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©  Device  for  continuously  winding  a  continuous  elongate  element. 

(57)  A  device  for  continuously  winding  a  continuous  elongate 
element,  especially  a  strand  (6)  formed  by  gathering  together 
a  large  number  of  glass  filaments  drawn  from  a  bushing, 

'provided  with  two  or  more  main  winding  spools  (8a,  8b) 
which  are  adapted  to  be  brought  to  a  predetermined  winding 
position  one  by  one  and  an  auxiliary  winding  spool  (13)  which 
is  normally  held  in  an  inoperative  position  spaced  apart  from 
the  winding  position  by  such  a  distance  as  not  to  interfere  with 
the  operation  of  the  main  winding  spool  in  th#  winding  posi- 
tion  and,  whenever  the  main  spool  in  the  winding  position 
becomes  full,  is  brought  into  engagement  with  this  main 

*T  spool  in  coaxial  relationship  (Fig.  6)  and  rotates  at  the  same 
^   speed  as  the  winding  speed  of  the  main  spool.  The  strand  is 

transferred"  from  the  full  main  spool  to  the  auxiliary  spool 
2   connected  to t̂he  former  and  after  an  empty  main  spool  is 
S   brought  to  be  engagement  with  the  auxiliary  spool  in  place  of 

the  full  main  spool,  the  strand  is  transferred  from  the  auxiliary 
M  spool  to  the  empty  main  spool.  In  this  manner,  even  when  the 
^   full  main  spool  is  replaced  with  the  empty  main  spool,  the 
q   winding  of  the  strand  is  continued  at  a  substantially  constant 

speed.  The  auxiliary  winding  6pool  (13)  further  may  have  a 
Q  built-in  strand  cutter  (118)  which  acts  to  cut  off  the  strand 

bridging  between  the  main  spool  and  the  auxiliary  spool  in  a 
Q.  moment  when  the  both  spools  are  disconnected  from  one 
UJ  another. 
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A device for continuously winding  a  continuous  elongate 
element,  especially  a  strand  (6)  formed  by  gathering  together 
a  large  number  of  glass  filaments  drawn  from  a  bushing, 
provided  with  two  or  more  main  winding  spools  (8a,  8b) 
which  are  adapted  to  be  brought  to  a  predetermined  winding 
position  one  by  one  and  an  auxiliary  winding  spool  (13)  which 
is  normally  held  in  an  inoperative  position  spaced  apart  from 
the  winding  position  by  such  a  distance  as  not to  interfere  with 
the  operation  of  the  main  winding  spool  in  the  winding  posi- 
tion  and,  whenever  the  main  spool  in  the  winding  position 
becomes  full,  is  brought  into  engagement  with  this  main 
spool  in  coaxial  relationship  (Fig.  6)  and  rotates  at  the  same 
speed  as  the  winding  speed  of  the  main  spool.  The  strand  is 
transferred from  the  full  main  spool  to  the  auxiliary  spool 
connected  to the  former  and  after  an  empty  main  spool  is 
brought to  be  engagement  with  the  auxiliary  spool  in  place  of 
the  full  main  spool,  the  strand  is transferred  from the  auxiliary 
spool  to  the  empty  main  spool.  ln  this  manner,  even  when  the 
full  main  spool  is  replaced  with  the  empty  main  spool,  the 
winding  of  the  strand  is  continued  at  a  substantially  constant 
speed.  The  auxiliary  winding  spool  (13)  further  may  have  a 
built-in  strand  cutter  (118)  which  acts  to  cut  off  the  strand 
bridging  between  the  main  spool  and  the  auxiliary  spool  in  a 
moment  when  the  both  spools  are  disconnected  from  one 
another. 



BACKGROUND  OF  THE  INVENTION 

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

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

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

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

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

f rom  400  to   800  in   n u m b e r   and  d r awn   t h e r e t h r o u g h   g l a s s  

f i l a m e n t s   f r o m   10  to  13  m i c r o n s   in  d i a m e t e r .   In  o r d e r  

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

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

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

f i l a m e n t s   f rom  400  to  800  in   n u m b e r   d rawn  f rom  t h e  

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

a r o u n d   a  s p o o l   to  fo rm  a  c a k e   of  s t r a n d   and  t h e r e a f t e r  

s t r a n d s   a r e   unwound   f rom  15  to  30  c a k e s   and  g a t h e r e d  

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

fo rm  a  p a c k a g e .  

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

m u l t i p l e - n o z z l e   s p i n n i n g   t e c h n i q u e s   of  t h e   t y p e   i n  

w h i c h   g l a s s   f i l a m e n t s   f rom  2000  to  4000  in  n u m b e r   a n d  

f rom  15  to   more  t h a n   20  m i c r o n s   in  d i a m e t e r   can  b e  

s i m u l t a n e o u s l y   spun   f rom  a  s i n g l e   b u s h i n g   so  t h a t   a  

d e s i r e d   p a c k a g e   can  be  f o r m e d   d i r e c t l y   by  m e r e l y  

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

s t r a n d   and  w i n d i n g   the   s t r a n d   a r o u n d   a  s p o o l .   I n  



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

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

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

to  t h e   g l a s s   f i l a m e n t s   a l w a y s   u n i f o r m   so  t h a t   t h e  

s t a b l e   s p i n n i n g   f e a s i b l e   and  a l l   t h e   g l a s s   f i l a m e n t s  

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

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

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

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

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

a r e   n e e d e d   b e f o r e   t h e   s t a b l e   s p i n n i n g   can   b e ' r e - s t a r t e d .  

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

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

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

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

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

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

g l a s s   f i l a m e n t s   e v e n   when  a  f u l l   w i n d i n g   s p o o l   i s  

r e p l a c e d   w i t h   an  empty   one .   To  t h i s   e n d ,   t h e r e   h a v e  

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

d e v i c e s   as  d i s c l o s e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n  

Nos.   3 6 - 1 8 3 6 9 ,   4 3 - 8 9 9 6 ,   4 7 - 9 8 6 2   and  4 8 - 3 2 6 2 6 .  

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  3 6 - 1 8 3 6 9  

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

by  a  p l u r a l i t y   of  w i n d i n g   s p o o l s   m o u n t e d   e q u i a n g u l a r l y  

on  a  t u r n t a b l e   w h i c h   i s   s u p p o r t e d   by  a  h o r i z o n t a l  

s h a f t   and  r o t a t e d   in   one  d i r e c t i o n .   W h e n e v e r   t h e   s p o o l  

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



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

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

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

when  t h e   s t r a n d   has   been   t r a n s f e r r e d   o n t o   t h e   e m p t y  

s p o o l   w h i c h   i s   r o t a t e d   at   t he   same  s p e e d   as  t h e   f u l l  

s p o o l ,   t h e   l a t t e r   i s   d e c r e a s e d   in   s p e e d   so  t h a t   t h e  

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

and  c a u s e d   to  a d h e r e   to  the   empty   s p o o l   so  as  to   b e  

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

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

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

d i a m e t e r   w h i c h   have   a  low  d e g r e e   of  r i g i d i t y   and  a  l o w  

d r a w i n g   t e n s i o n ,   bu t   t h e r e   is   no t   p r o v i d e d   a  m e a n s  

f o r   p o s i t i v e l y   h o l d i n g   t he   s t r a n d   on  the   empty   s p o o l  

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

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

h a v e   a  r e l a t i v e l y   h i g h e r   d e g r e e   of  r i g i d i t y   and  a  h i g h  

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

f r o m   t h e   f u l l   s p o o l   to  t he   empty   s p o o l   f r e q u e n t l y  

r e s u l t   so  t h a t   t h e   s p i n n i n g   must   be  i n t e r r u p t e d .   T h u s  

t h i s   c o n t i n u o u s   w i n d i n g   m e t h o d   is  i n e f f i c i e n t   a n d  

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

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  4 3 - 8 9 9 6  

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

s p o o l s   a re   m o u n t e d   on  a  t u r n t a b l e   and  a  s u p p o r t i n g   p l a t e  

is   d i s p o s e d   in  f r o n t   of  t he   f r e e   end  of  e a c h   s p o o l   s o  

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

to   an  e m p t y   s p o o l ,   i t   is   c l a m p e d   b e t w e e n   t h e   p l a t e   a n d  



t h e   f r e e   end  of  t h e   e m p t y   s p o o l .   To  t h i s   e n d ,   m e c h a n i c a l  

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

l i k e   a r e   n e e d e d   in  o r d e r   to   c l amp   t h e   s t r a n d   so  t h a t  

t h e   w i n d i n g   s p o o l s   become   v e r y   c o m p l e x   in   c o n s t r u c t i o n  

and   a r e   n o t   a d a p t e d   to  s p i n   a t   h i g h   s p e e d s .   F u r t h e r m o r e ,  

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

and  h a v i n g   a  l a r g e r   d i a m e t e r   w h i c h   h a v e   a  r e l a t i v e l y  

h i g h e r   d e g r e e   of  r i g i d i t y   and   a r e   r e l a t i v e l y   f r a g i l e ,  

b r e a k a g e s   f r e q u e n t l y   o c c u r   when  c l a m p e d .  

J a p a n e s e   P a t e n t   P u b l i c a t i o n   Nos.   4 7 - 9 8 6 2   a n d  

4 8 - 3 2 6 2 6   d i s c l o s e   w i n d i n g   d e v i c e s   of   t h e   t y p e   u s i n g  

an  a u x i l i a r y   w i n d i n g   s p o o l   in   o r d e r   to  e n s u r e   t he   s m o o t h  

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

to   an  e m p t y   s p o o l .   When  one  s p o o l   b e c o m e s   f u l l ,   t h e  

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

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

f e r r e d   f rom  t h e   f u l l   s p o o l   to  t he   e m p t y   s p o o l .   T h e r e a f t e r  

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

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

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

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

The  w i n d i n g   d e v i c e   d i s c l o s e d   in  J a p a n e s e  

P a t e n t   P u b l i c a t i o n   No.  4 7 - 9 8 6 2   i s   s u c h   t h a t   t h e   a u x i l i a r y  

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

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

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

s t a t i o n a r y   s p o o l .  

The  w i n d i n g   d e v i c e   d i s c l o s e d   i n   J a p a n e s e  



P a t e n t   P u b l i c a t i o n   No.  4 8 - 3 2 6 2 6   is   s u c h   t h a t   t h e  

a u x i l i a r y   w i n d i n g   s p o o l   is   so  d e s i g n e d   and  c o n s t r u c t e d  

as  to   be  a l t e r n a t e l y   b r o u g h t   i n t o   a l i g n m e n t   w i t h  

one  of  two  ma in   w i n d i n g   s p o o l s   w h i c h   a r e   h e l d   s t a t i o n a r y .  

Bo th   t he   w i n d i n g   d e v i c e s   have  a  common  d e f e c t  

t h a t   when  the   s t r a n d   i s   t r a n s f e r r e d   b e t w e e n   t h e   m a i n  

and  a u x i l i a r y   w i n d i n g   s p o o l s ,   v a r i a t i o n s   in   w i n d i n g  

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

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

c o n f i g u r a t i o n s   and  q u a l i t i e s .   In  a d d i t i o n ,   when  b r e a k a g e s  

of   s t r a n d s   o c c u r   or  s o l i d i f i c a t i o n   of  l u b r i c a n t s   o c c u r  

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

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

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

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   was  made  to  o v e r c o m e  

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

a r t   c o n t i n u o u s   w i n d i n g   d e v i c e s .  

One  of  t he   o b j e c t s   of  t h e   p r e s e n t   i n v e n t i o n  

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

. c a p a b l e   of  c o n t i n u o u s   and  s t a b l e   w i n d i n g   e s p e c i a l l y  

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

of  f i l a m e n t s   and  h a v i n g   a  l a r g e r   d i a m e t e r ,   w h e r e b y  

p a c k a g e s   of  h i g h   q u a l i t i e s   can  be  p r o v i d e d .  

