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54)  Limited-capacity  reversible  rolling  mill,  particularly  for  the  hot-rolling  of  special  steels  and  non-ferrous  metals. 

A  reversible  hot-rolling  mill  is  described  which  is 
constituted  essentially  by  a  rolling  stand  (1)  including  a 
roughing  unit  (2)  and  a  finishing  unit  (3)  arranged  in  line,  the 
work-rolls  (6, 7;  30,31)  of  these  units  (2,3)  being  displaceable 
between  an  operative  position  and  an  inoperative  position 
spaced  from  the  rolling  line  (A)  of  the  rolling  stand  (1).  The 
rolling  mill  is  particularly  suitable  for  the  hot-rolling  of 
special  steels  and  non-ferrous  metals. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  r e v e r s i b l e   r o l l i n g  

m i l l   p a r t i c u l a r l y ,   b u t   n o t   e x c l u s i v e l y ,   f o r   t h e  

h o t - r o l l i n g   of  s p e c i a l   s t e e l s   and  n o n - f e r r o u s   m e t a l s .  

I t   i s   known   t h a t ,  i n   h o t - r o l l i n g   p r o c e s s e s ,   t h e   m e t a l  

i s   s u b j e c t e d   to   m u l t i p l e   p a s s e s   b e t w e e n   t h e   w o r k - r o l l s  

of  one  or   m o r e   r o l l i n g   s t a n d s   u n t i l   i t   i s   t r a n s f o r m e d  

i n t o   a  p r o d u c t   h a v i n g   t h e   d e s i r e d   fo rm  and  d i m e n s i o n s .  

I t   i s   a l s o   known   t h a t ,   when  t h e   m e t a l   to   be  r o l l e d   i s  

a  s p e c i a l   s t e e l ,   s u c h   a s ,   f o r   e x a m p l e ,   s t a i n l e s s   s t e e l ,  

s i l i c o n e   s t e e l ,   and  t h e   l i k e ,   or   a  n o n - f e r r o u s   m e t a l ,  

a  r e v e r s i b l e   r o l l i n g   m i l l   of   r e d u c e d   c a p a c i t y   i s   w i d e l y  

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

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

A  r o l l i n g   m i l l   of   t h i s   t y p e   i s   e s s e n t i a l l y  

c o n s t i t u t e d   by  two  r e v e r s i b l e   r o l l i n g   s t a n d s ,   one   h a v i n g  

roughing  r o l l s   ( rough ing   s tand)   and  one  having  f i n i s h i n g   r o l l s  

( f i n i s h i n g   s t a n d ) ,   which  can  be  a r r anged   in  l i n e   or  s i d e - b y - s i d e .  

In  the  a l i g n e d   a r r a n g e m e n t ,   the  two  r o l l i n g   s tands   are  s e p a r a t e d   by  

a  m a t e r i a l   c o n v e y o r ,   u s u a l l y   formed  by  a  r o l l e r   t a b l e ,   which  h a s  

a  l e n g t h   g r e a t e r   t h a n   t h e   l e n g t h   of  t h e   m a t e r i a l  

l e a v i n g   t h e   r o u g h i n g   s t a n d .   In  t h e   s i d e - b y - s i d e   a r r a n g e m e n t  

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

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

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

of  t h e   f i n i s h i n g   s t a n d .  

The  r e v e r s i b l e   r o l l i n g   m i l l s   of  t h e   t y p e   c o n s i d e r e d  

h a v e   s i g n i f i c a n t   t e c h n i c a l   d i s a d v a n t a g e s   w h i c h   h a v e   n o t  

y e t   been   o v e r c o m e .   T h u s ,   f o r   e x a m p l e ,   t h e   n e c e s s i t y  

of  h a v i n g   c o n v e y o r s   of  c o n s i d e r a b l e   l e n g t h   ( r o l l e r  

t a b l e s )   b o t h   a l i g n e d   w i t h   and  t r a n s v e r s e   t h e   r o l l i n g  

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

of  t he   s y s t e m ,   e n t a i l s   a  s i g n i f i c a n t   c o o l i n g   of  t h e  

m a t e r i a l   w h i l e   i t   i s   on  t h e   c o n v e y o r s   b e t w e e n   t h e   r o u g h i n g  



and  f i n i s h i n g   s t a n d s .   C o n s e q u e n t l y ;   b e a r i n g   in  m i n d  

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

s t i l l   a t   a  t e m p e r a t u r e   l y i n g   w i t h i n   a  w e l l - d e f i n e d  

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

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

p o s i t i o n e d   u p s t r e a m   and   d o w n s t r e a m   of  t h e  f i n i s h i n g   s t a n d .  

