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T e c h n i c a l   F i e l d :  
This  i n v e n t i o n   r e l a t e s   to  a  method  of  p r o d u c i n g   a  h i g h  

s t r e n g t h   co ld   r o l l e d   s t e e l   s h e e t   h a v i n g   e x c e l l e n t   p r e s s   f o r m -  

a b i l i t y ,   c o m p a r a b l e   to  the   c o n v e n t i o n a l   co ld   r o l l e d   s t e e l  
s h e e t   fo r   d r a w i n g .  

B a c k g r o u n d   A r t :  
The  c o n v e n t i o n a l   co ld   r o l l e d   s t e e l   s h e e t   f o r   deep  d r a w -  

ing  has  a  t e n s i l e   s t r e n g t h   of  2 8  -   33  Kg/mm2  and  has  been  u s e d  

as  o u t e r   p a n e l s   of  a u t o m o b i l e   b o d i e s   a f t e r   b e i n g   p r e s s   f o r m e d .  

However ,   w i th   the  r e c e n t   t r e n d   in  the   au to   i n d u s t r y   to  r e d u c e  
the  w e i g h t   of  a u t o m o b i l e s   in  an  a t t e m p t   to  improve   m i l e a g e  

economy,  more  and  more  a u t o m o b i l e   b o d i e s   are  u s i n g   t h i n n e r  

o u t e r   p a n e l s .   Thus,   car  m a n u f a c t u r e s   demand  c o l d   r o l l e d   s t e e l  
s h e e t s   whose  f o r m a b i l i t y   is  c o m p a r a b l e   to  t he   c o n v e n t i o n a l  
o n e ' a n d   h a v i n g   a  t e n s i l e   s t r e n g t h   h i g h e r   than   the   l a t t e r .  

The  o u t e r   p a n e l s   of  a u t o m o b i l e   b o d i e s   assume  v a r i o u s  

c o n f i g u r a t i o n s   d e p e n d i n g   on  car  models   and  t h e i r  m o u n t i n g  
l o c a t i o n s ,   bu t   s i n c e   most   of  them  u n d e r g o   only   a  s l i g h t   d e g r e e  
of  p r e s s   f o r m a t i o n ,   form  r e t e n t i o n   a f t e r   p r e s s i n g   i s   a  v e r y  
i m p o r t a n t   f a c t o r .  

The  c o n v e n t i o n a l   h igh   t e n s i l e   s t e e l   has  a  h i g h   y i e l d i n g  
p o i n t   and  e x p e r i e n c e s   c o n s i d e r a b l e   s p r i n g   back  and  as  a  r e s u l t ,  
i t   is  d i f f i c u l t   t o  p r o v i d e   a  p r e s s   formed  a r t i c l e   w i t h   a  
d e s i r e d   c o n f i g u r a t i o n .   In  a d d i t i o n ,   s i n c e   the  s t e e l   p e r m i t s  

only   too  s m a l l   e l o n g a t i o n ,   i t   can  e a s i l y   d e v e l o p   c r a c k s   d u r i n g  

p r e s s   f o r m i n g .   The  dua l   phase   s t e e l   of  r e c e n t   d e v e l o p m e n t   h a s  



low  y i e l d i n g   p o i n t ,   bu t   s i n c e   i t s   t e n s i l e   s t r e n g t h   is  5 0  -  
70  Kg/mm2,  i t   u n d e r g o e s   too  r a p i d   work  h a r d e n i n g   and  p r o v i d e s  
h igh   y i e l d i n g   p o i n t   a f t e r   s l i g h t   p r e s s   f o r m i n g ,   making   i t  

d i f f i c u l t   to  p r o d u c e   a  d e s i r e d   c o n f i g u r a t i o n   f r e e   from  t h e  
e f f e c t   of  s p r i n g   b a c k .  

D i s c l o s u r e   of  the   I n v e n t i o n :  
T h e .  i n v e n t o r s   of  t h i s   i n v e n t i o n   have  f ound ,   a f t e r   c a r r y -  

ing  ou t   i n t e n s i v e - s t u d y   to  s o l v e   t h e s e   p r o b l e m s ,   t h a t   a  c o l d  
r o l l e d   s t e e l   s h e e t   h a v i n g   a  t e n s i l e   s t r e n g t h   of  3 5  -   45  Kg/mm2, 

a  y i e l d   r a t i o   ( y i e l d   s t r e n g t h / t e n s i l e   s t r e n g t h ) - o f   0 . 4  -   0 . 6 ,  

an  r - v a l u e   of  more  t han   1.2  is   most   s u i t a b l e   f o r  p r o v i d i n g  
the  d e s i r e d   s t e e l   s h e e t   f o r   use  as  o u t e r   p a n e l s   of  an  a u t o -  
m o b i l e   b o d y .  

