
European  Patent  Office  ©  Publication  number:  0  1 5 1   6 7 5  

Office  europeen  des  brevets  A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  84107573.2  ©lnt.CI.4:B  21  B  3 7 / 0 2  

©  Date  of  filing:  29.04.81 

©  Date  of  publication  of  application:  @  Applicant:  KAWASAKI  STEEL  CORPORATION 
21.08.85  Bulletin  85/34  No.  1-28,  1-ChomeKitahonmachi-Dori 

Chuo-Ku,  Kobe-Shi  Hyogo651(JP) 
©  Designated  Contracting  States: 

DE  FR  GB  ©  Inventor:  Aizawa,  Hitoshi 
25-7,  Yamamotodori  4-chome  Chuo-ku 

©  Publication  number  of  the  earlier  application  Kobe-shi  Hyogo  651(JP) 
in  accordance  with  Art.  76  EPC:  0  063  633 

©  Inventor:  Takarada,  Masaaki 
4-14,  Inagedai-cho 
Chiba-shi  Chiba281(JP) 

©  Representative:  Patentanwalte  Grunecker,  Dr. 
Kinkeldey,  Dr.  Stockmair,  Dr.  Schumann,  Jakob,  Dr. 
Bezold,  Meister,  Hilgers,  Dr.  Meyer-Plath 
Maximilianstrasse  58 
D-8000  Munchen  22(DE) 

54)  Method  of  automatically  controlling  the  rate  of  reduction  in  a  rolling  mill. 

©  The  invention  describes  a  method  for  automatically 
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calculated  output  thickness,  an  input  length  and  an  output 
length  and  an  error  signal  between  the  estimated  input 
thickness  and  the  actually  measured  input  thickness  is 
diminished  to  zero. 
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The  i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of  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 he   r a t e   of  r e d u c t i o n   in  a  r o l l i n g   m i l l   f o r  

r o l l i n g   a  m a t e r i a l   b e i n g   r o l l e d   a t   a  p r e d e t e r m i n e d   r a t e  

of  r e d u c t i o n .  

In  r e c e n t   y e a r s   n e c e s s i t y   has   been   v o i c e d   f o r   i m p r o v e d  

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

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

c o l d   r o l l i n g   of  t h i n   s t e e l   s h e e t s   s u c h   as  an  e l e c t r i c a l  

s t e e l   s h e e t   and  a  s t a i n l e s s   s t e e l   s h e e t   by  m e a n s   o f  

S e n d z i m i r   m i l l s   and  c o n s e q u e n t l y   i t   i s   d e s i r e d   to  i m p r o v e  

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

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

d e v i c e   t h e r e f o r e   t h e r e   have   h e r e t o f o r e   been   e m p l o y e d  

a u t o m a t i c   g a u g e   c o n t r o l   ( f o r   e x a m p l e   see   U S - P S - 4 2   44  0 2 5 )  

f o r   d i m i n i s h i n g   to  z e r o   t he   d e v i a t i o n   in  t h e   o u t p u t   s i d e  

s t r i p   t h i c k n e s s   f rom  a  p r e d e t e r m i n e d   d e s i r e d   u n i f o r m  

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

( s e e   U S - P S - 3 6   24  3 6 9 ) .  



The  ARC  c o n t e m p l a t e s   to  c o r r e c t   t h e   i n p u t   d e v i a t i o n   b y  

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

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

c o m p a r e d   w i t h   t he   a f o r e s a i d   AGCs,  so  t h a t   t h e   l o a d   o f  

t h e   s c r e w d o w n   s y s t e m   can  be  low,   t he   r e s p o n s i b i l i t y  

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

A  s p e c i f i c   m e t h o d   of  ARC,  in  w h i c h   t h e   r a t e   of   r e d u c t i o n  

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

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

gap   to   b e c o m e   e q u a l   to   t h e   d e s i r e d   r a t e   of  r e d u c t i o n  

in   t h e   same  m a n n e r   as  in  t h e   o r d i n a r y   s t r i p   t h i c k n e s s  

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

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

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

c a s e   t h e r e   have   h e r e t o f o r e   been   known  a  m e t h o d   of  m e a s u r -  

i n g   t h e   r a t e   of   r e d u c t i o n   by  use   of  a  s t r i p   t h i c k n e s s  

