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5$  METHOD  OF  CONTROLLING  WIDTH  OF  PLATE. 

Method  of  equalizing  the  width  of  a  rolled  plate  in  a 
hot  rough  rolling  process  for  rolling  a  plate  by  vertical  and 
horizontal  rolling  machines  alternatively  disposed,  particu- 
larly  a  method  of  controlling  the  width  of  a  plate.  In  order 
to  eliminate  the  variations  in  the  width  of  the  plate  due  to 
a  difference  in  temperature  distribution  essentially  be- 
tween  a  skid  unit  and  a  non-skid  unit  at  the  output  side  of 
the  rough  rolling  machine  in  the  lateral  direction  of  the 
plate.  The  present  method  includes  the  steps  of  measuring 
the  width  of  a  plate  to  be  rolled  with  a  plate  width  meter 
(2)  to  thereby  obtain  the  expansion  coefficient  of  the  res- 
pective  raised  widths  at  the  ends  of  the  plate  in  the  lateral 
direction  thereof,  which  plate  is  to  be  rolled  in  the  longitu- 
dinal  direction  over  the  entire  area  of  at  least  the  interme- 
diate  portion  thereof,  and  calculating,  over  the  entire  area 
of  at  least  the  intermediate  portion  of  the  plate  to  be  rolled, 
the  pressure  correction  amount  necessary  to  reduce  to 
zero  the  variations  in  the  width  of  the  plate  predicted  to 
occur  after  the  measuring  point,  on  the  basis  of  the  expan- 
sion  coefficient,  the  width  cutting  amount  for  controlling 
the  opening  of  rolls  in  the  respective  vertical  rolling  ma- 
chines  after  a  vertical  rolling  machine  to  be  controlled,  the 
coefficient  of  standard  raised  width,  and  the  amount  of 
measured  variation  in  width  of  the  plate  introduced  by  the 
aforementioned  measured  amount  to  thereby  control  the 

opening  of  the  rolls  in  the  vertical  rolling  machine  (E4)  to 
carry  out  the  pressure  correction  amount  of  the  plate  to  be 
rolled  in  the  vertical  rolling  machines  after  the  measured 
point. 



F i e l d   of  t h e   I n v e n t i o n :  

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   w i d t h   c o n t r o l   of  a  

r o l l e d   m e t a l   p r o d u c t   p r o d u c e d   by  a  h o t   s t r i p   m i l l   and  m o r e  

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

in   w i d t h   r e s u l t i n g   f rom  t h e   h o t   r o l l i n g .  

B a c k g r o u n d   of  t h e   I n v e n t i o n :  

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

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

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

s e r i e s   and  a l t e r n a t e l y   one  a f t e r   a n o t h e r .   I t   has   b e e n   t h e  

g e n e r a l   p r a c t i c e   in   a  r o l l i n g   o p e r a t i o n   to   s e t   t h e   r o l l   g a p s  

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

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

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

g a p s   a r e   u s u a l l y   k e p t   u n c h a n g e d   t h r o u g h o u t   t h e   r o l l i n g   o p e r a -  
t i o n   f o r   t h a t   m a t e r i a l .   Due  to   u n e v e n   d i s t r i b u t i o n   of  t e m p e r a -  

t u r e s   or  s o - c a l l e d   s k i d   m a r k s   in  t h e   s l a b s   g e n e r a t e d   in  t h e  

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

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

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

B e c a u s e   of  t h i s ,   in  o r d e r   to  a v o i d   t h e   p o s s i b i l i t y   of  i n s u f -  

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

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

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



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

w a s t e   and  r e d u c t i o n   in   y i e l d .  

In  an  a t t e m p t   to   e l i m i n a t e   or   r e d u c e   v a r i a t i o n   in   w i d t h  

of  t h e   r o l l e d   p r o d u c t s   due   to   s u c h   s k i d   m a r k s   in   t h e   s l a b  

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

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

r o l l e d   in   t h e   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 6 , 5 0 3 / 1 9 7 7  

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

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

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

d e v i a t i o n   b e t w e e n   a  m in imum  t e m p e r a t u r e   and  a  t e m p e r a t u r e   a t  

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

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

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

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

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

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

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

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

o p e r a t i o n .   T h i s   m e t h o d   i s   p r e m i s e d   on  t h e   a s s u m p t i o n   t h a t  

t h e   c a u s e   of   t h e   w i d t h   v a r i a t i o n   in   a  m a t e r i a l   i s   as  f o l l o w s .  

T h a t   i s ,   i n - a   h o t   s l a b   f e d   f rom  t h e   f u r n a c e ,   t h e r e  

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

a  r e l a t i v e l y   low  t e m p e r a t u r e   a l t e r n a t e l y   one   a f t e r   a n o t h e r  

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

h e a t   s h i e l d i n g   due  to   t h e   s k i d   a r r a n g e m e n t   in   t h e   f u r n a c e .  

And,   t h e   r e l a t i v e l y   low  t e m p e r a t u r e   a r e a s   of   t h e   m a t e r i a l   o r  

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

t h e   r e l a t i v e l y   h i g h   t e m p e r a t u r e   a r e a s ,   w i t h   t h e   r e s u l t   t h a t  

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

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

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

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

m e n t i o n e d   a b o v e ,   and  t h e r e f o r e ,   i t   ha s   b e e n   b e l i e v e d   t h a t   t h e  

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

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

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

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



p r o d u c t s .  

The  m e t h o d   of  c o n t r o l l i n g   t h e   r o l l e d   p r o d u c t   w i d t h  

a c c o r d i n g   to   t h e   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 6 , 5 0 3 / 1 9 7 7  

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

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

in  t h e   l o n g i t u d i n a l   d i r e c t i o n   of  a  s l a b   to   be  r o l l e d ,   a n d  

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

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

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

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

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

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

P a t e n t   P u b l i c a t i o n   No.  2 5 , 8 2 3 / 1 9 7 6 ,   t h e   J a p a n e s e   P a t e n t  

L a i d - O p e n   A p p l i c a t i o n   No.  7 2 , 3 5 0 / 1 9 7 7 ,   t h e   J a p a n e s e   P a t e n t  

P u b l i c a t i o n   No.  2 4 , 9 0 7 / 1 9 7 5 ,   and  t h e   J a p a n e s e   P a t e n t   L a i d -  

Open  A p p l i c a t i o n   No.  8 7 , 4 5 5 / 1 9 7 6 .   In  t h e   m e t h o d   d i s c l o s e d   i n  

t h e   J a p a n e s e   P u b l i c a t i o n   No.  2 5 , 8 2 3 / 1 9 7 6 ,   a  s l a b   or  m a t e r i a l  

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

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

r e l a t i v e l y   i n c r e a s e d   or  d e c r e a s e d   in   i n v e r s e   p r o p o r t i o n   t o  

t h e   w i d t h   of  a  m a t e r i a l   to   be  r o l l e d .  

The  m e t h o d   d i s c l o s e d   i n  t h e   J a p a n e s e   P a t e n t   L a i d - O p e n  

A p p l i c a t i o n   No.  7 2 , 3 5 0 / 1 9 7 7   i s   d i r e c t e d   to   t h e   c o n t r o l   o f  

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

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

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

r o l l i n g   o p e r a t i o n   i s   d e t e r m i n e d   as  a ' f u n c t i o n   of  t h e   l o n g i -  

t u d i n a l   p o s i t i o n   ( d i s t a n c e   f rom  t h e   l e a d i n g   end)  of  t h e  

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

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

s e t t i n g   a  p a t t e r n   to   be  u t i l i z e d   f o r   c o n t r o l l i n g   t h e   o p e n i n g  

of  t h e   v e r t i c a l   r o l l s   so  as  to   c o n t r o l   t h e   a b o v e   m e n t i o n e d  

w i d t h   s p r e a d   a c c o r d i n g   to   t h e   f a c t o r   a b o v e .   The  m e t h o d   d i s -  

c l o s e d   in  t h e   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 4 , 9 0 7 / 1 9 7 5   i s  

c o n c e r n e d   w i t h   t h e   c o n t r o l   of  t h e   r o l l   gap  of  t h e   v e r t i c a l  

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

r e l a t i v e   to  t h e   w i d t h   s p r e a d   of  t h e   m a t e r i a l   to  be  r o l l e d  



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

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

P a t e n t   L a i d - O p e n   A p p l i c a t i o n   No.  8 7 , 4 5 5 / 1 9 7 6   i s   a l s o   c o n c e r n e d  

w i t h   t h e   p r o v i s i o n   of   t h e   gap  c o n t r o l   of  t h e   v e r t i c a l   r o l l s  

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

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

r o l l i n g   c o n d i t i o n s .  

