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©  Cold  pilger  mill. 

(57)  A  cold  pilger  mill  including  a  rolling  mechanism  for 
intermittently  rolling  a  tubular  material  over  a  mandrel  to  a 
reduced-diameter  pipe.  A  detector  (74)  is  associated  with  the 
rolling  mechanism  for  detecting  the  rolling  phase  in  the 
rolling  mechanism.  A  feeding  mechanism  (42)  for  feeding 
the  material  in  the  axial  direction  and  a  turning  mechanism 
(64,  68,  70)  for  turning  the  material  and  the  mandrel  are 

respectively  provided  with  their  own  motors  (76,  78,  80,  82). 
A  controller  (72)  is  also  provided  to  receive  a  signal  from  the 
detector  (74)  and  supply  operation  signals  to  the  respective 
motors  (76,  78,  80,  82)  of  the  feeding  mechanism  (42)  and  the 
turning  mechanism  (64,68,70)  sothatthese  mechanisms  are 
operated  at  completion  of  each  rolling  stroke. 
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F i e l d   of  t he   I n v e n t i o n  

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

m i l l ,   and  more   p a r t i c u l a r l y   to  s u c h   a  m i l l   of  a  

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

and  m a i n t e n a n c e .  

D e s c r i p t i o n   of  t h e   P r i o r  A r t  

I t   i s   w e l l - k n o w n   to  use   c o l d   p i l g e r   m i l l s   as  t h e  

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

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

p r i n c i p l e   of  t h e   c o l d   p i l g e r i n g   p r o c e s s ,   as  shown  i n  

F i g u r e   1  a.  s t a r t i n g   t u b u l a r   m a t e r i a l   10  i s  

i n t e r m i t t e n t l y  f e d   o v e r   a  t a p e r e d   m a n d r e l   12  f rom  i t s  

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

m a t e r i a l   10  i s   s t a t i o n a r y   w i t h   r e s p e c t   to  t h e  

m a n d r e l   12  a  p a i r   of  g r o o v e d   d i e s   or  r o l l s   14  w h i c h  

e m b r a c e   the   m a t e r i a l  1 0   f rom  a b o v e   and  b e l o w   a r e  

r e c i p r o c a t e d   once   a l o n g   the   t a p e r e d   p o r t i o n   o f   t h e  

m a n d r e l   12  f rom  i t s   b a s e   end  X  to  i t s   t i p   end  Y  f o r  

r o l l i n g   the   m a t e r i a l  1 0   t o  a   r e d u c e d   d i a m e t e r   a n d  

w a l l   t h i c k n e s s   p i p e   16.  T h i s   c o l d - p i l g e r i n g   p r o c e s s  

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

m a n u f a c t u r i n g   p r o c e s s e s   s i n c e   a  l a r g e   c r o s s - s e c t i o n a l  

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



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

of  v e r y   h i g h   e f f i c i e n c y   of  p i p e   p r o d u c t i o n .   I n  

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

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

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

As  s e e n   f rom  t h e   a b o v e ,   t he   c o l d   p i l g e r i n g  

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

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

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

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

c o m p l e t i o n   of  e a c h   r o l l i n g   s t r o k e ,   t h e   m a t e r i a l   1 0  

is   a x i a l l y   a d v a n c e d   a  p r e d e t e r m i n e d   d i s t a n c e   and  a t  

t h e   same  t i m e   t h e   m a t e r i a l   10  and  the   m a n d r e l   12  a r e  

t u r n e d   a r o u n d   t h e i r   l o n g i t u d i n a l   a x e s   by  a  

p r e d e t e r m i n e d   a n g l e .  

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

m i l l s   i s   s c h e m a t i a l l y   shown  in  F i g u r e   2.  The  s h o w n  

c o l d   p i l g e r   m i l l   c o m p r i s e s   one  main   m o t o r   20  as  a  

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

s h a f t  2 2   a t   a  c o n s t a n t   s p e e d   t h r o u g h   a  c h a i n - a n d -  

w h e e l   m e c h a n i s m   2 0 a .   The  c r a n k   s h a f t   22  has   a  p a i r  

of   c r a n k   p i n s   22a  w h i c h   a r e   in  t u r n   c o n n e c t e d  

r e s p e c t i v e y   to  a  p a i r   of  s a d d l e s   24  shown  i n  

c h a i n - l i n e   in  F i g u r e   2  t h r o u g h   a  c o u p l i n g   rod   2 2 b .  

T h e s e   s a d d l e s   24  have   two  g r o o v e d   r o l l s   2 6 ,  

s i m i l a r   to   t h o s e   shown  in  F i g u r e   1,  m o u n t e d   on  r o l l  



s h a f t s   26a  p i v o t a l l y   s u p p o r t e d   in  t he   s a d d l e s .   E a c h  

s h a f t   26a  i s   f i r m l y   c o n n e c t e d   to  a  p i n i o n   28a  in  m e s h  

w i t h   a  s t a t i o n a r y   r a c k   28b  a f f i x e d   to   a  s a d d l e   b e d  

s i d e   p l a t e   ( n o t   s h o w n ) .  

W i t h   t h i s   a r r a n g e m e n t ,   when  t he   c r a n k   s h a f t  2 2  

i s   r o t a t e d   by  t he   m o t o r   20,  t h e   s a d d l e s   24  a r e  

r e c i p r o c a t e d   w i t h   t he   a s s o c i a t e d   r o l l s   26,  and  a t   t h e  

same  t i m e   t h e   r o l l s  2 6   a r e   r e c i p r o c a t i v e l y   r o t a t e d  

s i n c e   t h e   p i n i o n s   28a  f i x e d   to   t h e   r o l l s   26  a r e  

c a u s e d   to   move  and  r o t a t e   in  m e s h e d   c o n d i t i o n   on  a n d  

a l o n g   t h e   r a c k s   28b  by  t h e   r e c i p r o c a t i o n   of  t h e  

s a d d l e s   24 .   As  a  r e s u l t ,   a  s t a r t i n g   t u b u l a r   m a t e r i a l  

( n o t   s h o w n )   i n s e r t e d   o v e r   a  t a p e r e d   m a n d r e l   ( n o t  

shown)   and  e m b r a c e d   b e t w e e n   t he   p a i r   of  t h e   g r o o v e d  

r o l l s   26  w i l l   be  r o l l e d   by  t he   r e c i p r o c a t i n g   a n d  

r o t a t i n g   r o l l s   26  to   a  r e d u c e d   d i a m e t e r   and  w a l l  

t h i c k n e s s   p i p e .   T h e r e f o r e ,   t he   a b o v e   a r r a n g e m e n t  

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

The  c r a n k   s h a f t   22  i s   c o n n e c t e d   t h r o u g h   a  g e a r  

t r a i n   30 ,   a  b e v e l   g e a r   m e c h a n i s m   32,  a  l i n e   s h a f t   34  

and  a n o t h e r   b e v e l   g e a r   m e c h a n i s m   36  to  a  f e e d   cam  3 8 ,  

so  t h a t   t he   r o t a t i o n   of  t h e   s h a f t   22  is   t r a n s m i t t e d  

to  t h e   cam  38.  T h i s   cam  38  is   in  c o n t a c t   w i t h   t h e  

r e a r   end  of  a  f e e d   s c r e w   40  w h i c h   is   in  t u r n   s c r e w e d  

t h r o u g h   a  f e e d   c a r r i a g e   42  s l i d a b l e   in  t h e   r o l l i n g  

d i r e c t i o n .   T h i s   f e e d   c a r r i a g e   42  i s   a d a p t e d   t o  



e n g a g e   and  p u s h   t h e   r e a r   end  of  a  s t a r t i n g   t u b u l a r  

m a t e r i a l   ( n o t   shown)   t o w a r d s   the   p a i r   of  r o l l s   2 6 .  

In  a d d i t i o n ,   t h e   f e e d   s c r e w  4 0   has   a  g e a r   44  f i x e d  

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

g e a r  4 6 a   when  t h e   s c r e w  4 0   i s   moved  to   t h e   m o s t  

f o r e w a r d   p o s i t i o n ,   so  t h a t   t he   f e e d   s c r e w   40  i s  

r o t a t e d   w i t h   r e s p e c t   to  t he   f e e d   c a r r i a g e   42  by  t h e  

g e a r   46a  so  as  to   be  r e t u r n e d   to  i t s   m o s t   r e a r w a r d  

p o s i t i o n   k e e p i n g   t h e   c a r r i a g e   42  in  a  s t a t i o n a r y  

c o n d i t i o n .   The  g e a r   46a  i s   r o t a t e d   t h r o u g h   a  g e a r  

t r a i n  4 6 b   by  a  g e a r   b o x  4 8   wh ich   i s   d r i v e n   by  a  

g e a r   50  f i x e d   to  t h e   l i n e   s h a f t   3 4 .  

