
European  Patent  Office 

Office  europeen  des  brevets 
]tj  ruDiication  number: 0  1 8 1   7 8 5  

A 1  

VI?  e u n u r c M N   K A I t m   A r r L I C A T l u N  

©  Application  number:  85308307.9  ©  Int.  CI.4:  B  21  B  3 7 / 1 0  

@  Date  of  filing:  14.11.85 

g)  Priority:  14.11.84  US  671271  ©  Applicant:  MEASUREX  CORPORATION 
One  Results  Way 

„  Cupertino,  California  95014(US) Date  of  publication  of  application: 
21.05.86  Bulletin  86/21  ©  Inventor:  DeMol,  Dirk 

_  1024  Saratoga  A-207  San  Jose 
!*)  Designated  Contracting  States:  California  95129IUS) 

DE  GB  IT 
@  Inventor:  Shaw,  Graham 

5  Owenabue  Circle  Carrigaline 
County  Cork(IE) 

©  Representative:  Atkinson,  Peter  Birch 
Marks  Si  Clerk  Suite  301  Sunlight  House  Quay  Street 
Manchester  M3  3JY(GB) 

system  and  process  for  controlling  the  shape  of  a  strip  of  metal. 
A  process  for  controlling  the  shape  of  a  metal  strip  being rolled  between  two  rolls  (12),  the  process  comprising: a)  measuring  the  shape  of  the  strip  (22); 
b)  spraying  cooling  fluid  on  at  least  one  of  the  rolls  in  at least  one  zone  (26); 
c)  controlling  the  spraying  of  cooling  fluid  according  to  a duty  cycle  (24).  10̂  
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  A  process  for  controlling  the  shape  of  a  metal  strip  being rolled  between  two  rolls  (12),  the  process  comprising: a)  measuring  the  shape  of  the  strip  (22); 
b)  spraying  cooling  fluid  on  at  least  one  of  the  rolls  in  at least  one  zone  (26); 
c)  controlling  the  spraying  of  cooling  fluid  according  to  a duty  cycle  (24). 



The  i n v e n t i o n   r e l a t e s   to  a  system  for  c o n t r o l l i n g   the  shape  of  a  

s t r i p   metal   which  is  be ing   m a n u f a c t u r e d .  

The  shape  of  a  s t r i p   of  metal  is  d e f i n e d   in  the  a r t   as  the  c r o s s -  

d i r e c t i o n a l   s t r e s s   p r o f i l e   of  the  s h e e t   whi le   the  shee t   is  u n d e r  

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

d u r i n g   t h e  r o l l i n g   p r o c e s s ,   the  shape  of  the  s t r i p   can  be  changed.   I t  

is  i m p o r t a n t   t h a t   a f t e r  p r o d u c t i o n   the  shape  of  the  s t r i p   is  as  n e a r l y  

p e r f e c t l y   f l a t   as  p o s s i b l e ,   i . e .   minimal  c r o s s - d i r e c t i o n a l   v a r i a t i o n s  

in  s t r e s s .   Various  methods  are  known  for   a c c o m p l i s h i n g   t h i s .  

U.  S.  p a t e n t   4 ,262 ,511   t eaches   a  sys tem  for  c o n t r o l l i n g   the  s h a p e  

of  shee t   meta l .   Accord ing   to  the  p a t e n t   a  meta l   shee t   is  c o m p r e s s e d  

between  a  pa i r   of  d r i v e n   shaping  r o l l s ,   or  work  r o l l s .   The  shee t   i s  

measured  by  a  s h a p e m e t e r ,   and  d e v i a t i o n s   from  a  p r e d e t e r m i n e d   t a r g e t  

shape  are  c o r r e c t e d .   One  of  the  methods  of  c o r r e c t i o n   is  to  s p r a y  

c o o l i n g   l i q u i d   onto  the  work  r o l l s   in  the  a rea   in  which  the  r o l l s   a r e  

de t e rmined   to  be  a p p l y i n g   exces s ive   fo rce   to  the  shee t .   Thus  the  r o l l s  

are  cooled  so  t h a t   they  c o n t r a c t   and  c o n s e q u e n t l y   apply  less   f o r c e .  



According  to  the  p a t e n t ,   an  i n c r e m e n t a l   i n c r e a s e   or  dec rea se   i n  

c o o l a n t   sp ray   is  a p p l i e d   as  long  as  the  shape ,   as  measured  by  t h e  

s h a p e m e t e r ,   is  o u t s i d e   s p e c i f i e d   l i m i t s .   Then,  when  the  shape  i s  

w i t h i n   l i m i t s ,   the  sp rays   are  r e t u r n e d   to  t h e i r   normal  l e v e l .  