D i s c l o s u r e   of   t h e   I n v e n t i o n :  

A c c o r d i n g   to   t h e   r e s u l t s   of  i n t e n s i v e   s t u d y   by  t h e  

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

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

m a t e r i a l   to   be  r o l l e d   i s   n o t   any  of  t h e   a s s u m p t i o n s   made  i n  

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

s u c h   as  i s   d i s c u s s e d   b e l o w .  

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

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

t h e   e x t e n t   of  w i d t h  v a r i a t i o n   of  t h e   r o l l e d   m a t e r i a l s   d e l i v e r e d  

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

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

in   t h e   t r a n s v e r s e   or  w i d t h w i s e   d i r e c t i o n   of   t h e   r o l l e d   m a t e r i a l s .  

I t   was  o b s e r v e d   t h a t   t h e r e   w e r e   some  a r e a s   f r e e   f r o m  

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

i n  t h e   f u r n a c e   ( h e r e i n a f t e r   r e f e r r e d   to   as  " s k i d - f r e e   a r e a s " )  

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

t h e   s k i d   a r r a n g e m e n t   ( h e r e i n a f t e r   r e f e r r e d   to   as  " s k i d d e d  

a r e a s " )   e x i s t i n g   a l t e r n a t e l y   in   t h e   l o n g i t u d i n a l   d i r e c t i o n  

of  a - s l a b   f e d   f r o m   t h e   f u r n a c e   as  s t a t e d   h e r e i n b e f o r e ,   a n d  

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

t i o n   i n   a  r o l l e d   b a r   as  m e n t i o n e d   h e r e i n b e f o r e   i s   a  s u b s t a n -  

t i a l   d i f f e r e n c e   in   t h e   c r o s s - s e c t i o n a l   s h a p e   of  t h e   r o l l e d  

m a t e r i a l   b e t w e e n   t h e   s k i d d e d   a r e a s   and  t h e   s k i d - f r e e   a r e a s  

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

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

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

l a t e d   f rom  t h e   a m o u n t   of  b u l g i n g   or  e l e v a t i o n   in   t h i c k n e s s  



a t   t h e   l a t e r a l   m a r g i n   of  a  m a t e r i a l   to   be  r o l l e d   in  t h e  

w i d t h w i s e   or  t r a n s v e r s e   d i r e c t i o n   t h e r e o f   i s   d i f f e r e n t   b e t -  

ween  t h e   s k i d d e d   a r e a s   and  t h e   s k i d - f r e e   a r e a s   of  t h e   m a t e r i a l ,  

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

can   be  c o n t r o l l e d   p r o p e r l y .   For   c o n v e n i e n c e ,   t h r o u g h o u t   t h e  

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

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

t h e   m a t e r i a l   u n d e r g o i n g   t h e   r o l l i n g   o p e r a t i o n   and  t h e   t e r m  

" b a r "   or  " r o l l e d   b a r "   f o r   t h e   m a t e r i a l   d e l i v e r e d   o u t   of  t h e  

t r a i n   of  r o u g h i n g   r o l l s .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g :  

F i g s .   l a ,   lb   and  lc   a r e   i l l u s t r a t i o n   f o r   s h o w i n g   t h e  

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

of  t h e   p r e s e n t   i n v e n t i o n ;   among  w h i c h   F i g .   la   i s   a  f r a g m e n t a r y  

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

t a k e n   a t   t h e   e n t r y   s i d e   of  a  v e r t i c a l   r o l l   s t a n d ,   F i g .   lb  i s  

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

b r o k e n   l i n e   and  a  s k i d - f r e e   a r e a   in   s o l i d   l i n e   in  a  m a t e r i a l  

a t   t h e   d e l i v e r y   s i d e   of  t h e   v e r t i c a l   r o l l s ,   and  F i g .   lc   i s  

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

b r o k e n   l i n e   and  a  s k i d - f r e e   a r e a   in   s o l i d   l i n e   on  t h e   s a m e  

l a t e r a l   m a r g i n   of  a  m a t e r i a l   i m m e d i a t e l y   a f t e r   d e l i v e r e d   f r o m  

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

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

F i g .   2  i s   a  g r a p h i c   r e p r e s e n t a t i o n   s h o w i n g   a  s t a t e   o f  

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

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

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

s k i d d e d   a r e a   i s   shown  in  b r o k e n   l i n e   and  s k i d - f r e e   a r e a   i n  

s o l i d   l i n e ;  

F i g .   3  i s   a  s c h e m a t i c   p l a n   v i e w   s h o w i n g   a  t r a i n   o f  

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

t i o n ;  

F i g .   4  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   c o n t r o l   s e c t i o n  

of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   5  i s   a  g r a p h i c   r e p r e s e n t a t i o n   s h o w i n g   t h e   c a l c u l a t -  

ed  a m o u n t s   of  w i d t h   v a r i a t i o n   a t   t h e   d e l i v e r y   s i d e   of  t h e   r o l l  

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



w h i c h   no  c o r r e c t i o n   was  e f f e c t e d   f o r   r e d u c i n g   v a r i a t i o n   i n  

w i d t h   and  t h e   s o l i d   l i n e   i n d i c a t e s   t h e   c a s e   in  w h i c h   t h e  

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

F i g .   6a  i s   a  g r a p h   s h o w i n g   a  m e a s u r e d   w i d t h   v a r i a t i o n  

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

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

s t a n d   R 5 ;  
F i g .   6b  i s   a  g r a p h   s h o w i n g   a  c o r r e c t i o n   a m o u n t   of  t h e  

r o l l   o p e n i n g   a t   t h e   s t a n d   E4  o v e r   t h e   e n t i r e   m i d d l e   a r e a  

e x t e n d i n g   l i k e w i s e   in   t h e   l o n g i t u d i n a l   d i r e c t i o n   of  t h e  

m a t e r i a l ,   a n d  

F i g .   6c  i s   a  g r a p h   s h o w i n g   m e a s u r e d   w i t d h   v a r i a t i o n   o v e r  

t h e   same  a r e a   a t   t h e   d e l i v e r y   s i d e   of  t h e   l a s t   s t a n d   R6  a n d  

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

c o r r e c t i o n   was  e f f e c t e d   f o r   r e d u c i n g   v a r i a t i o n  i n   w i d t h   a n d  

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

was  a p p l i e d   a c c o r c i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   among  F i g s .   6 a ,  

6b  and  6c,   t h e   a b s c i s s a   d e p i c t s   t h e   l o n g i t u d i n a l   p o s i t i o n   o f  

t h e   r o l l e d   b a r ,   and  t h e   l e f t   h a n d   e n d s   of  t h e   g r a p h s   a r e   f o r  

t h e  l e a d i n g   end  of  t h e   m a t e r i a l   or   b a r   w h i l e   t h e   r i g h t   h a n d  

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

P r e f e r r e d   E m o b o d i m e n t   of  t h e   I n v e n t i o n :  

B e f o r e   g o i n g   on  w i t h   t h e   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 ,   e x p l a n a t i o n   w i l l   be  g i v e n   on  t h e   r e s u l t s   a t t a i n e d  

f r o m   t h e   e x t e n s i v e   s t u d i e s   by  t h e   p r e s e n t   i n v e n t o r s   as  s t a t e d  

a b o v e   in   c o n j u n c t i o n   w i t h   F i g s .   l . a n d   2.  T h a t   i s ,   F i g .   la   i s  

p r e s e n t e d   to   show,   in   c r o s s - s e c t i o n ,   a  l a t e r a l   m a r g i n   of  a  

m a t e r i a l   to   be  r o l l e d   a t   t h e   e n t r y   s i d e   of   t h e   v e r t i c a l   r o l l s ,  

F i g .  l b   s h o w i n g   t h e   same  s e c t i o n   of  t h e   m a t e r i a l   r o l l e d   a t   t h e  

