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©  A  textured  multifilament  yarn  having  alternating  twists  and  a  process  for  manufacturing  the  same. 

A  specially  designed  multifilament textured  yarn  (7)  has 
alternating  twists  therein.  A  woven  or  knitted  fabric  manufac- 
tured  from  the  yarn  has  a  handling  similar  to  that  obtained 
by  a  hard  twist  yarn  or  a  true  twist  yarn  and  provides  pattern 
with  a  heather  like  feeling. 

In  the  yarn,  S-twist  yarn  portions  and  Z-twist  yarn 
portions  are  alternatingly  distributed  along  the  length  of  the 
yarn  but the  non-twisted  portion  is  substantially  not included 
in  the  yarn.  Either  S-twist  yarn  portions  or  Z-twist  yarn 
portions  have  a  compact  twist  yarn  structure,  and  the  other 
portions  have  a  bulky  twist  yarn  structure. 



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

m u l t i f i l a m e n t   t e x t u r e d   y a r n ,   by  w h i c h   a  woven  or  k n i t t e d  

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

t w i s t   y a r n   or  a  t r u e   t w i s t   y a r n   and  p r o v i d i n g   p a t t e r n   h a v i n g  

a  h e a t h e r   l i k e   f e e l i n g .   More  s p e c i f i c a l l y ,   t h e   p r e s e n t   i n -  

v e n t i o n   r e l a t e s   to  a  n o v e l   m u l t i f i l a m e n t   t e x t u r e d   y a r n  
w h e r e i n   S - t w i s t   y a r n   p o r t i o n s   and  Z - t w i s t   y a r n   p o r t i o n s   a r e  

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

e i t h e r   S - t w i s t   y a r n   p o r t i o n s   or  Z - t w i s t   y a r n   p o r t i o n s   h a v e  

a  c o m p a c t   t w i s t   y a r n   s t r u c t u r e   and  t he   o t h e r   p o r t i o n s   h a v e  

a  b u l k y   t w i s t   y a r n   s t r u c t u r e .   Due  to   t he   e f f e c t s   of  m i x i n g  

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

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

ing   a  s u p e r i o r   h a n d l i n g   m e n t i o n e d   a b o v e   can  be  o b t a i n e d .  

In  t he   p r e s e n t   i n v e n t i o n ,   so  c a l l e d   c o m p a c t   u n d e t w i s t e d  

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

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

s u b j e c t e d   to  f a l s e   t w i s t i n g ,   in  t he   y a r n   a f t e r   t he   f a l s e  

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

c o m p a c t   t w i s t   y a r n   s t r u c t u r e .   In  a d d i t i o n ,   so  c a l l e d   b u l k y  

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

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

s u b j e c t e d   to  f a l s e   t w i s t i n g   to  an  e x t e n t   e x c e e d i n g   t h e  

t w i s t   d e n s i t y   in  t he   y a r n ,   a re   u t i l i z e d   as  t he   a b o v e -  

- m e n t i o n e d   b u l k y   t w i s t   y a r n   s t r u c t u r e .   The  y a r n   s t r u c t u r e  

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

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

an  e f f e c t   s i m i l a r   to  t h a t   o b t a i n e d   by  a  h a r d   t w i s t   ya rn   o r  

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

b e t w e e n   the   u n d e t w i s t e d   p o r t i o n s   and  the   e x c e s s i v e l y  

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



The  t e rm  "an  u n d e t w i s t e d   p o r t i o n "   u t i l i z e d   in  t h i s  

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

c o n t i n u o u s l y   o c c u r .  

BACKGROUND  OF  THE  INVENTION 

C o n v e n t i o n a l l y   known  a r e   v a r i o u s   m e t h o d s   by  w h i c h  

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

a l t e r n a t i n g l y   f o r m e d   in  a  m u l t i f i l a m e n t   y a r n   by  means   o f  

f a l s e   t w i s t i n g .   For  e x a m p l e ,   J a p a n e s e   P a t e n t   P u b l i c a t i o n s  

No.  2 5 0 6 5 / 7 5 ,   No.  2 2 5 / 7 6   and  No.  4 2 6 6 2 / 7 6   d i s c l o s e   m e t h o d s  

w h e r e i n   a  d rawn  m u l t i f i l a m e n t   y a r n   made  of  p o l y e s t e r   f i b e r s  

or  p o l y a m i d e   f i b e r s   a r e   f a l s e   t w i s t e d   by  means   of  a  s p i n d l e  

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

an  e x c e s s i v e l y   h i g h   t e m p e r a t u r e   so  t h a t   t h e   f i b e r s   c o n s t i -  

t u t i n g   t h e   y a r n   a re   p a r t i a l l y   c o h e r e d   to  e a c h   o t h e r .  

F u r t h e r   in   J a p a n e s e   P a t e n t   L a i d - o p e n   No.  1 4 3 7 4 6 / 7 6   a n d  

No.  1 4 3 7 4 9 / 7 6 ,   and  J a p a n e s e   P a t e n t   P u b l i c a t i o n s   No.  1 5 1 8 8 / 7 8  

and  No.  3 0 8 1 8 / 7 8 ,   m e t h o d s   a r e   d i s c l o s e d   w h e r e i n   a  d r a w n  

m u l t i f i l a m e n t   y a r n   i s   f a l s e   t w i s t e d   by  means   of  a  f a l s e  

t w i s t i n g   d e v i c e   u t i l i z i n g   a  t u r b u l e n t   f l u i d   j e t   u n d e r   a  

h i g h   o v e r f e e d .  

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

i s   p o s i t i v e l y   s u b j e c t e d   to   a  n o n - u n i f o r m   t r e a t m e n t   w h i l e   i t  

i s   b e i n g   f a l s e   t w i s t e d .   For   e x a m p l e ,   m e t h o d s   in  w h i c h  

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

h e a t i n g   d e v i c e   a re   v a r i e d   a r e   d e s c r i b e d   in  J a p a n e s e   P a t e n t  

L a i d - o p e n   No.  6 6 9 2 8 / 7 4 ,   No.  1 5 0 1 7 / 7 6   and  No.  8 1 1 9 / 7 7 .  

M e t h o d s   in  wh ich   t w i s t s   t r a n s m i t t e d   f rom  a  f a l s e   t w i s t i n g  

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

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  3 4 0 1 6 / 7 6 ,   and  J a p a n e s e  

P a t e n t   L a i d - o p e n   No.  5 5 4 / 7 4   and  No.  1 2 1 5 4 6 / 7 5 .   J a p a n e s e  

P a t e n t   P u b l i c a t i o n   No.  8 4 1 4 / 7 4 ,   and  J a p a n e s e   P a t e n t   L a i d -  

- o p e n   No.  1 0 8 3 5 3 / 7 4   and  No.  6 1 7 4 5 / 7 8   d i s c l o s e   m e t h o d s   i n  

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

y a r n   by  means   of  a  f a l s e   t w i s t i n g   d e v i c e   i s   v a r i e d .  

M e t h o d s   in  wh ich   the   s p e e d   of  a  m u l t i f i l a m e n t   p a s s i n g  

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



J a p a n e s e   P a t e n t   L a i d - o p e n   No.  9 2 3 3 7 / 7 4   and  9 2 3 5 4 / 7 4 .   I n  

J a p a n e s e   P a t e n t   L a i d - o p e n   No.  6 6 7 2 2 / 7 7 ,   8 1 7 4 9 / 7 8   a n d  

1 0 1 6 5 4 / 7 4 ,   m e t h o d s   in  w h i c h   a  m u l t i f i l a m e n t   y a r n   i s   i r r e g u -  

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

Al l   t he   a b o v e - d e s c r i b e d   p r i o r   a r t s   r e l a t e   to   a  m e t h o d  

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

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

a v e r a g e   t w i s t   d e n s i t y   o v e r   t h e   e n t i r e   y a r n   c a n n o t   be  h i g h  

b e c a u s e   of  t he   f o l l o w i n g   r e a s o n s .   (1)  A  l a r g e   a m o u n t   o f  

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

f a l s e   t w i s t e d   t e x t u r e d   y a r n   a re   f o r m e d   in  a d d i t i o n   t o  

d e f i n i t e   S - t w i s t   p o r t i o n s   and  Z - t w i s t   p o r t i o n s .   ( 2 )  

R e l a t i v e l y   l o n g   n o n - t w i s t e d   p o r t i o n s   a r e   f o r m e d   b e t w e e n   t h e  

S - t w i s t   p o r t i o n s   and  Z - t w i s t   p o r t i o n s .   (3)  The  t w i s t  

d e n s i t y   in  an  u n d e t w i s t e d   p o r t i o n   or  an  o v e r   d e t w i s t e d  

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

and  low  a t   t h e   e n d s   t h e r e o f .   (4)  The  t w i s t   d e n s i t i e s   i n  

u n d e t w i s t e d   p o r t i o n s   or  in  o v e r   d e t w i s t e d   p o r t i o n s   a r e  

v a r i e d .   (5)  The  r a t i o   of  t h e   l e n g t h   of  u n d e t w i s t e d  

p o r t i o n s   to  t he   e n t i r e   y a r n   l e n g t h   c a n n o t   be  h i g h .  

