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©  Air  jet  texturing  system. 
@  A  process  is  provided  for  producing  highly  resilient, 
textured,  continuous  multifilament  polymeric  yarns  and 
combinations  of  such  yarns  with  other  continuous  filament 
yarns  and  with  spun  yarns.  The  unstable  or  wild  loops  which 
form  in  conventional  air  jet  textured  yarns  are  substantially 
eliminated  in  the  product  yarns  of this  invention.  The  product 
yarns  are  formed  by  continuously  drawing  polymeric  yarn 
under  controlled  temperature  conditions,  texturing  the  yarn 
in  an  air  jet  texturizer  (14)  and  subjecting  the  textured  yarn  to 
saturated  steam  (18)  while  restraining  the  linear  shrinkage  of 
the  yarn  in  the  presence  of  the  steam,  followed  by  con- 
tinuous  take-up  of  the  yarn  on  a  package  (22). 



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

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

p o t e n t i a l .  

B u l k y   or  c r i m p e d   y a r n s   c o m p o s e d   of  c o n t i n u o u s  

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

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

w i t h   o v e r f e e d   to  an  a i r   j e t   t e x t u r i z e r   to   p r o d u c e   a  

l a r g e   number   of  r a n d o m   l o o p s   or  c r i m p s   in  t h e   y a r n .  

The  t y p e   and  d e g r e e   of  t e x t u r e   in  t h e   p r o d u c t   y a r n  

p r o d u c e d   by  s u c h   t e c h n i q u e s   d e p e n d s   upon  t h e   a m o u n t   o f  

t w i s t   in  t h e   f e e d   y a r n   and  on  t h e   a m o u n t   of  o v e r f e e d  

in  t h e   t e x t u r i n g   j e t .   The  p r o d u c t   y a r n   is   g e n e r a l l y  

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

p o o r   l i n e a r   s t a b i l i t y   and  h i g h   b o i l i n g   s h r i n k a g e  

v a l u e s .   The  y a r n s   a r e   c h a r a c t e r i z e d   by  t he   p r e s e n c e   o f  

many  r i n g - l i k e   or  c r u n o d a l   l o o p s   a t   i r r e g u l a r  

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

in  t h e   y a r n   b u n d l e .  

When  such   p r i o r   a i r   j e t   t e x t u r i n g   t e c h n i q u e s   a r e  

e m p l o y e d ,   a  c e r t a i n   n u m b e r   of  u n s t a b l e   or  " w i l d "   l o o p s  

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



u n s t a b l e   l o o p s   can   e x t e n d   o u t w a r d l y   f r o m   t h e   y a r n  

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

s u b s e q u e n t   t e x t i l e   m i l l   o p e r a t i o n s .   In  f a b r i c s   m a d e  

f r o m   s u c h   y a r n s ,   a  h o o k - l i k e   or  p i c k y   t y p e  

c h a r a c t e r i s t i c   may  a p p e a r ,   and  t h i s   i s   g e n e r a l l y  

d i s t a s t e f u l   in  a p p a r e l .  

P r o c e s s e s   a r e   known  f o r   c o n t r o l l i n g   t h e s e   u n s t a b l e  

l o o p s   t o   v a r y i n g   d e g r e e s .   U .S .   P a t e n t   s p e c i f i c a t i o n  

4 , 3 3 8 , 7 7 6   ( K r e n z e r )   d e s c r i b e s   a  p r o c e s s   and   a p p a r a t u s  

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

by  t h e   s e q u e n t i a l   s t e p s   of  a i r - j e t   t e x t u r i z i n g   to  f o r m  

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

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

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

t h e   y a r n   f i l a m e n t s ,   n e x t   s h r i n k i n g   and  h e a t   s e t t i n g  

t h e   y a r n   a t   a  t e m p e r a t u r e   of  a b o u t   I 5 o ° - 2 4 5 ° C . ,   a n d  

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

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

y a r n   i s   c o n d u c t e d   t h r o u g h   an  a i r   j e t   t e x t u r i z i n g  

n o z z l e   a t   an  o v e r f e e d   r a t e   s a i d   to   be  s u f f i c i e n t   t o  

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

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

l o o p s .   F o l l o w i n g   p a s s a g e   t h r o u g h   t h e   a i r   j e t ,   t h e   y a r n  

i s   c o n d u c t e d   to   f e e d   and  d raw  r o l l s   in   a  h e a t - f r e e  



c o n d i t i o n   s u c h   t h a t   a t   l e a s t   some  of  t h e   u n s t a b l e  

l o o p s   a r e   p u l l e d   o u t   of  t h e   y a r n .  

