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©  Filamentary  structure. 

©  A  filamentary  structure  5  comprises  a  helical  thermo- 
plastic  core  filament  6  disposed  within  a  thermoplastic 
sheath  component  consisting  either  of  a  tube  or  of  at  least 
three  thermoplastic  filaments  7,  the  sheath  component  being 
joined  at  8  to  the  successive  turns  of  the  core  filament  6.  The 
core  filament  6  and  the  sheath  component  may  comprise  the 
same  or  different  thermoplastic  polymers,  suitable  polymer 
being  polyamides,  polyesters  and  polyolefins. 

The  core  filament  6  and  the  sheath  component  may  be 
extruded  together  from  a  spinning  jet,  and  a  plurality  of  the 
filamentary  structures  5  may  be  extruded  side-by-side  so 
that  their  sheath  components  are  joined  together  to  form  a 

,  fabric  structure. 
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T h i s   i n v e n t i o n   i s   c o n c e r n e d   w i t h   the   e x t r u s i o n   o f  

t h e r m o p l a s t i c   p o l y m e r s   to  fo rm  a  n o v e l   f i l a m e n t a r y   s t r u c t u r e .  

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

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

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

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

The  s h e a t h   c o m p o n e n t   is   p r e f e r a b l y   a  cage   f o r m e d   by  a t  

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

to  t he   s u c c e s s i v e   t u r n s   of  t h e   s p i r a l   c o r e   f i l a m e n t .   A l t e r -  

n a t i v e l y ,   t he   s h e a t h   c o m p o n e n t   may  c o m p r i s e   a  t u b e .  

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

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

p o l y m e r   to  a  s p i n n i n g   j e t   h a v i n g   an  i n n e r   j e t   h o l e   r i n g e d  

by  o u t e r   j e t   h o l e s ,   e x t r u d i n g   t he   p o l y m e r   t h r o u g h   t h e   i n n e r  

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

t h r o u g h   t he   o u t e r   j e t   h o l e s   to   fo rm  a  s p i r a l   e x t r u d a t e   d i s -  

p o s e d   w i t h i n   an  e x t r u d e d   s h e a t h   c o m p o n e n t   to  w h i c h   i t s   s u c c -  

e s s i v e   t u r n s   a re   a d h e r e d ,   and  c o o l i n g   t he   e x t r u d a t e s   t o  

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

The  t h e r m o p l a s t i c   p o l y m e r   may  be  any  w h i c h   can  be  m e l t  

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

p o l y o l e f i n s .   The  p o l y m e r   e x t r u d e d   t h r o u g h   t he   i n n e r   j e t   h o l e  

to  form  t h e   s p i r a l   c o r e   may  be  t h e   same  as  or  d i f f e r e n t   f r o m  

t h e   p o l y m e r   e x t r u d e d   t h r o u g h   t h e   o u t e r   j e t   h o l e s   to   f o r m  

the   s h e a t h   c o m p o n e n t .   P r e f e r a b l y   i t   is  t he   same  in   o r d e r  

to  s i m p l i f y   s p i n n i n g   and  e n s u r e   good  a d h e r e n c e   b e t w e e n   t h e  

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

An  e l a s t i c   f i l a m e n t a r y   s t r u c t u r e   may  be  f o r m e d   by  m a k -  

i ng   the   s p i r a l   co r e   f i l a m e n t   f rom  a  n o n - e l a s t o m e r i c   p o l y m e r  

and  t h e . s h e a t h   c o m p o n e n t   f rom  an  e l a s t o m e r i c   p o l y m e r .  

The  p o l y m e r   e x t r u d e d   t h r o u g h   the   i n n e r   j e t   h o l e   i s   r e -  



q u i r e d   to   have   a  g r e a t e r   v e l o c i t y   t h a n   t h a t   f l o w i n g   t h r o u g h  

t h e   o u t e r   j e t   h o l e s   in  o r d e r   t h a t   i t   w i l l   t a k e   up  the   d e s i r e d  

s p i r a l   f o r m .   Wi th   a  common  s u p p l y   of  m o l t e n   p o l y m e r ,   t h i s  

g r e a t e r   v e l o c i t y   may  be  a c h i e v e d   by  h a v i n g   t he   i n n e r   j e t   h o l e  

of  g r e a t e r   c r o s s - s e c t i o n a l   a r e a   a n d / o r   of  s h o r t e r   c a p i l l a r y  

l e n g t h   t h a n   e a c h   of  t h e   o u t e r   j e t   h o l e s .   P r e f e r a b l y   i t   i s  

of   g r e a t e r   c r o s s - s e c t i o n a l   a r e a   f o r   two  r e a s o n s :   t he   f i r s t  

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

i n v e n t i o n   t h e   cage   f i l a m e n t s   w h i c h   c o m p r i s e   t h e   s h e a t h   c o m -  

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

c o r e   f i l a m e n t ;   and  t h e   s e c o n d   b e i n g   t h a t   j e t s   h a v i n g   h o l e s   o f  

a  common  c a p i l l a r y   l e n g t h   a r e   much  e a s i e r   to   m a k e .  

