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©  Air  jet-texturing  process  for  production  of  low-shrinkage  polyester  yarn 
(57)  A  process  is  disclosed  for  producing  an  air  jet  textured 
polyester  yarn  having  a  low  dry  heat  shrinkage.  The  process 
comprises  the  steps  of:  (a)  cold  drawing  a  spin-oriented 
polyester  yarn  at  a  draw  ratio  of  from  1  .3  to  2.0:  (b)  preheating  — 
the  drawn  yarn  at  substantially  constant  length:  (c)  feeding 
theyarntoanairjetata10%to40%overfeed:(d)jet-texturing  23  2 
the  yarn  with  the  air  jet:  (e)  drawing  the  jet-textured  yarn  at  a 
draw  ratio  of  1.04  to  1.12:  (f)  winding  up  the  resulting  air 
jet-textured  yarn.  In  an  embodiment  of  the  process  a  step  of 
post-heating  the  jet-textured  yarn  is  included  between  step  (e) 
and  step  (f)  in  order  to  reduce  the  size  of  the  surface  loops  and 
to  improve  the  stability  of  the  jet-textured  yarn.  In  the  illus- 
trated  embodiment  step  (a)  is  performed  between  roll  1 9 ^ ^  
assemblies  (13)  and  (17),  step  (b)  by  heater  plate  (20).  Passing 
through  a  water  bath  (26)  the  yarn  is  fed  to  the  air  jet  bulking 
device  (28)  at  an  overfeed  regulated  by  roll  assemblies  (21) 
and  (29).  Step  (e)  is  performed  between  roll  assemblies  (29)  16 
and  (32),  after  which  the  jet-textured  yarn  is  post-heated  by  %. 
heater  plate  (35).  The  yarn  is  wound  on  package  (39). 
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A   process  is  disclosed  for  producing  an  air  jet  textured 
polyester  yarn  having  a  low  dry  heat  shrinkage.  The  process 
comprises  the  steps  of:  (a)  cold  drawing  a  spin-oriented 
polyester  yarn  at  a  draw  ratio  of from  1.3  to  2.0: (b)  preheating 
the  drawn  yarn  at  substantially  constant  length:  (c)  feeding 
the  yarn  to  an  air jet  at  a  10% to 40% over feed: (d) jet-texturing 
the  yarn  with  the  air jet:  (e)  drawing  the  jet-textured  yarn  at  a 
draw  ratio  of  1.04  to  1.12:  (f)  winding  up  the  resulting  air 
jet-textured  yarn.  In  an  embodiment  of the  process  a  step  of 
post-heating  the  jet-textured  yarn  is  included  between  step  (e) 
and  step  (f) in  orderto  reduce the  size  of  the  surface  loops  and 
to  improve  the  stability  of  the  jet-textured  yarn.  In  the  illus- 
trated  embodiment  step  (a)  is  performed  between  roll 
assemblies  (13)  and  (17),  step  (b)  by  heater  plate  (20).  Passing 
through  a  water  bath  (26) the  yarn  is  fed  to  the  air jet  bulking 
device  (28)  at  an  overfeed  regulated  by  roll  assemblies  (21) 

and  (29).  Step  (e) is  performed  between  roll  assemblies  (29) 
and  (32),  after  which  the  jet-textured  yarn  is  post-heated  by 
I  heater  plate  (35).  The  yarn  is  wound  on  package  (39). 
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T h i s   i n v e n t i o n   r e l a t e s   to  the   p r o d u c t i o n   of  a i r  

j e t - t e x t u r e d   b u l k e d   p o l y e s t e r   y a r n   f rom  s p i n - o r i e n t e d   p o l y -  

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

a i r   j e t - t e x t u r e d   y a r n   h a v i n g   a  low  d r y   h e a t   s h r i n k a g e .  

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

h e r e i n   means   such   y a r n   p r e p a r e d   by  m e l t - s p i n n i n g   p o l y e t h -  

y l e n e   t e r e p h t h a l a t e   i n t o   y a r n   w h i l e   w i t h d r a w i n g   the   y a r n  
f rom  t h e   s p i n n e r e t   a t   a  t a k e - o f f   s p e e d   of  3000  to   4 0 0 0  

y a r d s / m i n u t e   (2740  to   3660  m e t r e s / m i n u t e )   as  d e s c r i b e d   b y  

G o r r a f a   in  U n i t e d   S t a t e s   P a t e n t   N o .  3   973  386  i s s u e d   1 9 7 6  

A u g u s t   1 0 .  

M e a s u r e m e n t s   of  " d r y   h e a t   s h r i n k a g e "   as  u s e d  

h e r e i n   a r e   o b t a i n e d   by  (a)   s u s p e n d i n g   a  w e i g h t   from  a  s k e i n  

of   y a r n   to  p r o d u c e   a  0 .1   g / d e n i e r   ( 0 . 0 8 8 3   d N / t e x )   l o a d   o n  

t h e   y a r n   and  m e a s u r i n g   i t s   l e n g t h   ( L . ) ,   (b)  r e p l a c i n g   t h e  

w e i g h t   by  a  l i g h t e r   w e i g h t   g e n e r a t i n g   a  0 . 0 0 5   g / d e n i e r  

( 0 . 0 0 4 4 1   d N / t e x )   l oad   and  p l a c i n g   the   l o a d e d   y a r n   in  an  o v e n  

a t   2 5 0  +   5°F  ( 1 2 1  +   2 . 8 ° C )   f o r   5  m i n u t e s ,   (c)  r e m o v i n g   t h e  

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

t h e   o r i g i n a l   w e i g h t ,   and  r e c o r d i n g   i t s   new  l e n g t h   ( L f ) ,   a n d  

(d)  c a l c u l a t i n g   t he   s h r i n k a g e   as  f o l l o w s :  

Dry  h e a t   s h r i n k a g e   (%)  =  ( L o  -   L f ) / L o   x  1 0 0  

A  p r i o r   a r t   p r o c e s 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   f rom  s p i n - o r i e n t e d   p o l y e s t e r   y a r n   i n v o l v e s   t he   f o l l o w -  

i n g   s t e p s :   (a)  h o t - d r a w i n g   the   s p i n - o r i e n t e d   p o l y e s t e r   y a r n  

e . g .   o v e r   a  h e a t e d   draw  p i n   a t   a  d raw  r a t i o   in  the   r a n g e   o f  

f rom  1.3  to   2 . 0 ;   (b)  f e e d i n g   t he   y a r n   to  an  a i r   j e t   a t   10% 

to   40%  o v e r f e e d ;   (c)  j e t - t e x t u r i n g   the   y a r n   w i t h   the   a i r  

j e t ;   (d)  d r a w i n g   t h e   j e t - t e x t u r e d   y a r n   at   a  draw  r a t i o   o f  

1 . 0 4   to   1 . 1 2   to   r e d u c e   the   s i z e   of  l a r g e   l o o p s   p r o d u c e d  

d u r i n g   the   j e t - t e x t u r i n g   s t e p ;   (e)  p o s t - h e a t i n g   the   j e t -  

t e x t u r e d   y a r n ;   and  (f)   w i n d i n g   up  t h e   r e s u l t i n g   j e t - t e x t u r e d  

y a r n .  