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

same  s e c t i o n   of  t h e   m a t e r i a l   d e l i v e r e d   f rom  t h e   h o r i z o n t a l   r o l l s  

i m m e d i a t e l y   a f t e r   t h e   v e r t i c a l   r o l l s .   As  b e s t   s e e n   in   F i g .   l b ,  

t h e  . l a t e r a l   m a r g i n   of  t h e   m a t e r i a l   t a k e n   i m m e d i a t e l y   a f t e r   a  
v e r t i c a l   r o l l i n g   o p e r a t i o n   e x h i b i t s   a  b u l g i n g   or  e l e v a t i o n   i n  

t h i c k n e s s   of   a  d o g - b o n e   l i k e   s h a p e   in   c r o s s - s e c t i o n ,   r e g a r d l e s s  

of   i t s   b e i n g   a  s k i d d e d   a r e a   shown  in   b r o k e n   l i n e   or   i t s   b e i n g  

s k i d - f r e e   a r e a   s h o w n  i n   s o l i d   l i n e .   H o w e v e r ,   i t   i s   n o t e d   t h a t  

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



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

in  t h e   s k i d - f r e e   a r e a ,   and  p a r t i c u l a r l y   t h e   b u l g i n g   b e c o m e s  

s i g n i f i c a n t l y   g r e a t e r   n e a r   t h e   l a t e r a l   edge   of  t h e   s k i d d e d  

a r e a .   Such  d i f f e r e n c e   in  e x t e n t   of  b u l g i n g   and  c o n f i g u r a -  

t i o n   b e t w e e n   t h e   s k i d d e d   a r e a   and  t h e   s k i d - f r e e   a r e a   w i l l  

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

t y p i c a l l y   shown  in  F i g .   lc   t a k e n   a f t e r   a  h o r i z o n t a l   r o l l i n g  

o p e r a t i o n   in   s u c h   a  m a n n e r   t h a t   t h e   s k i d d e d   a r e   ( shown  i n  

b r o k e n   l i n e )   b r i n g s   a  g r e a t e r   w i d t h   s p r e a d   t h a n   t h a t   of  t h e  

s k i d - f r e e   a r e a   ( shown  in  s o l i d   l i n e ) .  

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

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

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

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

w i d t h   of  a  m e t e r i a l   to   be  r o l l e d ,   as  shown  in  F i g .   2,  i t   i s  

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

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

m a r g i n a l   p o r t i o n s   (B)  t h e r e o f   in   t h e   s k i d - f r e e   a r e a   (as  s h o w n  

in   s o l i d   l i n e ) ,   w h i l e   t h e   t e m p e r a t u r e   of  t h e   m i d d l e   a r e a   (A) 

i s   l o w e r   t h a n   t h a t   of  t h e   l a t e r a l   m a r g i n a l   p o r t i o n s   (B)  i n  

t h e   s k i d d e d   a r e a   ( shown  in  b r o k e n   l i n e ) .   A l s o ,   t h e   m i d d l e  

a r e a   (A)  of  t h e   m a t e r i a l   h a v i n g   t h e   s k i d d e d   a r e a   i s   n o t  

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

d i r e c t i o n )   t h e r e o f   as  t h e   d e g r e e   of  r e s t r i c t i n g   e f f e c t   i n  

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

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

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

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

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

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

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

t h e   s k i d d e d   a r e a   and  t h e   s k i d - f r e e   a r e a ,   r a t h e r   t h a n   due  t o  

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

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

In  t h i s   c o n n e c t i o n ,   i t   i s   to   be  n o t e d ,   as  f u r t h e r  

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

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

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



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

a f t e r   a  h o r i z o n t a l   r o l l i n g   s t e p   due  to   s u c h   b u l g i n g   can   b e  

e s t i m a t e d   p r i o r y   b a s e d   on  an  e x t e n t   of  w i d t h   v a r i a t i o n   of  a  

m a t e r i a l   to   be  r o l l e d   i m m e d i a t e l y   b e f o r e   t h e   v e r t i c a l   r o l l i n g  

s u b s e q u e n t   to   t h e   h o r i z o n t a l   r o l l i n g .  

The  p r e s e n t   i n v e n t i o n ,   t h e   s u b j e c t   m a t t e r   of  w h i c h  

r e s i d e s   in   a  h o t   r o l l i n g   o p e r a t i o n   by  way  of   t r a i n   of  r o u g h -  

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

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

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

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

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

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

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

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

t h e   e n t i r e - l o n g i t u d i n a l   a r e a   of  t h e   m a t e r i a l   to   be  r o l l e d  

b a s e d   on  t h e   v a l u e s   of  t h e   v a r i a t i o n   in   w i d t h   of  t h e   r e s p e c -  
t i v e   p o r t i o n s   in   t h e   l o n g i t u d i n a l   d i r e c t i o n   w h i c h   a r e   d e r i v e d  

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

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

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

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

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

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

a r e a   of  t h e   m a t e r i a l   in   o r d e r   to   h a v e   t h e   v a l u e   of   w i d t h  

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

to   z e r o   a t   t h e   end  of   t h e   t r a i n   of  r o u g h i n g   r o l l   s t a n d s   o n  

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

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

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

or   o p e n i n g   to   be  c o n t r o l l e d ,   t h e   r e f e r e n c e   c o e f f i c i e n t   o f  

w i d t h   s p r e a d   due  t o   b u l g i n g ,   and  t h e   v a l u e s   of  w i d t h   v a r i a -  

t i o n   a t   t h e   r e s p e c t i v e   p o r t i o n s   d e r i v e d   as  a b o v e ;   a n d  

c o n t r o l l i n g   t h e   r o l l   gap  or   o p e n i n g   in   a t   l e a s t   one  v e r t i c a l  

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

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

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



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

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

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

r o l l e d   m a t e r i a l   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 .  

F i r s t l y ,   l e t   us  c o n s i d e r   w i t h   r e s p e c t   to   g e n e r a l  

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

v e r t i c a l   r o l l   s t a n d   and  a  h o r i z o n t a l   r o l l   s t a n d   in  t h e   " i - t h "  

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

As  s t a t e d   h e r e i n b e f o r e ,   in   c o n s i d e r a t i o n   t h a t   a  s k i d -  

f r e e   a r e a   i s   a  p o r t i o n   w h i c h   i s   f r e e   f rom  an  e f f e c t   of  h e a t  

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

can   be  s a i d   t h a t   t h e   t e m p e r a t u r e   of  s u c h   s k i d - f r e e   a r e a   i s  

g e n e r a l l y   h i g h e s t   among  any  o t h e r   p o r t i o n s   of  t h e   s l a b .   A s  

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

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

o v e r   t h e   e n t i r e   m i d d l e   a r e a   e x t e n d i n g   in  t h e   l o n g i t u d i n a l  

d i r e c t i o n   of  t h e   m a t e r i a l .   The  s k i d d e d   a r e a s   a r e   s u b j e c t e d   t o  

t h e   e f f e c t   of  t h e   s k i d   a r r a n g e m e n t   in  t h e   f u r n a c e ,   a n d  

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

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

p o r t i o n s   in  t h e   r o l l e d   m a t e r i a l   or  b a r .  

The  t e r m   " t h e   a m o u n t   of  w i d t h   v a r i a t i o n "   as  u s e d   h e r e i n  

means   a  d i f f e r e n c e   in   w i d t h   of  t h e   m a t e r i a l   b e t w e e n   t h e   s k i d d e d  

a r e a s   and  t h e   s k i d - f r e e   a r e a s .  

Now,  t h e   e x t e n t   of  b u l g i n g   ΔHi  of  a  s k i d - f r e e   a r e a  

o b s e r v e d   a t   t h e   " i - t h "   v e r t i c a l   r o l l   s t a n d   of  t h e   t r a i n   o f  

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

AHi  =  γ 1  ·   AVi 
w h e r e ,   ΔVi  r e p r e s e n t s   t h e   a m o u n t   of  w i d t h   r e d u c t i o n   a t   a  
s k i d - f r e e   a r e a   r e n d e r e d   by  a  v e r t i c a l   r o l l   s t a n d ,   and  γ1  i s  a  

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

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

to   as  "a  b l u g i n g " )   to   t h e   a m o u n t   of  w i d t h   r e d u c t i o n   a t   t h e  

s k i d - f r e e   a r e a .  