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

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

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

t w i s t s   in  t he   same  d i r e c t i o n   as  t h a t   of  t h e   f a l s e   t w i s t i n g ,  

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

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

c o m p a c t n e s s   i s   l o s t ;   and  t h a t ,   a l t h o u g h   t he   y a r n   has   t w i s t s  

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

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

s t r o n g   t h a t   o v e r   d e t w i s t e d - p o r t i o n s   a r e  f o r m e d   in  wh ich   t h e  

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

l o s t ,   and  a c c o r d i n g l y   in  the   y a r n s ,   d i f f e r e n c e   b e t w e e n   t h e  

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

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

e a c h   o t h e r   e x c e p t   by  t h e i r   t w i s t   d i r e c t i o n s .  

I t   s h o u l d   be  n o t e d   t h a t   the   y a r n   of  the   p r e s e n t  



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

a c c o r d a n c e   w i t h   t he   a b o v e   e x p l a i n e d   p r i o r   a r t s .   M o r e  

s p e c i f i c a l l y ,   a c c o r d i n g   to  t he   a b o v e - e x p l a i n e d   p r i o r   a r t s ,  

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

o b j e c t   of  the   p r e s e n t   i n v e n t i o n   c a n n o t   be  o b t a i n e d .   I n  

f a c t ,   some  a t t e m p t s   h a v e   b e e n   made  in  o r d e r   to   e l i m i n a t e  

t h e   d e f e c t s   i n h e r e n t   in   t h e   a b o v e - e x p l a i n e d   p r i o r   a r t s ,  

h o w e v e r ,   t he   a t t e m p t s   h a v e   n o t   met  t h e   r e q u i r e m e n t s .   T h i s  

i s   b e c a u s e ,   a l l   t h e   d e v e l o p m e n t s ,   w h i c h   h a v e   b e e n   a c h i e v e d  

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

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

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

s u c h   as  t he   n u m b e r   of   f a l s e   t w i s t s ,   t h e   t e n s i o n   in  t h e   y a r n  
w h i l e   i t   is   t r e a t e d   or  t h e   h e a t i n g   t e m p e r a t u r e ,   t h e  

c h a r a c t e r i s t i c s   of  t h e   s u p p l y   y a r n   w h i c h   has   to   be  t e x t u r e d ,  

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

a r e   n o t   d i r e c t e d   to   t h e   m e c h a n i s m   i t s e l f   by  w h i c h   an  a l t e r -  

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

The  p r e s e n t   i n v e n t i o n   i s   b a s e d   on  r e s e a r c h   of  t h e  

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

t h e   m e c h a n i s m   is   of  i m p o r t a n c e .  

OBJECT  OF  THE  INVENTION 

The  main  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

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

w o v e n   or  k n i t t e d   f a b r i c   h a v i n g   a  h a n d l i n g   s i m i l a r   to  t h a t  

o b t a i n e d   by  a  h a r d   t w i s t   y a r n   or  a  t r u e   t w i s t   y a r n   a n d  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is   a  d i a g r a m m a t i c a l   e l e v a t i o n a l   v i e w   i l l u s t r a t -  

i n g   an  e x a m p l e   of  a  p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   f o r  

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

y a r n ;  

F i g .   2  i s   a  mode l   v i e w   i l l u s t r a t i n g   a  s t r u c t u r e   of  a  

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



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

F i g s .   3  t h r o u g h   11  a r e   mode l   v i e w s   i l l u s t r a t i n g   y a r n  

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

n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n  

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

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  s h o r t ,   in   t h e   p r e s e n t   i n v e n t i o n ,   so  c a l l e d   u n d e -  

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

s t r u c t u r e ,   w h i c h   has   b e e n   in  a  y a r n   in  a  f a l s e   t w i s t  

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

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

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

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

b e i n g   s u b j e c t e d   to   f a l s e   t w i s t i n g   to  an  e x t e n t   e x c e e d i n g  

t h e   t w i s t   d e n s i t y   in  t h e   y a r n ,   a r e   u t i l i z e d   as  a  b u l k y  

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

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

o v e r   d e t w i s t e d   p o r t i o n s   can   r e s u l t   in  a  woven  or  k n i t t e d  

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

t w i s t   y a r n   or  a  t r u e   t w i s t   y a r n   due  to  t he   h i g h   t w i s t   d e n -  

s i t y   and  a  h e a t h e r   l i k e   f e e l i n g   due  to   t he   d i f f e r e n c e   in  t h e  

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

t h e   o v e r   d e t w i s t e d   p o r t i o n s .  

The  f o l l o w i n g   r e a s o n s   s h o u l d   be  p o i n t e d   o u t   as  to   why  

such   an  a l t e r n a t i n g l y   t w i s t e d   y a r n   as  t h a t   of  t he   p r e s e n t  

i n v e n t i o n   has   n o t   c o n v e n t i o n a l l y   been   o b t a i n e d .  

(1)  I t   i s   v e r y   i m p o r t a n t   to   e n h a n c e   t he   t w i s t  

d e n s i t i e s   of  b o t h   t h e   u n d e t w i s t e d   p o r t i o n s   and  t h e   e x c e s -  

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

t h a t   o b t a i n e d   by  a  h a r d   t w i s t   y a r n   or  a  t r u e   t w i s t   y a r n ,  

i . e . ,   to  e n h a n c e   -the  t w i s t   d e n s i t y   -of  t he   u n d e t w i s t e d  

p o r t i o n s   and  t h e   r a t i o   of  t h e i r   l e n g t h   to  t h e   e n t i r e   l e n g t h  

of  t he   y a r n .   T h e r e   i s   a  t e n d e n c y   t h a t ,   i f   the   t w i s t  

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

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

u n d e t w i s t e d   p o r t i o n s   i s   d e c r e a s e d ;   and  t h i s   t e n d e n c y   i s  

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



i n v e n t i o n .   A l t h o u g h   some  a t t e m p t s   h a v e   b e e n   made  in  o r d e r  

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

s u c h   a t t e m p t s   d e t e r i o r a t e   a  h a n d l i n g   of  a  woven  or  k n i t t e d  

f a b r i c   o b t a i n e d   f rom  t he   r e s u l t i n g   y a r n .  

(2)  In  o r d e r   to  o b t a i n   a  r e l a t i v e l y   s l i g h t   h e a t h e r  

l i k e   f e e l i n g ,   a  d i s t i n c t i v e   d i f f e r e n c e   i n   t he   c o n f i g u r a t i o n s  

of   t h e   u n d e t w i s t e d   p o r t i o n s   and  t h e   o v e r   d e t w i s t e d   p o r t i o n s  

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

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

u n d e t w i s t e d   p o r t i o n s   and  t h e   o v e r   d e t w i s t e d   p o r t i o n s  

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

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

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

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

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

be  e n h a n c e d .   H o w e v e r ,   a c c o r d i n g   to   c o n v e n t i o n a l   f a l s e  

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

and  t h e   o v e r   d e t w i s t e d   p o r t i o n s   a r e   s u b j e c t e d   to  t h e   s a m e  

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

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

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

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

r e a s o n   a l r e a d y   d e s c r i b e d   in  i t e m   ( 1 ) .   A c c o r d i n g l y ,   i t   h a s  

b e e n   d i f f i c u l t   to  form  such   a  d i f f e r e n c e   in  c o n f i g u r a t i o n s .  

(3)  W i t h   r e s p e c t   to   a  h e a t h e r   l i k e   f e e l i n g ,  

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

n u m b e r   and  a m o u n t   of  t he   u n d e t w i s t e d   p o r t i o n s .   A c c o r d i n g  

to  c o n v e n t i o n a l   m e t h o d s ,   i t   was  d i f f i c u l t   to  o b t a i n   a  

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

u n d e t w i s t e d   p o r t i o n s   was  s h o r t   and  t h e   a m o u n t   t h e r e o f   w a s  

s m a l l .  

(4)  A  h i g h   t e n s i l e   s t r e n g t h   i s   r e q u i r e d   to  a c h i e v e  

t h e   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n .   T h i s   is   b e c a u s e ,   t h e  

u n d e t w i s t e d   p o r t i o n s   and  t h e   o v e r   d e t w i s t e d   p o r t i o n s   in  t h e  

y a r n   mus t   no t   be  d e c r e a s e d   by  o f f s e t t i n g   t h e i r   t w i s t s   e a c h  

o t h e r   when  t h e y   a re   s u b j e c t e d   to   a  h i g h   t e n s i o n   in  t he   y a r n  
w h i l e   t he   y a r n   is  f o rmed   i n t o   a  woveh  or  k n i t t e d   f a b r i c .  