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

l o o p s   a r e   g e n e r a l l y   e x p e n s i v e   b u t   o n l y   m a r g i n a l l y  

e f f e c t i v e .   The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  e f f e c t i v e  

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

j e t   t e x t u r e d   y a r n s   w i t h   s u b s t a n t i a l l y   no  u n s t a b l e   o r  

w i l d   l o o p s .   One  p r o d u c t   of  t h i s   i n v e n t i o n   r e s u l t s   f r o m  

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

o r i e n t a t e d ,   p o l y e s t e r ,   p o l y a m i d e   and  s i m i l a r   y a r n s .  

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

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

t e n s i o n   a t   t h e   e n t r a n c e   and  e x i t   e n d s   of  a  s t e a m  

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

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

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

f a b r i c   r e s i l i e n c e .  

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

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

y a r n "   d e n o t e s   a  p o l y m e r i c   y a r n   d rawn  to   s u c h   an  e x t e n t  

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

l i t t l e   f u r t h e r   e x t e n s i b i l i t y   is  p o s s i b l e   in  a  c o l d ,  

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



m o s t   s t a b l e   y a r n   c o n d i t i o n ,   t o t a l   r e c o v e r y   o r  

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

s t a t e ;   h o w e v e r ,   t h e r e   i s   a  l o s s   of  t r a n s v e r s e   q u a l i t y  

or   r e s i l i e n c e   of  t h e   y a r n .  

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

t o t a l l y   u n d r a w n   s t a t e   or  a s - s p u n   c o n d i t i o n .  

The  t e r m   " p a r t i a l l y   o r i e n t a t e d   y a r n "   d e n o t e s   a  

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

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

t h e   e x t e n t   of  d r aw  i s   l e s s   t h a n   t h a t   f o r   f u l l y   d r a w n  

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

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

i m p r o v e d   w r i n k l e   r e s i s t a n c e   in  f a b r i c s   made  f rom  s u c h  

y a r n .  

The  t e r m   " s p u n   y a r n "   as  u s e d   h e r e i n   d e n o t e s   any  y a r n  

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

t h a t   a r e   r e c o n s t i t u t e d   by  t w i s t   or  o t h e r   m e a n s   to   f o r m  

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

T h e s e   y a r n s   can   be  made  of  s y n t h e t i c s   or   of  n a t u r e  

f i b r e s   s u c h   as  c o t t o n   or  w o o l .  

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   t h e r e   i s   p r o v i d e d  



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

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

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

a  d r a w   r o l l   s y s t e m   and  g u i d i n g   t he   d r awn   y a r n   to   a  

t a k e - u p   s y s t e m .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  of  e x a m p l e  

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

d r a w i n g s ,   in  w h i c h :  

F i g .   1  is   a  d i a g r a m   i l l u s t r a t i n g   t he   p r e f e r r e d   y a r n  

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

e m b o d y i n g   t h e   i n v e n t i o n ;  

F i g .   2  is   a  h i g h l y   e n l a r g e d   d i a g r a m   of  a  c o n v e n t i o n a l  

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

l o o p s ;  

F i g .   3  is   a  h i g h l y   e n l a r g e d   d i a g r a m   of  a  t e x t u r e d  

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

t h e   i n v e n t i o n   h a v i n g   no  u n s t a b l e   l o o p s ;  

F i g .   4  i s   a  s c h e m a t i c   s i d e   e l e v a t i o n   of  a p p a r a t u s  f o r  

c a r r y i n g   ou t   t he   p r o c e s s   in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   f o r   m a k i n g   a  c o r e   and  e f f e c t   y a r n ;   a n d  



F i g .   5  i s   an  end  e l e v a t i o n   of  t h e   a p p a r a t u s   of  F i g .   4 .  

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

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

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

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

The  u n s t a b l e   or  w i l d   l o o p s   w h i c h   fo rm  in  c o n v e n t i o n a l  

a i r   j e t   t e x t u r e d   y a r n s   a r e   s u b s t a n t i a l l y   e l i m i n a t e d   i n  

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

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

p o l y m e r i c   y a r n   u n d e r   c o n t r o l l e d   t e m p e r a t u r e  

c o n d i t i o n s ,   t e x t u r i n g   t h e   y a r n   in  an  a i r   j e t  

t e x t u r i z e r   and  s u b j e c t i n g   t h e   t e x t u r e d   y a r n   t o  

s a t u r a t e d   s t e a m   w h i l e   r e s t r a i n i n g   t h e   l i n e a r   s h r i n k a g e  

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

c o n t i n u o u s   t a k e - u p   of  t h e   y a r n   on  a  p a c k a g e .  

