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T h i s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   m e t h o d   of  d r a w -  

ing   w i r e ,   in  p a r t i c u l a r   f e r r o u s   w i r e ,   w h i c h   is  a  c o m b i n a t i o n  

of  t h e   known  dry  d r a w i n g   t e c h n i q u e   f o r   f e r r o u s   w i r e s   a n d  

t h e   wet  d r a w i n g   t e c h n i q u e   known  f o r   n o n - f e r r o u s   w i r e s .   T h e  

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

use  of  a  w i r e   d r a w i n g   m a c h i n e .  

I t   i s   c o n v e n t i o n a l   p r a c t i c e   to  draw  w i r e   t h r o u g h   a  s i z -  

ing   o p e n i n g   by  w r a p p i n g   t he   w i r e   many  t i m e s   a r o u n d   a  r o t a t -  

a b l e   d r a w i n g   b l o c k   d o w n s t r e a m   of  t he   s i z i n g   o p e n i n g   a n d  

u s i n g   t he   e n g a g e m e n t   of  t he   w i r e   a r o u n d   t he   b l o c k   to  g e n e r -  
a t e   t h e   d r a f t i n g   t e n s i o n   r e q u i r e d   f o r   p u l l i n g   the   w i r e  

t h r o u g h   t h e   s i z i n g   o p e n i n g .   T h i s   m e t h o d   of  d r a w i n g   w i r e  

( h e r e i n a f t e r   r e f e r r e d   to  as  t he   c a p s t a n   b l o c k   m e t h o d )   h a s  

b e e n   w i d e l y   u s e d   f o r   many  y e a r s   and  many  d i f f e r e n t   d e s i g n s  

of  a p p a r a t u s   f o r   o p e r a t i n g   t he   m e t h o d   have   b e e n   d e v e l o p e d .  

To  g e t   a d e q u a t e   t e n s i o n   f o r   d r a w i n g   t h e   w i r e   t h r o u g h   t h e  

s i z i n g   o p e n i n g   i t   i s   n e c e s s a r y   to  wrap  the   w i r e   s e v e r a l   t i m e s  

a r o u n d   t h e   b l o c k   and  i t   has   become  c o n v e n t i o n a l   p r a c t i c e   t o  

e x t r a c t   f rom  t he   w i r e   t he   h e a t   g e n e r a t e d   by  t he   d r a w i n g  

p r o c e s s   by  c o o l i n g   t h e   w i r e   w h i l e   i t   is   on  the   c a p s t a n   b l o c k .  

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

t he   more  e f f i c i e n t   t h e   c o o l i n g   can  be  and  t h e r e   has  t h u s   b e e n  

a  t r e n d   t o w a r d s   i n c r e a s i n g   t he   number   of  t u r n s   on  t he   b l o c k  

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

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

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

s t a g e   m a c h i n e   i n c r e a s e s   t he   c o m p l e x i t y   and  c o s t   of  t he   m a c h -  

ine   and  makes   t he   t h r e a d i n g   up  of  t he   m a c h i n e   c o m p l i c a t e d  

and  t i m e - c o n s u m i n g .  

In  U.K.  P a t e n t   S p e c i f i c a t i o n   No.  1 , 2 4 9 , 9 2 6   (BISRA)  i t  

has   b e e n   p r o p o s e d   to  c o o l   t he   w i r e   w h i l s t   i t   is   on  t h e   c a p -  

s t a n   b l o c k ,   by  d i r e c t l y   c o n t a c t i n g   i t   w i t h   l i q u i d   c o o l a n t  

s p r a y s   and  in  U.K.  P a t e n t   S p e c i f i c a t i o n   No.  1 , 4 2 8 , 8 8 9   ( K o b e )  

i t   has   been   p r o p o s e d   to  c o o l   t he   w i r e   as  i t   l e a v e s   t he   s i z -  

ing   o p e n i n g   by  s u r r o u n d i n g   the   w i r e   w i t h   l i q u i d   c o o l a n t  

b e t w e e n   t he   o p e n i n g   and  t he   c a p s t a n   b l o c k .  

