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@  A  rolling  mill  capable  of  forming  a  hot,  continuously 
cast  metallic  strand  into  a  strip  with  a  large  bite  and  with 
one  pass  per  mill  stand  uses  only  two  small  diameter  rolls 
per  stand,  each  mounted  for  rotation  in  a  pair  of  chock 
blocks  and  each  having  a  comparatively  narrow,  enlarged 
diameter  working  portion.  The  outer  surface  of  the  working 
portion  is  profiled  to  maintain  the  product  centered  on  the 
rolls  and  to  accommodate  for  thermal  expansion.  An  hy- 
draulic  motor  that  produces  a  large  torque  at  a  low  rotation- 
al  speed  with  good  control  rotates  each  roll.  The  motors  are 
coupled  to  their  associated  rolls  directly.  A  pair  of  hydraulic 
cylinders  mounted  on  upper  frame  beams  are  each  con- 
nected  to  one  of  the  chock  blocks  of  the  upper  roll.  The  up- 
per  frame  and  the  cylinders  pivot  together  to  provide  a  di- 
rect  overhead  access  to  the  rolls  and  their  chock  blocks  for 
a  rapid  replacement  of  the  rolls.  The  mill  includes  rotary 
brushes  that  are  adjustably  loaded  against  the  working  por- 
tions  of  the  rolls  to  remove  adhered  strand  material  and  to 
prevent  a  release  agent  from  accumulating  on  the  rolls.  An 

entrance  guide  assembly  provides  a  partial  atmosphere 
control  and  edge  rolls  that  to  some  extent  steer  the  strand  to 
the  center  of  the  rolls.  A  narrow  strip  with  a  recrystallised 
grain  pattern  and  accurately  controlled  dimensions  is  pro- 
duced  by  three  such  two  high  mills  operating  in  tandem.  The 
first  mill  produces  the  high  reduction  and  sets  the  width  of 
the  strip.  The  second  mill  reduces  the  thickness  further.  The 
third  mill  is  a  finishing  mill  that  produces  a  final  thickness 
reduction. 
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T h i s   i n v e n t i o n   r e l a t e s   in  g e n e r a l   to  a  r o l l i n g   m i l l  

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

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

p r o d u c e d   by  t h i s   p r o c e s s .   More  s p e c i f i c a l l y ,   i t   r e l a t e s  

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

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

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

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

A  wide   v a r i e t y   of  m i l l   s t a n d s   a r e   known  f o r   h o t   and  c o l d  

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

b e t w e e n   t h e   w o r k i n g   r o l l s ,   w h e t h e r   due  to  a  l a r g e   r e d u c -  

t i o n   a n d / o r   to  t h e   n a t u r e   of  t h e   m a t e r i a l   b e i n g   r o l l e d ,  

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

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

s u f f i c i e n t l y   l a r g e   to  bend   or  even   to  d e f o r m   t h e   r o l l s  

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

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

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

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

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

d i a m e t e r   o v e r   b i t e )   i s   an  i m p o r t a n t   f a c t o r   in  d e t e r m i n i n g  

when  s l i p p a g e   w i l l   o c c u r   b e t w e e n   t h e   r o l l s   and  t h e  

p r o d u c t .   As  l o w  a   r a t i o   as  p o s s i b l e   i s   d e s i r e d   t o  

m i n i m i z e   r o l l   s i z e   ( and   t h e r e f o r e   r o l l   c o s t )   a n d / o r  

m a x i m i z e   b i t e .   T y p i c a l   b i t e   r a t i o s   f o r   m i l l s   c u r r e n t l y   i n  

use   a r e   in  t h e   r a n g e   of  50 :1   to  1 0 0 : 1 .   A n o t h e r   c o n s i d e r a -  

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



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

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

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

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

( e . g . ,   in  e x c e s s   of  4 5 , 3 5 9   k g / s t a n d   ( 1 0 0 , 0 0 0   l b s / s t a n d ) ,  
i t   ha s   b e e n   n e c e s s a r y   to  use   a  f o u r   h i g h   m i l l ,   t h a t   i s ,  

one  w i t h   two  w o r k i n g   r o l l s   and  two  " b a c k   up"  r o l l s   t h a t  

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

m i l l s   a r e   a l s o   c h a r a c t e r i s e d   by  a  q u i t e   h e a v y ,   e x p e n s i v e  
f r a m e   t h a t   can  a c c o m m o d a t e   a l l   f o u r   r o l l s   and  r e s i s t   t h e  

l a r g e   f o r c e s   g e n e r a t e d   by  t h e   r o l l i n g .   U . S . - A - 3 , 1 0 3 , 1 3 8 ;  

U . S . - A - 3 , 3 9 1 , 5 5 7 ;   U . S . - A - 3 , 5 5 0 , 4 1 3   and  U . S . - A - 3 , 5 6 8 , 4 8 4  

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

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

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

p o s s i b l e   in  a  c o n t i n u o u s ,   o n - l i n e   c a s t i n g   and  r o l l i n g  

o p e r a t i o n .   ( F o r   e x a m p l e ,   r o l l i n g   o p e r a t i o n s   w i t h   t w e n t y  

p a s s e s   a r e   n o t   u n c o m m o n ) .  

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

o u t p u t   s t r i p   t h a t   has   a  u n i f o r m   g a u g e   even   t h o u g h   t h e  

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

p r o d u c t   may  v a r y .   The  a f o r e m e n t i o n e d   p a t e n t s ,   f o r  

e x a m p l e ,   d e s c r i b e   a r r a n g e m e n t s   f o r   v a r y i n g   t h e   gap .   M o r e  

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

a d j u s t s   t h e   gap  in  r e s p o n s e   to  a  s e n s e d   d e v i a t i o n   in  t h e  

g a u g e   of  t h e   r o l l e d   p r o d u c t   f rom  a  p r e s e t   v a l u e .   Many  

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

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

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

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

r e p l a c e d ,   w h e t h e r   due  to  o r d i n a r y   w e a r ,   damage   or  t o  

a c c o m m o d a t e   a  d i f f e r e n t   p r o d u c t   r u n .   U . S . - A - 3 , 8 6 4 , 9 5 5 ,  

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

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



r e p l a c e m e n t .   U . S . - A - 3 , 3 2 3 , 3 4 4   d i s c l o s e s   a n o t h e r   a r r a n g e -  

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

m i l l s   r e q u i r e   h o u r s   to  r e p l a c e   r o l l s .   T h i s   t i m e   r e p r e -  

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

o p e r a t i o n .   Where  t h e   p r o d u c t   b e i n g   f ed   to  t h e   m i l l   i s  

c o n t i n u o u s l y   c a s t ,   t h e   r o l l   c h a n g e   w i l l   s h u t   down  t h e  

e n t i r e   p r o d u c t i o n   l i n e .  

The  t o r q u e   and  s p e e d   of  r o t a t i o n   of  t h e   r o l l s   a r e   a l s o  

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

More  s p e c i f i c a l l y ,   in  o r d e r   to  h o t   r o l l   c o p p e r   and  b r a s s  

s t r a n d   w i t h   a  l a r g e   b i t e   ( e . g . ,   in  e x c e s s   of  2 . 5 4   cms  (1  

i n c h )   and  a  low  b i t e   r a t i o   ( e . g . ,   7 : 1 ) ,   t h e   d r i v e   s y s t e m  

f o r   t he   w o r k i n g   r o l l s   mus t   h a v e   a  c o m p a r a t i v e l y   h i g h  

t o r q u e   ( t y p i c a l l y   in  e x c e s s   of  1356  Nm  ( 1 , 0 0 0   f t - l b s . )   t o  

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

( t y p i c a l l y   l e s s   t h a n   400  rpm)  to  c o u p l e   t h e   r o l l i n g   m i l l  

s p e e d   to  t h a t   of  t h e   c a s t e r .   In  a d d i t i o n ,   i t   i s   n e c e s s a r y  

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

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

d i a m e t e r .   H e r e t o f o r e   m i l l   s t a n d s   r e q u i r i n g   a  v a r i a b l e  

h i g h   t o r q u e   a t   a  low  s p e e d   have   u s e d   e l e c t r i c   m o t o r s   w i t h  

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

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

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

t he   m i l l   i t s e l f .   M o r e o v e r ,   a p p l i c a n t   is   n o t   a w a r e   of  a n y  

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

m i l l s   t h a t   can  p r o d u c e   t h o u s a n d s   of  Nm  ( f t - l b s )   of  t o r q u e .  

F u r t h e r ,   known  d r i v e   t r a i n s   w i t h   many  c o m p o n e n t s   a r e   n o t  

" s t i f f " .   As  a  r e s u l t ,   t h e   d r i v e   s y s t e m   is   n o t   c l o s e l y  

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

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

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

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

u s e d   in  l a r g e   e a r t h   m o v i n g   e q u i p m e n t .  



T o r q u e   r e q u i r e m e n t s   a r e   a l s o   i n t e r r e l a t e d   w i t h   o t h e r  

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

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

g a u g e   of  t h e   r o l l e d   p r o d u c t   and  f r i c t i o n .   H e r e t o f o r e ,   t h e  

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

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

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

u s e   of   b a c k - u p   r o l l s .   I f   two  r o l l s   a r e   u s e d   w h e r e  

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

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

d i a m e t e r s ,   e . g . ,   61  to  91  cm  ( two  to  t h r e e   f e e t ) .  

H e r e t o f o r e ,   h i g h   r e d u c t i o n   r o l l i n g   u s i n g   u n s u p p o r t e d   ( t w o  

h i g h )   s m a l l   d i a m e t e r   r o l l s   ( l e s s   t h a n   a t   l e a s t   3 0 . 5   cm 

(one   f o o t )   in  d i a m e t e r )   has   n o t   b e e n   c o m m e r c i a l l y  

p r a c t i c a l .   U . S . - A - 4 , 2 1 8 , 9 0 7   d e s c r i b e s   a  two  h i g h   m i l l  

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

p r e v i o u s l y   w i t h   f o u r   h i g h   m i l l s .   H o w e v e r ,   t h i s   two  h i g h  

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

t h e   r o l l s   o v e r   a l l   or  mos t   of  t h e i r   l e n g t h .  

