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Method  for  splicing  tows  of  filaments. 
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A  method  for  splicing  the  ends  of  a  pair  of  tows  of  fila- 
ments  to  be  fed  in  succession  through  a  zone  where  tension  is 
applied  to  stretch  the  filaments  in  the  tows,  wherein  a  work-ab- 
sorbing  adhesive  is  applied  to  a  portion  of  the  filaments  in  the 
end  of  one  of  the  tows  and  this  portion  of  the  tow  is  positioned 
in  contact  with  the  other  tow  in  an  overlapping  relationship  to 
form  an  adhesive  bond  between  the  tows.  The  adhesive  is  ap- 
plied  along  a  length  of  the  tow  which  is  a  distance,  in  centime- 
ters,  of  at  least  about  25  times  the  stretch  to  be  applied  to  the 
tows  and  the  tows  are  overlapped  such  that  this  length  of 
adhesive  contacts  both  tows.  The  adhesive  has  work-absorb- 
ing  characteristics  such  that  the  bond  elongates  sufficiently  to 
prevent  breakage  of  the  bond  or  the  filaments  as  the  tows  are 
passed  through  the  stretch  zone  under  sufficient  tension  to 
apply  a  1.6X  stretch  to  acrylic  filaments  having  a  denier  per  fila- 
ment  (dpf)  of  3  and  a  breaking  tenacity  of  about  2.5  grams  per 
denier. 



BACKGROUND  OF THE  INVENTION 

a.  F i e l d   of  t he   I n v e n t i o n  

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

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

b.  D e s c r i p t i o n   of  the   P r i o r   A r t  

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

u s e r s   of  tows   o f  s y n t h e t i c   f i l a m e n t s   is  t h a t   t he   t o w s  

a re   not   of  i n f i n i t e   l e n g t h   but   have   a  l e n g t h   wh ich   i s  

d e t e r m i n e d   by  p r a c t i c a l   c o n s i d e r a t i o n s   such  as  tow  s i z e  

and  t h e   s i z e   of  t he   c a r t o n   in  which   the   tow  is  p a c k a g e d .  

V a r i o u s   m a c h i n e s   a re   u sed   to  p e r f o r m   d i f f e r e n t   o p e r a t i o n s  

on  t o w  a n d ,   when  one  c a r t o n   of  tow  is  e m p t i e d ,   t he   n e x t  

tow  must   u s u a l l y   be  m a n u a l l y   l a c e d   up  t h r o u g h  t h e   m a c h i n e  

by  an  o p e r a t o r .   N o r m a l l . y ,   t he   o p e r a t o r   m e r e l y   t i e s   t h e  

t r a i l i n g   end  of  one  tow  to  t he   l e a d i n g   end  of  a n o t h e r ,  

u s i n g   a  l a r g e   kno t   which   must   be  cut   out   w h e n  i t   r e a c h e s  

t h e   m a c h i n e   p r o c e s s i n g   the   t ow.   T h i s   b r i n g s   t he   n e x t   t o w  

up  to  t he   m a c h i n e ,   bu t   i t   m u s t  s t i l l   be  m a n u a l l y   l a c e d   u p  

t h r o u g h   t he   m a c h i n e .   T h i s   t a k e s   t i m e   and  t he   use  of  t h e  

kno t   w a s t e s   p r o d u c t .   T h i s   manua l   l a c e   up  a l s o   p r e s e n t s   a 

r i s k   of  i n j u r y   to  the   o p e r a t o r   who  must  do  i t .   I t   w o u l d  

be  d e s i r a b l e   to  f i n d   a  m e t h o d   of  s p l i c i n g   tows   such   t h a t  

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

s ave   t he   t i m e   and  l a b o r   i n v o l v e d   in  m a n u a l l y   l a c i n g   u p  
the   t o w .  