In  our   U.K.  P a t e n t   A p p l i c a t i o n   7 9 3 6 9 4 3   we  d e s c r i b e   a  



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

t h r o u g h   a  s i z i n g   o p e n i n g   by  e n g a g i n g   t h e   w i r e   in  an  e n d l e s s  

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

t h a n   360°   and  d i r e c t l y   c o n t a c t i n g   t h e   w i r e   b e t w e e n   t h e  

o p e n i n g   and  the   w h e e l   w i t h   l i q u i d   c o o l a n t   f l o w s .  

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

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

t h r o u g h   a  s i z i n g   o p e n i n g   by  w r a p p i n g   t he   w i r e   f o r   at  l e a s t  

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

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

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

a n t   f rom  t h e   w i r e   d o w n s t r e a m   of  t he   b l o c k ,   is   c h a r a c t e r i s e d  

in  t h a t   at  l e a s t   an  i n i t i a l   p a r t   of  a  t u r n   of  t h e   w i r e   o n  

t h e   b l o c k   i s   l o c a t e d   w i t h i n   a  b a t h   of  l i q u i d   c o o l a n t .  

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

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

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

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

t h e   s i z i n g   o p e n i n g .   S u i t a b l y   t he   a p p a r a t u s   f o r   f o r m i n g   t h e  

c o l u m n   of  c o o l i n g   l i q u i d   a r o u n d   t h e   w i r e   a s  i t   i s   d rawn   g e n -  
e r a t e s   h e l i c a l   f l o w s   in  t h e   co lumn   to   i m p r o v e   t h e   c o o l i n g  

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

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

b l o c k .  

The  r o t a r y   d r a w i n g   b l o c k   can  be  a  g r o o v e d   w h e e l   a s  

d e s c r i b e d   in  our   c o - p e n d i n g   U.K.  P a t e n t   A p p l i c a t i o n   No .  

7 9 3 6 9 4 3   or  a  f l a n g e d   c a p s t a n   b l o c k .   In  t h e   f i r s t   c a s e   l e s s  

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

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

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

The  l i q u i d   c o o l a n t   i s   n o r m a l l y   w a t e r   or  a  w a t e r - b a s e d  

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

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

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

of  t h e   p o i n t   of  f i r s t   c o n t a c t   of  t h e   w i r e   on  t h e   b l o c k .  

S u r p r i s i n g l y   we  f i n d   we  can  d i s s i p a t e   t h e   h e a t   g e n e r a t e d  

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



t he   w i r e   i s   p a s s i n g   to   t he   b l o c k   and  is   r e t a i n e d   on  t h e  

b l o c k .   Wi th   c o n v e n t i o n a l   p r i o r   a r t   c a p s t a n   b l o c k s   ( e . g .  

w i t h   t y p i c a l l y   2 0  -   100  t u r n s   of  w i r e   on  the   b l o c k )   t r a n s i t  

t i m e s   in  w h i c h   t h e   w i r e   was  on  the   b l o c k   r a n g e d   f rom  s a y  
10  to  100  s e c o n d s .   At  c o m p a r a b l e   d r a w i n g   s p e e d s   and  w i t h   a  

b l o c k   of  c o m p a r a b l e   d i a m e t e r ,   t he   t i m e   a v a i l a b l e   f o r   c o o l i n g  

t h e   w i r e   in  a  m e t h o d   a c c o r d i n g   to  t h e   i n v e n t i o n   is   v e r y   m u c h  

r e d u c e d ,   t h e   e n t i r e   c o o l i n g   b e i n g   e f f e c t e d   in  t i m e s   of  s a y  
0 .1   to  5  s e c o n d s .  

The  l i q u i d   c o o l a n t   i s   s u i t a b l y   r e m o v e d   f rom  t he   w i r e   b y  

means   of  an  a i r   wipe  in  w h i c h   c o m p r e s s e d   a i r   is   fed   i n t o  

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

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

t h e r e t h r o u g h   by  a p e r t u r e d   p l a t e s   whose   w i r e - r e c e i v i n g   a p e r -  
t u r e s   a r e   o n l y   s l i g h t l y   l a r g e r   t h a n   the   c r o s s - s e c t i o n   of  t h e  

w i r e   p a s s i n g   t h e r e t h r o u g h .  

C o n v e n i e n t l y   t h e   m e t h o d   of  t h e   i n v e n t i o n   i s   u s e d   f o r  

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

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

by  s t a g e   f rom  an  i n p u t   f e e d s t o c k   to  t he   f i n a l   d rawn  w i r e .  