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

f r o m   t h e   s t r i p   l e n g t h   or  s t r i p   s p e e d   by  u se   o f   d e f l e c t o r -  

o d e s ,   e t c .   With   ARC  by  use   of  t h e   f o r m e r ,   t h e   p o s i t i o n ,  

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

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

p l a c e   due  to   t h e   t r a v e l   of  t h e   m a t e r i a l   t h e r e b e t w e e n ,  

t h u s   d e t e r i o r a t i n g   t h e   c o n t r o l l a b i l i t y .   Wi th   ARC  by  u s e  

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

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

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

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

In  a d d i t i o n   a n o t h e r   ARC  c o n t e m p l a t e s   to  o b t a i n   a  c o n s t a n t  

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

by  u s e   of   an  a c c u m u l a t o r   and  r o l l s   b e i n g   low  in  e l a s t i -  

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

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

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

r a t e   of   r e d u c t i o n   i s   n o t   e a s i l y   o b t a i n a b l e .   I t   i s   t h e r e -  

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



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 he   r a t e   of  r e d u c t i o n   in  a  

r o l l i n g   m i l l .   c a p a b l e   of  c a r r y i n g   ou t   r o l l i n g   at   a  c o n -  

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

a c c u r a c y .  T h i s   t a s k   is   s o l v e d   b y  a   me thod   of  a u t o m a t i -  

c a l l y   c o n t r o l i i n g   the   r a t e   of  r e d u c t i o n   i n  a   r o l l i n g  

m i l l   f o r   r o l l i n g   a  m a t e r i a l   b e i n g   r o l l e d   at   a  p r e d e t e r -  

mined   r a t e   of  r e d u c t i o n ,   w h e r e i n   t he   r a t e   of  r e d u c t i o n  

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

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

a c t u a l l y   m e a s u r e d   i n p u t   t h i c k n e s s   of  t he   m a t e r i a l   and  a  

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

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

i n p u t   t h i c k n e s s   i s   e s t i m a t e d   f rom  the   o u t p u t   t h i c k n e s s  

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

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

and  an  a c t u a l l y   m e a s u r e d   i n p u t   t h i c k n e s s   can  be  d i m i n i s h -  

ed  to  z e r o .  

With  t h e s e   f e a t u r e s   t h e r e   i s   no  d e l a y   in  t i m e   due  to  t h e  

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

i n p u t   t h i c k n e s s ,   so  t h a t   s a t i s f a c t o r y   r e s p o n s e   to  t h e  

i n p u t   t h i c k n e s s   can  be  o b t a i n e d .   A c c o r d i n g   to  p r e f e r r e d  

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

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

o b t a i n e d   by  a d d i n g   an  a v e r a g i n g   d i f f e r e n c e   b e t w e e n   a  

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

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

r o l l e d   o v e r   a  p r e d e t e r m i n e d   l e n g t h   of  t he   m a t e r i a l .  

With  t h e s e   f e a t u r e s   i t   i s   p o s s i b l e ,   to  o b v i a t e   t h e   s t e a d y  

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

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

c h a n g e s   in  s t r i p   w i d t h   o r  t h e   l i k e   in  t he   a b o v e   m e n t i o n e d  

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

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

of  t h e   p r e s e n t . i n v e n t i o n  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 ,  

in  w h i c h   F i g .   1  is   a  b l o c k   d i a g r a m ,   s h o w i n g   a  r e d u c t i o n  

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

p r e s e n t   i n v e n t i o n   i s   a p p l i e d   to  a  r e v e r s i n g   m i l l ,   F i g .  2  

is   a  d i a g r a m   s h o w i n g   an  e x a m p l e   of  t h e   c h a n g e s   in  t h i c k -  

n e s s   d e v i a t i o n   in  t h e  u s e   of  t h e   i n v e n t i v e   m e t h o d   a n d  

F i g .   3  i s   a  d i a g r a m   s h o w i n g   an  e x a m p l e   of  r e c o r d e d  

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

i n v e n t i o n .   To  e x p l a i n   t h e   i n v e n t i v e   f e a t u r e s   t h e  

bl -ock  d i a g r a m ,   shown  in  F i g .   1 ,  w i l l  b e  e x p l a i n e d   i n  

t h e   f o l l o w i n g :  

