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5*)  Method  and  apparatus  for  copying  a  reference  winding  for  making  a  production  winding  of  similar  dimensions. 

The  method  and  apparatus  may  be  used  for  copying  a 
reference  winding  in  order  to  produce  a  production  winding 
similar  to  a  reference  winding.  With  regard  to  making  spools 
of  sewing  thread,  the  production  winding  may  have  the 
same  length  of  thread  and  winding  cross-section  as  the 
reference  winding.  Alternatively,  the  main  aim  may  be  to 
make  production  windings  having  the  same  cross-section  as 
the  reference  winding.  According  to  the  invention,  reference 
data  is  stored  in  a  microprocessor  system  whilst  making  the 
reference  winding.  Production  data  is  the  derived  whilst 
making  the  production  winding.  Corresponding  instan- 
taneous  values  of  the  reference  data  and  the  production  data 
are  compared  in  order  to  derive  an  error  signal.  The  error 
signal  is  supplied  to  an  adjustable  tensioner,  whereby  the 
tension  of  the  material  is  adjusted,  whilst  making  the 
production  winding,  so  that  a  production  winding  is  made 
which  is  similar  to  the  reference  winding.  One  arrangement 
uses  a  measuring  wheel  and  a  revolution  counter  to  provide 
the  data.  Another  arrangement  uses  a  revolution  counter  and 
an  arm  which  pivots  in  response  to  an  increase  in  the 
cross-section  of  the  winding  to  provide  the  data. 



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

wh ich   i s   u s e d   in  a  p r o c e s s   fo r   w i n d i n g   m a t e r i a l   in  o v e r -  

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

m a t e r i a l ,   such   as  t h r e a d ,   i s   wound  on  a  s p o o l ,   or  w h e r e  

s h e e t   m a t e r i a l   i s   wound  i n t o   a  r o l l .   The  i n v e n t i o n  

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

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

w i n d i n g .   The  t e rm  " w i n d i n g " ,   as  u s e d   h e r e i n ,   i s   i n t e n d e d  

to  c o v e r   an  a r t i c l e   which   c o n t a i n s   a  p l u r a l i t y   of   o v e r -  

l y i n g   t u r n s   of   m a t e r i a l   and  wh ich   may,  or  may  n o t   i n c l u d e  

a  c o r e   or  s p i n d l e   on  which   t h e   m a t e r i a l   i s   w o u n d .   T h e  

w i n d i n g s   can  have   d i f f e r e n t   s h a p e s ,   fo r   e x a m p l e ,   c y l i n d -  

r i c a l ,   c o n i c a l ,   and  o t h e r   r e g u l a r   or  even  i r r e g u l a r  

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

i n v e n t i o n   i s   in  t he   f i e l d   of  w i n d i n g   s e w i n g   t h r e a d   on  

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

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

t e rm  " l e n g t h "   i s   u sed   h e r e i n ,   w i t h   r e s p e c t   to  w o u n d  

m a t e r i a l ,   to  d e n o t e   t he   l i n e a l   l e n g t h   on  a  w i n d i n g   o r  

r o l l .  

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

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

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

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

n e c e s s a r y   to  employ  an  o p e r a t o r ,   at   t h e   w i n d i n g   m a c h i n e ,  

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

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

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

For  e x a m p l e ,   t h r e a d   can  be  wound  o n t o   a  c y l i n d r i c a l   s p o o l  

tby  means   of  a  r e c i p r o c a t i n g   t h r e a d   g u i d e .   The  s p o o l   o f  

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

d i a m e t e r   of  t h e   t h r e a d   w i n d i n g s   may  b e , f o r   e x a m p l e ,   1 8  



fo r   a  200  m e t r e   l e n g t h   of   t h r e a d .   I f   t h e   c l a m p i n g   p r e s s u r e  

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

s p o o l ,   a  h i g h   t e n s i o n   wou ld   h a v e   been   a p p l i e d   to  t h e  

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

w i n d i n g s   a r e   l e s s   t h a n   a  p r e d e t e r m i n e d   v a l u e   ( e . g .   l e s s  

t h a n   18  ) .   C o n v e r s e l y ,   a  low  c l a m p i n g   p r e s s u r e   w o u l d  

r e s u l t   in  an  o u t e r   d i a m e t e r   wh ich   i s   g r e a t e r   t h a n   t h e  

p r e d e t e r m i n e d   v a l u e   ( e . g .   g r e a t e r   t h a n   18  m).   T h u s ,  

i t   i s   n e c e s s a r y   fo r   t h e   m a c h i n e   o p e r a t o r   to  m e a s u r e   t h e  

o u t e r   d i a m e t e r   of   each   s p o o l   and  to  a d j u s t   t h e   t e n s i o n  

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

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

w h i c h   a r e   as  c l o s e   as  p o s s i b l e   to  t h e   r e q u i r e d   v a l u e .  

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

t h r e a d   may  n o t   be  c o n s t a n t   and  t h e r e   may  be  v a r i a t i o n s  

in  i t s   c o e f f i c i e n t   of   f r i c t i o n ,   due  to  a  p a t c h y   c o a t i n g .  

( T h r e a d   may  be  c o a t e d   w i t h   o i l ,   f o r   e x a m p l e ,   to  r e d u c e  

t h e   d r a g   c a u s e d   by  t h e   c l a m p i n g   d e v i c e .   In  some  p l a c e s ,  

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

or  i t   may  even  be  m i s s i n g . )   C l e a r l y ,   a  v a r i a t i o n   i n  

c r o s s - s e c t i o n ,   or  in  t h e   c o e f f i c i e n t   o f   f r i c t i o n   c a n  

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

p r o c e s s   ( i . e .   b e c a u s e   t h e   t h r e a d   must   p a s s   t h r o u g h   a  

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

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

on  t h e   f i n i s h e d   s p o o l .   T h u s ,   d e s p i t e   t h e   c a r e   w h i c h   may 
be  t a k e n   by  t h e   m a c h i n e   o p e r a t o r ,   t h e r e   w i l l   be  v a r i a t i o n s  

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

d e v i c e   ( s u c h   as  m e a s u r i n g   w h e e l )   i s   n o t   u s e d   to  m e a s u r e  

t h e   l e n g t h   of   t h r e a d   wound  on  each  s p o o l ,   t h e n   t h e  

t h r e a d   l e n g t h   w i l l   a l s o   v a r y   from  s p o o l   to  s p o o l .   I f   a  

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

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

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

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



C l e a r l y ,   in  e i t h e r   c a s e ,   o p e r a t o r   f a t i g u e   w i l l   make  t h e  

p r o b l e m   w o r s e .   The  p r e s e n t   i n v e n t i o n   s e e k s   to  p r o v i d e  

a  s o l u t i o n   to  t h e s e   p r o b l e m s   of   q u a l i t y   and  q u a n t i t y  

c o n t r o l   and  to  p r o v i d e   a  more  a c c u r a t e   and  r e l i a b l e  

w i n d i n g   p r o c e s s .  
UK  1 4 9 5 0 0 3   d e s c r i b e s   a  m e t h o d   and  a p p a r a t u s   f o r  

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

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

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

and  t h e   number   of  r e v o l u t i o n s   wh ich   t h e   s p o o l   m a k e s  

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

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

wh ich   i s   t h e r e b y   moved  t h r o u g h   an  a n g l e   as  t h e   d i a m e t e r  

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

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

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

as  t h e   d i a m e t e r   of  t h e   w i n d i n g s   i n c r e a s e .   A n o t h e r  

t r a n s d u c e r   p r o v i d e s   two  p u l s e s   fo r   each   r e v o l u t i o n   o f  

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

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

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

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

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

t h e r e b y   r e l a t e d   to  t h e   l e n g t h   of  t h r e a d   wound  on  t h e  

s p o o l .  