The  w i r e   can  be  l u b r i c a t e d   w i t h   a  w a t e r - i n s o l u b l e   ( e . g .   a  
c a l c i u m - b a s e d )   p o w d e r   o r ,   i f   e l e c t r o s t a t i c   c o a t i n g   t e c h n i q u e s  

a re   u s e d   to   e n s u r e   p o w d e r   c o a t i n g   of  c l e a n   m e t a l ,   a  w a t e r -  

s o l u b l e   l u b r i c a n t   p o w d e r   ( e . g .   a  s o d i u m - b a s e d   m a t e r i a l ) .  

The  s i z i n g   o p e n i n g s   can  be  f i x e d   d i e s   w h i c h   a re   p r o -  
v i d e d   w i t h   l i q u i d   c o o l i n g   on  t h e i r   d o w n s t r e a m   f a c e s .  

D r a f t i n g   p u l l s   of  2 5 , 0 0 0   Kg  a re   o b t a i n a b l e   w i t h   a r e a  

r e d u c t i o n s   p e r   s t a g e   in  e x c e s s   of  40%  e a s i l y   r e a l i s a b l e .  

A l t h o u g h   c o o l i n g   has   to   be  a c c o m p l i s h e d   in   a  much  s h o r t e r  

t i m e   t h a n   w i t h   a  p r i o r   a r t   c a p s t a n   m a c h i n e ,   we  have   s u c c e s s -  

f u l l y   d i s s i p a t e d   33  KW  of  p o w e r   in  one  s t a g e   of  a  m u l t i -  

s t a g e   a p p a r a t u s   w i t h   an  o u t p u t   w i r e   t e m p e r a t u r e   f rom  t h a t  

s t a g e   of  l e s s   t h a n   90°C  ( r e p r e s e n t i n g   a  t e m p e r a t u r e   i n c r e a s e  

of  l e s s   t h a n   7 5 ° C ) .   D r a f t i n g   s p e e d s   in  e x c e s s   of  22  m / s e c  

have   a l s o   been   a c h i e v e d   and  i t   is  e x p e c t e d   t h a t   d r a w i n g  

s p e e d s   at  l e a s t   e q u a l   to  t he   b e s t   o b t a i n a b l e   in  p r i o r   a r t  

c a p s t a n   m a c h i n e s   can  be  o b t a i n e d .   G a l v a n i s e d   and  u n g a l v a n -  

i s e d   f e r r o u s   w i r e s   can  be  d rawn   by  the   m e t h o d   of  t he   i n v e n t i o n .  



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

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

means   to   s u p p l y   l i q u i d   c o o l a n t   to  s u r r o u n d   t h e   w i r e   as  i t  

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

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

to  d raw  w i r e ,   w r a p p e d   in  at  l e a s t   a  p a r t   t u r n   a r o u n d   t h e  

b l o c k ,   t h r o u g h   t he   s i z i n g   o p e n i n g ,   means   to   k e e p   t he   w i r e  

wet  w i t h   c o o l a n t   on  t h e   b l o c k   and  means   d o w n s t r e a m   of  t h e  

b l o c k   to   r e m o v e   c o o l a n t   f rom  t he   w i r e ,   i s   c h a r a c t e r i s e d   i n  

t h a t   a  cowl   c l o s e l y   c o n f r o n t s   t he   w i r e - e n g a g i n g   s u r f a c e   o f  

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

of  c o n t a c t   of  w i r e   on  t h e   b l o c k   to  e n s u r e   t h e   w i r e   i s  

i m m e r s e d   in  a  b a t h   of  c o o l a n t   f o r   at  l e a s t   an  i n i t i a l   p a r t  
of  one  t u r n   of  t h e   w i r e   on  t h e   b l o c k .  