S e v e r a l   m e t h o d s   of  s p l i c i n g   tows  a re   known  b u t  

t h e s e   a re   u n s u c c e s s f u l   when  the   tow  is  to  be  p a s s e d  t h r o u g h  

a  m a c h i n e   wh ich   f i r s t   s t r e t c h e s . a n d . t h e n   b r e a k s   t he   f i l a -  

m e n t s   m a k i n g   up  the   tow  t o  f o r m   s t a p l e   f i b e r s .   Such  a 

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

to  t he   tow  in  o r d e r   to  f i r s t   s t r e t c h   t he   f i l a m e n t s   t o  

t h e i r   l i m i t   and  t h e n   b r e a k   t h e m .   Known  tow  s p l i c e s   w i l l  

no t   s u r v i v e   t e n s i l e   f o r c e s   of  t h i s   m a g n i t u d e   and  u s u a l l y  

f a i l   at  t he   l o c a t i o n   on  t he   mach . ine   w h e r e  t h e   tow  is   f i r s t  

s t r e t c h e d .   The  o p e r a t o r   must   t h e n   m a n u a l l y   l a c e   t he   n e w  

tow  t h r o u g h   the  m a c h i n e .   T h i s   w a s t e s   o p e r a t o r   and  m a c h i n e  

t i m e .  

A t t e m p t s  h a v e   been   made  to  s p l i c e   tows   by  o v e r -  

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

s i d e   of  t he   tows   and  t h e n   s e w i n g  b a c k   and  f o r t h   a c r o s s  

t h e   s w a t c h e s .   In  t h e   s t r e t c h / b r e a k   m a c h i n e ,   such   a  s p l i c e  

b r e a k s   and  t he   tows   s e p a r a t e   at  the   edge  of  t h e   s e w e d  

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

d a m a g e   done   to  t he   f i l a m e n t s   by  the   n e e d l e   u s e d   in  s e w i n g  

c a u s e s   t h e   b r e a k   at  t h i s   o o i n t .  

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

by  t h e   a p p l i c a t i o n   of  h e a t ,   m o i s t u r e   and  p r e s s u r e   or  b y  

use   of  u l t r a - s o n i c   e n e r g y .   T h i s   f o r m s   a  h a r d ,   f u s e d  

lump  wh ich   s e c u r e s   t he   tows  t o g e t h e r .   T h i s   t y p e   o f  

s p l i c e   b r e a k s   at  t h e   edge   of  the   s p l i c e   when  t h e   t ows   a r e  

p a s s e d   t h r o u g h   t he   s t r e t c h   zone  of  a  s t r e t c h / b r e a k  

m a c h i n e .   I t   is  s p e c u l a t e d   t h a t   the   tow  b r e a k s   at  t h i s  

p o i n t   b e c a u s e   t he   f i l a m e n t s   have  been  w e a k e n e d   at  t h i s  

p o i n t   by  the   h e a t   a p p l i e d   to  form  the   b o n d .  

A i r - j e t s   have   b e e n  u s e d   to  s p l i c e   tows   to  f o r m  

a  s t r o n g   bond  b e t w e e n   t he   tows   by  t a n g l i n g   t he   f i l a m e n t s .  

T h i s   t y p e   of  s p l i c e   w i l l   not   w i t h s t a n d   t h e   f o r c e s   w h i c h  

a r e   n e c e s s a r y   to  s t r e t c h   and  b r e a k   t he   f i l a m e n t s   in  a 

tow.   The  s p l i c e   s i m p l y   f a l l s   a p a r t   in  t he   s t r e t c h   z o n e  

and  t he   two  tows   s e p a r a t e .  



I t   is  known  tc  use   c e r t a i n   l a t e x   t y p e s   of  g l u e  

to  s p l i c e   y a r n s .   H o w e v e r ,   no  s i g n i f i c a n t   t e n s i o n   i s  

a p p l i e d  t o   t h e s e   y a r n s  a n d   no  s t r e t c h i n g   of  t he   y a r n s  

is  s  i n v o l v e d .  