I f   a  r a t i o   of  c o n t r i b u t i o n   to   an  a m o u n t   of  w i d t h   s p r e a d  
to   t h e   b u l g i n g   a t   t h e   s k i d - f r e e   a r e a   m e n t i o n e d   a b o v e   of  t h e  

m a t e r i a l   d e l i v e r e d   f rom  a  h o r i z o n t a l   r o l l   s t a n d   i m m e d i a t e l y  

f o l l o w i n g   t h e   v e r t i c a l   r o l l   s t a n d   i s   γ2,   t h e   a m o u n t   of  w i d t h  



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

a r e a   of  t h e   m a t e r i a l   o b s e r v e d   a t   t h e   " i - t h "   h o r i z o n t a l   r o l l  

s t a n d   - -   t h a t   i s   t h e   one  i m m e i d a t e l y   f o l l o w i n g   t h e   " i - t h "  

v e r t i c a l   r o l l   s t a n d ,   i s   r e p r e s e n t e d   as  f o l l o w s ;   i . e . ,  

I f   a  p r o d u c t   of  γ1  and  y 2  i s   y , ' t h e   a b o v e   e q u a t i o n   may  b e  

c o n v e r t e d   as  f o l l o w s ;   i . e . ,  

Now,  l e t   us  c a l l   t h i s   y  v a l u e   t h e   c o e f f i c i e n t   of  w i d t h   s p r e a d  

due  to   t h e   b u l g i n g   of   t h e   s k i d - f r e e   a r e a .   T h e n ,   t h e   a m o u n t  

of   w i d t h   r e d u c t i o n   a t   t h e   s k i d d e d   a r e a   r e n d e r e d   by  t h e   " i - t h "  

v e r t i c a l   r o l l   s t a n d   ΔVSi  i s   r e p r e s e n t e d   as  f o l l o w s ;   i . e . ,  

w h e r e ,   ΔWi-1  r e p r e s e n t s   a  d i f f e r e n c e   i n   w i d t h   of  t h e  

m a t e r i a l   or   an  a m o u n t   of  w i d t h   v a r i a t i o n   b e t w e e n   t h e   a b o v e  

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

s i d e   of   t h e   " i - 1   t h "   h o r i z o n t a l   r o l l   s t a n d ,   and  WEi  r e p r e s e n t  

an  a m o u n t   of  w i d t h   v a r i a t i o n   of  t h e   m a t e r i a l   a t   t h e   d e l i v e r y  

s i d e   of  t h e   " i - t h "   v e r t i c a l   r o l l   s t n a d .  

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

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

s i d e   of  t h e   " i - t h "   h o r i z o n t a l   r o l l   s t a n d   may  be  r e p r e s e n t e d  

as  f o l l o w s ;  

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

t h e   b u l g i n g   a t   t h e   s k i d d e d   a r e a .   H e r e i n ,   a  s i g n   in   c o n n e c -  

t i o n   w i t h   t h e   a m o u n t   of   s u c h   v a r i a t i o n   in   w i d t h   as  W.  a n d  

WEi  i s   d e f i n e d   to   be  p o s i t i v e   in   t h e   c a s e   t h a t   t h e   w i d t h   o f  

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

m a t e r i a l   a t   t h e   s k i d - f r e e   a r e a .  

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

by  a  h o r i z o n t a l   r o l l   s t a n d ,   i t   i s   of  c o u r s e   t h a t   i t   c o v e r s  

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

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

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

on  s u c h   f a c t o r s   as  w i d t h   and  t h i c k n e s s   of  t h e   m a t e r i a l ,   r o l l  

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

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



ly   e q u a l   in   b o t h   t h e   s k i d d e d   a r e a   and  t h e   s k i d - f r e e   a r e a ,   a n d  

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

e x t e n t   of  w i d t h   v a r i a t i o n   in   q u e s t i o n .  

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

Δ  B s i   due  to   t h e   b u l g i n g   a t   t h e   s k i d d e d   a r e a   of  t h e   m a t e r i a l  

a t   t h e   d e l i v e r y   s i d e   of  t h e   " i - t h "   h o r i z o n t a l   r o l l   s t a n d   m a y  

be  r e p r e s e n t e d   by  t h e   e q u a t i o n   (2)  a b o v e ,   t h e   a m o u n t   of  w i d t h  

v a r i a t i o n   ΔWi  o b s e r v e d   a t   t h e   d e l i v e r y   s i d e   of  t h e   " i - t h "  

h o r i z o n t a l   r o l l   s t a n d   i s   r e p r e s e n t e d   by  t h e   f o l l o w i n g   e q u a t i o n ,  

i . e . ,  

The  e x t e n t   of  w i d t h   v a r i a t i o n   a t   t h e   d e l i v e r y   s i d e   of  t h e  

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

ΔWi  >>  ΔWEi 

ΔWi-1  >>  ΔWEi 

t h e   a b o v e   m e n t i o n e d   e x t e n t   of  w i d t h   v a r i a t i o n   ΔWi  may  b e  

r e p r e s e n t e d   as  f o l l o w s ;  

On  t h e   o t h e r   h a n d ,   as  d e s c r i b e d   h e r e i n b e f o r e ,   t h e  

s k i d - f r e e   a r e a   i s   n o t   a f f e c t e d   by  t h e   s k i d ,   and  t h e r e f o r e ,  

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

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

in   p r a c t i c e ,   as  m a t e r i a l  d i m e n s i o n s   ( w i d t h   and  t h i c k n e s s ) ,   t h e  

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

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

t h a t   t h e   s k i d d e d   a r e a   i s   s u b j e c t   to   t h e   e f f e c t   of  t h e   s k i d  

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

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

i n f l u e n c e   of  s u c h   s k i d  a r r a n g e m e n t   upon   s u c h   a r e a s .   In  t h i s  

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

a t   t h e   s k i d - f r e e   a r e a , i s   r e f e r r e d   to   as  " r e f e r e n c e   c o e f f i c i e n t  

of  w i d t h   s p r e a d   due  t o   b u l g i n g " ,   and  i f   t h e   c o e f f i c i e n t   o f  

w i d t h   s p r e a d   due  to  b u l g i n g   a t   t h e   r e s p e c t i v e   s k i d d e d   a r e a s  

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



t i v e   b u l g i n g " ,   t h e   l o c a l   c o e f f i c i e n t   γS  of   w i d t h   s p r e a d   d u e  

to   r e s p e c t i v e   b u l g i n g   may  be  o b t a i n e d   f r o m   a  c a l c u l a t i o n .  

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

t h e   " m - t h "   v e r t i c a l   r o l l   s t a n d   by  way  of  c o n t r o l l i n g   a  r o l l  

g a p ,   t h e   l o c a l   c o e f f i c i e n t   y   of  w i d t h   s p r e a d   due  to   r e s p e c -  

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

f o l l o w s .  

T h a t   i s ,   t h e   a m o u n t   of  w i d t h   v a r i a t i o n   ΔWm-1  of  t h e  

m a t e r i a l   a t   t h e   d e l i v e r y   s i d e   of  t h e   "m-1  t h "   h o r i z o n t a l   r o l l  

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

s t a n d   may  be  o b t a i n e d   f rom  r e p e a t e d   a p p l i c a t i o n   of  t h e   e q u a -  

t i o n   (4)  a b o v e ,   as  f o l l o w s ;   i . e . ,  

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

b e f o r e   r o l l e d   ( i . e . ,   t h e   s l a b ) ,   and   t h e r e f o r e ,   ΔWo ≅  0,  a n d  

t h e n ,   t h e   e q u a t i o n   (5)  a b o v e   i s   now  c o n v e r t e d   as  f o l l o w s ;   i . e . ,  

Now,  e a c h   of   t h e   a m o u n t s   of  w i d t h   r e d u c t i o n   Δ V m - 1 ,  
A  Vm-2,  . . .   AV1  and  t h e   r e f e r e n c e   c o e f f i c i e n t   y  of  w i d t h  

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

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

w i d t h   v a r i a t i o n   ΔWm-1  of  t h e   m a t e r i a l   a t   t h e   d e l i v e r y   s i d e  

of   t h e   "m-1  t h "   h o r i z o n t a l   r o l l   s t a n d   i s  o b t a i n e d   f r o m   a  

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

γS  of   w i d t h   s p r e a d   due  to   r e s p e c t i v e   b u l g i n g   can   be  d e r i v e d  

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

e q u a t i o n   (6)  a b o v e .  