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

m a t e r i a l   b e i n g   r o l l e d   i s   h o t .   One  w e l l   known  p r o b l e m   i s  

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

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

T h i s   i s   t u r n   can  c a u s e   c h a n g e s   in  t h e   g a u g e   and  p r o f i l e   o f  

t h e   r o l l e d   s t r i p .   U . S . - A - 4 , 2 6 2 , 5 1 1   d e s c r i b e s   as  a  

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

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

t h e   r o l l e d   p r o d u c t .   O t h e r   s y s t e m s   s i m p l y   a d j u s t   t h e   m i l l  

gap  to  a c c o m m o d a t e   f o r   t e m p e r a t u r e   c h a n g e s .   In  c o l d  

r o l l i n g ,   p r o f i l e d   r o l l s   have   b e e n   u s e d .   No  known  s y s t e m ,  

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

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

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

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

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



m a t e r i a l   w i t h   t he   r o l l s   w h i l e   a t   t h e   same  t i m e   n o t  

o v e r h e a t i n g   t h e   s t r i p   or  t h e   r o l l s   f rom  an  i n p u t   o f  

m e c h a n i c a l   e n e r g y .  

A n o t h e r   p r o b l e m   i n h e r e n t   in  h o t   r o l l i n g ,   p a r t i c u l a r l y   w i t h  

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

of  m e t a l   f rom  t h e   p r o d u c t   to  t he   r o l l s .   T h i s   t r a n s f e r   i s  

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

gap ,   and  t he   c o e f f i c i e n t   of  f r i c t i o n   b e t w e e n   t h e   r o l l s   a n d  

t h e   p r o d u c t .   One  s o l u t i o n   has   b e e n   to  a p p l y   a  " r e l e a s e  

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

t h e   r o l l .   W h i l e   t h i s   h e l p s ,   i t   i s   n o t   t o t a l l y   e f f e c t i v e .  

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

m e t a l .   Known  a r r a n g e m e n t s   use   f i x e d   s c r a p e r s   a n d / o r   f i x e d  

b r u s h e s   to  r e m o v e   t h e   m e t a l .   Where   t h e r e   i s   a  s u b s t a n t i a l  

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

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

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

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

b u i l d u p ,   d e s t r o y s   t h e   d e v i c e .   R e m o v a l   of  t h e   a d h e r e d  

m e t a l   is   a l s o   i m p o r t a n t   to  m a i n t a i n   a  u n i f o r m   f r i c t i o n  

w h i c h   in  t u r n   p r o d u c e s   a  c o n s t a n t   s e p a r a t i o n   f o r c e .   When  

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

f o r c e   a s s i s t s   in  m a i n t a i n i n g   a  u n i f o r m   g a u g e .  

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

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

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

s t r a n d   w h e r e   t h e   m i l l   is   o n l y   two  h i g h   and  u s e s   s m a l l  

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

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

t he   r o l l e d   s t r i p   p r o d u c t .  

A n o t h e r   m a j o r   o b j e c t   of  t h i s   i n v e n t i o n   is   to  p r o v i d e   a  h o t  

r o l l i n g   m i l l   and  p r o c e s s   u t i l i z i n g   m i l l   r o l l s   d e s i g n e d   t o  

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

t h e   r o l l .  



A n o t h e r   s i g n i f i c a n t   o b j e c t   of  t h e   i n v e n t i o n   i s   t o  

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

c a p a b i l i t i e s   and  c h a r a c t e r i s e d   by  a  v a r i a b l e   h i g h   t o r q u e ,  
low  s p e e d   d r i v e   f o r   t h e   r o l l s   t h a t   d o e s   n o t   r e q u i r e   a n  

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

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to  p r o v i d e   a  h o t  

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

A  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to  p r o v i d e   a  h o t  

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

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

S t i l l   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to  p r o v i d e   a  h o t  

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

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

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

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

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

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

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

r e d u c t i o n .   The  m i l l   has   o n l y   two  w o r k i n g   r o l l s   w i t h   a  

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

c h o c k   b l o c k s .   One  r o l l   i s   f i x e d   and  t h e   o t h e r   r o l l   a n d  

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

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

t h e   r o l l s .   The  c h o c k   b l o c k s   a r e   m o u n t e d   in  a  g e n e r a l l y  

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

t h a t   moun t   t h e   c h o c k   b l o c k s   and  u p p e r   m e m b e r s   t h a t   s p a n  

t h e   v e r t i c a l   m e m b e r s .   The  u p p e r   m e m b e r s   moun t   t h e  

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

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

c h o c k   b l o c k s .   The  f r a m e   is   p r e f e r a b l y   c o n s t r u c t e d   o f  

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



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

t h e   f r a m e   is   a c c o m m o d a t e d   by  f e e d b a c k   c o n t r o l   s y s t e m s   a n d  

t he   a b i l i t y   to  v a r y   t h e   gap  b e t w e e n   t h e   r o l l s   w i t h   a  h i g h  

d e g r e e   of  p r e c i s i o n   and  r e s p o n s i v e n e s s .   For   c o p p e r   a n d  

b r a s s ,   t h i s   m i l l   can  p r o d u c e   a  b i t e   in  e x c e s s   of  2 . 5 4   cm 
(one   i n c h )   and  a p p r o a c h i n g   5.1  cm  ( two  i n c h e s )   and  b i t e  

r a t i o s   of  as  low  as  5:1  w i t h o u t   s l i p p a g e .  

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

t h a t   can  d e v e l o p   a  l a r g e   v a r i a b l e   t o r q u e   a t   a  low  r o t a -  

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

m o t o r   and  t h e   r o l l .   The  m o t o r s   a r e   p r e f e r a b l y   of  t h e  

r a d i a l   p i s t o n   t y p e   w i t h   a  s w a s h p l a t e   in  t h e   pump  p o w e r  

s u p p l y   to  a d j u s t   t h e   s p e e d .   In  t h e   p r e f e r r e d   f o r m ,   t h e  

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

Each  r o l l   has   a  n a r r o w ,   e n l a r g e d   d i a m e t e r   r o l l i n g   p o r t i o n  

t h a t   c o n t a c t s   t h e   h o t   m e t a l l i c   s t r a n d .   The  o u t e r   s u r f a c e  

of  t h i s   w o r k i n g   p o r t i o n   has   an  i n v e r s e   " c r o w n i n g "   o r  

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

a  g e n e r a l l y   V - s h a p e d   c o n t o u r .   A f t e r   t h e r m a l   s t a b i l i s a -  

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

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

m a t e r i a l   a t   i t s   c e n t e r   t h a n   i t s   e d g e s .   T h i s   d e s i g n   h a s  

been   f o u n d   to  be  e f f e c t i v e   in  c o n t r o l l i n g   t h e   l a t e r a l  

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

f l o w   of  a  c o o l i n g   l i q u i d   ( w a t e r )   t h r o u g h   t h e   r o l l .   R o l l  

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

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

s t r i p .  

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

a  r o t a r y   b r u s h   e n g a g e s   t he   o u t e r   w o r k i n g   s u r f a c e   of  e a c h  

r o l l .   In  t h e   p r e f e r r e d   f o r m ,   t h e   b r u s h   i s   f o r m e d   of  s t e e l  

w i r e   b r i s t l e s ,   r o t a t e d   a t   a  h i g h   rpm,  and  m o u n t e d   on  a  

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



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

The  m i l l   s t a n d   p r e f e r a b l y   i n c l u d e s   an  e n t r a n c e   g u i d e  

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

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

a r o u n d   t h e   h o t   s t r a n d   or  s t r i p   as  i t   t r a v e l s   f rom  t h e  

r e h e a t e r   to  t h e   work  r o l l s .   The  e n t r a n c e   g u i d e   m a y  
r e c e i v e   a  r e d u c i n g   gas   a t m o s p h e r e   f rom  an  a d j a c e n t  

r e h e a t e r   or  i t   may  h a v e   a  b u r n e r   l o c a t e d   w i t h i n   t h e  

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

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

s t r i p ,   e s p e c i a l l y   d u r i n g   s t a r t - u p .   I t   may  a l s o   i n c l u d e  

a d j u s t a b l e ,   h o r i z o n t a l   r o l l s   to  a l i g n   t h e   s t r a n d   w i t h   t h e  

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

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

The  h o t   r o l l i n g   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

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

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

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

f o r   t h e   c o n t i n u o u s   h o t   r o l l i n g   of  c o p p e r   or  b r a s s   rod   i n t o  

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

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

w i d t h .   Two  s u c c e s s i v e   m i l l   s t a n d s   of  t h e   same  d e s i g n ,  

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

m i n o r   c h a n g e   in  w i d t h .   The  f i r s t   and  s e c o n d   s t a n d s  

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

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

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

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

by  t h i s   p r o c e s s .  

E m b o d i m e n t s   of  t h e   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  w a y  

of  e x a m p l e ,   r e f e r e n c e   b e i n g   made  to  t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in  w h i c h : -  



F i g .   1  is  a  h i g h l y   s i m p l i f i e d   t op   p l a n   v i e w   of  a  t a n d e m  

h o t   r o l l i n g   m i l l   o p e r a 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 ;  

F i g .   2  i s   a  more  d e t a i l e d   top   p l a n   v i e w ,   w i t h   p o r t i o n  

b r o k e n   away ,   of  t h e   t h r e e   m i l l   s t a n d s   shown  in  F i g .   1 ;  

F i g .   3  is   a  v i ew   in  s i d e   e l e v a t i o n   of  t h e   m i l l   s t a n d s  

shown  in  F i g .   2 ;  

F i g .  4   is   a  t op   p l a n   v i ew   of  t h e   f i r s t   m i l l   s t a n d   shown  i n  

F i g s .   1-3  w i t h   f r a m e   p o r t i o n s ,   r o t a r y   b r u s h e s ,   e n t r a n c e  

and  e x i t   g u i d e s ,   and  g a u g e s   r e m o v e d   f o r   c l a r i t y ;  

F i g .   5  i s   a  v i ew  in  f r o n t   e l e v a t i o n   of  t h e   m i l l   s t a n d  

shown  in  F i g .   4 ;  

F i g .   6  i s   a  d e t a i l e d   v i ew  in  f r o n t   e l e v a t i o n   of  t h e   r o l l s  

and  t h e i r   a s s o c i a t e d   c h o c k   b l o c k s   shown  in  F i g s .  4   and  5 

w i t h   t he   r i g h t   l o w e r   c h o c k   b l o c k   shown  in  v e r t i c a l  

s e c t i o n ;  

F i g .   7  i s   a  v i ew   in  s i d e   e l e v a t i o n   of  t h e   c h o c k   b l o c k s  

shown  in  F i g .   6 ;  

F i g .   8  i s   a  d e t a i l e d   v i ew   in  v e r t i c a l   s e c t i o n   of  t h e   c h o c k  

b l o c k   shown  in  F i g s .   6  and  7  and  t h e   r o l l   p o r t i o n s  

s u p p o r t e d   in  t h a t   c h o c k ;  

F i g s .   9A,  9B  and  9C  a r e   v i e w s   in  f r o n t   and  s i d e   e l e v a t i o n  

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

the   f i r s t   m i l l   s t a n d   shown  in  F i g s .   1-5  w i t h   t h e   m o t o r s ,  