The  p r i m a r y   p u r p o s e   of  t h i s   i n v e n t i o n   is  to  p r o v i d e   a  
method   of  p r o d u c i n g   a  co ld   r o l l e d   s t e e l   s h e e t   h a v i n g   the   a b o v e  
d e f i n e d   c h a r a c t e r i s t i c s .  

In  g e n e r a l ,   the  h i g h e r   the  s t r e n g t h   of  s t e e l ,   the   l e s s  
the  p r e s s   f o r m a b i l i t y   and  form  r e t e n t i o n .   However ,   a c c o r d i n g  
to  t h i s   i n v e n t i o n ,   a  co ld   r o l l e d   s t e e l   s h e e t   can  be  p r o v i d e d  
which   has  p r e s s   f o r m a b i l i t y   and  form  r e t e n t i o n   c o m p a r a b l e   t o  
the  c o n v e n t i o n a l   co ld   r o l l e d   s t e e l   s h e e t   and  y e t   has  h i g h  

s t r e n g t h   and  den t   r e s i s t a n c e   h i g h e r   t han   the  c o n v e n t i o n a l   o n e ,  
thus   making  g r e a t   c o n t r i b u t i o n   to  making  of  l i g h t e r   c a r s .  
The  term  " d e n t   r e s i s t a n c e "   means  the  p r o p e r t y   of  a  c o l d   r o l l e d  

s t e e l   s h e e t   t h a t   does  not   r e t a i n   a  d e p r e s s i o n   ( p e r m a n e n t  

d e f o r m a t i o n )   r e s u l t i n g   from  an  e x t e r n a l   f o r c e  a p p l i e d   to  a  

p r e s s   formed  a r t i c l e   made  of  t h a t  s h e e t .  

This  i n v e n t i o n   r e s i d e s   in  a  method  of  p r o d u c i n g   a  h i g h  
s t r e n g t h   co ld   r o l l e d   s t e e l   s h e e t   for   p r e s s   f o r m a t i o n   which   i s  
c h a r a c t e r i z e d   by  h o t   r o l l i n g   a  s t e e l   c o n s i s t i n g   of  0 . 0 0 5  -  
0.080%  of  C,  l e s s   than   0.30%  of  Si ,   1 . 6  -   3.5%  of  Mn,  0 . 0 2  -  

0.08%  of  Sol .   Al,  0 . 0 0 5  -   0.020%  of  N,  the  b a l a n c e   of  Fe  a n d  
i n c i d e n t a l   i m p u r i t i e s ,   co ld   r o l l i n g   the  same  w i th   a  r e d u c t i o n  
of  at  l e a s t   30%,  and  a n n e a l i n g   the  cold  r o l l e d   s t e e l   by  h e a t -  

ing  i t   at   6 6 0  -   750°C  fo r   a  p e r i o d   l o n g e r   than   30  m i n u t e s .  

In  c a r r y i n g   out   the   method  of  t h i s   i n v e n t i o n   a  h o t  
r o l l e d   s t e e l   is  d e s i r a b l y   c o i l e d   a t   a  t e m p e r a t u r e   lower   t h a n  
600°C.  Temper  r o l l i n g   i s  n o t   n e c e s s a r i l y   p e r f o r m e d ,   bu t   i f  
i t   is  p e r f o r m e d   fo r   a  s p e c i a l   p u r p o s e ,   a  d e s i r e d   e l o n g a t i o n  



r a t i o   is   0.5%  at  maximum. 

