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Abstract: The laser machining is a thermal energy-based process. The 
aluminium alloy is a highly reflective material which is difficult to cut by using 
the laser cutting process. The present paper experimentally investigated about 
the CO2 laser cutting of aluminium AA6061-T6 alloy material for the 
improvement of geometrical accuracy of the curved profile at the same time to 
minimise the top, bottom kerf width and kerf deviations. The experiments are 
carried out by using fuzzy logic approach and to predict the effect of CO2 laser 
cutting quality based on the cutting parameters on laser power, cutting speed, 
gas pressure and focal position. The fuzzy logic model is used on fuzzy logic 
tool box of MATLAB using Mamdani technique. The relationship between 
experimental value and fuzzy model are compared. Finally, based on the 
results, the proposed fuzzy logic models are minimised to top, bottom kerf 
width and kerf deviations of CO2 laser cutting of AA6061-T6 aluminium 
alloys. 
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1 Introduction 

Nowadays, laser cutting is the advanced machining process used in sheet metal 
fabrication industries. The aluminium alloy is most difficult to cut because of highly 
reflective material and complex shapes. Commonly industries have two types of laser 
machining being used Nd:YAG and CO2 laser, broadly CO2 laser is used in most of the 
industries. In this study, mainly to reduction of wastage to kerf width during the CO2 
laser cutting of aluminium alloys (Srivastava et al., 2018). The Nd:YAG laser is a solid 
state laser mainly working at a wavelength of 1.06 μm and the CO2 laser is a gas type 
laser that has 10.6 μm of wavelength (Shishkovsky et al., 2015). The Nd:YAG lasers has 
lower beam power, it has worked in continuous and pulsed mode and mainly cutting the 
lower thickness of sheet metal at high accuracy (Mousa et al., 2014). CO2 laser is cutting 
of all types of sheet metals at high speed because it has to deliver the maximum laser 
power, highest efficiency and good quality of beam (Caydas and Hascalik, 2008). At the 
same time, the maximum peak laser powers at a high speed of CO2 laser reflecting a 
lesser degree by metal surfaces and this high absorptive of the CO2 laser enables to 
process so that it is able to cut highly reflective materials with a relatively high cutting 
speed (Srinivasan et al., 2017). CO2 laser cutting of aluminium alloys material has the 
most important research for making of high accuracy of cutting end surfaces (Hiranoa 
and Fabbroa, 2011). The quality of cut mainly depends on the input parameters, mainly 
laser power, cutting speed, gas pressure and focal position (Arif et al., 2009). Most of the 
researchers change only the two and three parameters and to study the effect of cutting 
surfaces of the metals. That have the more number of experimental run are needed. The 
mainly used are DOE Taguchi-based approaches in this method and the interaction 
effects process parameters are not considered (Madic et al., 2012). And not considering 
about the different cutting profiles like straight and curved types. So that the present work 
would try to concentrate about the fuzzy logic-based approach used and the cutting of 
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aluminium AA6061-T6 material are also used for the curved profile cutting geometry 
which is investigated. 

2 Materials and methods 

In this research work, CO2 laser cutting of AA6061-T6 sheet metal to cut curved profiles 
are considered. 

2.1 Experimental procedure 

AMADA make CO2 laser cutting machines is as shown in Figure 1. All the experimental 
work is done in these machines. And cutting material for aluminium alloys for  
AA6061-T6 2.5 mm thickness are also considered. To cut geometry for curved profile is 
shown in Figure 2 (Parthiban et al., 2018). To control parameters are like beam power, 
cutting speed, gas pressure and focal position. At that time, the controlled parameters are 
variable levels of beam power of 2,000, 2,150 and 2,300 watts, cutting speed of 2,000, 
3,000, 4,000 mm/min, gas pressure are 1, 1.1, 1.2 Mpa and focal position of –1, –1.5 and 
–2 mm. 

2.2 Measurement of responses 

After the cutting of sheet metal, measuring the top kerf width and bottom kerf width by 
using of tool makers microscope with 20× magnification factors at each workpiece of 
three measurements taken along the cutting length (Dinesh et al., 2016). The kerf 
deviations are to calculate the maximum kerf width and the minimum kerf width. 