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

i n g   a  s m a l l   t o u c h   r o l l   10,  a  p u l s e   g e n e r a t o r   11  and  a n  

i n p u t   l e n g t h   c o u n t e r   101  f o r   d e t e c t i n g   an  i n p u t   l e n g t h  

Le  of  an  m a t e r i a l   6  b e i n g   r o l l e d  i n   t h e   m i l l   8,  an  i n p u t  

t h i c k n e s s   g a u g e   31  f o r   d e t e c t i n g   an  a c t u a l l y   m e a s u r e d  

i n p u t   t h i c k n e s s   Gea  of   t h e   m a t e r i a l   6  an  i n p u t  t h i c k n e s s  

d e v i a t i o n   o u t p u t   c i r c u i t   33  f o r   f e e d i n g   a  d i f f e r e n c e  

Δ  Gi   b e t w e e n   t h e   a c t u a l l y   m e a s u r e d   i n p u t   t h i c k n e s s   G i a  

fed   f rom  t h e   i n p u t   t h i c k n e s s   g a u g e   31  and  i n p u t   t h i c k -  

n e s s   r e f e r e n c e   v a l u e   G i s ,   an  i n p u t   t h i c k n e s s   d e v i a t i o n  

s h i f t   r e g i s t e r   60  f o r   s t o r i n g   t h e   i n p u t   t h i c k n e s s  

d e v i a t i o n  Δ  G i   fed   f rom  t h e   i n p u t   t h i c k n e s s   d e v i a t i o n  

o u t p u t   c i r c u i t   33,  s u c c e s s i v e l y   s h i f t i n g   same  in  a c c o r d -  

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

s i g n a l   f ed   f rom  t h e   a f o r e s a i d   i n p u t   l e n g t h   c o u n t e r   101 

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

t h e   work  r o l l s ,   a  d e s i r e d   r e d u c t i o n   o u t p u t   c i r c u i t   5 0  

f o r   c a l c u l a t i n g   a  d e s i r e d   r a t e   of   r e d u c t i o n   R  f rom  t h e  

i n p u t   t h i c k n e s s   r e f e r e n c e   v a l u e   Gis   and  an  o u t p u t  

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

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

20 ,   a  p u l s e   g e n e r a t o r   21  and  an  o u t p u t   l e n g t h   c o u n t e r  

111  f o r   d e t e c t i n g   an  o u t p u t   l e n g t h   Lo  of  t h e   m a t e r i a l  

6,  a  c a l c u l a t i n g   c i r c u i t   150  f o r  i n i t i a t i n g   c a l c u l a t i o n  

e a c h   t i m e   a  p r e d e t e r m i n e d   l e n g t h   i s   d e t e c t e d   by  m e a n s  

of   t h e   i n p u t   l e n g t h   c o u n t e r   101,   c a l c u l a t i n g   an  e s t i m a t -  

ed  i n p u t   t h i c k n e s s   Gic  t h r o u g h   an  e q u a t i o n :  



o r  

From  t he   i n p u t   l e n g t h   Li  fed   f rom  the   i n p u t   l e n g t h   c o u n -  

t e r   101,   t h e   o u t p u t   l e n g t h   Lo  fed   f rom  t he   o u t p u t   l e n g t h  

c o u n t e r   111 ,   t h e   i n p u t   t h i c k n e s s   d e v i a t i o n  Δ  G i   i m m e d i a -  

t e l y   b e f o r e   t h e   p o s i t i o n s   of  work  r o l l s   fed   f rom  t h e  

i n p u t   t h i c k n e s s   d e v i a t i o n   s h i f t   r e g i s t e r   60,  t he   o u t p u t  

t h i c k n e s s   r e f e r e n c e   v a l u e   Gos  and  the   d e s i r e d   r a t e   o f  

r e d u c t i o n   a r e   fed   from  the   d e s i r e d   r e d u c t i o n   o u t p u t  

c i r c u i t   50  and  f e e d i n g   an  e r r o r   s i g n a l  Δ  x   (ARC)  b e t w e e n  

t he   e s t i m a t e d   i n p u t   t h i c k n e s s   Gic  (ARC)  and  the   a c t u a l l y  

m e a s u r e d   i n p u t   t h i c k n e s s   Gia  fed   f rom  t he   i n p u t   t h i c k n e s s  

g a u g e   31,  a  c o r r e c t i o n   v a l u e   c a l c u l a t i n g   c i r c u i t   80  f o r  

o o t a i n i n g   a  c a l c u l a t e d   o u t p u t   t h i c k n e s s   d e v i a t i o n  A G i  