B r i e f l y   s t a t e d ,   to  t he   above   and  o t h e r   e n d s ,  

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

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



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

of   m a i n   w i n d i n g   s p o o l s   and  i s   so  m o v a b l e   as  to   b r i n g  

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

p o s i t i o n   one  by  o n e ,   an  a u x i l i a r y   w i n d i n g   s p o o l  

whose   f r e e   end  i s   a d a p t e d   to  e n g a g e   w i t h   t h e   f r e e   e n d  

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

a  t r a v e r s i n g   means   m o v a b l e   b e t w e e n   a  f i r s t   p o s i t i o n  

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

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

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

s a i d   m a i n   w i n d i n g   s p o o l   in  s a i d   w i n d i n g   p o s i t i o n   a n d  

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

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

d i s t a n c e   a t   w h i c h   s a i d   t r a v e r s i n g   means   i s   d i s e n g a g e d  

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

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

m a i n   w i n d i n g   s p o o l   in   s a i d   w i n d i n g   p o s i t i o n   b e t w e e n   a  

f i r s t   p o s i t i o n   above   s a i d   a u x i l i a r y   w i n d i n g   s p o o l   e n g a g e d  

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

and   a  s e c o n d   p o s i t i o n   b e y o n d   t h e   end  of   s a i d   m a i n  

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

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

s p o o l   i s   m o v a b l e   to  an  i n o p e r a t i v e   p o s i t i o n   s p a c e d  

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

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

The  a b o v e   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

e f f e c t s   of   t he   p r e s e n t   i n v e n t i o n   w i l l   become   m o r e  

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



e m b o d i m e n t   t h e r e o f   t a k e n   in  c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y -  

i n g   d r a w i n g s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is   a  s c h e m a t i c   v i ew  s h o w i n g   t h a t  

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

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

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

F i g .   2  i s   a  r e a r   v i ew   of  a  main   body  of  t h e  

c o n t i n u o u s   w i n d i n g   d e v i c e   shown  in  F i g .   1  w i t h   t h e  

r e a r   w a l l   r e m o v e d   so  as  to  show  t h e   i n t e r i o r ;  

F i g .   3  i s   a  s i d e   v iew  t h e r e o f   s h o w i n g   t h e  

a r r a n g e m e n t   of  d r i v i n g   s y s t e m s ;  

F i g .   4  i s   a  top   v iew  of  a  m e c h a n i s m   f o r  

c o n t r o l l i n g   no t   o n l y   t h e   r e t r a c t i n g   movement   of  a  

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

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

s p e e d ;  

F i g .   5  i s   a  b l o c k   d i a g r a m   used   f o r   t h e   e x p l a n a -  

t i o n   of  t h e   mode  of   o p e r a t i o n   of  t he   m e c h a n i s m   s h o w n  

in  F i g ,   4 ;  

F i g .   6  i s   a  v iew  u s e d   f o r   t he   e x p l a n a t i o n   o f  

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

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

an  a u x i l i a r y   w i n d i n g   s p o o l   when  the   main  w i n d i n g   s p o o l  

w i t h   a  f u l l   p a c k a g e   is  r e t r a c t e d   f rom  t he   w i n d i n g  

p o s i t i o n   w h i l e   an  empty   main   w i n d i n g   s p o o l   is   b r o u g h t  

to  t h e   w i n d i n g   p o s i t i o n ;  



F i g .   7  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w ,   o n  

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

a  s t r a n d   c u t t i n g   means   i n c o r p o r a t e d   t h e r e i n ;  

F i g .   8a  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g  

t h e   l i n e - V I I I - V I I I   o f  F i g .   7  s h o w i n g   t h e   s t r a n d   c u t t i n g  

means   in  i t s   i n o p e r a t i v e   p o s i t i o n ;   a n d  

F i g .   8b  i s   a  v i ew   s i m i l a r   to  F i g .   8a ,   b u t  

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

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

F i g .   1  shows  t h a t   a  l a r g e   n u m b e r   o f   g l a s s  

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

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

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

is   d r a w n   t h r o u g h   f rom  2000  to   4000  n o z z l e s   2  a t   t h e  

b o t t o m   of  a  b u s h i n g   1  i n t o   g l a s s   f i l a m e n t s   3.  A f t e r  

h a v i n g   b e e n   a p p l i e d   w i t h   a  l u b r i c a n t   by  a  r o l l   s i z e r   4 ,  

t h e y   a r e   g a t h e r e d   by  a  g a t h e r i n g   r o l l e r   5  i n t o   a  s t r a n d  

6  w h i c h   in   t u r n   i s   wound  by  t h e   w i n d i n g   d e v i c e .  

The  w i n d i n g   d e v i c e   has   a  ma in   body  7  in   w h i c h  

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

m i s s i o n   g e a r s ,   c o n t r o l   d e v i c e s   and  so  on  as  w i l l   b e  

d e s c r i b e d   in  d e t a i l   b e l o w .   M o u n t e d   on  t h e   f r o n t   p a n e l  

of   t h e   ma in   body   a r e   a  t u r r e t   9  w h i c h   c a r r i e s   t w o  

h o r i z o n t a l   w i n d i n g   s p o o l s   8a  and  8b,   a  t r a v e r s e   m o t i o n  

11  m o u n t e d   on  a  s w i n g i n g   arm  10,   an  a u x i l i a r y   w i n d i n g  

s p o o l   13  m o u n t e d   r o t a t a b l y   on  a  s w i n g i n g   arm  12  a n d  

a  s t r a n d   g u i d e   rod   14  w h i c h   i s   e x t e n d e d   a t   r i g h t   a n g l e s  



to  t he   a x e s   of  t h e   main   and  a u x i l i a r y   w i n d i n g   s p o o l s  

8a,   8b  and  13  and  t h e   t r a v e r s e   m o t i o n   11  and  is   m o v a b l e  

in  t he   same  d i r e c t i o n   as  t h e s e   a x e s .   The  s t r a n d   6  i s  

shown  as  b e i n g   wound  a r o u n d   t h e   main  w i n d i n g   s p o o l  

8a  w h i l e   b e i n g   t r a v e r s e d   by  t h e   t r a v e r s e   m o t i o n   1 1 .  

As  w i l l   be  d e s c r i b e d   in  d e t a i l   h e r e i n a f t e r ,  

when  t h e   s t r a n d   6  i s   f u l l y   wound  a r o u n d   t h e   main  w i n d i n g  

s p o o l   8a,   t h e   arm  12  i s   swung  in  t he   d i r e c t i o n   i n d i c a t e d  

by  t h e   a r r o w  a   so  t h a t   t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  

is   made  i n t o   a b u t m e n t   w i t h   t he   f r e e   end  of  t h e   m a i n  

w i n d i n g   s p o o l   8a.  T h e r e a f t e r ,   t he   s t r a n d   g u i d e   r o d   14 

t r a n s f e r s   t h e   s t r a n d   6  to  t h e   a u x i l i a r y   w i n d i n g   s p o o l  

13  so  t h a t   t he   l a t t e r   s t a r t s   w i n d i n g   t he   s t r a n d   6 .  

Next  the   t u r r e t   9  is   r o t a t e d   t h r o u g h   a  p r e d e t e r m i n e d  

a n g l e   to  b r i n g   t he   s e c o n d   ma in   w i n d i n g   s p o o l   8b,  w h i c h  

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

main   w i n d i n g   s p o o l   8a  i s   r e t r a c t e d   t h e r e f r o m .   T h e  

s t r a n d   g u i d e   rod  14  i s   r e t r a c t e d   so  t h a t   t h e   s t r a n d  

is  t r a n s f e r r e d   to  t he   s e c o n d   main   w i n d i n g   s p o o l   8b  

so  as  to  be  wound  t h e r e a r o u n d .   The  a u x i l i a r y   w i n d i n g  

s p o o l   13  is  r e t u r n e d   to  t h e   i n i t i a l   p o s i t i o n   shown  and  i s  

r e a d y   f o r   t h e   n e x t   o p e r a t i o n .   Thus  even   when  t h e  

main  w i n d i n g   s p o o l s   8a  and  8b  a re   b e i n g   e x c h a n g e d  

f o r   one  a n o t h e r ,   t h e   s t a n d   6  can  be  c o n t i n u o u s l y   w o u n d  

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

s p o o l   13  w h i c h   o p e r a t e s   in  t he   m a n n e r   j u s t   d e s c r i b e d  

a b o v e .  

Next  r e f e r r i n g   to   F i g s .   2  and  3,  t he   m e c h a n i s m s  



i n c o r p o r a t e d   in   t h e   ma in   body   7  w i l l   be  d e s c r i b e d   i n  

d e t a i l .   F i g .   2  i s   a  r e a r   v i e w   w h i l e   F i g .   3  i s   a  

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

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

r o t a t i o n s   of  t h e   two  m a i n   w i n d i n g   s p o o l s   8a  and  8 b ,  

t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  and  t h e   t r a v e r s e   m o t i o n  

11  a r e   a l l   p r o v i d e d   by  a  v a r i a b l e   s p e e d   m o t o r   15  

m o u n t e d   on  t h e   b o t t o m   of  t h e   m a i n   body   7.  T h u s  

r e l a t i v e l y   much  s p a c e   is   l e f t   in  t h e   main   body  7  s o  

t h a t   m a i n t e n a n c e   and  i n s p e c t i o n   may  be  f a c i l i t a t e d .  

The  m o t o r   15  c a r r i e s   two  t i m i n g   p u l l e y s   16  and  1 7  

on  i t s   s h a f t   and  t h e   t i m i n g   p u l l e y   16  i s   d r i v i n g l y  

c o u p l e d   to  a  t i m i n g   p u l l e y   19  m o u n t e d   on  t h e   i n p u t   s h a f t  

of  an  e l e c t r o m a g n e t i c   c l u t c h   18  t h r o u g h   a  t i m i n g   b e l t  

20.  The  e l e c t r o m a g n e t i c   c l u t c h   18  i s   of  t h e   d o u b l e -  

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

p u l l e y s   21  and  22,   r e s p e c t i v e l y .   When  one  c l u t c h   i s  

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

to   t h e   i n p u t   s h a f t ;   when  b o t h   t h e   c l u t c h e s   a r e   e n e r g i z e d ,  

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

s h a f t ;   and  when  t h e   two  c l u t c h e s   a r e   d e - e n e r g i z e d ,  

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

s h a f t .  

The  main   w i n d i n g   s p o o l s   8a  and  8b  a r e   m o u n t e d  

on  s p i n d l e s   25  and  26,   r e s p e c t i v e l y ,   w h i c h   in   t u r n  

a r e   r o t a t a b l y   s u p p o r t e d   by  b e a r i n g s   in   h o u s i n g s   23  

and  24  m o u n t e d   on  t h e   r e a r   s u r f a c e   of  t h e   t u r r e t   9 .  

T i m i n g   p u l l e y s   27  and  28  w h i c h   a r e   m o u n t e d   at   t h e   r e a r  



e n d s   of  t h e   s p i n d l e s   25  and  26,  r e s p e c t i v e l y ,   a r e  

d r i v i n g l y   c o u p l e d   t h r o u g h   t i m i n g   b e l t s   29  and  3 0 ,  

r e s p e c t i v e l y ,   to  t he   t i m i n g   p u l l e y s   21  and  22  on  t h e  

o u t p u t   s h a f t s   of   t h e   e l e c t r o m a g n e t i c   c l u t c h   18.  T h e  

s p i n d l e s   25  and  26  a re   a n g u l a r l y   s p a c e d   a p a r t   f r o m  

e a c h   o t h e r   f o r   e x a m p l e   by  1 4 0 ° .  

