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1 - Slip-line Field Theory
2 - The Upper Bound Method
3 - The lower Bound Method
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1 - Finite difference Method
2 - Finite element Method
3 - Extrustion
4 - forge
5 - Deep Drawing
6 - Rolling



   .

.

] [  
 .      

 .  
    .

.

  ] [    
  

    
 .

.

] [  
 .

   .
    

  
.

] [
 .   

–   
.

] [  
   

 .   
  

 .      
     

 .     

 ..



] [  
 .    

 .     
.

] [
   .     

 .
 .

.

] [
 .

 .
           

.

] [–
 .  

 .   
.

] [
.

Abaqus / Explictit .  
 .  

.

] [
 .  

 .
Abaqus / Explictit.

1 - Lateral



] [  
    

 .
 .  

 .
     

.

] [
 .  

Abaqus /

Explictit .)FEM(.

] [)BHG(  
 .

 .
BHG

BHG/
mm/  / =BHG   

.

] [  
 .

.

] [   
 .mm .

Lis-Dyna%.

1 - Blank Holder Gap



1-4

  
 .

.

   
.

.

.

ABAQUS        
.

  ABAQUS     
 .

 .

.



2-1                                  

    
   .  

   
.][  

       
   

 .

   
    

 .       
  

 .

      
CNG    

 ....



 :

 -)(

 -)(][

-
  .

2-1a(b(]19[

2-2:

2-2-1 :

-
 .

).-(



2-2]18[

      
       

:

 -).(

 -).(

 -).(

.
.



F    
 .  

.][

- .   
A          

 .     
    C , B    .

      
 . .     

 .     -

 .    
 ..

2-3]18[

  :

-
 .  

.

        
 .  



 .  
.

 .  
 .-

 .
 .    

.

2-2-2:

 .   
         

 .    
 .

 .

 ..

 .-
 .     

 .  
A-      

B- .  
 . .  
 .   

 .
.

       
 .-

 ..



2-4]18[

2-3:

    -
:

 - :     
.

 - :         
.

2 -5 :]19[



2-3-1

-(K):

K=D/dDd

K2.7     
2.7 .2

2.3.

(d/t) .-    
 .Kd/t

 .d/t.

2-6 :d/t]21[

n

n

 . .
 .

 .



) (
) ( .

 .
 ][ .

:

 -

 -

 -

 -

 -][.

2-:

:

D
d,

d
D

cR:

)
D
d1(100Rc

%50.

3-:

 .     

cEn  n,cE   

:

2
1d/D

)dD(d4
2)dD(

H
hE

22
c

nn
n

nn

22

n
n

n,c td2
t)dD(

t)dD(dn4
t2)dD(

H
hE



e      

:

100
e1Emax

DcE
:

)1E2(/Dd c
    

.

2-1]18[

d
D

tE2-7 .    

-
 .25/1.



2-7
d
D

tE

-(N):

 .      N

 .         
 .

 .       
:

N
cec ElogSS

S .

uS

maxE.

 .
 .   

.



2-8  )345(50000 MpapsiS1E  

)620(90000 MpapsiSu61/Emex  -
 ..

  321/Ec

)Mpa(psi 48971000  

.

2-8    

 .

  

maxE .

 .

61/Emax5/1maxE .  -
)565(82000 MpapsiSr .     

:

12/1
32/1
5/1

E
EE

c
t

r

2-8]18[