A l t h o u g h   t h e   l a t t e r   a r r a n g e m e n t   may  be  u s e d   t o  

p r o v i d e   a  c o n t i n u o u s   r e a d o u t ,   d u r i n g   t h e   w i n d i n g   p r o c e s s ,  
of  t h e   l e n g t h   of  t h r e a d   on  t h e   s p o o l ,   i t   d o e s   no t   a t t e m p t  

to  s o l v e   the   p r o b l e m   of   v a r i a t i o n s   in  t h e   d i a m e t e r s   o f  

s p o o l s   c o n t a i n i n g   t h r e a d .   The  d i s c l o s u r e   of   UK  1 4 9 5 0 0 3  

r e c o g n i s e s   t h a t   an  i n c r e a s e   in  t h e   t e n s i o n   on  t h e   t h r e a d  

may  h a v e   u n d e s i r a b l e   e f f e c t s   on  t he   t h r e a d   i t s e l f ,   or  on  

t h e   s h a p e   of  t h e   p a c k a g e   b e i n g   wound,   t h e s e   e f f e c t s  

b e i n g   most   marked   when  w i n d i n g   at  v e r y   h i g h   s p e e d   a n d  

when  w i n d i n g   c o n i c a l   p a c k a g e s .   T h e r e f o r e ,   t h e   s o l u t i o n  



p r o v i d e d   by  UK  1 4 9 5 0 0 3   on ly   o f f e r s   a  c o n t i n u o u s   r e a d o u t  

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

d o e s   no t   s o l v e   t h e   p r o b l e m   of   i r r e g u l a r i t i e s   in  t h e   s h a p e  

of   t h e   t h r e a d   wound  on  t h e   s p o o l .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  s o l u t i o n   to  t h e  

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

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

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

of   t h r e a d   wh ich   a r e   m a s s - p r o d u c e d )   w h i c h   h a v e   s i m i l a r  

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

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

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

so  as  to  end  up  w i t h   a  p r o d u c t i o n   w i n d i n g   h a v i n g   t h e  

r e q u i r e d   d i m e n s i o n s .   No  such  a u t o m a t i c   r e g u l a t i o n   o f  

( e . g .   t h r e a d )   t e n s i o n   i s   t a u g h t   by  UK  1 4 9 5 0 0 3 .   As  t h e  

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

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

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

c o n i c a l   c o r e ,   can  a l s o   be  u s e d   to  wind  s i m i l a r   t h r e a d   on  

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

c o r e   d e p e n d s   on  how  t h e   t h r e a d   i s   g u i d e d   ( e . g .   by  a  

r e c i p r o c a t i n g   g u i d e   wh ich   p r o v i d e s   a  h e l i c a l   w i n d i n g ) ,  

and  a l s o   on  t h e   s h a p e   of   t h e   c o r e .  

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

o f   w i n d i n g   m a t e r i a l   in  o v e r l y i n g   t u r n s   to  make  a  p r o d u c -  

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

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

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

t h e   s t e p s   o f :  

(a)   s t o r i n g   r e f e r e n c e   d a t a   r e l a t i n g   to  i n s t a n -  

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

of   t h e   m a t e r i a l   on  t h e   r e f e r e n c e   w i n d i n g ;  

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

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

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



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

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

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

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

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

s t e p   ( b ) ,   in  o r d e r   to  a d j u s t   t h e   g i v e n   d i m e n s i o n   of   t h e  

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

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

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

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

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

c y l i n d r i c a l   d i a m e t e r .   H o w e v e r ,   when  u s i n g   t he   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 ,   t h e   p r i m a r y   aim  may  be  t o  

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

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

wh ich   i s   wound .   P a r t i c u l a r   e m b o d i m e n t s   of   t he   i n v e n t i o n  

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

of  t h e s e   a i m s .  

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

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

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

( i . e .   l e n g t h ,   c r o s s - s e c t i o n ,   or  b o t h )   o f   m a t e r i a l   to  a 

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

(a)   means   fo r   s t o r i n g   r e f e r e n c e   d a t a   r e l a t i n g  

to  i n s t a n t a n e o u s   v a l u e s   of  t h e   number   of   t u r n s   and  to  a 

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

(b)  means   fo r   p r o v i d i n g   p r o d u c t i o n   d a t a ,   d u r i n g  

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

to  i n s t a n t a n e o u s   v a l u e s   of  t he   n u m b e r   of   t u r n s   and  a 

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

w i n d i n g ;  

(c)   c o m p a r i s o n   means  fo r   c o m p a r i n g   c o r r e s p o n d i n g  

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

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

t h e   p r o d u c t i o n   d a t a   d i f f e r s   from  t h e   r e f e r e n c e   d a t a ;  



(d)   a d j u s t a b l e   t e n s i o n i n g   means   r e s p o n s i v e   t o  

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

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

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

af  t h e   r e f e r e n c e   w i n d i n g .  

The  means   to  p r o v i d e   t h e   p r o d u c t i o n   d a t a   may  

i n c l u d e :  

(e)   means   to  p r o v i d e   f i r s t   s i g n a l s   w h i c h  

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

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

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

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

( f )   means   to  p r o v i d e   s e c o n d   s i g n a l s   wh ich   a r e  

p r o p o r t i o n a l   to  t h e   l e n g t h   of  t h e   m a t e r i a l   wh ich   i s  

wound  d u r i n g   t h e   w i n d i n g   p r o c e s s .  

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

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

and  w i n d i n g   c r o s s - s e c t i o n ) ,   t h e   means   to  p r o d u c e   t h e  

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

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

m e a s u r i n g   w h e e l ,   wh ich   t h e r e b y   r o t a t e s   d u r i n g   t h e   w i n d i n g  

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

known ,   each   r e v o l u t i o n   of   t h e   w h e e l   r e p r e s e n t s   a  k n o w n  

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

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

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

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

to  t h e   p r o d u c t i o n   w i n d i n g .  