The  t i m i n g   p u l l e y   17  on  t h e   m o t o r   15  i s  

d r i v i n g l y   c o u p l e d   t h r o u g h   a  t i m i n g   b e l t   33  to  a  t i m i n g  

p u l l e y   32  on  t h e   i n p u t   s h a f t   of  an  e l e c t r o m a g n e t i c  

c l u t c h   31.  The  e l e c t r o m a g n e t i c   c l u t c h   31  i s   a l s o   o f  

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

t i m i n g   p u l l e y s   34  and  35,  r e s p e c t i v e l y .   T h e s e   t i m i n g  

p u l l e y s   34  and  35  a re   d r i v i n g l y   c o u p l e d   t h r o u g h   t i m i n g  

b e l t s   36  and  37,  r e s p e c t i v e l y ,   to  a  t i m i n g   p u l l e y   38 

on  t h e   t r a v e r s e   m o t i o n   11  and  a  t i m i n g   p u l l e y   39  f o r  

d r i v i n g   t h e   a u x i l i a r y   w i n d i n g   s p o o l   1 3 .  

The  t r a v e r s e   m o t i o n   11  is   most   p r e f e r a b l y  

of  t he   t y p e   h a v i n g   a  s t r a n d   g u i d e   40  w h i c h   m a k e s  

r e c i p r o c a t i n g   m o v e m e n t s   in  r e s p o n s e   to  t h e   r o t a t i o n  

of   a  s c r o l l   cam.  In  a d d i t i o n ,   in  o r d e r   not   o n l y   t o  

s m o o t h   t h e   s u r f a c e s   of  t he   s t r a n d   p a c k a g e s   wound  o n  

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

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

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

i t   i s   p r e f e r a b l e   to  p r o v i d e   a  p r e s s u r e   r o l l e r   41  w h i c h  

is   d i s p o s e d   in  p a r a l l e l   w i t h   t h e   s c r o l l   cam  and  r o l l s  

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

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



wound  (See   F i g .   1 ) .  

The  s w i n g a b l e   arm  10  w h i c h   s u p p o r t s   t h e  

t r a v e r s e   m o t i o n   11  i s   h o l l o w   and  has   i t s   one  end  s e c u r e l y  

j o i n e d   to  one  end  of   a  h o l l o w   s h a f t   42  so  t h a t   as  t h e  

l a t t e r   i s   r o t a t e d ,   t h e   f o r m e r   is   swung .   A  r o t a t i n g  

s h a f t   43  i s   e x t e n d e d   t h r o u g h   t h e   h o l l o w   s h a f t   42  a n d  

t h e   t i m i n g   p u l l e y   38  i s   a t t a c h e d   to  t h e   r e a r   end  o f  

t h e   r o t a t i n g   s h a f t   43.  A  t i m i n g   p u l l e y   44  w h i c h   i s  

m o u n t e d   a t   t h e   f r o n t   end  of  t h e   r o t a t i n g   s h a f t   43  i s  

d r i v i n g l y   c o u p l e d   t h r o u g h   a  t i m i n g   b e l t   45  to  a  t i m i n g  

p u l l e y   46  m o u n t e d   on  a  s c r o l l   cam  s h a f t ,   t h e   b e l t   45  

b e i n g   e x t e n d e d   t h r o u g h   t h e   arm  1 0 .  

The  s w i n g a b l e   arm  12  w h i c h   s u p p o r t s   t h e  

a u x i l i a r y   w i n d i n g   s p o o l   13  i s   h o l l o w   and  has   i t s   u p p e r  

end  s e c u r e l y   j o i n e d   to   t h e   f r o n t   end  of  a  h o l l o w   s h a f t  

47  so  t h a t   as  t h e   l a t t e r   i s   r o t a t e d ,   t he   f o r m e r   i s  

c a u s e d   to   s w i n g .   A  r o t a t i n g   s h a f t   48  i s   e x t e n d e d   t h r o u g h  

t h e   h o l l o w   s h a f t   47  and  t h e   t i m i n g   p u l l e y   39  i s   a t t a c h e d  

to   t he   r e a r   end  of  t h e   s h a f t   48.  A  t i m i n g   p u l l e y   49 

i s   a t t a c h e d   to  t h e   f r o n t   end  of  t h e   s h a f t   48  and  i s  

d r i v i n g l y   c o u p l e d   t h r o u g h   a  t i m i n g   b e l t   50  to   a  t i m i n g  

p u l l e y   51  c a r r i e d   by  a  s p i n d l e   of  t he   a u x i l i a r y   w i n d i n g  

s p o o l   13,  t h e   t i m i n g   b e l t   50  b e i n g   e x t e n d e d   t h r o u g h  

t h e   arm  1 2 .  

As  b e s t   shown  in  F i g .   2,  t he   t u r r e r   9  i s  

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

c y l i n d e r   53  w h i c h   in   t u r n   i s   m o u n t e d   on  t h e   b o t t o m  

of  t h e   ma in   body   7  w i t h   a  b r a c k e t   52.  A  p i s t o n   r o d   54 



of  t h e   h y d r a u l i c   c y l i n d e r   53  is   c o n n e c t e d   to  t he   l o w e r  

end  of   a  r a c k   55  w h i c h   is   m o u n t e d   f o r   v e r t i c a l   m o v e m e n t  

and  i s   in  mesh  w i t h   a  p i n i o n   56.  An  i n t e r m e d i a t e   g e a r  

57  i s   c a r r i e d   by  t h e   s h a f t   of  t he   p i n i o n   56  f o r   r o t a t i o n  

in  u n i s o n   t h e r e w i t h   and  i s   in  mesh  w i t h   a  g e a r   58 

s e c u r e l y   f i x e d   to  t h e   t u r r e t   9.  T h e r e f o r e   as  t h e   c y l i n d e r  

53  e x t e n d s   or  r e t r a c t s   i t s   p i s t o n   rod   54,   t h e   r a c k   55  

is   c a u s e d   to  move  u p w a r d   or  d o w n w a r d   so  t h a t   t he   t u r r e t  

9  i s   c a u s e d   to  r e c i p r o c a b l y   r o t a t e   t h r o u g h   t h e   p i n i o n   5 6 ,  

i n t e r m e d i a t e   g e a r   57  and  g e a r   58.  At  t h e   top   of  t h e  

s t r o k e   of  t he   p i s t o n   rod   54,  t h e   f i r s t   ma in   w i n d i n g  

s p o o l   8a  i s   b r o u g h t   to   t he   w i n d i n g   p o s i t i o n   shown  i n  

F i g .   1  w h i l e   at   t h e   b o t t o m   of  t he   s t r o k e   t h e   s e c o n d  

m a i n   w i n d i n g   s p o o l   8b  i s   b r o u g h t   to   t h e   w i n d i n g   p o s i t i o n .  

Next  r e f e r r i n g   to  F i g .   4,  t h e   m e c h a n i s m  

w i l l   be  d e s c r i b e d   w h i c h   c a u s e s   t h e   t r a v e r s e   m o t i o n   11  

to  r e t r a c t   as  t he   d i a m e t e r   of  t he   s t r a n d   p a c k a g e   b e i n g  

f o r m e d   a r o u n d   t he   main   w i n d i n g   s p o o l   8  i n c r e a s e s .   A 

v a r i a b l e   m o t o r   59  is   d r i v i n g l y   c o u p l e d   to  a  r e d u c t i o n  

g e a r   62  t h r o u g h   m e s h i n g   g e a r s   60  and  61.  The  r e d u c t i o n  

g e a r   62  is   d i r e c t l y   c o u p l e d   to  an  e l e c t r o m a g n e t i c  

c l u t c h   64  w i t h   an  o u t p u t   s h a f t   65  s u p p o r t e d   by  a  

b e a r i n g   63  and  c a r r y i n g   two  p l a t e   cams  66  and  67.  T h e  

p l a t e   cam  66  e n g a g e s   w i t h   a  cam  f o l l o w e r   or  c y l i n d r i c a l  

r o l l e r   70  r o t a t a b l y   m o u n t e d   at  t he   u p p e r   end  of  a  

r a c k   69  w h i c h   is   v e r t i c a l l y   s l i d a b l y   s u p p o r t e d   by  

b r a c k e t s   68  (See  F i g .   2 ) .   The  r a c k   69  is  in  m e s h  

w i t h   a  s e c t o r   g e a r   71  c a r r i e d   by  t h e   h o l l o w   s h a f t   42 



of   t h e   t r a v e r s e   m o t i o n   so  t h a t   as  t h e   r a c k   69  i s   c a u s e d  

to  move  up  and  down,   t h e   h o l l o w   s h a f t   42  and  h e n c e   t h e  

s w i n g i n g   arm  10  (See   F i g .   1)  a r e   c a u s e d   to  s w i n g .  

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

64  t h e   r o t a t i o n   of  t h e   m o t o r   59  i s   r e d u c e d   by  t h e  

r e d u c t i o n   g e a r   62  a t   a  p r e d e t e r m i n e d   r a t i o   and  t r a n s -  

m i t t e d   to  t h e   p l a t e   cam  66.  As  t h e   p l a t e   cam  66  i s  

r o t a t e d ,   t h e   r a c k   69  i s   c a u s e d   to  move  u p w a r d   so  t h a t  

t h e   s e c t o r   g e a r   71  i s   c a u s e d   to  r o t a t e   in   t h e   c l o c k w i s e  

d i r e c t i o n   in  F i g .   2  and   s u b s e q u e n t l y   t h e   t r a v e r s e   m o t i o n  

11  i s   g r a d u a l l y   moved  away  f rom  t h e   ma in   w i n d i n g   s p o o l  

8.  The  p l a t e   cam  66  i s   d e s i g n e d   to  have   s u c h   a  c am 

p r o f i l e   t h a t   t h e   t r a v e r s e   m o t i o n   11  i s   moved  a w a y  

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

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

w i n d i n g   s p o o l   8 .  

R e f e r r i n g   to   F i g .   2,  a  h y d r a u l i c   c y l i n d e r   7 3  

is   p i v o t e d   to  a  b r a c k e t   72  and  t h e   p i s t o n   r o d   of  t h i s  

c y l i n d e r   73  i s   p i v o t e d   w i t h   a  p i n   74  to  t h e   s e c t o r  

g e a r   71.  When  t h e   s t r a n d   i s   b e i n g   w o u n d ,   t h e   p i s t o n  

rod   i s   f o r c e d   to  be  r e t r a c t e d   so  t h a t   t h e   s e c t o r   g e a r  

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

d i r e c t i o n .   T h i s   t o r q u e ,   w h i c h   i s   w e a k e r   t h a n   the   t o r q u e  

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

g e a r   71  f rom  t he   r a c k   69,   has   d o u b l e   f u n c t i o n s   o f  

c a u s i n g   t h e   p r e s s u r e   r o l l e r   41  to   m a i n t a i n   t h e   c o n t a c t  

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

p r e s s u r e   when  m o v i n g   away  t h e r e f r o m   in  u n i s o n   w i t h  



t he   t r a v e r s e   m o t i o n   11  and  p r e v e n t i n g   t h e   v i b r a t i o n s  

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

41.  In  a d d i t i o n ,   when ,   upon   c o m p l e t e   or  f u l l   w i n d i n g  

of   t he   s t r a n d   p a c k a g e   on  t he   main   w i n d i n g   s p o o l   8 ,  

t h e   e l e c t r o m a g n e t i c   c l u t c h   64  i s   d i s e n g a g e d   so  t h a t  

t h e   u p w a r d   m o v e m e n t   of  t h e   r a c k   69  is   s t o p p e d ,   t h e  

h y d r a u l i c   c y l i n d e r   73  i s   a c t u a t e d   to  e x t e n d   i t s   p i s t o n  

rod   so  t h a t   t he   s e c t o r   g e a r   71  i s   f u r t h e r   r o t a t e d   i n  

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

m o t i o n   11  and  the   p r e s s u r e   r o l l e r   41  a r e   moved  a w a y  

f rom  the   s u r f a c e   of  t h e   s t r a n d   p a c k a g e ,   w h e r e b y   t h e  

c h a n g e   in  p o s i t i o n   b e t w e e n   t h e   ma in   w i n d i n g   s p o o l   8 a  

and  8b  is   p e r m i t t e d .  

