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@  Method  for  producing  high  strength  steel  with  good  ductility. 

  The  present  invention  provides  a  method  for  producing 
hot  rolled  steel  products  having  high  strength  and  ductility. 
The  method  is  particularly  suitable  for  low  alloy  structural 
steels,  which  contain  about  0.02  to  0.15  wt  %  C  and  0.100  to 
about  .015  %  Nb,  the  higher  Nb  percentage  being  used  for 
steels  with  the  lower  C  content  and  vice  versa.  In  the  meth- 
od,  the  steel  is  heated  to  a  temperature  of  about  1150  to 
about  1250°C.  The  steel  is  then  rolled  during  a  first 
sequence  of  passes  so  that  the  average  austenite  grain  size 
at  the  end  of  the  first  sequence  stays  below  about  50  µm  and 
so  that  the  last  pass  in  this  sequence  is  conducted  within  the 
temperature  range  of  about  950  to  1100°C.  In  a  second 
rolling  sequence  directly  following  the  first  sequence,  the 
rolling  is  continued  with  further  reductions  that  do  not  ex- 
ceed  about  15%  in  each  pass.  Subsequently,  the  steel  may 
be  cooled  to  ambient  temperature  in  a  conventional  man- 
ner. 



TECHNICAL  AREA 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  a  m e t h o d   f o r  

f a b r i c a t i n g   s t r u c t u r a l   s t e e l   w h i c h   has   h i g h   s t r e n g t h   a n d  

good  d u c t i l i t y .  

TECHNICAL  BACKGROUND 

In  t h e   c o n v e n t i o n a l   f a b r i c a t i o n   of   s t r u c t u r a l   s t e e l   s u c h  

t h a t   t h e   s t e e l   has   b o t h   h i g h   s t r e n g t h   and  good  d u c t i l i t y  

( low  t r a n s i t i o n   t e m p e r a t u r e ) ,   s m a l l   a d d i t i o n s   of   t h e   s o -  

c a l l e d   g r a i n   r e f i n i n g   e l e m e n t   (Nb,  V,  T i ,   B)  have   b e e n   u s e d  

to  a  g r e a t   e x t e n t   a l o n g   w i t h   a  m e t h o d   of   h o t   r o l l i n g   t h e  

s t e e l   w h e r e   t h e   r e d u c t i o n s   in  t h e   i n d i v i d u a l   p a s s e s   as  w e l l  

as  t h e   d e f o r m a t i o n   t e m p e r a t u r e s   a r e   r e g u l a t e d   w i t h   r e s p e c t  
to  t h e   s t r u c t u r e   d e s i r e d .   T h i s   m e t h o d   is   o f t e n   t e r m e d   c o n -  

t r o l l e d   r o l l i n g .   The  o b j e c t i v e   of   t h e   c o n t r o l l e d   r o l l i n g  

m e t h o d   i s   t h a t   when  t h e   r o l l i n g   i s   c o m p l e t e d ,   e i t h e r   a  f i n e -  

g r a i n e d   r e c r y s t a l l i z e d   a u s t e n i t e   or   a  h e a v y   d e f o r m e d  

u n r e c r y s t a l l i z e d   a u s t e n i t e   s t r u c t u r e   has   b e e n   p r o d u c e d   i n  

t h e   s t e e l .  

The  f o r m e r   s t r u c t u r e   i s   o b t a i n e d   by  m a k i n g   t h e   f i n i s h i n g  

r o l l i n g   p a s s e s   w i t h   a  h i g h   d e g r e e   of   r e d u c t i o n ,   t h e   l a t t e r  

s t r u c t u r e   by  e f f e c t i n g   t h e   f i n i s h i n g   r o l l i n g   p a s s e s   a t   a  l o w  

t e m p e r a t u r e   i . e . ,   a t   a  t e m p e r a t u r e   l o w e r   t h a n   a b o u t   9 0 0 °  C .  

I t   i s   t h e   f i n e   g r a i n   of   t h e   r e c r v s t a l l i z e d   a u s t e n i t e ,   and  i n  

t h e   a l t e r n a t i v e ,   t h e   h i g h   d e g r e e   of   r e d u c t i o n   of   t h e   n o n -  

r e c r y s t a l l i z e d   a u s t e n i t e   t h a t   p r o v i d e   t h e   b a s i s   f o r   f o r m i n g  

a  f i n e - g r a i n e d   p o l y g o n a l   f e r r i t e   d u r i n g   t h e   s u b s e q u e n t  

c o o l i n g ,   and  t h u s   a  b a s i s   f o r   t h e   c o m b i n a t i o n   of   t h e   h i g h  

s t r e n g t h   and  good  d u c t i l i t y   c h a r a c t e r i s t i c s   of   t h e   f i n i s h e d  

s t e e l .  

