
European  Patent  Office 

Office  europeen  des  brevets 
(tj)  Publication  number: 0  0 2 8   2 7 5  

A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  79302409.2 

@  Date  of  filing:  01.11.79 

©int.ci3:  B  21  B  37 /08  
G  05  D  5/03 

©  Date  of  publication  of  application: 
13.05.81  Bulletin  8119 

©  Designated  Contracting  States: 
GB  IT  SE 

©  Qn)  Applicant:  REYCAN  RESEARCH  LIMITED 
35  City  View  Drive 
Rexdale  Ontario  M9W  5L4(CA) 

©  Inventor:  Boisvert,  Jean 
1640  Place  Gaudet 
Trois  Rivieres,  Quebec(CA) 

©  Inventor:  Bond,  Bobby  J. 
1003  Davison  Avenue 
Muscle  Shoals  Alabama  3S660(US) 

©  Inventor:  McCoy  Jr.,  Floyd  B. 
8805,  Bellefonte  Road 
Richmond,  Virginia  23229(US) 

©  Representative:  Ayers,  Martyn  Lewis  Stanley  et  al, 
J.A.  KEMP  &  CO.  14  South  Square  Gray's  Inn 
London,  WC1R5EU(GB) 

©  Apparatus  and  process  for  controlling  the  shape  of  sheet  metal  produced  in  a  rolling  mill. 
(57)  The  invention  relates  to  an  apparatus  and  process  for 
automatically  controlling  the  shape  of  sheet  metal  (10)  pro-  / 
duced  in  a  rolling  mill.  The  shape  of  the  sheet  (10)  is  sensed  by  ( 
a  shapemeter  (9)  and  each  segment  of  the  shapemeter  pro-  a  
vides  an  output  indicative  of  the  shape  of  the  portion  of  the  A  1  __c* 
sheet  passing  over  that  segment.  A  converter  (15)  converts  ^-x^^cTF^kH/ 
the  outputs  to  electrical  signal  levels,  such  as  current  or  vol-  \  f ^ \ ^  
tage  levels,  and  certain  ones  of  the  signal  levels  are  averaged,  XfC^jL  y  and  the  averages  are  compared  either  with  certain  other  sign-  —  -  £ 
als  levels,  or  with  certain  other  averages  in  a  processor  (17).  If 
the  comparisons  yield  a  difference  greater  than  predeter- 
mined  tolerance  levels,  control  signals  are  generated  and  I 

i  delivered  to  output  controllers  (19)  to  control  parameters  of  I 
•  the  rolling  mill.  L 
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T h e   invention  relates  to  an  apparatus  and  process  for 
automatically  controlling  the  shape  of  sheet  metal  (10)  pro- 
duced  in  a  rolling  mill.  The  shape  of the  sheet  (10)  is  sensed  by 
a  shapemeter  (9)  and  each  segment  of  the  shapemeter  pro- 
vides  an  output  indicative  of  the  shape  of  the  portion  of  the 
sheet  passing  over  that  segment.  A  converter  (15)  converts 
the  outputs  to  electrical  signal  levels,  such  as  current  or  vol- 
tage  levels,  and  certain  ones  of the  signal  levels  are  averaged, 
and  the  averages  are  compared  either  with  certain  other  sign- 
als  levels,  or  with  certain  other  averages  in  a  processor  (17).  If 
the  comparisons  yield  a  difference  greater  than  predeter- 
mined  tolerance  levels,  control  signals  are  generated  and 
delivered  to  output  controllers  (19)  to  control  parameters  of 

the rolling mill. 



The  i n v e n t i o n   r e l a t e s   to   an  a p p a r a t u s   a n d  

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

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

w h i c h   a r e   a r r a n g e d   so  a s ,   in  u s e ,   to   r e c e i v e   a  

p l u r a l i t y   of  o u t p u t   s i g n a l s   f rom  a  s e n s o r   d i s p o s e d  

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

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

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

a  d i f f e r e n t   one  of  s a i d   p l u r a l i t y   of  s i g n a l s   b e i n g  

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

s e n s i n g   m e a n s .  