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

F i g .   9D  is   a  f r a g m e n t a r y   v i ew  of  t h e   u p p e r   p o r t i o n   of  t h e  

m i l l   s t a n d   shown  in  F i g .   9B  bu t   w i t h   t h e   u p p e r   f r a m e   b e a m s  

and  t h e   h y d r a u l i c   c y l i n d e r s   m o u n t e d   on  t h o s e   beams   p i v o t e d  



p a r t i a l l y   t o w a r d   an  open   p o s i t i o n   t h a t   a l l o w   a  d i r e c t  

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

F i g .   10  i s   a  s i m p l i f i e d   v i ew   in  s i d e   e l e v a t i o n   of  t h e   m i l l  

s t a n d   shown  in  F i g s .   1-5  and  9A-9C  bu t   a l s o   s h o w i n g   a n  

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

r o t a r y   b r u s h   s y s t e m ;  

F i g .   10A  i s   a  s i m p l i f i e d   t op   p l a n   v i ew   of  t h e   r e l e a s e  

a g e n t   s p r a y   s y s t e m   shown  in  F i g .   1 0 ;  

F i g .   11  i s   a  b o t t o m   p l a n   v i ew   of  t h e   e n t r a n c e   g u i d e  

a s s e m b l y   shown  in  F i g .   1 0 ;  

F i g .   12  i s   a  v i ew   in  v e r t i c a l   s e c t i o n   t a k e n   a l o n g   t h e   l i n e  

1 2 - 1 2   in  F i g .   11  w i t h   t h r e e   a l t e r n a t i v e   v e r t i c a l   g u i d e  

r o l l s   shown  f o r   t h e   t h r e e   m i l l   s t r a n d s ;  

F i g .   13  i s   a  v i e w   in  v e r t i c a l   s e c t i o n   and  in  p a r t i a l   s i d e  

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

shown  in  F i g .   1 0 ;  

F i g .   14  i s   a  v i e w   in  s i d e   e l e v a t i o n   of  t he   h o r i z o n t a l   r o l l  

a s s e m b l y   shown  in  F i g .   1 3 ;  

F i g .   15  i s   a  v i e w   in  f r o n t   e l e v a t i o n   of  t h e   e n t r a n c e   g u i d e  

a s s e m b l y   shown  in  F i g .   1 0 ;  

F i g .   16  i s   a  v i e w   in  v e r t i c a l   s e c t i o n   t a k e n   a l o n g   t h e   l i n e  

1 6 - 1 6   in  F i g .   1 3 ;  

F i g .   17  i s   a  d e t a i l e d   v i ew   of  t h e   w o r k i n g   p o r t i o n   of  t h e  

r o l l s   shown  in  F i g s .   2  and  4 - 6 ;  

F i g .   17A  is   an  e n l a r g e d   v i ew   of  t h e   p r o f i l e   of  t h e   o u t e r  

s u r f a c e   of  t h e   r o l l   w o r k i n g   p o r t i o n   shown  in  F i g .   17  t h a t  



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

s t r a n d   or  s t r i p   b e i n g   r o l l e d ;  

F i g .   17B  is   a  v i ew  c o r r e s p o n d i n g   to  F i g .   17A  of  a n  

a l t e r n a t i v e   p r o f i l e ;  

F i g .   18  i s   a  v i ew  in  s i d e   e l e v a t i o n   of  t h e   r o t a r y   b r u s h  

a s s e m b l i e s   shown  in  F i g s .   2,  3  and  1 0 ;  

F i g .   19  i s   a  t op   p l a n   v i ew  of  t h e   r o t a r y   b r u s h   a s s e m b l y  

shown  in  F i g .   1 8 ;  

F i g .   20  i s   a  h i g h l y   s i m p l i f i e d   v i ew   in  s i d e   e l e v a t i o n  

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

e f f e c t   a  v e r y   h i g h   r e d u c t i o n   of  an  i n c o m i n g   c a s t   rod   i n t o  

a  n a r r o w   s t r i p ,   a n d  

F i g .   21  i s   a  h i g h l y   s i m p l i f i e d   v i ew   in  s i d e   e l e v a t i o n   o f  

t h e   t a n k s   t h a t   h o l d   and  f e e d   t h e   r e l e a s e   a g e n t .  

F i g .   1  shows  a  t a n d e m   h o t   r o l l i n g   l i n e   12  t h a t   r e c e i v e s   a  

c o n t i n u o u s l y   c a s t   m e t a l l i c   s t r a n d   14  and  r e d u c e s   i t   to  a  

n a r r o w   s t r i p   16  of  a c c u r a t e l y   c o n t r o l l e d   w i d t h   and  g a u g e .  
W h i l e   t h i s   l i n e   can  h o t   r o l l   a  w ide   v a r i e t y   of  m e t a l s   a n d  

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

w i l l   be  d e s c r i b e d   h e r e i n   w i t h   r e s p e c t   to  i t s   p r e f e r r e d  

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

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

T h i s   rod   is   p r e f e r a b l y   s u p p l i e d   d i r e c t l y   f rom  a  c o n t i n u o u s  

c a s t i n g   o p e r a t i o n   of  t he   t y p e   d e s c r i b e d   in  U . S . - A - 4 , 2 1 1 , 2 7 0  

and  U . S . - A - 4 , 3 0 1 , 8 5 7 ,   t h e   d i s c l o s u r e s   of  w h i c h   a r e  

i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   T h i s   rod   l e a v e s   t h e  

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

t h e   r a n g e   of  7 6 . 2   to  762  c m / m i n   (cpm)  (30  to  300  i n c h e s  

pe r   m i n u t e   ( i p m ) )   d e p e n d i n g   on  t h e   d i a m e t e r   of  t h e   r o d  

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



The  l i n e   12  i n c l u d e s   f i r s t ,   s e c o n d   and  t h i r d   h o t   r o l l i n g  
m i l l   s t a n d s   18,  20  and  22,   r e s p e c t i v e l y .   Each   s t a n d   i s  

p r e c e d e d   by  a  g a s - f i r e d   r e h e a t i n g   f u r n a c e   24  t h a t   r a i s e s  

t h e   t e m p e r a t u r e   of  t h e   s t r a n d   14  or  s t r i p   16  to  t h e  

d e s i r e d   r o l l i n g   t e m p e r a t u r e ,   t y p i c a l l y   760°C  ( 1 4 0 0 ° F ) .  

The  s e p a r a t i o n   b e t w e e n   a d j a c e n t   m i l l   s t a n d s   is   s u f f i -  

c i e n t l y   s h o r t   t h a t   t h e   s t r i p   w i l l   n o t   c o o l   s u b s t a n t i a l l y  
(o r   r e q u i r e   e x c e s s i v e l y   l o n g   r e h e a t i n g   f u r n a c e s ) ,   bu t   l o n g  

e n o u g h   t h a t   t h e   s p e e d   and  gap  c o n t r o l s   on  e a c h   s t a n d   a r e  
a b l e   to   a d j u s t   w i t h o u t   a d v e r s e l y   a f f e c t i n g   t he   s t r i p ,  

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

l e a v e s   t h e   t h i r d   s t a n d   22  i t   i s   c o o l e d   in  a  c l o s e l y  

c o u p l e d   q u e n c h   t a n k   26  to  c o n t r o l   o x i d a t i o n .   A  g a u g e   a r e a  

i n c l u d i n g   a  l a s e r   w i d t h   g a u g e   28  and  an  X - r a y   t h i c k n e s s  

g a u g e   30  f o l l o w   t h e   q u e n c h   t a n k .   W i d t h   g a u g e s   28  a r e   a l s o  

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

i m m e d i a t e   m e a s u r e   of  t h e   w i d t h   of  t h e   s t r i p   16  as  i t  

l e a v e s   t h e   m i l l .   Each   of  t h e s e   i n s t r u m e n t s   g e n e r a t e s   a  

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

of  t h e   l i n e   12.  Each   m i l l   a l s o   p r e f e r a b l y   has   a  t w o -  

c o l o u r   i n f r a r e d   p y r o m e t e r   ( n o t   shown)   m o u n t e d   to  m e a s u r e  

t h e   t e m p e r a t u r e   of  t h e   s t r i p   as  i t   e n t e r s   t h e   m i l l .   T h e  

l i n e   t e r m i n a t e s   w i t h   a  s h e a r   36  and  a  s p o o l e r   38.  T h e  

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

do  n o t   mee t   s e t   t o l e r a n c e s ,   f o r   e x a m p l e ,   t h e   i n i t i a l  

p o r t i o n   of  a  s t r i p   when  t h e   l i n e   s t a r t s   up  b e f o r e   t h e  

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

c o n d i t i o n .   The  s p o o l e r   38  c o l l e c t s   t h e   s t r i p   16  in  a n  

e v e n ,   l e v e l   wound  c o i l   on  a  c o r e .  

Wi th   p a r t i c u l a r   r e f e r e n c e   to  F i g s .   2 - 5 ,   e a c h   r o l l i n g   m i l l  

s t a n d   18,  20  and  22  has   s u b s t a n t i a l l y   t h e   same  c o n s t r u c -  

t i o n .   ( L i k e   p a r t s   a r e   i d e n t i f i e d   w i t h   t h e   same  r e f e r e n c e  

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

s e c o n d   m i l l   a r e   n o t e d   w i t h   a  p r i m e   ( ' )   and  p a r t s   a s s o c i -  

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

( " ) .   U n p r i m e d   n u m b e r s   r e f e r   to  p a r t s   of  t h e   f i r s t   m i l l  



s t a n d s   w h i c h   w i l l   be  d e s c r i b e d   in  d e t a i l . )   The  m i l l   s t a n d  

18  i s   o r g a n i s e d   a r o u n d   a  f r a m e   a s s e m b l y   40  f o r m e d  

p r i m a r i l y   of  s t e e l   I - b e a m s   in  a  g e n e r a l l y   r e c t a n g u l a r  

a r r a y   a r o u n d   t he   p a s s l i n e   16a  of  t h e   s t r i p   16.  Two  r o l l s  

4 2 , 4 2   a r e   e a c h   m o u n t e d   in  a s s o c i a t e d   c h o c k   b l o c k s   4 4 , 4 4  

f o r   r o t a t i o n .   The  r o l l s   a r e   f o r m e d   of  t he   m a t e r i a l   s o l d  

u n d e r   t he   t r a d e   d e s i g n a t i o n   A s t r o l l y   h i p p e d   on  a  t o o l  

s t e e l   b a s e .   O t h e r   s u i t a b l e   m a t e r i a l s   a r e   t h e   m a t e r i a l  

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

t u n g s t e n   c a r b i d e .  

