
C o p y r ig h t 2 0 0 5 K S A E
1 2 2 5 - 6 3 8 2 / 2 0 0 5 / 0 7 4 - 1 8

T r a ns a c tio ns  o f K SA E , V o l. 1 3 , N o . 2 , p p .1 2 7 -1 3 4  (2 0 0 5 )

1 2 7

1 . 1 )

.  ,  

.  

*T o  w h o m  c o r r e s p o n d e n c e  s h o u ld  b e  a d d re s s e d .
h h u h @ k a is t .a c .k r

.1 )  

.

( s tra in  ra te )

. /s e c  

(h ig h  s tra in  ra te )  

,  

(H o p k in s o n  b a r )  

.  

1 ) 1 ) 1 ) * 1 ) 2 ) 3 )

1) 2) POSCO3)

High Speed Tensile Tests of Steel Sheets for an Auto-body
at the Intermediate Strain Rate

Jiho Lim1) Seokbong Kim1) Jinsung Kim1) Hoon Huh*1) Jongdae Lim2) Sungho Park3)

1)Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology,
Daejeon 305-701, Korea

2)Hyundai Motor Company, 772-1 Changdum-dong, Whasung-si, Gyeonggi 445-706, Korea
3)POSCO, 699 Gumho-dong, Gwangyang-si, Jeonnam 545-090, Korea

(Received 30 September 2004 / Accepted 17 November 2004)

A b s trac t : T h is  p a p e r  in tro d u c e s  a  n e w ly  d e v e lo p e d  h ig h  sp e e d  m a te r ia l  te s t in g  a p p a ra tu s  fo r  te n s ile  te s ts  a t  th e  s tr a in  
ra te  u p  to  5 0 0  /s e c . T h e  te n s i le  p ro p e r tie s  o f  sh e e t  m e ta ls  a re  in d is p e n sa b le  fo r  th e  a c c u ra te  c ra sh w o r th in e s s  a n a ly s is  o f  
a u to -b o d ie s  s in c e  th e  lo c a l  s tr a in  ra te  re a c h e s  to  5 0 0  /s e c  in  th e  c a r  c ra sh . A n  a p p ro p r ia te  e x p e r im e n ta l  m e th o d  h a s  to  b e  
d e v e lo p e d  to  a c q u ire  th e  te n s i le  p ro p e r tie s  a t  th e  in te rm e d ia te  s tr a in  ra te  ra n g e d  f ro m  0 .0 0 3 /s e c  to  2 0 0 /s e c  .  T e n s ile  te s ts  
o f  v a r io u s  d if fe re n t  s te e l  s h e e ts  fo r  a n  a u to -b o d y  w e re  p e r fo rm e d  to  o b ta in  th e  d y n a m ic  p ro p e r t ie s  w ith  re sp e c t to  th e  
s t ra in  ra te . T h e  d im e n s io n s  o f  sp e c im e n s  th a t  c a n  p ro v id e  th e  re a so n a b le  re su lts  w e re  d e te rm in e d  b y  th e  f in i te  e le m e n t  
a n a ly s is . A  sp e c ia l  j ig  f ix tu re  o f  a  lo a d  c e l l  i s  d e s ig n e d  to  r e d u c e  th e  lo a d  r in g in g  p h e n o m e n o n  in d u c e d  b y  u n s ta b le  
s t re s s  p ro p a g a tio n  a t  th e  h ig h  s t ra in  r a te . S tre s s s t ra in  c u rv e s  w e re  a c q u ire d  fo r  e a c h  s te e l  sh e e t  f ro m  th e  d y n a m ic  
te n s i le  te s t  a n d  u ti l iz e d  to  o b ta in  th e  re la tio n sh ip  o f  th e  s tr e s s  to  th e  s tra in  ra te .

K e y  w o rd s : H ig h  sp e e d  m a te r ia l  te s t in g  m a c h in e ( ) ,  In te rm e d ia te  s tra in  ra te ( ) ,  s t ra in  
ra te  h a rd en in g ( ), D y n a m ic  m a te ria l p ro p e rty ( ), L o ad  rin g in g  p h en o m en o n ( )
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Fig. 1 High speed tension testing machine: (a) frame of 
machine; (b) hydraulic unit
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Fig. 2 Upper gripping jigs: (a) old design; (b) new design
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Fig. 3 Load curves of SPRC35R at 50/sec: (a)old design; (b) 
new design
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Fig. 4 Schematic diagram of a specimen

(a)

(b)
Fig. 5 Tensile specimens: (a) length of the gauge section of 

15 mm; (b) length of the gauge section of 30 mm
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Table 1 Material properties acquired from quasi-static 
tensile tests

M a te r ia l
T h ic k n e s s

(m m )
Y ie ld  s tre s s

(M P a )
U lt im a te  s tre s s  

(M P a )

E Z N C D 2 .0 1 4 9 .1 3 0 7 .9

S P C C 0 .8 2 7 0 .6 3 5 6 .5

S P R C 3 9 0 E -B H 0 .6 5 2 6 8 .0 3 9 9 .5

T R IP 6 0 1 .2 4 2 3 .8 6 4 5 .6

Table 2 Experimental condition

T e s tin g
m a c h in e

S tr a in  ra te  
[ /s e c ]

L e n g th  o f  g a u g e  
s e c t io n  [ m m ]

W id th
[ m m ]

S ta t ic  m a te r ia l  
te s t in g  m a c h in e

0 .0 0 3 3 0 6

0 .1 3 0 6

H ig h
s p e e d

m a te r ia l
te s t in g

m a c h in e

0 .5 3 0 6

1 3 0 6

2 3 0 6

5 3 0 6

1 0 3 0 6

2 0 3 0 6

5 0 3 0 6

1 0 0 3 0 6

2 0 0 1 5 6
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Fig. 6 Load curves of EZNCD with respect to strain rate:   

(a) 100/sec; (b) 200/sec

F ig . 6 E Z N C D

. 1 0 0  /s e c

, 1 0 0  /s e c  

. 

.  1 0 0  /s e c  

. 

F F T (F a s t F o u r ie r  T ra n s fo rm )  

. F ig . 6 (b )

.

F ig . 7 E Z N C D , S P C C , S P R C 3 9 0 E -B H , T R IP 6 0

1 1

. 1 0 0  /s e c 2 0 0  /s e c

. 

.  

E Z N C D T R IP 6 0

.

F ig . 7 (a ) E Z N C D

, 1 0 0 /s e c

. 

F ig . 8

.

. 

.  F ig . 9 (a )

, F ig . 9 (b )

. 

F ig . 9 (a )

.



1 3 2 , 2 0 0 51 3 2

      

(a)                                                                         (b)

      

(c)                                                                                (d)
Fig. 7 Engineering stress strain curves of cold-rolled steel sheets with the variation of the strain rate: (a) EZNCD; (b) SPCC; (c) 

SPRC390E-BH; (d) TRIP60

                        

(a)                                                                                (b)

                         

(c)                                                                                 (d)
Fig. 8 True stress strain curves of cold-rolled steel sheets with the variation of the strain rate: (a) EZNCD; (b) SPCC; (c) 

SPRC390E-BH; (d) TRIP60
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(a)                                                                                                  (b)
Fig. 9 Stress strain curves of EZNCD: (a) Cowper-Symonds model fitted on the basis of the yield stress; (b) experimental results
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(c)                                                                                         (d)
Fig. 10 Variation of the stress for the plastic strain: (a) EZNCD; (b) SPCC; (c) SPRC390E-BH; (d) TRIP60
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