The  c a h a r a c t e r i s t i c   f e a t u r e   of  t h i s   i n v e n t i o n   c o n s i s t s  
in  o p t i m i z i n g   the  Sol .   Al  c o n t e n t ,   N  c o n t e n t ,   and  o p t i o n a l l y  
the  c o i l i n g   t e m p e r a t u r e   a f t e r   hot   r o l l i n g   in  the  p r o d u c t i o n  
of  a  l o w   y i e l d   r a t i o   s t e e l   s h e e t   from  high-Mn  s t e e l   fo r   t h e  

p u r p o s e s   of  l i m i t i n g   the  number  of  r e c r y s t a l l i z i n g   n u c l e i   t o  
form  l a r g e   g r a i n s   in  the  p r o c e s s   of  a n n e a l i n g   a f t e r   c o l d  

r o l l i n g   as  w e l l   as  p r o m o t i n g   the  g rowth   t h r o u g h   r e c r y s t a l l i z a -  
t i o n   of  g r a i n s   h a v i n g   an  o r i e n t a t i o n   [111]  p a r a l l e l   to  t h e  

p l a t e   s u r f a c e ,   t h e r e b y   p r o v i d i n g   a  co ld   r o l l e d   s t e e l   s h e e t  

h a v i n g   a  y i e l d   r a t i o   l e s s   than   0.60  and  an  r - v a l u e   h i g h e r  
than  1 . 2 .  

B r i e f   D e s c r i p t i o n   of  the   D r a w i n g s :  
F i g .  1   is  a  p h o t o g r a p h   (x  500)  showing  a  m i c r o s t r u c t u r e  

of  a  co ld   r o l l e d   s t e e l   s h e e t   p r o d u c e d   in  a c c o r d a n c e   w i t h   t h i s  
i n v e n t i o n .   F ig .   2  is  a  p h o t o g r a p h   (x  500)  showing  a  m i c r o -  

s t r u c t u r e   of  a  co ld   r o l l e d   s t e e l   s h e e t   p r o d u c e d   in  a c c o r d a n c e  
w i t h   the  p r i o r   a r t .   F ig .   3  is   d i a g r a m m a t i c a l   view  e x p l a i n i n g  
the  t e s t   of  form  r e t e n t i o n ,   in  which  a  s t e e l   s h e e t   is  b e n t   i n  

a  U - s h a p e d   form.  Fig .   4  is  a  p e r s p e c t i v e   view  showing  t h e  

m e a s u r i n g   of  r e s i d u a l   i n d e n t a t i o n   in  d e n t   r e s i s t a n c e   t e s t .  

F i g s .   1  and  2  are  p h o t o m i c r o g r a p h s   (x  500)  s h o w i n g ,  
r e s p e c t i v e l y ,   m i c r o s t r u c t u r e s   of  our  cold   r o l l e d   s t e e l   s h e e t  
of  S t e e l  N o .   1  and  the  c o n v e n t i o n a l ,   h igh   s t r e n g t h   and  l o w  

y i e l d   r a t i o   co ld   r o l l e d   s t e e l   s h e e t   of  S t e e l   No.  10  in  T a b l e   1 .  

The  g r a i n   s i z e   of  s t e e l   s h e e t   p r o d u c e d   in  a c c o r d a n c e   w i t h   t h i s  
i n v e n t i o n   as  shown  in  F ig .   1  is   l a r g e r   t han   t h a t   in  F i g .   2 .  

This   is  b e c a u s e ,   as  m e n t i o n e d   h e r e i n b e f o r e ,   the  f o r m a t i o n   o f  

r e c r y s t a l l i z a t i o n   n u c l e i   has  been  r e s t r i c t e d   by  o p t i m i z i n g  
the  p r o p o r t i o n s   of  S o l . A l   and  n i t r o g e n   as  w e l l   as  c o i l i n g  

t e m p e r a t u r e   a f t e r   ho t   r o l l i n g .   The  lower   y i e l d   p o i n t   a n d  

the  h i g h e r   r - v a l u e   which  are   o b t a i n e d   in  a c c o r d a n c e   w i th   t h i s  
i n v e n t i o n   are  due  to  the  m i c r o s t r u c t u r e   shown  in  F ig .   1 .  

The  r e a s o n s   for   l i m i t i n g   the  c h e m i c a l   c o m p o s i t i o n   o f  

the  s t e e l   to  which  t h i s   i n v e n t i o n   is  a p p l i e d   w i l l   be  d e s c r i b e d  

in  d e t a i l   h e r e i n a f t e r .  