H o w e v e r ,   a c c o r d i n g   to  c o n v e n t i o n a l   m e t h o d s ,   t h e r e   i s  

no  m e t h o d   e x c e p t   t h a t   f i b e r s   a r e   c o h e r e d   to  e a c h   o t h e r   s o  

as  to   e n h a n c e   t he   t e n s i l e   s t r e n g t h .   The  i n v e n t o r s   of  t h e  

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

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

o b t a i n e d   y a r n s   and  the   f a b r i c s   o b t a i n e d   by  w e a v i n g   t h e  

y a r n s   t a k i n g   t h e   a b o v e - e x p l a i n e d   p r o b l e m s   i n h e r e n t   to  t h e  

c o n v e n t i o n a l   m e t h o d s   i n t o   c o n s i d e r a t i o n   in  o r d e r   to  a c h i e v e  

t h e   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n .   As  a  r e s u l t ,   t h e  

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

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

in  o r d e r   to   a c h i e v e   the   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n .  

(1)  t h e   y a r n   d o e s   no t   have   an  u n e v e n e s s   in  d y e a b i l i t y   a l o n g  

t h e   l e n g t h   of   t he   y a r n .   (2)  F i l a m e n t s   c o n s t i t u t i n g   t h e  

y a r n   have   o n l y   v e r y   l i t t l e   c o h e s i o n   t h e r e i n .   (3)  The  t w i s t  

d e n s i t y   in   t h e   u n d e t w i s t e d   p o r t i o n s   i s   e n h a n c e d ,   the   r a t i o  

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

and  t he   i n d i v i d u a l   l e n g t h   t h e r e o f   i s   e l o n g a t e d .   (4)  T h e  

t e n s i l e   s t r e n g t h   of  the   y a r n   i s   e n h a n c e d .  

In  a d d i t i o n ,   the   i n v e n t o r s   a l s o  f o u n d   t h a t   i t   i s  

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

o r d e r   to  a c h i e v e   the   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n .  

F i r s t ,   t h e   mos t   i m p o r t a n t   r e q u i r e m e n t   i s   t h a t   t he   y a r n  
does   n o t   h a v e   any  u n e v e n e s s   in  d y e a b i l i t y   a l o n g   the   l e n g t h  

t h e r e o f ,   and  t h e   r e q u i r e m e n t   can   be  s a t i s f i e d   when  f a l s e  

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

S e c o n d ,   t he   c o h e s i o n   b e t w e e n   t h e   f i l a m e n t s   c o n s t i -  

t u t i n g   t h e   y a r n   must   be  as  l i t t l e   as  p o s s i b l e .   T h i s  

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

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

u t i l i z i n g   an  u n d r a w n   y a r n ,   w h i c h   h a s   a  wide   - t e m p e - r a - t u r e  

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

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

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

at   l e a s t   two  k i n d s   of  m a t e r i a l s   w h i c h   a re   d i f f e r e n t   i n  

t h e i r   m e l t i n g   p o i n t s   may  be  u t i l i z e d ,  a n d   a t   l e a s t   t w o  



k i n d s   of  f i b e r s   wh ich   a r e   d i f f e r e n t   in  t h e i r   m e l t i n g   p o i n t s  

and  w h i c h   a r e   c o m b i n e d   w i t h   e a c h   o t h e r   may  be  u t i l i z e d .   I n  

t h e s e   c a s e s ,   p o l y e s t e r   f i b e r s   may  be  e f f e c t i v e l y   u t i l i z e d .  

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

u s e d   as  a  f a l s e   t w i s t i n g   d e v i c e ,   b e c a u s e   s u c h   a  t w i s t i n g  

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

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

t h e   y a r n .  
B a s e d   on  the   a b o v e - d e s c r i b e d   r e q u i r e m e n t s ,   t h a t  

c o n s t i t u t e   main   t e c h n i c a l   c o n c e p t s   of  t h e   p r e s e n t   i n v e n t i o n ,  

t h e   b a s i c   c o n s t r u c t i o n   of  t h e   p r e s e n t   i n v e n t i o n   i s   a s  

f o l l o w s .  

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

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

w h i c h   c o m p r i s e s :  

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

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

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

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

of  t h e   f i l a m e n t s ;  

b,  t he   t e x t u r e d   y a r n   a l t e r n a t i n g l y   h a v i n g  

S - t w i s t   y a r n   p o r t i o n s   and  Z - t w i s t   y a r n   p o r t i o n s ,   wh ich   a r e  

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

t h e i r   l e n g t h s ,   e i t h e r   t h e   S - t w i s t   y a r n   p o r t i o n s   or  t h e  

Z - t w i s t   y a r n   p o r t i o n s   b e i n g   d e s i g n a t e d   as  A  and  t he   o t h e r  

b e i n g   d e s i g n a t e d   as  B; 

c,   s u b s t a n t i a l l y   in  a l l   t h e   A ' s   e x i s t i n g   in  t h e  

y a r n ,   and  in  s u b s t a n t i a l l y   t h e   e n t i r e   p o r t i o n   of  e ach   A, 

s u b s t a n t i a l l y   a l l   the   c o n s t i t u t e n t   f i l a m e n t s   have   a  c r i m p  

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

t i a l l y   u n i f o r m   t w i s t   d e n s i t y   a l o n g   t h e   l e n g t h   of  t he   y a r n  
and  h a s   a  s u b s t a n t i a l l y   u n i f o r m   t h i c k n e s s   a l o n g   the   l e n g t h  

of  t h e   y a r n ;  

d,  s u b s t a n t i a l l y   in   a l l   t h e   B ' s   e x i s t i n g   i n  

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

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



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

s t r u c t u r e   of  t he   y a r n   b u t   a p p e a r   t h e r e f r o m   to  form  a  b u l k y  

s t r u c t u r e ,   and  t he   y a r n   has  a  s u b s t a n t i a l l y   u n i f o r m   t w i s t  

d e n s i t y   a l o n g   t he   l e n g t h   of  the   y a r n   and  has   a  s u b s t a n t i a l l y  

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

e,  t he   y a r n   i s   s u b s t a n t i a l l y   f r e e   from  any  n o n -  

- t w i s t   y a r n   p o r t i o n s ;   a n d  

f ,   A  and  B  a r e   d i f f e r e n t   f rom  e a c h   o t h e r   i n  

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

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

More  s p e c i f i c a l l y ,   t h e   c h a r a c t e r i s t i c   of  t he   p r e s e n t  

i n v e n t i o n   r e s i d e s   in  t h a t   t he   y a r n   i s   c o n s t i t u t e d   by  a  

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

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

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

and  t h e   l e n g t h   of  w h i c h   a r e   v a r i e d   i r r e g u l a r l y .  

The  t e r m   " c o m p a c t   t w i s t   y a r n   p o r t i o n "   d e s c r i b e d   a b o v e  

m e a n s   a  y a r n   p o r t i o n   w h i c h   has   t w i s t s   and  in  w h i c h   t h e  

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

t w i s t   s t r u c t u r e   of  t h e   y a r n .   In  o t h e r   w o r d s ,   when  a  

m u l t i f i l a m e n t   y a r n   h a v i n g   no  t w i s t s   t h e r e i n   i s   s u b j e c t e d   t o  

t w i s t i n g   and  t h e n   i s   h e a t   s e t ,   such   a  c o m p a c t   t w i s t   y a r n  

p o r t i o n   can  be  o b t a i n e d .   In  t he   p r e s e n t   i n v e n t i o n ,   such   a  

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

r e t a i n i n g   t h e   t w i s t i n g   y a r n   s t r u c t u r e ,   w h i c h   has   been   i n  

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

t w i s t e d ,   in  t he   y a r n   w h i c h   i s   o b t a i n e d   a f t e r   t he   f a l s e  

t w i s t i n g   o p e r a t i o n .  

The  t e r m   " b u l k y   t w i s t   y a r n   p o r t i o n "   d e s c r i b e d   a b o v e  

means   a  y a r n   p o r t i o n   wh ich   h a s  t w i s t s   and  in  wh ich   t h e  

c r i m p   c o n f i g u r a t i o n   of  t he   f i l a m e n t s   a p p e a r s .   In  s h o r t ,  

s u c h   b u l k y   t w i s t   y a r n   p o r t i o n   can  be  o b t a i n e d   when  a  

m u l t i f i l a m e n t   y a r n   w h i c h   has  no  t w i s t s   b u t   has   c r i m p s  

t h e r e i n   is   s u b j e c t e d   to  a  t w i s t i n g   o p e r a t i o n .   In  t h e  

p r e s e n t   i n v e n t i o n ,   such   a  b u l k y   t w i s t   y a r n   p o r t i o n   i s  

m a i n l y   a d o p t e d   by  an  o v e r   d e t w i s t e d   y a r n   w h i c h   is   o b t a i n e d  



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

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

y a r n .  
The  t e r m   " t h e   y a r n   a l t e r n a t i n g l y   has   c o m p a c t   t w i s t  

y a r n   p o r t i o n s   and  b u l k y   t w i s t   y a r n   p o r t i o n s "   d e s c r i b e d  

a b o v e   means   t h a t   t he   y a r n   d o e s   n o t   s u b s t a n t i a l l y   i n c l u d e  

any  p o r t i o n s   w h i c h   a r e   n o t   i n c l u d e d   in   e i t h e r   t h e   c o m p a c t  
u n d e t w i s t e d   p o r t i o n s   or  t he   b u l k y   d e t w i s t e d   p o r t i o n s .  