The  s i z e s   and  c r o s s - s e c t i o n a l   s h a p e s   of  t h e   j e t   h o l e s  

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

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

i n n e r   j e t   h o l e .   For   a  g i v e n   s p a c i n g   b e t w e e n   t h e   i n n e r   j e t  

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

t h r o u g h   t h e   i n n e r   and  o u t e r   h o l e s .   Tha t   i s ,   t h e   p i t c h  

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

P r e f e r a b l y ,   t h e   a x e s   of  t he   i n n e r   and  o u t e r   j e t   h o l e s  

a r e   a l l   p a r a l l e l   to   one  a n o t h e r   so  t h a t ,   in  t h e   e m b o d i m e n t  

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

t h e s e   f i l a m e n t s   a r e   in   s u b s t a n t i a l l y   p a r a l l e l   a l i g n m e n t   w i t h  

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

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

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

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

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

has   b e e n   f o u n d   t h a t   i t   i s   n e c e s s a r y   to  have   at  l e a s t   t h r e e  

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

' b r e a k s   o u t '   and  i s   u n c o n t r o l l e d .   P r e f e r a b l y   e a c h   cage   f i l a -  

ment   i s   s p a c e d   a p a r t   f rom  i t s   a d j a c e n t   cage   f i l a m e n t s   b y  

s u b s t a n t i a l l y   e q u a l   d i s t a n c e s .   T h i s   may  be  a r r a n g e d   by  u s i n g  

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



l e a s t   t h r e e   o u t e r   j e t   h o l e s   p i t c h e d   at  s u b s t a n t i a l l y   e q u a l  

a n g l e s   to  and  s u b s t a n t i a l l y   e q u i d i s t a n t   f rom  the   c e n t r a l  

i n n e r   j e t   h o l e .  

The  n u m b e r   of  cage   f i l a m e n t s   can  be  i n c r e a s e d   to  a n y  
d e s i r e d   n u m b e r   c o m m e n s u r a t e   w i t h   t h e   d i c t a t e s   of  j e t   g e o m e t r y .  
In  t he   l i m i t ,   e a c h   o u t e r   j e t   h o l e   i s   p o s i t i o n e d   s u f f i c i e n t l y  

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

s w e l l   t he   e x t r u d e d   cage   f i l a m e n t s   merge   to  form  a  t u b e .   T h e  

o u t e r   j e t   h o l e s   a r e   p r e f e r a b l y   of  c i r c u l a r   c r o s s - s e c t i o n ,  

a l t h o u g h   o t h e r   s u i t a b l e   c r o s s - s e c t i o n s   may  be  u s e d ,   f o r   e x a m -  

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

d e s c r i b e d .  

The  e x t r u d e d   s t r u c t u r e   may  be  c o o l e d   in  a i r   to   s o l i d i f y  

i t ,   but   i t   i s   p r e f e r r e d   to  s t a b i l i s e   i t   more  q u i c k l y   b y  

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

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

as  y a r n ,   c o r d   or   t w i n e ,   or  as  a  r e i n f o r c e m e n t   f o r   a  t u b e .  

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

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

I t   may  a l s o   be  u s e d   to   c o n s t r u c t   an  a b r a s i v e   pad  s u c h   as  a  

pan  s c r u b .  

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

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

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

s u b s t a n t i a l l y   p a r a l l e l   r e l a t i o n .   T h i s   f a b r i c   s t r u c t u r e   may  
be  p r o d u c e d   d i r e c t l y   by  e x t r u s i o n   u s i n g   a  bank   of  a d j a c e n t  

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

a re   e x t r u d e d .   T h e s e   merge   and  become  a d h e r e d   so  t h a t   a f t e r  

b e i n g   c o o l e d   to   s o l i d i f y   t h e m ,   t h e y   r e m a i n   j o i n e d   as  a  u n i t -  

a ry   f a b r i c   s t r u c t u r e .   The  c o m p o n e n t   f i l a m e n t a r y   s t r u c t u r e s  

may  be  a r r a n g e d   in  a  p l a n a r   a r r a y   by  a  c o r r e s p o n d i n g   a r r a n g e -  

ment  of  the   a d j a c e n t   s e t s   of  j e t   h o l e s ,   to  p r o d u c e   a  p l a n a r  

f a b r i c   s t r u c t u r e .   T h r e e - d i m e n s i o n a l   f a b r i c   s t r u c t u r e s   may  

be  made  u s i n g   a p p r o p r i a t e   g r o u p i n g s   of  t he   s e t s   of  j e t   h o l e s  



f rom  w h i c h   t h e   c o m p o n e n t   f i l a m e n t a r y   s t r u c t u r e s   a re   e x t r u d e d .  