An  h y d r a u l i c   m o t o r   46  t h a t   r e c e i v e s   a  s u p p l y   of  p r e s s u r i z e d  

h y d r a u l i c   f l u i d   f rom  an  h y d r a u l i c   power   s u p p l y   47  d r i v e s  

e a c h   of  t he   r o l l s   4 2 , 4 2 .   H y d r a u l i c   c y l i n d e r s   4 8 , 4 8   a c t i n g  

t h r o u g h   r o d s   4 8 a , 4 8 a   and  t h e   u p p e r   c h o c k   b l o c k s   4 4 , 4 4  

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

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

t he   s t r i p .   The  r o d s   4 8 a , 4 8 a   a r e   e a c h   c o n n e c t e d   to  t h e  

a s s o c i a t e d   c h o c k   b l o c k s   t h r o u g h   a  s h e a r   p i n   49  ( F i g .   7 ) .  

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

p i n s   4 9 , 4 9   w i l l   s h e a r   t h e r e b y   p r o t e c t i n g   t h e   f r a m e   a g a i n s t  

p o s s i b l e   damage   and  a l l o w i n g   t h e   use   of  a  s t r u c t u r a l l y  

w e a k e r   (and   l e s s   c o s t l y )   f r a m e   t h a n   w o u l d   o t h e r w i s e   b e  

s a f e .   The  c y l i n d e r s   48  a r e   p r e f e r a b l y   1 2 . 7   cm  ( f i v e - i n c h )  

d i a m e t e r   w i t h   a  1 0 . 1 6   cm  ( f o u r - i n c h )   s t r o k e   and  a  5 . 0 8   cm 

( t w o - i n c h )   d i a m e t e r   rod   c a p a b l e   of  o p e r a t i n g   w i t h   a p p l i e d  

f l u i d   p r e s s u r e s   of  246  k g / e m 2   ( 3 , 5 0 0   p s i )   to  g e n e r a t e  

d o w n w a r d   f o r c e s   of  31752  kg  ( 7 0 , 0 0 0   l b s )   p e r   c y l i n d e r   o r  

63500  kg  ( 1 4 0 , 0 0 0   l b s . )   pe r   s t a n d .   The  c y l i n d e r s   a l s o  

p r e f e r a b l y   i n c l u d e   an  i n t e r n a l   u l t r a s o n i c   d i s t a n c e  

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

t he   r o d s   48a  w i t h   a  r e s o l u t i o n   of  0 . 0 0 2 5 4   mm  ( 0 . 0 0 0 1  

i n c h ) .   Of  c o u r s e ,   o t h e r   s t a n d a r d ,   c o m m e r c i a l l y   a v a i l a b l e  

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

d i f f e r e n t i a l   t r a n s f o r m e r s   can  be  u s e d ,   bu t   w i t h   some  l o s s  

of  a c c u r a c y .   The  c y l i n d e r s   4 8 , 4 8   a r e   e a c h   c o n t r o l l e d  

i n d e p e n d e n t l y   to  v a r y   t h e   p r o f i l e   of  t he   s t r i p   1 6 .  



The  f r a m e   has   a  b a s e   member  40a  f o r m e d   of  a  p a i r   of  b e a m s  

4 0 a ( 1 )   a l i g n e d   g e n e r a l l y   p a r a l l e l   to  t he   s t r i p   and  a  p a i r  

of  c r o s s   beams   4 0 a ( 2 )   a l i g n e d   g e n e r a l l y   t r a n s v e r s e   to  t h e  

s t r i p .   The  beams   4 0 a ( 1 )   a r e   l o c a t e d   g e n e r a l l y   u n d e r   t h e  

h y d r a u l i c   m o t o r s   4 6 , 4 6   and  t h e   beams  4 0 a ( 2 )   s u p p o r t   t h e  

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

c l e a r a n c e   f o r   t h e   r o l l s   and  t h e i r   m o u n t i n g s .   The  c r o s s  
beams   4 0 a ( 2 )   s u p p o r t   a  m o v a b l e   m o t o r   m o u n t i n g   p l a t e   50  a n d  

a  f i x e d   m o t o r   m o u n t i n g   p l a t e   52.  The  m o v a b l e   p l a t e   50  i s  

s u p p o r t e d   on  a  p n e u m a t i c   c y l i n d e r   54  t h a t   c o u n t e r b a l a n c e s  

t h e   m o t o r   so  t h a t   t h e r e   a r e   a p p r o x i m a t e l y   e q u i v a l e n t   l o a d s  

in  t h e   c y l i n d e r s   4 8 , 4 8 .   U p p e r   and  l o w e r   C - s h a p e d   m o u n t i n g  

b r a c k e t s   56  and  58  a r e   s e c u r e d   to  t h e   i n n e r   f a c e   of  t h e  

p l a t e   50.   Each   of  t h e s e   b r a c k e t s   s u p p o r t s   a  v e r t i c a l l y  

o r i e n t e d   s l i d e   s h a f t   60  j o u r n a l l e d   in  an  a s s o c i a t e d   p i l l o w  

b l o c k   62  w h i c h   in  t u r n   i s   m o u n t e d   on  a  v e r t i c a l   s i d e   f r a m e  

member   40b .   The  s l i d e   s h a f t s   g u i d e   t h e   v e r t i c a l   m o v e m e n t  

of  t h e   u p p e r   m o t o r .   S i n c e   t h e   m o t o r   m o u n t i n g   p l a t e   52  i s  

f i x e d   to   t h e   beams   4 0 a ( 2 ) , 4 0 a ( 2 ) ,   t h e   a s s o c i a t e d   h y d r a u l i c  

m o t o r   46  m o u n t e d   on  i t s   o u t e r   f a c e   and  t h e   l o w e r   r o l l   4 2  

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

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

s e p a r a t i o n   f o r c e s ) .   A  s p l i n e   c o u p l i n g   b e t w e e n   t h e   m o t o r  

46  and  i t s   a s s o c i a t e d   r o l l   42  i s   d e s i g n e d   to  a c c o m m o d a t e  

t h i s   d e f l e c t i o n .  

W i t h   p a r t i c u l a r   r e f e r e n c e   to  F i g s .   9A-9D,  t h e   f r a m e   40  

i n c l u d e s   f o u r   of  t h e   s i d e   m e m b e r s   40b  d i s p o s e d   in  p a i r s   t o  

l o c a t e   and  s u p p o r t   t h e   c h o c k   b l o c k s   4 4 , 4 4   l a t e r a l l y .  

H o w e v e r ,   a l l   f o u r   c h o c k   b l o c k s   44  can   s l i d e   v e r t i c a l l y  

w i t h i n   t h e   m e m b e r s   40b .   The  v e r t i c a l   m e m b e r s   p r e f e r a b l y  

h a v e   c r o s s   b a r s   64  t h a t   c o n n e c t   a d j a c e n t   m e m b e r s   40b  o n  

t h e   same  s i d e   of  t h e   r o l l s .   The  f r a m e   40  is   c a p p e d   by  t w o  

u p p e r   f r a m e   beams   4 0 c , 4 0 c   t h a t   e x t e n d   in  t he   d i r e c t i o n   o f  

t r a v e l   of  t h e   s t r i p   to  b r i d g e   one  member  40b  to  a n o t h e r  

member   40b  on  t h e   o p p o s i t e   s i d e   of  t h e   r o l l s .   One  end  o f  



e a c h   beam  40c  i s   m o u n t e d   by  p i v o t a l   m o v e m e n t   a b o u t   a  p i v o t  

p i n   66.  When  t he   u p p e r   m e m b e r s   a r e   in  a  c l o s e d   p o s i t i o n  

f o r   r o l l i n g ,   as  shown  in  F i g s .   2 - 4 ,   t h e   o p p o s i t e   end  o f  

e a c h   member  40c  i s   s e c u r e d   to  t h e   a d j a c e n t   member  40b  by  a  

s e t   of  b o l t s   41.  The  f r a m e   40  is   t h e n   a  c o m p a c t ,   c o m p a r a -  

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

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

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

c o p p e r   or  b r a s s   w i t h   a  h i g h   r e d u c t i o n   ( l a r g e   b i t e )   i s  

63500   kg  ( 1 4 0 , 0 0 0   l b s ) .   S t a t e d   in  o t h e r   t e r m s ,   e a c h   f r a m e  

s h o u l d   be  a b l e   to  w i t h s t a n d   s e p a r a t i o n   f o r c e s   t h a t   p r o d u c e  
s t r e s s e s   in  t he   r a n g e   of  140  to  a t   l e a s t   246  k g / c m 2   ( 2 , 0 0 0  

to  a t   l e a s t   3 , 5 0 0   p s i ) .   I t   s h o u l d   be  n o t e d   t h a t   t h e  

s t r e n g t h   of  t h e   f r a m e   a s s e m b l y   40  in  c o m b i n a t i o n   w i t h   t h e  

a b i l i t y   to  a d j u s t   t he   p o s i t i o n   of  t h e   m o v a b l e   r o l l  

a c c u r a t e l y   and  q u i c k l y   u s i n g   t h e   c y l i n d e r s   48  a v o i d s   t h e  

need   f o r   a  m a s s i v e ,   s t i f f   and  q u i t e   e x p e n s i v e   f r a m e   w h i c h  

is   common  in  p r i o r   a r t   r o l l i n g   m i l l s   t h a t   a r e   s u b j e c t e d   t o  

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

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

b o l t s  4 1   a r e   r e m o v e d ,   t h e   beams  4 0 c , 4 0 c   can  be  p i v o t e d   i n  

u n i s o n   a b o u t   t h e   p i n s   6 6 , 6 6   as  shown  in  F i g .   9D.  T h e  

c y l i n d e r s   4 8 , 4 8   a r e   e a c h   m o u n t e d   on  one  of  t h e   beams  4 0 c  

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

55  c o n n e c t i n g   t h e   l o w e r   end  of  t h e   rod   48a  to  t h e   a s s o c i -  

a t e d   u p p e r   c h o c k   b l o c k s   44  has   b e e n   r e m o v e d .   T h i s   " f l i p  

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

o v e r h e a d   a c c e s s   to  a l l   of  t h e   c h o c k   b l o c k s   and  t h e   r o l l s  

4 2 , 4 2   once   t h e   beams  4 0 c , 4 0 c   a r e   f u l l y   p i v o t e d   to  an  o p e n  

p o s i t i o n .   B e c a u s e   t he   c h o c k   b l o c k s   a r e   f r e e l y   s l i d a b l e  

w i t h i n   t he   s i d e   m e m b e r s   40b  ( o n c e   c o o l i n g   and  l u b r i c a t i o n  

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

t h e i r   a s s o c i a t e d   b l o c k s   a r e   r e a d i l y   and  q u i c k l y   r e p l a c e d  

u s i n g   an  o v e r h e a d   c r a n e   ( n o t   shown)   e i t h e r   i n d i v i d u a l l y   o r  

as  a  f u l l y   a s s e m b l e d   u n i t   of  r o l l s ,   b e a r i n g s   and  c h o c k s .  



