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©  Apparatus  for  cold  working  of  metal  rod. 

Apparatus  for  the  cold  working  or  hot  rolled  steel  rod 
comprises  a  set  of  freely  rotatable  pulleys  (18,  20)  around 
which  the  rod  runs.  The  set  of  pulleys  as  a  whole  is  driven  for 
orbital  revolution.  The  rod  is  twisted  in  one  direction  as  it 
enters  the  pulley  system  and  is  untwisted  as  it  leaves.  The 
rod  is  pulled  through  the  pulley  system  by  a  rotatable  coiler 
downstream  of  the  system  against  braking  effort  imparted  to 
the  rod  upstream  of  the  system  whereby  the  rod  is  pulled 
through  under  tension.  Drive  (24,26)  for  the  orbital  motion  is 
from  the  coiler  such  that  the  orbital  speed  and  rod  feed  are  in 
a  fixed  relationship.  Control  of  the  transverse  dimensions  of 
the  rod  is  imparted  by  a  sensor  downstream  of  the  pulley 
system,  the  output  from  which  is  used  to  adjust  the  tension 
imparted  by  the  braking  pulley  (34).  The  apparatus  operates 
also  to  descale  and  straighten  the  rod  continuously  and  is 
particularly  useful  in  the  production  of  steel  rod  for  welded 
mesh  in  reinforcing  concrete. 





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

of  m e t a l   r o d .  

I t   i s   known  t h a t   t h e   c o l d .   w o r k i n g   of  f o r   e x a m p l e  

s t e e l   rod  w i l l   i m p r o v e   i t s   m e c h a n i c a l   p r o p e r t i e s ,   i n  

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

is   u s u a l l y   e f f e c t e d   e i t h e r   by  r o l l i n g   or  d r a w i n g .   T h u s  

in  t he   p r o d u c t i o n   of  s t e e l   rod   f o r   use   in  f o r m i n g   w e l d e d  

mesh  f o r   c o n c r e t e   r e i n f o r c e m e n t ,   t he   m a t e r i a l   may  i n i t i a l l y  

be  ho t   r o l l e d   and  t h e n   c o l d   d rawn   or  c o l d   r o l l e d   in  o r d e r  

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

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

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

the   p r o o f   s t r e s s   s h a l l   be  more  t h a n   a  s p e c i f i e d   v a l u e .  

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

s p e c i f i e d   i s   1 . 0 5  :   1  in   most   E u r o p e a n   s p e c i f i c a t i o n s .  

Such  r o d s   may  have   a  smoo th   s u r f a c e   or  may  be  p r o -  

v i d e d   w i t h   s u r f a c e   d e f o r m a t i o n s   such  as  r i b s   to  i m p r o v e  

t h e i r   k e y i n g   or  b o n d i n g   c a p a b i l i t y   to  t he   c o n c r e t e .  

The  mos t   c o n v e n i e n t   way  of  i n t r o d u c i n g   s u r f a c e   d e f o r -  

m a t i o n s   such   as  r i b s   is  d u r i n g   the   ho t   w o r k i n g   s t a g e ,   b u t  

t h e s e   d e f o r m a t i o n s   do  no t   s u r v i v e   the   n o r m a l   c o l d   w o r k i n g  

t e c h n i q u e s   of  c o l d   d r a w i n g   or  c o l d   r o l l i n g .   D e f o r m a t i o n s  

can  be  i n t r o d u c e d   d u r i n g   a  f i n a l   c o l d   r o l l i n g   o p e r a t i o n  
but   t h e i r   p r o d u c t i o n   r e q u i r e s   e x c e s s i v e   l o c a l   w o r k i n g   o f  

the   m a t e r i a l   and  t h e r e   i s   a  h i g h   m e c h a n i c a l   e n e r g y   r e -  

q u i r e m e n t .   I t   is   d i f f i c u l t   or  i m p o s s i b l e   to  p r o v i d e  

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

I t   is   known  to  h o t  r o l l   d e f o r m a t i o n s   i n t o   r e i n f o r c i n g  

m a t e r i a l ,   to  cu t   t he   m a t e r i a l   i n t o   b a r s   of  f i n i t e   l e n g t h  

and  t h e n   c o l d   work  by  t w i s t i n g .   Th is   p r o c e d u r e   i s   n o t  



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

in  c o i l   fo rm  and  r e q u i r e   a  c o l d   w o r k i n g   t e c h n i q u e   w h i c h  

can   be  e f f e c t e d   on  an  i n d e f i n i t e   l e n g t h   of  t h e   r o d .  