A l t e r n a t i v e l y ,   t h e   means   to  p r o d u c e   t h e   p r o d u c t i o n  

d a t a   may  i n c l u d e : -  

(g)  means   to  p r o v i d e   f i r s t   s i g n a l s   which   r e p r e s e n t  

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

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

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

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



(h)  means   to  p r o v i d e   s e c o n d   s i g n a l s   w h i c h   a r e  

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

i s   wound  d u r i n g   t h e   w i n d i n g   p r o c e s s .  

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

fo r   m a k i n g   s p o o l s   of   s e w i n g   t h r e a d ) ,   a  t h r e a d   g u i d e   may 

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

p r o c e s s .   The  t h r e a d   g u i d e   i s   d i s p l a c e d   as  t h e   c r o s s -  

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

means  a r e   a l s o   p r o v i d e d   which   r e s p o n d   to  t h e   d i s p l a c e m e n t  

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

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

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

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

i t s   c r o s s - s e c t i o n   and  h e n c e   s i m i l a r   l e n g t h s   may  a l s o  

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

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

r e l a t e d   ( s e c o n d )   s i g n a l s ,   ( e . g .   as  p r o v i d e d   by  a  t r a n s -  

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

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

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

to  t he   p r o d u c t i o n   w i n d i n g ) i s   p r o v i d e d .   H o w e v e r ,   w h e n  

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

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

n e c e s s a r y   to  d e c i d e   wh ich   p o i n t   of   c o n t a c t   w i l l   p r o v i d e  

t he   b e s t   o u t p u t ,   i . e .   wh ich   o u t p u t   i s   p r o p o r t i o n a l   t o  

t he   c r o s s - s e c t i o n   of   m a t e r i a l   wh ich   i s   b e i n g   w o u n d .   F o r  

e x a m p l e ,   in  t h e   c a s e   of  a  c o n i c a l   w i n d i n g ,   c o n t a c t   may 
be  made  by  means   of  a  r o l l e r   wh ich   i s   i n c l i n e d   w i t h  

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

f a c e   of  t he   w i n d i n g s .   A l t e r n a t i v e l y ,   a  s h o r t   r o l l e r   o r  

whee l   may  e n g a g e   t h e   w i n d i n g s   at  a  g i v e n   p o i n t   a l o n g   t h e  

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

c o n i c a l   w i n d i n g .  



P r e f e r a b l y ,   t h e   m e t h o d   and  a p p a r a t u s   of   t h e  

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

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

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

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

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

s t o r e d   in  t h e   memory  of   t h e   m i c r o p r o c e s s o r   s y s t e m   w h e n  

t h e   r e f e r e n c e   w i n d i n g   i s   made  on  t h e   w i n d i n g   m a c h i n e .  

For  e x a m p l e ,   fo r   each   t en   r e v o l u t i o n s   of   t h e   w i n d i n g  

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

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

t h e   w i n d i n g ,   i s   s t o r e d .   When  t h e   p r o d u c t i o n   w i n d i n g   i s  

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

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

d r i v e ,   in  o r d e r   to  d e t e r m i n e   i f   t h e r e   i s   any  d i f f e r e n c e  

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

t h i s   i s   s u p p l i e d   to  t h e   a d j u s t a b l e   t e n s i o n i n g   means   i n  

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

t h e   d i f f e r e n c e .   For  e x a m p l e ,   i f   an  i n s u f f i c i e n t   l e n g t h  

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

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

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

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

m a t e r i a l   i s   n o t   so  t i g h t l y   wound  and  h e n c e   more   m a t e r i a l  

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

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

sed  in   o r d e r   to  p r o d u c e   a  t i g h t e r   w i n d i n g   i f   t oo   m u c h  

m a t e r i a l   has   been   wound  a f t e r   a  g i v e n   n u m b e r   o f   r e v o l u -  

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

i n t e r v a l s   ( e . g .   on  e v e r y   10 th   r e v o l u t i o n   of   t h e   w i n d i n g  

d r i v e )   to  s e e   i f   t h e   e r r o r   has   been  c o r r e c t e d .   I f   n o t ,  

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

m a t e r i a l   has   been   fed  to  t h e   p r o d u c t i o n   w i n d i n g .   T h u s ,  

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

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



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

l e n g t h   and  c r o s s - s e c t i o n ,   or  t h e   r e q u i r e d   c r o s s - s e c t i o n .  

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

c h e c k e d   can  be  made  so  s h o r t   t h a t   t h e   t e n s i o n   of  t h e  

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

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

s y s t e m ,   c h a r a c t e r i s t i c   r e f e r e n c e   d a t a   may  be  p l a c e d   i n  

s t o r e   fo r   r e f e r e n c e   w i n d i n g s   of  d i f f e r e n t   s h a p e s .   I n  

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

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

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

t h e   a p p a r a t u s   can  be  p r o g r a m m e d   so  t h a t   t h e   s e r i a l   n u m b e r  

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

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

from  t h e   s t o r e   so  as  to  p r o v i d e   t h e   c o r r e c t   form  o f  

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

E x a m p l e s   of  t he   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 h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

Fig  1  d i a g r a m m a t i c a l l y   i l l u s t r a t e s   d i f f e r e n t  

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

t u r n s   and  to  e i t h e r   t h e   l e n g t h ,   or  t h e   c r o s s - s e c t i o n   o f  

a  r e f e r e n c e   w i n d i n g .  

Fig  2  shows   one  e x a m p l e   of   t h e   i n v e n t i o n ,   i n  

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

Fig  3  shows   a n o t h e r   e x a m p l e   of   t h e   i n v e n t i o n ,  

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

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

p r o c e s s .  

Fig  4  i s   a  c r o s s - s e c t i o n a l   v iew  o f   a  p r e f e r r e d  

form  of  t h r e a d   b r a k e   fo r   use   in  t h e   a r r a n g e m e n t s   o f  

F i g s   2  and  3 .  

E m b o d i m e n t s   of  t he   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  w i n d i n g   s e w i n g   t h r e a d   on  a  s p o o l   t o  

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

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



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

be  u n d e r s t o o d   t h a t   t h e   a r r a n g e m e n t s   d e s c r i b e d   can  b e  

m o d i f i e d   or  u s e d   as  a  b a s i s   fo r   w i n d i n g   o t h e r   m a t e r i a l  

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

Fig  1  i s   a  g r a p h   i l l u s t r a t i n g   t y p i c a l   c h a r a c t e r -  

i s t i c   c u r v e s   (a)   and  (b)  w h i c h   r e l a t e   a  m e a s u r e d   l e n g t h  

(L)  o f   t h r e a d   to  t h e   n u m b e r   of  r e v o l u t i o n s   (n)  o f   a 

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

g r a p h   w i l l   become   a p p a r e n t   w i t h   r e g a r d   to  t h e   f o l l o w i n g  

d e s c r i p t i o n   of   t h e   a r r a n g e m e n t   shown  in  F ig   2 .  