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

so  t h a t   t h e   a m o u n t   of   w i d t h   r e d u c t i o n   a t   t h e   s k i d d e d   a r e a   m a y  
i n c r e a s e   by  ΔVm  f rom  t h e   a m o u n t   of  w i d t h   r e d u c t i o n   Δ V m  a t  
t h e   s k i d - f r e e   a r e a   in   t h e   " m - t h "   v e r t i c a l   r o l l   s t a n d ,   t h e  



a m o u n t   of  w i d t h   v a r i a t i o n   ΔWm  of  t h e   m a t e r i a l   a t   t h e   d e l i v e r y  

s i d e   of  t h e   " m - t h "   h o r i z o n t a l   r o l l   s t a n d ,   i . e . ,   t he   o n e  

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

be  r e p r e s e n t e d   by  t h e   f o l l o w i n g   e q u a t i o n   by  way  of  s u b s t i t u t -  

ing   ΔVm  f o r   ΔVi,  ΔWm-1  f o r   ΔWi-1 ,   and  Av  f o r   ΔWEi  i n  

t h e   e q u a t i o n   (3)  a b o v e ;   i . e . ,  

On  t h e   o t h e r   h a n d ,   t h e   a m o u n t   of  w i d t h   v a r i a t i o n   ΔWn 
of  t h e   m a t e r i a l   a t   t h e   d e l i v e r y   s i d e   of  t h e   " n - t h "   h o r i z o n t a l  

r o l l   s t a n d ,   i . e . ,   t h e   l a s t   one  of  t h e   t r a i n   of  r o u g h i n g   r o l l  

s t a n d s   may  be  r e p r e s e n t e d   by  way  of  r e p e a t e d   a p p l i c a t i o n   o f  

t h e   e q u a t i o n   (4)  a b o v e   t i l l   t h e   " m - t h "   one  as  f o l l o w s ;   i . e . ,  

T h e r e f o r e ,   s u b s t i t u t i n g   t h e   v a l u e   ΔWm  in  t h e   e q u a t i o n   ( 7 )  

a b o v e   i n t o   t h e   e q u a t i o n   (8)  a b o v e ,   t h e   a m o u n t   of  w i d t h   v a r i a -  

t i o n   ΔWn  of  t h e   m a t e r i a l   a t   t h e   d e l i v e r y   s i d e   of  t h e   t r a i n  

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

m o d i f i e d   a t   t h e   " m - t h "   v e r t i c a l   r o l l   s t a n d   as  m e n t i o n e d   a b o v e  

i s   now  r e p r e s e n t e d   by  t h e   f o l l o w i n g   e q u a t i o n ;   i . e . ,  

W i t h   s u c h   a r r a n g e m e n t ,   Δvm  t h e   a m o u n t   of  w i d t h   r e d u c -  

t i o n   to   be  i n c r e a s e d ,   i . e . ,   t h e   a m o u n t   of  m o d i f i e d   w i d t h   a t  

t h e   " m - t h "   v e r t i c a l   r o l l   s t a n d   w h i c h   may  r e d u c e   t h e   a m o u n t  

of  w i d t h   v a r i a t i o n   OWn  a t   t h e   d e l i v e r y   s i d e   of  t h e   t r a i n   o f  

r o u g h i n g   r o l l   s t a n d s   to   z e r o   i s   t h e n   r e p r e s e n t e d   as  f o l l o w s ;  

i . e . ,  

In  c o n s i d e r a t i o n   t h a t   in  t h e   e q u a t i o n   (10)  a b o v e ,   e a c h  

of  t h e   a m o u n t s   of  w i d t h   r e d u c t i o n   ΔVn,  ΔVn-1 ,   . . .   ΔVm,  a t  



e a c h   of  t h e   "n,  n - 1 ,   . . . ,   m - t h "   v e r t i c a l   r o l l   s t a n d s ,   r e s p e c -  
t i v e l y ,   and  t h e   r e f e r e n c e   c o e f f i c i e n t   y  of  w i d t h   s p r e a d   d u e  

to   b u l g i n g   of  t h e   m a t e r i a l   a r e   o n e s   e m p i r i c a l l y   d e p e n d e n t   o n  
t h e   r o l l i n g   c o n d i t i o n s   to   be  s e t ,   and  on  t h e   o t h e r   hand   t h a t  

t h e   a m o u n t   of  w i d t h   v a r i a t i o n  Δ W m - 1   of  t h e   m a t e r i a l   a t   t h e  

"m-1  th"   h o r i z o n t a l   r o l l   s t a n d   m a y b e   o b t a i n e d   f rom  a  f i e l d  

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

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

e q u a t i o n   (6)  a b o v e .   As  a  c o n s e q u e n c e ,   by  o b t a i n i n g   t h e   a m o u n t  
of  w i d t h   v a r i a t i o n   of  t h e   m a t e r i a l   to   be  r o l l e d   on  t h e   b a s i s   o f  

t h e   m e a s u r e d   v a l u e   of  w i d t h   t h e r e o f   a t   t h e   d e l i v e r y   s i d e   of   t h e  

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

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

r e d u c e   to   z e r o   t h e   a m o u n t   of  w i d t h   v a r i a t i o n   of  t h e   m a t e r i a l  

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

Now,  in   t h i s   c o n n e c t i o n ,   i t  i s   n o t e d   t h a t   i f   t h e   " m - t h "  

v e r t i c a l   r o l l   s t a n d   i s   a d j u s t e d   w i t h   i t s   r o l l   gap  so  t h a t  

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

a r e a   may  be  i n c r e a s e d   by  t h e   v e r y   v a l u e   of  Δvm  as  r e p r e s e n t e d  

in   t h e   e q u a t i o n   (10)  a b o v e   f r o m   t h a t   a t   t h e   s k i d - f r e e   a r e a  

t h e r e o f ,   t h e   a m o u n t   of   w i d t h   v a r i a t i o n   ΔWn  i s   made  z e r o   a t  

t h e   end  of  t h e   t r a i n   of  r o u g h i n g   r o l l   s t a n d s   as  m e n t i o n e d   a b o v e .  

In  t h i s   c a s e ,   t h e   v a l u e   Δvm*  to  be  a p p l i e d   f o r  

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

f o l l o w i n g   e q u a t i o n ;   i . e . ,  

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

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

v e r t i c a l   r o l l   s t a n d .   A l s o ,   ΔWEm  r e p r e s e n t s   t h e   a m o u n t   o f  

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

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

Δ vm  »   ΔWEm,  so  t h e   a b o v e   e q u a t i o n   i s   now  l e d   as  f o l l o w s ;  

i . e . ,  



In  c o n s i d e r a t i o n   t h a t   Q  is   known  f rom  t h e   r o l l i n g  

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

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

r e d u c t i o n   may  be  d e r i v e d   f rom  t h e   e q u a t i o n   (11)  a b o v e .  

W h i l e   w h a t   has   been   s t a t e d   h e r e t o f o r e   i s   p a r t i c u l a r l y  

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

c o n d u c t e d   a t   t h e   d e l i v e r y   s i d e   of  t h e   "m-1  th"   h o r i z o n t a l   r o l l  

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

of  t h e   r o l l   gap  i s   p r a c t i c e d   a t   t h e   n e x t   or  " m - t h "   v e r t i c a l  

r o l l   s t a n d ,   i t   i s   to   be  n o t e d   t h a t   i t   i s   n o t   e s s e n t i a l   f o r  

t h e   p r e s e n t   i n v e n t i o n   to   e f f e c t   t h a t   c o n t r o l   of  r o l l   gap  a t  

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

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

v e r t i c a l   r o l l   s t a n d s   of  t h e   "m-1  t h "   o r d e r   or  s t a n d s   s u b -  

s e q u e n t   t h e r e t o .   In  o t h e r   w o r d s ,   i f   w i d t h   m e a s u r e m e n t   i s  

c o n d u c t e d   a t ,   f o r   i n s t a n c e ,   t h e   "m-1  th"   h o r i z o n t a l   r o l l   s t a n d  

and  t h e n   a  r o l l   gap  c o n t r o l   i s   p r a c t i c e d   a t   t h e   "m+1  t h "  

v e r t i c a l   r o l l   s t a n d ,   r e s p e c t i v e l y ,   and  t h e n   l i k e w i s e   by  w a y  
of  s u b s t i t u t i o n   in   t h e   e q u a t i o n   (3)  a b o v e   of  t h e   v a l u e   o f  

ΔWm+1  f o r   ΔVi,  ΔWm  f o r   ΔWi-1 ,   and  Δvn+1  f o r   ΔWEi,  r e s p e c -  
t i v e l y ,   t h e   a m o u n t   of  w i d t h   v a r i a t i o n   ΔWm+1  may  be  r e p r e s e n t e d  

in   t h e   e q u a t i o n   ( 1 2 )  a s   f o l l o w s ;   i . e . ,  

ΔWm+1 =  ( γ S - γ ) Δ V m + 1 + γ S · Δ W m - ( 1 - γ S ) Δ v m + 1   ( 1 2 )  

More  p a r t i c u l a r l y ,   by  u s i n g   t h e   e q u a t i o n   (4)  a b o v e ,  

when  t h e   v a l u e   ΔWm  i s   r e p r e s e n t e d   by  way  of  ΔWm-1,  ΔVm, 
e t c . ,   t h e   e q u a t i o n   (12)  a b o v e   m a y  b e   c o n v e r t e d   to   t h e   e q u a t i o n  

(13)  b e l o w .  