W i t h   t h e   a b o v e   a r r a n g e m e n t ,   upon   e a c h  

r e c i p r o c a t i o n   of  t h e   s a d d l e s   24,  i . e . ,   a t   c o m p l e t i o n  

of   e a c h   r o l l i n g   s t r o k e ,   t he   f e e d   s c r e w   40  i s  

f o r w a r d l y   p u s h e d   by  t h e   f e e d   c a m  3 8   to   a d v a n c e   t h e  

c a r r i a g e   42  and  h e n c e   the   m a t e r i a l   t o w a r d   t h e  

r o l l s   26  a  p r e d e t e r m i n e d   d i s t a n c e .  

When  t he   f e e d   s c r e w  4 0   is   moved  to   i t s   m o s t  

f o r e w a r d   p o s i t i o n ,   t h e   g e a r   44  m e s h e s   w i t h   t h e  

g e a r   46a  and  on  t h e   o t h e r   hand  t h e   cam  38  i s  

t h e r e a f t e r   g r a d u a l l y   s e p a r a t e d   f rom  t h e   r e a r   end  o f  

t h e   s c r e w   40.  T h e r e f o r e ,   a f t e r   t he   c o m p l e t i o n   of  t h e  

f o r w a r d   f e e d   of  t h e   m a t e r i a l ,   the   s c r e w   40  i s   r o t a t e d  

b y   the   g e a r   46a  t o   be  r e t u r n e d   to   i t s   r e a r m o s t  

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



c a r r i a g e   42  in   t h e   a d v a n c e d   p o s i t i o n .   T h u s ,   t h e  

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

The  l i n e   s h a f t   34  has   m o u n t e d   on  t he   r e a r   e n d  

t h e r e o f  a   t u r n i n g   cam  5 2   a d a p t e d   t o   push   a  c a m  

f o l l o w e r   54  c o n n e c t e d   to.  t h e   end  of  a  t r a n s v e r s e  

s h a f t   56.  The  t r a n s v e r s e   s h a f t   56  is   s p r i n g - b i a s e d  

t o w a r d   the   cam  52  and  has   f i x e d   to  i t s   o t h e r   end  a  

worm  g e a r   58a  w h i c h   is   in  mesh  w i t h   a  worm  w h e e l   5 8 b  

m o u n t e d   on  t h e   r e a r   end  of  a  t u r n i n g   s h a f t   6 0 .  

T h i s   t u r n i n g   s h a f t   60  has   a  g e a r   6 2 a   f i x e d  

t h e r e t o   in  mesh  t h r o u g h   a  g e a r   t r a i n  6 2 b   w i t h   a  

g e a r   62c  m o u n t e d   on  a  m a n d r e l   c h u c k   64  w h i c h   i s  

r o t a t a b l y   l o c a t e d   b e h i n d   t h e   f e e d   c a r r i a g e   42.  T h e  

t u r n i n g   s h a f t   60  a l s o   has   a n o t h e r   g e a r   66a  m o u n t e d   o n  

a  f o r w a r d   end  t h e r e o f   in  mesh  t h r o u g h   a  g e a r  

t r a i n  6 6 b   w i t h   a  g e a r   66c  f i x e d   t o  a n   e n t r y   p i p e  

t u r n i n g   c h u c k   68,   w h i c h   is   r o t a t a b l y   l o c a t e d   b e t w e e n  

t h e   f e e d   c a r r i a g e   42  and  t h e   s a d d l e   24.  The  g e a r   6 6 a  

is   a l s o   in   mesh   t h r o u g h   a  g e a r   t r a i n  6 6 d   w i t h   a  

g e a r   66e  m o u n t e d   on  an  e x i t   p i p e   t u r n i n g   c h u c k   7 0 ,  

w h i c h   is  r o t a t a b l y   l o c a t e d   a t   t h e   s i d e   of  t h e  

s a d d l e s   24  o p p o s i t e   to   t he   e n t r y   t u r n i n g   c h u c k   6 8 .  

The  m a n d r e l   ( n o t   shown)  i s   s e t   in  such   a  m a n n e r  

as  to  be  g r a s p e d   a t   i t s   t a i l   end  by  the   m a n d r e l  

c h u c k  6 4   and  e x t e n d s   t h r o u g h   a  h o l e   in  t he   f e e d  

c a r r i a g e   42  and  t h e   e n t r y   p i p e   t u r n i n g   c h u c k   68  s o  



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

of   r o l l s   26.   On  t h e   o t h e r   h a n d ,   t he   s t a r t i n g   t u b u l a r  

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

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

a b u t t e d   a t   i t s   r e a r   end  by  t h e   f e e d   c a r r i a g e   42  a n d  

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

e n t r y   and  e x i t   p i p e   t u r n i n g   c h u c k s   68  and  7 0 .  

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

e a c h   r o l l i n g   s t r o k e ,   t h e   t u r n i n g   c a m  5 2   p u s h e s   t h e  

t r a n s v e r s e   s h a f t   56  and  h e n c e   t h e  w o r m   g e a r   5 8 a ,   s o  

as  to  r o t a t e   t h e   worm  w h e e l   58b  and  h e n c e   the   t u r n i n g  

s h a f t   60.  T h i s   r o t a t i o n   of  t he   t u r n i n g   s h a f t   60  i s  

t r a n s m i t t e d   to   t h e   m a n d r e l  c h u c k   64 ,   t h e   e n t r y   p i p e  -  

t u r n i n g   c h u c k   68  and  t h e   e x i t   p i p e   t u r n i n g   c h u c k   7 0  

t h r o u g h   t he   g e a r s   6 2 a ,   62b ,   6 2 c ,   6 6 a ,   66b ,   6 6 c ,   6 6 d  

and  66e ,   so  t h a t   t h e   m a n d r e l   and  t h e   m a t e r i a l   h e l d   b y  

t h e s e   c h u c k s   a r e   t u r n e d   f o r   e x a m p l e   a b o u t  6 0   to   9 0  

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

m e c h a n i s m .  

As  s e e n   f rom  t h e   a b o v e ,   t h e   c o n v e n t i o n a l   c o l d  

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

o r d e r   to  make  t h e   f e e d i n g   of   t h e   m a t e r i a l   and  t h e  

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

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

H o w e v e r ,   t h e   e l e m e n t s   e x c l u d i n g   t h e   m o t o r   20,  t h e  

c r a n k   s h a f t   22,  t h e   s a d d l e s   24,  t h e   r o l l s   26,  t h e  



f e e d   c a r r i a g e   42,   t h e   m a n d r e l   chuck   64,   and  t he   e n t r y  

and  e x i t   p i p e   t u r n i n g   c h u c k s   68  and  70,   a r e   p r o v i d e d  

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

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

m i l l   i s   c o n s t i t u t e d   by  t he   p o w e r   t r a n s m i s s i o n  

m e c h a n i s m   a t t e n d a n t   to   t h e   above   m e n t i o n e d   m a i n  

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

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

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

In  a d d i t i o n ,   t h e   a b o v e   m e n t i o n e d   c o m p l i c a t i o n  

c a u s e s   a n o t h e r   p r o b l e m   when  the   m a n d r e l   and  t h e  

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

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

p i p e   to  be  p r o d u c e d .   N a m e l y ,   i t   i s   n e c e s s a r y   t o  

c h a n g e   and  a d j u s t   many  g e a r s   and  cams  w i t h o u t  

u p s e t t i n g   t he   s y n c h r o n i s m   among  t h e  r o l l i n g ,   f e e d i n g  

and  t u r n i n g   o p e r a t i o n s .   T h i s   is  v e r y   t r o u b l e s o m e ,  

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

as  c h a n g e   in  t h e   t u r n i n g   a n g l e   of  t h e   c h u c k s   64,   68  

and  7 0 .  