H o w e v e r ,   s t r i c t l y   s p e a k i n g ,   t h e r e   m u s t   be  n o n - t w i s t e d  

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

t w i s t e d   p o r t i o n s   or  t h e   b u l k y   o v e r   d e t w i s t   p o r t i o n s ,   a t   t h e  

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

b u l k y   o v e r   d e t w i s t e d   p o r t i o n s .   Such   n o n - t w i s t e d   p o r t i o n s   d o  

n o t   h a v e   s u b s t a n t i a l   l e n g t h   and  u s u a l l y   do  n o t   e x c e e d   1  mm. 

F u r t h e r m o r e ,   a  y a r n   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  

i s   c h a r a c t e r i z e d   in  t h a t   t h e   r a t i o   of  t h e   l e n g t h   of  t h e  

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

y a r n   i s   a t   l e a s t   10%,  and  t h a t   t h e   sum  of   t he   s q u a r e s   o f  

t h e   l e n g t h   ( i n   mm)  of  t he   c o m p a c t   t w i s t   y a r n   p o r t i o n s   i s   a t  

l e a s t   3 , 0 0 0   p e r   one  m e t e r   l e n g t h   of   t h e   y a r n .   In  t h e   y a r n  
o f  t h e   p r e s e n t   i n v e n t i o n ,   w h e r e i n   u n d e t w i s t e d   p o r t i o n s   a r e  

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

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

to   a c h i e v e   t h e   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n .   At  t h i s  

p o i n t ,   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   p a t t e r n s   w i t h   a  h e a t h e r  

l i k e   f e e l i n g   in   t h e   o b t a i n e d   woven   or  k n i t t e d   f a b r i c   a n d  

t h e   a m o u n t   of  t h e   u n d e t w i s t e d   p o r t i o n s   m u s t   be  t a k e n   i n t o  

c o n s i d e r a t i o n .   T h e  p a t t e r n s - - - a r e   a l s o   r e l a t e d   to   t h e  

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

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

u n d e t w i s t e d   p o r t i o n s   i s   s m a l l ,   o n l y   n a r r o w   s t r i p e - l i k e  

p a t t e r n s   a p p e a r   on  an  o b t a i n e d   woven  f a b r i c ;   i f   t h e   a m o u n t  

of  t he   u n d e t w i s t e d   p o r t i o n s   e x c e e d s   10%,  t h e   p r o b a b i l i t y   i n  

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

h i g h   and  t he   w i d t h   of  t he   s t r i p e s   i n c r e a s e s ,   and  t h e r e f o r e ,  

t h e   p a t t e r n s   c l e a r l y   a p p e a r .  
As  m e n t i o n e d   a b o v e ,   s t r i c t l y   s p e a k i n g ,   t he   l e n g t h s   a n d  



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

r e l a t e d   to  t he   p a t t e r n s   w i t h   a  h e a t h e r   l i k e   f e e l i n g .   F o r  

e x a m p l e ,   when  the   l e n g t h   of  t h e   u n d e t w i s t e d   p o r t i o n s   i s  

a b o u t   5  mm,  u n e v e n   p a t t e r n s   a p p e a r   b u t   p a t t e r n s   w i t h   a  

h e a t h e r   l i k e   f e e l i n g   c a n n o t   be  o b t a i n e d   even   i f   o n l y   t h e  

a r e a   of  t h e   u n d e t w i s t e d   p o r t i o n s   i s   a b o u t   10  mm,  t h e  

p a t t e r n s   a r e   e l o n g a t e d   f rom  t h e   u n e v e n  p a t t e r n s .   I f   t h e  

a r e a   of  t he   u n d e t w i s t e d   p o r t i o n s   i n c r e a s e s ,   i . e . ,   e q u a l   t o  

or  more  t h a n   30%,  p a t t e r n s   w i t h   a  h e a t h e r   l i k e   f e e l i n g  

a p p e a r .   I n c i d e n t a l l y ,   when  t h e   l e n g t h   of  t he   u n d e t w i s t e d  

p o r t i o n s   b e c o m e s   a b o u t   40  mm,  p a t t e r n s   w i t h   a  h e a t h e r   l i k e  

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

p e r   one  m e t e r ,   i . e . ,   a b o u t   8%  of   t h e   t o t a l   l e n g t h .  

A c c o r d i n g   to  v a r i o u s   t e s t s   c o n d u c t e d   by  the   i n v e n t o r s   o f  

t h e   p r e s e n t   i n v e n t i o n ,   when  t h e   sum  of  t he   s q u a r e s   of  t h e  

l e n g t h s   ( i n   mm)  of  t he   u n d e t w i s t e d   p o r t i o n s   e x c e e d s   3 0 0 0  

p e r   one  m e t e r   l e n g t h   of  t h e   y a r n ,   p a t t e r n s   w i t h   a  h e a t h e r  

l i k e   f e e l i n g   can  be  r e c o g n i z e d .  

The  y a r n   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   has   a n  

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

d e n s i t y   ( T u r n / m )   of  1 .9   x  103  p / D   o v e r   t he   s u b s t a n t i a l l y  

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

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

t h e  p r e s e n t   i n v e n t i o n   has   a  c h a r a c t e r i s t i c   s i m i l a r   to   t h a t  

of  a  t w i s t e d   y a r n .   More  s p e c i f i c a l l y ,   i f   a  u s u a l   m u l t i -  

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

is   t w i s t e d ,   and  i f   t he   r e l a t i o n s h i p   b e t w e e n   the   t w i s t  

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

i n h e r e n t   to  a  t w i s t e d   y a r n   can   be  r e c o g n i z e d   when  the   t w i s t  

d e n s i t y   e x c e e d s   a  v a l u e   of  1 .9   x  103  ρ / D   T u r n / m .  

I t   i s   p r e f e r a b l e   f o r   a  y a r n   a c c o r d i n g   to  the   p r e s e n t  

i n v e n t i o n   to  have   a  t e n s i l e   s t r e n g t h   of  a t   l e a s t  

0 .3   g / d e n i e r .   The  t e n s i l e   s t r e n g t h   of  the   y a r n   c o n c e r n s  

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

y a r n   has   a  h i g h   t e n s i l e   s t r e n g t h   in  o r d e r   to  p r e v e n t   t h e  



d e f o r m a t i o n   of  t h e   y a r n   and  t h a t   t h e   y a r n   i s   s u b j e c t e d   t o  

t h e   p r o c e s s   u n d e r   a  low  t e n s i o n .   I f   a  y a r n   is   s u b j e c t e d   t o  

t h e   p r o c e s s   u n d e r   a  t e n s i o n   of  l e s s   t h a n   0 .3   g / d e n i e r ,   t h e  

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

woven  f a b r i c   w i l l   d e t e r i o r a t e ,   and  a c c o r d i n g l y ,   a  t e n s i l e  

s t r e n g t h   of  a t   l e a s t   0 .3   g / d e n i e r   i s   n e c e s s a r y .   I f   a  y a r n  
i s   u t i l i z e d   a f t e r   i t   i s   a d d i t i o n a l l y   t w i s t e d   or  s i z e d   so  a s  

to   e n h a n c e   t h e   t e n s i l e   s t r e n g t h ,   t h e   o r i g i n a l   y a r n   i s   n o t  

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

I f   a  y a r n   has   a  t e n s i l e   s t r e n g t h   of   a t   l e a s t  

0 .3   g / d e n i e r   as  d e s c r i b e d   a b o v e ,   a f t e r   t h e   y a r n   i s   s t r e t c h  

t r e a t e d   w h i l e   b e i n g   d e l i v e r e d   b e t w e e n   a  p a i r   of  y a r n   f e e d  

r o l l e r s   a t   a  y a r n   s p e e d   of  200  m / m i n   u n d e r   a  t e n s i o n   o f  

0 .3   g / d e n i e r ,   a t   l e a s t   a  p a r t   of  c o m p a c t   t w i s t   y a r n   p o r t i o n s  

r e m a i n ,   and  p r e f e r a b l y   10%  r e l a t i v e   to   t h e   e n t i r e   y a r n  

l e n g t h   r e m a i n .  

When,   in   a  y a r n   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   o u t e r   d i a m e t e r   of  t h e   b u l k y   d e t w i s t e d   y a r n   p o r t i o n s   i s  

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

y a r n   p o r t i o n s   by  a t   l e a s t   10%,  p a t t e r n s   w i t h   a  h e a t h e r   l i k e  

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

In  a  y a r n   of  t he   p r e s e n t   i n v e n t i o n ,   i f   t he   t w i s t  

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

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

h o w e v e r ,   t h e   maximum  d e g r e e   of  t h e   t w i s t   d e n s i t i e s   i s  

l i m i t e d   by  means   of  t h e   m a n n e r   in  w h i c h   t h e   d e v i c e s   a r e  

o p e r a t e d .  