I t  i s  k n o w n   to  use   v a r i o u s   a d h e s i v e s   o r  g l u e s   t o  

s e c u r e   one  a r t i c l e   to  a n o t h e r .   H o w e v e r ,   i t   is  no t   b e -  

l i e v e d   to  be  known  t h a t   c e r t a i n   a d h e s i v e s   h a v i n g   c e r t a i n  

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

tows   such   t h a t   t h e   w o r k - a b s o r b i n g   c h a r a c t e r i s t i c s   of  t h e  

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

p a s s e d   t h r o u g h   a  s t r e t c h   z o n e .  

SUMMARY  OF  THE  INVENTION 

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

of  f i l a m e n t s   to  be  f ed   in  s u c c e s s i o n   t h r o u g h   a  zone  w h e r e  

t e n s i o n   is  a p p l i e d   to  s t r e t c h   the   f i l a m e n t s ,   w h e r e i n   a 

w o r k - a b s o r b i n g  a d h e s i v e   is  a p p l i e d   to  a  p o r t i o n   of  t h e  

f i l a m e n t s   in  t h e   end  of  one  of  the   tows   and  t he   a d h e s i v e -  

b e a r i n g   tow  is  p o s i t i o n e d   in  c o n t a c t   w i t h   t he   o t h e r  t o w  

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

b e t w e e n   t h e   t o w s ,   t he   a d h e s i v e   e x t e n d i n g   a l o n g   the   o v e r -  

l a p p e d   p o r t i o n   of  t he   tows   a  d i s t a n c e ,   in  c e n t i m e t e r s   o f  

at  l e a s t   a b o u t   25  t i m e s  t h e   s t r e t c h   to  be  a p p l i e d   to  t h e  

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

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

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

s u f f i c i e n t   t e n s i o n   to  a p p l y  a   1.6X  s t r e t c h   to  a c r y l i c   f i l a -  

m e n t s   h a v i n g   a  d e n i e r   per   f i l a m e n t   ( d p f )   o f  3   and  a  b r e a k -  

ing  s t r e n g t h   of  a b o u t   2 . 5   g r a m s   per   d e n i e r .  

DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  is  a  s c h e m a t i c   s i d e   v i ew  of  one  t y p e   o f  

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

tows   of  f i l a m e n t s   to  form  s t a p l e   f i b e r s .  

F i g u r e   2  is  a  p e r s p e c t i v e   v i ew  of  t he   e n d s   of  a 

p a i r   of  tows   to  be  j o i n e d ,   s h o w i n g   the   a r e a   on  one  t o w  

w h e r e   t he   a d h e s i v e   of  t h i s   i n v e n t i o n   is  p l a c e d .  



F i g u r e   3  is  a  p e r s o e c t i v e   v iew  s h o w i n g   the   t o w s  

in  o v e r l a p p e d  r e l a t i o n s h i p .  

F i g u r e   4  is  a  s i d e   v iew  s h o w i n g   the   m a n n e r   i n  

w h i c h   the   l e a d i n g   tow  is  f o l d e d   back  o v e r   t h e   f o r w a r d  

end  of  t he   t r a i l i n g   tow  to  form  a  s e c o n d   w o r k - a b s o r b i n g  

bond  b e t w e e n   t h e   t o w s .  