Summary  of  t he   I n v e n t i o n  

A c c o r d i n g l y ,   i t   is   an  o b j e c t   of  t h e   p r e s e n t  

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

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

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



p r o v i d e   a  c o l d   p i l g e r   m i l l   w h i c h   can   r e l a t i v e l y  

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

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

The  a b o v e   and  o t h e r   o b j e c t s   of  t h e   p r e s e n t  

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

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

r o l l i n g   a  t u b u l a r   m a t e r i a l   o v e r   a  m a n d r e l   to   a  

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

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

r o t a t a b l y  s u p p o r t e d   by  a  p a i r   of  s a d d l e s   and  a d a p t e d  

to   e m b r a c e   s a i d   t u b u l a r   m a t e r i a l   f rom  o p p o s i t e   s i d e s  

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

s h a f t  r o t a t e d   by  a  motor - ,   e a c h   of  s a i d   g r o o v e d   r o l l s  

h a v i n g   f i x e d   t h e r e t o   a  p i n i o n   in  mesh  w i t h   a  

s t a t i o n a r y   r a c k   fo r   r o t a t i o n   w i t h   t h e   r o l l ;   a  

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

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

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

m o t o r   f o r   f e e d i n g   s a i d   m a t e r i a l   in  t he   a x i a l  

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

m o t o r   f o r   t u r n i n g   s a i d   m a t e r i a l   and  s a i d   m a n d r e l ;   a n d  

a  c o n t r o l l e r   r e c e i v i n g   a  s i g n a l   f rom  s a i d  d e t e c t o r  

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

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

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

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



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

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

end  of  s a i d   m a n d r e l ,   and  e n t r y   and  e x i t   p i p e   t u r n i n g  

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

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

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

s e p a r a t e   and  i n d e p e n d e n t   m o t o r .   In  a d d i t i o n ,   s a i d  

d e t e c t o r   may  be  a  r o t a t i o n a l   a n g l e   d e t e c t o r   a d a p t e d  

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

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

In  one  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   e a c h  

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

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

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

p r e d e t e r m i n e d   mumbers   of  p o w e r   p u l s e s   to   s a i d   p u l s e  

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

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

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

p u l s e   g e n e r a t o r   and  p r e s e t   c o u n t e r s   a d a p t e d   to  c o u n t  

t h e   p u l s e s   to   be  s u p p l i e d   to   e a c h   of  s a i d   p u l s e  

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

power   p u l s e s   u n t i l   the   r e s p e c t i v e   c o u n t e r s   r e a c h  

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

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

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

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



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

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

to   e a c h   l o c a l   c o n t r o l l e r   at   c o m p l e t i o n   of  e a c h  

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

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

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

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

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

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

so  as  to   s t o p   s a i d   a s s o c i a t e d   m o t o r   when  t h e  

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

The  a b o v e   and  o t h e r   o b j e c t s   and  f e a t u r e s   of   t h e  

p r e s e n t   i n v e n t i o n   w i l l   become  a p p a r e n t   f r o m -   t h e  

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

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

d r a w i n g s :  

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

F i g u r e   1  i l l u s t r a t e s   the   p r i n c i p l e   of   o p e r a t i o n  

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

F i g u r e   2  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w   s h o w i n g  

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

p i l g e r   m i l l ;  

F i g u r e   3  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w   of  t h e  

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

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



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

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

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

shown  in  F i g u r e   3 ;  

F i g u r e   5  i s   a  v i e w   s i m i l a r   to   F i g u r e   3  b u t  

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

F i g u r e   6  i s   a  f l o w c h a r t   i l l u s t r a t i n g   t h e   c o n t r o l  

of  t h e   ma in   c o n t r o l l e r   in   F i g u r e   5;  a n d  

F i g u r e   7  i s   a  f l o w c h a r t   i l l u s t r a t i n g   t h e   c o n t r o l  

of  t he   l o c a l   c o n t r o l l e r   in  F i g u r e   5 .  

D e t a i l e d   D e s c r i p t i o n  

R e f e r r i n g   to  F i g u r e   3,  t h e r e   is   s h o w n   a  

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

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

i n v e n t i o n .   In  F i g u r e   3,  p o r t i o n s   s i m i l a r   to  t h o s e  

shown  in  F i g u r e   2  a r e   g i v e n   the   same  R e f e r e n c e  

N u m e r a l s .  

The  shown  c o l d   p i l g e r   m i l l   c o m p r i s e s   a  r o l l i n g  

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

m e c h a n i s m   as  in  t h e   c o n v e n t i o n a l   m i l l  s h o w n   in  F i g u r e  

2,  and  in  a d d i t i o n   has   a  c o n t r o l l e r   72  f o r  

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

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

m e c h a n i s m .  

The  r o l l i n g   m e c h a n i s m   c o m p r i s e s   one  m a i n  



m o t o r   20  a d a p t e d   to   r o t a t e   a  c r a n k   s h a f t  2 2   a t   a  

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

m e c h a n i s m  2 0 a .   The  c r a n k   s h a f t  2 2   has   a  p a i r   o f  

c r a n k   p i n s   22a  w h i c h   a r e   in  t u r n   c o n n e c t e d ,  t o   a  p a i r  

of   s a d d l e s   24  shown  in  c h a i n - l i n e   in  F i g u r e   3 ,  

r e s p e c t i v e y ,   t h r o u g h   a  c o u p l i n g   rod   22b .   T h e s e  

s a d d l e s   24  h a v e   two  g r o o v e d   r o l l s   26,   s i m i l a r   t o  

t h o s e   shown  in  F i g u r e   1,  m o u n t e d   on  r o l l   s h a f t s   2 6 a  

p i v o t a l l y   s u p p o r t e d   in  t h e   s a d d l e s .   The  r o l l  

s h a f t   26a  i s   f i r m l y   c o n n e c t e d   t o  a   p i n i o n   28a  in  m e s h  

w i t h   a  s t a t i o n a r y   r a c k   28b  a f f i x e d  t o   a  s a d d l e   b e d  

s i d e   p l a t e   ( n o t   s h o w n ) .  

Wi th   t h i s   a r r a n g e m e n t ,   when  t h e   c r a n k   s h a f t   22  

i s   r o t a t e d   by  t h e   m o t o r   20,   t h e   s a d d l e s   24  a r e  

r e c i p r o c a t e d   w i t h   t h e   a s s o c i a t e d   r o l l s   26  b e t w e e n   t h e  

a d v a n c e d   l i m i t  X   and  t h e   r e t r e a t e d   l i m i t  Y ,   a n d  a t  

t h e   same  t i m e   t h e   r o l l s   26  a r e   r e c i p r o c a t i v e l y  

r o t a t e d   s i n c e   t h e   p i n i o n s   28a  f i x e d   to   t h e   r o l l s   26  

a r e  c a u s e d   to   move  and  r o t a t e   in  m e s h e d   c o n d i t i o n   o n  

and  a l o n g   t he   r a c k s   28b  by  t h e   r e c i p r o c a t i o n   of  t h e  

s a d d l e s   24.  As  a  r e s u l t ,   a  s t a r t i n g   t u b u l a r   m a t e r i a l  

( n o t   shown)  i n s e r t e d   o v e r   a  t a p e r e d   m a n d r e l   ( n o t  

shown)   and  e m b r a c e d   b e t w e e n   t h e   p a i r   of   t he   g r o o v e d  

r o l l s   26  w i l l   be  r o l l e d   when  t h e   r o l l s   26  a r e   m o v e d  

f r o m   the   a d v a n c e d   l i m i t   X  to   t h e   r e t r e a t e d   l i m i t   Y .  

On  t h e   o t h e r   h a n d ,   when  t h e   r o l l s   26  a r e   r e t u r n e d  



f rom  t he   r e t r e a t e d   l i m i t  Y   to  t h e   a d v a n c e d   l i m i t   X ,  

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

t a p e r e d   p o r t i o n   of  t h e   m a n d r e l   has   a l r e a d y   b e e n  

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

r o l l e d   by  t h e   r o l l s   26.  I n  o t h e r   w o r d ,   t he   r o l l s  

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

m a t e r i a l .  