The  f a b r i c   s t r u c t u r e   of  t he   i n v e n t i o n   has   a  v a r i e t y   o f  

u s e s   i n c l u d i n g   use  as  d r a i n a g e ,   e a r t h - s u p p o r t   a n d  o t h e r  

c i v i l   e n g i n e e r i n g   f a b r i c s ,   and  as  m a t t i n g   s u c h   as  d o o r   m a t s .  

In  t h e   e m b o d i m e n t   of  t he   i n v e n t i o n   w h e r e   t h e   s h e a t h   c o m -  

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

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

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

c o n t r a c t i o n   of   t h e   s p i r a l   c o r e ,   t he   cage   f i l a m e n t s   b a l l o o n  

out   b e t w e e n   t h e   a d h e r e n c e   p o i n t s   g i v i n g   an  e x p a n d e d   s t r u c t u r e .  

G r e a t e r   s t r e t c h i n g   c a u s e s   t he   cage  f i l a m e n t s   to   b r e a k  

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

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

m e n t a r y   s t r u c t u r e   w h i c h   i s   a  f u r t h e r   a s p e c t   of   t h e   i n v e n t i o n .  

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

s t a n t i a l l y   u n i f o r m   in   l e n g t h ,   w i t h   the   m a j o r i t y   of  t h e   f i b r i l s  

b e i n g   r a k e d   i n   a  common  d i r e c t i o n .  

The  m o d i f i e d   f i l a m e n t a r y   s t r u c t u r e   has   d e c o r a t i v e   q u a l -  

i t i e s   and  may  be  u s e d   as  f a n c y   y a r n ,   or  t w i n e ,   e s p e c i a l l y  

i f   c o l o u r e d .   The  r a k e   of   t h e   f i b r i l s   g i v e s   i t   a  p a r t i c u l a r l y  

d i s t i n c t i v e   a p p e a r a n c e   and  a l s o   i m p a r t s   good   k n o t - t y i n g  

p r o p e r t i e s .   The  r o u g h n e s s   of  t h e   f i b r i l s ,   p a r t i c u l a r l y   a t  

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

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

f o r   e x a m p l e .  

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

i n g s   in   w h i c h : -  

F i g u r e   1  i s   a  p l a n   of  t he   f a c e   of  a  j e t   s u i t a b l e   f o r  

use  in  t h e   p r o c e s s   of   t h e   i n v e n t i o n ,  

F i g u r e   2  i s   a  c r o s s - s e c t i o n   on  t h e   l i n e   I I . . . . I I   o f  



F i g u r e   1 ,  

F i g u r e   3  i s   an  e l e v a t i o n   of  a  f i l a m e n t a r y   s t r u c t u r e  

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

F i g u r e  4   is   an  e l e v a t i o n   of  a  m o d i f i e d   f i l a m e n t a r y  

s t r u c t u r e   f o r m e d   by  s t r e t c h i n g   the   s t r u c t u r e   of  F i g u r e   3 ,  

F i g u r e   5  i s   a  s e c t i o n a l   e l e v a t i o n   of  a n o t h e r   f i l a m e n t a r y  

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

F i g u r e   6  i s   a  p l a n ,   on  an  e n l a r g e d   s c a l e ,   of  t he   f a c e  

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

shown  in  F i g u r e   5 ,  

F i g u r e   7  i s   an  e l e v a t i o n   of  t he   s t r u c t u r e   of  F i g u r e   3 

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

F i g u r e   8  i s   an  e l e v a t i o n   of  a  f a b r i c   s t r u c t u r e   in  a c c o r d -  

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

F i g u r e   9  i s   a  p l a n ,   on  an  e n l a r g e d   s c a l e ,   of  t he   f a c e  

of  a  j e t   s u i t a b l e   f o r   s p i n n i n g   t h e   f a b r i c   s t r u c t u r e   shown  i n  

F i g u r e   8,  a n d  

F i g u r e   10  i s   a  d i a g r a m   of  a p p a r a t u s   f o r   s p i n n i n g   a  

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

R e f e r r i n g   to   F i g u r e s   1  and  2,  a  s p i n n i n g   j e t   1  has   a  

c i r c u l a r   j e t   f a c e   2  in  w h i c h   a r e   d r i l l e d   an  i n n e r   j e t   h o l e  

3  e n c i r c l e d   by  a  r i n g   of  f o u r   o u t e r   j e t   h o l e s   4.  The  j e t  

h o l e s   have   t he   same  c a p i l l a r y   l e n g t h   and  t h e   i n n e r   j e t   h o l e  

is   shown  as  a b o u t   t w i c e   t he   d i a m e t e r   of  t h e   o u t e r   j e t   h o l e s .  