To  o b t a i n   a  f i n e   g r a i n e d   f e r r i t e   a f t e r   t h e   f i r s t   a l t e r n a -  

t i v e   of   c o n t r o l l e d   r o l l i n g   w h e r e   a  f i n e   g r a i n e d   r e c r y s t a l l i -  

zed  a u s t e n i t e   i s   p r o d u c e d   a f t e r   t h e   l a s t   p a s s ,   i t   i s   n e c e s -  

s a r y   no t   o n l y   t h a t   t h e   s t e e l   c o n t a i n s   a  s u i t a b l e   a m o u n t   o f  

g r a i n - r e f i n i n g   e l e m e n t s ,   e . g .   Nb,  b u t ,   a l s o   t h a t   a t   l e a s t   i n  

t h i s   l a s t   p a s s ,   r e d u c t i o n   i s   r e l a t i v e l y   h i g h ,   i . e . ,   w i t h   a n  



a r e a   r e d u c t i o n   of  30%  or   m o r e ,   as  t h e   r e c r y s t a l l i z e d   g r a i n  

s i z e   of  t h e   a u s t e n i t e   w h i c h   i s   w i t h i n   t h e   r a n g e   of   i n t e r e s t  

h e r e ,   u n i f o r m l y   d e c r e a s e s   w i t h   i n c r e a s i n g   r e d u c t i o n .   On  t h e  

o t h e r   h a n d ,   in  t h e   l a s t   s t a g e   of   t h e   r o l l i n g ,   i t   i s   a d v i s -  

a b l e   to  a v o i d   r e d u c t i o n s   a b o u t   and  b e l o w   a b o u t   20%  as  a t  

t h i s   p o i n t ,   a c c o r d i n g   to   known  l aws   f o r   r e c r y s t a l l i z a t i o n ,  

as  t h e r e   i s   a  r i s k   of  p r o d u c i n g   e n l a r g e d   r e c r y s t a l l i z e d  

g r a i n s   when  a p p r o a c h i n g   t h e   s o - c a l l e d   c r i t i c a l   d r a f t   ( d e g r e e  

of   r e d u c t i o n ) .   At  even   l o w e r   r e d u c t i o n s ,   g r a i n - c o a r s e n i n g  

has   a p p e a r e d   even   in  g r a i n s   w i t h o u t   r e c r y s t a l l i z a t i o n   by  t h e  

s o - c a l l e d   s t r a i n   i n d u c e d   g r a i n   g r o w t h .   Wi th   s e v e r a l   s u c h  

l i g h t   p a s s e s ,   t h e r e   a l s o   a p p e a r s   a  r i s k   f o r   p a r t i a l   r e c r y -  
s t a l l i z a t i o n   and  t h e   known  p h e n o m e n o n   of  n o n - u n i f o r m   g r a i n  

s i z e ,   w h i c h   means   a  l a r g e   l o s s   of   d u c t i l i t y   and  s t r e n g t h   f o r  

t h e   s t e e l .  

The  o t h e r   m e t h o d   m e n t i o n e d   a b o v e ,   w h e r e   t h e   r o l l i n g   i s  

c o n d u c t e d   s u c h   t h a t   r e c r y s t a l l i z a t i o n   d o e s   n o t   o c c u r ,  

r e q u i r e s   t h a t ,   a f t e r   a  c e r t a i n   d e g r e e   of   r o u g h e n i n g ,   t h e  

m a t e r i a l   m u s t   be  c o l l e d   to  a  t e m p e r a t u r e   b e l o w   a b o u t   9 0 0 ° C ,  

n o r m a l l y   b e l o w   a b o u t   850°C ,   b e f o r e   t h e   f i n i s h   r o l l i n g   b e g i n s  

w h i c h   c a u s e s   r e t a i n e d   d e f o r m a t i o n   of   t h e   a u s t e n i t e .   T h i s  

m e t h o d   i s   o f t e n   c h a r a c t e r i z e d   as  a  t h e r m o m e c h a n i c a l   t r e a t -  

m e n t .  