The  j e t - t e x t u r e d   p o l y e s t e r   y a r n   p r o d u c e d   by  t h e  



a b o v e   p r i o r   a r t   p r o c e s s   h a s   a  r e l a t i v e l y   h i g h   d ry   h e a t  

s h r i n k a g e   e . g .   a b o u t   4.1%  t o   a b o u t   4.5%  f o r   400  d t e x   to   6 0 0  

d t e x   y a r n ;   a b o u t   4.8%  to  a b o u t   6.4%  f o r   800  d t e x   to   1 2 0 0  

d t e x   y a r n ;   and  even   h i g h e r   f o r   y a r n   a b o v e   1200  d t e x .   W h i l e  

s u c h   d r y   h e a t   s h r i n k a g e s   a r e   s a t i s f a c t o r y   in  many  end  u s e s  

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

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

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

S u r p r i s i n g l y   i t   h a s   now  b e e n   found   t h a t   by  r e p l a c -  

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

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

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

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

l o w e r   d r y   h e a t   s h r i n k a g e s   e . g .   a b o u t   2.2%  t o   a b o u t   2.8%  f o r  

400  d t e x   t o   600  d t e x   y a r n ;   a b o u t   3.1%  to  a b o u t   3.5%  f o r   8 0 0  

d t e x   to   1200  d t e x   y a r n ;   and  a b o u t   3.5%  to   a b o u t   3.9%  f o r  

1200  d t e x   to   2000  d t e x   y a r n .  

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

p r o c e s s   f o r   p r o d u c i n g   an  a i r   j e t - t e x t u r e d   p o l y e s t e r   y a r n  

h a v i n g   a  low  d r y   h e a t   s h r i n k a g e ,   t h e   p r o c e s s   c o m p r i s i n g   t h e  

s t e p s   o f :   (a)  c o l d   d r a w i n g   a  s p i n - o r i e n t e d   p o l y e s t e r   y a r n  
a t   a  d r a w   r a t i o   in  t h e   r a n g e   of  f rom  1 .3   to   2 . 0 ;   (b)  p r e -  

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

l e n g t h ;   (c)  f e e d i n g   t h e   y a r n   to   an  a i r   j e t   a t   a  10%  t o   40% 

o v e r f e e d ;   (d)  j e t - t e x t u r i n g   t h e   y a r n  w i t h   t h e   a i r   j e t ;   ( e )  

d r a w i n g   t h e   j e t - t e x t u r e d   y a r n   a t   a  d r a w   r a t i o   o f   1 . 0 4   t o  

1 . 1 2 ;   and  ( f )   w i n d i n g   up  t h e   r e s u l t i n g   j e t - t e x t u r e d   y a r n .  
The  t e r m   " o v e r f e e d "   to   t h e   a i r   j e t   as  u s e d   h e r e i n  

m e a n s :  

In  one  e m b o d i m e n t   o f   t h e   p r o c e s s   o f . t h e   p r e s e n t  
i n v e n t i o n   a  s t e p   of   p o s t - h e a t i n g   t h e   j e t - t e x t u r e d   y a r n   i s  

i n c l u d e d   b e t w e e n   s t e p   (e)  and  s t e p   ( f ) .  

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

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



t h e   s t e p   of  p o s t - h e a t i n g   the   j e t - t e x t u r e d   y a r n   a re   e a c h  

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

t e m p e r a t u r e   in  t h e   r a n g e   of  f rom  180°C  to  2 2 0 ° C .  

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

p r e s e n t   i n v e n t i o n   the   y a r n   is  fed  to  t he   a i r   j e t   a t   a  20%  t o  

30%  o v e r f e e d .  

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

p r e s e n t   i n v e n t i o n   t h e   j e t - t e x t u r e d   y a r n   is  d rawn  a t   a  d r a w  

r a t i o   of  1 . 0 6   to   1 . 1 0 .  

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

p r e s e n t   i n v e n t i o n   t h e   s t e p   of  p r e h e a t i n g   t he   drawn  y a r n   a n d  

t h e   s t e p   of  p o s t - h e a t i n g   the   j e t - t e x t u r e d   y a r n   a re   e a c h  

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

i ng   a t   a  s u r f a c e   t e m p e r a t u r e   in  t h e   r a n g e   of  f rom  205°C  t o  

2 1 5 ° C .  

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

p r e s e n t   i n v e n t i o n   t he   y a r n   is  fed  to  t he   a i r   j e t   a t   a  23%  t o  

27%  o v e r f e e d .  

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

p r e s e n t   i n v e n t i o n   the   s p i n - o r i e n t e d   p o l y e s t e r   y a r n   is  c o l d  

d rawn   a t   a  draw  r a t i o   of   f rom  1 .6   to   1 . 8 .  

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

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

a t   a  d raw  r a t i o   of  f rom  1.6  to  1 .8   on  a  draw  r o l l   o p e r a t i n g  

a t   a  s u r f a c e   s p e e d _ o f   a t   l e a s t   375  m e t r e s / m i n u t e   and  t h e  

r e s u l t i n g   a i r   j e t - t e x t u r e d   y a r n   has   a  l i n e a r   d e n s i t y   in  t h e  

r a n g e   of  from  400  d t e x   to  600  d t e x   and  has   a  d ry   h e a t  

s h r i n k a g e   in  t he   r a n g e   of  f rom  a b o u t   2.2%  to  a b o u t   2 . 8 % .  