F i g u r e   5  is  a  s i d e   v iew  o f  t h e   tows  s h o w i n g   t h e  

p o s i t i o n i n g  o f   t h e  t w o   tow  e n d s  i n   t h e   s p l i c e .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

R e f e r r i n g   now  in  d e t a i l . t o   t he   d r a w i n g ,   t h e r e   i s  

shown  in  F i g u r e   1  a  s c h e m a t i c   s i d e   v iew  of  a  m a c h i n e   u s e d  

c o m m e r c i a l l y   f o r   s t r e t c h / b r e a k i n g   tows  of  a c r y l i c  a n d  

o t h e r   f i l a m e n t s .   The  m a c h i n e   i n c l u d e s   d r i v e n   r o l l s   11 

wh ich   a re   t i g h t l y   n i p p e d   w i t h   i d l e   r o l l s   12  to  p r e v e n t  

s l i p p a g e   of  a  tow  13  made  up  of  c o n t i n u o u s   f i l a m e n t s   a s  

t h e   tow  p a s s e s   b e t w e e n   the   r o l l s   11  and  12.  Each  of  t h e  

r o l l s   11  a l o n g   the   p a t h   of  t he   tow  13  i s  d r i v e n   at  a 

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

to  s t r e t c h   and  e v e n t u a l l y   b r e a k   the   tow  of  f i l a m e n t s   i n t o  

s t a p l e   f i b e r s .   R e f e r e n c e   n u m b e r   16  d e n o t e s   a  f i r s t   z o n e  

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

t he   c o n t i n u o u s   f i l a m e n t s   in  the   tow  to  a l m o s t   t he   b r e a k i n g  

p o i n t .   Z o n e s   1 7 - 2 0   a re   b r e a k   z o n e s ,   w h e r e   a d d i t i o n a l  

t e n s i o n   is  a p p l i e d   to  the   tow  to  b r e a k   t he   f i l a m e n t s   t o  

form  s t a p l e   f i b e r s ,   t he   tow  e x i t i n g   f rom  l a s t   r o l l   11 

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

but   w i t h   a l l   of  t he   f i l a m e n t s   b e i n g   in  t he   form  o f  

s t a p l e   f i b e r s .   The  tow  13  is  fed  i n t o   t he   m a c h i n e   o v e r  

g u i d e s   21  and  e x i t s   from  t he   m a c h i n e   t h r o u g h   a  c r i m p e r   2 2  

to  be  c o l l e c t e d   in  a  c o n t a i n e r   23 .   T h i s   m a c h i n e   is  w e l l  

k n o w n .  

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

s p l i c i n g   t h e   t r a i l i n g   end  13a  of  one  tow  13  to  t he   f o r w a r d  

end  of  13b  of  a n o t h e r   t o w  1 3   w i t h   a  s p l i c e   such   t h a t   t h e  

t r a i l i n g   tow  w i l l   be  p u l l e d   t h r o u g h   the   m a c h i n e   to  a t  



l e a s t   t he   f i r s t   b r e a k  z o n e ,   17,  w i t h o u t   t he   tows   s e p a r a t -  

i n g .   At  t h i s   p o i n t ,   or  in  a  s u b s e q u e n t   b r e a k   z o n e ,   t h e  

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

b e a r i n g   a d h e s i v e   and  l a c e s   t he   new  tow  t h r o u g h   the   r e m a i n -  

d e r  o f   t he   m a c h i n e .   Manual   l a c e - u p   t h r o u g h   the   l o n g  

s t r e t c h   z o n e  i s   a v o i d e d .  

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

a d h e s i v e   is  a p p l i e d   to  one  f a c e   of  one  o f   t he   tows   13 

a l o n g   a  l e n g t h ,   L ,  o f   the   tow.   T h i s   is  i l l u s t r a t e d   b y  

c r o s s - h a t c h i n g   in  F i g u r e   2.  The  l e n g t h ,  L ,   s h o u l d   be,   i n  

c e n t i m e t e r s ,   at  l e a s t   a b o u t  2 5   t i m e s   the   a m o u n t   t h e   t o w s  

a r e   to  be  s t r e t c h e d   in  t he   zone  16.  For  e x a m p l e ,   i f  t h e  

f i l a m e n t s   in  t he   tows   a re   to  be  s t r e t c h e d   1.2X  in  t h e  

zone  16,  t h e n   the   l e n g t h   L  s h o u l d   be  at  l e a s t   a b o u t   3 0  

c e n t i m e t e r s .   As  u s e d   h e r e i n ,   t he   t e r m   " s t r e t c h "   means   t h e  

r a t i o   of  the   l e n g t h   of  t he   s t r e t c h e d   tow  l e a v i n g   t h e   z o n e  