Figure 1 CO2 laser cutting machine (see online version for colours) 
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Figure 2 Curved cutting profile 

 

2.3 Fuzzy logic modelling for CO2 laser cutting 

The fuzzy logic model for CO2 laser cutting of AA6061-T6 sheet metal was developed 
for this work, to predict the best controlled parameter for top, bottom kerf width and kerf 
deviation for AA6061-T6 (Parthiban et al., 2017a). Fuzzy model are considered 
controlled parameters in which beam power, cutting speed, assist gas pressure and focal 
position are considered. The input and output variables fuzzy logic system is shown in 
Figure 3. Fuzzy logic systems have input and output variables called linguistic variables. 

Figure 3 Fuzzy logic system (see online version for colours) 

 

3 Result and discussion 

3.1 Methodology and implementation 

The fuzzy models are implemented in this work and MATLAB version R2007b software 
Mamdani fuzzy logic tool box are used. The input membership functions are low, low 
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medium, medium, high medium and high and the output membership function are very 
low, low, low medium, medium, high medium, high and very high (Parthiban et al., 
2017b). 

The input and output membership functions trapezoidal and triangular are shown in 
Figure 4. The input memberships curved can be used in trapezoidal and it has more 
number of ranges comparatively triangular edges. So that it achieves high levels of 
variables. This work has four input variables and three output variables are formed and 
rule viewer shown in Figure 5. The fuzzy rules are to represent in the form of IF-THEN 
rules in this work 29 rules training data rule editor are used. 

Figure 4 Input and output membership functions (see online version for colours) 

 

Figure 5 Rule viewer (see online version for colours) 

 

Figure 6 shows the interaction plot for top kerf width, here, assist gas pressure is 
constant. In this surface plot low beam power at high cutting speed to achieve low top 
kerf width because of melting of metal is low, however the increase of the beam power 
and cutting speed the top kerf width is high. 
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Figure 6 Interaction surface plot for top kerf width (see online version for colours) 

 

Figure 7 can be observed when the bottom kerf width is low at low beam power and high 
cutting speed. And low cutting speed at minimum beam power to have more bottom kerf 
width at all level of assist gas pressure is constant. 

Figure 7 Interaction surface plot for bottom kerf width (see online version for colours) 

 

Figure 8 shows the increment to assist gas pressure and the kerf deviation is minimised, 
at the same time beam power is constant at all levels of conditions. Because of the 
increase of the beam power, the kerf deviation also increases. 

Table 1 shows the comparison of experimental and fuzzy logic model values and all 
level of conditions are experimental and fuzzy models values are within the deviations  
(Suresh Kumar et al., 2016). 
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Table 1 Comparison of experimental and fuzzy logic model values 
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Figure 8 Interaction surface plot for kerf deviation (see online version for colours) 

 

Figure 9 shows the validation plots for the top and bottom kerf width. The plots are 
plotted at all conditions of fuzzy logic rules, so that from the plots at experimental values 
are nearer to the fuzzy model, and is satisfied at all level of conditions. Figure 10 also 
indicates the comparison and validation plots for kerf deviation which is satisfied at all 
experimental values of fuzzy logic models. 

Figure 9 Comparison and validation of result for top and bottom kerf width 
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Figure 10 Comparison and validation of result for kerf deviation 

 

4 Conclusions 

In this work, the fuzzy logic model – Mamdani type is used. The developed fuzzy model 
predicts the top, bottom kerf width and kerf deviation and to set the laser beam power, 
cutting speed, assist gas pressure and focal position of CO2 laser cutting of AA6061-T6. 
From this analysis the following conclusions are made. 

• The relationship between the top, bottom kerf width and kerf deviations and the CO2 
laser cutting parameters as well as interactions are considered. 

• Assist gas pressure are constant. An increase of the cutting speed top, bottom kerf 
width and kerf deviation is decreased. 

• The cutting speed is at lower level of 2,500 mm/min, laser beam power of  
2,000 watts, assist gas pressure of 1.1 Mpa at all level of focal position is the lower 
value of top, bottom kerf width and kerf deviation values. 

• The cutting speed is the highest influence on the top, bottom kerf width and kerf 
deviation followed by other parameters. 

• The validation of result fuzzy logic model is satisfied at all experimental values are 
nearer. From the result the fuzzy logic model, it can be used successfully to predict 
the top, bottom kerf width and kerf deviation in CO2 laser cutting of AA6061-T6 
material. 
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