The  a b o v e   c o n s t r u c t i o n   i s   t h e   same  as  t h a t   o f  

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

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

shown  e m b o d i m e n t   h a s   a  r o t a t i o n a l   a n g l e   d e t e c t o r   7 4  

c o u p l e d   to  t h e   c r a n k   s h a f t   22.  T h i s   r o t a t i o n a l   a n g l e  

d e t e c t o r  7 4   i s   p r o v i d e d   to   d e t e c t   f rom  t h e  r o t a t i o n a l  

a n g l e   of  t he   c r a n k   s h a f t  2 2   t h e   p h a s e   of  r o l l i n g ,  

i . e . ,   wha t   s t a g e   of  e a c h   r o l l i n g   s t r o k e   the   m i l l   i s  

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

is   d e t e c t e d   f o r   r e c o g n i z i n g   w h e r e   t h e   s a d d l e s   24  a r e  

or  where   t h e   g r o o v e d   r o l l s   26  a r e   in  t h e i r   r o t a t i o n a l  

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

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

p o s i t i o n   of  t h e   s a d d l e s   24  or  t h e   r o t a t i o n a l   a n g l e   o f  

t he   r o l l s   26.   In  t h e   shown  e m b o d i m e n t ,   t h e  

d e t e c t o r   74  i s   of  t h e   t y p e   w h i c h   g e n e r a t e s   one  p u l s e  

fo r   e ach   p r e d e t e r m i n e d   a n g u l a r   d i s p l a c e m e n t .   T h e  

d e t e c t o r   74  has   an  o u t p u t   c o n n e c t e d   to  t h e  

c o n t r o l l e r   7 2 .  



The  f e e d i n g   m e c h a n i s m   i n c l u d e s   a  f e e d   s c r e w   4 0  

t h r e a d e d l y   r e c e i v e d   t h r o u g h   a  f e e d   c a r r i a g e   42  w h i c h  

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

of   t h e   s a d d l e s  2 4 .   The  f e e d   s c r e w  4 0   i s  r o t a t a b l y  

b u t   a x i a l l y   i m m o v a b l y   s u p p o r t e d .   The  f e e d   s c r e w   40  

h a s   f i x e d   to   t h e   r e a r   end  t h e r e o f   a  g e a r   40a  in  m e s h  

w i t h   a  g e a r   40b  m o u n t e d   on  a  r o t a t i n g   s h a f t   of   a  

p u l s e   m o t o r   76  w h i c h   is   c o n t r o l l e d   by  t h e  

c o n t r o l l e r   72.  T h e r e f o r e ,   i f   t he   m o t o r   76  i s  

e n e r g i z e d   by  t h e   c o n t r o l l e r   72,   t h e   f e e d   s c r e w   40  i s  

r o t a t e d   t h r o u g h   t h e   g e a r s   40b  and  40a  to   f o r w a r d l y  

and  b a c k w a r d l y   move  t h e   c a r r i a g e   42  and  t h e   m a t e r i a l  

t o   be  r o l l e d .  

The  t u r n i n g   m e c h a n i s m   is  c o n s t i t u t e d   by  a  

m a n d r e l   c h u c k   64  a d a p t e d   to   g r a s p   t h e   t a i l   end  of  a  

t a p e r e d   m a n d r e l   as  shown  in  F i g u r e   1,  and  e n t r y   a n d  

e x i t   p i p e   t u r n i n g   c h u c k s   68  and  70  l o c a t e d   a t  

o p p o s i t e   s i d e s   of  t h e   s a d d l e s   24  in  t h e   l o n g i t u d i n a l ,  

i . e . ,   r o l l i n g   d i r e c t i o n .   T h e s e   t u r n i n g   c h u c k s   68  a n d  

70  a r e   a d a p t e d   to   a x i a l l y   m o v a b l y   b u t   u n r o t a t a b l y  

g r a s p   t h e   t u b u l a r   m a t e r i a l   to   be  r o l l e d .  

The  m a n d r e l   c h u c k   64  has  a  g e a r   64a  f i x e d  

t h e r e t o   and  in  mesh  w i t h   a  g e a r   64b  m o u n t e d   on  a  

s h a f t   of   a  p u l s e   m o t o r   78  w h i c h   i s   c o n t r o l l e d   by  t h e  

c o n t r o l l e r   72.  T h e r e f o r e ,   i f   the   m o t o r   78  i s   d r i v e n  

u n d e r   t h e   c o n t r o l   of  t h e   c o n t r o l l e r   72,   t h e   m a n d r e l  



c h u c k   64  i s   r o t a t e d   to  t u r n   the   m a n d r e l   ( n o t   s h o w n )  

g r a s p e d   by  t h e   c h u c k   6 4 .  

S i m i l a r l y ,   t h e   e n t r y   p i p e   t u r n i n g   c h u c k   68  h a s  

f i x e d   t h e r e t o   a  g e a r   68a.  in  mesh  w i t h   a  g e a r   6 8 b  

d r i v e n   by  a  p u l s e   m o t o r   80.  A l s o ,   t h e   e x i t   p i p e  

t u r n i n g   c h u c k   70  h a s   f i x e d   t h e r e t o   a  g e a r   70a  in  m e s h  

w i t h   a  g e a r   70b  d r i v e n   by  a  p u l s e   m o t o r   82.  T h e s e  

p u l s e   m o t o r s   80  and  82  a r e   c o n t r o l l e d   by  t h e  

c o n t r o l l e r   72.   I f   t h e   t h e s e   m o t o r s   80  and  82  a r e  

e n e r g i z e d   u n d e r   t he   c o n t r o l   of  t h e   c o n t r o l l e r   7 2 ,  

t h e s e   c h u c k s   68  and  70  a r e   t u r n e d .  

T h u s ,   i f   t h e   p u l s e   m o t o r s   76 ,   78 ,   80  and  82  a r e  

e n e r g i z e d ,   t h e   m a t e r i a l   t o   be  r o l l e d   a b u t t e d   by  t h e  

c a r r i a g e   42  and  g r a s p e d   by  the   p i p e   t u r n i n g   c h u c k s   68  

and  70  is   a d v a n c e d   in  the   a x i a l   d i r e c t i o n   and  t u r n e d  

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

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

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

a x i a l l y   m o v e d .  

In  o r d e r   to   c o n t r o l   t he   p u l s e   m o t o r s   76,   78,  80  

and  82,   t h e   c o n t r o l l e r   72  r e c e i v e s   t h e   r o t a t i o n a l  

a n g l e   s i g n a l   f r o m   the   d e t e c t o r   74  and  o u t p u t s   p o w e r  

p u l s e   t r a i n s   to   t h e   p u l s e   m o t o r s   76,   78 ,   80  and  82  o f  

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

t h e   c o n t r o l l e r   72  r e c e i v e s   p u l s e s   g e n e r a t e d   one  f o r  

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



t h e   r o t a t i o n a l   a n g l e   d e t e c t o r   74  c o u p l e d   to  t h e   c r a n k  

s h a f t  2 2 .   When  t h e   n u m b e r   of  t he   p u l s e s   r e c e i v e d  

r e a c h e s   a  p r e d e t e r m i n e d   n u m b e r ,   t h e   c o n t r o l l e r   7 2  

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

c o m p l e t e d ,   i . e . ,   t h a t   t h e   r o l l s   26  h a v e   r e t u r n e d   to   a  

p o s i t i o n   j u s t   b e f o r e   t h e   a d v a n c e d   l i m i t   X .  

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

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

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

p e r - i o d   f r o m   t h e   t i m e   j u s t   b e f o r e   t h e   r o l l s   26  a r e  

r e t u r n e d   to   t h e   a d v a n c e d   l i m i t   X  to   t h e   t i m e  j u s t  

a f t e r   t h e   r o l l s   26  s t a r t s   to   move  f rom  t h e   a d v a n c e d  

l i m i t   X,  t h e   c o n t r o l l e r   72  s u p p l i e s   to   t h e   p u l s e  

m o t o r   76  of   t he   f e e d i n g   m e c h a n i s m   a  p r e d e t e r m i n e d  

n u m b e r   o f   power   p u l s e s   (Na)  n e c e s s a r y   to   a d v a n c e   t h e  

c a r r i a g e   42  and  h e n c e  t h e   m a t e r i a l   to   be  r o l l e d   ( n o t  

shown)   a  p r e d e t e r m i n e d   d i s t a n c e   in  t h e   m a t e r i a l  

f e e d i n g   d i r e c t i o n .   At  t h e   same  t i m e ,   t h e  

c o n t r o l l e r   72  s u p p l i e s   to   t h e   p u l s e   m o t o r s   78,   80  a n d  

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

n u m b e r   o f   p o w e r   p u l s e s   (Nb)  r e q u i r e d   f o r   t u r n i n g   t h e  

c h u c k s   64 ,   68  and  70  and  h e n c e   t he   m a n d r e l   and  t h e  

m a t e r i a l   to   be  r o l l e d   ( b o t h   no t   shown)   by  a  

p r e d e t e r m i n e d   a n g l e .   In  a d d i t i o n ,   t he   c o n t r o l l e r   7 2  

i s   a d a p t e d   to  f r e e l y   move  t he   c a r r i a g e   42  i n  

a c c o r d a n c e   w i t h   an  e x t e r n a l   i n p u t .  