R e f e r r i n g   b a c k   to  F i g .   4,  t h e   o t h e r   p l a t e  

cam  67  c o n t r o l s   t h e   s p e e d   of  t h e   v a r i a b l e   m o t o r   15 

w h i c h   d r i v e s   t h e   main  w i n d i n g   s p o o l   8,  t h e   s c r o l l   c am 

of  t he   t r a v e r s e   m o t i o n   11  and  t h e   a u x i l i a r y   w i n d i n g  

s p o o l   13.  In  o r d e r   t h a t   t he   g l a s s   f i l a m e n t s   d r a w n  

f rom  t he   b u s h i n g   1  (See  F i g .   1)  may  have   a  u n i f o r m  

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

q u a l i t i e s   may  be  o b t a i n e d ,   t h e   s t r a n d   w i n d i n g   s p e e d ;  

t h a t   i s ,   the   p e r i p h e r a l   v e l o c i t y   of  t h e   p a c k a g e   on  t h e  

main   w i n d i n g   s p o o l   must   be  m a i n t a i n e d   c o n s t a n t .   As  a  

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

must   be  d e c r e a s e d   in  i n v e r s e   p r o p o r t i o n   to  t he   i n c r e a s e  

in  d i a m e t e r   of  t he   s t r a n d   p a c k a g e .  

The  p l a t e   cam  67  is   made  i n t o   e n g a g e m e n t   w i t h  

a  c y l i n d r i c a l   r o l l e r   or  cam  f o l l o w e r   174  m o u n t e d   a t  



t h e   l e f t   end  of   a  r a c k   173  w h i c h   in  t u r n   is   h o r i z o n t a l l y  

s l i d a b l y   s u p p o r t e d   by  b r a c k e t s   172  and  is   in  m e s h  

w i t h   a  p i n i o n  7 6  s u p p o r t e d   by  a  b r a c k e t   75.  A  g e a r  

77  (See  a l s o   F i g .   2 ) ,   w h i c h   i s   c a r r i e d   by  t h e   s h a f t  

of   t h e   p i n i o n   76  f o r   r o t a t i o n   in  u n i s o n   t h e r e w i t h ,  

i s   in   mesh  w i t h   a  g e a r   80  c a r r i e d   by  a  s h a f t   79  of   a  

p o t e n t i o m e t e r   or  a  d i s p l a c e m e n t   s e n s o r   78  (See   F i g .   5 ) .  

The  g e a r   80  i s   l o a d e d   w i t h   a  b i a s   s p r i n g   ( n o t   s h o w n )  

so  as  to  be  n o r m a l l y   b i a s e d   in  t h e   c o u n t e r c l o c k w i s e  

d i r e c t i o n   so  t h a t   t h e   r a c k   173  i s   n o r m a l l y   i m p a r t e d  

w i t h   t h e   f o r c e   a c t i n g   in   t h e   l e f t   d i r e c t i o n   in  F i g .   4 

and  c o n s e q u e n t l y   t h e   c y l i n d r i c a l   r o l l e r   174  is   p r e s s e d  

a g a i n s t   t h e   p e r i p h e r y   of   t h e   cam  p l a t e   6 7 .  

R e f e r r i n g   a l s o   to   F i g .   5,  t he   r o t a t i o n   of  t h e  

s h a f t   79  of  t h e   p o t e n t i o m e t e r   78  is   c o n v e r t e d   i n t o   a  

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

c o n t r o l   p a n e l   81,   w h e r e b y   t h e   s p e e d   of  t h e   m o t o r   15  

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

67  i s   m o u n t e d   on  the   o u t p u t   s h a f t   65  c o a x i a l l y   w i t h  

t h e   p l a t e   cam  66  in  s u c h   a  way  t h a t   t h e   s t a r t i n g   p o i n t s  

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

cam  p r o f i l e   of  t h e   p l a t e   cam  67  is   so  d e t e r m i n e d   t h a t  

t h e   v o l t a g e   s i g n a l   f r o m   the   p o t e n t i o m e t e r   78  c h a n g e s  

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

of  t he   s t r a n d   p a c k a g e   b e i n g   wound  and  s u b s e q u e n t l y  

t h e   r o t a t i o n a l   s p e e d   of  t h e   m o t o r   15  i s   g r a d u a l l y  

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

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



Next  r e f e r r i n g   back   to  F i g s .   2  and  3,  a n  

a u x i l i a r y   w i n d i n g   s p o o l   t r a n s f e r   d e v i c e   w i l l   be  d e s c r i b e d .  

The  h o l l o w   s h a f t   47  is   e x t e n d e d   t h r o u g h   a  r o t a t a b l e  

c y l i n d r i c a l   h o u s i n g   82  and  k e y e d   w i t h   a  key  83  t o  

t h e   h o u s i n g   82  in  s u c h   a  way  t h a t   t he   s h a f t   47  c a n  

s l i d e   in  t h e   a x i a l   d i r e c t i o n   but   i s   no t   p e r m i t t e d   t o  

r o t a t e .   A  g e a r   84  is   f o r m e d   i n t e g r a l   w i t h   and  c o a x i a l l y  

of  t h e   c y l i n d r i c a l   h o u s i n g   82  and  is   made  i n t o   e n g a g e m e n t  

w i t h   an  i n t e r m e d i a t e   g e a r   88  w h i c h   in   t u r n   is   in  m e s h  

w i t h   a  r a c k   87  w h i c h   i s   v e r t i c a l l y   s l i d a b l e   by  a  

h y d r a u l i c   c y l i n d e r   86  m o u n t e d   w i t h   a  b r a c k e t   8 5 .  

A  r a c k   89  is   f o r m e d   at  t he   r e a r   end  p o r t i o n  

of  t h e   h o l l o w   s h a f t   47  and  is   in  mesh  w i t h   a  p i n i o n   90  

w h i c h   is  m o u n t e d   on  t h e   s h a f t   of  a  m o t o r   ( n o t   s h o w n ) .  

T h e r e f o r e   as  t he   m o t o r   is  d r i v e n ,   t h e   h o l l o w   s h a f t   47 

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

t h e   c y l i n d r i c a l   h o u s i n g   82.  O b v i o u s l y ,   t h e   d i r e c t i o n  

of  t h e   a x i a l   movement   of  t he   h o l l o w   s h a f t   47  is   d e p e n d i n g  

upon  t he   d i r e c t i o n   of   t he   r o t a t i o n   of  t h e   m o t o r .  

As  shown  in  F i g .   1,  when  t h e   main   w i n d i n g  

s p o o l   8a  i s   w i n d i n g   t he   s t r a n d   t h e r e a r o u n d ,   t h e   a u x i l i a r y  

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

r e m o t e   f rom  t h e   ma in   s p o o l   3a.  When  t he   ma in   w i n d i n g  

s p o o l   8a  b e c o m e s   f u l l   and  t h e n   is  r e f r a c t e d   f rom  t h e  

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

the   s e c o n d   main   w i n d i n g   s p o o l   8b  is  b r o u g h t   to  t h e  

w i n d i n g   p o s i t i o n ,   t h e   c y l i n d e r   86  is   a c t u a t e d   to  c a u s e  

t h e   r a c k   87  to  move  u p w a r d   so  as  to  c a u s e   t h e   h o u s i n g   82 



to  r o t a t e   in   t he   c l o c k w i s e   d i r e c t i o n   in  F i g .   2  t h r o u g h  

t h e   i n t e r m e d i a t e   g e a r   88  and  t h e   g e a r   84.  As  a  r e s u l t ,  

t h e   arm  12  s u p p o r t i n g   t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  

is   c a u s e d   to  s w i n g   in  t h e   d i r e c t i o n   a  in  F i g .   1  u n t i l  

t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  b e c o m e s   in   l i n e   w i t h  

t h e   f i r s t   ma in   w i n d i n g   s p o o l   8a.   In  t h i s   p o s i t i o n ,  

f u r t h e r   r o t a t i o n   of  t h e   h o u s i n g   82  i s   p r e v e n t e d   by  t h e  

e n g a g e m e n t   of   i t s   e x t e n s i o n   w i t h   a  s t o p p e r   91  as  b e s t  

shown  in  F i g .   2.  T h e r e a f t e r   t h e   p i n i o n   90  is   r o t a t e d  

in  s u c h   a  d i r e c t i o n   t h a t   t h e   h o l l o w   s h a f t   47  i s   c a u s e d  

to   move  to  t h e   r i g h t   in  F i g .   3  and  c o n s e q u e n t l y   t h e   f r e e  

end   of   t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  i s   made  i n t o   e n g a g e -  

ment   w i t h   t h e   m a t i n g   f r e e   end  of   t h e   main   w i n d i n g  

s p o o l   8a .   U n d e r   t h e s e   c o n d i t i o n s ,   as  w i l l   be  d e s c r i b e d  

in   more  d e t a i l ,   t h e   s t r a n d   g u i d e   r o d   14  i s   a c t u a t e d   s o  

t h a t   t h e   s t r a n d   6  i s   t r a n s f e r r e d   f rom  t h e   main   w i n d i n g  

s p o o l   8a  to  t h e   a u x i l i a r y   w i n d i n g   s p o o l   13.  T h e r e a f t e r  

t h e   r o t a t i o n   of  t h e   p i n i o n   90  i s   r e v e r s e d   so  t h a t   t h e  

h o l l o w   s h a f t   47  i s   c a u s e d   to  move  to  t he   l e f t   in   F i g .   3 

t o w a r d   t he   i n i t i a l   p o s i t i o n .   Next   t h e   t u r r e t   9  i s  

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

8b  i s   b r o u g h t   to  t h e   w i n d i n g   p o s i t i o n .   The  p i n i o n   90  

i s   r o t a t e d   a g a i n   so  t h a t   t h e   h o l l o w   c y l i n d e r   47  i s  

a d v a n c e d   and  s u b s e q u e n t l y   t h e   f r e e   end  of  t h e   a u x i l i a r y  

w i n d i n g   s p o o l   13  i s   made  i n t o   e n g a g e m e n t   w i t h   t h a t  

of   t h e   s e c o n d   m a i n   w i n d i n g   s p o o l   8b  w h i c h   is   now  i n  

t h e   w i n d i n g   p o s i t i o n .   Next   t h e   s t r a n d   g u i d e   rod   14  

i s   r e t r a c t e d   so  t h a t   t h e   s t r a n d   6  i s   t r a n s f e r r e d   f r o m  



t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  to  t he   empty   ma in   w i n d i n g  

s p o o l   8b.   T h e r e a f t e r   t he   r o t a t i o n   of  t h e   p i n i o n   90 

i s   r e v e r s e d   a g a i n   so  t h a t   t h e   h o l l o w   s h a f t   47  i s  

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

13  is   d i s c o n n e c t e d   f rom  t h e   main   w i n d i n g   s p o o l   8 b .  

The  p i s t o n   rod   of  t he   h y d r a u l i c   c y l i n d e r   86  i s   a c t u a t e d  

s u c h   t h a t   t h e   r a c k   87  i s   c a u s e d   to  move  d o w n w a r d   a n d  

t h u s   t h e   h o u s i n g   82  is   c a u s e d   to  r o t a t e   in   t h e   c o u n t e r -  

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

s p o o l   13  i s   r e t u r n e d   to  t h e   i n i t i a l   i n o p e r a t i v e   p o s i t i o n  

shown  in  F i g .   1.  When  the   a u x i l i a r y   w i n d i n g   s l e e v e  

13  i s   d i s c o n n e c t e d   f rom  t he   ma in   w i n d i n g   s p o o l s   8a  a n d  

8b,   a  s t r a n d   c u t t e r   is   a c t u a t e d   as  w i l l   be  d e s c r i b e d  

in  d e t a i l   l a t e r .  

