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©  Rolling  mill. 
©  A  rolling  mill  for  rolling  metal  strip  is  described  which 
has  the  rolled  strip  temperature  compensated.  The  mill 
illustrated  includes  stands  12,  13  and  14,  and  strip  15  which  is 
coiled  on  to  coiler  1  6.  A  shape  sensor  1  7  indicates  the  shape 
of  the  strip  by  detecting  widthwise  variations  in  tension  in 
the  strip.  A  temperature  sensor  18.  Upstream  of  the  shape 

sensor  17  detects  widthwise  temperature  variations  in  the 
strip  which  affects  operation  of  the  shapemeter  upstream  of 
the  temperature  sensor  18  are  coolant  applicators  20,  23  for 
differentially  cooling  the  strip  across  its  width  to  reduce 
those  temperature  variations  priorto  arrival  of  the  strip  at  the 
shape  sensor. 
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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  r o l l i n g   m i l l s   a n d  

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

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

m e t a l   s t r i p   r o l l e d   by  a  r o l l i n g   m i l l .   M o r e  

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

g i v e s   an  i n d i c a t i o n   as  to   s h a p e   of  t he   s t r i p   by  d e t e c t i n g  

w i d t h w i s e   v a r i a t i o n s   in  t e n s i o n   in  t h e   s t r i p ,   e . g .   a  

" s h a p e m e t e r "   as  d e s c r i b e d   in  B r i t i s h   P a t e n t   S p e c i f i c a t i o n  

No.  1 , 1 6 0 , 1 1 2 .  

I n s t a n c e s   have   been   r e p o r t e d   of  " s h a p e m e t e r s "   g i v i n g  

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

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

a u t o m a t i c a l l y ,   h a s   p r o v e d   t o   be  d i f f i c u l t .   B y  

e x p e r i m e n t a t i o n ,   we  h a v e   a s c e r t a i n e d   t h a t   t h e   e r r o n e o u s  

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

a t t r i b u t a b l e   to  w i d t h w i s e   v a r i a t i o n s   in  t he   t e m p e r a t u r e  

of  t he   s t r i p   p a s s i n g   o v e r   t h e   s h a p e   s e n s o r ,   p o s s i b l y   d u e  

to  t e m p e r a t u r e   v a r i a t i o n s   in  the   r o l l s   t h e m s e l v e s   and  t o  

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

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

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

s t r i p   p r i o r   to   a r r i v a l   a t   a  s h a p e   s e n s o r ,   so  as   to   e n a b l e  

c o m p e n s a t i o n   to  be  e f f e c t e d .  

;  T h u s ,   in   a c c o r d a n c e   w i t h   one   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   a  r o l l i n g   m i l l   f o r   r o l l i n g   m e t a l   s t r i p ,  

c o m p r i s e s :   a  s h a p e   s e n s o r   f o r   g i v i n g   an  i n d i c a t i o n   o f  

s t r i p   s h a p e   by  d e t e c t i n g   w i d t h w i s e   v a r i a t i o n s   in  t e n s i o n  

in  t he   s t r i p ,   a  t e m p e r a t u r e   s e n s o r   u p s t r e a m   of  t he   s h a p e  

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

t h e   s t r i p ,   and   m e a n s   f o r   a p p l y i n g   c o o l a n t   to   t h e   s t r i p  

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

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



t h e  s t r i p   at  t h e   s h a p e   s n s o r .  

The   t e m p e r a t u r e   s e n s o r   r a y  c o n t r o l   t h e  

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

i n d i c a t i o n   by  w h i c h   t h e   c o o l i n g   may  be  c o n t r o l l e d  

m a n u a l l y .  