Both   m e t h o d s   s e t   f o r t h   a b o v e   h a v e   i n h e r e n t   d i s a d v a n t a g e s  

w i t h   r e s p e c t   to   t h e   t e c h n i c a l   p o r t i o n   of   t h e   r o l l i n g  

p r o c e d u r e .   High  r e d u c t i o n s   d u r i n g   t h e   f i n i s h i n g   p a s s   a c c o r -  

d i n g   to   t h e   f i r s t   m e t h o d   r e q u i r e   h i g h   r o l l   f o r c e s   w h i c h  

means   t h a t   t h e   c a p a c i t y   of   t h e   r o l l i n g   m i l l   can  be  a  l i m i -  

t i n g   f a c t o r .   In  a d d i t i o n ,   i t   i s   more  d i f f i c u l t   to   m a i n t a i n  

n a r r o w   t h i c k n e s s   t o l e r a n c e s   w i t h   h i g h   r e d u c t i o n s .   A n o t h e r  

a g g r a v a t i n g   c i r c u m s t a n c e   i s   t h a t ,   to  o b t a i n   good  r e s u l t s   i n  

t h e   form  of   f i n e   g r a i n   in  t h e   f i n a l   s t r u c t u r e ,   t h e   f i n i s -  

h i n g   t e m p e r a t u r e   m u s t  b e   k e p t   f a i r l y   low,   as  o t h e r   c o n d i -  

t i o n s   b e i n g   e q u a l ,   t h e   r e c r y s t a l l i z e d   g r a i n   s i z e   b e c o m e s  

f i n e r ,   t h e   l o w e r   t h e   d e f o r m a t i o n   t e m p e r a t u r e   i s ,   and  a  l o w  

r o l l i n g   t e m p e r a t u r e   a l s o   c o n t r i b u t e s   to  an  i n c r e a s e   in  t h e  



r o l l   l o a d .   C o n d u c t i n g   t h e   r o l l i n g   w i t h i n   t h e   t e m p e r a t u r e  

r a n g e   f o r   n o n - r e c r y s t a l l i z a t i o n   a l s o   r e s u l t s   in   e x t r a   l o a d s  

in  t h e   r o l l i n g   m i l l   and  i s   a l s o   an  i m p e d i m e n t   f o r   m a t e r i a l  

f l o w   s i n c e   t h e   m a t e r i a l   has   to   c o o l   b e t w e e n   r o u g h e n i n g   a n d  

t h e   f i n i s h   r o l l i n g   w h i c h   i n c r e a s e s   t h e   f a b r i c a t i o n   t i m e   a n d  

a l s o   d e c r e a s e s   r o l l i n g   c a p a c i t y .  

DESCRIPTION  OF  THE  INVENTION 

In  a c c o r d a n c e   w i t h   t h e   m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n ,  

i t   ha s   now  b e e n   s h o w n ,   h o w e v e r ,   t h a t ,   even   w i t h   s m a l l   f i n i s -  

h i n g   r e d u c t i o n s   u n d e r   c e r t a i n   c i r c u m s t a n c e s ,   i t   i s   p o s s i b l e  

to  o b t a i n   s t e e l   w i t h   e q u a l   or   b e t t e r   p r o p e r t i e s   as  c o m p a r e d  

w i t h   a  h i g h   f i n i s h i n g   r e d u c t i o n   and  t h i s   m e t h o d   can   b e  

a c c o m p l i s h e d   w i t h o u t   d e l a y i n g   t h e   r o l l i n g   by  u t i l i z i n g   t h e  

low  f i n i s h i n g   t e m p e r a t u r e s   w h i c h   a r e   r e q u i r e d   in  t h e   s e c o n d  

r o l l i n g   s e q u e n c e   as  d e s c r i b e d   a b o v e .   The  f i n i s h   r o l l i n g   c a n ,  

on  t h e   c o n t r a r y ,   be  c o n d u c t e d   d i r e c t l y   a f t e r   r o u g h e n i n g   i n  

t h e   t e m p e r a t u r e   r a n g e   of   a b o u t   900  to   1100°C  and  w i t h   l o w  

r e d u c t i o n s ,   i . e . ,   b e l o w   a b o u t   15%.  