The  r o t a t i n g   b l o c k   can  c o n t a i n   a  s i n g l e   e n d l e s s   V -  

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

a r o u n d   t h e   b l o c k ,   bu t   a l t e r n a t i v e l y   t h e   b l o c k   can  a c c o m m o -  

d a t e   a  few  t u r n s   ( s a y   t h r e e   to  f i v e )   p r e f e r a b l y   on  a  s l i g h t l y  

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

t h e   b l o c k .   I f   t h e   cowl   i s   l o c a t e d   v e r y   c l o s e   to  t he   o u t e r  

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

l i m i t e d   on  t h e   r a d i a l l y   i n w a r d   s i d e   by  t h e   w i r e - e n g a g i n g  

s u r f a c e   of  t h e   b l o c k ,   w h i c h   can  be  f i l l e d   w i t h   l i q u i d   c o o l -  

an t   d u r i n g   use   of  t h e   b l o c k ,   to  fo rm  t h e   c o o l a n t   b a t h   t h r o u g h  
w h i c h   t h e   i n i t i a l   p a r t   t u r n   of  w i r e   on  t h e   b l o c k   w i l l   p a s s .  

The  cowl   can  be  m o v a b l e   away  f rom  t h e   b l o c k   to   f a c i l i -  

t a t e   t h r e a d i n g - u p   of  t h e   m a c h i n e .  

S i n c e   t he   w i r e   makes   few  t u r n s   a r o u n d   t h e   b l o c k   i n  

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

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

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

m u l t i - s t a g e   c a p s t a n   b l o c k   m a c h i n e .   F u r t h e r ,   s i n c e   o n l y   a  

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

f rom  e a c h   b l o c k   n e e d   be  d i s p l a c e d   by  l i t t l e   more  t h a n   a  f e w  

d i a m e t e r s   of  t he   w i r e   and  t h i s   means   t h a t   t h e r e   need   b e  

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

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

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



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

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

ing   the   s i z i n g   o p e n i n g .   An  a i r   wipe  is   p r e f e r r e d   to  r e m o v e  

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

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

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

f rom  t he   w i r e   s u r f a c e .   To  i m p r o v e   soap   u t i l i s a t i o n ,   i t   i s  

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

f o r   e a c h   soap   box.   The  l u b r i c a n t   p o w d e r   can  be  d r a i n e d   f r o m  

e a c h   soap   b o x ,   to   f a c i l i t a t e   t h r e a d i n g - u p .  

C o n v e n i e n t l y   t he   b l o c k s   in  a  m u l t i - s t a g e   a p p a r a t u s   a r e  

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

and  s u i t a b l y   w i t h   t h e i r   r o t a t i n g   axes   d i s p o s e d   h o r i z o n t a l l y .  

S u i t a b l y   e a c h   b l o c k   i s   l o c a t e d   w i t h i n   a  c a s i n g   so  t h a t  

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

b a t h ,   c o o l a n t   can  be  p r e v e n t e d   f rom  i m p i n g i n g   on  c o o l a n t -  

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

in  a  t r o u g h   ( s u i t a b l y   f o r m i n g   p a r t   of  t h e   b a s e   of  t h e   a p p a r a -  
t u s )   and  be  f i l t e r e d   and  o p t i o n a l l y   c o o l e d   b e f o r e   b e i n g  

r e t u r n e d   to   t he   c a s i n g s .   A  r e c i r c u l a t i n g   c o o l a n t   s y s t e m   c a n  

b e - - p r o v i d e d   in  t h i s   w a y .  

C o n v e n i e n t l y   t h e   c o n t r o l   of  t h e   t o r q u e   a p p l i e d   to  t h e  

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

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

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

d o w n s t r e a m   s i z i n g   o p e n i n g   or  by  s e n s i n g   t he   t e n s i o n   g e n e r -  

a t e d   by  t h e   w i r e   on  a  f i x e d   g u i d e   p u l l e y   d i s p o s e d   b e t w e e n  

e a c h   b l o c k   and  i t s   r e s p e c t i v e   d o w n s t r e a m   s i z i n g   o p e n i n g .  

P r e f e r a b l y ,   in   t he   l a t t e r   c a s e ,   t he   j o u r n a l s   m o u n t i n g   t h e  

g u i d e   p u l l e y   a re   c o n n e c t e d   to  a  f o r c e   t r a n s d u c e r   ( e . g .   a  

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

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

s i z i n g   o p e n i n g .  