Carbon  (C):  Carbon  is   e f f e c t i v e   for   f o rming   a  d i s p e r s e d  

phase   of  m a r t e n s i t e   in  the  co ld   r o l l e d   s t e e l   s h e e t   to  g ive   a  



low  y i e l d   r a t i o   in  the  p r e s e n c e   of  manganese   in  an  amount   o f  
more  t han   1.6%.  A  ca rbon   c o n t e n t   of  l e s s  t h a n   0.005%  i s  n o t  
enough  to  g ive   a  t h o r o u g h l y   low  y i e l d   r a t i o .   O n  t h e   o t h e r  

hand,   more  than   0.080%  ca rbon   r a i s e s   t e n s i l e   s t r e n g t h   e x c e s -  
s i v e l y   and  i m p a i r s   s p o t   w e l d a b i l i t y .   The  c a rbon   c o n t e n t   i s  
r e s t r i c t e d   to  from  0.005%  to  0 . 0 8 0 % .  

S i l i c o n   ( S i ) :   S i l i c o n   may  be  used   as  a  d e o x i d i z e r   a n d  
is  e f f e c t i v e   for   making  the  f o r m a t i o n   of  m a r t e n s i t e   e a s i e r .  

However ,   a  l a r g e   amount   of  Si  i n c r e a s e s   y i e l d   p o i n t   a n d  
t e n s i l e   s t r e n g t h ,   i m p a i r i n g   f o r m a b i l i t y   and  s u r f a c e   f l a t n e s s  
of  the   co ld   r o l l e d   s t e e l   s h e e t .   Thus,  the  Si  c o n t e n t   i s  
r e s t r i c t e d   to  l e s s   than   0.30%.  Si  is  no t   r e q u i r e d   i f   t h e  
a d d i t i o n   of  Al  a c h i e v e s   t h o r o u g h   d e o x i d a t i o n .  

Manganese  (Mn):  Manganese  is   e f f e c t i v e   f o r   f o r m i n g - a  
d i s p e r s e d   phase   of  m a r t e n s i t e   in  the  p r e s e n c e   of  c a r b o n .   A 

manganese   c o n t e n t   of  l e s s   than  1.6%  is   not   enough  to  g i v e   a  
low  y i e l d   r a t i o .   A  manganese   c o n t e n t   of  more  t han   3.5%  i s  

not   d e s i r a b l e ,   s i n c e   such  a  l a r g e   amount  of  m a n g a n e s e   i n c r e a s e s  
t e n s i l e   s t r e n g t h   e x c e s s i v e l y .  

Acid  s o l u b l e   a lumin ium  ( S o l . A l ) :   S o l . A l   is  e f f e c t i v e  
fo r   l o w e r i n g   y i e l d   r a t i o ,   o p t i m i z i n g   c r y s t a l   g r a i n   and  i m p r o v -  

ing  r e c r y s t a l l i z a t i o n   t e x t u r e   i . e .   i n c r e a s i n g   an  r - v a l u e   i n  
the  p r e s e n c e   of  n i t r o g e n   in  an  amount  of  more  than   0 . 0 0 5 % .  
The  S o l . A l   c o n t e n t   of  0 . 0 2  -   0 . 0 8 %  i s   d e s i r a b l e   for   o b t a i n i n g  
d e s i r e d   m e c h a n i c a l   p r o p e r t i e s .  

N i t r o g e n   (N):  N i t r o g e n   is   n e c e s s a r y   to  o p t i m i z e   c r y s t a l  

g r a i n   and  to  improve   r e c r y s t a l l i z a t i o n   t e x t u r e   in  t he   p r e s e n c e  
of  a  s u i t a b l e   amount  of  S o l . A l .   For  t h i s   p u r p o s e ,   a  n i t r o g e n  
c o n t e n t   of  0 . 0 0 5  -   0.020%  is  n e c e s s a r y .   A  n i t r o g e n   c o n t e n t  
of  l e s s   than  0.005%  is  not   e f f e c t i v e   fo r   t h i s  p u r p o s e .  