F i g u r e   3  shows  a  f i l a m e n t a r y   s t r u c t u r e   5  spun   f rom  a  j e t  

s i m i l a r   to  t h a t   shown  in  F i g u r e s   1  and  2,  b u t   c o m p r i s i n g   e i g h t  

o u t e r   j e t   h o l e s   i n s t e a d   of  f o u r .   The  f i l a m e n t a r y   s t r u c t u r e  

5  c o m p r i s e s   a  s p i r a l   c o r e   f i l a m e n t   6  h e l d   w i t h i n   a  cage   o f  



e i g h t   f i n e r   f i l a m e n t s   7  w h i c h   a r e   j o i n e d   to   t h e   s u c c e s s i v e  

t u r n s   of   t he   s p i r a l   c o r e   f i l a m e n t   at   p o i n t s   8 .  

F i g u r e   4  shows  a  m o d i f i e d   f i l a m e n t a r y   s t r u c t u r e   9  p r o -  
d u c e d   by  s t r e t c h i n g   t h e   s t r u c t u r e   5,  w h e r e b y   t h e   cage   f i l a -  

m e n t s   7  have  b r o k e n   c l o s e   to   t he   p o i n t s   8.  The  r e s u l t i n g  

f i b r i l s   10  a re   r e g u l a r l y   s p a c e d   and  u n i f o r m   i n , ' l e n g t h .   As 

shown  t h e y   a re   r a k e d   in   a  common  d i r e c t i o n .   The  p o i n t s   a t  

w h i c h   t h e y   a re   j o i n e d   to   t h e   co r e   f i l a m e n t   6  l i e   on  a  g e n e r -  

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

The  f i l a m e n t a r y   s t r u c t u r e   11  shown  in  F i g u r e   5  c o m p r i s e s  

a  s p i r a l   c o r e   f i l a m e n t   12  h e l d   w i t h i n   a  t u b u l a r   s h e a t h   13  

w h i c h   i s   j o i n e d   to   t h e   s u c c e s s i v e   t u r n s   of  t he   s p i r a l   c o r e  

f i l a m e n t   at  p o i n t s   14.  The  s t r u c t u r e   11  may  be  spun   f rom  a  

j e t   of   t h e   t y p e   shown  in   F i g u r e   6  in   w h i c h   t h e   j e t   15  h a s  

a  c e n t r a l   i n n e r   j e t   h o l e   16  r i n g e d   by  two  o u t e r   j e t   h o l e s  

17  in   t h e   fo rm  of  two  a r c u a t e   s l o t s .   The  e x t r u d a t e s   f rom  t h e  

o u t e r   j e t   h o l e s   m e r g e   b e l o w   t he   j e t   to   fo rm  a  t u b e   e n c l o s i n g  

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

e x t r u d a t e   f rom  t h e   i n n e r   j e t   h o l e .  

F i g u r e   7  shows  a  f i l a m e n t a r y   s t r u c t u r e   of  t h e   t y p e   s h o w n  

in   F i g u r e   3  a f t e r   b e i n g   s t r e t c h e d   to   a  d e g r e e   w h i c h   e l o n -  

g a t e s   t h e   cage   f i l a m e n t s   w i t h o u t   b r e a k i n g   t h e m .   On  b e i n g  

a l l o w e d   to  r e l a x ,   t h e   s p i r a l   c o r e   f i l a m e n t   18  c o n t r a c t s   a n d  

c a u s e s   t he   e l o n g a t e d   cage   f i l a m e n t s   19  to  b a l l o o n   ou t   a s  

shown  to   p r o d u c e   an  e x p a n d e d   f i l a m e n t a r y   s t r u c t u r e   2 0 .  

The  f a b r i c   s t r u c t u r e   21  shown  in   F i g u r e   8  c o m p r i s e s   t h r e e  

f i l a m e n t a r y   s t r u c t u r e s   of  t h e   t y p e   shown  in   F i g u r e   3  w i t h   t h e  

a x e s   of   t h e i r   s p i r a l   c o r e   f i l a m e n t s   22  p a r a l l e l   and  a d j a c e n t  

c a g e   f i l a m e n t s   23  f u s e d   t o g e t h e r .   T h i s   f a b r i c   s t r u c t u r e   may 

be  p r o d u c e d   by  a  j e t   of   t h e   t y p e   shown  in  F i g u r e   9  w h i c h   h a s  

a  r e c t a n g u l a r   j e t   f a c e   24  w i t h   t h r e e   s e t s   25  of  j e t   h o l e s  

l y i n g   a d j a c e n t   to   e a c h   o t h e r   in  a  l i n e .   Each  s e t   25  c o m p r i s e s  

an  i n n e r   j e t   h o l e   26  r i n g e d   by  e i g h t   o u t e r   j e t   h o l e s   27  o f  

s m a l l e r   d i a m e t e r .   The  cage   f i l a m e n t s   e x t r u d e d   f rom  t h e  



a d j a c e n t   p a i r s   of  o u t e r   j e t   h o l e s   28,   29  and  30,  3 1 ,  

r e s p e c t i v e l y ,   merge   b e l o w   t h e   j e t   f a c e   to  j o i n   t he   e x t r u d e d  