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

i n v e n t i o n   t a k e s   a p p r o x i m a t e l y   f i f t e e n   m i n u t e s .   R o l l  

r e p l a c e m e n t   in  c o m p a r a b l e   c o n v e n t i o n a l   m i l l s   t a k e s   a t  

l e a s t   one  and  more  t y p i c a l l y   s e v e r a l   h o u r s .   T h i s   d r a m a t i c  

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

i n v e n t i o n   can  p r o d u c e   a  l a r g e   r e d u c t i o n   in  c o p p e r   a n d  

b r a s s   s t r a n d s   and  s t r i p s   w i t h o u t   b a c k - u p   r o l l s .   I t   i s  

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

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

t h e   r o l l   and  c h o c k   a s s e m b l i e s .  

Wi th   r e f e r e n c e   p r i n c i p a l l y   to  F i g s .   6  and  17,  t h e   r o l l s   4 2  

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

n a r r o w   c e n t r a l   w o r k i n g   p o r t i o n   42a  h a v i n g   an  e n l a r g e d  

d i a m e t e r   as  c o m p a r e d   to  n e c k   p o r t i o n s   4 2 b , 4 2 b   j o u r n a l l e d  

in  b e a r i n g   a s s e m b l i e s   70  m o u n t e d   in  e a c h   c h o c k   b l o c k   4 4 .  

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

p o r t i o n   42a  i s   s m a l l ,   l e s s   t h a n   3 0 . 5   cm  (a  f o o t )   a n d  

t y p i c a l l y   12 .7   to  17.8  cm  ( f i v e   to  s e v e n   i n c h e s ) ,   a s  

c o m p a r e d   to  c o n v e n t i o n a l   two  h i g h   r o l l s   u s e d   in  " b r e a k  

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

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

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

i m p o r t a n t   in  t h e   r o l l s   of  t h e   f i r s t   m i l l   18  b e c a u s e   t h e  

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

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

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

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

i s   l e s s   _for  s m a l l e r   r o l l s .   Thus  r o l l s   mus t   be  l a r g e  

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

p r e v e n t   e x c e s s   l o a d i n g   and  e x c e s s   r o l l   c o s t .  

S t r i p   w i d t h   l e a v i n g   t h e   f i r s t   s t a n d   r o l l s   4 2 , 4 2   d e p e n d s   o n  

r o d   a l l o y ,   rod   s i z e   d e l i v e r e d   to  t h e   s t a n d ,   t h e   e x t e n t   o f  

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

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



w i d t h   can  be  o b t a i n e d   f rom  a  s i n g l e   rod   d i a m e t e r ;   w i d t h  

can  be  v a r i e d   by  c h a n g i n g   t he   e x t e n t   of  r e d u c t i o n .   T h e  

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

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

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

W i d t h s   up  to  t h r e e   t i m e s   i n i t i a l   rod  d i a m e t e r   can  b e  

o b t a i n e d .  

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

e a c h   p o r t i o n   42a  i s   i n v e r s e   " c r o w n e d " ,   t h a t   i s ,   i t   h a s   a  

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

p o i n t   of  maximum  d e p r e s s i o n   43  , 4 3 '   t h a t   i s   c e n t e r e d   o n  

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

in  F i g s .   17A  and  17B,  r e s p e c t i v e l y .   As  shown  in  a  h e a v y  

s o l i d   l i n e   in  F i g .   17A,  t h e   p r o f i l e   45  f o r   t h e   r o l l s   i n  

t he   f i r s t   m i l l   18  is   p r e f e r a b l y   V - s h a p e d   a l o n g   t h e  

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

m i l l s   20  and  22,   t h e   p r o f i l e   45  i s   p r e f e r a b l y   a  t r u n c a t e d  

V - s h a p e   as  shown  in  a  h e a v y   s o l i d   l i n e   in  F i g .   17B,  t h a t  

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

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

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

t e m p e r a t u r e   of  t he   p r o d u c t   b e i n g   r o l l e d .   In  any  e v e n t ,  

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

p o r t i o n   42a  i s   g e n e r a l l y   f l a t ,   b u t   w i t h   a  s l i g h t   r e c e s s  

n e a r   t he   c e n t e r   p o i n t   ( l i g h t ,   s o l i d   l i n e   p r o f i l e s   in  F i g s .  

17A  and  17B)  to  p r o d u c e   a  r o l l e d   p r o d u c t   t h a t   has   s l i g h t l y  

more  m a t e r i a l   n e a r   i t s   c e n t e r l i n e   t h a n   i t s   e d g e s .  

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

s l i g h t l y   " f a t "   m i d d l e   p o r t i o n ,   has   been   f o u n d   to  b e  

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

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

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

l a t e r a l l y   o t h e r w i s e .   T h i s   c o n t r o l   has   been   f o u n d   to  be  s o  

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

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

t h i r d   m i l l   s t a n d s   20  and  22  w h e r e   t h i s   p r o f i l i n g   mus t   b e  



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

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

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

w o r k i n g   p o r t i o n   w i t h   an  edge   d i a m e t e r   of  1 8 7 . 3 2 5   mm  ( 7 . 3 7 5  

i n c h )   ( c o l d )   t h a t   r e c e d e s   to  a  minimum  d i a m e t e r   o f  

1 8 7 . 0 7 1   mm  ( 7 . 3 6 5   i n c h )   ( c o l d )   a t   t h e   s t r a n d   p a s s l i n e   1 6 a  

w h i c h   i s   n o r m a l l y   c o i n c i d e n t   w i t h   t he   p o i n t   43.  At  t h e  

s e c o n d   m i l l   s t a n d ,   a  t y p i c a l   r o l l   has   a  w o r k i n g   p o r t i o n  

w i t h   a  d i a m e t e r   of  1 4 9 . 2 2 5   mm  ( 5 . 8 7 5   i n c h )   ( c o l d )   t h a t  

r e c e d e s   to  a  c e n t r a l   a r e a ,   t h e   p o i n t   4 3 ' ,   w i t h   a  c o n s t a n t  

min imum  d i a m e t e r   of  1 4 9 . 0 2 2   mm  ( 5 . 8 6 7   i n c h )   ( c o l d ) .  

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

d e g r e e   to  w h i c h   t h e   r o l l   i s   c o o l e d .   In  t h e   p r e s e n t  

i n v e n t i o n ,   t h e   r o l l   has   an  i n t e r n a l ,   l o n g i t u d i n a l l y  

e x t e n d i n g   p a s s a g e   42c  t h a t   c o n d u c t s   a  f l o w   of  c o o l i n g  

w a t e r   f rom  a  " q u i c k   d i s c o n n e c t "   i n l e t   72  in  one  c h o c k  

b l o c k   to  a  " q u i c k   d i s c o n n e c t "   o u t l e t   74  in  t h e   o p p o s i t e  

c h o c k   b l o c k .   The  p a s s a g e   42c  p r e f e r a b l y   has   an  e n l a r g e d  

c e n t r a l   v o l u m e   42d  w i t h i n   t h e   r o l l   p o r t i o n   42a  to  i n c r e a s e  

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

42c  and  v o l u m e   42d  a r e   s e l e c t e d   so  t h a t   t h e   r o l l   t h i c k n e s s  

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

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

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

p a s s a g e   42b  v i a   r a d i a l   c h a n n e l s   42e  in  t h e   neck   p o r t i o n s  

of  t h e   r o l l ,   an  a n n u l a r   p a s s a g e   76  in  t h e   c h o c k   b l o c k ,   a n d  

a  p a s s a g e   78.  A  t y p i c a l   f l o w   r a t e   f o r   t he   c o o l i n g   w a t e r  

is   15  l i t r e s   ( f o u r   g a l l o n s )   pe r   m i n u t e   f o r   e a c h   r o l l .  

P r e f e r a b l y   t h e   f l o w   in  e a c h   of  t h e   r o l l s   4 2 , 4 2   i s   i n  

o p p o s i t e   d i r e c t i o n s   so  t h a t   t h e   s t r i p   w i l l   be  e x p o s e d   t o  

s i m i l a r   c o o l i n g   a c r o s s   i t s   w i d t h .   T h o s e   s k i l l e d   in  t h e  

a r t   w i l l   t h u s   a p p r e c i a t e   t h a t   t h e   c h o c k s   44  p r o v i d e   a  

c o m p a c t   s u p p o r t   f o r   t h e   r o l l s   w h i l e   a t   t h e   same  t i m e  

p r o v i d i n g   c o n t i n u o u s   l u b r i c a t i o n   and  a  r o t a r y   u n i o n   f o r  

t h e   i n t r o d u c t i o n   of  t h e   c o o l i n g   l i q u i d   i n t o   t h e   r o l l .  



I t   s h o u l d   be  n o t e d   t h a t   t h e   w o r k i n g   a r e a   of  t h e   r o l l s  

4 2 , 4 2   s p a n   a  c o m p a r a t i v e l y   s m a l l   d i s t a n c e   b e t w e e n   t h e  

c h o c k   b l o c k s   4 4 , 4 4 .   S t a t e d   c o n v e r s e l y ,   mos t   of  t h e   r o l l  

l e n g t h   is   t a k e n   up  by  t h e   neck   p o r t i o n s   4 2 b , 4 2 b   w h i c h   a r e  

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

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

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

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

t h a t   a r e   p r e s e n t .   I t   s h o u l d   a l s o   be  n o t e d   t h a t   a  s m a l l  

s i d e   c l e a r a n c e   i s   d e s i g n e d   i n t o   e a c h   r o l l   42  to  a c c o m m o -  

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

l i m i t   t h e   l a t e r a l   m o v e m e n t   of  t h e   r o l l   once   i t   i s   a t   i t s  

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

Each  r o l l   42  is   d r i v e n   i n d e p e n d e n t l y   by  one  of  t h e  

h y d r a u l i c   m o t o r s   46.  T h e r e   i s   t h e r e f o r e   no  g e a r i n g  

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

e m p l o y e d   to  t r a n s m i t   power   f rom  one  d r i v e n   r o l l   t o  

a n o t h e r   s l a v e   r o l l   or  r o l l s .   A n o t h e r   f e a t u r e   of  t h e  

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

to  t he   r o l l s   t h r o u g h   a  s p l i n e   c o u p l i n g   a s s e m b l y   8 0  

i n c l u d i n g   a  " r o l l   h a l f "   80a  f o u n d   i n t e g r a l l y   w i t h   one  e n d  

of  e a c h   r o l l   and  m a t i n g   " m o t o r   h a l f "   80b  m o u n t e d   on  t h e  

d r i v e   s h a f t   46a  of  t h e   m o t o r .   To  c o n n e c t   t h e   m o t o r   to  t h e  

r o l l ,   t h e   c o u p l i n g   h a l v e s   80a  and  80b  a r e   s i m p l y   m a t e d   a n d  

b o l t e d   to  one  a n o t h e r .   T h i s   c o u p l i n g   a l l o w s   r o l l s   to  b e  

c h a n g e d   e a s i l y .   U s i n g   t h i s   d i r e c t   d r i v e ,   t h e   " s t i f f n e s s "  

of  t he   d r i v e   t r a i n   i s   s u b s t a n t i a l l y   i n c r e a s e d .   T h i s   m a k e s  

b o t h   r o l l s   4 2 , 4 2   more  r e s p o n s i v e   to  s e r v o   c h a n g e s   in  t h e  

d r i v e .   A l s o ,   t h e   c o m p a r a t i v e l y   few  c o m p o n e n t s   in  t h e   r o l l  

d r i v e   p r o d u c e s   d r i v e s   f o r   t he   two  r o l l s   4 2 , 4 2   t h a t   a r e   m o r e  

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

d r i v e s .  