The  b a l a n c e   of  the   s t e e l   c o m p o s i t i o n   is   Fe  w i t h   i n c i d e n -  

t a l   i m p u r i t i e s ,   of  which   P  and  S  are  a l l o w e d   to  p r e s e n t   i n  

an  amount  of  l e s s   than   0.05%,  r e s p e c t i v e l y .  
A  p r e f e r r e d   c o m p o s i t i o n   of  the   s t e e l   to  which   t h i s  

i n v e n t i o n   is  a p p l i e d   i s :  



C o i l i n g   t e m p e r a t u r e   a f t e r   ho t   r o l l i n g   d e t e r m i n s   t h e  
s t r u c t u r e   and  a r r a n g e m e n t   of  AlN  and  has  an  i n f l u e n c e   on  t h e  
r - v a l u e   of  the  r e s u l t i n g   s t e e l   s h e e t   c o n t a i n i n g   S o l . A l ,   N  a n d  
Mn  i n  a m o u n t s   s p e c i f i e d   in  the  above .   In  o r d e r   to  o b t a i n   a  
s t e e l   s h e e t   h a v i n g   an  r - v a l u e   of  a round   1 .2 ,   the  c o i l i n g  

t e m p e r a t u r e   may  be  above  600°C.  However,   in  o r d e r   to  o b t a i n  

an  r - v a l u e   of  more  than  1.2  c o n s t a n t l y ,   i t   is  n e c e s s a r y   t o  
c o i l   a  ho t   r o l l e d   s t e e l   s h e e t   at   a  t e m p e r a t u r e   l ower   t h a n  
600°C.  A n n e a l i n g   a f t e r   c o l d  r o l l i n g   is  n e c e s s a r y   to  o b t a i n  

a  co ld   r o l l e d   s t e e l   s h e e t   which  is  s o f t e n e d   due  to  r e m o v a l  

of  s t r e s s   i n t r o d u c e d   d r i n g   co ld   r o l l i n g   and  which   has  a  d u a l  

phase   of  f e r r i t e   p u l s e   m a r t e n s i t e ,   g i v i n g   a  t e n s i l e   s t r e n g t h  
of  3 5  -   45  Kg/mm2,  a  y i e l d   r a t i o   of  0 . 4  -   0.6  and  an  r - v a l u e  
of  more  than   1 .2 .   For  t h i s   p u r p o s e   the  d e s i r a b l e   a n n e a l i n g  

t e m p e r a t u r e   is  w i t h i n  t h e   r ange   of  6 6 0  -   7 5 0 ° C .  

The  s o a k i n g   t ime  d u r i n g   a n n e a l i n g   is  a l s o   i m p o r t a n t .  

A  s o a k i n g   t ime  of  more  t han   30  m i n u t e s   is  n e c e s s a r y   to  e f f e c t  
c o n c e n t r a t i o n   of  C  and  Mn  in  the  s t e e l ,   and  to  form  m a r t e n s i t e  

d u r i n g   the  p e r i o d   of  c o o l i n g   in  a n n e a l i n g .   A  s o a k i n g   t ime  o f  

l e s s   than   30  m i n u t e s   is  some t imes   i n s u f f i c i e n t   to  f o r m  

m a r t e n s i t e .  

U s u a l l y   t emper   r o l l i n g   wi th   a  r e d u c t i o n   of  more  t h a n  

a b o u t   1%  is  a p p l i e d   to  a  co ld   r o l l e d   s t e e l   s h e e t   so  as  t o  
avo id   the  f o r m a t i o n   of  s t r e t c h e r   s t r a i n s   and  to  i m p r o v e   f l a t -  

ness   of  the   s t e e l   s h e e t .   However ,   a c c o r d i n g   to  t h i s   i n v e n t i o n ,  
such  temper   r o l l i n g   is  not   n e c e s s a r i l y   r e q u i r e d .   This   i s  

b e c a u s e   the  s t e e l   s h e e t   p r o d u c e d   in  a c c o r d a n c e   w i t h   t h i s   i n v e n -  
t i o n   does  not   show  an  e l o n g a t i o n   a t   y i e l d   p o i n t   in   the  a n n e a l e d  

s t a t e .   Thus,  i t   is  not   n e c e s s a r y   to  e f f e c t   t e m p e r   r o l l i n g   i n  

o r d e r   to  avo id   the  f o r m a t i o n   of  s t r e t c h e r   s t r a i n s .   H o w e v e r ,  

even  in  t h i s   i n v e n t i o n   s k i n   pass   r o l l i n g   may  be  a p p l i e d   t o  



the  co ld   r o l l e d   s t e e l   s h e e t   in  o r d e r   to  improve   the   s u r f a c e  
f l a t n e s s .   However,   s i n c e   sk in   pass   r o l l i n g   ( t emper   r o l l i n g )  
w i t h   a  r e d u c t i o n   of  more  t han   0.5%  r e s u l t s   in  i n c r e a s e   i n  

y i e l d   p o i n t   w i th   d e t e r i o r a t i o n   of  f o r m a b i l i t y ,   when  t e m p e r  
r o l l i n g   is  a p p l i e d ,   i t   is  a d v i s a b l e   to  r e s t r i c t   the  r e d u c t i o n  

on  t emper   r o l l i n g   to  no t   more  than   0 . 5 % .  
Embodiments   of  the   I n v e n t i o n :  

E x a m p l e s :  
The  w o r k i n g   examples   of  t h i s   i n v e n t i o n   w i l l   be  d e s c r i b e d  

h e r e i n a f t e r .  