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

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

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

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

a b o v e ,   t h e   c o m p a c t n e s s   of  t he   u n d e t w i s t e d   p o r t i o n s   can  b e  

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

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

to  t h i s ,   t h e   b u l k i n e s s   of  o v e r   d e t w i s t e d   p o r t i o n s   can  b e  

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

the   c o n s t i t u e n t   f i l a m e n t s   i s   made  as  s m a l l   as  p o s s i b l e   a n d  



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

a p p e a r .   In  t h i s   c a s e ,   i t   s h o u l d   be  n o t e d   t h a t   t he   e f f e c t  

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

e f f e c t   r e u l t i n g   f rom  t w i s t s .   For  y o u r   r e f e r e n c e ,   the   t w i s t  

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

t w i s t e d   m u s t   be  a t   l e a s t   17500  ρ / D   T u r n / m   in  o r d e r   t o  

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

woven  or  k n i t t e d   f a b r i c .  

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

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

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

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

b e t w e e n   t h e   t w i s t   d e n s i t i e s   i s   c a u s e d   by  t h e   f a c t   t h a t   t h e  

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

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

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

t w i s t e d   l i n e s .   As  a  r e s u l t ,   t he   c o m p a c t n e s s   and  t h e  

t e n s i l e   s t r e n g t h   of  t he   u n d e t w i s t e d   p o r t i o n s   may  b e  

d e t e r i o r a t e d .   Such  a  t e n d e n c y   may  be  e n h a n c e d   when  t h e  

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

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

u n d e t w i s t e d   p o r t i o n s   may  be  c u t   i n t o   s h o r t   p o r t i o n s ,   a n d  

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

t h e r e f o r e ,   t h e   t o t a l   l e n g t h   t h e r e o f   a l s o   may  become  s h o r t .  

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

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

e n h a n c e d .  

A c c o r d i n g  t o   a - 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   f o r  

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

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

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

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

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

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

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

can  be  o b t a i n e d .  

I t   i s   p r e f e r a b l e   t h a t   the   f o l l o w i n g   f e a t u r e s   b e  



i n c l u d e d   in   t h e   y a r n   in  o r d e r   to  o b t a i n   a  y a r n   w i t h   a n  

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

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

to  form  c o m p a c t   u n d e t w i s t e d   p o r t i o n s   and  form  b u l k y   e x c e s -  

s i v e l y   d e t w i s t e d   p o r t i o n s   and  n o t   to   fo rm  n o n - t w i s t e d  

p o r t i o n s   as  d e s c r i b e d   a b o v e .   When  a  y a r n ,   in  a  t w i s t  

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

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

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

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

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

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

i n t o   o v e r   d e t w i s t e d   p o r t i o n s   by  a b s o r b i n g   t he   t w i s t s  

w h i c h   d e p e n d   on  t he   t w i s t   d e n s i t y   of  t h e   y a r n   b e f o r e   b e i n g  

d e t w i s t e d .   To  a c h i e v e   t h e s e   f e a t u r e s ,   i t   i s   p r e f e r a b l e  

t h a t   a  y a r n   s u b s t a n t i a l l y   d o e s   n o t   h a v e   an  u n e v e n e s s   i n  

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

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

or   t h e   d e g r e e   of  t h e   c o h e s i o n   i s   so  weak  t h a t   f i l a m e n t s   c a n  

be  s p l i t   w i t h o u t   b e i n g   c u t ,   as  wou ld   be  t h e   c a s e   i f   t h e  

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

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

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

a p p e a r .   More  s p e c i f i c a l l y ,   when  t he   y a r n   i s   f u r t h e r   t w i s t e d  

in   a  d i r e c t i o n   t h e   same  as  t h a t   of  t h e   t w i s t s   in  t h e  

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

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

d e t w i s t e d   p o r t i o n s   i s   d e c r e a s e d .   C o n t r a r y   to  t h i s ,   w h e n  

t h e   y a r n   i s   f u r t h e r   t w i s t e d   in  a  d i r e c t i o n   the   same  as  t h a t  

of  t h e   t w i s t s   in  t h e   o v e r   d e t w i s t e d   p o r t i o n s ,   t h e  

u n d e t w i s t e d   p o r t i o n s   become  s h o r t e n e d   w h i l e   t he   t w i s t  

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

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

i s   k e p t   u n c h a n g e d .  

U t i l i z i n g   t h e   a b o v e - e x p l a i n e d   p r o p e r t i e s   of  t he   y a r n  

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   c h a r a c t e r i s t i c s   o f  

t h e   y a r n   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   can  a l s o   b e  



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

t h e   same  as  t h a t   of  t h e   o v e r   d e t w i s t e d   p o r t i o n s   so  t h a t   t h e  

a r e a   of  t he   u n d e t w i s t e d   p o r t i o n s   i s   a d j u s t e d ,   and  t h e n ,   t h e  

y a r n   i s   f u r t h e r   t w i s t e d   in  a  d i r e c t i o n   the   same  as  t h a t   o f  

the   t w i s t s   in  t h e   u n d e t w i s t e d   p o r t i o n s   so  t h a t   t h e   t w i s t  

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

( T u r n / m )   of  1 .9   x  103  ρ / D   w h i c h   i s   a  minimum  v a l u e   f o r  

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

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

e f f e c t   a r e   c o m p a r e d   w i t h   e a c h   o t h e r ,   and  the   f a c t   t h a t   t h e  

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

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

e x c e e d s   10%.  

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

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   w h i c h   has   a  t o t a l   t w i s t  

of  z e r o ,   t h e   f o l l o w i n g   r e q u i r e m e n t s   a r e   c o m p a t i b l e .   ( 1 )  

The  l o w e r   l i m i t   of   t he   u n d e t w i s t e d   p o r t i o n s   a b o v e   w h i c h  

l i m i t   p a t t e r n s   w i t h   a  h e a t h e r   l i k e   f e e l i n g   c l e a r l y   a p p e a r  
is   17500  ρ / D   T u r n / m .   (2)  The  l o w e r   l i m i t   of  t he   o v e r  

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

be  r e c o g n i z e d   i s   1 .9   x  103  ρ / D   T u r n / m .   (3)  The  r a t i o   o f  

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

l e n g t h   of  t h e   y a r n   m u s t   be  more  t h a n   10%  and  t he   r a t i o   o f  

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

e n t i r e   l e n g t h   of  t h e   y a r n   m u s t   be  l e s s   t h a n   90%. 

The  minimum  r e q u i r e m e n t s   and  some  o p t i o n a l   f e a t u r e s  

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

the   p r e s e n t   i n v e n t i o n ' h a v e   b e e n   e x p l a i n e d   a b o v e .  

With  r e s p e c t   to  t he   f i e l d   to  w h i c h   the   p r e s e n t  

i n v e n t i o n . - o r i g i n a l l y - r e l a t e s   and  i n  w h i c h   an  e f f e c t   o f  

h a n d l i n g   due  to  t he   t r u e   t w i s t   y a r n   is   i n t e n d e d ,   a s  

a l r e a d y   p a r t l y   e x p l a i n e d   h e r e b e f o r e ,   the   t w i s t   d e n s i t y  

in  u n d e t w i s t e d   p o r t i o n s ,   t he   t w i s t   d e n s i t y   in  t he   o v e r  

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

u n d e t w i s t e d   p o r t i o n s   to  t h a t   of  t h e   ove r   d e t w i s t e d  

p o r t i o n s   a re   of  i m p o r t a n c e .   I t   i s   o b v i o u s   t h a t   i f   t h e  



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

t h e   t w i s t   y a r n   b e c o m e s   h i g h e r ,   h o w e v e r ,   i t   i s   n e c e s s a r y   t o  

c r e a t e   a  r e m a r k a b l e   e f f e c t   of  h a n d l i n g   by  means   of   t h e  

e f f e c t   of  t h e   t w i s t   t h a t   t h e   t w i s t   d e n s i t y   in  t h e   u n d e -  

t w i s t e d   p o r t i o n s   i s   a t   l e a s t   17500  ρ / D   T u r n / m ,   and  t h a t  

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

e n t i r e   y a r n   l e n g t h   i s   a t   l e a s t   30%  o r / a n d   t h a t   t h e   t w i s t  

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

l e n g t h   of  t h e   y a r n   i s   a t   l e a s t   7500  ρ / D   T u r n / m .   W i t h  

r e g a r d   to  a  y a r n   h a v i n g   a  t o t a l   t w i s t   of  z e r o ,   a l l   t h e  

r e q u i r e m e n t s   can   be  s i m u l t a n e o u s l y   s a t i s f i e d .  

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

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

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

l e a s t   22500  ρ / D   T u r n / m ,   t h e   p a t t e r n s   can  v i s u a l l y   b e  

r e c o g n i z e d .   In  t h i s   c a s e ,   t h e   t w i s t   d e n s i t y   in  t h e   u n d e -  

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

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

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

can  be  d i s r e g a r d e d ) ,   and  due  to   f a l s e   t w i s t i n g   w i t h   t h i s  

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

d e t w i s t e d   p o r t i o n s .  