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

The  n u m b e r   of  s e t s   of  j e t   h o l e s   may  be  e x t e n d e d   b e y o n d  

t h r e e   to   p r o d u c e   w i d e r   f a b r i c   s t r u c t u r e s ,   and  may  a l s o   b e  

g r o u p e d   o t h e r   t h a n   in   l i n e ,   f o r   e x a m p l e   as  a  g r i d ,   to  p r o v i d e  

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

In  F i g u r e   10,   t h e   a p p a r a t u s   shown  d i a g r a m m a t i c a l l y  

c o m p r i s e s   a  s p i n n i n g   j e t   32  f rom  w h i c h   a  f i l a m e n t a r y   s t r u c t u r e  

33  a c c o r d i n g   to  t he   i n v e n t i o n   is   e x t r u d e d   d o w n w a r d l y   i n t o   a  

w a t e r   q u e n c h   b a t h   34.  The  s o l i d i f i e d   s t r u c t u r e   i s   w i t h d r a w n  

from  t he   j e t   by  d r i v e n   r o l l e r s   35  in   a  ' c l o v e r   l e a f '   f o r m -  

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

t u r e   i s   w i t h d r a w n   f rom  t h e   b a t h   by  a  g o d e t   36  a n d ,   i f  

d e s i r e d ,   s t r e t c h e d   b e t w e e n   t he   g o d e t  3 6   and  a  f u r t h e r   g o d e t  

37  to  p r o d u c e   a  s t r u c t u r e   as  shown  in  F i g u r e   4  or  F i g u r e   6 

d e p e n d i n g   upon   t h e   d e g r e e   of  s t r e t c h .  

The  i n v e n t i o n   i s   i l l u s t r a t e d   by  the   f o l l o w i n g   E x a m p l e s : -  

E x a m p l e s   1  to   6 

Ny lon   6  p o l y m e r   was  m e l t e d   and  e x t r u d e d   t h r o u g h   v a r i o u s  

s p i n n i n g   j e t s   as  shown  in   F i g u r e s   1  and  2  of  t h e   d r a w i n g s ,  

some  w i t h   f o u r   o u t e r   j e t   h o l e s   and  some  w i t h   e i g h t   o u t e r   j e t  

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

(PCD)  of  t he   o u t e r   j e t   h o l e s .   The  e x t r u d a t e s   were   q u e n c h e d  

in  a  w a t e r   b a t h   at  room  t e m p e r a t u r e   and  c o l l e c t e d   e i t h e r   b y  

f r e e   f a l l   or   by  n i p   r o l l e r s .   S a m p l e s   were   t a k e n   and  s t r e t c h e d  

at  two  d i f f e r e n t   p e r c e n t a g e   s t r e t c h e s ,   one  s i m p l y   to  b u l k  

the   p r o d u c t   and  t he   o t h e r   a  g r e a t e r   s t r e t c h   to  b r e a k   t h e   c a g e  

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

The  f o l l o w i n g   j e t   d i m e n s i o n s   and  p r o c e s s   c o n d i t i o n s   w e r e  

common  to  a l l   s i x   E x a m p l e s .   O t h e r   c o n d i t i o n s   w h i c h   v a r i e d  

b e t w e e n   E x a m p l e s   and  t he   p r o d u c t   p r o p e r t i e s   a re   shown  in  t h e  

s u c c e e d i n g   T a b l e .  





1.  A  f i l a m e n t a r y   s t r u c t u r e   c h a r a c t e r i s e d   in  t h a t   i t   h a s  

a  s p i r a l   t h e r m o p l a s t i c   c o r e   f i l a m e n t   (6,   12)  d i s p o s e d   w i t h i n  

a  t h e r m o p l a s t i c   s h e a t h   c o m p o n e n t   (7,   13)  w h i c h   i s   j o i n e d   t o  

the   s u c c e s s i v e   t u r n s   (8,   14)  of  t he   s p i r a l   c o r e   f i l a m e n t .  

2.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in  c l a i m   1  c h a r a c -  

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

by  at   l e a s t   t h r e e   t h e r m o p l a s t i c   f i l a m e n t s   (7)  e a c h   of  w h i c h  

is   j o i n e d   to  the   s u c c e s s i v e   t u r n s   (8)  of  t he   s p i r a l   c o r e   f i l a -  

m e n t .  

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

t e r i s e d   in  t h a t   e a c h   cage   f i l a m e n t   (7)  i s   s p a c e d   a p a r t   f r o m  

i t s   a d j a c e n t   c a g e   f i l a m e n t s   by  s u b s t a n t i a l l y   e q u a l   d i s t a n c e s .  

4.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in  c l a i m   2  or  c l a i m  

3  c h a r a c t e r i s e d   in  t h a t   t he   cage   f i l a m e n t s   (7)  a r e   in  s u b s t a n -  

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

ment   ( 6 ) .  