S t e e l s   h a v i n g   c h e m i c a l   c o m p o s i t i o n   as  shown  in  Tab le   1 

were  p r e p a r e d   wi th   a  c o n v e r t e r   to  p r o d u c e   s l a b s   230  m m  t h i c k  

by  a  c o n t i n u o u s   c a s t i n g   method .   S u l f u r   and  p h o s p h o r o u s   i n  

each  s t e e l   were  r e s t r i c t e d   to  0 . 0 0 6  -   0.020%  P  and  0 . 0 0 2  -  
0.020%  S.  These  s l a b s   were  h e a t e d   a t   a  t e m p e r a t u r e   of  1 1 5 0  -  
1270°C  and  then   hot   r o l l e d   to  p r o v i d e   s t e e l   s h e e t s   2.8  mm 
t h i c k .   F i n i s h i n g   t e m p e r a t u r e   was  8 0 0  -   870°C. '   The  ho t   r o l l e d  

s t e e l   s h e e t s   were  c o i l e d   at  a  t e m p e r a t u r e   of  5 2 0  -   5 8 0 ° C .  
The  thus   o b t a i n e d   ho t   r o l l e d   s t e e l   s h e e t s   we re ,   a f t e r   p i c k l i n g ,  

s u b j e c t e d   to  co ld   r o l l i n g   w i t h   a  r e d u c t i o n   of  a b o u t   70%  t o  

p r o v i d e   co ld   r o l l e d   s t e e l   s h e e t s   0.8  mm  t h i c k .   A n n e a l i n g  w a s  

a p p l i e d   to  the  c o l d . s t e e l   s h e e t s   to  f i n i s h   the  s h e e t s .   Some 
of  the  f i n i s h e d   s t e e l   s h e e t s   were  t h e r e a f t e r   s u b j e c t e d   t o  

t emper   r o l l i n g .   The  c o n d i t i o n s   of  a n n e a l i n g   and  t emper   r o l l i n g  
are  summar ized   in  Table   2 .  







A  JIS  No.  5   t e s t   p i e c e   was  cut   from  each  of  the   t h u s  

p r o d u c e d   s t e e l   s amples   and  used   for   a  t e n s i l e   t e s t   w h e r e i n  
i t   was  s t r e t c h e d   in  the  r o l l i n g   d i r e c t i o n .   The  r e s u l t s   a r e  
g iven   in  Table   3  be low,   from  which  i t   can  be  seen  t h a t   t h e  
co ld   r o l l e d   s t e e l   s h e e t s   hav ing   a  y i e l d   r a t i o   l e s s   t han   0 . 6 0 ,  

an  r - v a l u e   more  than  1 .   and  a  t e n s i l e   s t r e n g t h   of  3 5  -   45  K g / m 2  

c o u l d   o n l y . b e   p r o d u c e d   by  the  method  of  t h i s   i n v e n t i o n .   I t  
is  a l s o  c l e a r   from  the  Table   t h a t   e x c e s s i v e   t emper   r o l l i n g  
r e s u l t e d   in  an  e l e v a t e d   y i e l d   p o i n t .  