To  r e d u c e   t h e   h e a t   l o s s   in   r o l l i n g   m i l l s   w i t h   a l i g n e d  

s t a n d s ,   i t   h a s   b e e n   p r o p o s e d   t h a t   t h e   i n t e r m e d i a t e  

c o n v e y o r   be  o f   r e a s o n a b l y   r e d u c e d   l e n g t h .   C o n s e q u e n t l y ,  

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

on  t h e   r e v e r s i b l e   r o u g h i n g   s t a n d   to   a  t h i c k n e s s   s u c h  

t h a t   t h e   l e n g t h   o f   t h e   r o u g h   b i l l e t   i s   s t i l l   l e s s   t h a n  

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

of  t h e   i n t e r m e d i a t e   b i l l e t   (or   i n t e r m e d i a t e   p r o d u c t )   a n d  

i t s   l i m i t e d   l e n g t h   d e f i n e   t h e   maximum  d i m e n s i o n s   of  t h e  

s t a r t i n g   b l o o m   ( t h i c k n e s s   and  l e n g t h )   a n d ,   c o n s e q u e n t l y ,  

t he   max imum  e l o n g a t i o n   w h i c h   c a n   be  e f f e c t e d   on  t h e  

reducer   s t a n d .   G e n e r a l l y ,   t h e   r o l l i n g   t i m e   on  t h e  

f i n i s h i n g   s t a n d   i s   v e r y   much  l o n g e r   t h a n   on  t h e   r o u g h i n g  

s t a n d ,   so  t h a t   t h e   r o u g h i n g   s t a n d   i s   o n l y   p a r t i a l l y  

u t i l i s e d .  

The  p r o b l e m   b e h i n d   t h e   p r e s e n t   i n v e n t i o n   i s   t h a t  

of  d e v i s i n g   and  p r o v i d i n g   a  r e v e r s i b l e   h o t - r o l l i n g   m i l l  

h a v i n g   s t r u c t u r a l   and  f u n c t i o n a l   c h a r a c t e r i s t i c s   w h i c h  

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

a r t   d i s c u s s e d   a b o v e .  

T h i s   p r o b l e m   i s   r e s o l v e d ,   in   a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n ,   by  a  r e v e r s i b l e   r o l l i n g   m i l l   f o r   t h e   h o t -  

r o l l i n g   o f   s p e c i a l   s t e e l s   or  n o n - f e r r o u s   m e t a l s ,   w h i c h  

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

s t a n d   s u p p o r t i n g   a  r o u g h i n g   u n i t   and  a  f i n i s h i n g   u n i t  

a r r a n g e d   i n   l i n e ,   e a c h   u n i t   i n c l u d i n g   two  w o r k - r o l l s   a n d  

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

s t a n d   f r o m   an  o p e r a t i v e   p o s i t i o n   to   an  i n o p e r a t i v e  

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

s t a n d .  

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



r o u g h i n g   a n d   f i n i s h i n g   u n i t s   may  be  l o w e r e d   c o m p l e t e l y  

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

In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   w o r k - r o l l s   of   t h e  

r o u g h i n g   and   f i n i s h i n g   u n i t s   a r e   open   in   t h e   i n o p e r a t i v e  

p o s i t i o n ,   t h a t   i s   to   s a y ,   s p a c e d   a p a r t   on  o p p o s i t e  

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

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

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

t h e   r o l l i n g   s t a n d .  

In   a d d i t i o n   to   t h e   w o r k - r o l l s ,   e ach   of  r o u g h i n g   a n d  

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

b a c k - u p   r o l l s   a r r a n g e d   in   any  known  c o n f i g u r a t i o n .  