C o n v e n t i o n a l   e l e c t r i c a l   c o n t r o l   c i r c u i t s   can  be  u s e d  

to  c o n v e r t   t he   o u t p u t s   of  t h e   f o r c e   t r a n s d u c e r s   i n t o   t o r q u e  

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

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

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



means  of  a  c o w l ,   t h e   b l o c k   can  be  i m m e r s e d   in  a  deep   b a t h  

of  l i q u i d   c o o l a n t , w i r e   l e a v i n g   t he   b a t h   when  i t   has   l e f t   t h e  

b l o c k .  

The  m e t h o d   and   a p p a r a t u s   of  t he   i n v e n t i o n   can  be  u s e d  

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

and  n o n - c i r c u l a r   c r o s s - s e c t i o n .  

The  s i z i n g   o p e n i n g s   can  be  of  any  c o n v e n t i o n a l   k i n d  

( e . g .   f i x e d   d i e s   or  r o l l e r   d i e s )   bu t   f i x e d   d i e s   w o u l d   b e  

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

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

e x a m p l e ,   w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s , i n  

w h i c h : -  

F i g u r e   1  i s   a  g e n e r a l   v i ew  of  one  s t a g e   of  a  f i r s t  

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

ance   w i t h   t h e   i n v e n t i o n ,  

F i g u r e   2  i s   an  e n l a r g e d   v iew  of  p a r t   of  t h e   p e r i p h e r y  

of  t he   b l o c k   in   F i g u r e   1  s h o w i n g   t h e   cowl  u s e d   to   e n h a n c e  

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

F i g u r e   3  i s   a  g e n e r a l   v iew  of  one  s t a g e   of  a  s e c o n d  

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

ance   w i t h   t h e   i n v e n t i o n ,  

F i g u r e   4  i s   a  s c h e m a t i c   c r o s s - s e c t i o n   t a k e n   on  t h e   l i n e  

IV- IV   of  F i g u r e   3,  a n d  

F i g u r e   5  shows   two  s t a g e s   of  a  m u l t i - s t a g e   d r a w i n g  

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

e a c h   s t a g e .  

F i g u r e   1  shows   t h e   w i r e   p a t h   f o r   one  s t a g e   of  a  m u l t i -  

s t a g e   w i r e - d r a w i n g   a p p a r a t u s   of  t h e   k i n d   d e s c r i b e d   in  U . K .  

P a t e n t   A p p l i c a t i o n   7 9 3 6 9 4 3 ,   w i t h   t h e   w i r e   e n t e r i n g   t h e  

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

a r r o w   Y  e i t h e r   f r o m   a  s p o o l   of  i n p u t   m a t e r i a l   or  f rom  a  

p r e c e d i n g   s t a g e .   A  d r a w i n g   b l o c k   1  p r o v i d e d   w i t h   a  V - g r o o v e  

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

a b o u t   a  h o r i z o n t a l   a x i s   3  f o r   r o t a t i o n   in  t h e   d i r e c t i o n   o f  

t he   a r r o w   A  and  by  v i r t u e   of  t r a p p i n g   of  t he   w i r e   in  t h e  

g r o o v e   2  d r a w s   t h e   w i r e   t h r o u g h   a  g u i d e   d i e   4,  a  soap   b o x  

5  and  a  s i z i n g   d i e   6.  D o w n s t r e a m   of  t he   d i e   6  t h e r e   i s  

p r o v i d e d   a  s h r o u d   7  w h i c h   fo rms   a  c o h e r e n t   c o l u m n   of  l i q u i d  



c o o l a n t   a r o u n d   t h e   w i r e   w h i c h   co lumn  is  shown  at  8  i s s u -  

ing   o n t o   t h e   c y l i n d r i c a l   s u r f a c e   of  t he   b l o c k   1 .  

The  c o l u m n   of  c o o l a n t   8  is  t r a p p e d   a g a i n s t   t h e   s u r f a c e  

of  t he   b l o c k   1  to  fo rm  a  c o o l a n t   b a t h   ( t h r o u g h   w h i c h   t h e  

w i r e   on  t h e   b l o c k   s u r f a c e   p a s s e s )   by  t h e   p r o v i s i o n   of  a  

cowl  13  c l o s e l y   s u r r o u n d i n g   the   p e r i p h e r y   of  t he   b l o c k   1 

a r o u n d   an  a r c   of  a p p r o x i m a t e l y   1800 .   The  n a r r o w   gap  14  b e -  