Next   r e f e r r i n g   to  F i g .   6,  t h e   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  a  s t r a n d   g u i d e   rod   a c t u a t i n g  

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

t r a n s f e r   m e c h a n i s m   w i l l   be  d e s c r i b e d .   The  s t r a n d   g u i d e  

rod   14  i s   a t t a c h e d   to  t he   f r e e   end  of  t h e   p i s t o n   rod   93 

of  a  h y d r a u l i c   c y l i n d e r   92  and  a r r a n g e d   s u c h   t h a t  

t h e   s t r a n d   g u i d e   rod  14  is  in  the   p o s i t i o n   i n d i c a t e d  

. by  t h e   s t r a i g h t   l i n e   T  when  t he   p i s t o n   rod   93  is   f u l l y  

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

l i n e   U  when  t h e   p i s t o n   rod  93  is  f u l l y   r e t r a c t e d .   I n  

the   p o s i t i o n   T,  t he   s t r a n d   g u i d e   rod   14  is   above   t h e  

a u x i l i a r y   w i n d i n g   s p o o l   13  in  e n g a g e m e n t   w i t h   t h e   m a i n  

w i n d i n g   s p o o l   8.  One  end  of  an  a u x i l i a r y   rod   95  w h i c h  

i s   s u p p o r t e d   by  b r a c k e t s   94  f o r   s l i d a b l e   m o v e m e n t   i n  



p a r a l l e l   w i t h   t h e   p i s t o n   rod   93  i s   a t t a c h e d   to  t h e  

s t r a n d   g u i d e   rod  14  and  a  s t o p p e r   96  i s   a t t a c h e d   t o  

t h e   a u x i l i a r y   rod   95  i n t e r m e d i a t e   a t   i t s   e n d s .   An  a r m  

97  (See   a l s o   F i g .   2 ) ,   w h i c h   i s   e x t e n d e d   r a d i a l l y  

o u t w a r d l y   f rom  the   h o u s i n g   82,  i s   a d a p t e d   to  e n g a g e  

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

of   t h e   s t r a n d   g u i d e   rod   14  b e y o n d   t h e   l i n e   S  t o w a r d  

t h e   l i n e   T  i s   p r e v e n t e d   when  t h e   a u x i l i a r y   w i n d i n g  

s p o o l   13  i s   in   t he   i n i t i a l   i n o p e r a t i v e   p o s i t i o n   s h o w n  

in   F i g .   1 .  

Next   r e f e r r i n g   to   F i g .   7,  t h e   c o n s t r u c t i o n   a n d  

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

w i t h i n   t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  w i l l   be  d e s c r i b e d .  

A  s u p p o r t i n g   r i n g   101  i s   s e c u r e l y   j o i n e d   to  t h e   h o l l o w  

s u p p o r t i n g   arm  12  a d j a c e n t   to  i t s   l o w e r   end  and  a  

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

102  and  103  w h i c h   a r e   m o u n t e d   in   t h e   s u p p o r t i n g   r i n g   1 0 1 .  

The  a u x i l i a r y   w i n d i n g   s p o o l   13  i s   f i t t e d   o v e r   f l a n g e s  

105  and  106  of  t he   r o t a r y   b a r r e l   104 ,   t h e   f l a n g e   1 0 5  

b e i n g   f o r m e d   at   t he   f r o n t   end  ( t h e   r i g h t   end  in   F i g .   7 )  

w h i l e   t h e   f l a n g e   106  i n t e r m e d i a t e   b e t w e e n   t h e   ends   o f  

t h e   r o t a r y   b a r r e l   104.   A  r a d i a l l y   i n w a r d l y   e x t e n d e d  

f l a n g e   107  of  t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  a t   t h e  

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

105  of  t h e   r o t a r y   b a r r e l   104  and  i s   s e c u r e l y   j o i n e d  

t h e r e t o   w i t h   b o l t s   108.   The  t i m i n g   p u l l e y   51,   w h i c h  

is   m o u n t e d   a t   t h e   r e a r   end  ( t h e   l e f t   end  in   F i g .   7 )  

of   t h e   r o t a r y   b a r r e l   104  i s   d r i v i n g l y   c o u p l e d   t h r o u g h  



t h e   t i m i n g   b e l t   50  to  t he   t i m i n g   p u l l e y   49  c a r r i e d   by  t h e  

r o t a t i n g   s h a f t   48  (See  a l s o   F i g .   3 ) .   One  end  ( r e a r   e n d )  

of  a  h o l l o w   s h a f t   109  w h i c h   is  e x t e n d e d   t h r o u g h   t h e  

c e n t e r   b o r e   of  t he   r o t a r y   b a r r e l   104  is   s e c u r e l y  

f i x e d   to  t h e   l o w e r   end  of   t h e   s u p p o r t i n g   arm  12  a n d  

a  c i r c u l a r   r e t a i n i n g   member  111  is   f i t t e d   o v e r   t h e  

o t h e r   end  of  t h e   h o l l o w   s h a f t   109  and  s e c u r e l y   k e y e d  

t h e r e t o   w i t h   a  key  110.   A  d i s k   112  i s   m o u n t e d   on  t h e  

r e t a i n i n g   member  111.   The  t i m i n g   p u l l e y   51  and  t h e  

r o t a r y   b a r r e l   104  a r e   s u p p o r t e d   by  b e a r i n g s   113  and  1 1 4  

m o u n t e d   on  t he   h o l l o w   s h a f t   109  so  as  to  be  r o t a t a b l e  

r e l a t i v e   to  t he   h o l l o w   s h a f t   1 0 9 .  

A  h y d r a u l i c   m o t o r   115  of  t h e   o s c i l l a t i n g   t y p e  

is   m o u n t e d   on  the   s u p p o r t i n g   arm  12  a d j a c e n t   to  i t s  

l o w e r   end  and  the   o u t p u t   s h a f t   of  t he   m o t o r   115  i s  

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

the   h o l l o w   s h a f t   109  c o a x i a l l y   t h e r e o f .   A  c u t t i n g  

b l a d e   118  is   p i v o t e d   w i t h   p i n   117  to  t he   d i s k   112  a n d  

an  o s c i l l a t i n g   arm  119  is   c a r r i e d   by  the   s h a f t   116  a t  

i t s   f r o n t   end  (See  a l s o   F i g s .   8a  and  8 b ) .  

As  shown  in  F i g s .   8a  and  8b,  one  end  of  a  

c o n n e c t i n g   rod  121  i s   p i v o t e d   w i t h   a  p i v o t   p in   120  t o  

t he   f r e e   end  of  t h e   o s c i l l a t i n g   arm  119  w h i l e   t h e  

o t h e r   end  is  p i v o t e d   w i t h  a   p i n   122  to  the   r e a r   e n d  

of  t he   c u t t i n g   b l a d e   1 1 8 .  

F i g .   8a  shows  t h e   c u t t i n g   b l a d e   118  in  i t s  

in  i n o p e r a t i v e   p o s i t i o n .   When  t he   a u x i l i a r y   w i n d i n g  

s p o o l   13  i s   c a u s e d   to  move  to  t h e   l e f t   in  F i g .   7  i n  



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

of   t h e   a u x i l i a r y   s p o o l   13  is  d i s c o n n e c t e d   f rom  t h a t   o f  

t h e   m a i n   s p o o l   8,  t h e   m o t o r   115  i s   e n e r g i z e d   so  as  t o  

c a u s e   t h e   o s c i l l a t i n g   arm  119  to  r o t a t e   in   t h e   c o u n t e r -  

c l o c k w i s e   d i r e c t i o n   in   F i g .   8a.  As  a  r e s u l t ,   t h e  

c u t t i n g   b l a d e   118  i s   c a u s e d   to  r o t a t e   in   t h e   c o u n t e r -  

c l o c k w i s e   d i r e c t i o n   a b o u t   t h e   p i v o t   p i n   117  and  p r o j e c t e d  

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

f r e e   e n d s   of  t h e   ma in   and  a u x i l i a r y   w i n d i n g   s p o o l s   8 

and  13  as  shown  in  F i g .   8b  so  t h a t   t h e   s t r a n d   6  b r i d g i n g  

b e t w e e n   t h e   ma in   and  a u x i l i a r y   w i n d i n g   s p o o l s   8  and  1 3  

i s   cu t   o f f .   The  d i s k   112  i s   f o r m e d   w i t h   a  p a r t i a l l y  

c i r c u l a r   p r o t e c t i v e   f l a n g e   123  w h i c h   e x t e n d s   a x i a l l y  

f o r w a r d l y   ( to   t h e   r i g h t   in  F i g .   7)  f rom  t h e   p e r i p h e r y  

of  t h e   d i s k   112 .   The  p r o t e c t i v e   f l a n g e   123  i s   n o t  

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

f o r   t h e   c u t t i n g   b l a d e   118.   The  c o u n t e r c l o c k w i s e   r o t a t i o n  

of   t h e   c u t t i n g   b l a d e   118  i s   s t o p p e d   when  i t   e n g a g e s  

w i t h   t h e   u p p e r   end  of   t he   p r o t e c t i v e   f l a n g e   123  a s  

shown  in   F i g .   8 b .  

A f t e r   t h e   s t r a n d   6  i s   c u t   o f f ,   t h e   m o t o r   1 1 5  

i s   r e v e r s e d   in   r o t a t i o n   so  t h a t   t h e   o s c i l l a t i n g   arm  1 1 9  

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

b l a d e   118  i s   r e t u r n e d   f rom  t he   p o s i t i o n   shown  in   F i g .   8 a  

to   t h e   i n o p e r a t i v e   i n i t i a l   p o s i t i o n   shown  in   F i g .   8 a .  

R e f e r r i n g   back   to  F i g .   7,  t h e   end  f a c e   of  t h e  

main   w i n d i n g   s p o o l   8  w h i c h   i s   in   o p p o s e d   r e l a t i o n s h i p  

w i t h   t h e   end  f a c e   of  t he   a u x i l i a r y   w i n d i n g   s p o o l   13  



i s   f o r m e d   w i t h   a  c y l i n d r i c a l   r e c e s s   124  w h i c h   i s  

s l i g h t l y   g r e a t e r   in  d i a m e t e r   t h a n   the   f r e e   end  of  t h e  

a u x i l i a r y   w i n d i n g   s p o o l   13  so  t h a t   when  t h e   a u x i l i a r y  

w i n d i n g   s p o o l   13  is   c o n n e c t e d   to  t he   ma in   w i n d i n g   s p o o l  

8,  t h e   f r e e   end  of  t h e   s p o o l   13  is   p r o j e c t e d   i n t o  

t h e   r e c e s s   124  and  i s   s u r r o u n d e d   by  t h e   p e r i p h e r a l  

w a l l   8'  t h e r e o f .   T h i s   a r r a n g e m e n t   i s   v e r y   e f f e c t i v e  

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

and  a u x i l i a r y   w i n d i n g   s p o o l s   8  a n d   13  as  w i l l   b e  

d e s c r i b e d   in  d e t a i l   l a t e r .  

Next  t he   mode  of   o p e r a t i o n   of   t h e   c o n t i n u o u s  

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

t i o n   w i l l   be  d e s c r i b e d   in  more  d e t a i l   b e l o w .   P r i o r  

to   t h e   s t r a n d   w i n d i n g ,   t he   p i s t o n   rod  54  of  t he   h y d r a u l i c  

c y l i n d e r   53  is  f u l l y   e x t e n d e d   as  shown  in  F i g .   2  a n d  

c o n s e q u e n t l y   t he   f i r s t   main   w i n d i n g   s p o o l   8a  on  t h e  

t u r r e t   9  is   in  t he   w i n d i n g   p o s i t i o n   shown  in  F i g .   1 .  

The  p i s t o n   rod  of  t h e   c y l i n d e r   73  i s   a l s o   f u l l y   e x t e n d e d  

so  t h a t   t h e   t r a v e r s e   m o t i o n   11  i s   moved  away  f rom  t h e  

main   w i n d i n g   s p o o l   8a.  The  a u x i l i a r y   w i n d i n g   s p o o l   13  

is   in  t h e   i n o p e r a t i v e   p o s i t i o n   shown  in  F i g .   1.  U n d e r  

t h e s e   c o n d i t i o n s ,   f i r s t   t he   h y d r a u l i c   c y l i n d e r   92 

is   a c t u a t e d   to  a d v a n c e   the   s t r a n d   g u i d e   rod   14  ( S e e  

F i g .   6 ) .   B e c a u s e   t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  

is   in  t h e   i n o p e r a t i v e   p o s i t i o n ,   the   s t o p p e r   96  c a r r i e d  

by  t h e   a u x i l i a r y   rod  95  e n g a g e s   w i t h   t h e   arm  97  ( S e e  

a l s o   F i g .   2)  of  t h e   h o u s i n g   82  so  t h a t   t h e   s t r a n d  

g u i d e   14  is  s t o p p e d   at  t h e   l i n e   S .  