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

is   t h e   r e c o g n i t i o n   of  t h e   s u b s t a n t i a l   s h r i n k a g e   w h i c h  

t a k e s   p l a c e   when  p a r t i a l l y   o r i e n t a t e d   or  f u l l y  

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

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

p o l y e s t e r   y a r n   s a m p l e s   d r a w n   to   a p p r o x i m a t e l y   a  1 . 4 5  

or  as   much  as  1 . 6   d r aw  r a t i o   and  e x p o s e d   to  b o i l i n g  

w a t e r   a t   open   a t m o s p h e r i c   c o n d i t i o n s   ( a p p r o x i m a t e l y  



99°C)  s h r a n k   v i r t u a l l y   i n s t a n t a n e o u s l y   and  w i l d   l o o p s  

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

c o m p l e t e l y .  

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

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

c o u l d   be  c o l d   d r a w n ,   i . e .   in  t h e   a b s e n c e   of  h e a t ,  

b u l k e d   w i t h   an  a i r   j e t   t e x t u r i z e r   and  t h e n   p a s s e d  

t h r o u g h   a  s t e a m   c h a m b e r   u s i n g   s t e a m   a t   (25  to   3 0  

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

a t   t h e   e n t r a n c e   and  e x i t   e n d s   of  t h e   s t e a m   c h a m b e r   t o  

r e s t r a i n   and  c o n t r o l   t h e   s h r i n k a g e   of  t h e   y a r n   w h i l e  

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

t h e   y a r n   t h r o u g h   the   e x i t   r o l l s   i s   in  t h e   r a n g e   o f  

a b o u t   0 . 8   to  2 . 0   t i m e s   t h e   l i n e a r   s p e e d   of  t h e   y a r n  

t h r o u g h   t h e   e n t r a n c e   r o l l s ,   t h e   l i n e a r   s h r i n k a g e   o f  

t h e   y a r n   b e i n g   in  t he   r a n g e   of  a b o u t   20  to   a b o u t   1 0 0  

pe r   c e n t .  

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

a c c o r d i n g   to  t h i s   i n v e n t i o n   a r e   c h a r a c t e r i z e d   b y  

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

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

d rawn  f i b r e   b i r e f r i n g e n c e .   T h i s   c h a r a c t e r i s t i c   i s  

d e f i n e d   as  t he   d i f f e r e n c e   b e t w e e n   t h e   p r i n c i p a l  



r e f r a c t i v e   i n d e x   in  t h e   s t r e t c h   d i r e c t i o n   and  t h e  

p r i n c i p a l   r e f r a c t i v e   i n d e x   p e r p e n d i c u l a r   to   t h e  

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

The  y a r n   p r o d u c e d   by  p r o c e s s e s   a c c o r d i n g   to  t h i s  

i n v e n t i o n   may  b e  c o m b i n e d   w i t h   v i r t u a l l y   any  o t h e r  

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

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

a c e t a t e ,   and  o t h e r   s i m i l a r   y a r n s ,   as  w e l l   as  s p u n  

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

c o t t o n .   W h i l e   n o t   f u l l y   u n d e r s t o o d ,   i t   i s   b e l i e v e d  

t h a t   upon   r e s t r a i n e d   l i n e a r   s h r i n k a g e   in  t he   s t e a m  

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

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

in  i n t i m a t e   c o n t a c t .  

C o l d   d r a w n ,   u n t e x t u r e d   b u t   s t e a m - t r e a t e d   y a r n s  

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

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

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

y a r n s   w h i c h   a r e   s i l k - l i k e   b o t h   in  t a c t i l e   and  i n  

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

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

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

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



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

t h r e a d   and  f e n e s t r a t i o n   y a r n s .   Spun  y a r n s   can  b e  

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

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

e n d s   in  t h e   spun   y a r n   and  e s t a b l i s h   an  i n t e g r a t e d  

p r o d u c t .   P r o c e s s e s   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  

can  a l s o   be  a p p l i e d   to   d e s t a b l i l i z e d   f u l l y   d r a w n   y a r n s  

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

l o o p s   by  s t e a m   t r e a t i n g   r e s u l t i n g   in  i m p r o v e d   y a r n s  