On  t h e   o t h e r   h a n d ,   by  way  of  r e p r e a t e d   a p p l i c a t i o n   o f  

t h e   e q u a t i o n   (4)  a b o v e   w i t h   up  to   t h e   "m+1  th"   o n e ,   t h e  

a m o u n t   of  w i d t h   v a r i a t i o n   AW  n  o f   t h e   m a t e r i a l   a t   t h e   d e l i v e r y  
s i d e   of  t h e   l a s t   one  of  t h e   t r a i n   of  r o u g h i n g   r o l l   s t a n d s ,  
i . e . ,   t h e   " n - t h "   h o r i z o n t a l   r o l l   s t a n d   may  be  r e p r e s e n t e d   a s  



f o l l o w s ;   i . e . ,  

T h e r e f o r e ,   by  i n t r o d u c i n g   t h e   e q u a t i o n   (13)  a b o v e   t o  

t h e   t e r m   ΔWm+1,  t h e   e q u a t i o n   (14)  may  t h e n   be  as  f o l l o w s ;  

i . e . ,  

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

to   be  i n c r e a s e d   a t   t h e   "m+l  t h "   v e r t i c a l   r o l l   s t a n d   t h a t   m a y  

r e d u c e   to   z e r o   t h e   a m o u n t   of   w i d t h   v a r i a t i o n   ΔWn  a t   t h e   e n d  

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

t h e   e q u a t i o n   (15)  a b o v e   i s   now  r e p r e s e n t e d   as  f o l l o w s ;   i . e . ,  

As  a  c o n s e q u e n c e ,   i t   i s   n o t e d   t h a t   by  a p p l y i n g   t h e  

e q u a t i o n   ( 1 6 ) ,   t h e   a m o u n t   of   w i d t h   r e d u c t i o n   to   be  i n c r e a s e d  

Δvm+1  may  now  be  d e r i v e d   a t   t h e   "m+1  t h "   v e r t i c a l   r o l l   s t a n d  

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

end  of  t h e   e n t i r e   t r a i n   of  r o u g h i n g   r o l l s .  

W h i l e   t h e   f o r e g o i n g   i s   t h e . d e s c r i p t i o n   on  t h e   c a s e  

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

ed  a t   a  s i n g l e   v e r t i c a l   r o l l   s t a n d   in   t h e   t r a i n   of  r o l l s ,  

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

be  p r a c t i c e d   a t   a  p l u r a l i t y ,   s u c h   as  two ,   of   v e r t i c a l   r o l l  

s t a n d s   in   t h e   t r a i n .  

For   e x a m p l e ,   in   t h e   c a s e   t h a t   o w i n g   to   s u c h   l i m i t  

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

v e r t i c a l   r o l l   s t a n d   or  o t h e r s ,   i t   i s   n o t   f e a s i b l e   to   o b t a i n  

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

to   z e r o   t h e   a m o u n t   of  w i d t h   v a r i a t i o n   a t   t h e   end  of  t h e  

o v e r a l l   t r a i n   of  r o u g h i n g   r o l l s   o n l y   w i t h   t h e   " m - t h "   v e r t i c a l  

r o l l   s t a n d ,   i t   w o u l d   be  n e c e s s a r y   t h a t   a  n e x t ,   i . e . ,   t h e  



"m+1  th"   v e r t i c a l   r o l l   s t a n d ,   be  f u r t h e r   m o d i f i e d   w i t h   i t s  

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

a m o u n t   of  w i d t h   r e d u c t i o n   to  be  i n c r e a s e d   f o r   m o d i f i c a t i o n  

in  t h e   a m o u n t   of  w i d t h   r e d u c t i o n   a t   t h e   " m - t h "   v e r t i c a l   r o l l  

s t a n d   i s   Δv 'm,   t h e   a m o u n t   of  w i d t h   v a r i a t i o n   ΔW'  to  b e  

f e a s i b l e   a t   t h e   d e l i v e r y   s i d e   of  t h e   " m - t h "   h o r i z o n t a l   r o l l  

s t a n d   i s   r e p r e s e n t e d   as  f o l l o w s   in   a  way  s i m i l a r   to  e q u a t i o n  

(7)  a b o v e ,  

ΔWm' =  ( γ S - γ ) Δ V m + γ S · W m - 1 - ( 1 - γ S ) Δ v m '   ( 1 7 )  

T h e n ,   t h e   a m o u n t   of  i n c r e a s e d   w i d t h   r e d u c t i o n   Δvm+1 

a v a i l a b l e   a t   t h e   "m+1  th"   v e r t i c a l   r o l l   s t a n d   t h a t   m a y  
r e d u c e   to  z e r o   t h e   a m o u n t   of  w i d t h   v a r i a t i o n   a t   t h e   end  of  t h e  

t r a i n   of  r o u g h i n g   r o l l s   i s   now  o b t a i n e d   as  f o l l o w s ,   b e i n g  

l e d   by  t r a n s f o r m a t i o n   f rom  t h e   e q u a t i o n   (10)  a b o v e ,   i . e . ,  

And,  by  s u b s t i t u t i n g   t h e   v a l u e   ΔW'm given  f rom  t h e   e q u a t i o n  

(17)  a b o v e   f o r   t h e   t e r m   ΔWm: 

In  t h e   e q u a t i o n   (18)  a b o v e ,   i t   i s   n o t e d   t h a t   t h e  

a m o u n t   of  w i d t h   r e d u c t i o n   ΔVn,  ΔVn-1 ,   . . .   ΔVm',  and  t h e  

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

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

and  t h a t   t h e   a m o u n t   of  w i d t h   v a r i a t i o n   ΔW  a t   t h e   d e l i v e r y  

s i d e   of  t h e   "m-1  th"   h o r i z o n t a l   r o l l   s t a n d   may  be  a t t a i n e d  

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

o b t a i n e d ,   t he   l o c a l   c o e f f i c i e n t   γs  of  w i d t h   s p r e a d   due  t o  

b u l g i n g   in   t h i s   c a s e   may  a l s o   be  d e r i v e d   f rom  t h e   e q u a t i o n  

(6)  a b o v e .   On  t h e   o t h e r   h a n d ,   as  t he   a m o u n t   of  i n c r e a s e d  

w i d t h   r e d u c t i o n   Δvm'  i s   g i v e n   i n i t i a l l y   as  a  p r e d e t e r m i n e d  

v a l u e   f o r   t h e   " m - t h "   v e r t i c a l   r o l l   s t a n d ,   by  i n t r o d u c i n g   s u c h  

v a l u e   a b o v e   i n t o   t h e   e q u a t i o n   ( 1 8 ) ,   i t   i s   p o s s i b l e   to   o b t a i n  

t h e   a m o u n t   of  w i d t h   r e d u c t i o n   to  be  i n c r e a s e d   Δvm+1  f o r  



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

s t a n d   and  to  f i n a l l y   a t t a i n   t h e   d e s i r e d   s t a t e   w h e r e i n   t h e  

w i d t h   v a r i a t i o n   in   t h e   r o l l e d   b a r   i s   s u b s t a n t i a l l y   z e r o .  

As  e x p l a i n e d   a b o v e ,   i t   h a s   b e e n   f o u n d   t h a t   t h e   n e c e s s a r y  
m o d i f i c a t i o n   v a l u e   to   be  a p p l i e d   in   t h e   o p e n i n g   of  t h e   v e r t i c a l  

r o l l   s t a n d   can  be  o b t a i n e d   f o r   e a c h   of  t h e   p o r t i o n s ,   t h e  

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

i s   e x p e c t e d .   A c c o r d i n g l y , . i t   w i l l   be  f o r e s e e n   t h a t   t h e   w i d t h  

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

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

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

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

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

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

a n d / o r   b e t w e e n   t h e   s k i d - f r e e   p o r t i o n s   in   t h e   same  m a t e r i a l .  