R e f e r r i n g   to  F i g u r e   4,  t h e r e   is  shown  o n e  

e x a m p l e   of  t h e   c o n s t r u c t i o n   of  t h e   c o n t r o l l e r   72  i n  

t h e   fo rm  of  a  b l o c k   d i a g r a m .   The  shown  c o n t r o l l e r   7 2  

c o m p r i s e s   a  p r e s e t   c o u n t e r   84  h a v i n g   an  i n p u t  

c o n n e c t e d   to  t h e   r o t a t i o n a l   a n g l e   d e t e c t o r   74,  s o  

t h a t   t h e   c o u n t e r   84  c o u n t s   p u l s e s   o u t p u t t e d   f rom  t h e  

r o t a t i o n a l   a n g l e   d e t e c t o r   74.   T h i s   c o u n t e r   84  has   a n  

o u t p u t   c o n n e c t e d   to   a  m o n o s t a b l e   c i r c u i t   86,   so  t h a t  

when  t he   c o u n t e r   84  c o u n t s   up  to   a  p r e d e t e r m i n e d  

n u m b e r  N R   c o r r e s p o n d i n g   to  one  r o l l i n g   s t r o k e ,   t h e  

c o u n t e r   84  t r i g g e r s   t h e   m o n o s t a b l e   c i r c u i t s   8 6 .  

The  m o n o s t a b l e   c i r c u i t   86  has   an  o u t p u t  

c o n n e c t e d   to   a  r e s e t   t e r m i n a l   of  t h e   c o u n t e r   84  a n d  

one  i n p u t   of  an  AND  g a t e   88,  so  t h a t   when  t h e  

m o n o s t a b l e   c i r c u i t   86  is  t r i g g e r e d ,   i t   o u t p u t s   a  

l o g i c a l - h i g h   s i g n a l   to   t he   AND  g a t e   88  so  as  to  o p e n  

t h e   AND  g a t e   88  and  r e s e t s   t he   c o u n t e r   84  by  t h e  

l e a d i n g   edge   of   t h e   l o g i c a l - h i g h   s i g n a l .   The  AND 

g a t e   88  h a s   a n o t h e r   i n p u t   c o n n e c t e d   to  a  p u l s e  

g e n e r a t o r   90  and  an  o u t p u t   c o n n e c t e d   to   one  i n p u t   o f  

AND  g a t e s   92a  and  92b  and  p r e s e t   c o u n t e r s   94a  a n d  

94b .   The  AND  g a t e   92a  has   an  o u t p u t   c o n n e c t e d   to  a n  

a m p l i f i e r   96a  w h o s e   o u t p u t   i s   c o n n e c t e d   to   t h e   p u l s e  

m o t o r   76  of  t h e   f e e d i n g   m e c h a n i s m .   The  AND  g a t e   9 2 b  

h a s   an  o u t p u t   c o n n e c t e d   to  a n o t h e r   a m p l i f i e r   9 6 b  

whose   o u t p u t   i s   c o n n e c t e d   to  t h e   p u l s e   m o t o r s   78,  80  



and  82  of   t h e   t u r n i n g   m e c h a n i s m .  

The  AND  g a t e s   92a  and  92b  have   a n o t h e r   i n p u t  

c o n n e c t e d   to   t h e   o u t p u t   of   p r e s e t   c o u n t e r s   94a  a n d  

9 4 b ,   r e s p e c t i v e l y .   T h e s e   p r e s e t   c o u n t e r s   94a  and  9 4 b  

a r e   r e s e t   by  t h e   l e a d i n g   edge   of  t h e   l o g i c a l - h i g h  

s i g n a l   o u t p u t t e d   f rom  t h e   c o u n t e r   84  when  t h e  

c o u n t e r   84  c o u n t s   t o  t h e   a f o r e m e n t i o n e d   p r e d e t e r m i n e d  

n u m b e r   NR.  The  p r e s e t   c o u n t e r   94a  i s   a d a p t e d   t o  

s u p p l y   a  l o g i c a l - h i g h   s i g n a l   to   t h e   a s s o c i a t e d   AND 

g a t e   92a  so  as  to   o p e n   i t   u n t i l   t he   c o u n t e r   r e a c h e s  

t h e   a f o r e m e n t i o n   p r e d e t e r m i n e d   c o u n t   number   N a .  

A f t e r   t h e   c o u n t e r   94a  r e a c h e s   t h e   p r e d e t e r m i n e d   c o u n t  

Na,   i t   s u p p l i e s   a  l o g i c a l - l o w   s i g n a l   to   t h e   AND 

g a t e   92a  so  as  to   c l o s e   t h e   AND  g a t e   92a .   T h e r e f o r e ,  

Na  p u l s e s   a r e   fed   f rom  t h e   AND  g a t e   88  t h r o u g h   t h e  

AND  g a t e   92a  to  t h e   a m p l i f i e r   96a ,   so  t h a t   t h e  

a m p l i f i e r   96a  s u p p l i e s   Na  p o w e r   p u l s e s   to  t h e   p u l s e  

m o t o r   76  of  t h e   f e e d i n g   m e c h a n i s m .  

S i m i l a r l y ,   t h e   c o u n t e r   94b  is   a d a p t e d   to   s u p p l y  

a  l o g i c a l - h i g h   s i g n a l   to   t h e   a s s o c i a t e d   AND  g a t e   9 2 b  

so  as  to   open   i t   u n t i l   t h e   c o u n t e r   94b  r e a c h e s   t h e  

a f o r e m e n t i o n   p r e d e t e r m i n e d   c o u n t   number   Nb.  A f t e r  

t h e   c o u n t e r   94b  r e a c h e s   t h e   p r e d e t e r m i n e d   c o u n t   N b ,  

i t   s u p p l i e s   a  l o g i c a l - l o w   s i g n a l   to   t he   AND  g a t e   9 2 b  

so  as  to  c l o s e   t h e   AND  g a t e  9 2 b .   T h e r e f o r e ,   Nb 

p u l s e s   a r e   fed   f rom  t he   AND  g a t e   88  t h r o u g h   t h e   AND 



g a t e   92b  to  t h e   a m p l i f i e r   96b,   so  t h a t   t h e  

a m p l i f i e r   96b  s u p p l i e s   N b  p o w e r   p u l s e s   to   t h e   p u l s e  

m o t o r s   78,   80  and  82  of   t h e   t u r n i n g   m e c h a n i s m .  

N e x t ,   e x p l a n a t i o n   w i l l   be  made  on  o p e r a t i o n   o f  

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

F i r s t   of  a l l ,   a  t a p e r e d   m a n d r e l   as  shown  i n  

F i g u r e   1  is  s e t   by  g r a s p i n g   the   t a i l   end  of  t h e  

m a n d r e l   by  t h e   m a n d r e l   c h u c k   64  and  l o c a t i n g   t h e  

t a p e r e d   p o r t i o n   of  t h e   m a n d r e l   b e t w e e n   t h e   r o l l s   2 6 .  

The  f e e d   c a r r i a g e  4 2   i s   r e t u r n e d   to  i t s   r e t r e a t e d  

l i m i t   by  i n p u t t i n g   an  e x t e r n a l   command  to   t h e  

c o n t r o l l e r   7 2 .   In  s u c h   a  c o n d i t i o n ,   a  s t a r t i n g  

t u b u l a r   m a t e r i a l   to   be  r o l l e d   (no t   shown)   i s   s e t   b y  

b r i n g i n g   the   t a i l   end  of  t h e   m a t e r i a l   i n t o   a b u t m e n t  

w i t h   t he   c a r r i a g e   42 ,   p a s s i n g   the   f o r w a r d   p o r t i o n   o f  

t h e   m a t e r i a l   t h r o u g h   t h e   e n t r y   t u r n i n g   c h u c k   68  

b e t w e e n   the   r o l l s   26,   and  u n r o t a t a b l y   b u t   a x i a l l y  

m o v a b l y   g r a s p i n g   t h e   m a t e r i a l   by  t he   e n t r y   and  e x i t  

t u r n i n g   c h u c k s   68  and  7 0 .  