16  t o  t h e   l e n g t h   of  t he   u n s t r e t c h e d   tow  e n t e r i n g   t he   z o n e  

16.  The  t e rm  " 1 . 2 X "   means   t h a t   t he   tow  is  s t r e t c h e d   to  a 

l e n g t h   1 . 2  t i m e s   i t s   o r i g i n a l   l e n g t h .   P r e f e r a b l y ,  t h e  

T e n g t h  L   i s ,  i n   c e n t i m e t e r s ,   at  l e a s t   a b o u t   35  t i m e s   t h e  

s t r e t c h   to  be  a p p l i e d   t o . t h e   t o w s .   I t   is  a l s o   p r e f e r r e d  

t h a t   t h e   a d h e s i v e   be  a p p l i e d   to  b o t h   tows   b e f o r e   t h e y   a r e  

b r o u g h t   i n t o   c o n t a c t   w i th   each   o t h e r .  

The  tows   a re   t h e n   p l a c e d   in  o v e r l a p p i n g   r e l a t i o n -  

s h i p   as  shown  in  F i g u r e   3  to  bond  p o r t i o n s   of  t he   f i l a m e n t s  

in  e a c h   of  t he   t ows   to  p o r t i o n s   of  t he   f i l a m e n t s   in  t h e  

o t h e r   t ow .   B e c a u s e   of  t he   v e r y   l a r g e   n u m b e r  o f   f i l a m e n t s  

in  e a c h   of  t he   tows   13,  i t   i s  v i r t u a l l y   i m p o s s i b l e   to  b o n d  

a l l   of  t he   f i l a m e n t s   in  one  tow  to  a l l   of  t he   f i l a m e n t s  

in  t h e   o t h e r   tow.   T h i s   p r o c e s s   is  s u c c e s s f u l   w h e r e   o n l y  

a  s m a l l   f r a c t i o n   of  t he   f i l a m e n t s   in  t h e   t ows   a re   b o n d e d  

t o g e t h e r .  

The  a d h e s i v e   a p p l i e d   to  t he   tow  has  w o r k - a b s o r b i n g  

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

t e n s i o n   and  a l l o w   one  tow  to  s l i p   p a s t   t he   o t h e r   to  t h e r e -  

by  r e l i e v e   t e n s i o n   in  the   tows   and  i n s u r e   t h a t   t h o s e   p o r -  

t i o n s   of  t he   tows   wh ich   a r e   s e c u r e d   t o g e t h e r   by  a d h e s i v e  

w i l l  



not   b r e a k   and  a l l o w   the   two  tows   to  s e p a r a t e .   I t   i s  

b e l i e v e d   t h a t   the   a d h e s i v e   w i l l   a b s o r b   work  no t   o n l y  b y  

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

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

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

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

f i l a m e n t s   t h r o u g h  t h e   a d h e s i v e   as  t he   tows   a re   s t r e t c h e d .  

S u i t a b l e   a d h e s i v e s   i n c l u d e  t h o s e  w h i c h   a r e   a p p l i e d   as  a n  

a e r o s o l ,   c u r e s   at  room  t e m p e r a t u r e   to  a  n o n - t a c k y   s t a t e  

in  a  f e w  m i n u t e s ,   r e m a i n s   r e l a t i v e l y   s o f t   even   a f t e r   c o m -  

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

page   of  one  tow  r e l a t i v e   to  t h e   o t h e r .   A d h e s i v e s   of  t h i s  

t y p e   e l o n g a t e   u n d e r   t e n s i o n ,  a r e   known  to  t h o s e   s k i l l e d   i n  

t he   a r t ,   and  a r e   n o r m a l l y   u s e d   in  a p p l i c a t i o n s   such   as  s e -  

c u r i n g   h e a v y   wa l l   c o v e r i n g s   to  w a l l s   an.d  s e c u r i n g   u p -  

h o l s t e r y   f a b r i c  t o   foam  p a d s .  