In  a  y a r n   h a v i n g   a  t o t a l   t w i s t   of  z e r o ,   i f   t h e   u n d e -  

t w i s t e d   p o r t i o n s   h a v e   t h e   a b o v e - d e s c r i b e d   t w i s t   d e n s i t y   a n d  

t h e y   o c c u p y   a  l e n g t h   of   m o r e   t h a n   30%  in  t he   e n t i r e   y a r n ,  
t h e   t w i s t   d e n s i t y  o f - t h e  o v e r   d e t w i s t e d   p o r t i o n s   b e c o m e s  

e q u a l   to  or  more   t h a n   a  v a l u e   of  9 .5   x  103  ρ / D   T u r n / m ,   a n d  

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

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

u s u a l   t w i s t   y a r n .  

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

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

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

The  l e n g t h   of  t h e   u n d e t w i s t e d   p o r t i o n s   is   in  g e n e r a l  

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

can  be  v a r i e d   by  c h a n g i n g   t h e   c o n d i t i o n s .   I f   t h e ' s u m   o f  



t h e   s q u a r e s   of  t h e   l e n g t h   (mm)  of  t h e   u n d e t w i s t e d   p o r t i o n s  

p e r   one  m e t e r   of  t h e   y a r n   is   a t   l e a s t   3 0 0 0 ,   more  p r e f e r a b l y  

a t   l e a s t   5 0 0 0 ,   v e r y   s p l e n d e d   p a t t e r n s   w i t h   a  h e a t h e r   l i k e  

f e e l i n g   can  be  o b t a i n e d   in  c o m b i n a t i o n   w i t h   t he   a b o v e -  

- e x p l a i n e d   t w i s t   e f f e c t .   T h i s   i s   b e c a u s e ,   i f   t he   a b o v e  

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

u n d e t w i s t e d   p o r t i o n s   i s   made  l o n g .  

In  o r d e r   to  o b t a i n   a  s p e c i a l l y   d e s i g n e d   f a l s e   t w i s t e d  

y a r n   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 ,   i t   i s   one  of  t h e  

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

as  a  s u p p l y   y a r n   and  i s   fed   to  a  f r i c t i o n   t y p e   f a l s e  

t w i s t i n g   d e v i c e   so  t h a t   the   y a r n   i s   s u b j e c t e d   to  f a l s e  

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

d r a w n .   In  t h i s   c a s e ,   t h e   draw  r a t i o   i s   s e l e c t e d   a t   a  v a l u e  

e q u a l   to   or  l e s s   t h a n   t h e   n a t u r a l   d r a w   r a t i o   of  t h e   u n d r a w n  

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

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

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

i n t e r s e c t i n g   w i t h   a  y a r n   mov ing   d i r e c t i o n   a t   an  a c u t e   a n g l e  

so  t h a t   t he   y a r n   i s   s u b j e c t e d   to  t h e   t w i s t i n g   o p e r a t i o n  

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

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

t w i s t i n g   d e v i c e ,   or  a t   l e a s t   a d j a c e n t   to  t h e   f a l s e   t w i s t i n g  

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

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

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

s e q u e n t i a l l y   f a l s e   t w i s t e d .   The  f a l s e   t w i s t   number   i s   in  a  

r a n g e   b e t w e e n   a  minimum  v a l u e ,   w h i c h   i s   a  l i t t l e   b i t   h i g h e r  

t h a n   17500  Jp /D  T u r n / m ,   and  a  maximum  v a l u e ,   w h i c h   i s  

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

n u m b e r   w h i c h   is   u s u a l l y   u sed   to  o b t a i n   a  u s u a l   f a l s e  

t w i s t e d   y a r n ,   i . e . ,   a  so  c a l l e d   w o o l l y   y a r n .   As  the   f a l s e  

t w i s t i n g   t e m p e r a t u r e   i n c r e a s e s ,   t he   e f f e c t   b e c o m e s   b e t t e r ,  

h o w e v e r ,   i t   i s   n e c e s s a r y   to  a v o i d   s u c h   an  e x c e s s i v e l y   h i g h  

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

c o h e r e d   to  e a c h   o t h e r   c a n n o t   be  s e p a r a t e d   f rom  e a c h   o t h e r  



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

F u r t h e r m o r e ,   in  t h e   p r e s e n t   i n v e n t i o n ,   i t   is   p r e f e r -  

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

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

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

a b o u t   15  mm  d o w n s t r e a m   f rom  t h e   l o w e r m o s t   f r i c t i o n   d i s k   i n  

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

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

t e x t u r e d .   By  a p p r o p r i a t e l y   s e l e c t i n g   t he   f a l s e   t w i s t i n g  

c o n d i t i o n s ,   such   as  t h e   r e m o v a l   of   t he   y a r n   g u i d e ,   t h e  

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

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

t w i s t i n g ,   the   t w i s t   d e n s i t i e s   of  t h e   u n d e t w i s t e d   p o r t i o n s  

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

can   be  v a r i e d   to   an  e x t e n t   w h i c h   c a n n o t   be  o b t a i n e d   t h r o u g h  

c o n v e n t i o n a l   m e t h o d s .  

The  f a l s e   t w i s t   n u m b e r   m u s t   be  a t   l e a s t   17500  ρ / D  

T u r n / m   as  d e s c r i b e d   a b o v e   i f   a  y a r n   h a v i n g   a  h a n d l i n g  

s i m i l a r   to  t h a t   o b t a i n e d   by  a  t r u e   t w i s t   y a r n ,   and  i t   m u s t  

be  a t   l e a s t   22500  p / D   T u r n / m   i f   a  y a r n   h a v i n g   a  h a n d l i n g  

s i m i l a r   to   t h a t   o b t a i n e d   by  a  h a r d   t w i s t   y a r n .   A c c o r d i n g  

to  t h e   i n v e n t o r s   of  t h e   p r e s e n t   i n v e n t i o n ,   i t   is   a d e q u a t e  

i f   t h e   t e m p e r a t u r e   of   t h e   f a l s e   t w i s t   h e a t e r   is   a b o u t  

b e t w e e n   210  and  240°C  when  a  m u l t i f i l a m e n t   y a r n   made  o f  

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

b e t w e e n   175  and  190°C  when  a  m u l t i f i l a m e n t   y a r n   made  o f  

p o l y a m i d e   f i b e r s ,   f o r   e x a m p l e   n y l o n   6  i s   t r e a t e d .   O f  

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

t w i s t e d   y a r n   in  a  t e m p e r a t u r e   r e g i o n   wh ich   i s   d i f f e r e n t  

f rom  t h a t   m e n t i o n e d   a b o v e ,   and  in  t h i s   c a s e ,   the   t e m p e r -  

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

d e s i r e d   t e x t u r e d   y a r n   and  t h e   r e m a i n i n g   t e x t u r i n g  

c o n d i t i o n s .  

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

y a r n   of  t he   p r e s e n t   i n v e n t i o n ,   i t   i s   v e r y   i m p o r t a n t   t h a t  

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

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



c o n v e n t i o n a l   p r o c e s s   f o r   m a k i n g   an  a l t e r n a t i n g   t w i s t e d   y a r n  

s h o u l d   be  u s e d .  

A c c o r d i n g   to  t h e   k n o w l e d g e   o b t a i n e d   by  the   i n v e n t o r s  

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

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

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

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

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

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

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

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

d e t w i s t e d   p o r t i o n s   a r e   f o r m e d   and  n o n - t w i s t e d   p o r t i o n s   a r e  

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

m e t h o d s   w h i c h   a r e   c l a s s i f i e d   i n t o   two  c a s e s ,   i . e . ,   (1)  a  

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

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

s p e e d   d e p e n d i n g   upon  t h e   t w i s t   d e n s i t y ,   and  (2)  a  c a s e  

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

t h a t   of  c a s e   (1)  or  a r e   n o t   r o t a t e d   a t   a l l .   In  t h e   s e c o n d  

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

d e v i c e   i s   d e c r e a s e d .   The  f o r m a t i o n   of  t h e   o v e r   d e t w i s t e d  

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

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

- t w i s t e d   p o r t i o n s   a r e   f o r m e d   as  a  t r a n s i e n t   p h e n o m e n o n   or  a r e  

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

t h e   e x c e s s i v e l y  d e t w i s t e d   p o r t i o n s .  

C o n t r a r y   to  t h i s ,   when  a  p o r t i o n   j u s t   b e l o w   a  f a l s e  

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

p o r t i o n   a r e   o b s e r v e d ,   no  u n d e t w i s t e d   p o r t i o n s   a r e   n e w l y  

f o r m e d   a t   t h e s e   p o r t i o n s .   When  u n d e t w i s t e d   p o r t i o n s   a r e  

f o r m e d   by  r o t a t i o n   of  t h e   y a r n   d o w n s t r e a m - o f   t h e   f a l s e  

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

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

u n d e t w i s t e d   p o r t i o n s   a re   u n t w i s t e d   or  b e c a u s e   the   n o n -  

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

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

n o n - t w i s t e d   p o r t i o n s   a r e   f o r m e d   by  o f f s e t t i n g   the   t w i s t s ;  



b o t h   of  the   u n d e t w i s t e d   p o r t i o n s   and  t h e   o v e r   d e t w i s t e d  

p o r t i o n s .  