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

s t r i p   may  be  r e d u c e d   or  e l i m i n a t e d ,   b e f o r e   t h e   s t r i p  

r e a c h e s   t h e   s h a p e   s e n s o r ,   w h i c h   t h e n   g i v e s   a  m o r e  

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

The  i n v e n t i o n   w i l l   be  more   r e a d i l y   u n d e r s t o o d   by  w a y  
of  e x a m p l e   f r o m   t h e   f o l l o w i n g   d e s c r i p t i o n   of  a  r o l l i n g  

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

a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h  

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

s t a n d s   of  a  t a n d e m   m i l l ,   a n d  

F i g u r e   2  s h o w s   t h e   p r e f e r r e d   f o r m   of   c o o l a n t  

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

s t r i p   r o l l e d   by  t h e   m i l l .  

In   F i g u r e   1,  t h e   t h r e e   f i n a l   s t a n d s   of  t h e   t a n d e m  

m i l l   a r e   i n d i c a t e d   a t   12,  13  and  14,  t he   s t r i p   15  p a s s i n g  

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

"a  c o i l e r   16.  B e t w e e n   t h e   l a s t   s t a n d   14  and  t h e   c o i l e r   1 6  

- i s   a  s h a p e   s e n s o r   17  in   t h e   f o r m   of  a  " s h a p e m e t e r "   a s  

d e s c r i b e d   in   t h e   a b o v e   m e n t i o n e d   B r i t i s h   p a t e n t  

s p e c i f i c a t i o n .   U p s t r e a m   of   t h e   s h a p e   s e n s o r   i s   a  

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

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

a c r o s s   i t s   w i d t h .  

The  m i l l   a l s o   has   c o n t r o l l a b l e   m e a n s   f o r   c o o l i n g   t h e  

s t r i p ,   as  i n d i c a t e d   a t   20  and  21  b e t w e e n   s t a n d s   12  and  13  

and  22  and   23  b e t w e e n   s t a n d s   13  and  14.   T h o s e   m e a n s   a r e  

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

c o o l a n t   on  t h e   u p p e r   f a c e   of  t h e   s t r i p   15,  in  t h e   c a s e   o f  

20  and  22 ,   and   on  t h e   l o w e r   f a c e ,   in   t h e   c a s e   of  21  a n d  

23.  The  c o o l i n g   m e a n s   20,  21,  22  and  23  a r e   c o n n e c t e d   t o  



a  c o n t r o l   box  24  f r o m   w h e r e   o p e r a t i o n   of  t h e   c o o l i n g  

m e a n s   can   be  c o n t r o l l e d .   The  c o n t r o l   box  a l s o   r e c e i v e s  

o u t p u t   f r o m   t h e   t e m p e r a t u r e   s e n s o r   18.  The  c o n t r o l   b o x  

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

means   or  r a y   have   a  m a n u a l   c o n t r o l   f o r   t h e   c o o l i n g   m e a n s .  

The   c o o l i n g   m e a n s   2 0  -   23  a r e   c o n t r o l l e d   i n  

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

s e n s o r   18  of  t h e   v a r i a t i o n   of  s t r i p   t e m p e r a t u r e   a c r o s s  

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

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

s h a p e   s e n s o r   17  h a s   s u b s t a n t i a l l y   u n i f o r m   t e m p e r a t u r e  

a c r o s s   i t s   w i d t h .   The  c o n t r o l   may  be  a u t o m a t i c ,   t h e  

i n d i c a t i o n   g i v e n   by  s e n s o r   18  b e i n g   f e d   to   a  c o n t r o l  

s y s t e m   in  c o n t r o l   box  24  w h i c h   i s s u e s   c o n t r o l   s i g n a l s   t o  

t h e   c o o l i n g   m e a n s   2 0  -   23,   or  may  be  m a n u a l ,   in   w h i c h  

c a s e   t h e   s e n s o r   18  g i v e s   an  i n d i c a t i o n   of  t he   t e m p e r a t u r e  

p r o f i l e   of  t h e   s t r i p ,   e n a b l i n g   t h e   o p e r a t o r   to   a d j u s t  