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

Means  a r e   f u r t h e r   p r o v i d e d   by  w h i c h   s h o r t ,   b u t   r a n d o m ,  

n o n - u n i f o r m i t i e s   can  be  i n t r o d u c e d   to  o v e r c o m e   t h e  

p l a s t i c s - l i k e   a p p e a r a n c e   of  c o n v e n t i o n a l   c o n t i n u o u s  

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

R e f e r r i n g   now  to  t h e   d r a w i n g s ,   F i g .   1  shows  c o n t i n u o u s  

f i l a m e n t   p o l y m e r i c   y a r n s   32  and  34  b e i n g   f e d   f r o m  

s u p p l y   y a r n   p a c k a g e s   4  and  2  r e s p e c t i v e l y   to   f e e d  

r o l l s   10  and  10 '   and  t h e n c e   to   and  t h r o u g h   d r a w  r o l l s  

12  and  12 '   w h i c h   run  a t   a  h i g h e r   s p e e d   t h a n   t h e   f e e d  

r o l l s   and  t h e r e b y   i m p a r t   d raw  to  t h e   y a r n .   P r e f e r r e d  

draw  r a t i o s   r a n g e   f rom  a b o u t   1 . 4 5   to  a b o u t   1 .6   w h e n  

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

f u l l y   o r i e n t a t e d   y a r n   i s   f ed   as  f i l a m e n t s   32  and  3 4 ,  

t h i s   y a r n   i s   p r e f e r a b l y   d rawn   a b o u t   20  to  a b o u t   35%  a t  



an  e l e v a t e d   t e m p e r a t u r e   in  t h e   r a n g e   of  a b o u t   1 0 1 ° C   t o  

a b o u t   1 3 8 ° C   f o r   p o l y e s t e r   y a r n s .   The  h e a t i n g   can  b e  

a c c o m p l i s h e d   by  u s i n g   h e a t e d   f e e d   r o l l s   10  and  10 '   a n d  

d raw  r o l l s   12  and  12 '   (or   a  h e a t i n g   d e v i c e  

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

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

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

t h e   d r a w n   y a r n   i s   g u i d e d   to   an  a i r   j e t   t e x t u r i z e r   1 4  

by  g u i d e s   8  w h e r e   i t   may  be  c o m b i n e d   w i t h   a n o t h e r   y a r n  

30  f e d   f r o m   p a c k a g e   6  w h i c h   may  be  a  spun   y a r n ,   n o t  

d r a w n ,   f o r   e x a m p l e .   The  t e x t u r e d   m u l t i f i l a m e n t   y a r n   3 6  

e x c i t i n g   t h e   a i r   j e t   t e x t u r i z e r   i s   g u i d e d   to   a n d  

t h r o u g h   s e c o n d   f e e d   r o l l s   16  and  161  and  i n t o   a n d  

t h r o u g h   t h e   s t e a m   c h a m b e r   18  w h e r e   i t   i s   s u b j e c t e d   t o  

s a t u r a t e d   s t e a m   a t   a b o u t   1 0 4 ° C   to   a b o u t   1 4 8 ° C .   T h e  

s t e a m   t r e a t e d   y a r n   p a s s e s   t h r o u g h   r o l l s   20  and  2 0 '  

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

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

d e s i r e d   d e g r e e s .   The  h i g h l y   r e s i l i e n t   d r a w n ,   t e x t u r e d  

and  s t e a m - t r e a t e d   y a r n   38  i s   t h e n   wound  upon   y a r n  

p a c k a g e   22 ,   w i t h   t h e   a i d   of  s t a b i l i z e r   r o l l   24 ,   t h u s  

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

i n v e n t i o n .  

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



l o o p s   39  in  m u l t i f i l a m e n t   y a r n   36  p r o d u c e d   b y  

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

37.  F o l l o w i n g   s t e a m   t r e a t m e n t   t h e   u n s t a b l e   l o o p s   a r e  

s u b s t a n t i a l l y   e l i m i n a t e d   as  d e p i c t e d   in  F i g .   3 .  