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

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

h o w e v e r ,   t he   a l t e r n a t i n g l y   o b t a i n e d   t w i s t e d   y a r n s   had  m a n y  
d e f e c t s   as  d e s c r i b e d   a b o v e .  

C o n t r a r y   to   t h i s ,   t he   p r e s e n t   i n v e n t i o n   is   b a s e d   o n  

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

j u s t   d o w n s t r e a m   of  t h e   f a l s e   t w i s t i n g   d e v i c e   wh ich   can  b e  

o c c a s i o n a l l y   o b s e r v e d   in  t h e   a b o v e - d e s c r i b e d   c o n v e n t i o n a l  

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

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

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

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

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

t h e   f a l s e   t w i s t i n g   d e v i c e .   In  o t h e r   w o r d s ,   a  c o n d i t i o n  

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

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

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

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

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

r o t a t i n g   p o r t i o n   u n t w i s t s   b o t h - t h e   r e a r   p o r t i o n   of  t h e  

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

t h e   f r o n t   end  p o r t i o n   of  i t s   s e l f   so  t h a t   e x c e s s i v e l y  

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

f r o n t   end  of  t he   f a l s e   t w i s t   i m p a r t e d  r e g i o n   is   m o v e d  

d o w n s t r e a m .   T h e  r o t a t i o n   o f  t h e   f r o n t   end  o f   t h e   f a l s e  

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

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

t h e   l i k e ,   or  when  t h e   t o r q u e   i m p a r t e d   by  means   of  t he   f a l s e  

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

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

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

i m p a r t   t o r q u e   to  t h e   y a r n ,   and  t h e r e f o r e ,   a  new  d e t w i s t i n g  

p o i n t   is   c r e a t e d   b e t w e e n   the   f r o n t   end  of  t he   f a l s e   t w i s t  

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



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

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

a b o v e - m e n t i o n e d   p h e n o m e n o n   i s   r e p e a t e d .   Thus  t h e   u n d e -  

t w i s t e d   p o r t i o n s   and  t he   o v e r   d e t w i s t e d   p o r t i o n s ,   w h i c h  

a r e   a l t e r n a t i n g l y   d i s t r i b u t e d   a l o n g   the   y a r n ,   form  a n  

a l t e r n a t i n g l y   t w i s t e d   y a r n .   Unde r   t he   a b o v e - d e s c r i b e d  

m e c h a n i s m   f o r   f o r m i n g   an  a l t e r n a t i n g l y   t w i s t e d   y a r n ,   a n y  
n o n - t w i s t e d   p o r t i o n s   a r e   a p p r o x i m a t e l y   n o t   f o r m e d   in  f a c t .  

As  d e s c r i b e d   a b o v e ,   t h e   ma in   c h a r a c t e r i s t i c s   of  a  

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

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   a r e   t h a t ,   a t   l e a s t   a t   a  

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

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

t h a t   t h e   r o t a t i o n   of  t h e   f r o n t   end  of  t h e - f a l s e   t w i s t  

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

means   of   a  d e l i v e r y   r o l l e r ,   by  b e i n g   c o n t a c t e d   w i t h   a  g u i d e  

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

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

O t h e r   c o n d i t i o n s   to   r e a l i z e   t he   m e c h a n i s m   f o r   f o r m i n g  

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

ing   t he   a b o v e - e x p l a i n e d   two  c h a r a c t e r i s t i c s   a r e   to   t a k e   s o m e  

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

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   a r e   t h r e e  

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

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

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

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

- t e r i s t i e   y a r n   a c c o r d i n g   t o   t h e  p r e s e n t   i n v e n t i o n .  

In  t h e   f i r s t  t y p e   of  m e c h a n i s m ,   t he   f r o n t   end  i s  

p o s i t i v e l y   e n g a g e d   w i t h   a  member   fo r   p r e v e n t i n g   t h e  

t r a n s m i s s i o n   of  t he   r o t a t i o n   of  t he   y a r n   to  t h e   d o w n s t r e a m  

at   t he   d o w n s t r e a m   of  t h e   f a l s e   t w i s t i n g   d e v i c e ,   and  a t   t h e  

same  t i m e ,   t h e   n u m b e r   of  t h e   o v e r   d e t w i s t e d   p o r t i o n ,   w h i c h  

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

e n g a g i n g   m e m b e r ,   i s   a l w a y s   one  or  l e s s   t h a n   o n e .   In  o t h e r  

w o r d s ,   t he   s p e c i a l l y   d e s i g n e d   a l t e r n a t i n g l y   t w i s t e d   y a r n   o f  

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



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

of  t h e   f a l s e   t w i s t i n g   d e v i c e   and  by  p r e v e n t i n g   t he   t r a n s -  

m i s s i o n   of  t he   r o t a t i o n   of  t h e   y a r n   d o w n s t r e a m   so  t h a t   a n  

o v e r   d e t w i s t e d   p o r t i o n   e q u a l   to   or  l e s s   t h a n   one  i s   a l w a y s  

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

m e m b e r .   T h a t   i s ,   a l l   v a r i o u s   f r o n t   e n d s   of  f a l s e   t w i s t  

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

made  to   a r r i v e   a t   t h e   e n g a g i n g   member ,   s u c h   as  t h e   d e l i v e r y  

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

i s   s t o p p e d .  

The  a b o v e - e x p l a i n e d   f i r s t   t y p e   w i l l   now  be  d e s c r i b e d  

in  d e t a i l   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 r a w i n g s .   I n  

F i g .   1,  an  e x a m p l e   of  a  p r o c e s s   f o r   m a n u f a c t u r i n g   a  

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

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

f e e d   a  s u p p l y   y a r n   to  a  p a i r   of  f i r s t   d e l i v e r y   r o l l e r s   4 

t h r o u g h   a  f i r s t   h e a t e r   d e v i c e   2  and  a  f a l s e   t w i s t i n g  

d e v i c e   3  w h i c h   i m p a r t s   t w i s t s   i n t o   t he   s u p p l y   y a r n ,   and  t h e  

t w i s t s   i m p a r t e d   by  m e a n s   of  t h e   f a l s e   t w i s t i n g   d e v i c e   3  r u n  

b a c k   a l o n g   t h e   y a r n   to   t h e   h e a t e r   d e v i c e   2  w h e r e   t he   t w i s t s  

a r e   h e a t   s e t .   A  s e c o n d   h e a t e r   d e v i c e   5  and  a  p a i r   o f  

s e c o n d   d e l i v e r y   r o l l e r s   6  a r e   o p t i o n a l l y   d i s p o s e d   d o w n s t r e a m  

of  t h e   f i r s t   d e l i v e r y   r o l l e r s   4.  Of  c o u r s e ,   in  some  c a s e s ,  
t h e   s e c o n d   h e a t e r   d e v i c e   5  and  the   s e c o n d   d e l i v e r y   r o l l e r s   6 

may  be  o m i t t e d .  

The  member   f o r   p r e v e n t i n g   t he   t r a n s m i s s i o n   of  t h e  

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

d e l v i e r y   r o l l e r s   4,  h o w e v e r   i n s t e a d ,   a n o t h e r   e n g a g i n g  

member   8  may  be  d i s p o s e d   a t   a  l o c a t i o n   b e t w e e n   t he   f a l s e  

t w i s t i n g   d e v i c e   3  a n d  t h e  f i r e s t  d e l i v e r y  r o l l e r s  4   a s  

i l l u s t r a t e d   by  t h e   b r o k e n   l i n e s .   When  s u c h  a d d i t i o n a l  

m e m b e r - i s   d i s p o s e d ,   t h e   member   may  be  o f  a   s t a t i o n a r y   t y p e ,  

h o w e v e r ,   i t   i s   p r e f e r a b l e   t h a t   a  r o t a t i o n a l   member ,   f o r  

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

m o v e s ,   i s   d i s p o s e d   b e c a u s e   s u c h   a  member  has   a  h i g h   e f f e c t  

f o r   p r e v e n t i n g   t h e   r o t a t i o n   of  t he   y a r n   and  has   a  l o w  

r e s i s t a n c e   a g a i n s t   t h e   m o v e m e n t   of  t he   y a r n .   A  c o m b i n a t i o n  



of  a  p l u r a l i t y   of  m e m b e r s   may  be  u t i l i z e d   as  t he   e n g a g i n g  

member  8 .  

The  f a l s e   t w i s t i n g   d e v i c e   3  i m p a r t s   a  r o t a t i o n a l   f o r c e  

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

t h e   f a l s e   t w i s t i n g   d e v i c e   a l s o   has   a  t e n d e n c y   to  r o t a t e   i n  

a  d i r e c t i o n   t h e   same  as  t h a t   of   t h e   f a l s e   t w i s t i n g .  