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

i n v e n t i o n   i s   due  f u n d a m e n t a l l y   to  t h e   e l i m i n a t i o n   o f  

t he   c o n v e y o r   b e t w e e n   t h e   r o u g h i n g   and  f i n i s h i n g   u n i t s ,  

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

C o n s e q u e n t l y ,   t h e   c o s t s   of   t h e   i n s t a l l a t i o n   a r e   r e d u c e d  

and  s a v i n g s   a r e   g a i n e d   on  t h e   m o v e m e n t   of   t h e   m a t e r i a l  

w i t h   an  i m p l i c i t   s a v i n g   o f   t i m e   in  t he   w o r k i n g   c y c l e ,   b u t  

a b o v e   a l l   t h e   l o s s   of  h e a t   and  a s s o c i a t e d   c o o l i n g   o f  

t h e   m a t e r i a l   i s   r e d u c e d   i n   a  c o n s i d e r a b l e   and  s u b s t a n t i a l  

m a n n e r .  

F u r t h e r   c h a r a c t e r i s t i c s   and  a d v a n t a g e s   of   t h e   i n v e n t i o n  

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

of  an  e m b o d i m e n t   of   a  r e v e r s i b l e   h o t   r o l l i n g   m i l l  

a c c o r d i n g   to   t h e   i n v e n t i o n ,   w h i c h   f o l l o w s ,   by  way  o f  

n o n - l i m i t i n g   e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e   a t t a c h e d  

d r a w i n g s   i n   w h i c h :  

F i g u r e   1  shows   s c h e m a t i c a l l y   a  r o l l i n g   m i l l   a c c o r d i n g  

to  t h e   i n v e n t i o n ,   a n d  

F i g u r e s   2  and  3  show  s c h e m a t i c a l l y   a  r o u g h i n g   or  f i n i -  

- s h i n g   u n i t   in   an  o p e r a t i v e   p o s i t i o n   and  an  i n o p e r a t i v e  

p o s i t i o n   r e s p e c t i v e l y .  

W i t h   r e f e r e n c e   to   t h e   d r a w i n g s ,   a  r e v e r s i b l e  

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

e s s e n t i a l l y   by  a  r o l l i n g   s t a n d   1  w h i c h   s u p p o r t s   a  

r o u g h i n g   u n i t   2  and  a  f i n i s h i n g   u n i t   3  in  l i n e   w i t h   o n e  



a n o t h e r .   The  r o l l i n g   l i n e   of  t h e   r o l l i n g   s t a n d   1  i s  

i n d i c a t e d   by  A .  

The  r o u g h i n g   u n i t   2  i s   of   t h e   s o - c a l l e d   " f o u r - h i g h "  

t y p e   and   i n c l u d e s   two  w o r k - r o l l s   6,  7  w h i c h   a r e   s u p p o r t e d  
in  a  c o n v e n t i o n a l   m a n n e r   w i t h   a s s o c i a t e d  r o l l  

c h o c k s   8,  9  in   t h e   o p e n i n g   4  of   a  s u p p o r t  h o u s i n g   5  o f  

c o n v e n t i o n a l   t y p e .   T h e   r o l l   c h o c k s   8,  9  a r e   s u b j e c t e d  

to  t h e   a c t i o n   of  r e s p e c t i v e   o a c k   up  r o l l s   and  e q u i l i z i n g  

a c t u a t o r s ,   of  w h i c h   o n l y   t h e   v e r t i c a l   r o d s   10,   11  a n d  

12,  1 3  r e s p e c t i v e l y ,   a r e   shown   in  t h e   F i g u r e s .   T h e  b e a r i n g  
b l o c k   9  i s   a l s o   p r o v i d e d   w i t h   w h e e l s   14,   15  f o r  

e n g a g e m e n t   on  s u p p o r t   r a i l s   16,   17  c a r r i e d   by  t h e  

h o u s i n g   5 .  

T h e r e   a r e   two  b a c k - u p   r o l l s   18 ,   19 

r e s p e c t i v e l y ,   h a v i n g   r e s p e c t i v e   r o l l   c h o c k s   20,   2 1 .  

The  r o l l   c h o c x   20  i s   s u p p o r t e d   and  e q u a l i z e d   f r o m  

a b o v e   by  m e a n s   of   c o n v e n t i o n a l   h y d r a u l i c a l l y - o p e r a t e d  

d e v i c e s   r e p r e s e n t e d   s c h e m a t i c a l l y   by  h o o k   m e m b e r s   22,  2 3 .  