t w e e n   t he   cowl   13  and  t h e   b l o c k   1  has   been   shown  e x a g g e r a t e d  

in  F i g u r e   1  and  in  p r a c t i c e   would   be  of  t h e   o r d e r   of  a  

t e n t h   of  a  mm.  The  cowl  13  is   p i v o t e d   at  15  to  p e r m i t   i t  

to  be  swung  away  f rom  the   b l o c k   1  to  f a c i l i t a t e   t h e   t h r e a d -  

i n g - u p   o p e r a t i o n   of  t he   a p p a r a t u s .   The  d o w n s t r e a m   end  16  

of  t h e   cowl   13  c l o s e l y   c o n f r o n t s   t h e   u p s t r e a m   end  of  an  o p e n -  

t o p p e d   t r o u g h   17  h a v i n g   a  d r a i n   c o n n e c t i o n   18.  C o o l a n t  

l e a v i n g   t h e   cowl  13  f i l l s   t h i s   t r o u g h   above   t h e   l e v e l   of  t h e  

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

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

g r o o v e   2.  A  v e r t i c a l   s l o t   i s   p r o v i d e d   in  t he   d o w n s t r e a m   e n d  

w a l l   19  of  t h e   t r o u g h   17  to  r e c e i v e   t he   w i r e   and  t h e   t r o u g h  

is   p i v o t e d   a b o u t   a  t u r n i n g   a x i s   20  to   e n a b l e  i t   to   be  m o v e d  

away  f rom  t h e   b l o c k   1  on  the   o c c a s i o n   of  t h r e a d i n g - u p .   A 

s t a t i o n a r y   b a f f l e   21  p r e v e n t s   s p l a s h e s   of  c o o l a n t   f rom  t h e  

b l o c k   1  c o n t a c t i n g   w i r e   d o w n s t r e a m   of  an  a i r   wipe   9 .  

A f t e r   p a s s i n g   t h r o u g h   the   a i r   wipe  9 , t h e   w i r e   p a s s e s  

a r o u n d   g u i d e   p u l l e y s   10  and  11  i n t o   an  u p p e r   w i r e   p a t h   12  

w h i c h   l e a d s   on  to   t he   n e x t   s t a g e   of  t he   a p p a r a t u s ,   or  to   a  

s p o o l e r   f o r   f i n i s h e d   w i r e .  

The  g u i d e   p u l l e y   11  can  form  p a r t   of  a  s p e e d   c o n t r o l  

s y s t e m   f o r   one  s t a g e   of  t he   a p p a r a t u s   and  i s   m o u n t e d   f o r  

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

At  t h e   p o i n t   X  where   the   w i r e   p a t h s   c r o s s ,   a  s m a l l  

c l e a r a n c e   i s   p r o v i d e d   b e t w e e n   the   w i r e s   ( e . g .   a  c l e a r a n c e  

of  3  c e n t i m e t r e s )   and  t h i s   c l e a r a n c e   can  e a s i l y   be  p r o v i d e d  

by  s l i g h t l y   a n g l i n g   e i t h e r   or  b o t h   t h e   g u i d e   p u l l e y s   10  a n d  

1 1 .  

The  a i r   wipe   9  can  c o m p r i s e   a  c h a m b e r   s u r r o u n d i n g   t h e  

w i r e   w h i c h   i s   l i m i t e d   at  i t s   ends   by  a p e r t u r e d   p l a t e s   w h o s e  

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



c r o s s - s e c t i o n   of  t h e   w i r e .   The  c h a m b e r   can  be  fed   w i t h  

c o m p r e s s e d   a i r   ( e : g .   at   a  p r e s s u r e   of  a b o u t   30  p s i g ) ,   t h e  

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

p a r t i c u l a r l y   t he   u p s t r e a m   end  p l a t e )   r e m o v i n g   w a t e r   f rom  t h e  

s u r f a c e   of  t he   w i r e .  