Fig  2  s c h e m a t i c a l l y   i l l u s t r a t e s   one   form  of   a  

w i n d i n g   m a c h i n e   w h i c h   e m b o d i e s   t he   i n v e n t i o n .   T h r e a d   10  

p a s s e s   t h r o u g h   an  a d j u s t a b l e   t h r e a d   b r a k e   1  to  a  m e a s u r i n g  

w h e e l   11.  The  t h r e a d   10  p a s s e s   once   a r o u n d   t h e   p e r i p h e r y  

of   t h e   m e a s u r i n g   w h e e l   11  and  t h e n   i t   p a s s e s   down  t o w a r d s  

and  t h r o u g h   a  t h r e a d   g u i d e   12.  The  t h r e a d   p a s s e s   f r o m  

t h e   g u i d e   12  o n t o   a  s p o o l   13  which   i s   r o t a t e d   a t   h i g h  

s p e e d   by  a  d r i v e   ( n o t   s h o w n ) .   The  m e a s u r i n g   w h e e l   a n d  

t h e   s p o o l   13  b o t h   r o t a t e   in  t h e   d i r e c t i o n   of   t h e   a r r o w s  

shown  on  t h e   d r a w i n g .  

A  t r a n s d u c e r   14  p r o v i d e s   a  p u l s e d   o u t p u t   s i g n a l  

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

w h e e l   11.  The  t r a n s d u c e r   14  may  be  o f   t h e   t y p e   w h i c h  

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

15  a t t a c h e d   t h e   p e r i p h e r y   of   t h e   m e a s u r i n g   w h e e l   1 1 .  

A l t e r n a t i v e l y ,   i t   may  be  of   a  p h o t o e l e c t r i c   t y p e   w h e r e i n  

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

p a s s a g e   of   a  s h u t t e r   as  t h e   whee l   11  r o t a t e s .   A  s i m i l a r  

t r a n s d u c e r   16  s e n s e s   t h e   p a s s a g e   of  a  p e r m a n e n t   m a g n e t   17  

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

13.  T r a n s d u c e r   16  a l s o   p r o v i d e s   a  p u l s e   o u t p u t   s i g n a l  

r e p r e s e n t i n g   t he   n u m b e r   of   r e v o l u t i o n s   o f   t h e   s p o o l   1 3 .  

The  o u t p u t s   from  t r a n s d u c e r s   14,  16  a r e   c o n v e r t e d   f r o m  

a n a l o g   to  d i g i t a l   form  (by  an  A/D  c o n v e r t e r   n o t   s h o w n )  

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



r e s p e c t i v e   r e g i s t e r s   18,   19 .   R e g i s t e r s   18,  19  a r e   b o t h  

c o n n e c t e d   t o ,   or  a r e   p a r t   of   a  m i c r o p r o c e s s i n g   s y s t e m   20  

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

20  i s   c o n n e c t e d   to  t h e   a d j u s t a b l e   t h r e a d   b r a k e   1  f o r  

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

t h r e a d   10  p a s s e s   to  t h e   m e a s u r i n g   w h e e l   11  and  h e n c e   t o  

t h e   s p o o l   1 3 .  

The  t h r e a d   b r a k e   1  i s   p r e f e r a b l y   of   t h e   t y p e   d e s -  

c r ibed   in  our  Copending  European  Pa t en t   A p p l i c a t i o n   No.  0045643 

T h i s   t y p e   of   t h r e a d   b r a k e   i s   g e n e r a l l y   i l l u s t r a t e d   i n  

Fig  4.  I t   e m p l o y s   a  p a i r   of   c i r c u l a r   b r a k i n g   d i s c s   2,  3 

wh ich   a r e   f r e e l y   and  r o t a t a b l y   m o u n t e d   on  a  s l e e v e   8 

a d j a c e n t   an  end  f a c e   of   an  e l e c t r o m a g n e t   4.  The  e l e c t r o -  

m a g n e t   4  has   a  c y l i n d r i c a l   b o d y ,   t h e   l o n g i t u d i n a l   a x i s  

of   w h i c h   i s   c o a x i a l   w i t h   t h e   b r a k i n g   d i s c s   2,  3.  B o t h  

d i s c s   2,  3  h a v e   a  c e n t r a l   a p e r t u r e   to  r e c e i v e   t h e   s l e e v e  

8,  t h e   s l e e v e   b e i n g   made  of   w e a r - r e s i s t a n t   m a t e r i a l   a n d  

b e i n g   m o u n t e d   on  a  p i n   8a  p a s s i n g   t h r o u g h   t h e   c y l i n d r i c a l  

m a g n e t .   A  r e t a i n i n g   r i n g   9  i s   f i t t e d   to  t h e   end  of   t h e  

s l e e v e   8  to  r e t a i n   t h e   d i s c s   2,  3  w h i l s t   a l l o w i n g   t h e m  

to  move  a x i a l l y   on  t h e   s l e e v e   8.  The  c e n t r a l   a p e r t u r e  

16  in  d i s c   3  i s   c o u n t e r s u n k .   As  t h e   b e a r i n g   f a c e   of   e a c h  

d i s c   2,  3  on  s l e e v e   8  i s   s m a l l ,   b o t h   d i s c s   can  t i l t   w i t h  

r e s p e c t   to  t h e   l o n g i t u d i n a l   a x i s   of   t h e   s l e e v e   8.  D i s c  

2,  w h i c h   i s   n e a r e s t   to  t h e   end  f a c e   o f   t h e   e l e c t r o m a g n e t  

4,  i s   g e n e r a l l y   p l a i n ,   b u t   d i s c   3  has   a  s e r i e s   of   c o u n t e r -  

sunk   a p e r t u r e s   7  e x t e n d i n g   r a d i a l l y   a r o u n d   i t s   c e n t r a l  

a p e r t u r e   16,  t h e   c o u n t e r s u n k   s i d e   o f   t h e   a p e r t u r e s   f a c i n g  

o u t w a r d l y   away  f rom  t h e   e l e c t r o m a g n e t   4.  The  o t h e r   s i d e  

of   d i s c   3,  w h i c h   f a c e s   t h e   o p p o s i t e   s i d e   of   d i s c   2,  i s  

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

o p p o s e d   m a j o r   f a c e s   o f   t h e   b r a k i n g   d i s c s   2,  3  and  a r o u n d  

a  p a r t   of   t h e   c i r c u m f e r e n c e   of   s l e e v e   8.  The  t h r e a d  



t h e r e b y   makes   an  a n g l e   w i t h   t h e   s l e e v e   8  ( p r e f e r a b l y  

b e t w e e n   110  to  160  d e g r e e s )   and  t h i s   p r e v e n t s   t h e   d i s c   3 

from  t i l t i n g   r o u n d   t he   t h r e a d   ( e . g .   w h e r e   t h e   t h r e a d   a c t s  

as  a  t i l t   b e a r i n g ) .   The  a n g l e   of   t h e   t h r e a d   a l s o   s e r v e s  

to  a v o i d   d i r e c t   c o n t a c t   b e t w e e n   t h e   two  d i s c s   2,  3.  T h e  

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

e l e c t r o m a g n e t   4  i s   e n e r g i s e d .   The  o u t e r m o s t   d i s c   3 ,  

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

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

m a t e r i a l .   The  r a d i a l   a p e r t u r e s   7,  in  t h e   f e r r o m a g n e t i c  

d i s c   3  p r o v i d e   an  e x i s t   fo r   m a t e r i a l   a b r a d e d   from  t h e  

t h r e a d ,   due  to  f r i c t i o n   b e t w e e n   t h e   t h r e a d   and  t h e  

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

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

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

t h e   t h r e a d   i s   r e g u l a t e d .  