I t   has  been  found  t h a t   c o n t r o l l i n g   the  sprays   in  the  manner  t a u g h t  

in  the  p a t e n t   can  lead   to  the  p r o d u c t i o n   of  shee t   in  which  the  shape  i s  

not  well   c o n t r o l l e d a n d   cannot   e f f e c t i v e l y   c o n t r o l   f o i l   p r o d u c i n g  

r o l l i n g   m i l l s .   Sheet   is  d e f i n e d   as  s t r i p   which  is  g r e a t e r   in  t h i c k n e s s  

than  0.006  inch ,   and  f o i l   is  a  s t r i p   of  l e s s   than  0.006  i n c h  

t h i c k n e s s .  

An  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rov ide   a c c u r a t e   s h a p e  

c o n t r o l .  

Another   o b j e c t   is  to  c o n t r o l   a  f o i l   p r o d u c i n g   r o l l i n g   m i l l .  

F u r t h e r   o b j e c t s   and  a d v a n t a g e s   of  the  p r e s e n t   i n v e n t i o n   can  be  

a s c e r t a i n e d   by  r e f e r e n c e   to  the  s p e c i f i c a t i o n   and  drawings  w h i c h .  a r e  

o f f e r e d   by  way  of  example  and  not  in  l i m i t a t i o n   of  the  i n v e n t i o n   which  

is  d e f i n e d   by  the  c l a i m s  a n d   e q u i v a l e n t s .  

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   by  way  of  e x a m p l e  

o n l y   w i t h   r e f e r e n c e   t o   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 :  

Figure   1  is  a  s chema t i c   i l l u s t r a t i o n   of  the  p r e s e n t   embod imen t .  

F i g u r e   2  is  a  d e t a i l   of  p a r t   of  the  system  shown  in  F igure   1.  

F igu re   1  s c h e m a t i c a l l y   i l l u s t r a t e s   a  r o l l i n g   mi l l   u t i l i z i n g   t h e  

p r e s e n t   embodiment.   A  r o l l   10  of  meta l   is  h o r i z o n t a l l y   d i s p o s e d  

a d j a c e n t   a  p a i r   of  c y l i n d r i c a l   work  r o l l s   12,  and  a  re-wind  16  i s  

l o c a t e d   to  the  r i g h t   of  the  r o l l s   12.  A  c y l i n d r i c a l   back-up  r o l l   18  i s  

l o c a t e d   above  the  upper  work  r o l l   12,  and  a  second  back  up  r o l l   18  i s  

l o c a t e d   below  the  lower  work  r o l l   12.  The  re -wind  r o l l   16  is  c o u p l e d  

to  a  d r i ve   means,  not  shown,  to  d r i ve   the  r o l l   in  a  c lockwise   d i r e c t i o n  



to  wrap  the  metal   i n to   a  c o i l .   The  work  r o l l s   12  are  on  b e a r i n g s ,   a r e  

d r i ven   to  r o t a t e   by  d r i ve   means,  not  shown,  and  are  spaced  a p a r t   a  

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

The  back-up  r o l l s   18  are  mounted  on  b e a r i n g s   so  they  are  f ree   t o  

r o t a t e ,   and  the  back-up  r o l l s   18  are   a l so   mounted  so  t h a t   they  c a n  

c o n t r o l l a b l y   apply  p r e s s u r e   to  f o r c e   the  work  r o l l s   12  toward  one  

a n o t h e r .   Normally  means  are  p r o v i d e d   to  c o n t r o l   the  p r e s s u r e   so 

a p p l i e d ;   however  such  c o n t r o l   means  do  not  form  p a r t   of  the  p r e s e n t  

i n v e n t i o n   and  t h e r e f o r e   w i l l   not  be  d i s c u s s e d   h e r e i n .  