I t   i s   known  f rom  West   German  p a t e n t   s p e c i f i c a t i o n  

9 0 9 5 6 2   to  t w i s t   and  s u b s e q u e n t l y   u n t w i s t   an  i n d e f i n i t e  

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

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

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

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

t h e   t a n g e n t   to  t h e   p u l l e y   a t   w h i c h   t h e   rod   j o i n s   a n d  
. 

l e a v e s   t h e   p u l l e y .   Power   f o r   t h i s   o r b i t i n g   m o t i o n   i s  

d e r i v e d   f rom  the   r o t a t i o n   of  t h e   p u l l e y   a b o u t   i t s   own 

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

The  d e g r e e   of  t w i s t   and  s u b s e q u e n t   u n t w i s t i n g   u s e d   in   t h i s  

German  p a t e n t   i s   of   t he   o r d e r   of   one  t u r n   in   a  l e n g t h  

e q u i v a l e n t   to  more  t h a n   50  r o d   d i a m e t e r s .   T w i s t i n g   t o  

t h i s   e x t e n t   i s   s u f f i c i e n t   to   a c h i e v e   t h e   i n t e n d e d   p u r p o s e  
of   t he   German  s p e c i f i c a t i o n ,   n a m e l y   a  b r e a k i n g   up  of   s c a l e  

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

of  t h i s   s c a l e .   T h i s   d e g r e e   of  t w i s t   i s   e n t i r e l y   i n a d e q u a t e  

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

m a t e r i a l   as  can  be  j u d g e d   f rom  t he   German  s p e c i f i c a t i o n  

i t s e l f   w h i c h   u t i l i s e s   t h e   t w i s t i n g   and  u n t w i s t i n g   as  a  

p r e l i m i n a r y   to  c o l d   w o r k i n g   of   t he   rod   by  d r a w i n g   i t  

t h r o u g h   a  d i e .   Thus  t h e   a p p a r a t u s   of  t he   German   s p e c i f i -  

c a t i o n   i s   no t   pu t   f o r w a r d   as  a  s o l u t i o n   to  t h e   p r o b l e m   o f  

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

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

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

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

r o d   e n t e r i n g   t he   p u l l e y   w h i c h   may  be  h e l p f u l   as  an  a d j u n c t  

to  d e s c a l i n g   bu t   wou ld   c a u s e   u n a c c e p t a b l e   s n a g g i n g   o f  

rod   f o r   c o l d   w o r k i n g ,   p a r t i c u l a r l y   f o r   rod   w h i c h   does   n o t  

h a v e   a  s m o o t h   s u r f a c e .   A l s o ,   t h e   power   w h i c h   can   b e  

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



n o r m a l l y   i n s u f f i c i e n t   to   c a r r y   ou t   t he   d e g r e e   of  c o l d  

w o r k i n g   n e c e s s a r y   to  p r o d u c e   a  u s e f u l   i n c r e a s e   in  r o d  

s t r e n g t h .   The  rod  t e n d s   to  b r e a k   u n d e r   t h e   h i g h   t e n s i o n  

w h i c h   n e e d s   to   be  g e n e r a t e d .  

A c c o r d i n g   to   the   p r e s e n t   i n v e n t i o n   a p p a r a t u s   f o r   c o l d  

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

or  more  r o t a t a b l e   p u l l e y s   a r o u n d   w h i c h   t h e   rod   can   b e  

p a s s e d   c o n t i n u o u s l y   f rom  an  i n p u t   s i d e   to  an  o u t p u t   s i d e  

t h e r e o f ,   t he   p u l l e y   s y s t e m   b e i n g   o r b i t a l   a b o u t   an  a x i s  

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

w h e r e b y   the   rod   is  c o n t i n u o u s l y   t w i s t e d   in   one  d i r e c t i o n  a t ,  

t he   i n p u t   s i d e   of  the   p u l l e y   and  c o n t i n u o u s l y   u n t w i s t e d  

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

i n d e p e n d e n t   of  the   rod  f o r   the   o r b i t a l   m o v e m e n t .  