T h u s ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   f o r   p r o -  

d u c i n g   h o t   r o l l e d   s t e e l   p r o d u c t s   h a v i n g   h i g h   s t r e n g t h   a n d  

d u c t i l i t y .   The  m e t h o d  i s   p a r t i c u l a r l y   s u i t a b l e   f o r   low  a l l o y  

s t r u c t u r a l   s t e e l s   w h i c h   c o n t a i n   a b o u t   0 . 0 2   to   0 . 1 5   wt .   %  C 

and  0 . 1 0 0   to   a b o u t   .015  %  Nb,  t h e   h i g h e r   Nb  p e r c e n t a g e   b e i n g  

u s e d   f o r   s t e e l s   w i t h   t h e   l o w e r   C  c o n t e n t   and  v i c e   v e r s a .   I n  

t h e   m e t h o d ,   s t e e l   i s   h e a t e d   to   a  t e m p e r a t u r e   o f   a b o u t   1 1 5 0  

to  a b o u t   1 2 5 0 ° C .   The  s t e e l   i s   t h e n   r o l l e d   d u r i n g   a  f i r s t  

s e q u e n c e   of   p a s s e s   so  t h a t   t h e   a v e r a g e   a u s t e n i t e   g r a i n   s i z e  

a t   t h e   end  of   t h e   f i r s t   s e q u e n c e   s t a y s   b e l o w   a b o u t   50  pm  a n d  

so  t h a t   t h e   l a s t   p a s s   in  t h i s   s e q u e n c e   i s   c o n d u c t e d   w i t h i n  

t h e   t e m p e r a t u r e   r a n g e   of   a b o u t   950  to   1 1 0 0  C .   In  a  s e c o n d  

r o l l i n g   s e q u e n c e   d i r e c t l y   f o l l o w i n g   t h e   f i r s t   s e q u e n c e ,   t h e  

r o l l i n g   is   c o n t i n u e d   w i t h   f u r t h e r   r e d u c t i o n s   t h a t  d o   n o t  

e x c e e d   a b o u t   15  %  in  e a c h   p a s s .   S u b s e q u e n t l y ,   t he   s t e e l   m a y  
be  c o o l e d   to   a m b i e n t   t e m p e r a t u r e   in  a  c o n v e n t i o n a l   m a n n e r .  

The  m e t h o d   of   t he   i n v e n t i o n   i s   e x p l a i n e d   in  f u r t h e r  

d e t a i l   in  t h e   f o l l o w i n g   w i t h   r e f e r e n c e   to   t h e   d r a w i n g   i n  



w h i c h   t h e   s o l e   f i g u r e   i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   of   t h e  

m e c h a n i c a l   p r o p e r t i e s   of   v a r i o u s   s t e e l s ,   some  of   t h e   s t e e l s  

h a v i n g   b e e n   p r o d u c e d   by  t h e   m e t h o d   of   t h e   i n v e n t i o n   a n d  

o t h e r s   by  m e t h o d s   o u t s i d e   t h e   s c o p e   of   t h e   i n v e n t i o n .  

More  p a r t i c u l a r l y ,   in   t h e   m e t h o d   of   t h e   i n v e n t i o n ,   t h e  

s t e e l   s h o u l d   c o n t a i n   a  c e r t a i n   a m o u n t   of   Nb,  e . g . ,   a b o u t  

0 . 0 1 5   to   a b o u t   0 . 1 0 0   %,  t h e   l o w e r   a m o u n t   a p p l i c a b l e   t o  

h i g h e r   c a r b o n   c o n t e n t s ,   e . g . ,   a b o u t   .15  %  C  and  t h e   h i g h e r  

a m o u n t   a p p l i c a b l e   to  a  c a r b o n   c o n t e n t   of   a b o u t   0 . 0 5   %  a n d  

l o w e r .   G e n e r a l l y ,   t h e   s t e e l s   p a r t i c u l a r l y   s u i t a b l e   f o r   t h e  

m e t h o d ,   c o n t a i n   m i n o r   a m o u n t s ,   e . g . ,   l e s s   t h a n   a b o u t   2  %,  o f  

one  or   more  of   Sn,  Mn,  Cr ,   Mo  and  T i .  

