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Abstract 

Laser cutting process one of the most important operations used to cut the materials due to its several advantages like 
a good quality end product and small affected heat zone. This paper presented a numerical study and analysis for a 
plate made of steel alloy and aluminum alloy. In order to compare the behavior of the two materials under laser 
cutting process, many parameters were obtained like max. Temperature, heat flux, max. Stress according von-mises 
theory, shear stress and total deformation under different three laser powers (100, 200, 300) watt. It was found that 
by increasing the laser power, the temperature, stress and heat flux increased for the two plates. 
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Introduction 

Laser cutting process recently plays significant role 
in the modern industry. Laser cutting is a type of 
non- contact thermal cutting operation which has 
many advantages like a high cutting speed, good 
cutting quality, little pollution and small effected 
zone [1]. 
The complex and precise cut may not obtainby the 
conventional cutting processes so that the laser 
cutting is used to achieve these goals [2].The 
successful of laser cutting process depends on 
many factors such as material characteristics of 
specimen, laser properties and manufacturing 
factors. The quality of cutting process measured 
according to amount of material removal and 
groove shape [3].Through the laser cutting 
operation a highly concentrated laser beam is used 
as a heat source in order to vaporize or melt 
material [4]. When the lasers beam hits the 
material surface, some of laser energy is absorbed 
and the rest reflected. The absorbed portion of the 
laser light dependson many factors like 
polarization of the used laser, its wavelength and 
the melting point of the sample [5]. 

When a laser beam is used for cutting, it is very 
important to apply the beam spot on very small 
area to raise the heat, and hence the beam energy 
will make hole then continue depends on laser 
power and the material of the sample and its 
thickness. When the laser beam incidents on the 
sample surface leads to interaction because of 
transmitting of the kinetic energy of the material 
photon where temperature of the laser beam melt 
part of material and evaporate the rest [6]. 
Many studies have been focused on the laser 
cutting process. Bassim Bachy, Joerg Franke 
analyzed numerically by using three dimensional 
heat transfers modeling to simulate the laser 
structuring of polymer. The influence of surface 
heat source was simulated with Gaussian 
distribution; moreover the analysis took in the 
consideration the influence of mixed boundary 
conditions which were consisted of radiation and 
convection heat transfers. 
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The model supplied a full description for the 
distribution of temperature beside evaluated the 
width and depth of the groove for various laser 
factors like laser speed and laser power. The 
authors concluded that the amount of laser 
structure process was influenced by the laser 
power and laser scan speed [7]. 

A.M. Sifullah et al. presented a couple thermo-
mechanical finite element model which was 
developed by using ANSYS to obtain the temporal 
difference together with the thermal stress and the 
width of heat affected zone (HAZ). Stainless steel -
304 sheet of 1 mm thickness was used as specimen 
to investigate the influence of laser power and the 
thermal stress. The results showed that the 
maximum temperature occurred near to the heat 
source and also the width of HAZ decreased by 
increasing the cutting speed and increased by 
increasing the laser power. Cracks were noticed 
along the cutting edge [8]. 

Babalová, E. et al.  This paper focused on the 
methodology of laser cutting operation for stainless 
steel plate of 5 mm thickness. The geometry of 
energy source and the beam penetration effect on 
temperature filed in the cutting area was studied by 
using ANSYS [9]. 

Pawan Sharma et al. Developed a numerical 
simulation model to get the residual stress and 
temperature in laser cutting process for alloy 
manufactured of Al-2024 by using ANSYS finite 
element code. The researchers took into account 
Gaussian distribution and Fourier law of heat 
conduction. It was proved that the maximum 
temperature gradient happened at laser irritated 
spot which led to high thermal stresses across the 
cut section. 

Maximum temperature gotten during the laser 
cutting was decreased by increasing laser speed. 
The results showed that at the laser irradiated spot, 
low value of stress occurred due to the reduction of 
thermal expansion coefficient [10,11].  

This paper presents a numerical analysis of laser 
cutting process by using finite elements analyzer 
ANSYS 15. The simulation carries out by using 
Solidwork 2018 and analyzed by ANSYS 15. 

Laser with three different power (100,200, 300) 
Watt is used to cut plate with specific dimensions 
made of steel alloy and aluminum alloy. Maximum 
temperature, heat flux, maximum deformation, 
maximum stress and maximum shear stress are 
obtained in order to analyze the laser cutting 
process. 

Methodology  

In this work the simulation of laser cutting process 
was carried out. First of all, the plate which is 
subjected to laser cutting process made of 
aluminum alloy and steel alloy was modeled by 
using the Solidwork2018 with specific dimensions 
(20 x 16 x 2) mm as shown in fig.1 

 

Fig. 1. The simulation of the plate 

The plate was fabricated of two materials which 
were steel alloy and aluminum alloy and in order to 
compare their behavior when they subjected to 
laser cutting process and their characteristics were 
listed in table.1 below.   
Table 1. Materials properties 

Materials 
Density 
(kg/ m3) 

Young 
Modulus 
(GPa) 

Poisson 
ratio 

Steel Alloy 7850 200 0.3 
Aluminum 
Alloy 

2770 70 0.34 

The numerical simulation was achieved by using 
finite elements analyzer ANSYS 15. The plate was 
meshed with fine mesh and the number of nodes 
was 70960 while the number of elements was 
14712 as shown in fig.2 below.  