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

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

a t   a  draw  r a t i o   of  f rom  1 .6   to   1 .8   o n  a   draw  r o l l   o p e r a t i n g  

a t   a  s u r f a c e   s p e e d   of  a t   l e a s t   375  m e t r e s / m i n u t e   and  t h e  

r e s u l t i n g   a i r   j e t - t e x t u r e d   y a r n   has   a  l i n e a r   d e n s i t y   in  t h e  

r a n g e   of  f rom  600  d t e x   to   1200  d t e x   and  has  a  d ry   h e a t  

s h r i n k a g e   in  t he   r a n g e   of  from  a b o u t   2.8%  to   a b o u t   3 . 5 % .  

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

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

a t   a  draw  r a t i o   of  f rom  1.6  to   1 .8   on  a  draw  r o l l   o p e r a t i n g  



a t   a  s u r f a c e   s p e e d   o f   a t   l e a s t   375  m e t r e s / m i n u t e   and  t h e  

r e s u l t i n g   a i r   j e t - t e x t u r e d   y a r n   h a s   a  l i n e a r   d e n s i t y   in  t h e  

r a n g e   o f   f rom  1200  d t e x   t o   2000  d t e x   and  h a s  a   d ry   h e a t  

s h r i n k a g e   in  t h e   r a n g e   o f   f rom  a b o u t   3.5%  t o   a b o u t   3 . 9 % .  

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

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

a t   a  d r a w   r a t i o   o f  f r o m   1 .6   to   1 .8   on  a  d raw  r o l l   o p e r a t i n g  

a t   a  s u r f a c e   s p e e d   of   a t   l e a s t   240  m e t r e s / m i n u t e   and  t h e  

r e s u l t i n g   a i r   j e t - t e x t u r e d   y a r n   has   a  l i n e a r   d e n s i t y   in  t h e  

r a n g e   o f   f rom  2000  d t e x   to   3500  d t e x   and  has   a  d r y   h e a t  

s h r i n k a g e   o f   l e s s   t h a n   a b o u t   3 . 0 % .  

An  e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

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

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

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

i n v e n t i o n .  

In  t h e   d r a w i n g ,   s p i n - o r i e n t e d   p o l y e s t e r   y a r n   10  i s  

p u l l e d   f rom  a  s u p p l y   p a c k a g e   11  o v e r   a  y a r n   g u i d e   12  by  f e e d  

r o l l   a s s e m b l y   13,  c o m p r i s i n g   a  f e e d   r o l l   14,  a  c o t   r o l l   1 5  

and  a  s e p a r a t o r   r o l l   16.  Yarn   10  is   p a s s e d   a b o u t   co t   r o l l  

15  and  s e p a r a t o r   r o l l   16  f o r   a  p l u r a l i t y   of  w r a p s .   F r o m  

t h e   f e e d   r o l l   a s s e m b l y   13  t h e   y a r n   10  p a s s e s   to  a  draw  r o l l  

a s s e m b l y   17,  c o m p r i s i n g   d raw  r o l l   1 8 - a n d   s e p a r a t o r   r o l l   1 9 .  

The  y a r n   10  is  p a s s e d   a b o u t   d raw  r o l l   18  and  s e p a r a t o r   r o l l  

19  f o r   a  p l u r a l i t y   of   w r a p s .   Draw  r o l l   a s s e m b l y   17  r u n s   a t  

a  f a s t e r   s p e e d   t h a n   f e e d   r o l l   a s s e m b l y   13  to   draw  t he   y a r n  
a t   a  d r aw  r a t i o   in  t h e   r a n g e   of   f rom  1 .3   t o   2 .0   and  p r e f e r -  

a b l y   in   t h e   r a n g e   of   f rom  1 .6   t o   1 . 8 .   F r o m  d r a w   r o l l  

a s s e m b l y   17,  t h e   d r awn   y a r n   p a s s e s   o v e r   a  h e a t e r   p l a t e   2 0 ,  
w h i c h   o p e r a t e s   a t   a  t e m p e r a t u r e   in  t h e   r a n g e   of  f rom  1 8 0 ° C  

to   220°C  and  p r e f e r a b l y   in  t h e   r a n g e  o f   f rom  205°C  to  2 1 5 ° C ,  

to   r o l l   a s s e m b l y   21,  c o m p r i s i n g   d r i v e n   r o l l   22  and  s e p a r a t o r  
r o l l   23.   The  d r awn   y a r n   i s   p a s s e d   a b o u t   d r i v e n   r o l l   22  a n d  

s e p a r a t o r   r o l l   23  f o r   a  p l u r a l i t y   of   w r a p s .   P r e f e r a b l y   r o l l  

a s s e m b l y   21  r u n s   a t   t he   same  s p e e d   as  d r a w   r o l l   a s s e m b l y   1 7 .  

From  r o l l   a s s e m b l y   21,  t h e   y a r n   p a s s e s   o v e r   y a r n   g u i d e   2 4  

u n d e r   g u i d e   p i n   25  w h i c h   i s   i m m e r s e d   in  a  b a t h   26  c o n t a i n i n g  

w a t e r   a t   room  t e m p e r a t u r e .   I t   t h e n   p a s s e s   o v e r   y a r n   g u i d e  



27,  t h r o u g h   a i r   j e t   b u l k i n g   d e v i c e   28,  to  r o l l   a s s e m b l y   2 9 ,  

c o m p r i s i n g   d r i v e n   r o l l   30  and  s e p a r a t o r   r o l l   31.  The  j e t -  

t e x t u r e d   y a r n   is  p a s s e d   a b o u t   d r i v e n   r o l l   30  and  s e p a r a t o r  

r o l l   31  f o r   a  p l u r a l i t y   of  w r a p s .  

The  a i r   j e t   b u l k i n g   d e v i c e   28  p r o d u c e s   c r u n o d a l  

s u r f a c e   l o o p s .   A  p r e f e r r e d   j e t   is   d i s c l o s e d   by  A g e r s   i n  

U n i t e d   S t a t e s   P a t e n t   N o .  4   157  605  i s s u e d   1979  J u n e   12  ( s e e  

p a r t i c u l a r l y   F i g u r e s   6  and  7 ) .   The  y a r n   is  i m m e r s e d   i n  

w a t e r   b a t h   26  in  o r d e r   to  i m p r o v e   t h e   e f f i c i e n c y   of  a i r   j e t  

b u l k i n g   d e v i c e   28.  W a t e r   b a t h   26  and  a i r   j e t   b u l k i n g   d e v i c e  

28  may  b o t h   be  p l a c e d   in  an  e n c l o s e d   a i r   j e t - t e x t u r i n g   c h e s t  

as  d i s c l o s e d   by  W i r s i g   in  E u r o p e a n   P a t e n t   A p p l i c a t i o n   N o .  