In  t h e   p r e s e n t   i n v e n t i o n ,   t h e   r o l l i n g   of   t h e   s t e e l   i s  

d i v i d e d   i n t o   two  s e q u e n c e s .   The  f i r s t   s e q u e n c e   i s   c o n d u c t e d  

s u c h   t h a t   t h e   s t e e l   has   a  u n i f o r m ,   r e l a t i v e l y   f i n e   g r a i n e d  

r e c r y s t a l l i z e d   a u s t e n i t e   ( a v e r a g e   l e s s   t h a n   50  µm  m e a s u r e d  

on  a  s a m p l e   s e c t i o n   w h i c h   has   b e e n   c u t   o u t   and  w a t e r   q u e n c -  
hed)  a t   t h e   end  of   t h e   s e q u e n c e .   To  a c h i e v e   t h i s   s t r u c t u r e ,  

a t   l e a s t   in  t h e   l a s t   p a s s   in   t h i s   f i r s t   s e q u e n c e ,   t h e   a r e a  

r e d u c t i o n   o f t e n t i m e s   i s   a b o u t   25  %,  p r e f e r a b l y   o v e r   a b o u t  

30  %.  The  s e c o n d   r o l l i n g   s e q u e n c e   i n c l u d e s   one  or  more  l i g h t  

p a s s e s ,   e a c h   p a s s   p r o d u c i n g   l e s s   t h a n   a b o u t   15  %  in  a r e a  

r e d u c t i o n .   T h i s   s e c o n d   s e q u e n c e   can   i m m e d i a t e l y   f o l l o w   t h e  

f i r s t   s e q u e n c e   w i t h o u t   any  t i m e   w a i t i n g   f o r   t h e   s t e e l   t o  

c o o l   i f   t h e   t e m p e r a t u r e   of   t h e   h e a t   a t   t h e   end  of   t h e   f i r s t  

s e q u e n c e   i s   b e l o w   a b o u t   11000C,   and  f o r   l o w e r   a m o u n t s   of  N b ,  

b e l o w   a b o u t   1 0 7 0 ° C .  

To  a c h i e v e   t h e   d e s i r e d   u n i f o r m ,   r e l a t i v e l y   f i n e   g r a i n e d  

a u s t e n i t e   a t   t h e   end  of   t h e   f i r s t   r o l l i n g   s e q u e n c e ,   i t   h a s  

b e e n   f o u n d   to  be  a d v a n t a g e o u s   to  i n c l u d e   Ti  in  a m o u n t s   b e t -  

ween  a b o u t   0 . 0 0 5   and  a b o u t   0 . 0 4   %.  W i t h   a  s u i t a b l e   c o m b i n a -  

t i o n   of   h e a t i n g   t e m p e r a t u r e ,   r e d u c t i o n   s e q u e n c e s   and  Nb  c o n -  

t e n t ,   i t   may,  h o w e v e r ,   be  p o s s i b l e   to  f i l l   t h e   same  c o m b i n a -  

t i o n s   even   w i t h o u t   t h e   i n c l u s i o n   of   T i .  



F u r t h e r m o r e ,   when  p a r t i c u l a r l y   good  d u c t i l i t y   in  t h e  

s t e e l   i s   r e q u i r e d ,   i t   has   p r o v e n   i m p o r t a n t   t h a t   a t   l e a s t   o n e  
of  t h e   l i g h t   f i n i s h i n g   p a s s e s   be  c o n d u c t e d   a t   a  s u f f i c i e n t l y  

h i g h   t e m p e r a t u r e   ( g e n e r a l l y   o v e r   a b o u t   950°C)   so  t h a t   t h e  

p r e c i p i t a t i o n   of   NbC  f rom  t h e   a u s t e n i t e   i s   f a v o r e d   as  m u c h  

as  p o s s i b l e .   S i n c e   t h e   a u s t e n i t e   o b t a i n e d   by  t h e   p r o c e d u r e  

of   l i g h t   f i n i s h i n g   p a s s e s   t e n d s   to   t r a n s f o r m   to  f e r r i t e   m o r e  

r e a d i l y   as  c o m p a r e d   w i t h   t h e   same  a u s t e n i t e   r o l l e d   by  c o n -  

v e n t i o n a l   m e t h o d s ,   t h e   p r o c e d u r e   of   t h e   i n v e n t i o n   i s   w e l l  

a d a p t e d   to  be  c o m b i n e d   w i t h   a c c e l e r a t e d   c o o l i n g   by  w a t e r  

s p r a y i n g   and  t h e   l i k e   as  an  e x t r a   s t r e n g t h   i n c r e a s i n g   s t e p .  

The  s t e e l   p r o d u c e d   by  t h e   m e t h o d   o f   t h e   i n v e n t i o n   i s  

c o m p a r e d   to   s t e e l   p r o d u c e d   by  m e t h o d s   o u t s i d e   t h e   s c o p e   o f  

t h e   i n v e n t i o n   in  t h e   f o l l o w i n g   e x a m p l e .  