F i g u r e   2  shows  in  d e t a i l   p a r t   of  t h e   cowl   13  and  t h e  

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

p l a t e s   22  a r e   d i s p o s e d   w i t h i n   t he   c h a n n e l   d e f i n e d   by  t h e  

cowl   13  and  p r o v i d e   s p a c e d - a p a r t   w e i r s   to  dam  b a c k   t h e   c o o l -  

an t   a t t e m p t i n g   to  be  f l u n g   r a d i a l l y   o u t w a r d s   f rom  t he   s u r f a c e  

of  t h e   b l o c k   1.  The  b a f f l e s   s low  down  t h e   f l o w   of  c o o l a n t  

w i t h i n   t h e   cowl  f o r c i n g   i t   b ack   a g a i n s t   t h e   b l o c k   as  i t  

d r a i n s   p a s t   e a c h   b a f f l e .   In  t h i s   way  a  c o h e r e n t   c o o l a n t  

b a t h   i s   f o r m e d   a g a i n s t   t h e   s u r f a c e   of  t h e   b l o c k   1.  F i g u r e  

2  a l s o   shows   t h e   c o o l a n t   ( i n d i c a t e d   at   23)  w h i c h   is   t r a p p e d  

by  t h e   w i r e   in   t h e   g r o o v e   2 .  

F i g u r e s 3   and  4  show  one  s t a g e   in   a  s e c o n d   e m b o d i m e n t  

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

e n c e   n u m b e r s ,   bu t   w i t h   a  p r i m e ,   h a v i n g   b e e n   u s e d   in  t h e s e  

F i g u r e s   to   t h o s e   u s e d   in   F i g u r e s   1  and  2,  w h e r e   s i m i l a r  

i n t e g e r s   a r e   i n v o l v e d .  

The  m a i n   d i f f e r e n c e   b e t w e e n   t h e   a r r a n g e m e n t   in  F i g u r e s  

1  and  3,  i s   t h a t   t h e   b l o c k   1'  in  F i g u r e   3  i s   a  n a r r o w   c a p s t a n  

b l o c k   a c c o m m o d a t i n g   f o u r   t u r n s   of  w i r e .   The  g r o o v e   2'  f o r m e d  

in   t h e   b l o c k   1'  has   a  t a p e r e d   s i d e   w a l l   24  o n t o   w h i c h   t h e  

w i r e   W' is  l e d   as  i t   l e a v e s   t he   s h r o u d   7 ' .   The  i n c l i n a t i o n  

of  t h e   s i d e   w a l l   24  and  t h e   s l i g h t   t a p e r   of   t h e   b a s e   26  o f  

t h e   g r o o v e   2'  (much  e x a g g e r a t e d   in  F i g u r e   4  and  of  t h e  

o r d e r   of   ½°  in   p r a c t i c e )   c a u s e   t h e   t u r n s   of  w i r e   on  t h e  

b l o c k   1'  to   p r o g r e s s   to   t h e   r i g h t   in  F i g u r e  4   as  d r a w i n g  

p r o c e e d s .  

The  cowl   13'  w h i c h   t r a p s   t he   b a t h   of  l i q u i d   c o o l a n t  

a g a i n s t   t h e   p e r i p h e r y   of  t h e   b l o c k   1'  i s   shown  in  F i g u r e   4 

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

of  t h e   b l o c k   1.  U p s t r e a m   of  the   p o i n t   s e c t i o n e d   in  F i g u r e  

4,  t h e   cowl   d i v e r g e s   f rom  the   p e r i p h e r a l   s u r f a c e   of  t he   b l o c k  

1'  to   mee t   w i t h   g e n e r a l l y   t r i a n g u l a r   s i d e   w a l l s   to  form  a  

c l o s e d   v o l u m e   27  w h i c h   b e c o m e s   f i l l e d   w i t h   c o o l a n t   d u r i n g  

use   of  t h e   a p p a r a t u s .  



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

b l o c k   1 .  i t s   l e a d - o f f   d i r e c t i o n   is   s u b s t a n t i a l l y   c o p l a n a r  

w i t h   i t s   l e a d - o n   d i r e c t i o n ,   so  t h a t   t he   a i r   wipe   9'  i s  

l o c a t e d   to  one  s i d e   of  t he   c o o l a n t - f i l l e d   c l o s e d   vo lume   27 

in  t h e   i n l e t   r e g i o n   of  t he   b l o c k   1 ' .  