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

a p p a r a t u s   to  be  s e t   to  p r o v i d e   a  d e g r e e   o f  t w i s t   a n d  

s u b s e q u e n t   u n t w i s t   s u f f i c i e n t   to  i n c r e a s e   t h e   m e c h a n i c a l  

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

e x t e n t .   I t   ha s   been   f o u n d   t h a t   a  s u i t a b l e   d e g r e e   of  t w i s t  

f o r   p r a c t i c a l   p u r p o s e s   i s   one  c o m p l e t e   t u r n   in   a  r o d  

l e n g t h   of  b e t w e e n   20  and  5  rod  d i a m e t e r s .  

P r e f e r a b l y   means  f o r   p u l l i n g   t h e   rod   t h r o u g h   t h e  

p u l l e y   s y s t e m   is   c o u p l e d   to  t he   d r i v e   means   f o r   t he   o r b i t a l  

m o v e m e n t   such   t h a t   the   s p e e d   of  r o d   t h r o u g h   t h e   a p p a r a t u s  

has   a  p r e d e t e r m i n e d   r a t i o   to  the   s p e e d   of  o r b i t i n g   of  t h e  

p u l l e y   s y s t e m .   This   a r r a n g e m e n t   a l l o w s   a c c u r a t e   c o n t r o l  

of  t h e   d e g r e e   of  t w i s t .   The  t a k e u p   means   may  c o m p r i s e   a  

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

rod  t h e r e o n .  

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

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

be  i m p a r t e d   to  the   rod  as  i t   is  p u l l e d   t h r o u g h   the   p u l l e y  



s y s t e m   by  t h e   t a k e u p   m e a n s .   C o n t r o l   of  t e n s i o n   in   t h e   r o d  

w h i l e   i t   i s   b e i n g   t w i s t e d   and  u n t w i s t e d   h e l p s   to  m a i n t a i n  

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

The  b r a k i n g   means  may  i n c o r p o r a t e   a  b r a k e d   m e m b e r  

c o u p l e d   to  m o v e m e n t   of  t he   rod   u p s t r e a m   of  t he   p u l l e y  

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

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

s y s t e m   and  a r r a n g e d   to  t r a v e l   more   s l o w l y   t h a n   t h e   b r a k e d  

member .   Wi th   t h i s   a r r a n g e m e n t ,   t h e   e n e r g y   d i s s i p a t e d  

in   t h e   b r a k e   f o r   a  g i v e n   t e n s i o n   i s   much  l e s s   t h a n   t h e  

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

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

r e d u c i n g   t h e   a m o u n t   of  power   n e e d e d   to  d r i v e   t h e   s y s t e m .  

A l s o ,   a  h i g h   t e n s i o n   can  be  g e n e r a t e d   w i t h i n   t he   a p p a r a t u s  
w i t h o u t   t h e   r e q u i r e m e n t   f o r   a  c o r r e s p o n d i n g l y   h i g h   t e n s i o n  

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

The  b r a k e d   member  may  be  o n e  s h e a v e   of  t h e   d o u b l e  

s h e a v e   p u l l e y   and  t he   r e a c t i o n   member   may  be  t he   o t h e r  

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

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

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

in  w h i c h   t h e   r e q u i r e d   r e l a t i v e   s p e e d s   of  t he   b r a k e d   m e m b e r  

and  r e a c t i o n   member   can  be  s e l e c t e d   by  s e l e c t i n g   t he   r a t i o  

of  t h e   d i a m e t e r s  o f   the   p u l l e y s .  

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

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

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

the   rod   u p s t r e a m   of  t he   p u l l e y   s y s t e m .   The  d i m e n s i o n  

s e n s o r   may  be  a  n o n - c o n t a c t i n g   g a u g e   s u c h   as  a  l a s e r   g a u g e .  
A  n o n - c o n t a c t i n g   gauge   is  p a r t i c u l a r l y   u s e f u l   when  the   r o d  

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

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

rod  s u r f a c e .   The  rod   t e n s i o n   can  be  c o n t r o l l e d   in   r e l a t i o n  



to  rod   d i a m e t e r   (or   o t h e r   t r a n s v e r s e   d i m e n s i o n )   in   s u c h  

a  m a n n e r   t h a t   i f   t he   rod  d i a m e t e r   i s   s i g n i f i c a n t l y   g r e a t e r  

t h a n   t h a t   r e q u i r e d   to  meet   a  s p e c i f i c a t i o n ,   an  i n c r e a s e d  

rod   t e n s i o n   can   be  e m p l o y e d   to   s t r e t c h   t h e   rod   l o n g i t u -  

d i n a l l y   and  so  r e d u c e   i t s   d i a m e t e r .   T h i s   c o n t r o l   o f  

d i a m e t e r   or  t r a n s v e r s e   d i m e n s i o n   and  t h u s   of  t he   w e i g h t  

p e r   u n i t   l e n g t h   can   be  u s e d   to   e n s u r e   t h a t   e x c e s s   w e i g h t  