A  shapemeter   22  is  mounted  to  c o n t a c t   the  s t r i p   20  a f t e r   the  s t r i p  

l e aves   the  work  r o l l s   12.  The  s h a p e m e t e r   22  is  g e n e r a l l y   c y l i n d r i c a l  

and  is  capab le   of  measu r ing   the  shape  of  the  shee t   20  in  a  p l u r a l i t y   o f  

zones  a c ro s s   the  s h e e t .   The  s h a p e m e t e r   22  i n c l u d e s   a  p l u r a l i t y   o f  

t r a n s d u c e r s   to  c o n v e r t   the  measured  shape  in  each  zone  to  e l e c t r i c a l  

s i g n a l s   and  t r a n s m i t   the  s i g n a l s   to  a  c o n t r o l   un i t   24.  The  c o n t r o l  

u n i t   24  i n c l u d e s   a  computer  to  r e c e i v e   the  s i g n a l s   and  p e r f o r m  

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

Two  spray  bars  26  are  l o c a t e d   a d j a c e n t   the  two  work  r o l l s   1 2 .  

Each  shape  bar  26  ex tends   the  l e n g t h   of  the  a d j a c e n t   work  r o l l   12  and  

i n c l u d e s   a  p l u r a l i t y   of  spray  n o z z l e s ,   as  i l l u s t r a t e d   in-  Figure   2.  The 

nozz l e s   are  l o c a t e d   in  two  h o r i z o n t a l   rows  a d j a c e n t   one  a n o t h e r ,   and  

one  row  comprises   nozz le s   each  of  which  is  capable   of  d e l i v e r i n g   50%  o f  

the  flow  of  f l u i d   with  r e s p e c t   to  each  nozz le   of  the  second  row.  The 

nozz les   are  grouped  in  p a i r s ,   c o m p r i s i n g   one  small   nozzle   30  and  one  

l a rge   nozzle   32.  The  nozz les   of  each  p a i r   are  d i r e c t e d   to  spray  f l u i d  

on  the  same  zone  of  a  work  r o l l   12.  I t   should  be  unde r s tood   t ha t   o t h e r  

c o n f i g u r a t i o n s   of  the  spray  nozz l e s   can  be  used.  For  example,   in  some 

cases  the re   may  be  t h r ee   h o r i z o n t a l   rows  of  n o z z l e s .  



The  spray  ba r s   26  i n c l u d e   v a l v e s ,   not  shown,  coupled   one  to  e a c h  

nozz le   30  and  32  and  c o n t r o l l a b l e   by  s i g n a l s   from  the  c o n t r o l   u n i t   2 4 .  

G e n e r a l l y   spray  bars   are  c o n s t r u c t e d   by  the  m a n u f a c t u r e r   so  t h a t   t h e  

spray   from  a  nozz l e   is  e i t h e r   f u l l y   on  or  f u l l y   off   but  not  v a r i a b l e  

between  the  f u l l   on  and  off   p o s i t i o n s .   Thus  in  c o n t r o l l i n g   the  s p r a y s  

one  has  the  o p t i o n   of  p r o v i d i n g   e i t h e r   no  f low,   33%  of  t o t a l   f low,   66% 

of  t o t a l   flow  or  100%  of  t o t a l   f low,  by  opening  none,  the  smal l   n o z z l e  

30,  the  l a rge   nozz le   32  or  both  n o z z l e s .  

The  c o n t r o l   p r o c e s s   a c c o r d i n g   to  the  p r e s e n t   embodiment  i s  

accompl i shed   in  the  f o l l o w i n g   way.  For  each  zone  ac ros s   the  width  o f  

the  s t r i p   the  shape  is  measured  by  the  shapemeter   22.  When  i t   i s  

d e s i r e d   to  i n c r e a s e   or  d e c r e a s e   the  s p a c i n g   between  the  r o l l s   12  in  a  

p a r t i c u l a r   zone  the  c o r r e s p o n d i n g   spray   nozz l e s   are  opened  or  c l o s e d   a s  

n e c e s s a r y .   The  sp r ays   are   o p e r a t e d   in  cyc les   with  each  cycle   b e i n g  

i n i t i a t e d   a  p r e d e t e r m i n e d   time  a f t e r   the   i n i t i a t i o n   of  the  i m m e d i a t e l y  

p r e c e d i n g   c y c l e .   D u r i n g  e a c h   cyc le   a  sp ray   is  on  f o r  a   c o n t r o l l a b l e  

pe r iod   of  time  and  off   for   the  r e m a i n d e r   of  the  cyc l e .   This  is  c a l l e d  

duty  c y c l i n g .   For  example ,   i f   the  cyc l e   time  is  about   ten  s e c o n d s , . .  

which  is  a  cycle   t ime  we  have  found  p r e f e r a b l e   in  many  c i r c u m s t a n c e s ,  

and  i t   is  d e s i r e d   to  app ly   10%  c o o l i n g   to  a  zone,  then  the  small   n o z z l e  

30  is   opened  3.3  seconds   ( i . e .   o n e - t h i r d   of  the  duty  cyc le)   and  

t h e r e a f t e r   c l o sed   6.7  seconds   and  then  opened  3.3  seconds  and  so  f o r t h .  