A  0  004  781  p u b l i s h e d   1979  O c t o b e r   17.  The  o v e r f e e d   of  y a r n  

to   t he   j e t ,   w h i c h   may  be  d e t e r m i n e d   b y  

may  be  s e t   as  d e s i r e d   in  t he   r a n g e   of   f rom  10%  to   40%,  b u t  

i s   p r e f e r a b l y   in  t he   r a n g e   of  f rom  20%  to   30%,  e s p e c i a l l y  

in  t h e   r a n g e   of   f rom  23%  to  27%. 

From  t he   r o l l   a s s e m b l y   29,  t he   j e t - t e x t u r e d   y a r n  

p a s s e s   to  draw  r o l l   a s s e m b l y   32,  c o m p r i s i n g   draw  r o l l   33  a n d  

s e p a r a t o r   r o l l   34.  The  j e t - t e x t u r e d   y a r n   is  p a s s e d   a b o u t  

d raw  r o l l   33  and  s e p a r a t o r   r o l l   34  fo r   a  p l u r a l i t y   of  w r a p s .  

Draw  r o l l   a s s e m b l y   32  r u n s   a t   a  f a s t e r   s p e e d   t h a n   r o l l  

a s s e m b l y   29  to  draw  t h e   j e t - t e x t u r e d   y a r n   a t   a  draw  r a t i o   i n  

t h e   r a n g e   of  f rom  1 . 0 4   to   1 .12   and  p r e f e r a b l y   in  t h e   r a n g e  
of   f rom  1 .06   to   1 . 1 0 .   Th i s   p o s t   d r a w i n g   s t e p   t e n d s   t o  

r e d u c e   the   number   of  l a r g e   and  p o o r l y   f o r m e d   c r u n o d a l  

s u r f a c e   l o o p s   p r o d u c e d   by  the   a i r   j e t   b u l k i n g   d e v i c e   28  a n d  

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

j e t - t e x t u r e d   y a r n .   From  draw  r o l l   a s s e m b l y   32,  t h e  

j e t - t e x t u r e d   y a r n   p a s s e s   ove r   a  h e a t e r   p l a t e   35,  w h i c h  

o p e r a t e s   a t   a  t e m p e r a t u r e   in  t he   r a n g e   of  f rom  180°C  t o  

220°C  and  p r e f e r a b l y   in  the   r a n g e   of  f rom  205°C  to  215°C,   t o  

r o l l   a s s e m b l y   36,  c o m p r i s i n g   d r i v e n   r o l l   37  and  s e p a r a t o r  

r o l l   38.  The  j e t - t e x t u r e d   y a r n   is  p a s s e d   a b o u t   d r i v e n   r o l l  

37  and  s e p a r a t o r   r o l l   38  fo r   a  p l u r a l i t y   of  w r a p s .  

P r e f e r a b l y   r o l l   a s s e m b l y   36  r u n s   a t   t h e   same  s p e e d   as  d r a w  



r o l l   a s s e m b l y   32.  T h i s   p o s t - h e a t i n g   s t e p   a t   s u b s t a n t i a l l y  

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

l o o p s   and  to   i m p r o v e   the   s t a b i l i t y   o f   t h e   j e t - t e x t u r e d   y a r n .  

The  t e r m   " s t a b i l i t y "   as  u sed   h e r e i n   means   a  m e a s u r e   of  t h e  

l o a d   c a r r y i n g   c a p a c i t y   of   t h e   j e t - t e x t u r e d   y a r n   b e f o r e   t h e  

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

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   p o s t - h e a t i n g   s t e p  

may  be  o m i t t e d   i f   i t   is   d e s i r e d   to   p r o d u c e   j e t - t e x t u r e d   y a r n  

h a v i n g   l a r g e r   s u r f a c e   l o o p s .   From  r o l l   a s s e m b l y   36  t h e  

j e t - t e x t u r e d   y a r n   i s   wound  up  on  p a c k a g e   3 9 .  

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

s c h e m a t i c a l l y   in  t h e   d r a w i n g   and  d e s c r i b e d   a b o v e   may  b e  

p r o v i d e d   on  two  a d j a c e n t   p o s i t i o n s   of   a  c o n v e n t i o n a l   d r a w  

t w i s t e r   e . g .   a  Model   14S  d r a w t w i s t e r   m a n u f a c t u r e d   by  Z i n s e r  

T e x t i l m a s c h i n e n   GmbH  b y  m a k i n g   t h e   f o l l o w i n g   m o d i f i c a t i o n s :  

(a)  a d d i n g   s e p a r a t o r   r o l l   16  t o   t h e   f e ed   r o l l   a s s e m b l y  
of   t h e   f i r s t   p o s i t i o n ;  

(b)  c o n v e r t i n g   the   d raw  r o l l   in  e a c h   p o s i t i o n   to   a  

s t e p p e d   d raw  r o l l  b y   a d d i n g   a  s m a l l e r   d i a m e t e r  

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

t h e   f i r s t   p o s i t i o n ;  

(c)  a d d i n g   a  h e a t e r   p l a t e   a b o v e   t h e   d raw  r o l l   in  t h e  

f i r s t   p o s i t i o n ;  

(d)  a d d i n g   a  j e t - t e x t u r i n g   c h e s t   ( c o n t a i n i n g   w a t e r  

b a t h   26  and  a i r   j e t   b u l k i n g   d e v i c e   28  as  d e s c r i b e d  

in  a f o r e m e n t i o n e d   E u r o p e a n   P a t e n t   A p p l i c a t i o n   N o .  

A  0  004  781)  above   t h e   d r a w   r o l l   in  t he   s e c o n d  

p o s i t i o n ;  

(e)   a d d i n g   two  c h a n g e - o f - d i r e c t i o n   r o l l s   and  s e v e r a l  

y a r n   g u i d e s ;   a n d  

( f )   m o d i f y i n g   t h e   w i n d - u p   d e v i c e .  