 

Fig. 2. The mesh generation of the plate 

The plate was fixed and subjected to three different 
laser power (100,200 and 300) Watt which  hit the 
plate in order to accomplish the laser cutting 
process and obtained the maximum temperature, 
heat flux, total deformation, stress and shear stress 
for the plate manufactured of steel alloy and 
aluminum alloy. 
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Results 

The total deformation, maximum stress according 
to von-mises theory, maximum shear stress, heat 
flux and maximum temperature were obtained 
under different three laser power (100, 200 and 

300) watt were imposed on the plate made of  steel 
alloy and aluminum alloy. 
The results could be summarized in the table. 
(2,3,4) below. 

Table 2. The results of 100 W laser 

Materials 
Max. Temp 
(oc) 

Max. Heat 
Flux (w/m2) 

Max. Deformation 
(mm) 

Max.Stress 
(MPa) 

Max. Shear 
stress (Mpa) 

Aluminum Alloy 736.58 1.182e8 0.2148 234.76 14.5 
Steel Alloy 1464 1.177e8 0.132 1140 66.5 
Table 3. The results of 200 Wlaser 

Materials 
Max. Temp 
(oc) 

Max. Heat 
Flux (w/m2) 

Max. Deformation 
(mm) 

Max. Stress 
(MPa) 

Max. Shear 
stress (Mpa) 

Aluminum Alloy 1467.4 2.36e8 0.412 489.6 28.48 
Steel Alloy 2802 2.34e8 0.253 2441.5 121.8 
Table 4. The results of 300 Wlaser 

Materials 
Max. Temp 
(oc) 

Max. Heat 
Flux (w/m2) 

Max. Deformation 
(mm) 

Max. Stress 
(MPa) 

Max. Shear 
stress (Mpa) 

Aluminum Alloy 2107.4 3.53e8 0.579 850.88 40.38 
Steel Alloy 4011.2 3.43e8 0.3405 5608 188.5 
Figure. 3 shows the total deformation for the plate 
made of steel alloy subjected to laser cutting 
process with power of laser (100 w) and it could be 

observed that max. total deformation was (0.132) 
mm at the edge of the plate .  

 

Fig. 3. Total deformations of steel alloy under 100 w laser 

Figure.4 shows the temperatures distribution of 
aluminum alloy under laser cutting with power of 

(200 w) with max. temperature 1467.4 oC while the 
minimum temperature was 596.3oC. 

 

Fig. 4. Temperatures distributions of Aluminum alloy under 200 w laser 

Figure .5 shows the stress distribution for steel alloy  subjected to laser cutting process with 300 w 
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and it could be noted that the max. stress according 
to von-mises theory was 5608.6 Mpa while the 

minimum value was 1.271 Mpa. 

 

Fig. 5. Stress distribution for steel alloy under 300 w laser 

Figure. 6 shows the total heat flux of aluminum 
alloy subjected to laser cutting process with power 

of 300 w.  

 

Fig. 6. Heat flux distribution of Aluminum alloy under 300 w laser 

Figure.7 shows the comparison of maximum 
temperatures for both the steel alloy plate and 
aluminum alloy plate under three different power 
(100,200,300) w and it could be concluded that the 
max. temperature for the two plates increased by 
increasing the laser cutting process power.  
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Fig. 7. Comparison of max.temperatures under different laser cutting 
process power 

Figure. 8 shows a comparison for maximum total 
deformation for both the steel alloy plate and 
aluminum alloy plate under three different power 
(100,200,300) w and it could be noted that the max. 
total deformation for the two plates increased by 
increasing the laser cutting process power.    

 

Fig. 8. Comparison of max.total deformation under different laser 
cutting process power 

Figure. 9 shows a comparison for maximum stress 
for both the steel alloy plate and aluminum alloy 
plate under three different power (100,200,300) w 
and it could be noted that the max. Stress for the 
two plates increased by increasing the laser cutting 
process power.  

 

Fig. 9. Comparison of max.stress under different laser cutting process 
power 

Figure.10 shows a comparison for maximum shear 
stress for both the steel alloy plate and aluminum 
alloy plate under three different power 
(100,200,300) w and it could be noted that the max. 
shear stress for the two plates increased by 
increasing the laser cutting process power. 

 

Fig. 10. Comparison of max.shear stress under different laser cutting 
process power 

 

Conclusion 

The current work presented a numerical study and 
analysis of laser cutting process for two plates 
fabricated of two different materials which were 
steel alloy and aluminum alloy subjected to three 
various values of laser (100,200,300) W. 
Temperature distribution, total deformations, 
stress, shear stress, heat flux were obtained in 
order to study the behavior of plates during the 
laser cutting process.For temperature distribution, 
total deformations, stress, shear stress and heat 
flux all these parameters increased by increasing 
the laser power. For the future work it is 
recommended to use different materials for the 
plate, using different laser powers and using 
different boundary conditions for the plate. 
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