a p p r o p r i a t e l y   t he   c o o l i n g   m e a n s   2 0  -   23  t h r o u g h   c o n t r o l  

box  24.   When  s u b s t a n t i a l l y   u n i f o r m   t e m p e r a t u r e   in  t h e  

s t r i p   r e a c h i n g   s e n s o r   17  h a s   b e e n   a c h i e v e d ,   t h e   s h a p e  

s e n s o r   17  g i v e s   a  s u b s t a n t i a l l y   a c c u r a t e   p r o f i l e   of  t h e  

s h a p e ,   or  f l a t n e s s ,   of  t h e   s t r i p   a c r o s s   i t s   w i d t h .   I t   i s  

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

l o w e r   c o o l i n g   m e a n s   21,   23  as  t h e   c o o l a n t   p r o j e c t e d   on  t o  

t h e   s t r i p   f rom  b e l o w   f a l l s   away  a f t e r   s t r i k i n g   t h e   s t r i p  

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

s t r i p   and   b u i l d   up  i n t o   a  w a v e .   S u c h   a  w a v e   of  c o o l a n t  

i s   c l e a r l y   u n d e s i r a b l e   and  a p p l i c a t i o n   of  c o o l a n t   to  t h e  

t o p   of  t h e   s t r i p   p r e f e r a b l y ' m i n i m i s e d .   - 

One  of  t h e   l o w e r   c o o l i n g   m e a n s   20 ,   21  i s  

i l l u s t r a t e d   in   F i g u r e   2.  In  t h e   e x a m p l e   of  F i g u r e   2  a  

row  of  s p r a y   n o z z l e s   41  i s   a r r a n g e d   b e n e a t h   t h e   s t r i p   1 5 ,  

a c r o s s   t h e   w i d t h   of  t he   s t r i p .   The  s p r a y   n o z z l e s   41  a r e  

m o u n t e d   on  a  c o o l a n t   m a n i f o l d   42.   Each   s p r a y   n o z z l e   41 

h a s   a  s u p p l y   c o n d u i t   43  w h i c h   h a s   an  o p e n i n g   44  in   t h e  



m a n i f o l d   42 .   T h e   o p e n i n g   44  c a n   be  c l o s e d   b y  

p n e u m a t i c a l l y   c o n t r o l l e d   d i a p h r a g m   v a l v e   45.  In  e a c h  

v a l v e   45,  a  f l e x i b l e   d i a p h r a g m   46  is   m o u n t e d   a d j a c e n t   t h e  

o p e n i n g   44.  B e h i n d   t h e   d i a p h r a g m   46  i s   a  c h a m b e r   47  

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

p r e s s u r i s e d   a i r   w h i c h   w i l l ,   when   a p p l i e d ,   s u f f i c i e n t l y  

d e f o r m   the   d i a p h r a g m   46  to  c l o s e   t he   o p e n i n g   44,  see  f o r  

e x a m p l e   t h e   s e c o n d   n o z z l e   f r o m   t h e   r i g h t   in  F i g u r e   4.  I n  

u s e ,   c o o l a n t   u n d e r   p r e s s u r e   s u p p l i e d   in   m a n i f o l d   42  i s  

a p p l i e d   v i a   s p r a y   n o z z l e s   41  to   t h e   u n d e r s i d e   of  t h e  

s t r i p   15.  The  a r e a   of  a p p l i c a t i o n ,   or  f i e l d   of  s p r a y ,   o f  

c o o l a n t ,   can  be  v a r i e d   by  s e l e c t i v e l y   c l o s i n g   c e r t a i n   o f  

t h e   v a l v e s   45.  By  u s i n g   a  row  or  a r r a y   of  s p r a y   n o z z l e s  

w h i c h   can  have   a  s u p p l y   of  c o o l a n t   s e l e c t i v e l y   c o n n e c t e d  

or  d i s c o n n e c t e d   no t   o n l y   can   t h e   f i e l d   or   a r e a   of  c o o l a n t  

a p p l i c a t i o n   be  a d j u s t e d   b u t   two   or  m o r e   a r e a s   on  t h e  

s t r i p   can   be  c o o l e d   s e p a r a t e l y .   As  p o i n t e d   o u t   a b o v e ,  