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

E m b o d i m e n t s   of  the   i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

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   in  w h i c h : -  

F i g u r e   1  i s   a  top   p e r s p e c t i v e   v i e w   of  a  g e n e r a l  

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

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 ;  

F i g u r e   2  i s   a  s i d e   v i ew   of   an  a l t e r n a t i v e   form  o f  

s u c h   a p p a r a t u s ' ;  

F i g u r e   3  i s   a  p l a n   v i ew  of  t he   a p p a r a t u s   of  f i g u r e   2 ;  

a n d  

F i g u r e   4  i s   a  d i a g r a m   of  t he   g a u g e   c o n t r o l   s y s t e m .  

F i g u r e   1  shows  an  a p p a r a t u s   c o m p r i s i n g   a  f i x e d   b a s e  

f r a m e   w i t h   two  c o - a x i a l   p l u m m e r   b l o c k   b e a r i n g s   10  and  12 

f o r   a  h o l l o w   r o t a t a b l e   s h a f t   14.  O u t b o a r d   of  the   d o w n s t r e a m  

b e a r i n g   12  a  s t i r r u p   s h a p e d   yoke   16  is   m o u n t e d   on  the   e n d  

of  t he   s h a f t   14  f o r   r o t a t i o n   t h e r e w i t h .   The  yoke  i n c l u d e s  

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

two  f r e e l y   r o t a t a b l e   p u l l e y s   18  and  20  c a r r i e d   in  t he   y o k e  

a d j a c e n t   one  edge   t h e r e o f   w h i l s t   at   t he   o t h e r   edge  a  
c o u n t e r - b a l a n c e   w e i g h t   22  is  m o u n t e d .   P r e f e r a b l y   the   a x e s  
of  the   p u l l e y s   18  and  20  a re   skewed   r e l a t i v e   to  each   o t h e r  

e i t h e r   s i d e   of  an  a x i s   n o r m a l   to  t he   a x i s   of  the   s h a f t   1 4 .  



The  s h a f t   14,  and  h e n c e   t h e   p u l l e y   s y s t e m   1 8  -   2 0 ,  

is   d r i v e n   f o r   r o t a t i o n   in  t he   b e a r i n g s   10  and  12  by  a  

b e l t   d r i v e   24  f rom  an  i n p u t   d r i v e   s h a f t   2 6 .  

As  shown  in  f i g u r e   1,  rod   to  be  c o l d   w o r k e d   i s   f e d  

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

e n t e r i n g   t h r o u g h   a  g u i d e   t u b e   28  and  g u i d e   p u l l e y   3 0 ,  

p a s s i n g   a r o u n d   t h e   l o w e r   s h e a v e   32  of  a  d o u b l e   s h e a v e  

p u l l e y ,   a r o u n d   a  r e s t r a i n t   p u l l e y   34  so  t h a t   t h e   rod   i s  

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

p u l l e y   s y s t e m   1 8  -   20  and  r e s t r a i n s   t he   rod   a g a i n s t  

r o t a t i o n ,   t h r o u g h   t h e   r o t a t a b l e   s h a f t   14,  a r o u n d   t h e  

p u l l e y   s y s t e m   1 8  -   20,  r o u n d   a  f u r t h e r   r e s t r a i n t   p u l l e y   36 

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

of  t h e   rod   a g a i n s t   r o t a t i o n ,   and  e x i t i n g   to  t he   c o i l e r  

a r o u n d   the   u p p e r   s h e a v e   38  of  t h e   d o u b l e   s h e a v e   p u l l e y .  

From  t h i s   u p p e r   s h e a v e   38  the   rod   is   f ed   to  a  c o i l e r   ( n o t  

s h o w n ) .   A  m o t o r   ( n o t   shown)   d r i v e s n o t   o n l y   t h e   c o i l e r   t o  

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

s y s t e m   1 8  -   20  f o r   o r b i t a l   r o t a t i o n   a b o u t   t he   a x i s   of  t h e  

h o l l o w   s h a f t   14  v i a   t he   i n p u t   s h a f t   26  and  d r i v e   b e l t   2 4 .  