As  is   known  in  t h i s   a r t ,   s h a p e   i s   d e f i n e d  

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

s h e e t   m e t a l   w i t h   r e f e r e n c e   to   a  f l a t   p l a n e .   A 

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

e x a m p l e s   of  such   s h a p e m e t e r s   a r e   d e s c r i b e d   in  B r i t i s h  

P a t e n t   1 , 1 6 0 , 1 1 2   as  w e l l   as  t h e   b r o c h u r e   of  D a v y -  

Loewy  L i m i t e d ,   Loewy  R o b e r t s o n   D i v i s i o n ,   e n t i t l e d  

" V i d i m o n   S h a p e m e t e r " .   The  s h a p e m e t e r   i s   c a p a b l e  

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

of  any  ou t   of  f l a t n e s s   c o n d i t i o n   of  a  s t r i p   u n d e r  

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

At  p r e s e n t ,   t h e   d i s p l a y   of  t he   s h a p e m e t e r  

i s   m o n i t o r e d   by  a  m i l l   o p e r a t o r   who  a p p l i e s   a p p r o p r i a t e  

c o n t r o l   s i g n a l s   to  c o r r e c t   t he   ou t   of  f l a t   c o n d i t i o n s .  

As  w i l l   be  a p p r e c i a t e d ,   t h e   o p e r a t o r   can  o n l y   i n i t i a t e  

c o r r e c t i v e   a c t i o n   a f t e r   t h e   ou t   of  f l a t   c o n d i t i o n  



h a s   e x i s t e d   f o r   s o m e  t i m e .   F u r t h e r ,  t h e   r e f l e x   a n d  

s p e e d   l i m i t a t i o n s  o f   human  b e i n g s   p r e v e n t s  c o r r e c t i v e  

a c t i o n   f r o m   b e i n g   i m m e d i a t e l y  t a k e n   so  t h a t   t h e   o u t  

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

i s   d e t e c t e d   and  d i s p l a y e d .  

T e a c h i n g s   i n  t h e   a r t   w h i c h  r e l a t e   t o  

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

r o l l i n g   m i l l   a r e   e x e m p l i f i e d   by  t h e   f o l l o w i n g  U n i t e d  

S t a t e s   P a t e n t s :   2 , 6 9 6 , 6 9 8 :   3 , 0 6 4 , 5 0 9 ;   3 , 6 3 0 , 0 5 5 ;  

3 , 6 8 6 , 9 0 7 ;   3 , 8 7 5 , 7 7 6 ;   3 , 8 8 2 , 7 0 9 ;   3 , 3 3 2 , 2 6 3 ;   3 , 5 1 4 , 9 8 4 ;  

3 , 4 3 1 , 7 6 1 ;   3 , 4 7 5 , 9 3 5 ;   2 , 9 6 1 , 9 0 1 ;   3 , 2 1 3 , 6 6 5 ;   3 , 4 9 9 , 3 0 6  

and  3 , 8 0 2 , 2 3 7 .  

A l t h o u g h   i t   h a s   b e e n   s u g g e s t e d  t h a t   t h e  

o u t p u t   of  t h e  s h a p e m e t e r  b e   f e d   to   a  s y s t e m   f o r  

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

no t   p r e s e n t l y   a w a r e   of  t h e   e x i s t e n c e   o f  a  p h y s i c a l   s y s t e m  

f o r   so  d o i n g .  

I t   i s  t h e r e f o r e   an  o b j e c t  o f   t h e   i n v e n t i o n   t o  

p r o v i d e   an  a p p a r a t u s   and  p r o c e s s   f o r  a u t o m a t i c a l l y  

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

r o l l i n g   m i l l .  

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

c h a r a c t e r i s e d   in   t h a t  t h e  a p p a r a t u s   c o m p r i s e s :  

a v e r a g i n g   means   a r r a n g e d   t o   r e c e i v e   p r e d e t e r m i n e d   o n e s  

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

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

p r o d u c e d  a t   an  o u t p u t   of  s a i d   a v e r a g i n g - m e a n s ;  

c o m p a r a t o r   means   a r r a n g e d   t o  r e c e i v e   a t   one  i n p u t  

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

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

a v e r a g e s   t h e r e o f ;   a n d  c o n t r o l   means   a r r a n g e d   t o  

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

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



when  s a i d   c o m p a r a t o r   means   d e t e c t s   g r e a t e r   t h a n   a  

p r e d e t e r m i n e d   d i f f e r e n c e   b e t w e e n   t h e   i n p u t s   t h e r e o f ,  

s a i d   p a r a m e t e r   w i l l   be  a p p r o p r i a t e l y   c o n t r o l l e d .  