As  ano ther   example,   i f   i t   is  d e s i r e d   to  apply  coo l i ng   spray  at  the  r a t e  

of  66%  of  t o t a l   f low,   smal l   nozzle   30  is  open  c o n t i n u o u s l y   and  t h e  

large   nozzle  32  is  on  for   f ive   seconds  fo l lowed   by  off  for  f ive   s e c o n d s  

and  so  f o r t h .  



We  have  found  some  s p e c i a l   a d v a n t a g e s   in  c o n t r o l l i n g   the  s p r a y s  

a c c o r d i n g   to  duty  c y c l e s .   By  means  of  duty  c y c l i n g ,   i t   is  p o s s i b l e   t o  

p rov ide   any  d e s i r e d   q u a n t i t y   of  sp rayed   f l u i d   over  a  c o n t i n u o u s   r a n g e .  

That  i s ,   one  is  not   r e s t r i c t e d   to  p r o v i d i n g   e . g .  o n l y   33%  or  66%  o f  

t o t a l   f l o w .  

Another  advan t age   can  be  u n d e r s t o o d   as  f o l l o w s .   Based  upon 

t e s t i n g   i t   has  been  d e t e r m i n e d   t h a t   the  time  c o n s t a n t   for  h e a t i n g   and 

coo l i ng   work  r o l l s  c a n   be  on  t h e  o r d e r   of  20-30  seconds  in  some 

c i r c u m s t a n c e s .   In  o t h e r   words  t e s t s   have  shown  t h a t   for   some  r o l l s ,   i f  

coo l i ng   sprays   are  a p p l i e d   i t   w i l l   take  c o n s i d e r a b l e   time  for  the  r o l l s  

to  change  d i ame te r   s i nce   they  are  q u i t e   massive  and  thus  have  

c o n s i d e r a b l e   hea t   c a p a c i t y .   Of  c o u r s e ,   a f t e r   a p p l i c a t i o n   of  the  s p r a y  

the  r o l l   w i l l   e v e n t u a l l y   c o n t r a c t   to  some  minimum  d i ame te r   and  

t h e r e a f t e r   c o n t r a c t   no  f u r t h e r .   In  some  cases   the  time  c o n s t a n t   h a s  

been  found  to  be  20-30  seconds   which  means  t h a t   in  t h a t   time  the  r o l l  

e x h i b i t s   about   63%  of  the   t o t a l   c o n t r a c t i o n   i t   would  a f t e r   a  very  l o n g  

t i m e .  

Thus  s ince   the  t ime   c o n s t a n t   is  20-30  seconds ,   our  use  of  a  d u t y  

cycle   time  of  abou t   10  -seconds  i n s u r e s   t h a t   the  r o l l   responds   o n l y  

s l i g h t l y ,   to  t u r n i n g   the  sp rays   on  and  o f f ,   and  the  d i ame te r   r e m a i n s  

very  near  the  t a r g e t   d i a m e t e r   with  only  s l i g h t ,   i f   any,  v a r i a t i o n s  

th rough  t i m e .  

We  have  found  a  p a r t i c u l a r   s chedu l e   of  duty  c y c l i n g   to  be  

a d v a n t a g e o u s .   When  the  l a r g e   sp rays   p rov ide   66%  of  t o t a l   flow  and  t h e  

small  sprays  33%  we  duty  cyc le   as  f o l l o w s .   If   i t   is  d e s i r e d   to  p r o v i d e  

flow  in  the  range  of  0-33%,  the  l a r g e   nozzle  32  is  c o n t i n u o u s l y   off  and 

the  small  nozzle   30  is  duty  c y c l e d .   When  flow  in  the  range  of  33-66% 

is  r e q u i r e d ,   the  smal l   nozzle   30  is  never  on,  and  the  l a rge   nozzle  32 

is  duty  cyc led .   When  flow  of  66-100%  is  r e q u i r e d ,   the  small  nozzle   30 

is  c o n t i n u o u s l y   on,  and  the  l a r g e   nozzle   32  is  duty  c y c l e d .  