The  r o l l   c h o c k   21  i s   p r o v i d e d   w i t h   w h e e l s   24,   2 5  

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

26,  27  c a r r i e d   by  t h e   h o u s i n g   5 .  

In  F i g u r e   2,  t h e   r o u g h i n g   u n i t   2  i s   s h o w n   in   a  

w o r k i n g   c o n d i t i o n ,   t h a t   i s ,   w i t h   t h e   w o r k - r o l l s   6,  7 

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

by  a c t u a t o r   d e v i c e s ,   s c h e m a t i c a l l y   i n d i c a t e d   28 ,   2 9 ,  

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

p a r t   of   t h e   h o u s i n g   5.  T h e s e   d e v i c e s   28 ,   29  may  b e  

of  any  c o n v e n t i o n a l   t y p e ,   f o r   e x a m p l e ,   i n t e r r u p t e d   s c r e w s ,  

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

of  t h e s e .  

In   F i g u r e   1,  t h e   r o u g h i n g   u n i t   2  i s   shown   in   i t s  

i n o p e r a t i v e   c o n d i t i o n .   In   t h i s   p o s i t i o n ,   t h e   w o r k -  

r o l l s   6,  7  a r e   s p a c e d   f r o m   one   a n o t h e r   by  a  p r e d e t e r m i n e d  

d i s t a n c e   on  e a c h   s i d e   of  t h e   r o l l i n g   l i n e   A  so  as  t o  

a l l o w   t h e   m a t e r i a l   in   t h e   r o u g h i n g   s t a g e   t o   p a s s  

w i t h o u t   i n t e r f e r e n c e .   In   p a r t i c u l a r ,   to   a c h i e v e   t h i s  

i n o p e r a t i v e   p o s i t i o n ,  t h e   w o r k - r o l l   7  and  i t s   a s s o c i a t e d  



b a c k - u p   r o l l   19  a r e   l o w e r e d   s i m u l t a n e o u s l y   by  m e a n s   o f  

t h e   a d j u s t m e n t   d e v i c e   29.  T h i s   s i m u l t a n e o u s   l o w e r i n g  

c o n t i n u e s   u n t i l   t h e   r o l l   c h o c k   9  of  t h e   w o r k - r o l l  

7  a b u t s   t h e   r a i l s   16,   17  by  w h i c h   i t   i s   s t o p p e d  

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

to  c o n t i n u e   t h e   l o w e r i n g   of   t h e   b a c k - u p   r o l l   19  and  t h e  

a s s o c i a t e d   r o l l   c h o c R  '   21  u n t i l   t h e   b a c k - u p   r o l l  

19  i s   s p a c e d   by  a  p r e d e t e r m i n e d   d i s t a n c e   Z1  f r o m   t h e  

c o r r e s p o n d i n g   w o r k - r o l l   7 .  

An  i d e n t i c a l   o p e r a t i o n   i s   c a r r i e d   o u t   f o r   t h e  

u p p e r   w o r k - r o l l   6  and  i t s   a s s o c i a t e d   b a c k - u p   r o l l  

18.  The  r a i s i n g   of   t h e s e   r o l l s   i s   e f f e c t e d   by  m e a n s   o f  

t h e   a d j u s t m e n t   d e v i c e   28  w h i c h   a c t s   on  t h e - r o l l   c h o c k s  

20 ,   8  by  o p e r a t i o n   of  t h e   e q u a l i z i n g   d e v i c e s   2 2 ,  

23  and  10,   11  r e s p e c t i v e l y .   M o r e o v e r ,   in  t h i s   c a s e ,  

t he   r a i s i n g   o f   t h e   r o l l s   6,  18  i s   e f f e c t e d   in  a  

" d i f f e r e n t i a l "   m a n n e r   so  t h a t ,   a t   t h e   maximum  d i s p l a c e m e n t ,  

t h e   b a c k - u p   r o l l   18  i s   s p a c e d   by  a  p r e d e t e r m i n e d   d i s t a n c e  

Z2  f r o m   t h e   c o r r e s p o n d i n g   w o r k - r o l l   6 .  