The  mode  of   o p e r a t i o n   of   t h e   a r r a n g e m e n t   s h o w n  

in  Fig  2  w i l l   now  be  d e s c r i b e d .   I t   w i l l   be  a s s u m e d   t h a t  

t h e   same  t h r e a d   and  w i n d i n g   m a c h i n e   i s   u s e d   fo r   w i n d i n g  

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

s p o o l .  

T h r e a d   i s   f i r s t   wound  o n t o   t h e   r e f e r e n c e   s p o o l   13  

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

l e n g t h   of  t h r e a d   and  so  t h a t   t h e   t h r e a d   w i n d i n g s   h a v e  

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

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

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

t h r e a d   w i n d i n g   d i a m e t e r .   C o n v e n t i o n a l   means   a r e   e m p l o y e d ,  

such   as  a  r e c i p r o c a t i n g   t h r e a d   g u i d e   ( n o t   s h o w n ) ,   so  a s  

to  f e e d   t h e   t h r e a d   h e l i c a l l y   o n t o   t h e   s p o o l   13  in  o r d e r  

to  b u i l d   up  a  c y l i n d r i c a l   w i n d i n g .   D u r i n g   t h i s   p r o c e s s ,  

t h e   r e g i s t e r s   18,  19  a r e   i n d e x e d   in  a c c o r d a n c e   w i t h   t h e  

n u m b e r   of   r e v o l u t i o n s   of   t h e   m e a s u r i n g   w h e e l   11  and  t h e  

s p o o l   13  r e s p e c t i v e l y .   I n s t a n t a n e o u s   v a l u e s   of  r e g i s t e r  

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



t h e   m i c r o p r o c e s s o r   s y s t e m   20.  For  e x a m p l e ,   e ach   t i m e  

t h a t   t h e   r e g i s t e r   1 8  c o u n t s   t e n   r e v o l u t i o n s   of   t h e   s p o o l  

13,  t h e   c o n t e n t s   of  r e g i s t e r   18  a r e   g a t e d   i n t o   t h e   m e m o r y  
of   t h e   m i c r o p r o c e s s o r   s y s t e m   20.  The  g a t i n g   c i r c u i t r y ,  

wh ich   may  be  c o n v e n t i o n a l ,   i s   no t   shown  but   i t s   c o n s t r u c -  

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

a r t .   The  c o n t e n t s   of  r e g i s t e r   18,  i . e .   t he   i n s t a n t a n e o u s  

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

whee l   11  fo r   e v e r y   t e n t h   r e v o l u t i o n   of   t h e   s p o o l   13,   a r e  

s t o r e d   in  t h e   memory  of  t he   m i c r o p r o c e s s o r   20  so  t h a t  

t h e y   can  be  r e t r i e v e d   in  t h e   s e q u e n c e   in  wh ich   t h e y   w e r e  

r e c o r d e d .  

The  d i a m e t e r   of  t he   m e a s u r i n g   whee l   11  i s  c o n s t a n t ,  

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

the   s p o o l   13  fo r   each   r e v o l u t i o n   of  whee l   11.  H o w e v e r ,  

t he   d i a m e t e r   of  t he   w i n d i n g s   on  t h e   s p o o l   13  w i l l  

g r a d u a l l y   i n c r e a s e   from  a  s m a l l   to  a  l a r g e   d i a m e t e r  

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

ing   whee l   11  was  s o m e w h e r e   b e t w e e n   t h e   s m a l l   and  l a r g e  

d i a m e t e r s   of  t h e   t h r e a d   w i n d i n g s   on  s p o o l   13,   t h e  

c o u n t i n g   r a t e   of  r e g i s t e r   18  w i l l   i n i t i a l l y   be  l o w e r  

t h a n   t h a t   of  r e g i s t e r   19.  The  c o u n t i n g   r a t e s   w i l l   t h e n  

become  s i m i l a r ,   when  t h e   w i n d i n g   d i a m e t e r   on  s p o o l   1 3  

i s   s i m i l a r   to  t h e   d i a m e t e r   of   w h e e l   11.  T h e n ,   t h e  

c o u n t i n g   r a t e   of   r e g i s t e r   18  w i l l   e x c e e d   t h a t   of  r e g i s t e r  

19,  i . e .   when  t h e   w i n d i n g   d i a m e t e r   in  s p o o l   13  e x c e e d s  

t h e   d i a m e t e r   of  whee l   11.  I f   t h e   i n s t a n t a n e o u s   v a l u e s  

of  r e g i s t e r   18  a r e   p l o t t e d   on  a  g r a p h   a g a i n s t   e v e r y   t e n  

r e v o l u t i o n s   of  t he   s p o o l   13,  a  c h a r a c t e r i s t i c   c u r v e   o f  

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

r e v o l u t i o n s   of  t he   s p o o l   13  i s   o b t a i n e d   as  shown  in  Fig  1 .  

In  p r a c t i c e ,   t he   d i a m e t e r   of  t h e   m e a s u r i n g   w h e e l   1 1 ,  

w i t h   r e s p e c t   to  t he   minimum  and  t h e   maximum  d i a m e t e r s  

of  t h e   t h r e a d   w i n d i n g s   on  t h e   s p o o l   5,  i s   s u c h   t h a t   t h e  

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



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

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

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

be  d i f f e r e n t   and  t h i s   i s   i n d i c a t e d   by  t h e   b r o k e n   l i n e   ( b )  

in  Fig  1 .  