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

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

d e p i c t e d   in  F i g s .   4  and  5.  T h e r e i n ,   f e e d   y a r n s   44  a n d  

46  f e d   f r o m   y a r n   s u p p l i e s   40  and  42,  r e s p e c t i v e l y ,  

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

y a r n   a p p a r a t u s .   At  l e a s t   one  of  t h e   f e e d   y a r n s   i s   m a d e  

as  d e s c r i b e d   in  c o n n e c t i o n   w i t h   F i g .   1  b u t   e l i m i n a t i n g  

t he   a i r   j e t   t e x t u r i n g .   T h a t   i s ,   a t   l e a s t   one  of  t h e  

f e e d   y a r n s   in  F i g .   4  has   b e e n   d r a w n   b u t   n o t '   s t e a m  

t r e a t e d   or  t e x t u r e d   as  shown  in  F i g .   1.  The  c o r e   y a r n  

44  in  F i g .   4  is  fed   a t   a  c o n s t a n t   r a t e   t h r o u g h   t h e  

r o l l   s y s t e m   and  to   and  t h r o u g h   t h e   a i r   j e t   t e x t u r i z e r  

66.   The  e f f e c t   y a r n   46  is   c a u s e d   to   c r e a t e   t h i c k  

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

i n t e r v a l s   by  means   of  r o l l   60  and  r o l l   58  c a u s i n g   y a r n  

46  to  o v e r f e e d   to  j e t   66.  When  t h i n   s e c t i o n s   a r e  

d e s i r e d ,   r o c k e r   arm  56  is   c a u s e d   to   d i s e n g a g e   r o l l   5 8  

f rom  r o l l   60  and  r o l l   54  in  c o o p e r a t i o n   w i t h   r o l l   5 2  

s l o w s   t h e   s p e e d   of  f i l a m e n t   46 ,   t h e r e b y   p r o d u c i n g   a  

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



54  and   58  c an   be  c o n t r o l l e d   as  d e s i r e d   u s i n g   k n o w n  

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

t u b e   55 .   Upon  r e m o v a l   of  t h e   a i r   s i g n a l ,   s p r i n g  

m e c h a n i s m   57  c a u s e s   r o l l s   52  and   54  to   d i s e n g a g e   a n d  

r o l l s   58  and   60  to   e n g a g e   to   o v e r f e e d   y a r n   46.   T h e  

t e x t u r e d   y a r n   68  e x i t i n g   t h e   a i r   j e t   i s   g u i d e d   to  a n d  

t h r o u g h   f e e d   r o l l s   16  and  16 '   and   i n t o   and  t h r o u g h   t h e  

s t e a m   c h a m b e r   18  w h e r e   i t   i s   s u b j e c t e d   to  s a t u r a t e d  

s t e a m .   The  s t e a m   t r e a t e d   y a r n   p a s s e s   t h r o u g h   r o l l s   2 0  

and   20 '   w h i c h   c o n t r o l   t h e   s p e e d ,   t e n s i o n   and  l i n e a r  

s h r i n k a g e   of   t h e   y a r n   a t   d e s i r e d   d e g r e e s .   The  t h i c k  

and  t h i n   c o r e   and   e f f e c t   y a r n   68  p r o d u c e d   a c c o r d i n g   t o  

t h i s   m e t h o d   i s   c o l l e c t e d   on  t a k e - u p   r o l l   70  w i t h   t h e  

a i d   of   s t a b i l i z e r   r o l l   72 .   T h i s   y a r n   so  p r o d u c e d  

s h o u l d   h a v e   a  b r o a d   r a n g e   of  more   e x o t i c   end  u s e s ,  

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

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

c h a r a c t e r i s t i c s   of  s i l k .  



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

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

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

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

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

( 1 0 , 1 0 ' ) a n d   t h e n c e   to   and  t h r o u g h   a  draw  r o l l   s y s t e m  

( 1 2 , 1 2 ' )   and  g u i d i n g   t h e   d r awn   y a r n   to   a  t a k e - u p  

s y s t e m   ( 2 2 , 2 4 ) .  

2.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1,   c h a r a c t e r i z e d   b y  

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

a  s e c o n d   f e e d   r o l l   s y s t e m   ( 1 6 , 1 6 ' )   w h i c h   f e e d s   s a i d  

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

c h a m b e r   (18)  c o n t a i n i n g   s a t u r a t e d   s t e a m ,   t h e   y a r n  

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

t h r o u g h   a  f o u r t h   r o l l   s y s t e m   ( 2 0 , 2 0 1 )   in  c o o p e r a t i o n  

w i t h   s a i d   s e c o n d   f e e d   r o l l   s y s t e m   ( 1 6 , 1 6 , ' )   to   r e s t r a i n  

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

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

s t e a m   t r e a t e d   y a r n   to   a  t a k e - u p   s y s t e m ,   t h e r e b y  

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

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

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



3.  A  p r o c e s s   a c c o r d i n g   t o  c l a i m   1  or  c l a i m   2  w h e r e i n  

s a i d   f e e d   y a r n   i s   a  p o l y e s t e r , a   p o l y a m i d e ,   a  

p o l y o l e f i n ,   a  v i n y l   or  an  a c r y l i c   p o l y m e r .  