A f t e r   t he   a f o r e m e n t i o n e d   p r e p a r a t i o n   i s  

c o m p l e t e d ,   t he   m o t o r   20  i s   b r o u g h t   i n t o   an  e n e r g i z e d  

c o n d i t i o n .   T h i s   r o t a t i o n   of   t he   m o t o r   20  c a u s e s   t h e  

r o t a t i o n   and  r e c i p r o c a t i o n   of  t h e   r o l l s  2 6   b e t w e e n  

t h e   a d v a n c e d   l i m i t   X  and  t he   r e t r e a t e d   l i m i t   Y  s o  

t h a t   t he   m a t e r i a l   i s   i n t e r m i t t e n t l y   r o l l e d   a t   a  

c o n s t a n t   c y c l e .  



N a m e l y ,   when  t h e   r o l l s   26  i s   moved  f rom  t h e  

a d v a n c e d   l i m i t   X  to   t h e   r e t r e a t e d   l i m i t   Y,  t h e  

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

t h e   r o l l s   26  i s   moved  f rom  t h e   r e t r e a t e d   l i m i t   Y  t o  

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

m a t e r i a l   i s   m e r e l y   t r a c e d   by  t h e   r o l l s   2 6 .  

When  t h e   m i l l   is   in  a  r o l l i n g   c o n d i t i o n   a s  

m e n t i o n e d   a b o v e ,   t h e   p r e s e t   c o u n t e r   84  of   t h e  

c o n t r o l l e r   72  c o u n t s   t he   p u l s e   s i g n a l s   g e n e r a t e d   b y  

t h e   r o t a t i o n a l   a n g l e   d e t e c t o r   74.   When  t h e   c o u n t e d  

v a l u e   of   t h e   c o u n t e r  8 4   r e a c h e s   t h e   p r e d e t e r m i n e d  

number   NR  c o r r e s p o n d i n g   to   t h e   t i m e   f o r   one  r o l l i n g  

s t r o k e ,   t h e   c o u n t e r   84  o u t p u t s   a  l o g i c a l - h i g h   s i g n a l  

to  t he   p r e s e t   c o u n t e r s   94a  and  94b  and  t h e   m o n o s t a b l e  

c i r c u i t   86.   As  a  r e s u l t ,   t h e   c o u n t e r s   94a  and  9 4 b  

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

a l s o   to  s u p p l y   a  l o g i c a l - h i g h   s i g n a l   to  t h e  

a s s o c i a t e d   AND  g a t e s   92a  and  92b  so  as  to  open   t h e  

same  AND  g a t e s .   On  the   o t h e r   h a n d ,   t he   m o n o s t a b l e  

c i r c u i t   86  o u t p u t s   a  l o g i c a l - h i g h   s i g n a l   to  t h e  

c o u n t e r   84  to   r e s e t   t he   same  c o u n t e r   so  t h a t   i t  

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

At  t h e   same  t i m e ,   t h e   l o g i c a l - h i g h   s i g n a l   f r o m  

the   m o n o s t a b l e   c i r c u i t   86  i s   f ed   to  t he   AND  g a t e   8 8  

to  open   t h e   same  AND  g a t e ,   so  t h a t   t h e   p u l s e s   a r e   f e d  

f rom  t h e   p u l s e   g e n e r a t o r   90  t h r o u g h   t h e   AND  g a t e   8 8  



to   t h e   AND  g a t e s   92a  and  92b  and  t h e   c o u n t e r s   94a  a n d  

94b .   S i n c e   t h e   c o u n t e r   94a  i s   a d a p t e d   to   o u t p u t   t h e  

l o g i c a l - h i g h   s i g n a l   to  t h e   a s s o c i a t e d   AND  g a t e   92a  s o  

as  to   m a i n t a i n   t he   same  AND  g a t e   in  t h e   o p e n  

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

p r e d e t e r m i n e d   v a l u e   Na,  t h e   p r e d e t e r m i n e d   number   o f  

p u l s e s  N a   a r e   s u p p l i e d   f rom  t h e   p u l s e   g e n e r a t o r   9 0  

t h r o u g h   t h e   AND  g a t e s   88  and  92a  to   t he   a m p l i f i e r   9 6 a  

w h e r e   t h e y   a r e   a m p l i f i e d   to   be  fed   as  power   p u l s e s   t o  

t h e   p u l s e   m o t o r   76.   A l s o ,   s i n c e   t h e   c o u n t e r  9 4 b   i s  

a d a p t e d   to   o u t p u t   t he   l o g i c a l - h i g h   s i g n a l   to  t h e  

a s s o c i a t e d   AND  g a t e   92b  so  as  to   m a i n t a i n   t he   s a m e  

AND  g a t e   in   t h e   open  c o n d i t i o n   u n t i l   t he   c o u n t e d  

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

p r e d e t e r m i n e d   number   of  p u l s e s   Nb  a r e   s u p p l i e d   f r o m  

t h e   p u l s e   g e n e r a t o r   90  t h r o u g h   t h e   AND  g a t e s   88  a n d  

92b  to   t h e   a m p l i f i e r   96b  w h e r e   t h e y   a r e   a m p l i f i e d   t o  

be  f ed   as  p o w e r   p u l s e s   to  t h e   p u l s e   m o t o r s   78,  80  a n d  

8 2 .  

T h u s ,   d u r i n g   each   i d l e   p e r i o d   f rom  t h e  

c o m p l e t i o n   of  one  r o l l i n g   s t r o k e   to   t he   s t a r t   of  t h e  

n e x t   r o l l i n g   s t r o k e ,   t he   c o n t r o l l e r   72  s u p p l i e s   t h e  

p r e d e t e r m i n e d   n u m b e r s   of  power   p u l s e s   Na  and  Nb  t o  

t he   m o t o r   76  o f   the   f e e d i n g   m e c h a n i s m   and  t h e  

m o t o r s   78,   80  and  82  of  t h e   t u r n i n g   m e c h a n i s m ,  

r e s p e c t i v e l y ,   so  t h a t   t h e   f e e d   c a r r i a g e   42  i s  



a d v a n c e d   t o w a r d   t h e   s a d d l e s   24  t h e   p r e d e t e r m i n e d  

d i s t a n c e   and  a t   t h e   same  t i m e  t h e   m a n d r e l   c h u c k  6 4 ,  

t h e   e n t r y   p i p e   t u r n i n g   c h u c k   68  and  t h e  e x i t   p i p e  

t u r n i n g   c h u c k   70  a r e   t u r n e d   the   p r e d e t e r m i n e d   a m o u n t  

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

w h i c h   t h e   r o l l s   26  a r e   t u r n e d   back   a t   t h e   a d v a n c e d  

l i m i t   X,  s i n c e   t he   m a t e r i a l   to   be  r o l l e d   i s   f r e e   f r o m  

t h e   r e s t r a i n t   of  t h e   r o l l s   26,  t h e   m a t e r i a l   to  b e  

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

c a r r i a g e   42,   and  t h e   m a t e r i a l   and  t h e   m a n d r e l   a r e  

t u r n e d   t o g e t h e r   by  t h e   p r e d e t e r m i n e d   a n g l e  b y   t h e  

c h u c k s   64 ,   68  and  70.   A c c o r d i n g l y ,   t h e   m a t e r i a l   i s  

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

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

s t r o k e .  

I f   t h e   r o l l i n g   is  p e r f o r m e d   as  m e n t i o n e d   a b o v e  

and  i s   c o m p l e t e d ,   t h e   c a r r i a g e   42  i s   moved   to   i t s  

r e t r e a t e d   l i m i t   by  i n p u t t i n g   an  e x t e r n a l   command  t o  

t h e   c o n t r o l l e r   72,   and  t h e n   t he   n e x t   t u b u l a r   m a t e r i a l  

i s   s e t   in  t h e   a f o r e m e n t i o n e d   m a n n e r .   T h u s ,   a  n u m b e r  

of   s t a r t i n g   t u b u l a r   m a t e r i a l s   a r e   s e q u e n t i a l l y  

r o l l e d .  

i n   t he   f i r s t   e m b o d i m e n t   shown  i n   F i g u r e s   3  a n d  

4,  t h e   AND  g a t e   9 2 b i   t h e   p r e s e t   c o u n t e r   94b  and  t h e  

a p p l i f i e r   96b  a r e   p r o v i d e d   common  to   t h e   p u l s e  

m o t o r s   78 ,   80  and  82  of  t he   t u r n i n g   m e c h a m i s m .  