The  p r e s s   f o r m a b i l i t y   of  each  s t e e l   sample  was  d e t e r m i n e d  

by  the  c o n v e n t i o n a l   E r i c h s e n   t e s t   and  ho le   w i d e n i n g   t e s t .  
The  form  r e t e n t i o n   was  d e t e r m i n e d   u s i n g   a  t e s t   p i e c e   90  mm 
wide  and  400  mm  long  cut   from  each  s t e e l   sample  and  s u b j e c t e d  
to  a  U - s h a p i n g   as  i l l u s t r a t e d   in  Fig .   3  f o l l o w e d   by  m e a s u r e -  
ment  of  the   amount  of  s p r i n g   back  (AL=L-50).   A  700  mmφ  d e n t  

r e s i s t a n c e   t e s t   p i e c e   in  the  form  of  a  d i s c   (2)  was  cu t   f r o m  

each  s t e e l   sample  and  s u b j e c t e d   to  s h a l l o w   d r a w i n g  t o   form  a  
400  mmφ  dome  (3)  h a v i n g   a  maximum  d e p t h   of  45  mm  as  i l l u s t r a t e d  

in  F ig .   4.  A  loop  t e s t e r   (1)  was  f o r c e d   a g a i n s t   the  c e n t e r   o f  

the  domed  t e s t   p i e c e   unde r   a  load   of  20  kg,  and  the  r e s i d u a l  

d e f l e c t i o n   6  a f t e r   r e m o v a l   of  the  load  was  m e a s u r e d .   A  g r e a t e r  
r e s i d u a l   d e f l e c t i o n   δ  is  no t   d e s i r e d   s i n c e   i t   p r o v i d e s   a n  
o u t e r   p a n e l   of  an  a u t o m o b i l e   body  t h a t   e a s i l y   forms  a  d e n t   i f  

i t   is  p r e s s e d   wi th   a  f i n g e r   or  h i t   by  a  b o u n c i n g   p e b b l e .  





Thus,   i t   is  a p p a r e n t   from  the  f o r e g o i n g   t h a t   the  c o l d  
r o l l e d   s t e e l   s h e e t s   p r o d u c e d   in  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n  

are   a l l   s a t i s f a c t o r y   wi th   r e s p e c t   to  m e c h a n i c a l   p r o p e r t i e s ,  

f o r m a b i l i t y ,   form  r e t e n t i o n   and  d e n t   r e s i s t a n c e .  



1.  A  method  of  p r o d u c i n g   h i g h  s t r e n g t h   co ld   r o l l e d   s t e e l  
s h e e t   h a v i n g   improved   p r e s s   f o r m a b i l i t y ,   the   c o m p o s i t i o n   o f  

which  c o n s i s t s   e s s e n t i a l l y   of  0 . 0 0 5  -   0.080%  of  C,  up  t o  
0.30%  of  Si ,   1 . 6  -   3.5%  of  Mn,  0 . 0 2  -   0.08%  of  S o l . A l ,  
0 . 0 0 5  -   0.020%  of  N  and  the  b a l a n c e   i r o n   and  i n c i d e n t a l  

i m p u r i t i e s ,   which  c o m p r i s e s ,   a f t e r   hot   r o l l i n g ,   co ld   r o l l i n g  
the  s t e e l   s h e e t   w i t h   a  r e d u c t i o n   of  more  than   30%  and  t h e n  

a n n e a l i n g   the  co ld   r o l l e d   s t e e l   s h e e t   a t   a  t e m p e r a t u r e   o f  

6 6 0  -   750°C  fo r   a  p e r i o d   l o n g e r   than  30  m i n u t e s .  

2.  The  method  of  Claim  1,  which  f u r t h e r   c o m p r i s e s   c o i l i n g  
the  ho t   r o l l e d   s t e e l   s h e e t   a f t e r   ho t   r o l l i n g   a t   a  t e m p e r a t u r e  
of  lower   than   6 0 0 ° C .  

3.  The  method  of  Claim  1  or  2,  which  c o m p r i s e s   t e m p e r -  
r o l l i n g ,   a f t e r   a n n e a l i n g ,   the  a n n e a l e d   co ld   r o l l e d   s t e e l   s h e e t .  

4.  The  method  of  Claim  3,  in  which  the  r e d u c t i o n   on  t e m p e r  
r o l l i n g   is  l e s s   than  0 .5%.  

5.  The  method  of  any  of  Cla ims  1  -   4,  in  which   the  c o m p o s i -  
t i o n   of  s t e e l   is   0 . 0 0 8  -   0.05%  of  C,  0  -  0 . 2 %   of  Si ,   1 . 8  -   2 .5% 
of  Mn,  0 . 0 2  -   0.08%  of  S o l . A l ,   0 . 0 0 5  -   0.010%  of  N,  l e s s   t h a n  
0.05%  of  P,  l e s s   than  0.05%  of  S  and  the  b a l a n c e   s u b s t a n t i a l l y  
i r o n .  
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