A f t e r   t h e   memory  of   t h e   m i c r o p r o c e s s o r   s y s t e m   20  

has   been   l o a d e d   w i t h   t h e   i n s t a n t a n e o u s   v a l u e s   d e r i v e d   f r o m  

r e g i s t e r   18,   t h e   r e f e r e n c e   s p o o l   i s   r e p l a c e d   by  a  p r o d u c -  

t i o n   s p o o l .   T h r e a d   10  i s   t h e n   wound  o n t o   t h e   p r o d u c t i o n  

s p o o l   13  a n d ,   d u r i n g   t h e   w i n d i n g   p r o c e s s ,   s i m i l a r   i n s t a n -  

t a n e o u s   v a l u e s   of  r e g i s t e r   18  a r e   p e r i o d i c a l l y   s u p p l i e d  

to  t h e   m i c r o p r o c e s s o r   s y s t e m   20.  For  e x a m p l e ,   f o r   e v e r y  

t en   r e v o l u t i o n s   of  t h e   p r o d u c t i o n   s p o o l   13,   t h e   c o n t e n t s  

o f   r e g i s t e r   18  a r e   e n t e r e d   i n t o   t h e   s y s t e m   20.  T h e  

s y s t e m   20  t h e n   c o m p a r e s   t h e   p r o d u c t i o n   d a t a   w i t h   t h e  

r e f e r e n c e   d a t a   (by  c o n v e n t i o n a l   m e a n s ,   n o t   shown  i n  

d e t a i l ) ,   in  o r d e r   to  p r o v i d e   a  c o n t r o l   s i g n a l   f o r   a d j u s t -  

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

e x a m p l e ,   a s s u m i n g   t h a t   t he   p r o d u c t i o n   s p o o l   13  has   m a d e  

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

of   r e g i s e r   18  s t o r e d   i n  t h e   memory  w h i l s t   w i n d i n g   t h e  

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

v a l u e   of   r e g i s t e r   18  wh ich   i s   o b t a i n e d   d u r i n g   t h e   w i n d i n g  

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

e r r o r   s i g n a l   i s   g e n e r a t e d   and  t h i s   i s   c o n v e r t e d ,   by  t h e  

s y s t e m   20,  i n t o   t h e   c o n t r o l   s i g n a l   w h i c h   i s   s u p p l i e d   t o  

t h e   t h r e a d   b r a k e   1.  T h i s   c o n t r o l   s i g n a l   r e g u l a t e s   t h e  

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

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

t h e   b r a k i n g   d i s c s   2,  3  w h e r e b y   t h e   t h r e a d   t e n s i o n   i s  

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

t h e   r e a d i n g   on  r e g i s t e r   18  when  w i n d i n g   t h r e a d   on  t h e  

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

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

t h r e a d   i s   b e i n g   wound  too   t i g h t l y   on  t h e   p r o d u c t i o n   s p o o l .  



H e n c e ,   t h e   b r a k i n g   p r e s s u r e   i s   r e l i e v e d   so  t h a t   t h e   t h r e a d  

i s   more  l o o s e l y   wound  on  s p o o l   13.  R e l i e v i n g   t h e   b r a k i n g  

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

a  l o o s e r   w i n d i n g .   T h e r e f o r e ,   more  t h r e a d   w i l l   be  w o u n d  

on  s p o o l   13,  fo r   each   r e v o l u t i o n ,   and  h e n c e   t h e   c o u n t i n g  

r a t e   of  r e g i s e r   18  w i l l   i n c r e a s e   u n t i l   i t   " c a t c h e s   u p "  

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

m i c r o p r o c e s s o r   s y s t e m   20.  The  c l a m p i n g   p r e s s u r e   o f   t h e  

t h r e a d   b r a k e   1  i s   a d j u s t e d   u n t i l   t h e   i n s t a n t a n e o u s   v a l u e s  

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

upon  t h e   e r r o r   s i g n a l   i s   z e r o   and  t he   c o r r e c t   t h r e a d  

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

t i o n   s p o o l .   C o n v e r s e l y ,   t h e   b r a k i n g   p r e s s u r e   i s   i n c r e a s e d  

to  i n c r e a s e   t h e   t e n s i o n   i f   t h e   t h r e a d   i s   wound  t oo   l o o s e l y  

on  t h e   s p o o l   13.  The  o p e r a t i o n   i s   such   t h a t ,   a t   t h e   e n d  

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

wound  o n t o   t h e   s p o o l   13  and  t h a t   t h e   d i a m e t e r   o f   t h e  

t h r e a d   w i n d i n g s   i s   t he   same  as  t h a t   on  t h e   r e f e r e n c e  

s p o o l .  

The  c o n s t r u c t i o n   and  mode  of  o p e r a t i o n   of   t h e  

t r a n s d u c e r s   14,  16  t he   r e g i s t e r s   18,  19  and  t h e   m i c r o -  

p r o c e s s o r   s y s t e m   20  a r e   g e n e r a l l y   c o n v e n t i o n a l   and  h e n c e  

known  to  t h o s e   s k i l l e d   in  t he   a r t .   T h e r e f o r e ,   no  d e t a i l e d  

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

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

wh ich   embody  the   i n v e n t i o n .  

The  a b o v e   a r r a n g e m e n t   has   d i s t i n c t   a d v a n t a g e s  

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

in  UK  1 4 9 5 0 0 3 .  

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

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

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

in  Fig  1.  H o w e v e r ,   by  u s i n g   t h e   same  c h a r a c t e r i s t i c  

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

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



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

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

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

p r o c e s s .   W h e r e a s   such   v a r i a t i o n s   gave   r i s e   to  p r o b l e m s  

in  t h e   p r i o r   a r t ,   t he   p r e s e n t   i n v e n t i o n   can   be  a p p l i e d  

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

t h i c k n e s s .   For  e x a m p l e ,   i f   t h e   t h r e a d   i s   s l i g h t l y   t h i c k e r  

t h a n   i t   s h o u l d   be ,   t h e   t h r e a d   can  be  wound  more  t i g h t l y  

o n t o   t h e   s p o o l   13  so  as  to  end  up  w i t h   w i n d i n g s   o f   t h e  

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

s l i g h t l y   t h i n n e r   t h a n   u s u a l ,   i t   i s   wound  more   l o o s e l y   t o  

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

The  a r r a n g e m e n t   a c c o r d i n g   to  t h e   i n v e n t i o n   w i l l  

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

f r i c t i o n   b e t w e e n   t h e   t h r e a d   16  and  t h e   t h r e a d   b r a k e   1 .  

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

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

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

p a t c h y   or  t h i n ,   or  even  m i s s i n g   e n t i r e l y   in   some  p l a c e s .  

C l e a r l y ,   t h e r e   w i l l   be  g r e a t e r   f r i c t i o n   b e t w e e n   t h e  

t h r e a d   b r a k e   1 . a n d   t h e   t h r e a d   10  when  t h e   c o a t i n g   i s  

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

t e n s i o n   and  h e n c e   c a u s i n g   t h e   t h r e a d   to  be  wound  m o r e  

t i g h t l y   o n t o   t h e   s p o o l   13.  H o w e v e r ,   t h e   a r r a n g e m e n t  

shown  in  Fig   2  w i l l   d e t e c t   and  c o m p e n s a t e   f o r   t h i s  

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

e s s o r   s y s t e m   20  wou ld   c a u s e   t h e   b r a k i n g   p r e s s u r e   to   b e  

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

t h r e a d   i s   wound  more  l o o s e l y   on  t h e   s p o o l   1 3 .  