T h i s   s i m p l e   c o u p l i n g   is   p o s s i b l e   due  to  t h e   use   o f  

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

1356  Nm  ( 1 , 0 0 0   f t - l b s ) )   a t   a  low  rpm  ( l e s s   t h a n   400 ,   a n d  



o f t e n   l e s s   t h a n   1 0 0 ) .   The  h y d r a u l i c   m o t o r s   4 6 , 4 6   a r e  

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

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

p o w e r   s u p p l y   47.  Wi th   t h i s   a r r a n g e m e n t ,   t he   p r e s s u r e  

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

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

p r e c i s e   and  r e s p o n s i v e   c o n t r o l   o v e r   t h e   power   s u p p l i e d   t o  

t h e   r o l l s   4 2 , 4 2 .   For   t h e   f i r s t   m i l l   s t a n d   18,  t h e   m o t o r s  

4 6 , 4 6   p r e f e r a b l y   o p e r a t e   a t   251  k g / c m 2   ( 3 , 5 7 0   p s i )  

p r e s s u r e   (281  k g / e m 2   ( 4 , 0 0 0   p s i ,   p e a k ) )   to  p r o d u c e   a  

r e q u i r e d   t o t a l   t o r q u e   of  1 6 , 9 4 8   Nm  ( 1 2 , 5 0 0   f t - l b s )  

( 2 3 5 2 4   Nm  ( 1 7 , 3 5 0   f t - l b s , )   p e a k )   a t   a  maximum  s p e e d   o f  

3 4 . 5   rpm  ( 2 0 3 2   cpm  w i t h   a  1 7 . 7 8   cm  r o l l )   (800  ipm  w i t h   a  

s e v e n - i n c h   r o l l ) .   The  r e d u c t i o n   and  s p r e a d i n g   a t   t h e  

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

l o w e r   r e q u i r e m e n t s .   S i n c e   t h e   s t r i p   is   m o v i n g   f a s t e r  

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

up  in  e a c h   s t a n d .   The  s e c o n d   s t a n d   20  p r e f e r a b l y   u t i l i s e s  

m o t o r s   4 6 ' , 4 6 '   of  t h e   same  t y p e   as  t h e   m o t o r s   4 6 , 4 6   b u t  

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

8813  Nm  ( 6 , 5 0 0   f t - l b s )   ( 1 1 1 9 9   Nm  ( 8 , 2 6 0   f t - l b s , )   p e a k ) .  

The  m o t o r s   4 6 " , 4 6 "   of  t h e   t h i r d   m i l l   s t a n d   p r e f e r a b l y   h a v e  

a  r e q u i r e d   t o t a l   o u t p u t   t o r q u e   of  3390  Nm  ( 2 , 5 0 0   f t - I b s )  

( 3 5 2 5   Nm  ( 2 , 6 0 0   f t - l b s , )   p e a k ) .  

Wi th   r e f e r e n c e   to  F i g s .   1 0 - 1 6 ,   t h e   m i l l   s t a n d s   18,  20  a n d  

22  e a c h   i n c l u d e   an  e n t r a n c e   g u i d e   a s s e m b l y   90  t h a t   c a n  

g u i d e   t h e   s t r a n d   14  or  s t r i p   16  to  t h e   gap  b e t w e e n   t h e  

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

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

p r o d u c t   b e f o r e   i t   i s   r o l l e d .   The  a s s e m b l y   90  i s   o r g a n i s e d  

a r o u n d   a  t u b e - l i k e   e n c l o s u r e   92  t h a t   i s   m o u n t e d   to  t h e  

f r a m e   40.  The  e n c l o s u r e   92  e x t e n d s   f rom  a  p o i n t   i m m e d i -  

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

a t e l y   b e f o r e   t h e   r o l l s   and  is   b o l t e d   to  t h e   f r a m e   a s s e m b l y  

40  so  t h a t   i t   i s   r e a d i l y   r e m o v a b l e .   A  r e d u c i n g   a t m o s p h e r e  

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

in  t h e   r e h e a t e r .   The  e n c l o s u r e   r e c e i v e s   t h i s   a t m o s p h e r e  



and  h o l d s   i t   a r o u n d   t h e   ho t   p r o d u c t .   A l t e r n a t e l y ,   t h e  

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

r e d u c i n g   gas   a t m o s p h e r e .   T h i s   a r r a n g e m e n t   i s   u s u a l l y   o f  

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

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

b r a s s .  

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

t h i r d   m i l l   s t a n d   22,  i s   p r o v i d e d   by  a  s e t   of  h o r i z o n t a l  

r o l l e r s   9 4 , 9 4   l o c a t e d   in  t h e   e n c l o s u r e   92"  and  r o t a t a b l y  

j o u r n a l l e d   in  m o u n t i n g   b l o c k s   9 6 , 9 6   t h a t   t r a v e l   a l o n g   a  

t h r e a d e d   s h a f t   98.  R o t a t i o n   of  t h e   s h a f t   t h r o u g h   a  w o r m  

g e a r   100  a d j u s t s   t h e   r e l a t i v e   p o s i t i o n   of  t h e   r o l l e r s  

9 4 , 9 4   to  g u i d e   s t r a n d   or  s t r i p s   of  v a r y i n g   d i m e n s i o n s   i n t o  

t he   n i p   of  t he   r o l l s   4 2 " , 4 2 " .   A  c o a r s e   d e g r e e   of  l a t e r a l  

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

a  p a i r   of  m u t u a l l y   i n c l i n e d   p l a t e s   1 0 2 , 1 0 2   t h a t   f u n n e l   t h e  

p r o d u c t   to  t h e   c e n t e r   of  t he   r o l l   p o r t i o n s   4 2 a " , 4 2 a " .  

L a t e r a l   g u i d a n c e   can  a l s o   be  p r o v i d e d   by  v e r t i c a l   g u i d e  

r o l l e r s   1 0 4 , 1 0 4   m o u n t e d   f o r   r o t a t i o n   in  t h e   e n c l o s u r e   9 2 .  

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

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

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

p r o d u c t   a r e   s u f f i c i e n t l y   s t r o n g   t h a t   t h e   r o l l e r s   1 0 4 , 1 0 4  

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

u s e d ,   t he   p r o d u c t   is   g u i d e d   in  g r o o v e s   1 0 4 a , 1 0 4 a   h a v i n g   a  

s q u a r e   c r o s s   s e c t i o n .   O t h e r   c o n f i g u r a t i o n s   have   p r o v e n   t o  

be  s i g n i f i c a n t l y   l e s s   e f f e c t i v e .   U s u a l l y   o n l y   t h e  

v e r t i c a l   r o l l e r s   1 0 4 ' , 1 0 4 '   and  1 0 4 " , 1 0 4 "   a t   t h e   s e c o n d   a n d  

t h i r d   m i l l   s t a n d   22  p r o v i d e   a  s i g n i f i c a n t   d e g r e e   o f  

g u i d a n c e   of  t he   s t r i p   once   i t   is   b e t w e e n   t h e   r o l l s .  

B e c a u s e   t he   p r o d u c t   b e i n g   r o l l e d   i s   ho t   and  t h e   s e p a r a t i o n  

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

m e t a l   f rom  t he   p r o d u c t   to  t he   r o l l s   w h e r e   i t   can  a d h e r e  

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

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



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

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

s y s t e m   110  t h a t   s p r a y s   a  r e l e a s e   a g e n t   o n t o   t h e   e x t e r i o r  

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

b r u s h i n g   s y s t e m   1 4 0 .  

As  i s   b e s t   s e e n   in  F i g s .   10,  10A  and  21,  t h e   s p r a y   s y s t e m  

i n c l u d e s   p r i m a r y   and  a u x i l i a r y   n o z z l e s   1 1 2 , 1 1 2 a   t h a t   s p r a y  
e a c h   r o l l   p o r t i o n   42a  w i t h   a  f a n - l i k e   s p r a y   S  of  t h e  

r e l e a s e   a g e n t   t h a t   c o v e r s   t h e   o u t e r   s u r f a c e   of  t h e   r o l l  

p o r t i o n   4 2 a .   The  p a r t i c u l a r   r e l e a s e   a g e n t   c h o s e n   w i l l  

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

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

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

more  m o d e r a t e ,   t h e   r e l e a s e   a g e n t   can  be  any  of  a  w i d e  

v a r i e t y   of  known  i n g r e d i e n t s   w h i c h   p r o v i d e   some  d e g r e e   o f  

l u b r i c a t i o n .   Where   t h e   r e d u c t i o n   is   more  s u b s t a n t i a l   ( t h e  

f i r s t   m i l l   s t a n d   18 ) ,   i t   i s   a l s o   n e c e s s a r y   to  use   a  

" g r i t t y "   i n g r e d i e n t   s u c h   as  c l a y   c a r r i e d   in  a  w a t e r  

s u s p e n s i o n .   I t   a l s o   h e l p s   i f   t h e   c l a y   r e s i s t s   f l o c c u l a -  

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

m i x t u r e   of  w a t e r ,   a  w a t e r   s o l u b l e   l u b r i c a n t ,   and  c l a y   a r e  

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

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

and  t h i r d   m i l l   s t a n d s   20  and  22  ( a l t h o u g h   w a t e r   and  a  

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

The  r e l e a s e   a g e n t   i s   m i x e d   in  t a n k s   A  and  B  ( F i g .   21)  a n d  

a t   l e a s t   t a n k   B  c o n t a i n i n g   t h e   " g r i t t y "   s o l u t i o n   i s  

m a i n t a i n e d   in  a  c o n s t a n t   a g i t a t i o n   by  an  a g i t a t o r   114  o r  

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

P r e f e r a b l y   a  l u b r i c a t i n g   s o l u t i o n   116  i s   m i x e d   in  t h e   t a n k  

A  and  a  " g r i t t y "   s o l u t i o n   118  i s   m i x e d   in  t h e   t a n k   B.  T h e  

s o l u t i o n s   f rom  b o t h   t a n k s   a r e   t h e n   f ed   to  t h e   n o z z l e s  

1 1 2 , 1 1 2 a .   B e c a u s e   t h e r e   i s   u s u a l l y   a  p a r t i c u l a t e   h e l d   i n  

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

f e e d   l i n e s   1 2 0 , 1 2 2 .   T h e r e f o r e ,   t h e   s o l u t i o n   i s   p u m p e d  



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

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

Wi th   r e f e r e n c e   to  F i g s .   10,  18  and  19,  t h e   b r u s h   s y s t e m  

140  c o n s t a n t l y   r e m o v e s   m e t a l ,   o x i d e ,   and  r e l e a s e   a g e n t  

w h i c h   n e v e r t h e l e s s   a d h e r e s   to  t h e   r o l l   p o r t i o n s   4 2 a , 4 2 a .  