Wi th   t h e   a b o v e   m o d i f i c a t i o n s   to  two  a d j a c e n t  

p o s i t i o n s   on  a  Model   14S  Z i n s e r   d r a w t w i s t e r :   ( 1 )   f e e d   r o l l  

a s s e m b l y   13  c o m p r i s e s   t h e   f e e d   r o l l   a s s e m b l y   of   t h e   f i r s t  

p o s i t i o n ;   (2)  d r aw  r o l l   a s s e m b l y   17  c o m p r i s e s   t h e   l a r g e r  
d i a m e t e r   r o l l   o f   t h e   s t e p p e d   d raw  r o l l   of   t h e   f i r s t   p o s i t i o n  
and  i t s   a s s o c i a t e d   s e p a r a t o r   r o l l ;   (3)   h e a t e r   p l a t e   2 0  

c o m p r i s e s   t h e   h e a t e r   p l a t e   a d d e d   a b o v e   t h e   d raw  r o l l   o f   t h e  



f i r s t   p o s i t i o n ;   (4)  r o l l   a s s e m b l y   21  a l s o   c o m p r i s e s   t h e  

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

p o s i t i o n   and  i t s   a s s o c i a t e d   s e p a r a t o r   r o l l ;   (5)  w a t e r   pan  26 

and  a i r   j e t   b u l k i n g   d e v i c e   28  a r e   c o n t a i n e d   in  t he   j e t -  

t e x t u r i n g   c h e s t   a d d e d   a b o v e   t h e   draw  r o l l   of   t he   s e c o n d  

p o s i t i o n ;   (6)  r o l l   a s s e m b l y   29  c o m p r i s e s   t h e   s m a l l e r   d i a m -  

e t e r   r o l l   of   t he   s t e p p e d   d raw  r o l l   of   t he   s e c o n d   p o s i t i o n  

and  t h e   s e p a r a t o r   r o l l   of   t h e   s e c o n d   p o s i t i o n :   (7)  d raw  r o l l  

a s s e m b l y   32  c o m p r i s e s   t h e   s m a l l e r   d i a m e t e r   r o l l   of  t h e  

s t e p p e d   d raw  r o l l   of  t h e   f i r s t   p o s i t i o n   and  i t s   a s s o c i a t e d  

s e p a r a t o r   r o l l ;   (8)  h e a t e r   p l a t e   35  a l s o   c o m p r i s e s   t h e  

h e a t e r   p l a t e   a d d e d   a b o v e   t he   d raw  r o l l   of  t h e   f i r s t  

p o s i t i o n ;   and  (9)  r o l l   a s s e m b l y   36  a l s o   c o m p r i s e s   t h e  

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

p o s i t i o n   and  i t s   a s s o c i a t e d   s e p a r a t o r   r o l l .  

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

f o l l o w i n g   e x a m p l e s .  

EXAMPLE  I  

A  c o m p o s i t e   590  d t e x ,   68  f i l a m e n t ,   s p i n - o r i e n t e d  

p o l y e s t e r   y a r n   was  c o l d   d rawn   in  a  d r a w i n g   z o n e ,   p r e h e a t e d  

on  a  h e a t e r   p l a t e ,   j e t - t e x t u r e d   w i t h   an  a i r   j e t ,   d r a w n   in  a  

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

up  on  a  p a c k a g e .   The  s p i n - o r i e n t e d   p o l y e s t e r   y a r n   had  b e e n  

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

y a r n   w h i l e   w i t h d r a w i n g   t he   y a r n   f rom  t he   s p i n n e r e t   a t   3 1 1 0  

m e t r e s / m i n u t e .   The  a p p a r a t u s   u s e d ,   w h i c h   i s   shown  s c h e m a t i -  

c a l l y   in  t he   d r a w i n g ,   was  p r o v i d e d   on  two  a d j a c e n t   p o s i t i o n s  

of  a  Model   14S  d r a w t w i s t e r   ( m a n u f a c t u r e d   by  Z i n s e r   T e x t i l -  

m a s c h i n e n   GmbH)  by  m a k i n g   t h e   m o d i f i c a t i o n s   d e s c r i b e d   h e r e -  

i n a b o v e .   The  a i r   j e t   b u l k i n g   d e v i c e   28  was  s u b s t a n t i a l l y  

t he   same  as  t h a t   shown  in  F i g u r e s   6  and  7  of   a f o r e m e n t i o n e d  

U n i t e d   S t a t e s   P a t e n t   N o .  4   157  605.   The  f e e d   r a t e   of   s p i n -  
o r i e n t e d   p o l y e s t e r   y a r n   10  p r o v i d e d   by  f e e d   r o l l   a s s e m b l y   13  

was  237  m e t r e s / m i n u t e .   Draw  r o l l   a s s e m b l y   17  was  o p e r a t e d  

at   a  s p e e d   of  391  m e t r e s / m i n u t e   to  g i v e   a  d raw  r a t i o   o f  

391  =  1 . 6 5 .   H e a t e r   p l a t e   20,  wh ich   was  6 3 . 5   cm  i n  
2 3 7  

l e n g t h ,   was  o p e r a t e d   a t   a  t e m p e r a t u r e   of  210*C  and  r o l l  



a s s e m b l y   21  was  o p e r a t e d   a t   3 9 1  m e t r e s / m i n u t e   so  t h a t   t h e  

y a r n   was  p r e h e a t e d   a t  c o n s t a n t   l e n g t h .   A i r   j e t   28  w a s  

o p e r a t e d   w i t h   an  a i r   p r e s s u r e   o f   1146  kPa  (150  p s i g ) .   R o l l  

a s s e m b l y   29  was  o p e r a t e d  a t   a  s p e e d   o f  3 1 2 . 8  m e t r e s / m i n u t e  

so  t h a t   t h e   o v e r f e e d   o f   t h e   y a r n   t o  t h e   a i r   j e t   28  w a s  

D r a w  r o l l   a s s e m b l y   32  w a s  

o p e r a t e d   a t   a  s p e e d   of  3 3 6 . 3   m e t r e s / m i n u t e   so  t h a t   t h e  

j e t - t e x t u r e d  y a r n   was  d rawn   a t   a  d r a w   r a t i o   o f  