The  d r i v e s   a r e   s u c h   t h a t   the   rod   i s   p u l l e d   by  t h e   c o i l e r  

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

r a t i o   to  t he   s p e e d   of  o r b i t i n g   of  t h e   p u l l e y   s y s t e m .   T h i s  

s p e e d   r e l a t i o n s h i p   e n s u r e s   t h a t   t h e   rod   i s   a l w a y s   t w i s t e d  

c o n s i s t e n t l y   to  t h e   same  e x t e n t   and  in  a  t y p i c a l   c a s e   t h e  

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

a  rod   l e n g t h   of  b e t w e e n   20  and  5  r o d   d i a m e t e r s .   A l s o ,  

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

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

b e i n g   a c c i d e n t a l l y   i m p a r t e d   to  t h e   rod   when  t he   rod   is   n o t  

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

The  d o u b l e   s h e a v e   p u l l e y   c o m p r i s e s   two  s h e a v e s   32  a n d  

38  w h i c h   t o g e t h e r   a r e   f r e e l y   r o t a t a b l e   and  w h i c h   a r e  

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



d e g r e e   of  f r i c t i o n   b r a k i n g   b e t w e e n   t he   two  s h e a v e s .  

The  d e g r e e   of  b r a k i n g   i s   a d j u s t e d   by  a d j u s t i n g   a  c l a m p  

l o a d   a c t i n g   b e t w e e n   the   two  s h a v e s   on  f r i c t i o n   l i n i n g s  

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

u p p e r   s h e a v e   38  a t   t he   o u t p u t   s i d e   of  t he   rod   is   s l i g h t l y  

l a r g e r   t h a n   t h a t   of  t he   i n p u t   s h e a v e   32  so  t h a t   t he   l i n e a r  

rod   s p e e d   a t  t h e   o u t p u t   w o u l d ,   w i t h o u t   s l i p p a g e , b e   h i g h e r  

t h a n   t h a t   of  t h e   i n p u t .   T h i s   c a u s e s   t he   i n p u t   to  d r a g  

b e h i n d   t he   o u t p u t   and  f o r   s l i p   to  o c c u r   b e t w e e n   the   t w o  

s h e a v e s .   Thus  t e n s i o n ,   d e p e n d e n t   on  the   c o n t r o l l a b l e  

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

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

d r a g   is   a t   t he   d i f f e r e n c e   in   s p e e d s   b e t w e e n   the   two  s h e a v e s  

and  t h u s   i s   much  l e s s   t h a n   w o u l d   be  r e q u i r e d   by  a  s i m p l e  

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

L o o k e d   at   in   a n o t h e r   way,   t he   i n p u t   s i d e   s h e a v e   32  

f o r m s   a  b r a k e d   member  and  t h e   o u t p u t   s i d e   s h e a v e   38  f o r m s  

a  b r a k e   r e a c t i o n   member .   I n s t e a d   of  b e i n g   h e l d   s t a t i o n a r y ,  

the   b r a k e   r e a c t i o n   member  i s   c o u p l e d   to  t he   rod  on  t h e  

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

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

b r a k e d   s h e a v e   32.  O t h e r   f o r m s   of  b r a k e d   member  a n d  

r e a c t i o n   member  and  of  f r i c t i o n   b r a k i n g   b e t w e e n   them  may  
be  e m p l o y e d   as  an  a l t e r n a t i v e .  

Thus  rod   i s   fed   c o n t i n u o u s l y   t h r o u g h   t he   s y s t e m   f r o m  

a  s t o c k   c o i l   t h e r e o f   and  i s   t w i s t e d   in  one  d i r e c t i o n  

b e t w e e n   t he   r e s t r a i n t   p u l l e y   34  and  the   o r b i t a l   p u l l e y  

s y s t e m   1 8  -   20  a t   t he   i n p u t   s i d e   t h e r e o f   and  is  t h e n  

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

b e t w e e n   the   r e s t r a i n t   p u l l e y   36  and  the   p u l l e y   s y s t e m   a t  

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

d e g r e e   of  c o l d   w o r k i n g   to  t h e   r o d .  

