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Abstract 
A flexible die, which is composed of a number of punches with adjusted heights to form a three-dimensional curved surface, 

is a crucial part of a flexible forming technology.  In this study, the punch and control system of the flexible die were designed.  
The flexible die is divided into three modules, namely, punch, control and joint, and the corresponding modules were developed.  
The punch module materializes a three-dimensional forming surface by the control module, which is composed of an AC servo 
motor set and a linear guide.  The joint module is necessary for the sequential motion between the servo motor set and the 
punch module.  A sequential motion algorithm for the AC servo motor set, that uses the data of the punch relative heights, was 
also proposed.  Finally, a flexible stretch forming test was carried out using the presently designed flexible die. 
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Fig. 1 Schematic diagram for flexible die 

     
       

.      
    

.       
1     , 

      
   .    

       
       

.      
 ,   

    .    
      

 .   
      

    . 
     

   3   
 . 200mm 300mm    

  20mm    10 15
 .    
     
 .     

      
 

 

Fig. 3 Shape of punch head
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Fig. 2 Punch structure composed of five parts 
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Fig. 4 Punch structure by combination of female and 
male screws
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Fig. 5 Composition of servo motor set
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Fig. 6 Geometrical coefficient for rectangular screw
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Fig. 7 Schematic diagram for joint module 
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Fig. 8 Distinction of element including punch center 
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Fig. 9 Plane equation and geometrical information for 

element 
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(a) Overall flow chart 
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(b) Punch position data comparison algorithm 
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(c) Motion path determination algorithm 
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(d) Punch height control algorithm 
Fig.10 Flow chart for punch control
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(a) Punch module 

 

(b) Combination of joint module 
Fig.11 Flexible die 
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Fig.12 Stretch forming test using flexible die 

Fig.13 Comparison of sectional profiles in the tensile-
direction 

 (1)    , ,  
    . 

      
      

 .   
      

  ,  
   . 

       
     



. 
(2)     

  3     
   . 

(3)      
     

.     
,      

3      
. 

(4) , ,     
,   3   

   . 
 

  2008    
    (No. 

R0A-2008-000-20017-0). , /
 (No. R15-2006-022-02002-

0)       
  . 

 

 
[1] S. C. Heo, Y. H. Seo, T. W. Ku, J. Kim, B. S. Kang, 

2009, Study on application of flexible die to sheet 

metal forming process, Trans. Mater. Process., Vol. 
18, No. 7, pp. 556~564. 

[2] S. C. Heo, Y. H. Seo, J. W. Park, T. W. Ku, J. Kim, 
B. S. Kang, 2008, Numerical and experimental 
study on plate forming process using flexible die, 
Trans. Mater. Process., Vol. 17, No. 8, pp. 570~578. 

[3] Y. H. Seo, S. C. Heo, J. W. Park, T. W. Ku, W. J. 
Song, J. Kim, B. S. Kang, 2010, Development of 
stretch forming apparatus using flexible die, Trans. 
Mater. Process., Vol. 19, No. 1, pp. 17~24. 

[4] Z. Y. Cai, S. H. Wang, X. D. Xu, M. Z. Li, 2009, 
Numerical simulation for the multi-point stretch 
forming process of sheet metal, J. Mater. Process. 
Technol., Vol. 209, pp. 396~407. 

[5] K. A. Pasch, 1981, Design of a discrete die surface 
for sheet metal forming, S.B. Theis, Department of 
Mechanical Engineering, Massachusetts Institute of 
Technology. 

[6] M. Z. Li, Y. H. Liu, S. Z. Su, G. Q. Li, 1999, Multi 
point forming: a flexible manufacturing method for 
a 3-D surface sheet, J. Mater. Process. Technol., Vol. 
87, Issues 1-3, pp. 277~280. 

[7] L. Li, Y. H. Seo, S. C. Heo, B. S. Knag, J. Kim, 
2010, Numerical simulations on reducing the 
unloading springback with multi-step multi-point 
forming technology, Int. J. Adv. Manuf. Technol., 
Vol. 48, pp. 45~61. 