This  procedure  is  a d v a n t a g e o u s   over  an  a l t e r n a t i v e   scheme  of  d u t y  

cyc l ing   valve  32  with  va lve   30  off   when  the  range   is  33-66%.  We  h a v e  

found  t h a t   a l t h o u g h   sp r ays   may  n o m i n a l l y   be  r a t e d   33  and  66%  they  o f t e n  

do  not  d e l i v e r   e x a c t l y   such  p e r c e n t a g e s .   C o n s e q u e n t l y   if  the  s y s t e m  

were  d e l i v e r i n g   e .g .   65%  w i t h o u t   any  use  of  nozz l e   30  and  the  r e q u i r e d  

d e l i v e r y   rose  to  e . g .   67%,  the  c o n t r o l l e r   would  assume  tha t   nozzle   30 

should  be  on  c o n t i n u o u s l y   and  tu rn   i t   on.  However,  if  nozzle  30 

d e l i v e r e d   far   more  or  l e s s   than  the  e x p e c t e d   p e r c e n t a g e ,   when  i t   wou ld  

be  c o n t i n u o u s l y   t u r n e d   on,  the  c o n t r o l   p r o c e s s   could  become  u p s e t ,   a n d  

i t   would  take  some  t ime  for  the  p r o c e s s   to  beg in   c o r r e c t l y   c y c l i n g  

nozzle   32  to  make  up  for   the  d e v i a t i o n   between  a c t u a l   and  e x p e c t e d  

flow.  In  o t h e r   words,  we  have  found  i t   p r e f e r a b l e   tha t   the  o p e r a t i n g  

program  for   each  nozz le   be  d e s i g n e d   so  t h a t   when  the  range  of  t o t a l  

r e q u i r e d   d e l i v e r y   changes ,   the  nozz le   is  changed  from  being  duty  c y c l e d  

to  c o n t i n u o u s l y   off   or  on,  but   t h a t   the   nozz l e   never   changes  f r o m  

c o n t i n u o u s l y   off   to  c o n t i n u o u s l y   on  or  v i c e   v e r s a .  



1.  A  p r o c e s s   for   c o n t r o l l i n g   the  shape  of  a  meta l   s t r i p   b e i n g  

r o l l e d   between  two  r o l l s ,   the   p rocess   c o m p r i s i n g :  

a)  measu r ing   the  shape  of  the  s t r i p t ,  

b)  s p r a y i n g   c o o l i n g   f l u i d   on  at  l e a s t   one  of  the  r o l l s   in  a t  

l e a s t   one  zone ; 

c)  c o n t r o l l i n g   the  s p r a y i n g   of  c o o l i n g   f l u i d   a c c o r d i n g   to  a  

duty  c y c l e .  

2.  A  p roce s s   a c c o r d i n g   to  claim  1  where in   the  s t r i p   is  f o i l .  

3.  A  p r o c e s s   a c c o r d i n g   to  claim  1  where in   c o o l i n g   f l u i d   i s  

sprayed  in  c y c l e s ,   wi th   each  cyc le   being  i n i t i a t e d   a  p r e d e t e r m i n e d   t i m e  

a f t e r   the  i n i t i a t i o n   of  the  immedia te ly   p r e c e e d i n g   c y c l e .  

4.  A  p roce s s   a c c o r d i n g   to  claim  3  wherein   the  p r e d e t e r m i n e d   t i m e  

is  about   ten  s e c o n d s .  

5.  A  p r o c e s s   a c c o r d i n g   to  claim  1  where in   c o o l i n g   f l u i d   i s  

sp rayed   from  a  p l u r a l i t y   of  p a i r s  o f   n o z z l e s ,   each  p a i r   being  l o c a t e d  

to  d i r e c t   a  spray  of  f l u i d   a t   a  p r e d e t e r m i n e d   zone  on  one  of  t h e  

r o l l s .  

6 .   A  system  for   c o n t r o l l i n g   the  shape  of  a  metal   s t r i p   b e i n g  

r o l l e d   between  two  r o l l s ,   the   system  c o m p r i s i n g :  

a)  measurement   means  for  measur ing   the  shape  of  the  s t r i p ,  

b)  nozz le   means  for   sp ray ing   c o o l i n g   f l u i d   on  at  l e a s t   one  o f  

the  r o l l s   in  at  l e a s t   one  zone ; 

c)  a  c o n t r o l   sys tem  coupled  to  the  measurement   means  and  t o  

the  nozzle   means  for  c o n t r o l l i n g   the  sp ray ing   of  c o o l i n g   f l u i d  

a c c o r d i n g   to  a  duty  c y c l e .  
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