O t h e r   o p t i o n a l   f e a t u r e s   of  t h e   a p p a r a t u s  

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

The  p r o c e s s   a c c o r d i n g   to   t h e   i n v e n t i o n   i s  

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

a  s i g n a l   r e p r e s e n t a t i v e   of  t h e   a v e r a g e   of  p r e d e t e r m i n e d  

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

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

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

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

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

r o l l i n g   m i l l   in  a  m a n n e r   to   r e d u c e   s a i d   d i f f e r e n c e .  

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

way  of  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 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  i s   a  b l o c k   d i a g r a m   of  o n e  

e m b o d i m e n t   of  a p p a r a t u s   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n   and  a r r a n g e d   to   c a r r y  
o u t   t h e   p r o c e s s   of  t h e   i n v e n t i o n ;  

F i g u r e   2  shows  p a r t   of  t h e   F i g u r e   1  in   g r e a t e r  

d e t a i l ;  

F i g u r e   3  shows  one  f o r m   of  a n a l o g   a v e r a g i n g  

c i r c u i t ;   a n d  

F i g u r e   4  shows  one  f o r m   of  d i g i t a l   a v e r a g i n g  

c i r c u i t .  

R e f e r r i n g   to   f i g u r e   1,  t h e   r o l l i n g   m i l l   p r o c e s s  
i s   s o m e w h a t   s c h e m a t i c a l l y   r e p r e s e n t e d   by  a  r o l l   of  s h e e t  

m e t a l   1,  s u c h   as  a l u m i n u m ,   d r a w n   in  t h e   d i r e c t i o n   of  t h e  

a r r o w   A  t h r o u g h   s h a p i n g   r o l l s   3  by  d r i v e n   r o l l   5 .  

Back  up  r o l l s   7  a r e   a l s o   p r o v i d e d   as  w e l l   known  in  t h e  

a r t ,   and  a  s h a p e m e t e r   9,  f o r   e x a m p l e ,   of  t h e   t y p e   d e s c r i b e d  



in  B r i t i s h   P a t e n t  1 , 1 6 0 , 1 1 2 ,   t h e  t e a c h i n g s   of  w h i c h  

a r e   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e ,  d i s p o s e d   a c r o s s  

t h e   w i d t h   of  t h e   s h e e t   10,   s e n s e s  t h e  s h a p e   o f  t h e  

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

As  d e s c r i b e d   i n  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 ,   t h e   s h a p e  m e t e r   c o n s i s t s   of   a  s t a t i o n a r y   a r b o r  

11  and   a  s e g m e n t e d   r o t o r   13  s u p p o r t e d   i n  t h e   a r b o r   b y  

an  a i r   c u s h i o n   and   r o t a t a b l e   t h e r e i n .   T h i s  a s s e m b l y  

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

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

c o n v e r t e r   15,  as  w e l l   known  in   t h e  a r t ,   as   t h e   a p p a r a t u s  

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   c o m p r i s e s  e l e c t r o n i c  

c i r c u i t r y .  

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

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

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

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

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

The  o u t p u t   of   15  i s   f e d   t o  p r o c e s s o r  1 7 ,   w h i c h  

c o u l d   c o n s i s t   of  d i s c r e t e   c i r c u i t s  a s   d e s c r i b e d  b e l o w ,  

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

a p p r o p r i a t e l y   p r o g r a m m e d   RAM. 

The  p r o c e s s o r   p r o d u c e s   c o n t r o l   s i g n a l s   f e d   t o  

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

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

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

s i n g l e   b l o c k   19  in   f i g u r e   1,  i t  w i l l   b e  a p p r e c i a t e d   t h a t  

t h e y   a r e ,   in   p r a c t i c e ,   s e p a r a t e   m e a n s   w h i c h   a r e  p a r t   o f  

e x i s t i n g   r o l l i n g   m i l l   s y s t e m s .  