An  a l t e r n a t i v e   form  of  t he   a p p a r a t u s   is   shown  i n  



f i g u r e s   2  and  3  of  t he   d r a w i n g s   c o m p r i s i n g   a  f r a m e  

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

b e a r i n g s   40  and  42  t h e r e o n   b e t w e e n   w h i c h   i s   m o u n t e d   a n  

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

r o t a t a b l e   p u l l e y s   4 4  -   4 6  -   48  w h i c h   a r e   s p a c e d   o u t  

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

m o u n t e d   in   a  yoke   50  w i t h   t h e i r   a x e s   of  r o t a t i o n   p a r a l l e l  

to  one  a n o t h e r   and  n o r m a l   to  t h e   o r b i t a l   a x i s   of  r o t a t i o n  

of  t h e   s y s t e m   i . e .   t h e   a x i s   of  t h e   c e n t r e   l i n e s   of   b e a r i n g s  

4 0  -   42.   The  yoke   50  w i t h   i t s   f r e e l y   r o t a t a b l e   p u l l e y s  

4 4  -   4 6  -   48  i s   d r i v e n   f o r   o r b i t a l   r o t a t i o n   t h r o u g h   a  g e a r  
w h e e l   s y s t e m   52  f rom  an  i n p u t   d i r v e   s h a f t   54  i t s e l f   d r i v e n  

f rom  t h e   m o t o r   w h i c h   d r i v e s   t h e   c o i l e r   ( n o t   i l l u s t r a t e d ) .  

Rod  to  be  c o l d   w o r k e d   e n t e r s   t he   a p p a r a t u s   a r o u n d   a  

g u i d e   p u l l e y   56,  o v e r   a  b r a k a b l e   r o t a t i o n a l   r e s t r a i n t  

p u l l e y   58,  t h r o u g h   the   u p s t r e a m   p l u m m e r   b l o c k   b e a r i n g   4 0 ,  

a r o u n d   t h e   p u l l e y   s y s t e m   4 4  -   4 6  -   48,   t h r o u g h   t h e  

d o w n s t r e a m   p l u m m e r   b l o c k   b e a r i n g   42  and  e x i t s   to  t h e  

c o i l e r   a r o u n d   a  f u r t h e r   r e s t r a i n t  p u l l e y   60  and  g u i d e  

p u l l e y   62.  P u l l e y s   44  and  48  a r e   e a c h   a r r a n g e d   so  t h a t  

t h e y   h a v e   a  t a n g e n t   g e n e r a l l y   a l o n g   the   p u l l e y   s y s t e m  

a x i s   so  t h a t   rod   e n t e r s   and  l e a v e s   t he   p u l l e y   s y s t e m   a l o n g  

t h i s   a x i s .   The  rod   p a t h   i s   d e f l e c t e d   f rom  t h e   p u l l e y  

s y s t e m   a x i s   a r o u n d   p u l l e y   44,  p a s s e s   o v e r   p u l l e y   46  a n d  

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

p u l l e y   48.  B e c a u s e   t h e   o r b i t a l   d r i v e   to  t he   p u l l e y   s y s t e m  

is   d e r i v e d   f rom  and  made  to  be  in   s y n c h r o n i s m   w i t h   t h e  

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

o r b i t a l   r o t a t i o n   of  t he   p u l l e y   s y s t e m   is   in  s y n c h r o n i s m  

w i t h   t h e   p a s s a g e   of  rod   t h r o u g h   t he   s y s t e m .   T h i s   e n s u r e s  

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

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

o p e r a t i o n   of  t he   a p p a r a t u s .   P r e d e t e r m i n e d   t e n s i o n   i s  

i m p a r t e d   to  t he   rod  by  the   b r a k a b l e   p u l l e y   58  w h i c h   h a s  

means   a s s o c i a t e d   t h e r e w i t h   f o r   a d j u s t i n g   the   d e g r e e   o f  



b r a k i n g   e f f o r t   i m p a r t e d   to  t he   r o d .  

F i g u r e   2  shows  t h a t   t h e   c e n t r e   p u l l e y   46  of  t he   t h r e e  

f r e e l y   r o t a t a b l e   p u l l e y s   in   the   o r b i t a l   s y s t e m   is   w i t h -  

d r a w a b l e   d o w n w a r d l y   of  t he   yoke   50  t o  f a c i l i t a t e   i n i t i a l  

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

moved  u p w a r d l y   i n t o   t h e   p o s i t i o n   shown  in  f i g u r e   2  s o  

t h a t ,   in  t h e   o r i e n t a t i o n   of  t he   yoke   shown  in  t h i s  

d r a w i n g ,   t h e   rod   p a s s e s   o v e r   t he   c e n t r e   p u l l e y   46  a n d  

u n d e r   the   two  o u t e r   p u l l e y s   44  and  4 8 .  