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   2  c h a r a c t e r i z e d   b y  

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

to   a  t e x t u r i n g   a i r   j e t   s y s t e m   ( 1 4 ) ,   c o n d u c t i n g   s a i d  

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

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

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

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

r o l l   s y s t e m   ( 1 6 , 1 6 1 ) .  

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

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

y a r n   c h a r a c t e r i z e d   by  t h e   f u r t h e r   s t e p s   of  f e e d i n g   a t  

l e a s t   one   end  of  a  f u r t h e r   c o n t i n u o u s   f i l a m e n t  

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

s e c o n d a r y   f e e d   r o l l   s y s t e m   ( 1 0 , 1 0 ' )   and  t h e n c e   t o   a n d  

t h r o u g h   a  s e c o n d a r y   d r a w   r o l l   s y s t e m   ( 1 2 , 1 2 1 )   w h e r e b y  

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

t h e   s a i d   t e x t u r i n g   a i r   j e t   s y s t e m   (14)  and  c o m b i n i n g  

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

j e t   s y s t e m   w i t h   a t   l e a s t   one  o t h e r   s a i d  

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



j e t ,   t h e r e b y   f o r m i n g   m u l t i p l e   r andom  l o o p s   in  t h e  

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

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

l e a v i n g   s a i d   a i r   j e t   to   and  t h r o u g h   t h e   s a i d   s e c o n d  

f e e d   r o l l   s y s t e m   ( 1 6 , 1 6 ' ) .  

6.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   4  or  c l a i m   5 

c h a r a c t e r i z e d   in  t h a t   s a i d   f e e d   y a r n   i s   p a r t i a l l y  

o r i e n t a t e d   y a r n .  

7.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  c h a r a c t e r i z e d   i n  

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

d r a w n   by  a b o u t   20  to   a b o u t   35  pe r   c e n t   a t   e l e v a t e d  

t e m p e r a t u r e .  

8.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   5  c h a r a c t e r i z e d   i n  

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

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

a  spun   y a r n .  

9.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   5  c h a r a c t e r i z e d   i n  

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

10.   A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  f o r   t h e   p r o d u c t i o n  

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



m u l t i f i l a m e n t ,   c o r e   and   e f f e c t   y a r n   c h a r a c t e r i z e d   b y  

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

l e a s t   one  o t h e r   y a r n   in  c o m b i n a t i o n   to   a  c o r e   a n d  

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

c o r e   or  e f f e c t   y a r n ,   t h e n c e   c o n d u c t i n g   t h e   c o m b i n e d  

y a r n   e n d s   to   and   t h r o u g h   a  t e x t u r i n g   a i r   j e t ,  

c o n d u c t i n g   t h e   y a r n   (36)  l e a v i n g   s a i d   a i r   j e t   to   a n d  

t h r o u g h   a  s e c o n d   f e e d   r o l l   s y s t e m   ( 1 6 , 1 6 1 )   w h i c h   f e e d s  

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

s t e a m   c h a m b e r   (18)  c o n t a i n i n g   s a t u r a t e d   s t e a m ,   t h e  

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

t h r o u g h   a  f o u r t h   r o l l   s y s t e m   ( 2 0 , 2 0 ' )   c o o p e r a t i n g   w i t h  

s a i d   s e c o n d   f e e d   r o l l   s y s t e m   ( 1 6 , 1 6 ' )   to   r e s t r a i n   a n d  

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

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

p r o d u c e d   by  o v e r f e e d i n g   e i t h e r   t h e   c o r e   y a r n   or  t h e  

e f f e c t   y a r n   a t   d e s i r e d   and   c o n t r o l l e d   t i m e   i n t e r v a l s ,  

and  g u i d i n g   t h e   t e x t u r e d   c o r e   and  e f f e c t   y a r n   to   a  

t a k e - u p   s y s t e m   ( 7 0 , 7 2 ) ,   t h e r e b y   p r o d u c i n g   a  h i g h l y  

r e s i l i e n t   t e x t u r e d   c o r e   a n d   e f f e c t   y a r n ,   s a i d   f e e d  

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

b i r e f r i n g e n c e .  
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