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Abstract: 

High cutting speed, superior cut quality and low machining costs are the main reasons for increased usage of the laser cutting 

operations also made this process to become competitive to existing methods of contour cutting. The precision levels and edge 

quality achieved with laser cutting machines are better than traditional cutting methods. However the quality of cut depends upon 

the proper selection of input process parameters. The present research work mainly focuses on doing the analysis and empirical 

modeling of the process. First experiments were conducted as per the Design of experiments then graphs were plotted between the 

input process parameters and the output responses. 2.2 mm austenitic stainless steel is cut with CO2 laser. The control variables 

like Laser power, cutting speed, gas pressure and focal distance are varied and the Burr height and Surface roughness are the 

output responses measured. The main aim of this research is to narrate these conditions to formations of burr and surface roughness 

of cut edge. Inorder to optimize the laser bean cutting process, Empirical models has to be predicted. Response surface 

methodology is used to predict the models based on the experimental data. These predicted models or relationships are approved 

with a mathematical model, which is used to forecast and minimizing burr height and surface roughness. Then in turn the process 
can be optimized using the optimization algorithms.  
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I. INTRODUCTION 

Manufacturing technology plays a major role for the 

development of a country’s industrial growth and largely 

dictates the trend of the economy. New technologies are being 

exploited to satisfy the needs and preferences of the customer 

which creates a high impact on global manufacturing scenario. 

In this context, the aim of a manufacturing system is to 

achieve overall performance, utilizing resources in design and 

development, production, delivery and other support systems. 

Decision making in the manufacturing environment is a 

strategic topic, especially in connection with the complexity 

of driving forces and factors influencing manufacturing 

systems dynamics. LBM (Laser beam machining) is a non-
traditional machining process. In recent years there is an 

increasing trend towards reduction of various components 

involving different applications, such as MEMS, electronics, 

photonics, bio-medical devices. In view of this, 

micromachining techniques have become important in the 

fabrication of micro-components and micro-assemblies. So 

lasers are also increasingly employed for a precise 

micromachining because their beams can be focused 

accurately on microscopic areas. The present work proposes a 

procedure to find the set of manufacturing parameters which 

are influencing on the surface roughness and burr height in 
LBC.  

 

LASER stands for light amplification by stimulated 

emission of radiation. Laser beam cutting (LBC) is a 

technology that uses a laser to cut materials, and is typically 

used for industrial manufacturing applications [1]. Cutting is a 

material separation method which is used to remove the 

material from the work-piece. Laser cutting works by 

directing the output of a high-power laser, by computer, at the 

material to be cut. The material then melts, burns, vaporizes 

away, or is blown away by a jet of gas, leaving an edge with a 

high-quality surface finish [2]. Laser cutting is the most 

widely used LBM process. The capability of the laser cutting 

mainly depends on the optical and thermal properties rather 

than mechanical properties of the material to be cut. The 

materials which exhibit high degree of hardness or brittleness 

and passing through favorable thermal and optical properties 

such as low reflectivity, low thermal conductivity and 
diffusivity are well suited for laser cutting process [3].  The 

basic components of a laser cutting system are Laser generator 

for producing the beam, A beam delivery system to direct the 

beam, Nozzle assembly usually integral with the focusing 

assembly and coaxial with the beam for directing the assist 

gas, Motion unit and exhaust for the waste material.  

 
Figure 1 Schematic of a laser cutting system 

 

The main goal of the industries to achieve mass production 

and high quality of finished parts. However, in order to find 

the best values of process variables. In turn, this requires the 

establishment of precise quantitative relationships between the 
process control variables and the chosen output responses.  

The DOE based studies applied so for mainly focused for the 

optimization of the single quality characteristics. Only few 

authors have optimized parameters for multiple quality 

characteristics. Dubey and Yadava [4] have applied this 

methodology for multi-objective optimization. Taguchi 
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methodology based experimental study by Yilbas et al. [16] 

show that cut quality is mainly affected by cutting speed and 

oxygen pressure. Mathew et al. [5] have done parametric 

study on pulsed Nd:YAG laser cutting of carbon fiber 

reinforced plastic composites by using response surface 

methodology and found that the gas pressure was the most 
influencing parameter for kerf width. Sivarao et al. [6] have 

performed experimental study on the laser cutting of 6.0 mm 

mild steel sheet by using response surface methodology. They 

concluded that only high cutting speed could produce good 

surface coupled with high duty cycle regardless of pulse 

frequency. Implementation of the laser cutting operation are 

depends entirely on the variable parameters [7] according to 

material to be cut.  