T h u s ,   in   u s e ,   t h e   rod   i s   f ed   f rom  a  s t o c k   c o i l   t h e r e o f  

c o n t i n u o u s l y   t h r o u g h   the   a p p a r a t u s   and  i s   t w i s t e d   in  o n e  
d i r e c t i o n   b e t w e e n   t h e   b r a k a b l e   p u l l e y   58  and  the   p u l l e y  

s y s t e m   at   t h e   i n p u t   s i d e   t h e r e o f   and  is   t h e n   t w i s t e d   i n  

the   o p p o s i t e   d i r e c t i o n   as  i t   l e a v e s   t he   o u t p u t   s i d e   o f  

t he   p u l l e y   s y s t e m   b e t w e e n   i t   and  the   g u i d e   p u l l e y   6 0  

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

t he   r o d .  

Cold  w o r k e d   r o d   p r o d u c e d   by  the   a p p a r a t u s   i s   p a r t i -  

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

whe re   cu t   l e n g t h s   of  t he   c o l d   w o r k e d   r o d   h a v e   to  be  w e l d e d  

t o g e t h e r .   In  p a r t i c u l a r ,   t he   rod   f ed   t h r o u g h   the   a p p a r a t u s  

may  have   p r e v i o u s l y   b e e n   r i b b e d   t r a n s v e r s e l y ,   as  is   k n o w n  

p r a c t i c e   in   use   of  r e i n f o r c i n g   rod   f o r   c o n c r e t e .   The  r o d  

is  no t   o n l y   c o l d   w o r k e d   bu t   e f f e c t i v e l y   d e s c a l e d   as  i t  

p a s s e s   t h r o u g h   the   a p p a r a t u s .   I f   the   rod   is   a l s o   p u l l e d  

t h r o u g h   t he   a p p a r a t u s   by  a  s t r a i g h t   l i n e   p u l l e r   r a t h e r  

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

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

rod  p r i o r   to  c u t t i n g   to  l e n g t h   and  w e l d i n g   i n t o   m e s h .  

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

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

F i g u r e   4  is   a  b l o c k   d i a g r a m   of  t he   g a u g e   c o n t r o l  



s y s t e m   as  a p p l i e d   to  t h e   a p p a r a t u s   of  e i t h e r   f i g u r e   1  o r  

f i g u r e s   2  and  3.  The  c o n t r o l   a p p a r a t u s   c o m p r i s e s   a  

s e n s o r   70,  w h i c h   may  c o n v e n i e n t l y   be  a  l a s e r   g a u g e   o r  

o t h e r   fo rm  of  n o n - c o n t a c t i n g   g a u g e ,   d i r e c t e d   a t   t h e   w i r e  

d o w n s t r e a m   of  t h e   o r b i t a l   p u l l e y   s y s t e m   72.  The  o u t p u t  

f rom  t h e   s e n s o r   70  i s   s u p p l i e d   to  a  c o n t r o l   and  c a l i b r a t i o n  

u n i t   74  w h i c h   g e n e r a t e s   a  b r a k e   c o n t r o l   s i g n a l   and  a p p l i e s  

i t   to   t h e   b r a k i n g   means   76.  B r a k i n g   means   76  r e p r e s e n t s  

e i t h e r   t h e   b r a k i n g  m e a n s   b e t w e e n   t h e   s h e a v e s   32  and  38  o f  

t h e   d o u b l e   s h e a v e   p u l l e y   of  f i g u r e   1  or  t h e   s i n g l e   b r a k i n g  

p u l l e y   58  of  f i g u r e s   2  and  3.  As  p r e v i o u s l y   d e s c r i b e d ,  

t h e   r o d   i s   p u l l e d   t h r o u g h   t h e   o r b i t a l   p u l l e y   s y s t e m   72  b y  

t h e   c o i l e r   78  u n d e r   t e n s i o n   i m p a r t e d   to  t h e   rod   by  t h e  

b r a k i n g   means   76.  The  g a u g e   of  t he   r o d   d o w n s t r e a m   of  t h e  

o r b i t a l   p u l l e y   s y s t e m   72  i s   d e t e c t e d   by  t h e   s e n s o r   70  a n d ,  

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

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

t h e   rod   a t   t h e   i n p u t   s i d e   of  t he   o r b i t a l   p u l l e y   s y s t e m .  