A d h e s i v e s   which   c u r e   to  a  h a r d   s t a t e ,   such  as  t h e  

we l l   known  e p o x y   c e m e n t s ,   a r e   no t   s u i t a b l e   f o r   use   in  t h i s  

m e t h o d   f o r   the   r e a s o n   t h a t   such   a d h e s i v e s   do  no t   have   w o r k -  

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

ing  two  t ows   as  c o n t e m p l a t e d   h e r e i n .   A l s o ,   a d h e s i v e s   w h i c h  

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

of  r o l l s   u s e d   in  s t r e t c h - b r e a k   m a c h i n e s .  

The  s u i t a b i l i t y   of  an  a d h e s i v e   f o r   use   in  t h e  

m e t h o d   o f  t h i s   i n v e n t i o n   may  b e  d e t e r m i n e d   by  u s i n g   t h e  

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

The  t o w s   s h o u l d   be  made  up  of  a c r y l i c   f i l a m e n t s   h a v i n g   a 

d e n i e r   pe r   f i l a m e n t   of  3.  A  4 .5   m e t e r   l e n g t h   of  t h e  

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

l o a d   s u f f i c i e n t   to  a p p l y   a  1.6X  s t r e t c h   to  an  u n s p l i c e d  

tow  of  3  dpf   a c r y l i c   f i l a m e n t s .   Such  f i l a m e n t s   w i l l   r e -  

q u i r e   a  t e n s i l e   l o a d   of  a b o u t   2  g r a m s   pe r   d e n i e r   f o r   t h i s  

s t r e t c h i n g .   Any  a d h e s i v e   which   is  s u i t a b l e   w i l l   a l l o w   t h e  



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

b r e a k   and  t h e r e b y  a l l o w   the   tows  to  s e p a r a t e .  

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

w i t h i n  a   p e r i o d   of  1 5 - 2 0   m i n u t e s ,  t o   t h e  p o i n t   w h e r e  i t  

w i l l   n o t  a d h e r e   to  r u b b e r  r o l l s .   A l s o ,   a f t e r   t h e  a d h e s i v e  

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

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

t he   s t r e t c h / b r e a k   m a c h i n e .  

O n e  m i g h t   e x p e c t   t h a t   t he   amoun t   of  a d h e s i v e   t o  

be  u s e d   in  t h i s   p r o c e s s   would   have   to  be  c a r e f u l l y  

c o n t r o l l e d .   H o w e v e r ,  i t   has  been   f o u n d   t h a t   such   c o n t r o l  

is  n o t   n e c e s s a r y .   The  p r o c e s s   w i l l   be  s u c c e s s f u l   e v e n  

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

tows   a re   b o n d e d   t o g e t h e r .  

I n  t h e   p r e f e r r e d   e m b o d i m e n t   of  the   i n v e n t i o n ,   a f t e r  

the   tows   a re   p l a c e d   in  c o n t a c t   w i th   each   o t h e r   as  a b o v e  

d e s c r i b e d ,   a d d i t i o n a l   a d h e s i v e   is  s p r a y e d   o n t o   t h e  

e x p o s e d   f o r w a r d   end  13b  of  the   t r a i l i n g   tow  as  shown  i n  

F i g u r e   3  and  the   l e a d i n g   tow  is  t h e n   f o l d e d   back  as  s h o w n  

in  F i g u r e   4  t o  e n c l o s e  t h e   f o r w a r d   e n d   of  t he   t r a i l i n g   t o w  

in  a  f o l d   in  the   f i r s t   t ow.   T h i s   p r o d u c e s   a  s e c o n d   w o r k -  

a b s o r b i n g   b o n d  t o   b e t t e r   h o l d  t h e   tows   t o g e t h e r   as  t h e y  

p a s s   t h r o u g h   t he   s t r e t c h   z o n e .  