( 1 - r )   f r om  t h e   i n p u t   t h i c k n e s s   d e v i a t i o n   Gi  fed   f r o m  

the   i n p u t   t h i c k n e s s   d e v i a t i o n   o u t p u t   c i r c u i t   33  and  t h e  

d e s i r e d   r a t e   of  r e d u c t i o n   R  fed   f rom  t h e   d e s i r e d   r e d u c -  

t i o n   o u t p u t   c i r c u i t   50,  c a l c u l a t i n g   a  f e e d b a c k   c o r r e c t i o n  

v a l u e   C  f o r   c o r r e c t i n g   an  e r r o r   f rom  t he   c a l c u l a t e d   o u t -  

put   t h i c k n e s s   d e v i a t i o n   A G e   ( 1 - r )   and  t he   a c t u a l l y  

m e a s u r e d   o u t p u t   t h i c k n e s s   d e v i a t i o n  Δ  G o   t h r o u g h   a n  

e q u a t i o n  

and  f e e d i n g   same  to  t h e   c a l c u l a t i n g   c i r c u i t   150  a  s c r e w -  

down  a p p a r a t u s   90  i n c l u d i n g   a  h y d r a u l i c   c y l i n d e r   91,   a n  

e l e c t r o   h y d r a u l i c s e r v o - v a l v e   92  and  a  s c r e w d o w n   s e r v o  

m e c h a n i s m   93  f o r   c o n t r o l l i n g   t h e   p o s i t i o n s   of  t h e   w o r k  

r o l l s   in  a c c o r d a n c e   w i t h   t h e   e r r o r   s i g n a l  b  x   (ARC)  f e d  

f rom  t h e   c a l c u l a t i n g   c i r c u i t   150  and  a  r e c o r d e r   160  a n d  

an  i n d i c a t o r   161  f o r   r e c o r d i n g   and  i n d i c a t i n g   a  r a t e   o f  

r e d u c t i o n   L o - L i   c a l c u l a t e d   f rom  t he   i n p u t   l e n g t h   Li  a n d  

Lo 

t he   o u t p u t   l e n g t h   Lo  in  t he   c a l c u l a t i n g   c i r c u i t   150.   T h e  

i n v e n t i v e   m e t h o d   i s   now  as  f o l l o w s :  



F i r s t l y ,   the   i n p u t   l e n g t h   Li  i s   m e a s u r e d   s u c h   t h a t   t h e  

n u m b e r   of  r o t a t i o n s   of  t h e   t o u c h   r o l l   10  p r o v i d e d   on  t h e  

c e n t e r   l i n e   of  t h e   d e f l e c t o r   r o l l   41  d i s p o s e d   f o r w a r d l y  

of  t h e   m i l l   8  i s   c o n v e r t e d   i n t o   p u l s e s   by  means   of  t h e  

p u l s e   g e n e r a t o r   11  and  c o u n t e d   by  means   of  t h e   i n p u t  

l e n g t h   c o u n t e r   101.   The  d i g i t a l   or  a n a l o g   i n p u t   l e n g t h  

Li  t h u s   o b t a i n e d   i s   f ed   to   t h e   c a l c u l a t i n g   c i r c u i t   1 5 0 .  

S u b s e q u e n t l y ,   t h e   a c t u a l l y   m e a s u r e d   i n p u t   t h i c k n e s s   G i a  

i s   m e a s u r e d   by  m e a n s   of  t h e   i n p u t   t h i c k n e s s   g a u g e   31 

i n t e r p o s e d   b e t w e e n   t h e   d e f l e c t o r   r o l l   41  and  t h e   p o s i t i o n s  

of  work  r o l l s ,   c o m p a r e d   w i t h   t h e   i n p u t   t h i c k n e s s   r e f e r -  

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

33,  and  t h e   i n p u t   t h i c k n e s s   d e v i a t i o n  A G i   t h u s   o b t a i n e d  

i s   f ed   to   t he   i n p u t   t h i c k n e s s   d e v i a t i o n   s h i f t   r e g i s t e r  