The  i n c r e a s e d   t e n s i o n   in   t h e   rod   o c c u r s   i n   t h e   r e g i o n s  
w h e r e   t he   r o d   i s   b e i n g   d e f o r m e d   by  t w i s t i n g   as  a  r e s u l t  

of  w h i c h   l e s s   t e n s i o n   i s   n e e d e d   to  s t r e t c h   t h e   rod   l o n g i -  

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

c a s e   w i t h   o n l y   a  d i r e c t   t e n s i l e   l o a d   on  t h e   r o d .   T h e  

c o n t r o l   s y s t e m   i s   s e t   so  t h a t   t he   t e n s i o n   and  t h u s   t h e  

e x t e n s i o n   of  t h e   rod   m a t c h e s   t he   r e q u i r e m e n t   f o r   r e d u c t i o n  

in  c r o s s - s e c t i o n   of  t h e   rod   to  v e r y   f i n e   l i m i t s .  

Rod  p r o d u c e d   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   may  b e  

u s e d   f o r   c o n c r e t e   r e i n f o r c e m e n t   in   t he   fo rm  of  s i m p l e   r o d s .  

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

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



1.  A p p a r a t u s   f o r   t he   c o l d   w o r k i n g   of  m e t a l   rod   c o m p r i s i n g  

a  p u l l e y   s y s t e m   h a v i n g   one  or  more  r o t a t a b l e   p u l l e y s  

a r o u n d   w h i c h   t h e   rod   can   be  p a s s e d   c o n t i n u o u s l y   f rom  a n  

i n p u t   s i d e   to  an  o u t p u t   s i d e   t h e r e o f ,   t h e   p u l l e y   s y s t e m  

b e i n g   o r b i t a l   a b o u t   an  a x i s   o t h e r   t h a n   t h e   a x i s   o f  

r o t a t i o n   of  t h e   or  e a c h   p u l l e y   w h e r e b y   t he   rod   i s   c o n t i n -  

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

p u l l e y   s y s t e m   and  c o n t i n u o u s l y   u n t w i s t e d   a t   t h e   o u t p u t  
s i d e   t h e r e o f   c h a r a c t e r i s e d   by  d r i v e   means   i n d e p e n d e n t   o f  

the   rod   f o r   t he   o r b i t a l   m o v e m e n t .  

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

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

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

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

to  t he   s p e e d   of  o r b i t i n g   of  t he   p u l l e y   s y s t e m .  

3.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   2  w h e r e i n   t h e   p r e d e t e r -  

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

t u r n ' i n   a  rod   l e n g t h   of  b e t w e e n   20  and  5  rod  d i a m e t e r s .  

4.  A p p a r a t u s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to  3 

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

f o r   c o n t i n u o u s l y   w i n d i n g   t he   c o l d   w o r k e d   rod   t h e r e o n .  

5.  A p p a r a t u s   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   w h e r e i n  

b r a k i n g   means   a r e   p r o v i d e d   u p s t r e a m   of  t he   o r b i t a l   p u l l e y  

s y s t e m  w h e r e b y   a  p r e d e t e r m i n e d   t e n s i o n   can  be  i m p a r t e d   t o  

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

t a k e u p   m e a n s .  

6.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   4  w h e r e i n   t he   b r a k i n g  

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

the   rod   u p s t r e a m   of  t he   p u l l e y   s y s t e m   and  e n g a g e d  



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

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

t r a v e l   more  s l o w l y   t h a n   the   b r a k e d   m e m b e r .  

7.  A p p a r a t u s   a s  c l a i m e d   in  c l a i m   5  w h e r e i n   t h e   b r a k e d  

member   i s   one  s h e a v e   of  a  d o u b l e   s h e a v e   p u l l e y   and  t h e  

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

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

m e n t i o n e d   s h e a v e .  

8.  A p p a r a t u s   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   i n c l u d i n g  

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

p u l l e y   s y s t e m   and  means   a c t u a b l e   in   r e s p o n s e   to  s a i d  

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

p u l l e y   s y s t e m .  

9.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   7  w h e r e i n   s a i d   s e n s o r  

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