In most of the experimental investigations of the LBC 

process researchers have varied one factor at a time to analyze 

the effect of input process parameters on output quality 

characteristics or responses. But this technique requires a 
large number of experimental runs because only one factor is 

varied in each run, keeping all other factors constant. And also 

interaction effects among various input process parameters are 

not considered. To overcome these problems, this work is 

proposed to use Design of Experiments to reduce the number 

of experiments with the same accuracy. In the present work , a 

lot of experimental investigation has been undertaken with the 

aim of analyzing the effect of process parameters on cut 

geometry and cut surface quality.To achieve the objective of 

our research, the research work was proposed to be carried out 

in the following steps: 
1. The important process control variables should be identified 

after carrying out the trial experiments. 

 

2. Finding the maximum and minimum limits of the control 

variables. 

 

3. Constructing of the design matrix [8]. 

 

4. Conducting the experiments as per the design matrix and 

then recording the responses. 

 

5. Advance of mathematical models and then calculating the 
coefficients of the polynomials. 

 

6. Checking the adequacy of the models developed. 

 

7. Presenting the main effects and the significant interaction 

effects of the process parameters on the responses in two and 

three dimensional (contour) graphical form. 

II. EXPERIMENTAL WORK 

The experiments are conducted on High power CO2 Laser 

Machining center which can produce maximum average 

power of 3200W. Based on the literature survey and the trial 
experiments, it was found that the process parameters such as 

Laser power (x1), cutting speed (x2), gas pressure(x3), and 

focal distance (x4) have significant effect on cut edge quality 

such as surface roughness, and Burr height. 

In the present work, trial samples of square profile 

cutting with the dimensions of 20 x 20 mm are performed by 

varying one of the process variables to determine the working 

range of each process variable. The table 1.shows the levels 

used for conducting the experiments. The experiments were 

planned for four input parameters and three levels.   

 
 

 

Table 1. Experimental Conditions 

Factors Units 
Levels 

-1 0 1 

Power KW 1.4 1.6 1.8 

Cutting Speed mm/sec 3500 4000 4500 

Gas Pressure Bar 2.0 2.5 3.0 

Focal Distance mm 0.3 0.4 0.5 

 

The intermediate values are calculated from the 

following relationship;                                                                                                                          

                         (6.1) 

Here, xi = obliged estimation of a variable X. X is 

any estimation of the variable from Xmin to Xmax. Xmin is the 

minimum level of the variable and Xmax is the maximum level 

of the variable.  

 

Table 2: Experimental design and measured Responses 

S.

No 

Input Variables Output Variables 

Powe

r 

[KW

] 

Cutting 

Speed 

[mm/se

c] 

Gas 

Pressur

e 

[bar] 

Focal 

Distan

ce 

[mm] 

Surface 

Rough

ness 

[µm] 

Burr 

Height 

[µm] 

1 1.4 3500 2.0 0.3 5.894 11.244 

2 1.4 3500 2.5 0.4 3.657 10.995 

3 1.4 3500 3.0 0.5 4.657 14.714 

4 1.4 4000 2.0 0.4 4.287 11.345 

5 1.4 4000 2.5 0.5 4.124 9.714 

6 1.4 4000 3.0 0.3 3.571 11.584 

7 1.4 4000 2.0 0.5 1.968 9.474 

8 1.4 4000 2.5 0.3 2.825 10.104 

9 1.4 4500 3.0 0.4 1.305 9.904 

10 1.6 3500 2.0 0.4 5.074 14.064 

11 1.6 3500 2.5 0.5 6.996 17.174 

12 1.6 3500 3.0 0.3 6.927 15.955 

13 1.6 4000 2.0 0.5 5.201 13.934 

14 1.6 4000 2.5 0.3 4.382 15.685 

15 1.6 4000 3.0 0.4 5.024 14.715 

16 1.6 4500 2.0 0.3 1.960 16.664 

17 1.6 4500 2.5 0.4 2.219 14.434 

18 1.6 4500 3.0 0.5 1.763 13.785 

19 1.8 3500 2.0 0.5 9.085 17.674 

20 1.8 3500 2.5 0.3 7.834 17.974 

21 1.8 3500 3.0 0.4 8.194 17.084 

22 1.8 4000 2.0 0.3 7.329 18.674 

23 1.8 4000 2.5 0.4 6.374 17.764 

24 1.8 4000 3.0 0.5 6.827 15.204 

25 1.8 4500 2.0 0.4 6.003 18.895 

26 1.8 4500 2.5 0.5 5.051 16.604 

27 1.8 4500 3.0 0.3 6.085 17.964 

The chose outline framework is a three-level, three-

component, focal composite rotatable factorial configuration 

comprising of 27 arrangements of coded conditions. It 

includes a full replication of 213 factorial plans. Every cutting 

variable at their transitional level (0) constitute the inside 

focuses, and the mixes of each of the cutting variables at 
possibly its least (-1) or most noteworthy (+1) with the other 

three variables at their middle level establish the space focuses. 