The  g l a s s   f i l a m e n t s   f rom  2000  to   4000  i n  

n u m b e r   d r a w n   f rom  t h e   b u s h i n g   1  a r e   a p p l i e d   w i t h  

l u b r i c a n t   by  t h e   r o l l e r   s i z e r   4  and  g a t h e r e d   by  t h e  

g a t h e r i n g   r o l l e r   5  i n t o   a  s t r a n d   6.  An  o p e r a t o r   b r i n g s  

t h e   s t r a n d   6  p a s t   t h e   f r o n t   s i d e   of  t h e   s t r a n d   g u i d e  

rod   14  t o w a r d   the   main   w i n d i n g   s p o o l   8a  and  w i n d s   i t  

a r o u n d   t h e   f r o n t   end  p o r t i o n   8a '   t h e r e o f .   T h e r e a f t e r  

t he   m o t o r   15  i s   e n e r g i z e d   and  t h e   d o u b l e - a c t i o n   e l e c t r o -  

m a g n e t i c   c l u t c h   18  i s   so  a c t u a t e d   t h a t   t h e   t i m i n g   p u l l e y  

21  i s   r o t a t e d   and  t h e   m a i n   w i n d i n g   s p o o l   8a  i s   s p i n n e d  

(See  F i g .   3 ) .   The  a x i a l   p o s i t i o n   of   t h e   ma in   w i n d i n g  

s p o o l   8a  i s   so  d e t e r m i n e d   t h a t   t h e   s t r a n d   6  l e a v i n g  

f rom  t h e   g a t h e r i n g   r o l l e r   8  i s   n a t u r a l l y   f o r c e d   t o  

move  t o w a r d   t he   c e n t e r   of   t h e   ma in   w i n d i n g   s p o o l   8a  b y  

t h e  t e n s i o n   of  t h e  s t r a n d   6,  bu t   a t   t h e   s t a r t   t he   p a t h  

of  t h e   s t r a n d   6  i s   so  r e s t r a i n e d   by  the   s t r a n d   g u i d e   r o d  

14  at   t h e   p o s i t i o n   S  t h a t   t h e   s t r a n d   6  i s   wound  a r o u n d  

the   f r o n t   end  p o r t i o n   8a '   o n l y   u n t i l   t h e   s t r a n d   6  h a v i n g  

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

s p e e d   o f   t h e   m o t o r   15  r e a c h e s   a  p r e d e t e r m i n e d   s p e e d .  

When  t h e   m o t o r   15  is   e n e r g i z e d ,   t h e   m o t o r   59  f o r   d i s -  

p l a c i n g   t h e   t r a v e r s e   m o t i o n   11  ( S e e   4)  i s   a l s o   e n e r g i s e d ,  

but   t h e   e l e c t r o m a g n e t i c   c l u t c h   64  i s   k e p t   d i s c o n n e c t e d  

so  t h a t   t h e   p l a t e   cams  66  and  67  a re   s t a t i o n a r y .  

A f t e r   t he   c o n d i t i o n   u n d e r   w h i c h   t h e   s t r a n d  

6  is   wound  in  t he   p r e d e t e r m i n e d   d i a m e t e r   has   b e e n  

o b t a i n e d ,   t he   p i s t o n   rod   93  of  t h e   h y d r a u l i c   c y l i n d e r  

92  i s   r e t r a c t e d   so  t h a t   t h e   s t r a n d   g u i d e   rod  14  i s  



r e t r a c t e d   to  t h e   p o s i t i o n   U.  Then ,   u n d e r   i t s   own 

t e n s i o n   t h e   s t r a n d   6  moves  t o w a r d   the   c e n t e r   of   t h e  

main  w i n d i n g   s p o o l   8a .   I m m e d i a t e l y   b e f o r e   t he   s t r a n d  

g u i d e   rod  14  i s   r e t r a c t e d ,   t he   d o u b l e - a c t i o n   e l e c t r o -  

m a g n e t i c   c l u t c h   31  i s   so  a c t u a t e d   t h a t   t h e   t i m i n g  

p u l l e y   34  i s   r o t a t e d   and  c o n s e q u e n t l y   t he   s c r o l l  

cam  of  t he   t r a v e r s e   m o t i o n   11  is   r o t a t e d ,   w h e r e b y   t h e  

s t r a n d   g u i d e   40  s t a r t s   i t s   s t r a i g h t   r e c i p r o c a t i n g  

m o v e m e n t s .  

Next  t he   p i s t o n   rod   of  the   h y d r a u l i c   c y l i n d e r  

73  i s   r e t r a c t e d   so  t h a t   t h e   s e c t o r   g e a r   71  is   c a u s e d  

to  r o t a t e   in  t h e   c o u n t e r c l o c k w i s e   d i r e c t i o n   in  F i g .   2 ,  

w h e r e b y   t h e   t r a v e r s e   m o t i o n   11  is   c a u s e d   to  move  t o w a r d  

the   main  w i n d i n g   s p o o l   3a  a n d  t h e   p r e s s u r e   r o l l e r   41 

on  the   t r a v e r s e   m o t i o n   11  is   made  i n t o   c o n t a c t   w i t h  

the   s u r f a c e   of  t h e   main   w i n d i n g   s p o o l   8a.  I m m e d i a t e l y  

b e f o r e   t he   p r e s s u r e   r o l l e r   41  is   made  i n t o   c o n t a c t   w i t h  

the   main   w i n d i n g   s p o o l   8a ,   t he   s t r a n d   g u i d e   40  c a t c h e s  

the   s t r a n d   6  w h i c h   is   b e i n g   wound  a r o u n d   t h e   c e n t e r  

p o r t i o n   of  t he   main   w i n d i n g   s p o o l   8a,   w h e r e b y   t h e   s t r a n d  

6  i s   t r a v e r s e d .  

At  t he   i n s t a n t   when  the  p r e s s u r e   r o l l e r   41 

is  b r o u g h t   i n t o   c o n t a c t   w i t h   t he   main  w i n d i n g   s p o o l   8 a ,  

the   e l e c t r o m a g n e t i c   c l u t c h   64  is  e n e r g i s e d   so  t h a t   t h e  

p l a t e   cams  66  and  67  a re   r o t a t e d .   Upon  r o t a t i o n   o f  

the   p l a t e   cam  66,  t he   r a c k   69  is   c a u s e d   to  move  u p w a r d  

so  t h a t   t he   s e c t o r   g e a r   71,  w h i c h   is  in  mesh  w i t h   t h e  

r a c k   69,  i s   c a u s e d   to  r o t a t e   in   t h e   c l o c k w i s e   d i r e c t i o n  



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

c y l i n d e r   73  and  t e n d s   to   r o t a t e   t h e   s e c t o r   g e a r   71  i n  

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

t r a v e r s e   m o t i o n   11  i s   c a u s e d   to  move  away  f rom  t h e  

ma in   w i n d i n g   s p o o l   8a.   As  a l r e a d y   d e s c r i b e d ,   t h e   p l a t e  

cam  66  has  s u c h   a  cam  p r o f i l e   t h a t   t h e   r e t r a c t i n g  

s p e e d   of  t he   t r a v e r s e   m o t i o n   11  c o r r e s p o n d s   to   t h e  

r a t e   at  w h i c h   t h e   s t r a n d   p a c k a g e   i s   i n c r e a s e d   i n  

d i a m e t e r .   As  a  r e s u l t ,   t h e   t r a v e r s e   m o t i o n   11  i s  

a l w a y s   m a i n t a i n e d   in  p r e d e t e r m i n e d   s p a c e d   a p a r t   r e l a t i o n -  

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

t h e   w i n d i n g .   In  a d d i t i o n ,   b e c a u s e   of   t he   t o r q u e  

p r o v i d e d   by  t h e   h y d r a u l i c   c y l i n d e r   73,   t h e   t r a v e r s e  

m o t i o n   11  i s   u r g e d   t o w a r d   t h e   ma in   w i n d i n g   s p o o l   8 a  

so  t h a t   t h e   p r e s s u r e   r o l l e r   41  i s   p r e s s e d   a g a i n s t  

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

p r e s s u r e   w h i l e   t h e   p r e s s u r e   r o l l e r   41  b e i n g   r e t r a c t e d  

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

As  d e s c r i b e d ,   t h e   p l a t e   cam  67,  w h i c h   r o t a t e s  

in  u n i s o n   w i t h   t h e   cam  66,  c o n t r o l s   t h e   m o t o r   15  s o  

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

main   w i n d i n g   s p o o l   8a  in  i n v e r s e   p r o p o r t i o n   to  t h e  

i n c r e a s e   in   d i a m e t e r   of  t h e   s t r a n d   p a c k a g e   b e i n g  

wound  so  t h a t   t he   w i n d i n g   s p e e d   or   t he   s u r f a c e   v e l o c i t y  

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

Thus  t h e   s t r a n d   i s   wound  u n d e r   a  c o n s t a n t   t e n s i o n  

r e g a r d l e s s   of  the   i n c r e a s e   in  d i a m e t e r   of   the   s t r a n d  

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



p r e s s e d   a g a i n s t   t h e   s u r f a c e   of  the   s t r a n d   p a c k a g e  

b e i n g   wound  u n d e r   a  p r e d e t e r m i n e d   p r e s s u r e   so  t h a t  

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

o b t a i n e d .  

When  t he   d i a m e t e r   of  t he   s t r a n d   p a c k a g e   o n  

t h e   main  w i n d i n g   s p o o l   8a  r e a c h e s   a  p r e d e t e r m i n e d  

v a l u e ,   t h e   e l e c t r o m a g n e t i c   c l u t c h e s   18  and  31  a re   s o  

e n e r g i z e d   t h a t   t he   t i m i n g   p u l l e y s   22  and  35  a re   r o t a t e d  

so  as  to  r o t a t e   t h e   e m p t y   main  w i n d i n g   s p o o l   8b  a n d  

t he   a u x i l i a r y   w i n d i n g   s p o o l   13.  S i m u l t a n e o u s l y ,   t h e  

h y d r a u l i c   c y l i n d e r   86  i s   so  a c t u a t e d   as  to   r a i s e   t h e  

r a c k   87  so  t h a t   t he   a u x i l i a r y   w i n d i n g   s p o o l - h o u s i n g  

82  is  c a u s e d   to  r o t a t e   in  t h e   c l o c k w i s e   d i r e c t i o n   i n  

F i g .   2  t h r o u g h   t he   g e a r s   88  and  84.  As  a  r e s u l t ,   t h e  

a u x i l i a r y   w i n d i n g   s p o o l   13  i s   c a u s e d   to  s w i n g   to  t h e  

o p e r a t i v e   p o s i t i o n   at  w h i c h   the   s p o o l   13  is   in  l i n e  

w i t h   t he   main   w i n d i n g   s l e e v e   8a  and  is   a x i a l l y   s p a c e d  

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

T h e r e a f t e r   t h e   p i n i o n   90  (See  F i g .   3)  i s   c a u s e d   t o  

r o t a t e   in  t he   c l o c k w i s e   d i r e c t i o n   so  t h a t   the   h o l l o w  

s h a f t   47  i s   c a u s e d   to  move  to  t he   r i g h t   and  the   f r e e  

end  of  the   a u x i l i a r y   w i n d i n g   s p o o l   13  is   f i t t e d   i n t o  

t he   r e c e s s   124  at  t he   f r e e   end  8a '   of  t he   main  w i n d i n g  

s p o o l   8a  as  shown  i n  F i g .   7.  When  t he   a u x i l i a r y  

w i n d i n g   s p o o l   13  i s   c o u p l e d   to  the   main  w i n d i n g   s p o o l  