The  c o o l a n t   d i s t r i b u t i o n   m e a n s   c o m p r i s e   a  

s e r i e s   of   s p r a y s ,   s c h e m a t i c a l l y   shown  a t  2 1  i n   f i g u r e  1 ,  

d i s p o s e d   a c r o s s   t h e   w i d t h  o f   t h e   s h e e t   10 .   The  m e a n s  

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

by  t h e   a r r o w s   23,  a n d   t h e  m e a n s   f o r   l e v e l i n g   t h e   r o l l s  



a r e   s c h e m a t i c a l l y   i l l u s t r a t e d   by  t h e   a r r o w s   25.  A s  

a b o v e   m e n t i o n e d ,   t h e s e   means   a r e   w e l l   known  in  t h e   a r t ,  

and  i t   i s   t h e r e f o r e   n o t   n e c e s s a r y   to   d e s c r i b e   t hem  a n y  

f u r t h e r   h e r e .  

The  o u t p u t   of  t h e   p r o c e s s o r   i s   a l s o   a p p l i e d   t o  

d i s p l a y   m e a n s   25,  w h i c h   i s   p r e f e r a b l y   a  CRT,  as  some  o f  

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

t h a n   a u t o m a t i c a l l y .   Thus ,   i t   i s   w i t h i n   t h e   s c o p e   of  t h e  

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

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

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

of  t h e   s i g n a l s   f r o m   9  a r e   a v e r a g e d ,   and  t h e   a v e r a g e   t h u s  

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

s i g n a l s   or   w i t h   a v e r a g e s   of  c e r t a i n   o t h e r   o n e s   of  t h e  

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

c o n t r o l   s i g n a l s .   The  o n e s   of  t h e   s i g n a l s   and   t h e   o t h e r  

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

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

s i g n a l s .   H o w e v e r ,   t h e   a v e r a g e   w o u l d   be  f o r m e d   by  a l l  

of  t h e   o n e s   of  t h e   s i g n a l s   a t   t h e   same  t i m e ,   and  t h e  

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

s i g n a l s   one  a t   a  t i m e ,   as  w i l l   be  d e s c r i b e d   b e l o w .  

T u r n i n g   now  to   f i g u r e   2,  t h e r e   i s   i l l u s t r a t e d ,  

in  b l o c k   d i a g r a m   f o r m ,   an  a r r a n g e m e n t   w h i c h   c o u l d  

p e r f o r m   t h e   f u n c t i o n s   of  t h e   b l o c k   17  of  f i g u r e   1.  I n  

f i g u r e   2,  t h e   d e s i g n a t i o n s   ALl  to   AL7  r e p r e s e n t   t h e  

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

s h e e t ,   and  t h e   d e s i g n a t i o n s   A R   to  AR7  r e p r e s e n t   t h e  

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

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

t h e   c e n t r a l   r o t o r ,   in  a  15  s e g m e n t   s h a p e m e t e r .   T h e s e  

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

p r o v i d e   a v e r a g e s   as  r e q u i r e d   and  as  d e s c r i b e d   b e l o w .  



F i g u r e s   3  and   4  i l l u s t r a t e ,   r e s p e c t i v e l y ,   an  a n a l o g  

and   a  d i g i t a l   c i r c u i t  f o r   a v e r a g i n g .   I n  f i g u r e   3 ,  

t h e   r a t i o   R 1 / R 1 + R 6 = 1 / 7 ,   when  t h e r e  a r e  7   i n p u t s   b e i n g  

a v e r a g e d .   T h e  c i r c u i t s   of   f i g u r e s   3  a n d  4   a r e  e x e m p l a r y  

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

t h a t   no  f u r t h e r   d e s c r i p t i o n   t h e r e o f  i s   r e q u i r e d .  

In   c o n s i d e r i n g   now  t h e  p r o c e s s   o f   o p e r a t i n g  

t h e   a p p a r a t u s   as  i s   k n o w n ,   i t   i s   d e s i r e d  t o  p r o d u c e   a  

s h e e t   w h o s e   t h i c k n e s s  i s   c o n s i s t e n t   t h r o u g h o u t   w i t h i n  

s t a t e d   t o l e r a n c e   l i m i t a t i o n s .   H o w e v e r ,  p o r t i o n s  

h a v i n g  t h i c k n e s s e s   a b o v e   or   b e l o w   t o l e r a n c e   l i m i t a t i o n s  

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

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

a d j a c e n t   r o t o r s   and  t h e r e b y  b e   d e t e c t e d .  

In  o r d e r   to   i n c r e a s e   or   d e c r e a s e   t h e   t h i c k n e s s  

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

a d j a c e n t   s p r a y  i s  e i t h e r   i n c r e a s e d   o r  d e c r e a s e d .   T h u s ,  

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

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

and   a p p a r a t u s .  

