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 Laser forming is a flexible forming process that needs no hard tooling or external forces. In this paper, 
laser forming of cylindrical surfaces with arbitrary radius of curvature is investigated analytically and 
experimentally. As the laser forming process is a die-less forming process, production of a desired 
shape from initial blank is very difficult with this process. Because in the laser forming process, there 
are some variable parameters such as laser power, laser beam diameter, laser scanning speed and 
dimensions of initial blank that directly affect the final shape of the produced part. Also, in addition to 
the above mentioned parameters, in the laser forming process of a cylindrical surface, a new parameter 
says the number of irradiating lines is added to variable parameters. Therefore complexity of laser 
forming of a cylindrical surface will be more than a simple laser bending.  In this paper, an analytical 
method for laser forming of cylindrical surfaces with arbitrary radius of curvature is proposed. In the 
proposed method, with the aim of technical determining limitations of laser machine such as laser 
power, laser beam diameter and laser scanning speed, the number of irradiating lines and the distance 
between neighboring lines are proposed for production of cylindrical surfaces with arbitrary radius of 
curvature. Also, using experimental tests the performance and accuracy of the proposed method are 
investigated and verified. Analytical and experimental results show that with the proposed analytical 
method, cylindrical surfaces with any arbitrary radius of curvature can be produced with  very good 
accuracy. 
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5- Response surface methodology 
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Fig. 1 The equipment used in experimental tests 
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1- Reci laser- Model: W6 
2- Macken instruments- Model: P-100 
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Fig. 2 The Power-meter used to measure laser power 
2   

Fig.  3 A sample of cylindrical parts produced by laser and using the 
proposed method 

3 

 

3- Coordinate Measuring Machine (CMM) 
4- Easson ENC-565 
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Fig.  4 Experimental setup used to measure the allowable distance 
between adjacent irradiating lines 
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Fig. 5 Irradiating pattern used to produce cylindrical surface 
5  
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Fig.  6 Schematic of the relationship between final bending angle of 
plate, bending angle in each irradiating line and also the number of 
heating lines in the pattern with parallel irradiating lines 
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Fig.  7 Schematic of created curvature in the plate as a circular sector 
after irradiating with parallel heating lines 
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Table 1 Changes in surface temperature and bending angle of the sheet 
in accordance with the change of laser power 

) Watts( ) °C( ) Degrees( 
60 300 0.82 
80 530 1.24 

100 680 1.93 
120 799 2.34 
140 930 2.74 

2   
Table 2 Changes in surface temperature and bending angle of the sheet 
in accordance with the change of scanning speed 

) mmmin-1( ) °C( ) Degrees( 
50 1210 3.42 

100 987 2.81 
150 802 2.34 
200 580 1.63 
250 355 0.92 

3   
Table 3 Changes in surface temperature and bending angle of the sheet 
in accordance with the change of beam diameter 
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Fig.  8 Allowable distance between adjacent irradiating lines, a- 
Schematic of various positions of the thermocouple from irradiating 
line, b- The diagram of transferred heat to adjacent points with different 
displacements related to irradiating line  
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Distance= Radius of laser beam

Distance= 2×(Radius of laser beam)

Distance= 3×(Radius of laser beam)

Distance= 4×(Radius of laser beam)

) mm( ) °C( ) Degrees( 
0.5 882 2.51 

1 801 2.33 
1.5 640 1.82 

2 400 0.96 
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Table  4 The results of measurement of bending angle in each 
irradiating line and total bending angle of the sheet after each 
irradiation 

 ) Degrees( ) Degrees( 
1 2.34 1.17 
2 2.34 2.34 
3 2.34 3.51 
3 2.34 4.68 

 .
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Fig. 9 Some of produced cylindrical surfaces in table 5  
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5    
Table  5 Investigation and comparison of the results of proposed 
method and experimental work 

) mm( 
  

) mm( 

) %( 

120 20.42 20 133 9.78 
250 9.80 10 241 3.73 
330 7.43 7 349 5.44 
400 6.13 6 415 3.61 
480 5.11 5 491 2.24 
570 4.30 4 589 3.22 
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