5.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in   any  of  c l a i m s  

2  to  4  c h a r a c t e r i s e d   in  t h a t   e a c h   of  t he   c a g e   f i l a m e n t s   ( 7 )  

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

ment  ( 6 ) .  

6.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in   c l a i m   1  c h a r a c -  

t e r i s e d   in   t h a t   t he   s h e a t h   c o m p o n e n t   c o m p r i s e s   a  t u b e   ( 1 3 ) .  

7.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in   any  of  c l a i m s  

1  to  6  c h a r a c t e r i s e d   in  t h a t   t he   s p i r a l   c o r e   f i l a m e n t   (6,  1 2 )  

and  the   s h e a t h   c o m p o n e n t   (7,  13)  c o m p r i s e   t he   same  t h e r m o p l a s t i c  

p o l y m e r .  

8.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in  any  of  c l a i m s  

1  to  7  c h a r a c t e r i s e d   in  t h a t   i t   i s   p r o d u c e d   d i r e c t l y   by  e x t r u -  

s i o n .  



9.  A  f a b r i c   s t r u c t u r e   c h a r a c t e r i s e d   by  a  p l u r a l i t y   of  f i l a -  

m e n t a r y   s t r u c t u r e s   as  c l a i m e d   in  any  of   c l a i m s   1  to  8  j o i n e d  

to  e a c h   o t h e r   w i t h   t he   a x e s   of   t he   s p i r a l   f i l a m e n t s   (22 ,   2 3 )  

in  s u b s t a n t i a l l y   p a r a l l e l   r e l a t i o n .  

10.  A  f a b r i c   s t r u c t u r e   a s  c l a i m e d   in  c l a i m   9  c h a r a c t e r i s e d  

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

a  p l a n a r   a r r a y .  

11.  A  f a b r i c   s t r u c t u r e   as  c l a i m e d   in  c l a i m   9  or   10  c h a r a c -  

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

12.  A  p r o c e s s   f o r   m a k i n g   a  f i l a m e n t a r y   s t r u c t u r e   c h a r a c -  

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

j e t   (1)  h a v i n g   an  i n n e r   j e t   h o l e   (3,   16)  r i n g e d   by  o u t e r   j e t  
h o l e s   (4,   1 7 ) ,   e x t r u d i n g   t he   p o l y m e r   t h r o u g h   the   i n n e r   j e t   h o l e  

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

o u t e r   j e t   h o l e s   (4)  to  form  a  s p i r a l   e x t r u d a t e   d i s p o s e d   w i t h i n  

an  e x t r u d e d   s h e a t h   c o m p o n e n t   to  w h i c h   i t s   s u c c e s s i v e   t u r n s   a r e  
a d h e r e d ,   and   c o o l i n g   t he   e x t r u d a t e s   to  s o l i d i f y   them  to  a  u n i t -  

a r y   s t r u c t u r e .  

13.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   12  c h a r a c t e r i s e d   i n  

t h a t   e a c h   o u t e r   j e t   h o l e   (4)  i s   p o s i t i o n e d   s u f f i c i e n t l y   c l o s e l y  
to  i t s   a d j a c e n t   o u t e r   j e t   h o l e s   (4)  t h a t   t he   e x t r u d a t e s   f r o m  

the   o u t e r   j e t   h o l e s   merge   to  f o r m   a  t u b u l a r   s h e a t h   c o m p o n e n t .  

14.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   12  or   13  c h a r a c t e r i s e d  

in  t h a t   e a c h   of   t he   o u t e r   j e t   h o l e s   (4)  of   t h e   s p i n n i n g   j e t  
i s   of   s m a l l e r   c r o s s - s e c t i o n a l   a r e a   t h a n   t he   i n n e r   j e t   h o l e   ( 3 ) .  

15.  A  p r o c e s s   as  c l a i m e d   in   any  of  c l a i m s   12  to  14  c h a r a c -  

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

and  t h e n   a l l o w e d   to  r e l a x   to  c a u s e   the   cage   f i l a m e n t s   (19)   w h i c h  

c o m p r i s e   t h e   s h e a t h   c o m p o n e n t   to   b a l l o o n   o u t   b e t w e e n   the   p o i n t s  
w h e r e   t h e y   a r e   j o i n e d   to  t he   s p i r a l   c o r e   f i l a m e n t   (18)   and  t h e r e -  

by  g i v e   an  e x p a n d e d   s t r u c t u r e   ( 2 0 ) .  