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 ,   i n  o r d e r   t o  

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

r o t o r s  a r e   a v e r a g e d ,   and   t h e   o u t p u t   of   e a c h   r o t o r   i s  

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

R e f e r r i n g   to   f i g u r e   2,  t h e   s i g n a l  A V T   r e p r e s e n t s  

t h e   a v e r a g e   of   a l l   s i g n a l s   ALl  t o  A L 7 ,  A C  a n d  A R 1  t o   A R 7 .  

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

c o m p a r a t o r s   CL1  to   CL7,  CC  a n d  C R 1   t o  C R 7 .   The  o t h e r  

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

ALl  t o   AL7,  AC  a n d  A R  t o   AR7.  I f   t h e  o u t p u t   of   a n y  
of  t h e   c o m p a r a t o r s   i s  g r e a t e r ,   i n  t h e  p o s i t i v e   o r  

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

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

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



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

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

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

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

w h e r e u p o n   i t   w i l l   r e s u m e   i t s   n o r m a l   l e v e l .  

To  d e t e r m i n e   w h e t h e r   i t   i s   n e c e s s a r y   t o  

l e v e l   t h e   s h a p i n g   r o l l s ,   two  a v e r a g e s   a r e   r e q u i r e d  -  

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

h a n d   s i d e   of  t h e   s h e e t ,   AVL -   and  t h e   a v e r a g e   of  a l l  

s i g n a l s   f rom  t h e   r o t o r s   on  t h e   r i g h t   h a n d   s i d e   of  t h e  

s h e e t   AVR.  I f   t h e   a v e r a g e   on  t h e   r i g h t   h a n d   s i d e   i s  

g r e a t e r   t h a n   t h e   a v e r a g e   on  t h e   l e f t   h a n d   s i d e ,   t h i s  

means   t h a t   more  p r e s s u r e   i s   b e i n g   e x e r t e d   on  t h e   r i g h t  

h a n d   r o t o r s   t h a n   on  t h e   l e f t   h a n d   r o t o r s ,   i . e . ,   t h e  

r i g h t   hand   s i d e   of  t h e   r o l l   i s   c l o s e r   to   t h e   s h e e t   t h a n  

t h e   l e f t   h a n d   s i d e   of  t h e   r o l l .   The  r o l l   mus t   t h u s   b e  

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

t h e   s h e e t ) ,   and  t h e   l e f t   h a n d   s i d e   d o w n w a r d   ( t o w a r d s   t h e  

r o l l ) .   AVL  and  AVR  a r e   c o m p a r e d   in  c o m p a r a t o r   LC,  a n d  

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

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

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

p a r a m e t e r   can   be  p e r f o r m e d   a u t o m a t i c a l l y ,   or  i t   can   b e  

o p e r a t o r   c o n t r o l l e d .  

The  c r o s s - s e c t i o n a l   s h a p e   of  t h e   s h e e t ,   or   m i l l  

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

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

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

m o n i t o r i n g   f u n c t i o n ,   an  a v e r a g e   i s   t a k e n   of  s i g n a l s   f r o m  

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

s i d e   of  t h e   s h e e t  -   AVOR,  a  s e c o n d   a v e r a g e   i s   t a k e n   o f  

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

l e f t   hand   s i d e   of  t h e   s h e e t  -   AVOL,  and  a  t h i r d   a v e r a g e  
i s   t a k e n   f rom  a  p r o p o r t i o n   of  s e g m e n t s   a t   t h e   c e n t e r  



of  t h e   s h e e t  -   AVC.  In  one  e m b o d i m e n t ,   t h e   p r o p o r t i o n s  

a r e   25%,  25%  and  50%.  T h u s ,   in   t h e   i l l u s t r a t e d  
r 

e m b o d i m e n t ,   AVL  i s   f o r m e d   f r o m   s i g n a l s   ALl  to   AL4,  AVR 
i s  f o r m e d   f rom  s i g n a l s   AR1  to   AR4,  and  AVC  i s   f o r m e d  

f r o m   s i g n a l s   AC,  AL11  AL2,  AR1  and  A R 2 .  
The  a v e r a g e s   so  f o r m e d   a r e   f e d   to   t h e  p r o c e s s o r  

PR  in   f i g u r e   2  w h i c h   h a s ,   s t o r e d   in   i t s   memory ,   t h e  

r e q u i r e d   a v e r a g e s   f o r   t h e   d e s i r e d   s h a p e .   Any  d e v i a t i o n s  

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

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

t h e   r o l l   so  as  to   p r o d u c e  a   s h e e t   of  t h e   r e q u i r e d   s h a p e .  