The  f i n i s h i n g   u n i t   3,  w h i c h   i s   shown  in  t h e   w o r k i n g  

p o s i t i o n   i n   F i g u r e   1,  i s   c o n s t r u c t e d   in  e x a c t l y   t h e   s a m e  

way  to   t h e   r o u g h i n g   u n i t   2.  In   f a c t ,   t h e   f i n i s h i n g  

u n i t   3  i n c l u d e s   a  p a i r   of  w o r k - r o l l s   30,  31  w i t h   r e s p e c t i v e  

r o l l   c h o c k s   32 ,   33,   and  a  p a i r   of  b a c k - u p  

r o l l s   c o m p r i s i n g   an  u p p e r   r o l l   34  and  a  l o w e r   r o l l  

35  e a c h   w i t h   a s s o c i a t e d   r o l l   c h o c k   36,  37 .   T h e s e  

r o l l s   a r e   d i s p l a c e a b l e   r e l a t i v e   to   t h e   r o l l i n g   l i n e   A 

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

s c r e w s   38 ,   39  and  h y d r a u l i c   e q u a l i z i n g   d e v i c e s   of   w h i c h  

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

The  r o l l   c h o c k s   33,  37  of  t h e   l o w e r   r o l l s   31,  35  

a r e   p r o v i d e d   r e s p e c t i v e l y   w i t h   w h e e l s   40,  41  and  44,   4 5  

f o r   r e s t i n g   on  c o r r e s p o n d i n g   g u i d e   r a i l s   42,   43  a n d  

46,  4 7 .  

In  F i g u r e   3,  t h e   f i n i s h i n g   u n i t   i s   shown  in   a n  

i n o p e r a t i v e   p o s i t i o n   w h i c h   c an   be  a c h i e v e d   in   a n  

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



r o u g h i n g   u n i t   2.  I t   s h o u l d   be  n o t e d   t h a t   t h e   a r r a n g e m e n t  

of  t he   r o l l s   of   e a c h   o f   t h e   u n i t s   in  t he   i n o p e r a t i v e  

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

r o l l s   6,  7  a n d   30,   31  a r e   c o n t r o l l e d   by  a  s i n g l e  

d r i v e .   In   f a c t ,   u p o n   r e v e r s a l   of  t h e   d i r e c t i o n   ( t h e  

r o l l i n g   m i l l   b e i n g   of   t h e   r e v e r s i b l e   t y p e ) ,   o n l y   t h e  

d r i v e n   w o r k - r o l l s   r o t a t e ,   w h i l e   t h e   c o r r e s p o n d i n g  

b a c k - u p   r o l l s   r e m a i n s   s t a t i o n a r y .   C o n s e q u e n t l y ,   t h e  

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

t a k e   p a r t   i n   t h e   r o l l i n g   i s   c o n s i d e r a b l y   r e d u c e d .  

The  r a i l s   16,   17  and   4 2 ,   43  a r e   a l r e a d y   u s e d   i n  

r o l l i n g   s t a n d s   to   a l l o w   t h e   r e m o v a l   and  r e p l a c e m e n t  

of  t he   w o r k - r o l l s .   I t   i s   a d v a n t a g e o u s , t h e r e f o r e ,   t o  

use   t h e s e   r a i l s   as  p o s i t i v e   s t o p s   a g a i n s t   t h e   d o w n w a r d  

d i s p l a c e m e n t   of  t h e   l o w e r   w o r k - r o l l   when  i t   i s   c a r r i e d   t o  

i t s   i n o p e r a t i v e   p o s i t i o n .   I t   m u s t   be  u n d e r s t o o d ,   h o w e v e r ,  

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

be  r e p l a c e d   by  p r o p e r   a b u t m e n t   s t o p s   f i x e d   r i g i d l y   to   t h e  

s u p p o r t   s t r u c t u r e ,   or  m o u n t e d   a d j u s t a b l y   w i t h   r e s p e c t  

t h e r e t o   by  m e a n s   w h i c h   a r e   t h e m s e l v e s   c o n v e n t i o n a l .  