60 .   The  i n p u t   t h i c k n e s s   d e v i a t i o n s   ΔGi  t h u s   s u p p l i e d  

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

t h e   i n p u t   l e n g t h   c o u n t e r   101,   w h e r e b y   t h e   i n p u t   t h i c k -  

n e s s   d e v i a t i o n  Δ G i   i m m e d i a t e l y   b e f o r e   t h e   p o s i t i o n s   o f  

work  r o l l s   i s   fed   f rom  t h e   s h i f t   r e g i s t e r   60  to  t h e  

c a l c u l a t i n g   c i r c u i t   1 5 0 .  

The  d e s i r e d   r a t e   of  r e d u c t i o n   r  i s   c a l c u l a t e d   f rom  t h e  

i n p u t   and  o u t p u t   t h i c k n e s s   r e f e r e n c e   s i g n a l s   Gis  and  G o s ,  

w h i c h   have   been  s e t   by  t h e   o p e r a t o r ,   in  t h e   d e s i r e d   r e -  

d u c t i o n   c a l c u l a t i n g   c i r c u i t   50,   and  t h e n ,   f ed   to  t h e  

c a l c u l a t i n g   c i r c u i t   150  as  a  c o n s t a n t .  

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

g e n e r a t o r   21  of   t h e   t o u c h   r o l l   20  b e i n g   in  c o n t a c t   w i t h  

t h e   d e f l e c t o r   r o l l   42  d i s p o s e d   a t   t h e   o u t p u t   s i d e   of  t h e  

m i l l   8 , p a s s e d   t h r o u g h   t h e   o u t p u t   l e n g t h   c o u n t e r   1 1 1 ,  

and  fed   to  t h e   c a l c u l a t i n g   c i r c u i t   150  as  t h e   d i g i t a l  

or   a n a l o g   o u t p u t   l e n g t h   s i g n a l   Lo.  In  t h e   c a l c u l a t i n g  

c i r c u i t   150,   an  e s t i m a t e d   i n p u t   t h i c k n e s s   Gic  i s   c a l c u -  

l a t e d   t h r o u g h   t h e   e q u a t i o n   (1)   f rom  t h e   a b o v e d e s c r i b e d  

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

l e n g t h   Lo,  t he   i n p u t   t h i c k n e s s   d e v i a t i o n   Gi ,   t he   o u t p u t  



t h i c k n e s s   r e f e r e n c e   v a l u e   Gos,  and  the   d e s i r e d   r a t e   o f  

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

a t o r   11,  an  e r r o r   s i g n a l   Δx.  (ARC)  b e t w e e n   the   e s t i m a t e d  

i n p u t   t h i c k n e s s   Gic  and  t h e   a f o r e s a i d   a c t u a l l y   m e a s u r e d  

i n p u t   t h i c k n e s s   Gia  fed   to  t he   s c r e w d o w n   s e r v o - m e c h a n i s m  

93  of  the   s c r e w d o w n   a p p a r a t u s   90.  The  e l e c t r o - h y d r a u l i c  

s e r v o - v a l v e   92  c o n t r o l s   t h e   r e d u c t i o n   a c t i o n   of  t h e  

h y d r a u l i c   c y l i n d e r   91  in  a  m a n n e r   to  d i m i n i s h   t he   a f o r e -  

s a i d   e r r o r   s i g n a l  A x   (ARC)  to  z e r o   a t   a l l   t i m e s .  

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

e r r o r s   in  t h e   r a t e   of  r e d u c t i o n   due  to  t he   d i f f e r e n c e  

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

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

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

o u t p u t   t h i c k n e s s   d e v i a t i o n .   More  s p e c i f i c a l l y   a  c a l c u -  

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

i n p u t   t h i c k n e s s   d e v i a t i o n  Δ G i   ( 1 - r ) ,   t h e   c a l c u l a t e d  

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

a c t u a l l y   m e a s u r e d   o u t p u t   d e v i a t i o n   Δ Go  and  t h e   d i f f e r -  

e n c e   t n e r e b e t w e e n   t h u s   o b t a i n e d   i s   u sed   as  t h e   c o r r e c t i o n  

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

t i o n   v a l u e   C  in  t h e   e q u a t i c n ( 3 ) i s   o b t a i n e d   e v e r y t i m e  

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

and  c o r r e c t i o n   i s   c a r r i e d   ou t   by  t h e   fo rm  of  t h e   e q u a t i o n  

( 2 ) .  