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

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

p o i n t   a f t e r   one  of  t h e   h o r i z o n t a l   r o l l   s t a n d s   in   t h e   t r a i n  

of  r o u g h i n g   r o l l s   and  t h e   mean  v a l u e   t h e r e o f   i s   u s e d   as  a  

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

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

p r i n c i p l e   h e r e t o f o r e   e x p a l i n e d .   G e n e r a l l y ,   i t   i s   known  t h a t  

a  p l u r a l i t y   of  s k i d - f r e e   a r e a s   e x i s t   in   a  s i n g l e   s l a b   f e d  

f r o m   t h e   f u r n a c e .   A c c o r d i n g   to  t h i s   i n v e n t i o n ,   i f   and  w h e n  

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

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

s h a l l   be  s u b j e c t e d   to  an  a p p l i c a t i o n   of  i n c r e a s e d   w i d t h  

r e d u c t i o n .   W h i l e   a l l   w h a t   i s   g i v e n   h e r e i n   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   t h e   c a s e   in   w h i c h   i n c r e a s e   of  w i d t h   r e d u c t i o n  

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

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

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

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

In  g e n e r a l ,   t h e   a m o u n t   of  w i d t h   v a r i a t i o n   a t   t h e  

l o n g i t u d i n a l   e n d s   or   a t   t h e   l e a d i n g   end  a n d / o r   t h e   t r a i l i n g  

end   of  a  m a t e r i a l   to   be  r o l l e d   i s   g r e a t e r   t h a n   t h a t   a t   t h e  

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

to  p r a c t i c e   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   a t   s u c h  



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

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

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

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

v a r i a t i o n   a t   l e a s t   o v e r   t he   m i d d l e   a r e a   o u t   of  t he   e n t i r e  

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

In  t he   p r a c t i c e   of  t h e   p r e s e n t   i n v e n t i o n   the   w i d t h  

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

t h r o u g h   t h e   t r a i n   of  r o u g h i n g   r o l l   s t a n d s   may  be  c o n d u c t e d  

a t   d e l i v e r y   s i d e   of  any  of  t he   h o r i z o n t a l   r o l l   s t a n d s   e x c e p t  

f o r   t h e   f i r s t   and  l a s t   h o r i z o n t a l   r o l l   s t a n d s   in  t h e   t r a i n .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

a  p r e f e r r e d   e m b o d i m e n t   t h e r e o f   in  c o n j u n c t i o n   w i t h   F i g s .   3  a n d  

4.  As  t y p i c a l l y   shown  in  F i g .   3,  t h e   t r a i n   of  r o u g h i n g   r o l l  

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

p r i s e s   a  p l u r a l i t y   of  v e r t i c a l   r o l l   s t a n d s   Ei  (i  =  1 ,  2 , . . .   6) 

a n d  a   p l u r a l i t y   of  h o r i z o n t a l   r o l l   s t a n d s   Ri  (i  =  1 ,   2 , . . .   6)  

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

a  m a n n e r   t h a t   e x c e p t   f o r   t h e   f i r s t   v e r t i c a l   r o l l   s t a n d   E 1  
and  t h e   f i r s t   h o r i z o n t a l   r o l l   s t a n d   R1,  h o r i z o n t a l   r o l l   s t a n d s  

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

r o l l   s t a n d s   E i ,   r e s p e c t i v e l y .   More  p a r t i c u l a r l y ,   in   t h e  

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

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

s t a n d   R3,  on  the   b a s i s   of  t h e   r e s u l t s   of  w h i c h   m e a s u r e m e n t   t h e  

f o u r t h   v e r t i c a l   r o l l   s t a n d   E4  i s   c o n t r o l l e d   w i t h   i t s   d e g r e e   o f  

r o l l   o p e n i n g   or  r o l l   gap .   H e r e i n a f t e r ,   t h e s e   v e r t i c a l   a n d  

h o r i z o n t a l   r o l l   s t a n d s   a r e   r e f e r r e d   to   h e r e i n   as  " s t a n d " .  

Upon  d e t e c t i o n   of  e n g a g e m e n t   of  a  m a t e r i a l   1  to  b e  

r o l l e d   a t   t h e   s t a n d   R3  by  means   of  a  l o a d   c e l l   3  l o c a t e d   i n  

t h e   s t a n d   R3,  a  p u l s e   g e n e r a t o r   4  a t t a c h e d   on  t h e   s t a n d   R3 
f u n c t i o n s   to  m e a s u r e   t h e   n u m b e r   of  r e v o l u t i o n s   of  t h e   r o l l s   f r o m  

the   moment   of  e n g a g e m e n t   of  t h e   m a t e r i a l   1.  On  t he   o t h e r  

h a n d ,   a  w i d t h   g a u g e   2  d i s p o s e d   a t   t he   d e l i v e r y   s i d e   of  t h e  

s t a n d   R3  m e a s u r e s   c o n t i n u o u s l y   t he   w i d t h   of  t h e   m a t e r i a l   1 

a t   t h e   d e l i v e r y   s i d e   t h e r e o f .   Upon  r e c e i p t   of  s i g n a l s   2 a ,  

3a,   and  4a  f rom  s u c h   w i d t h   g a u g e   2,  l o a d   c e l l   3  and  p u l s e  

g e n e r a t o r   4,  r e s p e c t i v e l y ,   an  o p e r a t i o n   and  memory  u n i t   5 

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



of  w i d t h   m e a s u r e m e n t   on  t h e   m a t e r i a l   1  and  a l s o   o p e r a t e  

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

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

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

1,  w h e r e b y   a  d i s t r i b u t i o n   of   w i d t h   v a r i a t i o n   v a l u e s   in   t h e  

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

so  s t o r e d .  

On  t h e   o t h e r   h a n d ,   a  p a s s   s c h e d u l e   o p e r a t i o n   u n i t   7 

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

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

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

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

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

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

e n t i r e   r o l l   t r a i n .   W h e n  t h e   r e s u l t s   7a  of  t h i s   o p e r a t i o n   a n d  

a  s i g n a l   5a  r e c e i v e d   f r o m   t h e   u n i t  5   r e p r e s e n t i n g   d i s t r i b u t i o n  

of  w i d t h   v a r i a t i o n   a r e   f e d   t o  a n   o p e r a t i o n   u n i t   6,  t h e   u n i t  

6  o p e r a t e s   t he   l o c a l   c o e f f i c i e n t   yS  of   w i d t h   s p r e a d   due  t o  

r e s p e c t i v e   b u l g i n g .   Upon  e n t r y   of   an  o u t p u t   s i g n a l   6a  of  t h e  

o p e r a t i o n   u n i t   6  and  an  o u t p u t   7b  f rom  t h e   p a s s   s c h e d u l e  

o p e r a t i o n   u n i t   7  m e n t i o n e d   a b o v e   to   an  o p e r a t i o n :  u n i t   8,  t h e  

u n i t   8  now  o p e r a t e s   b a s e d   on  t h e   e q u a t i o n  ( 1 0 ) ,   e t c . ,   t o  

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

t h a t   i s   r e q u i r e d   f o r   r e d u c i n g   to   z e r o   t h e : a m o u n t   of  w i d t h  

v a r i a t i o n   of  t h e   m a t e r i a l   1  a t   t h e   d e l i v e r y   s i d e   of  t h e   t r a i n  

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

to  t h e   w i d t h   s p r e a d   b e i n g   s u c h   as  e x p e c t e d   a t   t h e   p o r t i o n s  

d o w n s t r e a m   of  t h e   w i d t h   m e a s u r e m e n t   when  t h e   m o d i f i c a t i o n   o f  

w i d t h   r e d u c t i o n   i s   n o t   e f f e c t e d .   N e x t ,   a  r o l l   o p e n i n g   c o n t r o l  

u n i t   9  d i s p o s e d   a t   t h e   s t a n d   E4  o p e r a t e s ,   upon   r e c e i p t   o f  

an  o u t p u t   8a  f rom  t h e   o p e r a t i o n   u n i t   8  and  a  s i g n a l   5 b  

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

and  memory  u n i t   5,  to   o b t a i n   t h e   r o l l   o p e n i n g   c o n t r o l   v a l u e  

r e q u i r e d   f o r   t h e   m o d i f i c a t i o n   of  w i d t h   r e d u c t i o n .   T h i s   u n i t  