H e a t e r   p l a t e   35,  w h i c h   was  6 3 . 5   cm  i n  l e n g t h ,   was  o p e r a t e d  

a t   a  t e m p e r a t u r e   of   210°C  and  r o l l   a s s e m b l y   36  was  o p e r a t e d  

a t   a  s p e e d   of   3 3 6 . 3   m e t r e s / m i n u t e  s o   t h a t   t h e   j e t - t e x t u r e d  

y a r n   was  p o s t - h e a t e d  a t   c o n s t a n t  l e n g t h .   T h e   j e t - t e x t u r e d  

y a r n   was  wound  up  on  a  s u r f a c e   d r i v e n  p a c k a g e   39  by  a  d r i v e r  

r o l l   ( n o t   s h o w n ) .   The  s u r f a c e   s p e e d   of   t h e   d r i v e r   r o l l   w a s  

344  m e t r e s / m i n u t e ;   h o w e v e r ,   s l i p p a g e   b e t w e e n   t h e   d r i v e r   r o l l  

and   t h e   p a c k a g e   39  may  h a v e   o c c u r r e d .   The  l i n e a r   d e n s i t y   o f  

t h e   a i r   j e t - t e x t u r e d   y a r n   on  p a c k a g e   39  was  f o u n d   to  b e  

4 0 4 . 0   d t e x   and  t h e   d r y   h e a t   s h r i n k a g e   t h e r e o f   ( o b t a i n e d   b y  

t h e   m e t h o d   d e s c r i b e d   h e r e i n b e f o r e )  w a s   f o u n d   t o   be  2 . 1 9 % .  

EXAMPLE  I I  

A  c o m p o s i t e   885  d t e x ,   1 0 2  f i l a m e n t ,   s p i n - o r i e n t e d  

p o l y e s t e r   y a r n   was  t r e a t e d   on  t h e   same  a p p a r a t u s  a n d   in  t h e  

same  m a n n e r   as  t h e   y a r n   in   E x a m p l e  1 .   The  s p i n - o r i e n t e d  

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

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

t e x t u r e d   p o l y e s t e r   y a r n   on  p a c k a g e   3 9  w a s   f o u n d   to   be  6 0 0 . 5  

d t e x   and  t h e   d ry   h e a t   s h r i n k a g e   t h e r e o f   was  f o u n d   t o  b e  

2 . 8 6 % .  

EXAMPLE  I I I  

A  c o m p o s i t e   l 1 8 0   d t e x ,   136  f i l a m e n t ,   s p i n - o r i e n t e d  

p o l y e s t e r   y a r n   was  t r e a t e d   on  t h e   same  a p p a r a t u s  a n d   in  t h e  

same  m a n n e r   as  t h e   y a r n   in  Example   I .   The  s p i n - o r i e n t e d  

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

t h a t   o f   E x a m p l e   I .   T h e  l i n e a r  d e n s i t y   o f   t h e   r e s u l t i n g   j e t -  

t e x t u r e d   p o l y e s t e r   y a r n   on  p a c k a g e   39  was  f o u n d  t o   be  8 0 2 . 8  

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

3 . 0 6 % .  



EXAMPLE  IV  

A  c o m p o s i t e   1770  d t e x ,   204  f i l a m e n t ,   s p i n - o r i e n t e d  

p o l y e s t e r   y a r n   was  t r e a t e d   on  t h e   same  a p p a r a t u s   and  in  t h e  

same  m a n n e r   as  t h e   y a r n   in  E x a m p l e   I .   The  s p i n - o r i e n t e d  

p o l y e s t e r   y a r n   had  b e e n   p r e p a r e d   u n d e r   t he   same  c o n d i t i o n s  

as  t h a t   of  E x a m p l e   I .   The  l i n e a r   d e n s i t y   of  t he   r e s u l t i n g  

j e t - t e x t u r e d   p o l y e s t e r   y a r n   on  p a c k a g e   39  was  found   to  b e  

1 2 0 9 . 5   d t e x   and  t h e   d ry   h e a t   s h r i n k a g e   t h e r e o f   was  found   t o  

be  3 . 5 2 % .  

EXAMPLE  V 

A  c o m p o s i t e   2950  d t e x ,   340  f i l a m e n t ,   s p i n - o r i e n t e d  

p o l y e s t e r   y a r n   was  t r e a t e d   on  t h e   same  a p p a r a t u s   and  in  t h e  

same  m a n n e r   as  t he   y a r n   in  E x a m p l e   I .   The  s p i n - o r i e n t e d  

p o l y e s t e r   y a r n   had  been   p r e p a r e d   u n d e r   t he   same  c o n d i t i o n s  

as  t h a t   of   E x a m p l e   I.   The  l i n e a r   d e n s i t y   of  t h e   r e s u l t i n g  

j e t - t e x t u r e d   p o l y e s t e r   y a r n   on  p a c k a g e   39  was  found   to  b e  

2 0 1 4 . 5   d t e x   and  t h e   d r y   h e a t   s h r i n k a g e   t h e r e o f   was  found   t o  

be  3 . 8 5 % .  

EXAMPLE  V I  

A  c o m p o s i t e   4720  d t e x ,   544  f i l a m e n t ,   s p i n - o r i e n t e d  

p o l y e s t e r   y a r n   was  t r e a t e d   on  t he   same  a p p a r a t u s   and  in  t h e  

same  m a n n e r   as  t h a t   of   E x a m p l e   I  e x c e p t   t h a t   t he   o p e r a t i n g  

y a r n   s p e e d s   were   s l o w e r .   The  s p i n - o r i e n t e d   p o l y e s t e r   y a r n  
had  b e e n   p r e p a r e d   u n d e r   t he   same  c o n d i t i o n s   as  t h a t   o f  

E x a m p l e   I.   The  f e e d   r a t e   of  s p i n - o r i e n t e d   p o l y e s t e r   y a r n   1 0  

p r o v i d e d   by  f e ed   r o l l   a s s e m b l y   13  was  1 4 6 . 5   m e t r e s / m i n u t e .  