A  c o o l a n t   d r a i n   28  is   l o c a t e d   in   t h e   l o w e s t   p o i n t   of  t h e  

cowl  13'   and  t h i s   d r a i n   can  be  p r o v i d e d   w i t h   a  v a l v e   29  t o  

s e t   t he   o u t f l o w   r a t e   of  c o o l a n t   and  e n s u r e   a d e q u a t e   f i l l i n g  

of  t he   v o l u m e   27  w i t h   c o o l a n t .  

The  cowl  13'   can  be  moved  in  t h e   d i r e c t i o n   of  t he   a r r o w s  

C  in  F i g u r e   4  to   f a c i l i a t e   t h r e a d i n g - u p   of  t h e   a p p a r a t u s .  

In  t h e   a r r a n g e m e n t   of  F i g u r e s   3  and  4,  a  l o a d   c e l l   c a n  

be  l o c a t e d   at  t h e   p o s i t i o n   m a r k e d   L,  j u s t   u p s t r e a m   of  t h e  

g u i d e   d i e   4 ' ,   to   c o n t r o l   t h e   s p e e d   of  t he   b l o c k   1'  in  k n o w n  

m a n n e r .  

R e f e r r i n g   now  to  F i g u r e   5,  t h e r e   i s   shown  two  s t a g e s   o f  

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

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

d o u b l e   p r i m e ,  h a v e   been   u s e d   to  d e s i g n a t e   s i m i l a r   i n t e g e r s .  

R e f e r r i n g   to   F i g u r e   5,  w i r e   W"  e n t e r s   t h e   u p s t r e a m  

s t a g e   f rom  t h e   l e f t   and  p a s s e s   t h r o u g h   a  g u i d e   d i e   4" ,   a  

soap   box  5"  and  a  s i z i n g   d ie   6"  b e f o r e   p a s s i n g   i n t o   an  e n d -  

l e s s   g r o o v e   2"  in   a  d r a w i n g   b l o c k   1"  r o t a t i n g   in  t he   d i r e c -  

t i o n   of  t h e   a r r o w .   The  b l o c k   1"  i s   s u b m e r g e d   in  a  b a t h   29  

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

b l o c k   1 " ,   t h e   w i r e   l e a v e s   t he   g r o o v e   2"  and  p a s s e s   up  o u t  

of  t he   b a t h   to   an  a i r   wipe  9"  and  o v e r   a  p u l l e y   11" .   T h e  

a i r   wipe   9"  c o m p l e t e l y   d r i e s   t he   w i r e   W"  in   p r e p a r a t i o n   f o r  

i t s   p a s s a g e   t h r o u g h   t h e   g u i d e   d i e ,   soap   box  and  s i z i n g   d i e  

of  t he   n e x t   u p s t r e a m   s t a g e .  

A  s h r o u d   7"  i s   e m p l o y e d   on  t h e   d o w n s t r e a m   s i d e   of  t h e  

d ie   4" ,   t h e   s l e e v e   b e i n g   fed   w i t h   w a t e r   a t   i t s   u p s t r e a m   e n d  

so  t h a t   a  m o v i n g   co lumn  8"  of  w a t e r   s u r r o u n d s   t he   w i r e   as  i t  

l e a v e s   t h e   d i e   and  t r a v e l s   w i t h   t he   w i r e   i n t o   t h e   b a t h   2 9 .  

The  c o l u m n   8"  may  be  i n d u c e d   to  t u r n   h e l i c a l l y   a r o u n d   t h e  

w i r e   to  e n s u r e   t h e   c o h e r e n c e   of  t he   c o l u m n   8"  and  to   i n c r e a s e  

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

c o l u m n .  



The  p u l l e y   11"  can  be  m o u n t e d   to   move  in  t he   d i r e c t i o n s  

of  t h e   a r r o w s   D  f o r   s p e e d   c o n t r o l   p u r p o s e s   in  t he   m a n n e r  

w e l l   known  in  t h e   w i r e   d r a w i n g   a r t .   A  d r a i n   30  is   p r o v i d e d  

to   p e r m i t   t he   b a t h   to  be  e m p t i e d   of  w a t e r   and  o p t i o n a l l y   t o  

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

w i r e   d r a w i n g   p r o c e e d s .  

The  b a t h   29  can  be  d i v i d e d   ( e . g .   as  shown  d o t t e d   at   3 1 )  

so  t h a t   e a c h   b l o c k   has   i t s   own  c o o l a n t   b a t h .  
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