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

1  f rom  t h e   r e l a t i o n s h i p   w i t h   t h e   l o n g i t u d i n a l   p o s i t i o n   t h e r e o f  

by  way  of  s i g n a l s   l l a   and  12a  f r o m   t h e   l o a d   c e l l   11  and  t h e  



p u l s e   g e n e r a t o r   12,  r e s p e c t i v e l y   of  t h e   s t a n d   E4,  a n d  

d e t e r m i n i n g   an  a m o u n t   of  c o n t r o l   r e q u i r e d   a t   t h a t   r o l l i n g  

p o s i t i o n   as  a  s i g n a l   9a  and  f e e d s   t h e   s i g n a l   9a  to   a  s c r e w -  

down  u n i t   10.  In  a c c o r d a n c e   w i t h   s u c h   s i g n a l   t h e   u n i t   10 

s e n d s   a  s c r e w d o w n   s i g n a l   10a  to  t h e   s t a n d   E4  t h e r e b y   c o n t r o l l i n g  

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

Now,  by  way  of  c o m p a r a t i v e   e x a m p l e ,   a  p r a c t i c a l   r o l l i n g  

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

and  c o m p a r e d   w i t h   t he   c o n v e n t i o n a l   p r o c e d u r e .   A c c o r d i n g   t o  

a  p a s s   s c h e d u l e   as  shown  in  T a b l e   1,  s l a b s   h a v i n g   s u c h  

d i m e n s i o n s   as  a  t h i c k n e s s   of  300  mm,  a  w i d t h   of  1200  mm,  a n d  

h e a t e d   to   t e m p e r a t u r e   of  1 2 0 0 ° C   we re   r o l l e d   in  two  d i f f e r e n t  

w a y s ,   i . e . ,   t h e   c o n v e n t i o n a l   way  of  r o l l i n g   s u c h   t h a t   t h e  

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

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

and  t h e   way  e m p l o y i n g   t he   m e t h o d   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 .  

The  m e a s u r e   v a l u e   of  w i d t h   v a r i a t i o n   ΔW3  b e t w e e n   a  

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

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

d e l i v e r y   s i d e   of  t h e   s t a n d   R3  was  5 . 2  m m .   By  a p p l y i n g   t h e  

e q u a t i o n   (6)  a b o v e ,   t he   l o c a l   c o e f f i c i e n t   YS  of  w i d t h  

s p r e a d   due  to  r e s p e c t i v e   b u l g i n g   was  0 . 7 7 .   In  t h i s   e x a m p l e ,  

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

was  0 . 7 0   f rom  t h e   f i e l d   d a t a   a v a i l a b l e .  

By  u s i n g   t he   t h u s - o b t a i n e d   yS  v a l u e ,   t h e   r e s u l t   o f  

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

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

s k i d - f r e e   a r e a   of  t h e   m a t e r i a l   a t   t he   d e l i v e r y   s i d e s   of  t h e  



s t a n d s   E 4 ,  E 5 ,   R4  and  R5  i s   as  shown  in  F i g .   5.  In  F i g .   5,  a  

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

m o d i f i c a t i o n   in   w i d t h   r e d u c t i o n   was  p r a c t i c e d   a t   t h e   s t a n d   E 

( t h e   c o n v e n t i o n a l   m e t h o d ) ,   w h i l e   a  s o l i d   l i n e   s h o w i n g   t h a t  

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

p r a c t i c e d   a t   t h e   s t a n d   E4  ( 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 ) .  

In  c a s e   t h a t   no  m o d i f i c a t i o n   in   w i d t h   r e d u c t i o n   i s  

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

d e l i v e r y   s i d e   of  t h e   t r a i n   of  r o u g h i n g   r o l l   s t a n d s   was  3 .9   mm 
w h i l e   t h e   m e a s u r e d   v a l u e   was  3 .7   mm.  In  c o n t r a s t ,   when  t h e  

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

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

m e a s u r e d   v a l u e   was  0 .8   mm. 

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 ,   in   o r d e r   t o   a t t a i n  

s u b s t a n t i a l l y   no  w i d t h   v a r i a t i o n   of  t h e   r o l l e d   b a r   a t   t h e  

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

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

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

a r e a   i s   made  n a r r o w e r   t h a n   t h a t   a t   t h e   s k i d - f r e e   a r e a .   I n  

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

o u t   to   be  9 . 7  m m ,   and  t h e   v a l u e   Δvm*  to  be  a p p l i e d   f o r  

s c r e w d o w n   was  1 0 . 9   mm  a t   t h e   s t a n d   E 4 .  
W h i l e   w h a t   has   b e e n   d e s c r i b e d   h e r e t o f o r e   i s   b a s e d   o n  

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

p r o v i d e d   w i t h   r e s p e c t   to  t h e   t y p i c a l   s k i d d e d   and  s k i d - f r e e  

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

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

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

s t a t e d   a b o v e ,   t h e r e   a r e   p r e s e n t e d ,   in   F i g s .   6a ,   b  a n d   c,  t h e  

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

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

F i g .   6a  shows   t h e   a m o u n t   of   w i d t h   v a r i a t i o n   m e a s u r e d   by  t h e  

w i d t h   g a u g e   d i s p o s e d   a t   t h e   d e l i v e r y   s i d e   of   t h e   s t a n d   R 3 ,  
w h i l e   a  b r o k e n   l i n e   in  F i g .   6c  shows   t h e   m e a s u r e m e n t   of  w i d t h  

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

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

s t a n d s   w h e r e i n   no  m o d i f i c a t i o n   was  e f f e c t e d   a t   t h e   s t a n d   E 4 .  
N e x t ,   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 ,   a  m o d i f i c a -  



t i o n   in  w i d t h   r e d u c t i o n   was  e f f e c t e d   a t   t h e   s t a n d   E4  a s  

t y p i c a l l y   shown  in  F i g .   6b,  and  s u c h   m o d i f i c a t i o n   c o u l d  

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

t r a i n   of  r o u g h i n g   r o l l   s t a n d s   to  w i t h i n   t he   r a n g e   of  ± 0 . 5   mm, 
i . e .   w i t h i n   1 .0   mm  v a r i a t i o n ,   as  shown  by  t he   s o l i d   l i n e   o f  

F i g .   6c.  The  r e s p e c t i v e   a b s c i s s a s   in   F i g .   6  i n d i c a t e   t h e  

l o n g i t u d i n a l   d i r e c t i o n   of  t h e   m a t e r i a l   to   be  r o l l e d .   F i g .   6 c  

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

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

E4  so  t h a t   t he   l o n g i t u d i n a l   p o s i t i o n   t h e r e o f   may  c o r r e s p o n d  

to  t h o s e   shown  in  F i g s .   6a  and  6 b .  

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

e x p e r i m e n t s   by  way  of  t h e   m e t h o d   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   by  c h a n g i n g   t he   s l a b   d i m e n s i o n s ,   t h e   h e a t i n g   c o n -  

d i t i o n s   and  t h e   r o l l i n g   s c h e d u l e   in  many  w a y s ,   i t   was  e v e n t u a l l y  

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

e f f e c t   of  s k i d   m a r k s   as  a p p e a r e d   in  t h e   m a t e r i a l   to   be  r o l l e d  

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

c o u l d   be  k e p t   a s s u r e d l y   a t   t he   low  l e v e l   of  1 .0   mm  or  : l e s s  

in  a l l   c a s e s .  

As  i s   r e a d i l y   a p p r e c i a b l e   f rom  t he   d e t a i l e d   d e s c r i p t i o n  

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

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

w i d t h   v a r i a t i o n   of  r o l l e d   b a r .  



1.  A  m e t h o d   f o r   c o n t r o l l i n g   w i d t h   of  m a t e r i a l   in   h o t  

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

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

of  h o r i z o n t a l   r o l l   s t a n d s   a r e   a r r a n g e d   in  s e r i e s   a n d  

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

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

m a t e r i a l   to   be  r o l l e d   o v e r   a t   l e a s t   t h e   e n t i r e   m i d d l e   a r e a  

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

s i d e   of   a n y  o n e   of  t h e   h o r i z o n t a l   r o l l   s t a n d s   d i s p o s e d  

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

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

due  to   b u l g i n g   a t   t h e   l a t e r a l   m a r g i n a l   p o r t i o n s   f o r   a t   l e a s t  

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

t h e   m a t e r i a l   to   be  r o l l e d   b a s e d   on  t h e   v a l u e s   of  t h e   v a r i a t i o n  

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

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

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

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

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

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

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

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

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

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

on  t h e   l o c a l   c o e f f i c i e n t   of  w i d t h   s p r e a d   due  to   r e s p e c t i v e  

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

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

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

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

s a i d   v a l u e s   of  w i d t h   v a r i a t i o n   d e r i v e d   as  a b o v e   a t   t h e  

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

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

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

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

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