Draw  r o l l   a s s e m b l y   17  was  o p e r a t e d   a t   a  s p e e d   of  2 5 2  

m e t r e s / m i n u t e   to  g i v e   a  draw  r a t i o   o f  R o l l  

a s s e m b l y   29  was  o p e r a t e d   a t   a  s p e e d   of   2 0 1 . 6   m e t r e s / m i n u t e  

so  t h a t   t he   o v e r f e e d   of  y a r n   to  t he   a i r   j e t   w a s  

x  100%  =  25%.  Draw  r o l l   a s s e m b l y   32  was  o p e r a t e d   at  a  s p e e d  
2 1 6 . 7   m e t r e s / m i n u t e   so  t h a t   t he   j e t - t e x t u r e d   y a r n   was  d r a w n  

a t   a  draw  r a t i o   o f  R o l l   a s s e m b l y   36  w a s  

o p e r a t e d   a t   a  s p e e d   of   2 1 6 . 7   m e t r e s / m i n u t e   so  t h a t   t he   j e t -  
t e x t u r e d   y a r n   was  p o s t - h e a t e d   a t   c o n s t a n t   l e n g t h .   The  j e t -  

t e x t u r e d   y a r n   was  wound  up  on  a  s u r f a c e   d r i v e n   p a c k a g e   39  b y  
a  d r i v e r   r o l l   ( n o t   s h o w n ) .   The  s u r f a c e   s p e e d   of  t h e  



d r i v e r   r o l l   was  230  m e t r e s / m i n u t e ;   h o w e v e r ,   s l i p p a g e   b e t w e e n  

t h e   d r i v e r   r o l l   and  t h e   p a c k a g e   39  may  h a v e   o c c u r r e d .   T h e  

l i n e a r   d e n s i t y   of   t h e   a i r   j e t - t e x t u r e d   y a r n   on  p a c k a g e   3 9  

was  f o u n d   t o   be  3206  d t e x   and  t h e   d r y   h e a t   s h r i n k a g e   t h e r e o f  

( o b t a i n e d   by  t h e   m e t h o d   d e s c r i b e d   h e r e i n b e f o r e )   was  found   t o  

be  2 . 6 8 % .  

EXAMPLE  V I I  

For  c o m p a r a t i v e   p u r p o s e s   f i v e   t e s t s   (A  to   E)  w e r e  

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

in   E x a m p l e s   I  to   V  r e s p e c t i v e l y .   H o w e v e r ,   t h e s e   t e s t s   (A  t o  

E)  w e r e   r u n   a c c o r d i n g   to  a  p r i o r   a r t   p r o c e s s   by  m o d i f y i n g  

t h e   a p p a r a t u s   shown  in  t he   d r a w i n g   as  f o l l o w s :   (1)  a  h o t  

d r a w   p i n   was  i n s e r t e d   b e t w e e n   f e e d   r o l l   a s s e m b l y   13  and  d r a w  

r o l l   a s s e m b l y   17  and  (2)  t h e   h e a t e r   p l a t e   2 0  a n d   t h e   r o l l  

a s s e m b l y   21  w e r e   r e m o v e d .   In  e a c h   t e s t   t h e   h o t   d raw  p i n   w a s  

o p e r a t e d   a t   125°C  w i t h   a  360*  y a r n   w r a p   a b o u t   t h e   p i n   a n d  

t h e   h o t   d r a w   r a t i o   was  1 . 6 5 .   O t h e r   c o n d i t i o n s   were   m a i n -  

t a i n e d   s u b s t a n t i a l l y   t h e   same  as  t h o s e   f o r   E x a m p l e s   I  to   V .  

The  r e s u l t s   a r e   s u m m a r i z e d   b e l o w   in  t h e   T a b l e ,   w h i c h   a l s o  

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



The  d r y   h e a t   s h r i n k a g e s   of  t he   a i r   j e t - t e x t u r e d  

y a r n   p r o d u c e d   in  t e s t s   A  to   E  ( p r i o r   a r t   p r o c e s s )   a r e   m u c h  

h i g h e r   t h a n   t he   d r y   h e a t   s h r i n k a g e s   of  t he   a i r   j e t - t e x t u r e d  

y a r n   p r o d u c e d   in  c o r r e s p o n d i n g   E x a m p l e s   I  to   V  ( p r o c e s s   o f  

p r e s e n t   i n v e n t i o n ) .  

EXAMPLE  V I I I  

In  o r d e r   to   d e t e r m i n e   the   e f f e c t   of   o m i t t i n g   t h e  

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

l e n g t h ,   EXAMPLE  VI  was  r e p e a t e d   w i t h   t he   e x c e p t i o n   t h a t  

h e a t e r   p l a t e   35  and  r o l l   a s s e m b l y   36  we re   no t   u t i l i z e d   i . e .  

t h e   j e t - t e x t u r e d   y a r n   was  wound  up  on  p a c k a g e   39  d i r e c t l y  

f rom  draw  r o l l   a s s e m b l y   32.  The  l i n e a r   d e n s i t y   of  the   a i r  

j e t - t e x t u r e d   y a r n   on  p a c k a g e   39  was  f o u n d   to  be  3242  d t e x   a n d  

t he   d ry   h e a t   s h r i n k a g e   t h e r e o f   was  f o u n d   to  be  2 .57%.   T h e  

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

3206  d t e x   and  a  d ry   h e a t   s h r i n k a g e   of  2 . 6 8 % .  

From  t h e   a b o v e ,   i t   is   a p p a r e n t   t h a t   the   dry  h e a t  

s h r i n k a g e   of  t h e   a i r   j e t - t e x t u r e d   y a r n   was  j u s t   as  low  w h e n  

t h e   s t e p   of  p o s t - h e a t i n g   the   y a r n   at   s u b s t a n t i a l l y   c o n s t a n t  

y a r n   l e n g t h   was  o m i t t e d   as  i t   was  when  the   s t e p   was  i n c l u d e d .  

A  v i s u a l   e x a m i n a t i o n   of  t h e   a i r   j e t - t e x t u r e d   y a r n ,   h o w e v e r ,  

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

EXAMPLE  V I I I   i . e .   w i t h   t h e   p o s t - h e a t i n g   s t e p   o m i t t e d ,   w e r e  

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

y a r n   p r o d u c e d   in   EXAMPLE  VI  i . e .   w i t h   t he   p o s t - h e a t i n g   s t e p  

i n c l u d e d .  