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

once   c o o l a n t   has  b e e n   s p r a y e d   o n t o   t h e   s t r i p ,   t h e   c o o l a n t  

can  f a l l   away  and  n o t   b u i l d   up  as  m i g h t   be  t h e   c a s e   w h e n  

c o o l a n t   i s   a p p l i e d   to   t h e   t op   of  t h e   s t r i p .  



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

c o m p r i s i n g :   a  s h a p e   s e n s o r   (17)  fo r   g i v i n g   an  i n d i c a t i o n  

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

t e n s i o n   in  t h e   s t r i p   ( 1 5 ) ,   a  t e m p e r a t u r e   s e n s o r   ( 1 8 )  

u p s t r e a m   of  t h e   s h a p e   s e n s o r   (17)  f o r   d e t e c t i n g   w i d t h w i s e  

t e m p e r a t u r e   v a r i a t i o n s   in  t h e   s t r i p ,   and  m e a n s   ( 2 1 - 2 4 ;  

F i g u r e   2)  f o r   a p p l y i n g   c o o l a n t   to   t h e   s t r i p   f o r  

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

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

t h e   s t r i p   a t   t h e   s h a p e   s e n s o r .  

2.  A  r o l l i n g   m i l l   as  c l a i m e d   in  c l a i m   1  w h e r e i n  

t he   c o o l i n g   m e a n s   i n c l u d e s   means   ( F i g u r e   2)  f o r   a p p l y i n g  

an  a d j u s t a b l e   f i e l d   of  c o o l i n g   f l u i d   to  t h e   s t r i p   ( 1 5 ) .  

3.  A  r o l l i n g   m i l l   as  c l a i m e d   in  c l a i m   2,  w h e r e i n  

t h e   c o o l i n g   m e a n s   ( F i g u r e   2)  h a s   a  n u m b e r   of  s p r a y  
n o z z l e s   (41)  a r r a n g e d   a c r o s s   t h e   w i d t h   of  t h e   s t r i p   ( 1 5 ) ,  

and   c o n t r o l   m e a n s   ( 4 5 ,   24)  r e g u l a t e s   t h e   s u p p l y   o f  

c o o l a n t   to  e a c h   n o z z l e .  

4 .   A  r o l l i n g   m i l l   as  c l a i m e d   i s   c l a i m   3,  w h e r e i n  

t h e   s p r a y   n o z z l e s   (41)  a r e   m o u n t e d   on  a  m a n i f o l d   (42)  f o r  

c a r r y i n g   a  common  s u p p l y   of  c o o l a n t .  

5 .   A  r o l l i n g   m i l l   as  c l a i m e d   in   c l a i m   3  or   4 ,  

w h e r e i n   t h e   c o n t r o l   m e a n s   f o r   e a c h   n o z z l e   (41)   or   g r o u p  
of  n o z z l e s   i s   a  d i a p h r a g m   v a l v e   ( 4 5 ) .  

6 .   A  r o l l i n g   m i l l   as  c l a i m e d   in  any  p r e c e d i n g  

c l a i m ,   w h e r e i n   t h e   c o o l i n g   m e a n s   ( 2 1 - 2 4 ;   F i g u r e   2 )  

o p e r a t e   u n d e r   t h e   c o n t r o l   of  an  a u t o m a t i c   c o n t r o l   s y s t e m  
(24)   w h i c h   r e c e i v e s   o u t p u t   f r o m   t h e   t e m p e r a t u r e   s e n s o r  



(18)  and  a d j u s t s   t he   s u p p l y   of  c o o l i n g   f l u i d   a c c o r d i n g l y .  
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