Wi th   a u t o m a t i c   d e t e c t i o n   and   c o n t r o l ,   d e t e c t i o n  

of  d e v i a t i o n s   and   c o n t r o l s   to   c o r r e c t   them  a r e   a l m o s t  

i n s t a n t a n e o u s .   R e g a r d l e s s   of  t h e   e x p e r i e n c e   of  a n  

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

t h e   s p e e d   of  e l e c t r o n i c   r e s p o n s e ,   so  t h a t   s h a p e   of  t h e  

s h e e t   w i l l   be  i m p r o v e d   due  to   a u t o m a t i c   c o n t r o l .  

H o w e v e r ,   t h e   human  e l e m e n t   c a n   n e v e r   be  f u l l y   p r o g r a m m e d  

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

a l l o w   t h e   o p e r a t o r   to   i n c l u d e   t h e   human  e l e m e n t   a n d  

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

s h a p e m e t e r   h a v i n g   f i f t e e n   r o t o r s .   As  i s   known,   t h e   s a m e  

m i l l   may  be  u s e d   to   s h a p e   w i d e r   or   n a r r o w e r   s h e e t s .   To  

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

on  t h e   s e n s o r ,   and  any  u n u s e d   r o t o r s   on  b o t h   e n d s  t h e r e o f  

a r e   t u r n e d   o f f ,   as  w e l l   known  in  t h e   a r t .   Of  c o u r s e ,  

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

u s e d .  

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

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

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

w h i c h   w i l l   come  r e a d i l y   to   t h e   m ind   of  one  s k i l l e d   i n  

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

in   t h e   a p p e n d e d   c l a i m s .  



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

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

a p p a r a t u s   b e i n g   a r r a n g e d   so  a s ,   in  u s e ,   to   r e c e i v e   a  

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

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

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

a t   d i f f e r e n t   l o c a t i o n s   a c r o s s   s a i d   w i d t h ,   a  d i f f e r e n t  

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

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

c h a r a c t e r i s e d   in  t h a t   t h e   a p p a r a t u s   c o m p r i s e s :  

a v e r a g i n g   means   a r r a n g e d   to   r e c e i v e   p r e d e t e r m i n e d   o n e s  

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

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

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

c o m p a r a t o r   means   a r r a n g e d   to   r e c e i v e   a t   one  i n p u t  

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

means   and  to   r e c e i v e   a t   a  s e c o n d   i n p u t   t e r m i n a l ,  

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

s i g n a l s   or   o t h e r   a v e r a g e s   t h e r e o f ;   and  c o n t r o l   m e a n s  

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

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

w h e r e b y ,   when  s a i d   c o m p a r a t o r   means   d e t e c t s   g r e a t e r   t h a n  

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

s a i d   p a r a m e t e r   w i l l   be  a p p r o p r i a t e l y   c o n t r o l l e d .  

2.  A p p a r a t u s   as  d e f i n e d   in   c l a i m   1 

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

h a v i n g   a  p l u r a l i t y   of  s e g m e n t s ,   a  d i f f e r e n t   one  of  s a i d  

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

d i f f e r e n t   one  of  s a i d   p l u r a l i t y   of  s i g n a l s   and  in  t h a t  



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

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

a v e r a g i n g   m e a n s ;   and  s a i d   c o m p a r a t o r   means   c o m p r i s e  

e l e c t r o n i c   c o m p a r a t o r   m e a n s .  

3.  A p p a r a t u s   as   d e f i n e d   i n  c l a i m   2 

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

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

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

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

c o m p a r a t o r   means   c o m p r i s e s   a  p l u r a l i t y   of   c o m p a r a t o r s  

e q u a l   in   n u m b e r   to   t h e  p l u r a l i t y   o f  s i g n a l s ,  t h e  

o u t p u t   of   s a i d   a v e r a g i n g   m e a n s  i s  f e d  t o   one  i n p u t  

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

d i f f e r e n t   one  of  s a i d   p l u r a l i t y  o f   s i g n a l s   i s  f e d   t o  

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

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

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

means   and   e a c h   s p r a y   m e a n s   b e i n g   d i s p o s e d   in  a  p o s i t i o n  

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

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

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

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

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

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

be  c o n t r o l l e d   t o   o p e r a t e   in   a  m a n n e r   to   r e d u c e   s a i d  

d i f f e r e n c e .  

