.5 0.226 0.21 

42.5 0 112.5 0.237 0.207 

42.5 -0.5 150 0.234 0.217 

20 0.5 112.5 0.161 0.285 

65 -0.5 112.5 0.265 0.235 

20 0 75 0.14 0.236 

20 0 150 0.161 0.226 

65 0 75 0.281 0.234 

42.5 0 112.5 0.234 0.21 

42.5 0.5 150 0.212 0.299 

65 0.5 112.5 0.286 0.298 

65 0.5 112.5 0.286 0.298 

Table 2 DOE for Nd-YAG Laser marking 

According to this DOE Anova Analysis was 

performed and found, Quadratic model was Significant with 

P value 0.0001 for both Depth and Width for Nd-YAG laser. 

Laser Fiber Nd-YAG 

Frequency 51.64 64.93 52.03 65 63.93 55.87 

Focal Point -0.09 0.4 -0.02 0.5 0.27 0.48 

Speed 96.06 75.02 149.49 112.36 81.7 144.44 

Depth 0.297 0.329   0.285 0.288   

Experimented 

Result 
0.289 0.318   0.289 0.281   

Error% -2.76 -3.45   1.38 -2.49   

Width 0.251   0.267 0.297   0.3 

Experimented 

result 
0.255   0.27 0.293   0.315 

Error % 1.56   1.11 -1.36   4.76 

Table 3 Optimization and Validation result of Fiber and Nd-YAG laser

VI. CONCLUSION 

1. Because of more heat concentrated at marking spot, 

Fiber laser gives more Depth and Sharpness than others. 

Also from visual inspection it was seen that Fiber laser 

marked pattern has more contrast than Nd-YAG laser 

marked. 

2. Because of less concentrated laser beam it scatters more 

than fiber laser and Nd-YAG laser gives more width 

than Fiber laser but it has less sharpness. 

3. In Fiber laser Depth ranges from 0.21 mm to 0.33 mm 

and Nd-YAG laser Depth ranges from 0.14 mm to 0.22 

mm. which shows that fiber laser gives more depth than 

Nd-YAG laser. 

4. In Fiber laser Width ranges from 0.19 mm to 0.27 mm 

and Nd-YAG laser Width ranges from 0.21 mm to 0.30 

mm which shows Nd-YAG laser gives more Width than 

Fiber laser 

VII. FUTURE SCOPE 

For researchers there is wide scope for analysing and 

developing new technology. Many different types of Laser 

can be used for marking on a particular material and 

optimum parameters can be obtained. Also many different 

work piece materials that can be used for research are 

Stainless Steels, Plastic, EN series, Aluminium alloys etc. 
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