H o w e v e r ,   i f   e a c h   of  m o t o r s   78,  80  and  82  i s  

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

g a t e   9 2 b ,   t h e   p r e s e t   c o u n t e r   94b  and  t h e  

a m p l i f i e r   9 6 b ,   even   i f   t h e   g e a r   p a i r s   64a  and  6 4 b ,  

68a  and  68b ,   and  70a  and  70b  a r e   d i f f e r e n t   in  g e a r  

r a t i o ,   t h e   c h u c k s   64,  68  and  70  can  be  e a s i l y  

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

t h r e e   r e s p e c t i v e   c o u n t e r s   9 4 b .  

R e f e r r i n g   to  F i g u r e   5,  t h e r e   is   shown  a  s e c o n d  

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

t h e   p r e s e n t   i n v e n t i o n .   P o r t i o n s   shown  in  F i g u r e   5 

s i m i l a r   to  t h o s e   of  t he   f i r s t   e m b o d i m e n t   shown  i n  

F i g u r e   3  a r e   g i v e n   t h e   same  R e f e r e n c e   N u m e r a l s   a n d  

e x p l a n a t i o n   on  t h o s e   p o r t i o n s   w i l l   be  o m i t t e d .  

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

m o t o r s   76,   78,   80  and  82,   s e r v o   m o t o r s   76a ,   7 8 a ,   8 0 a  

and  82a  a r e   c o u p l e d   to  t h e   g e a r s   40b ,   64b ,   68b  a n d  

70b ,   r e s p e c t i v e l y ,   and  a r e   a l s o   a s s o c i a t e d   w i t h  

r o t a t i o n a l   a n g l e   d e t e c t o r s   7 6 b ,   7 8 b , 8 0 b   and  8 2 b ,  

r e s p e c t i v e l y .   T h e s e   s e r v o   m o t o r s   76a ,   78a ,   80a  a n d  

82a  and  t h e   r o t a t i o n a l   a n g l e   d e t e c t o r s   76b,   78b ,   8 0 b  

and  82b  a r e   c o n n e c t e d   to  l o c a l   c o n t r o l l e r s   7 6 c ,   7 8 c ,  

80c  and  8 2 c ,   r e s p e c t i v e l y ,   w h i c h   a re   a d a p t e d   t o  

o p e r a t e   t he   a s s o c i a t e d   s e r v o   m o t o r s   76a ,   78a ,   80a  a n d  

82a  in  r e s p o n s e   to  t he   o p e r a t i o n   s i g n a l   f rom  t h e  

c o n t r o l l e r   72  and  a t   t h e   same  t i m e   to  c o u n t   a  p u l s e  



s i g n a l   g e n e r a t e d   by  t he   a s s o c i a t e d   r o t a t i o n a l  

d e t e c t o r s   7 6 b ,   78b ,   80b  and  82b  f o r   e a c h  

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

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

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

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

In  t h i s   s e c o n d   e m b o d i m e n t ,   on  t he   o t h e r   h a n d ,  

t h e   c o n t r o l l e r   72  c o u n t s   t h e   p u l s e   s i g n a l s   f rom  t h e  

r o t a t i o n a l   a n g l e   d e t e c t o r  7 4   c o u p l e d   to   t he   c r a n k  

s h a f t   22  and  o u t p u t s   t h e   o p e r a t i o n   s i g n a l   to   e a c h   o f  

t h e   l o c a l   c o n t r o l l e r s  7 6 c ,   7 8 c ,   80c  and  8 2 c .   I n  

a d d i t i o n ,   t h e   c o n t r o l l e r   72  c o u n t s   t h e   o p e r a t i o n  

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

r o l l i n g   s t r o k e s   p e r f o r m e d   N,  and  o u t p u t s   a  r o l l i n g  

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

v a l u e  N o .  

The  c o l d   p i l g e r   m i l l   of   t he   s e c o n d   e m b o d i m e n t  

o p e r a t e s   as  f o l l o w s :   S i m i l a r l y   to  t he   f i r s t  

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

is   s e t   in  t h e   m i l l ,   and  t h e n ,   t h e   ma in   m o t o r   20  i s  

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

In  t h i s   c o n d i t i o n ,   e v e r y   t i m e   t h e   c o n t r o l l e r   7 2  

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

r o t a t i o n a l   a n g l e   d e t e c t o r   74,   i t   d e t e r m i n e s   w h e t h e r  

or  no t   t h e   c o u n t   v a l u e  h a s   r e a c h e d   a  p r e d e t e r m i n e d  

n u m b e r ,   i . e . ,   w h e t h e r   or  n o t   t h e   r o t a t i o n a l   a n g l e  @  



of  t h e   c r a n k   s h a f t   22  has   r e a c h e d   a  p r e d e t e r m i n e d  

d e g r e e   of  a n g l e  @ o ,  a s   shown  in  t he   f l o w c h a r t   o f  

F i g u r e   6.  When  t h e   r o t a t i o n a l   a n g l e  a   r e a c h e s   t h e  

.  p r e d e t e r m i n e d   a n g l e  @ o ,   t h e   c o n t r o l l e r   72  o u t p u t s   a n  

o p e r a t i o n   s i g n a l   to  t he   l o c a l   c o n t r o l l e r s   7 6 c ,   7 8 c ,  

80c  and  8 2 c .   At  t h e   same  t i m e ,   t he   c o u t r o l l e r   7 2  

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

by  1  and  s t a r t s   to  c o u n t   a g a i n   t h e   p u l s e   s i g n a l   f r o m  

the   d e t e c t o r   74  u n t i l   t he   n u m b e r   of  r o l l i n g   s t r o k e s  

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

In  r e s p o n s e   to  t h e   o p e r a t i o n   s i g n a l   f rom  t h e  

c o n t r o l l e r   72,   t he   l o c a l   c o n t r o l l e r s   76c  78c ,   80c  a n d  

82c  b r i n g   t h e   a s s o c i a t e d   s e r v o   m o t o r s   7 6 a ,  7 8 a ,   8 0 a  

and  82a  i n t o   o p e r a t i n g   c o n d i t i o n ,   r e s p e c t i v e l y ,   a n d  

a t   t he   same  t i m e   s t a r t   to  c o u n t   a  p u l s e   s i g n a l   f r o m  

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

d e t e c t o r s   76b ,   78b ,   80b  and  82b .   In  each   of  t h e  

l o c a l   c o n t r o l l e r s ,   when  t h e   c o u n t   v a l u e   "n"  r e a c h e s  

t h e   p r e d e t e r m i n e d   c o u n t   v a l u e   "no"  t he   l o c a l  

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

t h e   f e e d   c a r r i a g e   42  is   a d v a n c e d   t o w a r d   t h e  

s a d d l e s   24  t h e   p r e d e t e r m i n e d   d i s t a n c e   by  the   s e r v o -  

m o t o r   76a ,   and  a t   t he   same  t i m e ,   t he   c h u c k s   64,  6 8 ,  

and  70  a r e   t u r n e d   by  t he   p r e d e t e r m i n e d   a n g l e   by  t h e  

s e r v o   m o t o r s   78a ,   80a  and  82a .   A c c o r d i n g l y ,   t h e  

m a t e r i a l   is   i n t e r m i t t e n t l y   r o l l e d   by  t h e  



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

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

i s   f r e e   f rom  t h e   r e s t r a i n t   of  t he   r o l l e s   2 6 .  

In  t h e   s e c o n d   e m b o d i m e n t   as  m e n t i o n e d   a b o v e ,   t h e  

l o c a l   c o n t r o l l e r s   7 6 c ,   7 8 c ,   80c  and  82c  a r e   u s e d .  

H o w e v e r ,   t h e s e   l o c a l   c o n t r o l l e r s   may  be  o m i t t e d   s o  

t h a t   the   c o n t r o l l e r   72  d i r e c t l y   r e c e i v e s   t h e   o u t p u t  

of   t he   r o t a t i o n a l   a n g l e   d e t e c t o r s   76b ,   7 8 b ,   80b  a n d  

82b  and  d i r e c t l y   c o n t r o l s   t h e   s e r v o   m o t o r s   7 6 a ,   7 8 a ,  

80a  and  8 2 a .  