Subsequently, the 27 exploratory runs permitted the 

estimation of the quadratic and two-way intuitive impacts of 

the cutting variables on the cut edge quality. The Surface 
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roughness and burr height were measured utilizing Talysurf as 

demonstrated as a part of Figure 6.3. The table 2 shows the 

experimental results. 

 

 
Fig. 2.Talysurf equipment 

III. EXPERINMENTAL INVESTIGATION 

The models were predicted using the Response 

surface methodology. Inorder to optimize there is a need to 

predict the models. The need in building up the numerical 

connections is to relate the measure yield reactions surface 

unpleasantness and burr stature to the info process parameters, 

for example, Laser force (x1), Cutting speed(x2), gas weight 

(x3), and Focal separation (x4) consequently encouraging the 

improvement of the cutting methodology. 
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The developed empirical models are tested for their 

adequacy using the ANOVA analysis. The measurements of 
ANOVA for surface roughness and burr height are given in 

the Tables 3, and Table 4 separately.  

 

In the event of Surface roughness, it can be seen 

from Table 3 that the estimation of "Prob. > F" for the model 

is under 0.15, which demonstrates that the model is 

noteworthy.  

 

In the event of Burr height it can be seen from Table 

4, the estimation of "Prob. > F" for the model is under 0.15, 

which demonstrates that the model is critical.  

 
To check whether the fitted models truly characterize 

the trial information, the various relapse coefficient (R2) is 

processed.  

 

From Table 3, R2 for Surface unpleasantness is 

discovered to be 0.9412. This demonstrates that the second-

request model can clarify the variety in Surface harshness up 

to the degree of 94.12%.  

 

Correspondingly, from Table 4. R
2
 for Burr stature 

discovered to be entrance is discovered to be 0.9600. This 
demonstrates that the second –order model can clarify the 

variety in Burr tallness up to the degree of 96.00%.  

 

 

 

Table 3: ANOVA [Partial sum of squares] for Surface 

roughness 

 
Source 

Sum of 

Squares 
df 

Mean 

Square 
 F Value 

P     Prob> 

F  

Model 105.64 14 7.55 8.01 0.0004 significant 

 x1 60.94 1 60.94 64.69 < 0.0001 
 

 x2 43.28 1 43.28 45.94 < 0.0001 
 

 x3 
0.0006E-

004 
1 

6.682E-

004 

7.093E-

004 
0.9792 

 

 x4 0.099 1 0.099 0.10 0.7519 
 

 x1x2 0.82 1 0.82 0.87 0.3697 
 

 x1x3 0.070 1 0.070 0.074 0.7900 
 

 x1x4 0.15 1 0.15 0.16 0.6927 
 

  x2x3 
5.025E-

003 
1 

5.025E-

003 

5.334E-

003 
0.9430 

 

  x2x4 0.084 1 0.084 0.089 0.7703 
 

  x3x4 0.62 1 0.62 0.65 0.4344 
 

  x1
2 2.17 1 2.17 2.30 0.1551 

 
  x2

2 0.60 1 0.60 0.63 0.4419 
 

  x3
2 0.73 1 0.73 0.77 0.3976 

 
  x4

2 0.19 1 0.19 0.20 0.6589 
 

Residual 11.30 12 0.94 
   

Cor 

Total 
116.95 26 

    

Std. 

Dev. 
0.97   

R-

Squared 
0.9033  

Mean 4.99   
Adj R-

Squared 
0.7906  

 

The normal probability plots of the residuals for the 

output responses, Surface roughness and Burr height are 

shown in Fig.3, and Fig.4 respectively.  

 

It can be observed from Fig.3, and Fig.4 the residuals 

are located on straight line, which means that the errors are 

spread normally. 