16.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   12  to  14  c h a r a c -  

t e r i s e d   in  t h a t   t he   f i l a m e n t a r y   s t r u c t u r e   (5)  p r o d u c e d   i s  

s t r e t c h e d   to  t h e   e x t e n t   t h a t   t he   cage   f i l a m e n t s   (7)  w h i c h   c o m -  

p r i s e   the   s h e a t h   c o m p o n e n t   b r e a k   b e t w e e n   the  p o i n t s   (8)  w h e r e  

t h e y   a re   j o i n e d   to  the   s p i r a l   c o r e   f i l a m e n t   (6)  to  p r o d u c e   a  
m o d i f i e d   f i l a m e n t a r y   s t r u c t u r e   in   w h i c h   the  b r o k e n   cage   f i l a -  

m e n t s   c o n s t i t u t e   f i b r i l s   (10)   w h i c h   a re   s u b s t a n t i a l l y   u n i f o r m  

in  l e n g t h   w i t h   t he   m a j o r i t y   b e i n g   r a k e d   in  a  common  d i r e c t i o n .  

17.  A  p r o c e s s   f o r   m a k i n g   a  f a b r i c   s t r u c t u r e   by  a  p r o c e s s  
as  c l a i m e d   in  any  o f  c l a i m s   12  to   16  c h a r a c t e r i s e d   in  t h a t   a  

p l u r a l i t y   of  f i l a m e n t a r y   s t r u c t u r e s   a re   e x t r u d e d   a d j a c e n t   t o  

each   o t h e r   w i t h   t he   axes   of  t he   s p i r a l   c o r e   f i l a m e n t s   s u b s t a n -  

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

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

r e m a i n   j o i n e d   as  a  u n i t a r y   f a b r i c   s t r u c t u r e .  

18.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   17  c h a r a c t e r i s e d   i n  

t h a t   t he   f i l a m e n t a r y   s t r u c t u r e s   a r e   e x t r u d e d   as  a  p l a n a r   a r r a y  
and  become  j o i n e d   to  e a c h   o t h e r   in   the   form  of  a  p l a n a r   f a b r i c .  



1.  A  f i l a m e n t a r y   s t r u c t u r e   c h a r a c t e r i s e d   in  t h a t   i t   h a s  

a  s p i r a l   t h e r m o p l a s t i c   c o r e   f i l a m e n t   (6,   12)  d i s p o s e d   w i t h i n  

a  t h e r m o p l a s t i c   s h e a t h   c o m p o n e n t   (7,   13)  w h i c h   i s   j o i n e d   t o  

the   s u c c e s s i v e   t u r n s   (8,   14)  of  the   s p i r a l   c o r e   f i l a m e n t ,  t h e  
F i l a m e n f a r y   s f r u c f a r e   having  b e e n  p r o d u c a d   d i r e c f f y   6y  e x f r u s i o n .  

2.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in   c l a i m   1  c h a r a c -  

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

by  a t   l e a s t   t h r e e   t h e r m o p l a s t i c   f i l a m e n t s   (7)   e a c h   of  w h i c h  

is   j o i n e d   to  t h e   s u c c e s s i v e   t u r n s   (8)  of  t h e   s p i r a l   c o r e   f i l a -  

m e n t .  

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

t e r i s e d   in  t h a t   e a c h   c a g e   f i l a m e n t   (7)  i s   s p a c e d   a p a r t   f r o m  

i t s   a d j a c e n t   c a g e   f i l a m e n t s   by  s u b s t a n t i a l l y   e q u a l   d i s t a n c e s .  

4.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in  c l a i m   2  or   c l a i m  

3  c h a r a c t e r i s e d   in  t h a t   t he   cage   f i l a m e n t s   (7)  a r e   in  s u b s t a n -  

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

ment  ( 6 ) .  

5.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in  any  of  c l a i m s  

2  to  4  c h a r a c t e r i s e d   in  t h a t   e a c h  o f   t he   c a g e   f i l a m e n t s   ( 7 )  

is   of  s m a l l e r   c r o s s - s e c t i o n a l   a r e a   t h a n   t he   s p i r a l   c o r e   f i l a -  

ment  ( 6 ) .  

6.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in  c l a i m   1  c h a r a c -  

t e r i s e d   in  t h a t   t he   s h e a t h   c o m p o n e n t   c o m p r i s e s   a  t u b e   ( 1 3 ) .  

7.  A  f i l a m e n t a r y   s t r u c t u r e   as  c l a i m e d   in  any  of  c l a i m s  

1  to  6  c h a r a c t e r i s e d   in  t h a t   the   s p i r a l   c o r e   f i l a m e n t   (6,  1 2 )  

and  the   s h e a t h   c o m p o n e n t   (7,   13)  c o m p r i s e   t he   same  t h e r m o p l a s t i c  

p o l y m e r .  



8 .   A  f a b r i c   s t r u c t u r e   c h a r a c t e r i s e d   by  a  p l u r a l i t y   of  f i l a -  

m e n t a r y   s t r u c t u r e s   as  c l a i m e d   in  any  of  c l a i m s   1  t o 7  j o i n e d  

to  e a c h   o t h e r   w i t h   t he   a x e s   of  the   s p i r a l   f i l a m e n t s   ( 22 ,   2 3 )  

in  s u b s t a n t i a l l y   p a r a l l e l   r e l a t i o n , t h e   F a b r i c   s f r u c f a r e   having  b e e n  

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

9   A  f a b r i c   s t r u c t u r e   as  c l a i m e d   in  c l a i m  8   c h a r a c t e r i s e d  

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

a  p l a n a r   a r r a y .  