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

w i t h   t he   p r e s e n t   i n v e n t i o n   as  e x p l a i n e d   a b o v e   w i t h  

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

F i g u r e  2 ,   i t   w i l l   be  n o t e d   t h a t   t h e   m i l l   of  t h e  

p r e s e n t   i n v e n t i o n   r e q u i r e s   t he   r o t a t i o n a l   a n g l e  

d e t e c t o r   74 ,   t h e   d r i v i n g   p u l s e  m o t o r s   76,   78,   80  a n d  

82,   t he   c o n t r o l l e r   72,   a n d ,   in  t h e   s e c o n d   e m b o d i m e n t ,  

a l s o   t h e   l o c a l   c o n t r o l l e r s   76c ,   7 8 c ,   80c  and  82c ,   b u t  

d o e s   no t   r e q u i r e   t h e   p o w e r   t r a n s m i s s i o n   means   s u c h   a s  

t h e   b e v e l   g e a r   32 ,   t h e   l i n e   s h a f t   34,  t h e   b e v e l   g e a r  

m e c h a n i s m   36,  t h e   f e e d   cam  38,  t h e   g e a r   box  48,  t h e  

t u r n i n g   c a m  5 2 ,   and  t h e   l i k e   w h i c h   a r e   r e q u i r e d   i n  

t h e   c o n v e n t i o n a l   m i l l .   T h e r e f o r e ,   t h e   m i l l   of  t h i s  

i n v e n t i o n   is   v e r y   s i m p l e   in  c o n s t r u c t i o n   i n  

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

s i m p l i c i t y   in  c o n s t r u c t i o n   makes   t h e   m i l l   i n e x p e n s i v e  



and  m a i n t e n a n c e   e a s y .  

S p e c i f i c a l l y ,   t h e   f e e d i n g   m e c h a n i s m   in  t h e  

c o n v e n t i o n a l   c o l d   p i l g e r   m i l l   is  such   t h a t   t h e  

c a r r i a g e   4"2  is   a d v a n c e d   t o g e t h e r   w i t h   t h e   f e e d  

s c r e w   40  by  the   f e e d   cam  38  and  a f t e r   t he   c a r r i a g e   42  

i s   a d v a n c e d   o n l y   t h e   f e e d   s c r e w   40  is   r e t u r n e d   to  i t s  

o r i g i n a l   p o s i t i o n   by  r o t a t i n g   the   s c r e w   40  w h i l e  

m a i n t a i n i n g   t he   c a r r i a g e   42  in  the   a d v a n c e d   p o s i t i o n .  

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

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

r e t u r n i n g   m e a n s .  

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

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

t h a t   t he   c a r r i a g e   42  can   be  i n t e r m i t t e n t l y   a d v a n c e d  

o n l y   by  t u r i n g   t h e  f e e d   s c r e w  4 0 .   T h e r e f o r e ,   t h e  

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

s i m p l e .  

In  a d d i t i o n ,   in  t he   c o n v e n t i o n a l   m i l l ,   t h e  

f e e d i n g   m e c h a n i s m   and  t h e   t u r n i n g   m e c h a n i s m   a r e  

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

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

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

m e c h a n i s m s   bu t   i n e v i t a b l y   has   p l a y   or  b a c k l a s h  

b e t w e e n   each   p a i r   of  m e c h a n i c a l   e l e m e n t s .   The  m o r e  

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

l a r g e r   t h e   t o t a l   a m o u n t   of  p l a y   or  b a c k l a s h   in  t h e  



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

r e s p e c t i v e   m e c h a n i s m s   c a n n o t   be  so  p r e c i s e l y  

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

m e a n s .  

On  t h e   o t h e r   h a n d ,   in   t h e   m i l l   of  t he   p r e s e n t  

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

m e c h a n i s m   a r e   s e p a r a t e l y   d r i v e n   by  t he   r e s p e c t i v e  

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

r o l l i n g   m e c h a n i s m ,   so  t h a t   t h e   r o l l i n g   m e c h a n i s m ,   t h e  

f e e d i n g   m e c h a n i s m   and  t h e   t u r n i n g   m e c h a n i s m   a r e  

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

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

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

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

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

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

F u r t h e r m o r e ,   t h e   m i l l   of   t h e   p r e s e n t   i n v e n t i o n  

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

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

m i l l ,   so  t h a t   t h e   power   l o s s   in  t h e   t r a n s m i s s i o n  

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

e f f i c i e n c y   of  power   u l i t i z a t i o n   i s   e x c e l l e n t   a n d  

p o w e r   c o s t s   can   be  r e d u c e d .  

In  a d d i t i o n ,   when  t h e   m a n d r e l   a n d / o r   t h e  

r o l l s , 2 6   a r e   e x c h a n g e d   in  o r d e r   to  c h a n g e   t h e  

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



upon  c h a n g e   of   o p e r a t i o n   mode  s u c h   as  c h a n g e   in  t h e  

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

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

m e c h a n i s m s   can   b e  e a s i l y   m a i n t a i n e d   o n l y   by  c h a n g i n g  

t h e   p r e s e t   v a l u e s   of   t h e   c o u n t e r s   94a  and  94b  w i t h o u t  

e x c h a n g e   and  a d j u s t m e n t   of  t he   g e a r s   and  t he   c a m s  

w i t h   v e r y   t r o u b l e s o m e   o p e r a t i o n s ,   as  in  t h e  

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

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

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

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

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

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

e l e c t r i c a l   c o n t r o l .  

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

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

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

T h u s ,   t he   m i l l   of   t h e   p r e s e n t   i n v e n t i o n   is   v e r y  

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

i n e x p e n s i v e   and  e a s y   in  a d j u s t m e n t   and  m a i n t e n a n c e .  



1.  A  c o l d   p i l g e r   m i l l   c o m p r i s i n g :  

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

t u b u l a r   m a t e r i a l -  o v e r   a  m a n d r e l   to   a  r e d u c e d   d i a m e t e r  

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

g r o o v e d   r o l l s   r e s p e c t i v e l y   r o t a t a b l y   s u p p o r t e d   by  a  

p a i r   of   s a d d l e s   and  a d a p t e d   to   e m b r a c e   s a i d   t u b u l a r  

m a t e r i a l   f rom  o p p o s i t e   s i d e s   t h e r e o f ,   s a i d   s a d d l e s  

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

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

t h e r e t o   a  p i n i o n   in  mesh  w i t h   a  s t a t i o n a r y   r a c k   f o r  

r o t a t i o n   w i t h   t he   r o l l ;  

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

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

r o l l i n g   m e c h a n i s m ;  

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

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

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

f o r   t u r n i n g   s a i d   m a t e r i a l   and  s a i d   m a n d r e l ;   a n d  

a  c o n t r o l l e r   r e c e i v i n g   a  s i g n a l   f rom  s a i d  

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

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

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

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

2.  A  m i l l   as  s e t   f o r t h   in  C l a i m   1  in  w h i c h   s a i d  



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

g r a s p i n g   the   t a i l   end  of   s a i d   m a n d r e l ,   and  e n t r y   a n d  

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

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

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

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

3.  A  m i l l   as  s e t   f o r t h   in  c l a i m   1  in  w h i c h   s a i d  

d e t e c t o r   is   a  r o t a t i o n a l   a n g l e   d e t e c t o r   a d a p t e d   t o  

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

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

4 .  A   m i l l   as  s e t   f o r t h   in  any  of  Ca ims   1  to  3  i n  

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

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

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

s u p p l y   p r e d e t e r m i n e d   m u m b e r s   of  power   p u l s e s   to  s a i d  

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

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

5.  A  m i l l   as  s e t   f o r t h   in  C l a i m   4  in  w h i c h   s a i d  

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

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

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

a d a p t e d   to  s u p p l y   t h e   power   p u l s e s   u n t i l   t h e  

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



6.  A  m i l l   as   s e t   f o r t h   in  any  of   C l a i m s   1  to   3  i n  

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

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

r o t a t i o n a l   a n g l e   d e t e c t o r   and  a  l o c a l   c o n t r o l l e r ,   a n d  

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

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

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

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

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

m o t o r   in  an  o p e r a t i n g   c o n d i t i o n   in  r e s p o n s e   to   s a i d -  

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

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

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

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

a m o u n t .  
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