I t   i n c l u d e s   a  r o t a r y   b r u s h   142  t h a t   r o t a t e s   a g a i n s t   t h e  

o u t e r   s u r f a c e   of  e a c h   r o l l   p o r t i o n   42a  a t   a  h i g h   r o t a -  

t i o n a l   s p e e d ,   e . g . ,   a t   l e a s t   2000  rpm  and  p r e f e r a b l y   3 , 0 0 0  

rpm.  The  b r u s h   a l s o   has   a  c o m p a r a t i v e l y   l a r g e   d i a m e t e r ,  

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

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

A l s o ,   b e c a u s e   t h e   b r u s h   i s   c y l i n d r i c a l   and  r o t a t e s  

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

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

e f f i c i e n t l y   f rom  t h e   r o l l s   and  d o e s   no t   c o l l e c t   in  a  s m a l l  

a r e a   (as   w i t h   t he   s c r a p e r )   w h e r e   i t   c o u l d   s c o r e   t h e   r o l l .  

The  b r i s t l e s   a r e   p r e f e r a b l y   f o r m e d   of  h i g h   c a r b o n   s t e e l .  

The  b r u s h   142  i s   m o u n t e d   r o t a t a b l y   a t   one  end  of  a  f r a m e  

144  in  f r i c t i o n   ( s l e e v e )   b e a r i n g s   1 4 3 , 1 4 3 .   At  t h e  

o p p o s i t e   end ,   t he   f r a m e   is   r e p l a c e a b l y   h e l d   in  a  p i v o t  

mount   s e c u r e d   to  t h e   m i l l   f r a m e   40  by  a  p i v o t   s h a f t   1 4 6  

and  a  p a i r   of  U - s h a p e d   m o u n t i n g   b r a c k e t s   l 4 4 a , t 4 4 b .   An 

h y d r a u l i c   m o t o r   148  m o u n t e d   on  t h e   f r a m e   d r i v e s   a  p a i r   o f  

b e l t s   1 5 0 , 1 5 0   t h a t   in  t u r n   r o t a t e   t h e   b r u s h .   The  l o a d i n g  

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

c y l i n d e r   152  c o n n e c t e d   b e t w e e n   a  c r o s s   b a r   145  l i n k i n g   t h e  

m o u n t i n g   b r a c k e t s   1 4 4 a , 1 4 4 b   and  t h e   p i v o t   end  of  t h e   f r a m e  

140.  A  s p r i n g   154  l o c a t e d   on  t h e   o p p o s i t e   s i d e   of  t h e  

f r a m e   140  f rom  t he   a i r   c y l i n d e r   p r o v i d e s   a  c o u n t e r b a l a n c -  

ing   f o r c e .   The  f r i c t i o n   b e a r i n g s   t o g e t h e r   w i t h   t h e   s p r i n g  

154  a l s o   damp  v i b r a t i o n s   i n d u c e d   in  t h e   b r u s h i n g   s y s t e m  

d u r i n g   u s e .   In  one  e x t r e m e   p o s i t i o n ,   t h e   c y l i n d e r   p i v o t s  

t he   f r a m e   so  t h a t   t h e   b r u s h   i s   s p a c e d   f rom  t h e   r o l l s .  

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

154,  p r o v i d e   v a r y i n g   l o a d i n g   f o r c e s .   An  o p t i m a l   l o a d i n g  



f o r c e   r e m o v e s   a l l   of  t h e   a c c u m u l a t e d   m e t a l   f rom  t h e   r o l l s  

w i t h o u t   s i g n i f i c a n t l y   i n c r e a s i n g   b r i s t l e   wear   or  l o s s .   A 

t y p i c a l   v a l u e   f o r   t h e   l o a d i n g   f o r c e   i s   1 1 . 3 4   kg  (25  l b s ) .  

The  p r e c i s e   v a l u e   w i l l   v a r y   w i t h   f a c t o r s   s u c h   as  t h e  

n a t u r e   of  t h e   m e t a l ,   t h e   s i z e   of  t h e   r o l l s   and  t h e  

b r u s h e s ,   t h e   r a t e   of  b r i s t l e   w e a r ,   t h e   r a t e   of  l o s s   o f  

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

of  t h e   b r u s h ,   and  wear   or  p o s s i b l e   damage   to  t h e   r o l l .  

In  o p e r a t i o n   t h e   l i n e   12  c o n t i n u o u s l y   h o t   r o l l s   a  m e t a l l i c  

s t r a n d   14  i n t o   a  s t r i p   16  ( F i g .   20)  h a v i n g   a  h i g h l y  

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

The  l i n e   p r e f e r a b l y   o p e r a t e s   to  r o l l   c o p p e r   or  c o p p e r  

a l l o y   rod   i n t o   n a r r o w   s t r i p s .   In  a d d i t i o n   to  r o l l i n g   t h e  

s t r a n d   or  s t r i p ,   e a c h   m i l l ,   and  in  p a r t i c u l a r   t h e   f i r s t  

m i l l   18,  a c t   as  d r i v e s   f o r   t h e   s t r a n d   or  s t r i p .   The  s p e e d  

a t   w h i c h   t h e   s t r a n d   and  s t r i p   i s   d r i v e n   by  t h e   m i l l s   i s  

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

w i t h o u t   u n s t a b l e   p l a s t i c   f l o w   due  to  e x c e s s i v e   t e n s i o n .  

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

t a n d e m   m i l l s .   The  f i r s t   s t a n d   ( r e g a r d l e s s   of  t h e  

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

s e c o n d   s t a n d   gap  and  s p e e d   i s   c o n t r o l l e d   by  means   of  a  

m a n u a l   " r e d u c t i o n   r a t i o "   s e t t i n g .   At  z e r o   r e d u c t i o n ,   t h e  

s p e e d   and  gap  of  t h e   s e c o n d   s t a n d   m a t c h e s   t h e   s p e e d   a n d  

gap  of  t h e   f i r s t   s t a n d .   As  t h e   r e d u c t i o n   in  t h e   s e c o n d  

s t a n d   i s   i n c r e a s e d   ( m a n u a l l y ) ,   t h e   s p e e d   i n c r e a s e s  

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

=  s p e e d   ou t   X  t h i c k n e s s   o u t )   to   m a i n t a i n   t e n s i o n   in  t h e  

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

s t a n d s ,   t h e   s t r i p   has   room  to  s t r e t c h   s l i g h t l y   w i t h o u t  

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

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

c o n t r o l   m i l l   s p e e d   a d e q u a t e l y .   S i m i l a r   c o n s i d e r a t i o n s   a p p l y  

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

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



The  f i r s t   m i l l   18  a c t s   p r i n c i p a l l y   as  a  r o u g h   " b r e a k   d o w n "  

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

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

f i n a l   w i d t h   of  t h e   f i n i s h e d   s t r i p .   T h e r e   i s   a  l a r g e   b i t e  

and  a  s u b s t a n t i a l   s p r e a d i n g   of  t he   s t r a n d   a t   t h e   f i r s t  

m i l l .   The  s e c o n d   m i l l   20  i s   a n o t h e r   " b r e a k   down"  m i l l .  

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

m a i n t a i n i n g   t h e   w i d t h   s e t   by  t h e   f i r s t   m i l l .   (As  a  r o u g h  

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

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

as  t h e   r e d u c t i o n   i t s e l f . )   The  l i n e   s p e e d   i s   m a i n t a i n e d  

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

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

r e d u c t i o n   in  t h i c k n e s s .   The  t h i r d   m i l l   22  i s   p r i n c i p a l l y  

a  ho t   f i n i s h i n g   m i l l   t h a t   s e t s   t he   f i n a l   g a u g e   and  w i d t h  

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

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

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

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

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

bu t   a l s o   to  m a i n t a i n   t h e   i n t e r s t a n d   t e n s i o n   in  t h e   s t r i p  

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

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

t h i r d   s t a n d s   d e p e n d i n g   on  r e d u c t i o n s   in  t h o s e   s t a n d s .  

By  way  of  e x a m p l e ,   bu t   n o t   of  l i m i t a t i o n ,   t h e   f i r s t   m i l l  

s t a n d   has   " 1 7 . 7 8   cm"  ( " s e v e n   i n c h " )   r o l l s   and  t h e   s e c o n d  

and  t h i r d   h a v i n g   " 1 3 . 9 7   cm"  ( " f i v e   and  o n e - h a l f   i n c h " )  

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

maximum  s e p a r a t i n g   f o r c e   of  6 3 , 5 0 0   kg  ( 1 4 0 , 0 0 0   l b s ) .   T h e  

maximum  r p m ' s   of  t h e   s t a n d s   18,  20  and  22  a r e   37,  202  a n d  

500,   r e s p e c t i v e l y .   The  c o r r e s p o n d i n g   maximum  s u r f a c e  

s p e e d   of  t h e   s t r i p   16  a t   t h e s e   s t a n d s   i s   2 0 6 5 ,   8 8 5 4 . 6   a n d  

21844   cpm  ( 8 1 3 ;   3 , 4 9 0   and  8 , 6 0 0   i p m ) ,   r e s p e c t i v e l y .   In  a  

t y p i c a l   run   b e g i n n i n g   w i t h   2 8 . 6   mm  ( 1 - 1 / 8   i n c h )   d i a m e t e r  

b r a s s   s t r a n d   c a s t   a t   254  cpm  (100  i p m ) ,   t h e   f i r s t   m i l l  



s t a n d   p r o d u c e s   a  s t r i p   a p p r o x i m a t e l y   3 .81   mm  ( 0 . 1 5 0   i n c h )  

t h i c k ,   and  6 6 . 5 5   mm  ( 2 . 6 2   i n c h )   w ide   a t   6 4 2 . 6   cpm  ( 2 5 3  

i p m ) .   The  s e c o n d   and  t h i r d   m i l l   s t a n d s   g e n e r a l l y   m a i n t a i n  

t h i s   w i d t h   w h i l e   r e d u c i n g   t h e   s e c t i o n   to  1.9  mm  ( 0 . 0 7 5  

i n c h )   by  6 8 . 3 3   mm  ( 2 . 6 9   i n c h )   and  0 . 9 9   mm  ( 0 . 0 3 9   i n c h )   b y  

6 9 . 3 4   mm  ( 2 . 7 3   i n c h ) ,   r e s p e c t i v e l y .   The  s u r f a c e   s p e e d   a t  

t h e   s e c o n d   and  t h i r d   m i l l s   i s   1250  and  2360  cpm  (492  a n d  

929  i p m ) ,   r e s p e c t i v e l y .  