EXAMPLE 

A  n u m b e r   of   s t e e l   b l o o m s   w i t h   t h e   a p p r o x i m a t e   a n a l y s i s   o f  

0 . 0 9  %   C,  0 . 3 3   %  S i ,   1 . 41   %  Mn,  0 . 0 1 3  %   P,  0 . 0 1 1   %  S,  0 . 0 1 0  

% N,  0 . 0 2 7   %  Al ,   0 . 0 0 7   %  Ti  and  0 . 0 2 7   %  Nb  w e r e   h e a t e d   t o  

a b o u t   12000C  and  h o t   r o l l e d   f rom  a  t h i c k n e s s   of   a b o u t  

120  mm  to  a  t h i c k n e s s   of   a b o u t   20  mm  as  p e r   t h e   d i f f e r e n t  

p a s s   s c h e d u l e s   s e t   f o r t h   in  t h e   f o l l o w i n g   t a b l e .   When  

p a s s i n g   f rom  t h e   f i r s t   r o l l i n g   s e q u e n c e   w i t h   h i g h   d e g r e e s   o f  

r e d u c t i o n   to   t h e   s e c o n d   r o l l i n g   s e q u e n c e   w i t h   l i g h t   p a s s e s ,  

t h e   t e m p e r a t u r e   of   t h e   p l a t e   b a r   was  d e t e r m i n e d   and  s a m p l e  

s e c t i o n s   we re   c u t   and  c o o l e d   in   w a t e r .   In  e a c h   of   t h e   s a m p l e  

s e c t i o n s ,   t h e   a u s t e n i t e   g r a i n   s i z e   e x i s t i n g   b e f o r e   t h e   c o o -  

l i n g   was  d e t e r m i n e d .   A f t e r   t h e   f i n i s h   r o l l i n g   of   t h e   s e c o n d  

s e q u e n c e ,   t h e   p l a t e s   w e r e   a l l o w e d   to   c o o l   in  a i r .   The  m e -  

c h a n i c a l   p r o p e r t i e s   of  t h e   p l a t e s   w e r e   d e t e r m i n e d   f rom  t e s t  

b a r s   t h a t   w e r e   c u t   n o r m a l   to   t h e   r o l l i n g   d i r e c t i o n .   The  t e s t  

r e s u l t s   a r e   s e t   f o r t h   in  t h e   u p p e r   p o r t i o n   of   t h e   T a b l e .  



In  a n o t h e r   r o l l i n g   s e r i e s ,   b l o o m s   f rom  t h e   same  h e a t   a s  

in   e a r l i e r   s e r i e s   we re   h e a t e d   to   a b o u t   11700C.   Hot  r o l l i n g  

was  p e r f o r m e d   a n d ,   as  was  done   p r e v i o u s l y ,   t h e   r e d u c t i o n s  

f o r   t h e   p a r t i c u l a r   p a s s e s   we re   v a r i e d .   The  t e s t   r e s u l t s   f r o m  

t h i s   s e r i e s   a r e   s e t   f o r t h   in   t h e   l o w e r   p o r t i o n   of   t h e   T a b l e .  

Fo r   g r e a t e r   c l a r i t y ,   t h e   mos t   i m p o r t a n t   p r o p e r t y   v a l u e s ,  

i . c . ,   t h e   y i e l d   p o i n t   and  t h e   t r a n s i t i o n   t e m p e r a t u r e ,   a r e  

g r a p h i c a l l y   p r e s e n t e d   in  t h e   d r a w i n g .  

From  t h e   r e s u l t s   s e t   f o r t h   in  t h e   T a b l e   and  t h e   D r a w i n g  

i t   can   be  n o t e d   t h a t   t h e   p l a t e s   w i t h   low  r e d u c t i o n s   in   t h e  

s e c o n d   r o l l i n g   s e q u e n c e   show  a  b e t t e r   c o m b i n a t i o n   of   y i e l d  

p o i n t   and  t r a n s i t i o n   t e m p e r a t u r e   c h a r a c t e r i s t i c s   t h a n   t h e  

p l a t e s   p r o d u c e d   w i t h   h i g h   r e d u c t i o n s ,   s u c h   as  35  %  in  t h e  

f i n i s h i n g   p a s s .   I t   s h o u l d   a l s o   be  n o t e d   t h a t ,   w i t h   a  r e d u c -  

