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The incremental forming process which can be used in low quantity production of the components is a 
relatively new forming process for sheet metal components. One of the problems of this method is 
thinning and non-uniform thickness distribution of the component in radial direction. In the incremental 
forming process, the sheet thickness in the wall of the formed cup is reduced considerably while the 
thickness in the bottom of the formed cup is unchanged. This problem hinders the wide application of 
the incremental forming process in the industry. In this paper, a new method is presented for the 
improvement of the thickness distribution in the incremental forming process. In the presented method, 
a new preform is added to forming stages which reduces the sheet thickness in the bottom of the formed 
cup, increases the minimum thickness in the wall of the formed cup and improves its thickness 
distribution. The incremental forming process is simulated using the software ABAQUS and verified 
using the experiments available in the literature. Then the proposed method is simulated and its result 
indicates the capability of the presented method in thickness improvement. 
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Fig. 1 Single Point Incremental Forming (SPIF) 

1      

  
   

    :  
 

  .   
             

     .  
[2] 

  
  .  

     
    

 [3] .[4] 
 

 .
)t0 ( )  (   t=t0sin(90- )  .

[5]   
 

   .
   

 . [6]  
   AA3003-O  . 

  
    .  

 

   ) max ( .
    

1   [5] 
2007  .   

     .
 

   
 .[7] 

      .
2008[8]  
  . 

 
 . [9]    

1 VariableWall angle Conical Frustum (VWACF)

    .  

 .[10]  

 
 [11] 

)   ( 
  .

[12] )      6 25 
  ( 

     
 .   

 
 

    
  

[13] .[14] 
 

   
 

 .
   . 

  
 [13] . 

 
   [12] .

   
  

[6].   
2008 

 AZ31 [15] .
     . 

  
 . 

 .
 

   .
  .

   
    .[16]

6   500 W Nd:YA

  .

 .[17] . 
2 
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Fig. 2 (a) 50-degree wall-angle cone and (b) 80-degree wall-angle cone 
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Fig. 3 Partial model 45 degrees 
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2 AA3003 
[26]  

Table  2 Hill's 1948 yield locus parameters for AA3003 identified 
with three tensile tests and a shear test [26] 

    
F 1.224  
G 1.193  
H 0.807  

N=M=L 4.06 
 

3   AA3003   
Table 3 Anisotropic Yield Stress Ratios for  AA3003 

    
 0.64  
 0.7  
 0.59  
 0.60  
 0.60 
 0.60 

 

 
  

Fig. 4 toolpath in the partial model 
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Fig. 5 Thickness distribution (mm)  of a 50-degree cone in 45-degree 
partial model 
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Fig. 6 (a) Shape of the cone and (b) Thickness profile of the cone after 
the first stage (50-degree cone)  
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Fig. 7 (a) Shape of the cone and (b) Thickness profile of the cone after 
the last stage (80-degree cone) 
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Fig. 8 the new Suggested toolpath 
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Fig. 9 (a) Thickness distribution (mm)  after preform stage for 
= 30° and  h= 20 mm and  (b) Thickness distribution (mm)  after the 

last stage with preform  
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Fig. 10 Thickness profile before and after perform  for = 30° and h= 
20 mm 
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Fig. 11 Thickness  profile  of  the  cone  after  the  last  stage  (80-degree  
cone) for h = 20 mm 
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Fig. 12 Thickness  profile  of  the  cone  after  the  last  stage  (80-degree  
cone) for = 30°  

12  = 30°  

4   
Table 4 design of experiments parameters 
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h 15 mm  17mm  20 mm 

 30°  45°   60°  
  

 

6      
Table 6  minimum of thickness of the cone 

  50 
mm 

60 
mm 

70 
mm 

80 
mm 

1 0.962  0.757 0.623 0.489  
2 0.958 0.746 0.573 0.461  
3  0.951 0.732 0.586 0.458 
4  0.961 0.759 0.630 0.520 
5  0.967 0.754 0.598 0.468 
6  0.948 0.738 0.579 0.447 
7  0.631 0.619 0.619 0.602 
8  0.779 0.779 0.610 0.483 
9  0.710 0.710 0.605 0.472 
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 30 
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5  L9 (32)    
Table 5 taguchi orthogonal array L9 (32) 

  h    
1 15 mm  30°  
2 15 mm  45°  
3  15 mm  60° 
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5  17 mm  45° 
6  17 mm  60° 
7  20 mm  30° 
8  20 mm  45° 
9  20 mm  60° 
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Fig. 13 S/N ratio for levels of h 
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