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Today, with the development of technology, industries such as automotive and construction require 
products with variable cross section. Multiplicity of steps, dimensional limitation and high production 
costs of the components are the reason flexible roll forming process is used to produce these products. 
One of the main defects in this process is the fracture phenomenon. The fracture is observed on the 
bending edges at transition zone where sheet thickness is large compared to the bending radius. In this 
research the fracture phenomenon is investigated on flexible roll forming process of channel section 
using ductile fracture criteria. For this purpose finite element simulation of the process using Abaqus 
software is done. The fracture defect in this process is investigated using six ductile fracture criteria by 
developing a subroutine. Experimental tests are performed on 27 specimens precut sheets of AL6061-
T6, using flexible roll forming machine built in Shahid Rajaee University. Numerical results were 
validated by comparing simulation results with experimental results, In addition, by comparing the 
results of ductile fracture criteria with experimental results, the Argon ductile fracture criteria, was 
chosen as the most appropriate criterion to predict fracture. Also the effects of parameters as sheet 
thickness, bending radius and bending angle on fracture with argon selected criterion are studied. 
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Fig. 2 Some profiles with variable cross section [3] 
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Fig. 3 Schematic of flexible roll forming process [4] 
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Fig. 1 Schematic of cold roll forming process 
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1 Plastic Equivalent Strain(PEStrn) 
2 Rice and Tracey(Rice) 
3 Argon(Argo) 
4 Freudenthal(Frue) 
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1 Energy or generalized plastic work criterion 
2 Tresca Energy(TREN) 
3 Maximum Shear Stress(MSS) 
4 ABAQUS

 

Fig. 4 Finite element modeling process with equivalent plastic strain 
contour 
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Table 1 Specifications of sheet thicknesses, Corners bending radius 
and bending angles in different simulations 

  
)mm( 1, 1.5, 2 

)mm( 0.5, 2.5, 5 

)deg( 25, 45, 60 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

  AL6061-T6    

1395165  333  

  
(a) 

  
(b) 

Fig. 5 a- Model of pre-cut sheet b- The final product geometry 
5 a-   -b  
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Fig. 6 The verticality of rollers in different positions on the bend curve 
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Fig. 7 View of meshed sheet 
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Fig. 8 The true stress-true strain curve of AL6061-T6 
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Fig. 9 Flexible roll forming machine made in Shahid Rajaee University 
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(a) 

(b) 

Fig. 10 (a) Pre-cut sheet (b) Final product 
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Table 2 Specifications of sheet thicknesses, Corners bending radius and 
bending angles in experimental tests 

 (mm)   
(mm) 

   
(deg) 

1 1 5 60 
2 2 5 25 
3 2 2.5 45 
4 1 5 45 
5 2 2.5 25 
6 2 2.5 60 
7 1 2.5 60 
8 1 0.5 45 
9 1 2.5 45 

10 1 2.5 25 
11 1.5 0.5 25 
12 2 0.5 25 
13 1 5 25 
14 2 5 60 
15 1.5 5 60 
16 2 0.5 45 
17 2 5 45 
18 1 0.5 25 
19 1 0.5 60 
20 2 0.5 60 
21 1.5 5 45 
22 1.5 2.5 25 
23 1.5 2.5 60 
24 1.5 0.5 45 
25 1.5 5 25 
26 1.5 0.5 60 
27 1.5 2.5 45 
  

  
(a) 

  
(b) 

Fig. 11 Compare of longitudinal strain on web and edge of narrow area 
in simulation with experimental reported data on [20] for the Bending 
angle of (a) 20°(b) 30° 
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 [20]  (a) 20° (b) 30°  
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Fig. 12 View of product fracture position with thickness (a) 1.5 mm (b) 
2 mm 

 12 a- 1.5 mmb - 2 mm 
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Table 2 Failure critical values obtained from the tensile 

 MSS PEStrn TREN Argo Rice Frue  

 
182.56 0.19 34.67 92.49 0.31 69.37  

  
(a) 

  
(b) 

Fig. 13 Selection of ductile fracture criteria for sheet thickness (a) 
1.5 mm (b) 2mm  

13  -a 1.5 mm b- 2mm  
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Table  4 Percentage error of forecast ductile fracture criteria with 
experimental test 

 ) mm( 
(%)  

   
1 1.5 22.2 40.9 23.8 
2 2 14.8 49.1 46.6 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

  AL6061-T6    

  

336  1395165  

5-4 -  
14-a, b, c  

0.5 mm2.5 mm 5 mm   .
14-a  1.5 mm 2 mm 0.5 

mm 60°  1 
    

  
(a) 

  
(b) 

  
(c) 

Fig. 14 Effect of sheet thickness on fracture for bending radiuses (a) 0.5 
mm (b) 2.5mm (c) 5mm 

14   (a) 0.5 mm (b) 2.5mm 
(c) 5mm  
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(c) 

Fig. 15 Effect of bending radius on fracture for thicknesses (a) 1 mm 
(b) 1.5mm (b 2mm 

15  (a) 1mm (b) 1.5mm (c) 
2mm  
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Fig. 16 Effect of bending angle on fracture for bending radius of 0.5 
mm and sheet thickness of 2mm 

16  0.5mm 2mm 
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