t i o n   o f   17 %  in  t h e   f i n i s h i n g   p a s s   ( p l a t e   0 ) ,   a  l o w e r   d u c -  

t i l i t y   i s   o b t a i n e d   t h a n   in  t h e   p l a t e s   w h e r e   f i n i s h i n g   r e d u c -  

t i o n s   a r e   l i m i t e d   to  b e l o w   a b o u t   15  %.  A  l o w e r   d u c t i l i t y   i s  

a l s o   o b t a i n e d   a f t e r   t h e   n o r m a l   r o l l i n g   w i t h   h i g h   f i n i s h i n g  

r e d u c t i o n   of   35 %  ( p l a t e s   D  and  K ) .  

To  t h e   e x t e n t   n o t   i n d i c a t e d ,   a l l   p e r c e n t a g e s   s e t   f o r t h  

a b o v e   a r e   by  w e i g h t .  







1.  A  p r o c e s s   f o r   m a n u f a c t u r i n g   h o t   r o l l e d   s t e e l   p r o d u c t s  

h a v i n g   h i g h   s t r e n g t h   and  good   d u c t i l i t y   as  h o t   r o l l e d ,  c   h  a 

r  a  c  t   e  r  i  s  e  d   in  h e a t i n g   a  l o w - a l l o y   s t e e l   h a v i n g  

a  C  c o n t e n t   w i t h i n   t h e   r a n g e   o f   a b o u t   0 . 0 2   to   0 . 1 5   wt %  a n d  

a  Nb  c o n t e n t   w i t h i n   t h e   r a n g e   o f   a b o u t   0 . 1 0 0   to   0 . 0 1 5   wt  % 

to  a  t e m p e r a t u r e   in   t h e   r a n g e   of   a b o u t   1150  to   1 2 5 0 ° C ,   h o t  

r o l l i n g   t h e   s t e e l   in   one  or   more   p a s s e s   d u r i n g   a  f i r s t  

r o l l i n g   s e q u e n c e   s u c h   t h a t   t h e   a v e r a g e   a u s t e n i t e   g r a i n   s i z e  

i s   r e d u c e d   t o   b e l o w   50  um  a t   t h e   end  of   t h e   f i r s t   s e q u e n c e ,  
t h e   f i r s t   s e q u e n c e   b e i n g   c o m p l e t e d   w i t h   t h e   s t e e l   a t   a  

t e m p e r a t u r e   in   t h e   r a n g e   of   a b o u t   950  t o n   1 0 0 ° C ,   d i r e c t l y  

h o t   r o l l i n g   t h e   s t e e l   in  a  s e c o n d   r o l l i n g   s e q u e n c e   of   one  o r  

more   p a s s e s ,   t h e   r e d u c t i o n   in   e a c h   p a s s   b e i n g   b e l o w   a b o u t  

15  %,  and  c o o l i n g   t h e   s t e e l   to   a m b i e n t   t e m p e r a t u r e .  

2.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1 ,  

c  h  a  r  a  c  t   e  r  i  s  e  d   in   t h a t   t h e   r e d u c t i o n   in   t h e   l a s t  

p a s s   of   t h e   f i r s t   r o l l i n g   s e q u e n c e   e x c e e d s   a b o u t   25  %. 

3.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1 ,  

c  h  a  r  a  c  t   e  r  i  s  e  d   in   t h a t   t h e   r e d u c t i o n   in   t h e   l a s t  

p a s s   of   t h e   f i r s t   r o l l i n g   s e q u e n c e   e x c e e d s   a b o u t   30  %. 

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1 ,  

c  h  a  r  a  c  t   e  r  i  s  e  d   in   t h a t   t h e   s t e e l   i n c l u d e s   Ti  i n  

t h e   r a n g e   of  a b o u t   0 . 0 0 5   to   0 . 0 4 0   wt  %. 

5.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1 ,  

c  h  a  r  a  c  t   e  r  i  s  e  d   in   t h a t ,   d u r i n g   a t   l e a s t   one  o f  

t h e   p a s s e s   in  t h e   s e c o n d   r o l l i n g   s e q u e n c e ,   t h e   t e m p e r a t u r e  
of   t h e   s t e e l   i s   in   t h e   r a n g e   of   a b o u t   1100  to   9 5 0 ° C .  