The  r a t e   of  r e d u c t i o n   i s   u s u a l l y   r e p r e s e n t e d   by  ( G i - G o ) .  

Gi  

H o w e v e r ,   s i n c e   t he   p o s i t i o n   of  t he   t h i c k n e s s   g a u g e   i s  

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

i t   i s   n e c e s s a r y   to   a l l o w   t h e   m a t e r i a l   6  to  r e a c h   t h e  

t h i c k n e s s   g a u g e   d i s p o s e d   a t   t he   o u t p u t   s i d e   b e f o r e   t h e  

t r u e   r a t e   of  r e d u c t i o n   can  be  o b t a i n e d .   C o n s e q u e n t l y  

to  use   t he   s t r i p   t h i c k n e s s   as  t h e   r e p r e s e n t a t i o n   of  t h e  

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

i s   l i k e   t r a c k i n g   s y s t e m   i s   n e c e s s a r y   and  t he   r e s p o n s e  



become  l ow .   T h e r e f o r e ,   in  t h i s   i n v e n t i o n   the   r a t e   o f  

r e d u c t i o n   i s   e a s i l y   o b t a i n e d   by  c a l c u l a t i n g   ( L o - L i ) / L o  

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

Gie  =Lo  Go.  The  r e c o r d e r   160  and  the   i n d i c a t o r   161 

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

Lo  =  L i / L o   w h i c h   has   been   c a l c u l a t e d   in  t h e   a f o r e s a i d  

c a l c u l a t i n g   c i r c u i t   1 5 0 .  

F i g s .   2  and  3  a r e   r e c o r d i n g   c h a r t s   s h o w i n g   t he   d e v i a t i o n  

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

of  a p p l y i n g   t h e   p r e s e n t   i n v e n t i o n .   F i g .  2   shows  a n  

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

h a v i n g   a  s t r i p   t h i c k n e s s   of  a p p r o x i m a t e l y  =   10  m i c r o -  

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

i s   b e s t   shown  t h e   c o n d i t i o n   t h a t   t h e   c h a n g e   in  o u t p u t  

t h i c k n e s s   i n d i c a t e d   by  D  f o l l o w s   t h e   c h a n g e   in  i n p u t  

t h i c k n e s s   i n d i c a t e d   by  E.  A d d i t i o n a l l y ,   a c c o r d i n g   t o  

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

t h e   m a t e r i a l   i s   r o l l e d   w i t h i n   +  1%  w i t h   r e s p e c t   t o  

t he   d e s i r e d   v a l u e   9%.  

I t   s h o u l d   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  t he   a r t ,   t h a t  

t h e   i n v e n t i v e   m e t h o d   can  be  c a r r i e d   ou t   w i t h   n u m e r a l s  

and  v a r i o u s   o t h e r   a r r a n g e m e n t s   by  t h o s e   s k i l l e d   in  t h e  

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

t h e   i n v e n t i o n .  



1.  A  m e t h o d   of  a u t o m a t i c a l l y   c o n t r o l l i n g   the   r a t e   o f  

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

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

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

t h a t   an  o u t p u t   t h i c k n e s s ' o f   t h e   m a t e r i a l   b e i n g   r o l l e d  

i s   c a l c u l a t e d   f rom  an  a c t u a l l y   m e a s u r e d   i n p u t   t h i c k -  

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

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

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

i s   e s t i m a t e d   f rom  t h e   o u t p u t   t h i c k n e s s   f i r s t   c a l c u -  

l a t e d ,   an  i n p u t   l e n g t h   and  an  o u t p u t   l e n g t h ,   and  a 

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

and  an  a c t u a l l y   m e a s u r e d   i n p u t   t h i c k n e s s   can  b e  

d i m i n i s h e d   to  z e r o .  

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

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

a  c o r r e c t i o n   v a l u e   o b t a i n e d   by  a d d i n g   and  a v e r a g i n g  

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

d e v i a t i o n   and  an  a c t u a l l y   m e a s u r e d   t h i c k n e s s   d e v i a -  

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

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