A  f u r t h e r   a d v a n t a g e   i s   t h a t   t h e   w i n d i n g   s p e e d  

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

w h i c h   e m b o d i e s   t h e   i n v e n t i o n .   An  i n c r e a s e   in  w i n d i n g  

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

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

s y s t e m   20  f o r   c o m p a r i s o n   w i t h   t h e   r e f e r e n c e   d a t a   w h i c h   i s  



a l r e a d y   in  t h e   memory .   T h u s ,   o p e r a t i o n   i s   g e n e r a l l y  

i n d e p e n d e n t   of  w i n d i n g   s p e e d .  

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

t r a t e d   in  Fig  3.  S i m i l a r   e l e m e n t s   have   b e e n   g i v e 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   and  w i l l   t h e r e f o r e   no t   be  d e s c r i b e d .  

The  main  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   s h o w n  

in  F i g s   2  and  3  i s   t h a t   t he   m e a s u r i n g   w h e e l   11  i s   r e p l a c e d  

by  a  d e v i c e   wh ich   r e s p o n d s   to  a  v a r i a t i o n   in  t he   d i a m e t e r  

of   t h e   w i n d i n g s   on  t h e   s p o o l   13.  T h i s   d e v i c e   c o m p r i s e s  

an  arm  21  w h i c h   i s   s u p p o r t e d   on  a  p i v o t   22  f o r   m o v e m e n t  

r e l a t i v e   to  t h r e a d   wound  on  t h e   s p o o l   13.  A  r o l l e r   23  i s  

r o t a t a b l y   s u p p o r t e d   on  t he   u p p e r   end  of  arm  21.  T h e  

r o l l e r   23  c o n t a c t s   t h e   t h r e a d   w i n d i n g s   24.  The  f u l l - l i n e  

c i r c l e   24  r e p r e s e n t s   t he   maximum  d i a m e t e r   of   t h e   t h r e a d  

w i n d i n g s   and  t h e   minimum  d i a m e t e r   i s   r e p r e s e n t e d   by  t h e  

b r o k e n   l i n e   2 4 ' .   S i m i l a r l y ,   t h e   r e s p e c t i v e   p o s i t i o n s   o f  

t h e   arm  and  t h e   r o l l e r   a r e   r e p r e s e n t e d   by  t h e   f u l l - l i n e s  

21,  23  and  b r o k e n   l i n e s   21'  and  2 3 ' .   I t   can  be  s e e n   t h a t  

t h e   arm  21  moves  t h r o u g h   an  a n g l e   "a"  as  t h e   d i a m e t e r   o f  

t he   w i n d i n g s   i n c r e a s e   from  24'   to  24.  T h i s   a n g u l a r  

movemen t   i s   t r a n s f e r r e d   by  a  l i n k   25  h a v i n g   one  e n d  

p i v o t a l l y   c o n n e c t e d   to  t he   arm  21  and  i t s   o t h e r   e n d  

c o n n e c t e d   to  a  s l i d e r   26  of  a  p o t e n t i o m e t e r   27.  T h e  

r e s i s t i v e   t r a c k   of  t h e   p o t e n t i o m e t e r   i s   c o n n e c t e d   to  a 

v o l t a g e   s o u r c e   wh ich   i s   r e p r e s e n t e d   by  a  c e l l   28  in   t h e  

d r a w i n g .   As  t he   arm  21  moves  t h r o u g h   t h e   a n g l e   " a " ,   t h e  

s l i d e r   26  moves  a l o n g   t he   r e s i s t i v e   t r a c k   o f   t h e   p o t e n t i o -  

m e t e r   27.  H e n c e ,   a  v a r i a b l e   v o l t a g e   s i g n a l   V  i s   a v a i l a b l e  

a c r o s s   t e r m i n a l s   29,  30.  T h i s   v o l t a g e   s i g n a l   V  i s  

c o n v e r t e d   from  a n a l o g   to  d i g i t a l   form  (by  c o n v e n t i o n a l  

means   no t   shown)   and  i s   s u p p l i e d   to  r e g i s t e r   18.  T h u s ,  

in  t h i s   a r r a n g e m e n t ,   t he   r e g i s t e r   18  r e c o r d s   i n s t a n t a n e o u s  

v a l u e s   of  t h e   v o l t a g e   V  ( in   d i g i t a l   f o r m ) ,   i n s t e a d   o f  

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

m e a s u r i n g   whee l   11  as  in  t he   p r e v i o u s   a r r a n g e m e n t .  



A p a r t   from  t h e   d i f f e r e n c e   d e s c r i b e d   a b o v e ,   t h e  m o d e  

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

to  F ig   2.  In  t h i s   c a s e ,   h o w e v e r ,   t h e   i n s t a n t a n e o u s   v a l u e s  

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

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

Fig  3  e m p l o y s   a  d e v i c e   which   i s   r e s p o n s i v e   to  t h e   o u t e r  

d i a m e t e r   of   t h e   t h r e a d   w i n d i n g s ,   i t   may  be  u s e d   w h e r e  

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

d i a m e t e r .   H o w e v e r ,   as  t h e   d i a m e t e r   o f   t h e   w i n d i n g s   i s  

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

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

on  p r o d u c t i o n   s p o o l s .   The  a r r a n g e m e n t   o f   Fig  3  a l s o   h a s  

t h e   a d v a n t a g e s   of   t h e   a r r a n g e m e n t   of   Fig   2,  i . e .   i n  

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

a n d / o r   c o e f f i c i e n t   of  f r i c t i o n   of  t h e   t h r e a d ,   and  b e i n g  

g e n e r a l l y   i n d e p e n d e n t   of   t he   w i n d i n g   s p e e d .  

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

m u l t i s p o o l   w i n d i n g   m a c h i n e s .   With  r e g a r d   to  t h e   a r r a n g e -  
m e n t s   d e s c r i b e d   a b o v e ,   t h e   m i c r o p r o c e s s o r   s y s t e m   20  may  
be  s u p p l i e d   w i t h   m u l t i p l e x e d   i n p u t s   and  c o n d i t i o n e d   t o  

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

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

a r r a n g e m e n t   may  a l s o   be  such   t h a t   t h e   m i c r o p r o c e s s o r  

s y s t e m   s t o r e s   r e f e r e n c e   d a t a   which   can  be  r e t r i e v e d   i n  

r e s p o n s e   to  a  s e r i a l   number   wh ich   i s   e n t e r e d   by  m e a n s  

of   a  k e y b o a r d .   The  s e r i a l   number   r e p r e s e n t s   a  c e r t a i n  

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

p a r t i c u l a r   t y p e   of   t h r e a d .  