6.  A  p r o c e s s   a c c o r d i n g   t i   c l a i m   1 ,  

c  h  a  r  a  c  t   e  r  i  s  e  d   in   t h a t   t h e   c o o l i n g   a f t e r   t h e  

s e c o n d   r o l l i n g   s e q u e n c e   i s   a c c e l e r a t e d   by  w a t e r   s p r a y i n g .  

7.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   5 ,  

c  h  a  r  a  c  t   e  r  i  s  e  d   in  t h a t   t h e   c o o l i n g   a f t e r   t h e  

s e c o n d   r o l l i n g   s e q u e n c e   i s   a c c e l e r a t e d   by  w a t e r   s p r a y i n g .  

8.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1 ,  

c  h  a  r  a  c  t   e  r  i  s  e  d   in   t h a t   t h e   s t e e l   c o n t a i n s   m i n o r  

a m o u n t s   of  one  or  more   of   S i ,   Mn,  Cr  and  Mo. 



1.  A  p r o c e s s   f o r   m a n u f a c t u r i n g   ho t   r o l l e d   s t e e l   p r o d u c t s  

h a v i n g   h i g h   s t r e n g t h   and  good  d u c t i l i t y   as  h o t   r o l l e d ,   t h e  

me thod   c o m p r i s i n g   h e a t i n g   a  l o w - a l l o y   s t e e l   h a v i n g   a  C 

c o n t e n t   w i t h i n   t he   r a n g e   of  a b o u t   0 . 0 2   to  0 .15   wt  % a  Nb 

c o n t e n t   w i t h i n   t he   r a n g e   of  a b o u t   0 . 0 1 5   to  0 . 1 0 0   wt  % and  a 
t i t a n i u m   c o n t e n t   w i t h i n   t he   r a n g e   of  a b o u t   0 . 0 0 5   to  0 . 0 4 0   w t  

%  to  a  t e m p e r a t u r e   in  t he   r a n g e   of   a b o u t   1150  to  1250°C,   h o t  

r o l l i n g   t h e   s t e e l   in  one  or  more  p a s s e s   d u r i n g   a  f i r s t  

r o l l i n g   s e q u e n c e   s u c h   t h a t   t h e   a v e r a g e   a u s t e n i t e   g r a i n   s i z e  

is   r e d u c e d   to   b e l o w   50 µm  a t   t h e   end  of  t he   f i r s t   s e q u e n c e ,  
t he   f i r s t   s e q u e n c e   b e i n g   c o m p l e t e d   w i t h ,   t h e   s t e e l   at  a 

t e m p e r a t u r e   in   t h e   r a n g e   of  a b o u t   950  to  1 1 0 0 ° C ,   d i r e c t l y   h o t  

r o l l i n g   t h e   s t e e l   in  a  s e c o n d   r o l l i n g   s e q u e n c e   of  one  or  m o r e  

p a s s e s ,   t h e   r e d u c t i o n   in  e a c h   p a s s   b e i n g   b e l o w   a b o u t   15  %, 
and  c o o l i n g   t h e   s t e e l   to  a m b i e n t   t e m p e r a t u r e .  

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t h e   r e d u c t i o n   i n  

t he   l a s t   p a s s   of  t h e   f i r s t   r o l l i n g   s e q u e n c e   e x c e e d s   a b o u t  

25  %. 

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t h e   r e d u c t i o n   i n  

t h e   l a s t   p a s s   of  t h e   f i r s t   r o l l i n g   s e q u e n c e   e x c e e d s   a b o u t  

30  %. 

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   d u r i n g   a t   l e a s t  

one  of  t h e   p a s s e s   in   t h e   s e c o n d   r o l l i n g   s e q u e n c e ,   t h e  

t e m p e r a t u r e   of   t h e   s t e e l   i s   in  t h e   r a n g e   of   a b o u t   1100  t o  
9 5 0 ° C .  

5.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e   c o o l i n g  

a f t e r   t h e   s e c o n d   r o l l i n g   s e q u e n c e   i s   a c c e l e r a t e d   by  w a t e r  

s p r a y i n g .  

6.  A  P r o c e s s   a c c o r d i n g   to  c l a i m   4,  w h e r e i n   t h e   c o o l i n g  

a f t e r   t h e   s e c o n d   r o l l i n g   s e q u e n c e   i s   a c c e l e r a t e d   by  w a t e r  

s p r a y i n g .  

7.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t he   s t e e l  

c o n t a i n s   m i n o r   a m o u n t s   of  one  or  more  of  S i ,   Mn,  Cr  and  Mo. 
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