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

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

j e t   (1)  h a v i n g   an  i n n e r   j e t   h o l e   (3,   16)  r i n g e d   by  o u t e r   j e t  

h o l e s   (4,   17 ) ,   e x t r u d i n g   the   p o l y m e r   t h r o u g h   the   i n n e r   j e t   h o l e  

(3)  at   a  g r e a t e r   v e l o c i t y   t h a n   p o l y m e r   i s   e x t r u d e d   t h r o u g h   t h e  

o u t e r   j e t   h o l e s   (4)  to  form  a  s p i r a l   e x t r u d a t e   d i s p o s e d   w i t h i n  

an  e x t r u d e d   s h e a t h   c o m p o n e n t   to  w h i c h   i t s   s u c c e s s i v e   t u r n s   a r e  

a d h e r e d ,   and  c o o l i n g   the   e x t r u d a t e s   to  s o l i d i f y   them  to  a  u n i t -  

a ry   s t r u c t u r e .  

1 1   A  p r o c e s s   as  c l a i m e d   in  c l a i m 1 0   c h a r a c t e r i s e d   i n  

t h a t   e a c h   o u t e r   j e t   h o l e   (4)  i s   p o s i t i o n e d   s u f f i c i e n t l y   c l o s e l y  

to  i t s   a d j a c e n t   o u t e r   j e t   h o l e s   (4)  t h a t   the   e x t r u d a t e s   f r o m  

the   o u t e r   j e t   h o l e s   merge   to  form  a  t u b u l a r   s h e a t h   c o m p o n e n t .  

12  A  p r o c e s s   as  c l a i m e d   in  c l a i m 1 0   o r  1 1   c h a r a c t e r i s e d  

in  t h a t   e a c h   of  the   o u t e r   j e t   h o l e s   (4)  of  the   s p i n n i n g   j e t  

is  of  s m a l l e r   c r o s s - s e c t i o n a l   a r e a   t h a n   the   i n n e r   j e t   h o l e   ( 3 ) .  

10  12 
1 3   A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   t o   c h a r a c -  

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

and  t h e n   a l l o w e d   to  r e l a x   to  c a u s e   the   cage  f i l a m e n t s   (19)   w h i c h  

c o m p r i s e   the  s h e a t h   c o m p o n e n t   to  b a l l o o n   out   b e t w e e n   the   p o i n t s  

where   t h e y   a re   j o i n e d   to  the   s p i r a l   c o r e   f i l a m e n t   (18)   and  t h e r e -  

by  g i v e   an  e x p a n d e d   s t r u c t u r e   ( 2 0 ) .  



1 4   A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s 1 0   t o  1 2   c h a r a c -  

t e r i s e d   in  t h a t   t he   f i l a m e n t a r y   s t r u c t u r e   (5)   p r o d u c e d   i s  

s t r e t c h e d   to  t h e   e x t e n t   t h a t   the   cage   f i l a m e n t s   (7)  w h i c h   c o m -  

p r i s e   t h e   s h e a t h   c o m p o n e n t   b r e a k   b e t w e e n   t h e   p o i n t s   (8)  w h e r e  

t h e y   a r e   j o i n e d   to   t h e   s p i r a l   c o r e   f i l a m e n t   (6)  to  p r o d u c e   a  

m o d i f i e d   f i l a m e n t a r y   s t r u c t u r e   in   w h i c h   t h e   b r o k e n   cage   f i l a -  

m e n t s   c o n s t i t u t e   f i b r i l s   (10)   w h i c h   a r e   s u b s t a n t i a l l y   u n i f o r m  

in  l e n g t h   w i t h   t h e   m a j o r i t y   b e i n g   r a k e d   in   a  common  d i r e c t i o n .  

1 5 .   A  p r o c e s s   f o r   m a k i n g   a  f a b r i c   s t r u c t u r e   by  a  p r o c e s s  

as  c l a i m e d   in   any  of   c l a i m s  1 0   t o 1 4   c h a r a c t e r i s e d   in  t h a t   a  

p l u r a l i t y   of   f i l a m e n t a r y   s t r u c t u r e s   a r e   e x t r u d e d   a d j a c e n t   t o  

e a c h   o t h e r   w i t h   t h e   a x e s   o f   t he   s p i r a l   c o r e   f i l a m e n t s   s u b s t a n -  

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

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

r e m a i n   j o i n e d   as  a  u n i t a r y   f a b r i c   s t r u c t u r e .  

15 
1 6 .   A  p r o c e s s   as  c l a i m e d   in  c l a i m   c h a r a c t e r i s e d   i n  

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

and  become   j o i n e d   to  e a c h   o t h e r   in   the   f o rm  of   a  p l a n a r   f a b r i c .  
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