Both  a r r a n g e m e n t s   ( d e s c r i b e d   w i t h   r e f e r e n c e  

to  F i g s   2  and  3)  may  be  u sed   to  wind  m a t e r i a l   in   o v e r l y i n g  
t u r n s   so  as  to  p r o d u c e   a  w i n d i n g   h a v i n g   a  s h a p e   o t h e r  

t h a n   c y l i n d r i c a l .   As  t h e   a r r a n g e m e n t   shown  in  Fig  2 

s u p p l i e s   m e a s u r e d   l e n g t h s   of  t h r e a d   10  to   t h e   s p o o l   5 ,  

t h e   a r r a n g e m e n t   i s   i n d e p e n d e n t   of  t h e   w i n d i n g   s h a p e   ( g i v e n  

t h e   same  m a c h i n e ,   t h e   same  t y p e   of   t h r e a d   and  s i m i l a r  



s p o o l s ) .   H o w e v e r ,   t h e   a r r a n g e m e n t   shown  in  Fig  3  d e p e n d s  

on  t h e   s h a p e   of  t h e   w i n d i n g   in  o r d e r   to  p r o v i d e   t h e  

v o l t a g e   s i g n a l s .   T h u s ,   w i t h   t he   l a t t e r   a r r a n g e m e n t   i t   may 
be  n e c e s s a r y   to  d e c i d e   w h e r e   t he   r o l l e r   s h o u l d   c o n t a c t  

t h e   w i n d i n g   fo r   t h e   b e s t   r e s u l t .   With  a  c o n i c a l   w i n d i n g ,  

r o l l e r   23  may  be  i n c l i n e d   at   t h e   same  a n g l e   as  t h e   c o n i c a l  

f a c e   to  t he   w i n d i n g   a x i s   and  i t   may  e x t e n d   a l o n g   t h e   l e n g t h  

of  t h e   w i n d i n g .   A l t e r n a t i v e l y ,   t h e   r o l l e r   23  may  be  a 

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

i t s   a x i s .   The  s h a p e   of   w i n d i n g s   w i l l   c l e a r l y   d e p e n d   on  

t h e   s h a p e   of  t h e   s p o o l   and  on  t he   means   by  w h i c h   t h e  

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

arm  to  p r o v i d e   a  h e l i c a l   t h r e a d   w i n d i n g ) .   Such  means   a r e  

g e n e r a l l y   known  in  t h e   a r t .  

Thus ,   i t   can  be  s e e n   t h a t   t he   a r r a n g e m e n t s   w h i c h  

embody  t h e   i n v e n t i o n   o p e r a t e   in  a c c o r d a n c e   w i t h   d i r e c t  

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

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



1.  A  m e t h o d   of  w i n d i n g   m a t e r i a l   in  o v e r l y i n g   t u r n s  

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

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

or  c r o s s - s e c t i o n ,   or  b o t h )   as  t h a t   of   a  r e f e r e n c e   w i n d i n g ,  

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

(a)   s t o r i n g   r e f e r e n c e   d a t a   r e l a t i n g   to  i n s t a n -  

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

of   t h e   m a t e r i a l   on  t h e   r e f e r e n c e   w i n d i n g ;  

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

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

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

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

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

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

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

(d)  r e g u l a t i n g   t he   t e n s i o n   o f   t h e   m a t e r i a l   d u r i n g  

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

s t e p   ( b ) ,   in  o r d e r   to  a d j u s t   t h e   g i v e n   d i m e n s i o n   of   t h e  

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

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  in   w h i c h   t h e  

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

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

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

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  in   wh ich   t h e  

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

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

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

4.  A p p a r a t u s   fo r   use   w i t h   e q u i p m e n t   fo r   w i n d i n g  

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

h a v i n g   a  s i m i l a r   d i m e n s i o n   ( i . e .   l e n g t h ,   c r o s s - s e c t i o n ,   o r  
b o t h )   of   m a t e r i a l   to  a  r e f e r e n c e   w i n d i n g ,   t h e   a p p a r a t u s  

c o m p r i s i n g :  

(a)   means   fo r   s t o r i n g   r e f e r e n c e   d a t a   r e l a t i n g  

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

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



(b)   means  for   p r o v i d i n g   p r o d u c t i o n   d a t a ,   d u r i n g  

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

to  i n s t a n t a n e o u s   v a l u e s   of  t h e   number   of  t u r n s   and  a 

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

w i n d i n g ;  

(c )   c o m p a r i s o n   means   fo r   c o m p a r i n g   c o r r e s p o n d i n g  

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

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

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

(d)  a d j u s t a b l e   t e n s i o n i n g   means   r e s p o n s i v e   t o  

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

m a t e r i a l   d u r i n g   t he   w i n d i n g   p r o c e s s ,   in  o r d e r   to  a d j u s t  

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

t h e   r e f e r e n c e   w i n d i n g .  

5.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4,  in   w h i c h   t h e  

means   to  p r o v i d e   t he   p r o d u c t i o n   d a t a   i n c l u d e s :  

(e)   means  to  p r o v i d e   f i r s t   s i g n a l s   w h i c h  

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

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

n u m b e r   of   t u r n s   of  t h e   m a t e r i a l   wh ich   a r e   wound  d u r i n g   t h e  

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

( f )   means  to  p r o v i d e   s e c o n d   s i g n a l s   w h i c h   a r e  

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

d u r i n g   t h e   w i n d i n g   p r o c e s s .  
6.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   5,  in   w h i c h   t h e  

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

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

p r o p o r t i o n a l   to  t he   number   of   r e v o l u t i o n s   o f   t he   m e a s u r i n g  

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

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

7.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4,  in   w h i c h   t h e   m e a n s  

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

(g)  means  to  p r o v i d e   f i r s t   s i g n a l s   wh ich   r e p r e -  
s e n t   t h e   number   of  r e v o l u t i o n s   of   a  d r i v e   f o r   w i n d i n g   t h e  

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



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

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

(h)  means   to  p r o v i d e   s e c o n d   s i g n a l s   w h i c h   a r e  

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

i s   wound  d u r i n g   t h e   w i n d i n g   p r o c e s s .  

8.  A p p a r t u s   a c c o r d i n g   to  c l a i m   7,  in  wh ich   t h e  

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

g u i d e   wh ich   c o n t a c t s   t he   p r o d u c t i o n   w i n d i n g s ,   d u r i n g  

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

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

s i g n a l   wh ich   i s   p r o p o r t i o n a l   to  t h e   c r o s s - s e c t i o n   o f  

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

9.  A p p a r t u s   a c c o r d i n g   to  a n y  o n e   o f   c l a i m s   4 - 8  

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

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

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

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

t h e   t e n s i o n i n g   m e a n s .  

10.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   9,  in   w h i c h   t h e  

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

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

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

s i g n a l   r e p r e s e n t i n g   e i t h e r   a  m e a s u r e d   l e n g t h ,   or  a  m e a -  

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

i n s t a n t .  

11.  A p p a r a t u s   a c c o r d i n g   to  c l a i m  9   or   10,  in   w h i c h  

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

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

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

s y s t e m   b e i n g   p r o g r a m m e d   so  t h a t   when  t h e   code   i s   e n t e r e d ,  

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

as  to  p r o v i d e   t h e   c o r r e c t   form  of  c o n t r o l   fo r   m a k i n g  

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