8a  w i t h   a  f u l l y   wound  s t r a n d   p a c k a g e ,   t he   e l e c t r o m a g n e t i c  

c l u t c h   64  is   d e - e n e r g i z e d   so  t h a t   t he   r o t a t i o n s   of  t h e  

p l a t e   cams  66  and  67  a r e   s t o p p e d   and  s u b s e q u e n t l y   t h e  



h y d r a u l i c   c y l i n d e r   73  (See   F i g .   2)  i s   so  a c t u a t e d   a s  

to  e x t e n d   i t s   p i s t o n   rod   so  t h a t   t h e   h o l l o w   s h a f t   42  

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

t h e   s e c t o r   g e a r   71  and  as  a  r e s u l t   t h e   t r a v e r s e   m o t i o n  

11  and  the   p r e s s u r e   r o l l e r   41  a r e   c a u s e d   to  move  a w a y  

f rom  t h e   f u l l y   wound  s t r a n d   p a c k a g e ,   t h e r e b y   r e l e a s i n g  

t h e   s t r a n d   6  f rom  t h e   s t r a n d   g u i d e   40.  The  r o t a t i o n  

in   t h e   c l o c k w i s e   d i r e c t i o n   of   t h e   s e c t o r   g e a r   71  c a u s e s  

t h e   r a c k   69  to  r i s e   so  t h a t   t h e   c y l i n d r i c a l   r o l l e r   7 0  

i s   moved  away  f rom  t h e   cam  p l a t e   66.  As  a  r e s u l t ,   t h e  

cam  p l a t e   66  i s   r e t u r n e d   to   i t s   i n i t i a l   p o s i t i o n   u n d e r  

t h e   f o r c e   of  a  b i a s   s p r i n g   ( n o t   s h o w n ) .  

Next  t h e   h y d r a u l i c   c y l i n d e r   92  (See  F i g .   6 )  

i s   a c t u a t e d   to  a d v a n c e   t h e   s t r a n d   g u i d e   rod   14.  A t  

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

in   l i n e   w i t h   t h e   main   w i n d i n g   s p o o l   8a ,   t h e   arm  97  o f  

t h e   h o u s i n g   82  is   r e t r a c t e d   away  f rom  t h e   p a t h   of  t h e  

s t o p p e r   96  c a r r i e d   by  t h e   a u x i l i a r y   rod   95  w h i c h   i s  

a d v a n c e d   in  u n i s o n   w i t h   t h e   s t r a n d   g u i d e   rod   14  so  t h a t  

t h e   s t r a n d   g u i d e   rod   14  i s   a d v a n c e d   to  t he   p o s i t i o n  

T.  A c c o r d i n g l y ,   t h e   s t r a n d   6  w h i c h   i s   b e i n g   w o u n d  

a r o u n d   t he   c e n t e r   p o r t i o n   of   t h e   ma in   w i n d i n g   s p o o l   8 a  

is   t r a n s f e r r e d   o v e r   t h e   f r o n t   p o r t i o n   8a '   t h e r e o f   t o  

t h e   a u x i l i a r y   w i n d i n g   s p o o l  1 3   w h i c h   i s   r o t a t i n g   a t  

t h e   same  s p e e d   as  t h e   m a i n   w i n d i n g   s p o o l   8a.  In  t h i s  

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

t h e   s t r a n d   g u i d e   rod  14  p u s h e s   t h e   s t r a n d   6,  t h e   h i g h e r  

t h e   t e n s i o n   of  t he   s t r a n d   b e c o m e s   so  t h a t   i t   may  h a v e  



a  t e n d e n c y   of   b e i n g   more  e a s i l y   cut   o f f .   But  the   v e r y  

s m o o t h   t r a n s f e r   of  t he   s t r a n d   6  f rom  t he   main  w i n d i n g  

s p o o l   8a  to  t he   a u x i l i a r y   w i n d i n g   s p o o l   13  i s   e n s u r e d  

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

f r e e   end  p o r t i o n   8a '   of  t h e   ma in   w i n d i n g   s p o o l   8 a  

so  t h a t   t he   b r e a k a g e   of  t he   s t r a n d   6  d u r i n g   t he   t r a n s f e r  

can  be  a v o i d e d .   I f   t he   a u x i l i a r y   w i n d i n g   s p o o l   13  

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

8a,   t h e   s t r a n d   6  w o u l d   have   to  p a s s   p a s t   a  s t e p   b e t w e e n  

them  so  t h a t   an  e x c e s s i v e   t e n s i o n   w o u l d   be  i n d u c e d  

in  t he   s t r a n d   6  w i t h   t h e   r e s u l t a n t   b r e a k a g e .  

A f t e r   t he   s t r a n d   6  has   b e e n   t r a n s f e r r e d   o n t o  

t he   a u x i l i a r y   w i n d i n g   s p o o l   13,   t h e   p i n i o n   90  (See   F i g .   3 )  

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

so  t h a t   t he   a u x i l i a r y   w i n d i n g   s p o o l   13  is  d i s c o n n e c t e d  

f rom  the   main   w i n d i n g   s p o o l   3a.   C o n c u r r e n t l y ,   t h e  

m o t o r   115  (See  F i g .   7)  i s   e n e r g i z e d   so  t h a t   t he   c u t t i n g  

b l a d e   118  is   swung  r a d i a l l y   o u t w a r d l y   t h r o u g h   t h e   s p a c e  

b e t w e e n   t h e   a u x i l i a r y   and  main  w i n d i n g   s p o o l s   13  a n d  

8a,   t h e r e b y   c u t t i n g   o f f   t he   s t r a n d   6  b r i d g i n g   b e t w e e n  

them.   T h e r e a f t e r   t h e   m o t o r   115  i s   r e v e r s e d   in  r o t a t i o n  

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

p o s i t i o n   shown  in  F i g .   8a.  T h i s   s t r a n d   c u t t i n g   o p e r a t i o n  

is   a l m o s t   i n s t a n t l y   a c c o m p l i s h e d .  

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

o p e r a t i o n ,   t h e   e l e c t r o m a g n e t i c   c l u t c h   18  is  so  a c t u a t e d  

as  to  d i s c o n n e c t   t h e   t i m i n g   p u l l e y   21.  S i m u l t a n e o u s l y ,  

a  b r a k e   pad  98a  (See  F i g .   2)  i s   p r e s s e d   a g a i n s t   a  b r a k e  



d i s k   99a  (See  a l s o   F i g .   2)  m o u n t e d   on  t h e   s p i n d l e  

25  of  t h e   m a i n   w i n d i n g   s p o o l   8a,   w h e r e b y   t h e   l a t t e r  

i s   s t o p p e d .  

Next   t h e   h y d r a u l i c   c y l i n d e r   53  (See   F i g s .   2 

and  3)  i s   r e t r a c t e d   so  t h a t   t h e   r a c k   53  i s   l o w e r e d   a n d  

t he   t u r r e t   9  i s   c a u s e d   to  r o t a t e   in  t h e   c l o c k w i s e  

d i r e c t i o n   in   F i g .   2  so  t h a t   t h e   empty   ma in   w i n d i n g  

s p o o l   8b  i s   b r o u g h t   to  t h e   w i n d i n g   p o s i t i o n   and   a l i g n e d  

w i t h   t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  w h i c h   i s   now  w i n d i n g  

t h e   s t r a n d   6.  T h e r e a f t e r   t h e   a u x i l i a r y   w i n d i n g   s l e e v e  

13  i s   moved  t o w a r d   and  e n g a g e d   w i t h   t h e   e m p t y   m a i n  

w i n d i n g   s p o o l   8b  in  a  m a n n e r   s i m i l a r   to  t h a t   of  t h e  

e n g a g e m e n t   b e t w e e n   t h e   main   w i n d i n g   s p o o l   8a  and  t h e  

a u x i l i a r y   w i n d i n g   s p o o l   13  as  d e s c r i b e d .   The  s t r a n d  

g u i d e   rod   14  i s   t h e n   r e t r a c t e d   f rom  t h e   p o s i t i o n   T 

to  t h e   p o s i t i o n   U  (See  F i g .   6)  so  t h a t   t he   s t r a n d   6 

w h i c h   has   b e e n   b e i n g   wound  a r o u n d   t h e   a u x i l i a r y   w i n d i n g  

s p o o l   13  i s   now  a u t o m a t i c a l l y   t r a n s f e r r e d   t o w a r d   t h e  

c e n t e r   of   t h e   main   a u x i l i a r y   w i n d i n g   s p o o l   8b  u n d e r  

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

t h e   s t r a n d   6  f rom  t he   a u x i l i a r y   w i n d i n g   s p o o l   13  t o  

t h e   e m p t y   ma in   w i n d i n g   s p o o l   8b  is   s m o o t h l y   c a r r i e d   o u t  

b e c a u s e   t h e   u p h i l l   s t e p   f rom  t h e   s p o o l   13  to  t h e   s p o o l  

8b  i s   a l m o s t   e l i m i n a t e d   by  t he   i n c r e a s e   in   a p p a r e n t  

d i a m e t e r   of  t he   a u x i l i a r y   w i n d i n g   s p o o l   13  by  w i n d i n g  

of  t h e   s t r a n d   6  d u r i n g   e x c h a n g i n g   in  p o s i t i o n   b e t w e e n  

t h e   m a i n   w i n d i n g   s p o o l s   8a  and  8b  and  b e c a u s e   e v e n  

when  t h e r e   r e m a i n s   some  u p h i l l   s t e p ,   t he   t r a n s f e r   o f  



t he   s t r a n d   f rom  the   s p o o l   13  to  t h e   s p o o l   8b  i s   i n  

t h e   d i r e c t i o n   in  w h i c h   t h e   t e n s i o n   of  t he   s t r a n d   6  i s  

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

A f t e r   t he   s t r a n d   6  has  been   t r a n s f e r r e d  

f rom  t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  to  t he   main   w i n d i n g  

s p o o l   8b,  t h e   t r a v e r s e   m o t i o n   11  i s   a d v a n c e d   a g a i n  

f rom  i t s   r e t r a c t e d   p o s i t i o n   t o w a r d   t h e   main   w i n d i n g  

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

s t r a n d   g u i d e   40,  w h i c h   is   m a k i n g   t h e   r e c t i l i n e a r  

r e c i p r o c a t i n g   m o v e m e n t s ,   c a t c h e s   t he   s t r a n d   6  a g a i n ,  

w h e r e b y   the   s t r a n d   6  i s   t r a v e r s e d   w h i l e   b e i n g   w o u n d  

a r o u n d   the   main   w i n d i n g   s p o o l   8b.  The  p r e s s u r e   r o l l e r  

41  is  p r e s s e d   a g a i n s t   t h e   s u r f a c e   of  t he   p a c k a g e   b e i n g  

f o r m e d   on  t he   main  w i n d i n g   s p o o l   8b.  The  c l u t c h   64 

(See  F i g .   4)  i s   e n e r g i z e d   a g a i n   so  t h a t   t h e   r e t r a c t i n g  

m o v e m e n t s   of  the   t r a v e r s e   m o t i o n   11  and  t h e   p r e s s u r e  

r o l l e r   41  a re   c o n t r o l l e d   by  t he   p l a t e   cam  66  w h i l e   t h e  

w i n d i n g   s p e e d   of  t h e  s t r a n d   6;  t h a t   i s ,   t he   p e r i p h e r a l  

s p e e d   of  t h e   p a c k a g e   on  t h e   main  w i n d i n g   s p o o l   8b  i s  

c o n t r o l l e d   by  t he   p l a t e   cam  67  in  t h e   m a n n e r   d e s c r i b e d .  