1.  A  p r o c e s s   f o r   p r o d u c i n g  a n   a i r   j e t - t e x t u r e d  

p o l y e s t e r   y a r n   h a v i n g   a  low  d r y   h e a t   s h r i n k a g e ,  t h e   p r o -  

c e s s   c o m p r i s i n g   t h e   s t e p s   o f  :  

( a )   c o l d   d r a w i n g   a  s p i n - o r i e n t e d   p o l y e s t e r   y a r n   a t   a  

d raw  r a t i o   in   t h e   r a n g e   o f   f rom  1 . 3   to  2 . 0 ;  

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

s t a n t   y a r n   l e n g t h ;  

( c )   f e e d i n g   t h e   y a r n   to   an  a i r   j e t   a t   a  10%  to  40% 

o v e r f e e d ;  

(d)   j e t - t e x t u r i n g   t h e   y a r n   w i t h   t h e   a i r   j e t ;  

( e )   d r a w i n g   t h e   j e t - t e x t u r e d   y a r n   a t   a  d r a w   r a t i o   o f  

1 . 0 4   to  1 . 1 2 ;   a n d  

( f )   w i n d i n g   up  t h e   r e s u l t i n g   j e t - t e x t u r e d   y a r n .  

2.  The  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   a  s t e p  

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

s t e p   ( e )   and  s t e p   ( f ) .  

3.  The  p r o c e s s   a c c o r d i n g  t o   C l a i m   2  w h e r e i n   t h e   s t e p  

of   p o s t - h e a t i n g   t h e   j e t - t e x t u r e d   y a r n   i s   c a r r i e d   ou t   a t  

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

4.  The  p r o c e s s   a c c o r d i n g   to  C l a i m   2  o r   C l a i m   3  

w h e r e i n   t h e   s t e p   of   p r e h e a t i n g   t h e   d r a w n   y a r n   and  t h e   s t e p  

of   p o s t - h e a t i n g   t h e   j e t - t e x t u r e d   y a r n   a r e   e a c h   c a r r i e d   o u t  

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

s u r f a c e   t e m p e r a t u r e   in   t h e   r a n g e   of   f r o m   180°C  to  2 2 0 ° C .  

5.  The  p r o c e s s   a c c o r d i n g   to  C l a i m   4  w h e r e i n   t h e   s t e p  

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

t h e   j e t - t e x t u r e d   y a r n   a r e   e a c h   c a r r i e d   o u t   on  t h e   s u r f a c e  



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

a t u r e   in  t h e   r a n g e   of  f rom  205°C  to  2 1 5 ° C .  

6.  The  p r o c e s s   a c c o r d i n g   to  any  one  of   t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   y a r n   i s   fed   to  t h e   a i r   j e t   a t   a  20% 

to  30%  o v e r f e e d .  

7.  The  p r o c e s s   a c c o r d i n g   to  C l a i m   5  w h e r e i n   t h e   y a r n  

i s   fed   to  t h e   a i r   j e t   a t   a  23%  to  27X  o v e r f e e d .  

8.  The  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   j e t - t e x t u r e d   y a r n   i s   d r a w n   a t   a  d r a w  

r a t i o   of  1 . 0 6   to  1 . 1 0 .  

9.  The  p r o c e s s   a c c o r d i n g   to   any  one  of   t h e   p r e c e d i n g  

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

d r a w n   a t   a  d raw  r a t i o   of  f rom  1 .6   to  1 . 8 .  

10.  The  p r o c e s s   a c c o r d i n g   to  C l a i m   9  w h e r e i n   t h e   c o l d  

d r a w i n g   s t e p   i s   c a r r i e d   ou t   on  a  d raw  r o l l   o p e r a t i n g   a t  

a  s u r f a c e   s p e e d   of  a t   l e a s t   375  m e t r e s / m i n u t e   and  w h e r e i n  

t h e   r e s u l t i n g   a i r   j e t - t e x t u r e d   y a r n   has   a  l i n e a r   d e n s i t y  

in   t h e   r a n g e   of  f rom  400  d t e x   to  600  d t e x   and  has   a  d r y  

h e a t   s h r i n k a g e   in   t h e   r a n g e   of  f rom  a b o u t   2.2%  to  a b o u t  

2 . 8 % .  

11.   The  p r o c e s s   a c c o r d i n g   to  C l a i m   9  w h e r e i n   t h e   c o l d  

d r a w i n g   s t e p   i s   c a r r i e d   ou t   on  a  d raw  r o l l   o p e r a t i n g   a t   a  

s u r f a c e   s p e e d   of  a t   l e a s t   375  m e t r e s / m i n u t e   and  w h e r e i n  

t h e   r e s u l t i n g   a i r   j e t - t e x t u r e d   y a r n   has   a  l i n e a r   d e n s i t y  

in   t h e   r a n g e   of  f rom  600  d t e x   to  1200  d t e x   and  has   a  d r y  

h e a t   s h r i n k a g e   in   t h e   r a n g e   of  f rom  a b o u t   2.8%  to  a b o u t  

3 . 5 % .  



12.   The  p r o c e s s   a c c o r d i n g   to   C l a i m   9  w h e r e i n   t h e   c o l d  

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

a  s u r f a c e   s p e e d   o f  a t   l e a s t   375  m e t r e s / m i n u t e   a n d  w h e r e i n  

t h e   r e s u l t i n g   a i r   j e t - t e x t u r e d   y a r n  h a s   a  l i n e a r   d e n s i t y  

in   t h e   r a n g e   of  f rom  1200  d t e x   to  2 0 0 0  d t e x  a n d   h a s   a  d r y  

h e a t   s h r i n k a g e   i n  t h e   r a n g e   of   f rom  a b o u t   3 .5%  t o  a b o u t  

3 . 9 % .  

13.   The  p r o c e s s   a c c o r d i n g   to   C l a i m   9  w h e r e i n   t h e   c o l d  

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

s u r f a c e   s p e e d   of   a t  l e a s t   2 4 0  m e t r e s / m i n u t e  a n d   w h e r e i n  

t h e   r e s u l t i n g   a i r   j e t - t e x t u r e d   y a r n   h a s   a  l i n e a r   d e n s i t y  

i n   t h e   r a n g e   of   f r o m   2000  d t e x  t o   3500   d t e x   a n d  h a s  a   d r y  

h e a t   s h r i n k a g e   of   l e s s   t h a n   a b o u t   3 . 0 % .  
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