As  a n o t h e r   e x a m p l e ,   t h e   h o t   r o l l   m i l l   of  t h i s   i n v e n t i o n ,  

when  u s e d   in  t a n d e m   t h r e e   m i l l   o p e r a t i o n ,   can  t r a n s f o r m  

5 . 0 8   cm  ( two  i n c h )   d i a m e t e r   c o p p e r   s t r a n d   c a s t   a t  

165 .1   cpm  (65  ipm)  i n t o   a  s t r i p   0 . 3 0 5   mm  ( 0 . 0 1 2   i n c h )  

t h i c k   by  8 1 . 3   mm  ( 3 . 2   i n c h )   w ide   a t   13970  cpm  ( 5 , 5 0 0   i p m ) .  

The  t h i c k n e s s   a t   t h e   f i r s t   m i l l   i s   6.1  mm  ( 0 . 2 4   i n c h )   a n d  

a t   t h e   s e c o n d   m i l l   0 . 9 6 5   mm  ( 0 . 0 3 8   i n c h ) .   The  s e p a r a t i n g  

f o r c e s   a t   e a c h   m i l l   a r e   a p p r o x i m a t e l y   39916  kg,  62142   k g  

and  27669   kg  ( 8 8 , 0 0 0   l b s ,   1 3 7 , 0 0 0   l b s ,   and  6 1 , 0 0 0   l b s ) ,  

r e s p e c t i v e l y .   The  t o r q u e   a p p l i e d   to  t h e   r o l l s   a t   t h e  

s t a n d s   a r e   13151  Nm,  6101  Nm  and  1022  Nm  ( 9 , 7 0 0   f t - l b s ,  

4 , 5 0 0   f t - l b s ,   and  754  f t - l b s ) ,   r e s p e c t i v e l y .  

T h e r e   has   b e e n   d e s c r i b e d   a  n o v e l ,   two  h i g h   h o t   r o l l i n g  

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

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

c o p p e r   or  c o p p e r   a l l o y s   f rom  a  c o n t i n u o u s l y   c a s t   s t r a n d .  

The  r o l l i n g   i s   c h a r a c t e r i s e d   by  a  l a r g e   b i t e   w i t h   o n l y   o n e  

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

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

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

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

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

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

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

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

e x p a n s i o n .   T h e s e   o b j e c t i v e s   a r e   a c h i e v e d   u s i n g   a  m i l l  

t h a t   i s   m a r k e d l y   more  c o m p a c t ,   l i g h t w e i g h t   and  l e s s   c o s t l y  

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



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

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

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

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

a l s o   has   s y s t e m s   f o r   c o n t r o l l i n g   t h e   t r a n s f e r   and  a c c u m u -  
l a t i o n   of  m e t a l   on  t h e   w o r k i n g   r o l l s   and  s y s t e m s   f o r  

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

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

p r o d u c e   a  p r e s e l e c t e d   end  p r o d u c t .  

W h i l e   t h e   i n v e n t i o n   has   been   d e s c r i b e d   w i t h   r e f e r e n c e   t o  

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

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

s k i l l e d   in  t h e   a r t   f rom  t h e   f o r e g o i n g   d e t a i l e d   d e s c r i p t i o n  
and  t he   a c c o m p a n y i n g   d r a w i n g s .   Such  v a r i a t i o n s   a n d  

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

a p p e n d e d   c l a i m s .  



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

i n t o   a  s t r i p   w i t h   a  l a r g e   b i t e   and  a  low  b i t e   r a t i o  

c o m p r i s i n g ,  

a  f r a m e ,  

a  p a i r   of  r o l l s ,   o r i e n t e d   g e n e r a l l y   p a r a l l e l   to  o n e  

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

d i a m e t e r ,  

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

m o u n t i n g   means   b e i n g   m o v a b l e   to  a l l o w   a  v a r i a t i o n   in  t h e  

gap  b e t w e e n   s a i d   r o l l s ,  

means   f o r   d r i v i n g   s a i d   m o u n t i n g   means   f o r   a t   l e a s t  

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

s e t   s a i d   gap ,   a n d  

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

low  s p e e d   and  a t   a  r e l a t i v e l y   h i g h   t o r q u e .  

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

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

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

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

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

s a i d   r o l l .  

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

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

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

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

a t   i t s   e d g e s .  

4.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  c l a i m   2  or  3 

c h a r a c t e r i s e d   in  t h a t   e a c h   of  s a i d   r o l l s   has   an  i n t e r i o r  

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

5.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  a n y  o n e   of  t h e  

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



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

s e p a r a t e   one  of  s a i d   m o u n t i n g   means   f o r   one  of  s a i d   p a i r  
3f  r o l l s ,   s a i d   d r i v e   m e m b e r s   b e i n g   i n d e p e n d e n t l y   a d j u s t -  

a b l e   to  v a r y   t h e   p r o f i l e   of  s a i d   s t r i p .  

6.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  c l a i m   5  c h a r a c t e r i s e d  

in  t h a t   t h e   o t h e r   of  s a i d   p a i r   of  r o l l s   and  i t s   a s s o c i a t e d  

m o u n t i n g   means   and  r o t a t i n g   means   a r e   f i x e d .  

7.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  a n y  o n e   of  t h e  

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

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

r o l l s .  

8.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  c l a i m   7  f u r t h e r  

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

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

9.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  c l a i m   8  c h a r a c t e r i s e d  

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

an  a d j u s t a b l e   s w a s h p l a t e   p u m p i n g   s y s t e m   to  c o n t r o l   s a i d  

r o t a t i o n .  

10.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  a n y  o n e   of  t h e  

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

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

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

11.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  c l a i m   10  c h a r a c t e r -  

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

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

r o l l s .  

12.  A  ho t   r o l l i n g   m i l l   a c c o r d i n g   to  c l a i m   11  c h a r a c t e r -  

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

f r a m e ,   a  r o t a r y   b r u s h   m o u n t e d   a t   one  end  of  s a i d   f r a m e ,   a  



m o t o r   m o u n t e d   a t   t h e   o t h e r   end  of  s a i d   f r a m e ,   and  m e a n s  

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

one  of  s a i d   r o l l s .  

13.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  c l a i m   12  c h a r a c t e r -  

i s e d   in  t h a t   s a i d   a d j u s t a b l e   l o a d i n g   means   i n c l u d e s   a  

p i v o t e d   m o u n t e d   means   f o r   s a i d   f r a m e   and  means   f o r   d r i v i n g  

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

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

14.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  c l a i m   10  c h a r a c t e r -  

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

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

15.  A  h o t   r o l l i n g   means   a c c o r d i n g   to  a n y  o n e   of  t h e  

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

s t r a n d   i n t o   s a i d   gap  b e t w e e n   s a i d   p a i r   of  r o l l s .  

16.  A  h o t   r o l l i n g   m i l l   a c c o r d i n g   to  c l a i m   15  c h a r a c t e r -  

i s e d   in  t h a t   s a i d   g u i d e   means   i n c l u d e s   an  e n c l o s u r e   t h a t  

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

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

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

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

d i m e n s i o n s   u s i n g   o n l y   one  p a s s   p e r   m i l l   s t a n d   to  n e v e r t h e -  

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

o f  

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

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

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

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

b e t w e e n   s a i d   w o r k i n g   p o r t i o n s   and  t h e   r o d ,  

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

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

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



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

w h e r e b y   s a i d   r o l l i n g   no t   o n l y   p r o d u c e s   s a i d   l a r g e  

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

s a i d   s t r i p   a t   s u b s t a n t i a l l y   i t s   maximum  v a l u e   in  a  f i r s t  

r o l l i n g   p a s s .  

18.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   17  c h a r a c t e r i s e d   by  t h e  

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

r o l l s .  

19.  A  p r o c e s s   a c c o r d i n g   to  c l a i m s   17  or  18  f u r t h e r  

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

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

20.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   18  c h a r a c t e r i s e d   in  t h a t  

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

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

21.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   19  c h a r a c t e r i s e d   in  t h a t  

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

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

22.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   17  to  21 

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

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

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

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

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

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

does   no t   p r o d u c e   u n s t a b l e   p l a s t i c   f l o w   in  t he   s t r i p   due  t o  

e x c e s s i v e   t e n s i o n .  

23.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   22  f u r t h e r   c h a r a c t e r i s e d  

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

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



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

w i t h o u t   s u b s t a n t i a l l y   c h a n g i n g   i t s   w i d t h ,   t he   r o l l   r o t a t -  

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

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

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

s t r i p   due  to  e x c e s s i v e   t e n s i o n .  

24.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   17  to  23  

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

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

25.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   17  to  24  

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

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

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

s t a b i l i s a t i o n ,   t h a t   has   a  s l i g h t   e x c e s s   of  m e t a l   n e a r   i t s  

c e n t e r   as  c o m p a r e d   to  i t s   e d g e s ,   s a i d   e x c e s s   a c t i n g   t o  

s e l f - c e n t e r   t h e   rod   and  s t r i p   on  s a i d   w o r k i n g   p o r t i o n s .  

26.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   17  to  2 5  

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

s a i d   p a i r   of  r o l l s .  

27.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   26  c h a r a c t e r i s e d   in  t h a t  

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

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

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

28.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   17  to  2 7  

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

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

s a i d   r o l l s   and  c o u p l i n g   s a i d   m o t o r   to  an  a s s o c i a t e d   one  o f  

s a i d   r o l l s   d i r e c t l y .  

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

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

f o r m e d   by  t h e   p r o c e s s   of  a n y  o n e   of  c l a i m s   17  to  2 8 .  
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