 
Fig. 3: Normal probability plot for Surface roughness 
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Table 4: ANOVA [Partial sum of squares] for Burr height 

 

Source 
Sum of 

Squares 
df 

Mean 

Square 
 F Value 

P     

Prob> F  

Model 230.08 14 16.43 21.08 < 0.0001 Significant 

x1 170.59 1 170.59 218.79 
< 

0.0001  

 x2 3.07 1 3.07 3.93 0.0707 
 

 x3 
7.725E-

003 
1 

7.725E-

003 

9.908E-

003 
0.9224 

 

 x4 3.85 1 3.85 4.94 0.0463 
 

AB 2.75 1 2.75 3.53 0.0850 
 

AC 4.39 1 4.39 5.63 0.0352 
 

AD 0.96 1 0.96 1.23 0.2892 
 

BC 3.08 1 3.08 3.96 0.0700 
 

BD 4.65 1 4.65 5.96 0.0311 
 

CD 0.53 1 0.53 0.68 0.4246 
 

A2 4.74 1 4.74 6.08 0.0298 
 

B2 1.62 1 1.62 2.08 0.1748 
 

C2 0.014 1 0.014 0.018 0.8963 
 

D2 0.49 1 0.49 0.63 0.4436 
 

Residual 9.36 12 0.78 
   

Cor 

Total 
239.44 26 

    

Std. 

Dev. 
0.88   

R-

Squared 
0.9609  

Mean 14.57   
Adj R-

Squared 
0.9153  

 

 
Fig. 4: Normal probability plot for Burr height 

 

IV. RESULTS 

  Design Expert, 9.1v, statistical analysis software is 

used for evaluating the effects. The results show the general 

trends between cause and effect. Only the main effects are 

plotted. 

 

 

 

Effect of process parameters on Surface roughness 

 

The individual effect of Laser power on Surface 

roughness can be observed from Fig. 5.   

 

 
Fig. 5: Effect of Laser power on surface roughness 

 

The effect of laser power on the surface roughness of 

cut reduces as thicker sheet is considered to be cut. The power 

and surface roughness are directly proportional to each other. 

 

 
Fig. 6. Effect of cutting speed on surface roughness 

 

The influence of cutting speed on the surface 

roughness as shown in fig 6. The higher cutting speeds give 

maximum surface roughness.  

 

 
Fig. 7: Effect of Gas pressure on surface roughness 

 
The influence of gas pressure on the surface 

roughness as shown in fig 7.The gas pressure is most 

significant parameter affecting the surface roughness 

variation. For obtaining the minimal roughness the gas 

pressure should be kept at low level. 
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            Fig. 8: Effect of Focal distance on surface 

roughness 

 

The influence of Focal distance on surface roughness 

as shown in fig 8.The surface roughness value increases if 

both laser power and focal distance increases. The focal 

distance has the most significant effect on the surface 
roughness. 

 

Effects of process parameters on Burr height 

The effect of laser power on Burr height The 

influence of Laser power on the burr height as shown in fig 

9.During cutting, the laser power develops a Very high 

temperature in the form of light wave.  

 

 
Fig.9: Effect of Laser power on burr height 

 

The laser power is directly proportional to the burr 

height because more power causes more metal removal. This 

large amount of metal removal gives an irregular solidification 

of the bottom surface. These burr height also varies with 

respect to power fluctuations. 

 

 
Fig. 10: Effect of cutting speed on burr height 

 

The influence of cutting speed on the Burr height as 

shown in fig.10.The curve slope is greater at the lower cutting 

speed because of at high speed there is no sufficient time to 

diffusion and melting grooves. The larger cutting speeds with 

in the tested range increase the burr height. 

 
Fig. 11: Effect of Gas pressure on burr height 

 

The influence of gas pressure on the Burr height as 

shown in fig.11.The burr height can be explain by increase in 

some automatic force induce by gas pressure. Although 

growing the pressure of oxygen gas assures very smooth and 

burr less surface. The optimal gas pressure even with some 
unnoticeable burrs is attached to lower surface. Increasing the 

gas pressure gives an increasing the burr height. 

 

 
Fig. 12: Effect of Focal distance on burr height 

 

Influence of the focal distance on burr height as 

shown in fig.12. The steady values, positive relations effect on 

burr height with increase in focal distance. Focal distance has 

the dominant effect on the burr height improvement. For 

obtaining the optimal burr height, while using the maximum 

focal distance. 

V. CONCLUSIONS 

Optimization of Laser beam cutting process parameters is 
very much essential as this is costly process as well as widely used 
one. The investigations of this study indicates that the control 
parameters Laser Power, Cutting speed, Gas pressure, Focal distance 
are the primary factors influencing the Burr height and Surface 
Roughness. Before optimization one needs to predict the empirical 
models by using precise methodology. The approach presented in 

this paper provides an impetus to develop analytic models, based on 
experimental results using the response surface methodology. The 
following observations are made during this study. R2 for Surface 
roughness is discovered to be 0.9412. This demonstrates that the 
second-request model can clarify the variety in Surface harshness up 
to the degree of 94.12%. Also the R2 for Burr height is found to be 
0.9600. The values shows that the methodology presented in the 
paper can be used to optimize the process parameters of a Laser 
beam cutting process. 
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