M o r e o v e r ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t ,   a l t h o u g h  

the   p a r t i c u l a r   s o l u t i o n   d e s c r i b e d   a b o v e   i s   t h e   p r e f e r r e d  

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

i n o p e r a t i v e   c o n d i t i o n   ( t h e   b a c k - u p   r o l l s  

b e i n g   s p a c e d   f r o m   t h e   r e s p e c t i v e   w o r k - r o l l s   w h i c h   a r e ,  

in  t u r n ,   s p a c e d   a p a r t   on  o p p o s i t e   r e s p e c t i v e   s i d e s  

of  t he   r o l l i n g   a x i s   A) ,   t h i s   i n o p e r a t i v e   a r r a n g e m e n t  

c o u l d   be  a c h i e v e d   by  d i s p l a c i n g   b o t h   t h e   w o r k - r o l l s   b e n e a t h  

the   r o l l i n g   a x i s   o r   a b o v e   i t ,   p r o v i d e d   o n l y   t h a t   t h e y  

a re   a l w a y s   a t   a  d i s t a n c e   f r o m   t h e   a x i s   A  s u c h   as  to   a l l o w  

the   f r e e   p a s s a g e   of   t h e   m a t e r i a l   r o l l e d   by  w h i c h e v e r  

of  t he   r o u g h i n g   u n i t   o r   t h e   f i n i s h i n g   u n i t   h a s   i t s   r o l l s  

in  t he   o p e r a t i v e   p o s i t i o n .  



1.  A  r e v e r s i b l e   r o l l i n g   m i l l   of  l i m i t e d   c a p a c i t y ,  

p a r t i c u l a r l y   b u t   n o t   e x c l u s i v e l y   f o r   t he   h o t -  

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

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

(1)  s u p p o r t i n g   a  r o u g h i n g   u n i t   (2)  and  a  f i n i s h i n g  

u n i t   (3)  a r r a n g e d   in   l i n e ,   e a c h   u n i t   ( 2 , 3 )  

i n c l u d i n g   two  w o r k - r o l l s   ( 6 , 7 ; 3 0 , 3 1 )   and  a c t u a t o r  

m e m b e r s   ( 2 8 , 2 9 ;   3 8 , 3 9 )   f o r   d i s p l a c i n g   t h e   r o l l s  

( 6 , 7 ; 3 0 , 3 1 )   in  t h e   r o l l i n g   s t a n d   (1)  b e t w e e n   a n  

o p e r a t i v e   p o s i t i o n   and  an  i n o p e r a t i v e   p o s i t i o n  

s p a c e d   f r o m   t h e   r o l l i n g   l i n e   (A)  of  t h e   r o l l i n g  

s t a n d   ( 1 ) .  

2.  A  r e v e r s i b l e   r o l l i n g   m i l l   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 ,   in  t h e   i n o p e r a t i v e   p o s i t i o n ,  

t h e   w o r k - r o l l s   ( 6 , 7 ; 3 0 , 3 1 )   a r e   s p a c e d  

a p a r t   by  p r e d e t e r m i n e d   d i s t a n c e s   on  o p p o s i t e  

r e s p e c t i v e   s i d e s   o f   t h e   r o l l i n g   l i n e   ( A ) .  

3.  A  r e v e r s i b l e   r o l l i n g   m i l l   a c c o r d i n g   to   C l a i m   2 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   w o r k - r o l l s   ( 6 , 7 ; 3 0 , 3 1 )  

of  t h e   r o u g h i n g   u n i t   (2)  and  t h e   f i n i s h i n g   u n i t  

(3)  a r e   o p e r a t e d   by  a  s i n g l e   d r i v e .  

4.  A  r e v e r s i b l e   r o l l i n g   m i l l   a c c o r d i n g   to   C l a i m   3 ,  

c h a r a c t e r i s e d   in   t h a t   a t   l e a s t   one  of  t h e   w o r k -  

r o l l s   ( 6 , 7 ; 3 0 , 3 1 )   h a s   a s s o c i a t e d   t h e r e w i t h   a t  

l e a s t   o n e   b a c k - u p   r o l l   ( 1 8 , 1 9 ; 3 4 , 3 5 )   w h i c h ,   i n  

i t s   i n o p e r a t i v e   p o s i t i o n ,   i s   s p a c e d   by  a  p r e d e t e r m i n e d  

d i s t a n c e   f r o m  t h e   w o r k - r o l l   ( 6 , 7 ; 3 0 , 3 1 ) .  
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