4.  A p p a r a t u s   a s - d e f i n e d   in   c l a i m   2 

c h a r a c t e r i s e d   i n  t h a t   s a i d   a v e r a g i n g   means   c o m p r i s e s  

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

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

of  t h e   s h e e t   b e i n g   f e d   to   t h e   o t h e r   of  t h e   a v e r a g e r s ;  



t h e   o u t p u t   of  s a i d   one  a v e r a g e r   b e i n g   f e d   to   one  i n p u t  

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

s a i d   c o m p a r a t o r   means   b e i n g   f e d   to  a  r o l l   l e v e l  

c o n t r o l l e r   w h e r e b y   when  t h e   d i f f e r e n c e   in  v a l u e   b e t w e e n  

t h e   i n p u t s   to   t h e   c o m p a r a t o r   means   e q u a l s   or   e x c e e d s   a  

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

t h e   r o l l   l e v e l   means   to   o p e r a t e   to   e l i m i n a t e   t h e  

d i f f e r e n c e .  

5.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   2 

c h a r a c t e r i s e d   in  t h a t   s a i d   a v e r a g i n g   means   c o m p r i s e s  

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

means   c o m p r i s e s   a  p r o c e s s o r , a   f i r s t   p o r t i o n   of  s a i d  

p l u r a l i t y   of  s i g n a l s ,   d e r i v e d   f r o m   a  f i r s t   p o r t i o n   o f  

s e g m e n t s   on  t h e   o u t e r   r i g h t   h a n d   s i d e   of  s a i d   s h e e t   b e i n g  

f e d   to   s a i d   f i r s t   a v e r a g e r ,   a  s e c o n d   p o r t i o n   of  s a i d  

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

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

f e d   to  s a i d   s e c o n d   a v e r a g e r ;   a  t h i r d   p o r t i o n   of  s a i d  

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

b e i n g   f e d   to   s a i d   t h i r d   a v e r a g e r   and  t h e   o u t p u t s   of  s a i d  

a v e r a g e r s   b e i n g   f e d   to   r e s p e c t i v e   i n p u t   t e r m i n a l s   of  s a i d  

p r o c e s s o r   w h i c h   h a s ,   s t o r e d   in  memory ,   r e q u i r e d   r e s p e c t i v e  

a v e r a g e s   w h e r e b y ,   when  t h e   o u t p u t s   of  s a i d   a v e r a g e r s   d i f f e r  

f r o m   s a i d   r e q u i r e d   a v e r a g e s   by  an  a m o u n t   e q u a l   to   o r  

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

a r e   c o n t r o l l e d   to   b e n d   t h e   r o l l   b a c k   to  r e d u c e   t h e  

d i f f e r e n c e s .  

6.  A p p a r a t u s   as  d e f i n e d   in  c l a i m   5  c h a r a c t e r i s e d  

in  t h a t   s a i d   f i r s t   p o r t i o n   of  s e g m e n t s   c o m p r i s e s   t h e   25% 

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

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

t h e   25%  of  t h e   s e g m e n t s   d i s p o s e d   on  t h e   o u t e r   l e f t   h a n d  

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

t h e   50%  of  t h e   s e g m e n t s   d i s p o s e d   c e n t r a l l y   of  s a i d   s h e e t .  



7.  A  p r o c e s s   f o r   c o n t r o l l i n g   t h e   s h a p e  

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

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

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

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

s e n s i n g   means   d i s p o s e d   a t   d i f f e r e n t   l o c a t i o n s   a c r o s s  

s a i d   w i d t h ,   a  d i f f e r e n t   one  of  s a i d   p l u r a l i t y   o f  

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

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

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

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

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

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

a v e r a g e s   t h e r e o f   and   when  t h e   d i f f e r e n c e   b e t w e e n   t h e  

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

c o n t r o l l i n g   a  p a r a m e t e r   of  t h e   r o l l i n g   m i l l   in   a  m a n n e r  

to   r e d u c e   s a i d   d i f f e r e n c e .  
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