The  f i l a m e n t s   a re   s t r e t c h e d   a l m o s t  t o   t he   b r e a k i n g  

p o i n t   in  t h e   zone   16  and  some  of  them  may  a c t u a l l y   b r e a k  

in  t h i s   z o n e .   Any  b r e a k i n g   of  t he   b o n d e d   f i l a m e n t s   i n  

t he   s t r e t c h   zone   is  p r e v e n t e d   by  use  o f  t h e   a d h e s i v e  

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

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

t he   tows   a r e  o b s e r v e d   in  p a s s i n g   t h r o u g h   the   s t r e t c h   z o n e ,  

one  can  see  one  tow  s l i p p i n g   r e l a t i v e   to  t he   o t h e r .  



1.  A  m e t h o d   f o r   s p l i c i n g   t ows   o f   f i l a m e n t s   t o   b e  

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

b y :  

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

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

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

s a i d   tow,   a n d  

b.  p o s i t i o n i n g   a  s e c o n d   tow  i n '  o v e r l a p p i n g  

c o n t a c t   w i t h  t h e   f i r s t   tow  to   b r i n g   a  

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

tow  i n t o   c o n t a c t   w i t h   s a i d   a d h e s i v e   t o  

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

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

l e n g t h ,   in   c e n t i m e t e r s ,   of  a t   l e a s t   2 5  

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

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

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

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

t o   p r e v e n t   s e p a r a t i o n   of  t ows   u n d e r   a  

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

s t r e t c h   of   1 .6X  t o   a c r y l i c   f i l a m e n t s  

h a v i n g   a  d e n i e r   of  3  and  a  b r e a k i n g  

t e n a c i t y   of  a b o u t   2 .5   g r a m s   p e r   d e n i e r .  

2.  A  m e t h o d   of   C l a i m   1,  w h e r e i n   t h e   a m o u n t  

of  tow  o v e r l a p   i s ,   in   c e n t i m e t e r s ,   a t   l e a s t   a b o u t   35  

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

3.  A  m e t h o d   of   C l a i m   1  or  C l a i m   2,  w h e r e i n   t h e   t o w s  

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

tow  b e i n g   in   c o n t a c t   w i t h   a  f a c e   of   t h e   o t h e r   tow  w i t h  

s a i d   b o n d   b e i n g   t h e r e b e t w e e n .  

4.  A  m e t h o d   of  C l a i m   3,  w h e r e i n   a d d i t i o n a l   a d h e s i v e   i s  

a p p l i e d   to   t h e   e x p o s e d   f o r w a r d   end   of   t h e   s e c o n d   tow  a n d  

t h e   f i r s t   tow  i s   f o l d e d   o v e r   s a i d   f o r w a r d   e n d   to   f o r m   a  



s e c o n d   w o r k - a b s o r b i n g   b o n d   b e t w e e n  s a i d   t o w s .  

5 .  A  m e t h o d   of  any   of  C l a i m s   1  to   4,  w h e r e i n   t h e   a d h e s i v e  

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

r o o m   t e m p e r a t u r e   f o r   a  p e r i o d   of  1 5 - 2 0   m i n u t e s .  

6 .   A  m e t h o d   of  C l a i m   5,  w h e r e i n   s a i d   a d h e s i v e   has   a  

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

s a i d   a d h e s i v e   i s   f u l l y   c u r e d .  

7.  A  m e t h o d  o f   any  of  C l a i m s   1  to   6,  w h e r e i n   s a i d   t e n s i l e  

l o a d   i s   a b o u t   2  g r a m s   p e r   d e n i e r   of  s a i d   f i l a m e n t s .  
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