A f t e r   t he   w i n d i n g   of  t h e   s t r a n d   6  a r o u n d   t h e  

m a i n   w i n d i n g   s p o o l   8b  has   been   s t a r t e d   in  t he   m a n n e r  

d e s c r i b e d   a b o v e ,   t he   a u x i l i a r y   w i n d i n g   s p o o l   13  i s  

a x i a l l y   moved  away  f rom  t he   s p o o l   8b  and  a l m o s t   c o n -  

c u r r e n t l y   t he   c u t t i n g   b l a d e   118  is   a c t u a t e d   a g a i n ,  

t h e r e b y   c u t t i n g   o f f   t h e   s t r a n d   6  b r i d g i n g   b e t w e e n   t h e  

s p o o l   13  and  the   s p o o l   8 b .  

Next  t he   h y d r a u l i c   c y l i n d e r   86  (See  F i g .   2 )  



i s   a c t u a t e d   so  as  to  l o w e r   t h e   r a c k   87,   t h e r e b y   c a u s i n g  

t h e   h o u s i n g   82  to   r o t a t e   in  t h e   c o u n t e r c l o c k w i s e  

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

13  i s   swung  b a c k   to  i t s   i n i t i a l   p o s i t i o n   shown  i n  

F i g .   1.  Next   t h e   e l e c t r o m a g n e t i c   c l u t c h   31  i s   s o  

a c t u a t e d   as  to  d i s c o n n e c t   t h e   t i m i n g   p u l l e y   35,  t h e r e b y  

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

13.  The  o p e r a t o r   t a k e s   o f f   t h e   s t r a n d   p a c k a g e   f r o m  

t h e   m a i n   w i n d i n g   s p o o l   8a  and  r e m o v e s   t h e   w a s t e   s t r a n d  

wound  a r o u n d   t h e   a u x i l i a r y   w i n d i n g   s p o o l   13  so  as  t o  

be  r e a d y   f o r   t h e   n e x t   e x c h a n g i n g   o p e r a t i o n   of   m a i n  

w i n d i n g   s p o o l s .  

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

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

b e t w e e n   t h e   main   w i n d i n g   s p o o l s   8a  and  8b,  t h e   s t r a n d  

6  can   be  wound  a r o u n d   the   a u x i l i a r y   w i n d i n g   s p o o l   13  

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

w i n d i n g   i s   c a r r i e d   ou t   a t   t h e   same  p o s i t i o n .   As  a  

r e s u l t ,   d u r i n g   t h e   w i n d i n g   of  t h e   s t r a n d   6  a r o u n d   t h e  

m a i n   or   a u x i l i a r y   w i n d i n g   s p o o l   8  or  13,   t h e   p a t h  

of  t r a v e l   of  t he   s t r a n d   6  as  w e l l   as  t h e   w i n d i n g   t e n s i o n  

can  be  m a i n t a i n e d   s u b s t a n t i a l l y   c o n s t a n t .   I t   f o l l o w s  

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

can   be  o b t a i n e d   when  t he   p r e s e n t   i n v e n t i o n   i s   a p p l i e d  

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

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

d i a m e t e r ,   w h i c h   i s   s e n s i t i v e   to   v a r i a t i o n s   in  s t r a n d  

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



of  g l a s s   f i l a m e n t s   and  d e g r a d a t i o n   in  q u a l i t y   o f  

s t r a n d   p a c k a g e s .  

The  a u x i l i a r y   w i n d i n g   s p o o l   13  is  h e l d   i n  

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

p o s i t i o n   d u r i n g   t h e   t ime   when  t h e   s t r a n d   is   b e i n g   w o u n d  

to  be  f o r m e d   i n t o   a  p a c k a g e   a r o u n d   t he   main  w i n d i n g  

s p o o l   8a  or  8b,  so  t h a t   an  o p e r a t o r   can  be  e a s y   o f  

a c c e s s   to  t h e   main  w i n d i n g   s p o o l   8a  or  8b  in  t h e  

w i n d i n g   p o s i t i o n   when  t h e   s t r a n d   6  i s   b r o k e n   or  w h e n  

the   l u b r i c a n t   is   s o l i d i f i e d   on  t he   s t r a n d .  

In  a d d i t i o n ,   w h e n e v e r   t h e   a u x i l i a r y   w i n d i n g  

s p o o l   13  is  d i s c o n n e c t e d   f r o m   t h e   main   w i n d i n g   s p o o l  

8a  or  8b,  t he   s t r a n d   6  i s   cu t   o f f   by  t h e   c u t t i n g   b l a d e  

118  so  t h a t   t he   f o r m a t i o n   of   f u z z   at  t h e   cut   ends   c a n  

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

due  to  t he   p r e s e n c e   of  f u z z   can  be  p r e v e n t e d .  

I t   is  to  be  u n d e r s t o o d   t h a t   t he   p r e s e n t  

i n v e n t i o n   is  no t   l i m i t e d   to  t h e   p r e f e r r e d   e m b o d i m e n t  

d e s c r i b e d   above   and  t h a t   v a r i o u s   m o d i f i c a t i o n s   can  b e  

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

p r e s e n t   i n v e n t i o n .   For   i n s t a n c e ,   i n s t e a d   of  two  m a i n  

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

on  the   t u r r e t   9  w h i c h   in  t u r n ,  i n s t e a d   of  b e i n g   r e c i p r o -  

c a t e d ,   is   r o t a t e d   in  one  d i r e c t i o n   so  t h a t   the   w i n d i n g  

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

p o s i t i o n .   A l t e r n a t i v e l y ,   two  w i n d i n g   s p o o l s   can  b e  

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

m o v e m e n t s .  



1.  A  d e v i c e   f o r   c o n t i n u o u s l y   w i n d i n g   a  c o n t i n u o u s  

e l o n g a t e   e l e m e n t   h a v i n g :  

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

c a r r i e s   a  p l u r a l i t y   of  ma in   w i n d i n g   s p o o l s   and   i s   s o  

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

to  a  w i n d i n g   p o s i t i o n   one  by  o n e ;  

an  a u x i l i a r y   w i n d i n g   s p o o l   whose   f r e e   e n d  

is   a d a p t e d   to   e n g a g e   w i t h   t h e   f r e e   end  of  t h e   m a i n  

w i n d i n g   s p o o l   in   s a i d   w i n d i n g   p o s i t i o n ;  

a  t r a v e r s i n g   means   m o v a b l e   b e t w e e n   a  f i r s t  

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

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

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

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

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

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

d i s t a n c e   at  w h i c h   s a i d   t r a v e r s i n g   means   is   d i s e n g a g e d  

f rom  t h e   e l e m e n t   b e i n g   wound ,   and  a  g u i d e   r o d   m o v a b l e  

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

main   w i n d i n g   s p o o l   in   s a i d   w i n d i n g   p o s i t i o n   b e t w e e n   a  

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

e n g a g e d   w i t h   s a i d   main   w i n d i n g   s p o o l   in  s a i d   w i n d i n g  

p o s i t i o n   and  a  s e c o n d   p o s i t i o n   b e y o n d   t he   end  of  s a i d  

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

f rom  s a i d   f r e e   end  t h e r e o f ;  

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

to  an  i n o p e r a t i v e   p o s i t i o n   s p a c e d   a p a r t   f r o m   t h e   a x i s  



of  s a i d   main   w i n d i n g   s p o o l   in   s a i d   w i n d i n g   p o s i t i o n  

by  a  c o n s i d e r a b l e   d i s t a n c e .  

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

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

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

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

and  has   an  a x i s   of  r o t a t i o n   in  p a r a l l e l   w i t h   t h e   a x e s  

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

as  s a i d   t u r r e t   i s   c a u s e d   to  make  r e c i p r o c a t i n g   r o t a t i o n s ,  

s a i d   two  main   w i n d i n g   s p o o l s   a re   a l t e r n a t e l y   b r o u g h t  

to   s a i d   w i n d i n g   p o s i t i o n .  

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

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

one  i n p u t   s h a f t   and  two  o u t p u t   s h a f t s   is   d i s p o s e d   i n  

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

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

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

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

t he   s p i n d l e s   of  s a i d   two  main   w i n d i n g   s p o o l s ,   r e s p e c t i v e l y .  

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

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

.  one  end  of  a  s u p p o r t i n g   arm  whose  t h e   o t h e r   end  i s  

s e c u r e l y   j o i n e d   to  one  end  of  a  r o t a t i n g   s h a f t   e x t e n d e d  

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

and  a d a p t e d   to  be  d i s p l a c e d   a x i a l l y .  

5.  A  d e v i c e   as  s e t   f o r t h   in  C la im  4,  in  w h i c h :  

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

w i t h   s a i d   g u i d e   rod   and  an  arm  w h i c h   is  r o t a t a b l e   i n  



u n i s o n   w i t h   s a i d   r o t a t i n g   s h a f t   of  s a i d   s u p p o r t i n g  

arm  a re   p r o v i d e d ;  

s a i d   arm  i s   so  p o s i t i o n e d   t h a t   w h e n . s a i d  

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

o p e r a t i v e   p o s i t i o n ,   s a i d   arm  is   b r o u g h t   i n t o   t h e  

p a t h   of  t r a v e l   of  s a i d   s t o p p e r   so  t h a t   when  s a i d  

g u i d e   rod   i s   a d v a n c e d ,   s a i d   arm  i s   made  i n t o   e n g a g e -  

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

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

s a i d   f r e e   end  of  s a i d   m a i n   w i n d i n g   s p o o l   in   s a i d  

w i n d i n g   p o s i t i o n .  

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

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

i s   s m a l l e r   in  d i a m e t e r   t h a n   t h e   f r e e   end  of  e a c h   m a i n  

w i n d i n g   s p o o l ;   a n d  

e a c h   ma in   w i n d i n g   s p o o l   has   a  r e c e s s   w h i c h  

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

f r e e   end  of  s a i d   a u x i l i a r y   w i n d i n g   s p o o l .  

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

s a i d   a u x i l i a r y   w i n d i n g   s p o o l   i s   a d a p t e d   to  move  a x i a l l y  

t o w a r d   or  away  f r o m   s a i d   ma in   w i n d i n g   s p o o l   in  s a i d  

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

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

s a i d   a u x i l i a r y   w i n d i n g   s p o o l   is   moved  away  f r o m   s a i d  

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

c u t t i n g   o f f   t he   e l e m e n t   b r i d g i n g   b e t w e e n   t h e m .  

8.  A  d e v i c e   as  s e t   f o r t h   in  C l a i m   7,  in  w h i c h :  

s a i d   c u t t i n g   means   h a s  



a  s t a t i o n a r y   r e t a i n i n g   member   w h i c h   i s  

d i s p o s e d   a d j a c e n t   to  s a i d   f r e e   end  of  s a i d   a u x i l i a r y  

w i n d i n g   s p o o l   and  upon  wh ich   i s   m o u n t e d   s a i d   c u t t i n g  

b l a d e   in  such   a  way  t h a t   s a i d   c u t t i n g   b l a d e   can  s w i n g  

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

s a i d   a u x i l i a r y   w i n d i n g   s p o o l ;  

an  arm  s w i n g a b l e   a b o u t   s a i d   a x i s   o f   r o t a t i o n  

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

m e m b e r ;   a n d  

a  c o n n e c t i n g   l e v e r   i n t e r c o n n e c t i n g   b e t w e e n   t h e  

r e a r   end  of   s a i d   c u t t i n g   b l a d e   r e m o t e   f rom  i t s   c u t t i n g  

edge   and  t h e   f r e e   end  of  s a i d   a r m .  

9.  A  d e v i c e   as  s e t   f o r t h   in  C l a i m   8,  in  w h i c h :  

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

one  end  of  a  h o l l o w   s t a t i o n a r y   s h a f t   e x t e n d e d   t h r o u g h  

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

s a i d   s w i n g i n g   arm  is  s e c u r e l y   j o i n e d   to  o n e  

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

s t a t i o n a r y   s h a f t   c o a x i a l l y   t h e r e o f ;   a n d  

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

c o n n e c t e d   to  t he   o u t p u t   s h a f t   of  a  m o t o r   m o u n t e d   a d j a c e n t  

to  t h e   o t h e r   end  of  s a i d   h o l l o w   s t a t i o n a r y   s h a f t   f o r  

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