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

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

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

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

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

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

p r o c e s s e s .   I t   i s   p r e f e r a b l e   t h a t   in  a  y a r n   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ,   when  i t s   u n d e t w i s t e d   p o r t i o n s   a r e  

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

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

of   t h e   u n d e t w i s t e d   p o r t i o n   i s   u n t w i s t e d ,   and  t h e   t w i s t  

d e n s i t y   in  t he   u n d e t w i s t e d   p o r t i o n   i s   s u b s t a n t i a l l y  

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

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

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

T h i s   p r o p e r t y   i s   u t i l i z e d   in  t h e   p r e s e n t   i n v e n t i o n .   To 

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

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

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

and  once   t h e y - a r e   d e t w i s t e d ,   t h e y   l o s e   t h e i r   c o h e s i o n   a n d  

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

be  s a t i s f i e d   by,   f o r   e x a m p l e  a n   a p p r o p r i a t e   f u s i n g ,   i . e . ,   a  

p a r t   of  or  a l l   t h e   f u s i n g   in   t h e   u n d e t w i s t e d   p o r t i o n s   may  b e  

r e m o v e d   when  t h e y   a re   s u b j e c t e d   to  d e t w i s t i n g .   I f   a  h e a t i n g  

t e m p e r a t u r e   .is  s e l e c t e d   t a k i n g   t h e   m a t e r i a l   of   t h e   - s u p p l y  

y a r n   and  t he   m a t e r i a l   and  q u a n t i t y   of  t he   f i n i s h i n g ,   s u c h  

as  o i l ,   i n t o   c o n s i d e r a t i o n ,   s u c h   f u s i n g   can  be  o b t a i n e d .  

In  a  p r o c e s s   a c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n ,   a n  

e n g a g i n g   member ,   such   as  t he   d e l i v e r y   r o l l e r   or  g u i d e ,   f o r  

p r e v e n t i n g   the   t r a n s m i s s i o n   of  t he   r o t a t i o n   of  the   y a r n   t o  

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



f rom  t he   f a l s e   t w i s t i n g   d e v i c e .  

F i g s .   3,  4,  5  and  6  a r e   m o d e l   v i e w s   i l l u s t r a t i n g  

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

t y p e   as  t i m e   e l a p s e s   f rom  t0  to   t 1  ,   t2   . . . . . ,   in  t h e s e  

f i g u r e s ,   T  d e n o t e s   a  s t a t i o n a r y   f a l s e   t w i s t i n g   p o i n t ;   G,  

s t a t i o n a r y   p o i n t   f o r   p r e v e n t i n g   r o t a t i o n   by  means   of  t h e  

e n g a g i n g   member ;   P,  a  b o u n d a r y   b e t w e e n   t he   u n d e t w i s t e d  

p o r t i o n   and  t h e   o v e r   d e t w i s t e d   p o r t i o n ;   and  Q,  a  p o i n t  

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

t w i s t i n g   p o i n t   T  and  t h e   r o t a t i o n   p r e v e n t i n g   p o i n t   G  i s  

d e n o t e d   by  L;  d e n o t e s   t h e   t w i s t   d e n s i t y   in  t he   u n d e -  

t w i s t e d   p o r t i o n ;   and  d e n o t e s   t h e   t w i s t   d e n s i t y   in  t h e  

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

c o n d i t i o n   w i t h   t h e   u n d e t w i s t e d   p o r t i o n .   In  F i g s .   3,  4,  5 

and  6,  a  c o n d i t i o n   i s   a s s u m e d   t h a t   a t   t i m e   t0  t h e   f r o n t   e n d  

P1  of   t he   f a l s e   t w i s t   i m p a r t e d   r e g i o n   a r r i v e s   a t   p o i n t   G.  

U n d e r   t h i s   c o n d i t i o n ,   d o w n s t r e a m   of  t h e   p o i n t   P1  t h e   o v e r  

d e t w i s t e d   p o r t i o n   i s   l o c a t e d ,   and  t he   u p s t r e a m   of  t h e  

p o i n t   P1  i s   u n d e r   a  u n d e t w i s t e d   c o n d i t i o n   s i n c e   t h e   p o i n t  

P1  i s   l o c a t e d   w i t h i n   t h e   f a l s e   t w i s t i n g   i m p a r t i n g   r e g i o n .  

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

s i n c e   a t   t he   p o i n t   P 1  ,   w h i c h   i s   l o c a t e d   a t   t he   p o i n t   G  a t  

t i m e   t 0  ,   c a n n o t   be  r o t a t e d ,   u n t w i s t i n g   o c c u r s   a t   a n  

u n d e t e r m i n e d   p o i n t   Q1  l o c a t e d   b e t w e e n   t he   p o i n t   T  and  t h e  

p o i n t   G .  

T h e r e a f t e r ,   t h e   p o i n t   P1  and  t he   p o i n t   Q1  a r e   m o v e d  

d o w n s t r e a m .   The  p o r t i o n   w h i c h   has   b e e n . s u b j e c t e d   t o  

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

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

p o r t i o n   a r e   d e n o t e d   by  P2  and  P3.  The  p o r t i o n   b e t w e e n  

t h e   p o i n t s  P 1   a n d  P 2  m o v e s   d o w n w a r d   w h i l e   i t   r e t a i n s   a n  

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

t h e   p o i n t s   P2  and  P 3  m o v e s   d o w n s t r e a m   w h i l e   i t s   l e n g t h  

i n c r e a s e s .  

The  p o i n t   P3  moves   d o w n s t r e a m   as  t he   f r o n t   end  of  a  

new  f a l s e   t w i s t   i m p a r t e d   r e g i o n   and  a r r i v e s   a t   p o i n t   G  ( a t  

t i m e   t6  in  F i g .   3;  t ime   t4  in   F i g .   4;  t ime   t8  in  F i g .   5 ;  



and  t i m e   t3  in  F i g .   6 ) ,   t h e n   a  c o n d i t i o n   s i m i l a r   to  t h a t   a t  

t i m e   t0   a p p e a r s .   A  new  u n d e t e r m i n e d   u n t w i s t i n g   p o i n t   Q2  i s  

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

r e p e a t e d .  

I t   s h o u l d   be  n o t e d   t h a t   u n d e r   t h e   a b o v e - e x p l a i n e d  

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

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

s u c c e s s i v e   to   t h e   f o r m e r   y a r n   p o r t i o n   i s   c o n s t a n t   and  u n -  

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

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

i s   e f f e c t e d   w h i l e   s t a t i o n a r y .   In  a d d i t i o n ,   t h e   t o t a l   t w i s t  

in  t h e   y a r n   p o r t i o n   l o c a t e d   d o w n s t r e a m   of  t he   p o i n t   P1  i s  

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

b e e n   t r e a t e d .  

A c c o r d i n g l y ,   t he   t o t a l   t w i s t   b e t w e e n   t h e   p o i n t   T  a n d  

t h e   p o i n t   P1  i s   c o n s t a n t .   More  s p e c i f i c a l l y ,  

The  t o t a l   t w i s t   b e t w e e n   t h e   p o i n t   T  and  t h e   p o i n t   P1 
=  T G   a  ( a t   t i m e   t 0 )  
=  TG.@-P2P2P3-β+P1P2.@  ( a t   t i m e   t 6  i n   F i g .   3 ;  

a t   t ime   t4  in  F i g .   4;  a t   t i m e   t8  in  F i g .   5 ;  

and  a t   t i m e  t 3   in  in   F i g .   6 )  

A c c o r d i n g l y ,   the   f o l l o w i n g   e q u a t i o n   is   o b t a i n e d .  

- P 2 P 3 , β + P 1 P 2 . @ = 0  
T h e r e f o r e ,   t he   e q u a t i o n   (1)  i s   o b t a i n e d .  

The  e q u a t i o n   (1)  t h u s   o b t a i n e d   means   t h a t   t he   r a t i o  

b e t w e e n   t h e   l e n g t h   P 1 P 2  o f  t h e  u n d e t w i s t e d   p o r t i o n  a n d   t h e  

l e n g t h   P2P3  of   t he   o v e r   d e t w i s t e d   p o r t i o n   w h i c h   i s   f o r m e d  

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

by  t h e   t w i s t   d e n s i t i e s   and  is   c o n s t a n t .  

A  f u r t h e r   e x p l a n a t i o n   w i l l   now  be  d e s c r i b e d   in  d e t a i l  

w i t h   r e f e r e n c e   to   F i g s .   3  and  4.  In  F i g .   3,  a  p r o c e d u r e  

w h e r e i n   u n t w i s t i n g   t a k e s   p l a c e   a t   o n l y   p o i n t   P3  i s   i l l u s -  

t r a t e d ,   and  t h e   o v e r   d e t w i s t e d   p o r t i o n   b e t w e e n   P2  and  P3  i s  

moved  d o w n s t r e a m   w h i l e   t he   l e n g t h   t h e r e o f   is   i n c r e a s e d  

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

p o i n t   Q1  w h e r e   t he   d i s t a n c e   Q1P1  i s   e q u a l   to  l ,   a t   t ime   t  



t h e   e q u a t i o n   (4)  i s   s a t i s f i e d .  

U t i l i z i n g   t h e   e q u a t i o n s   (1)  and  ( 4 ) ,   t he   f o l l o w i n g   e q u a t i o n  

i s   o b t a i n e d .  

P2P3  =  l . @ / β  

In  F i g .   4,  o r i g i n a l l y   t h e   p o i n t   P2  i s   g i v e n   p r i o r i t y  

to  be  u n t w i s t e d ,   t h e   o v e r   d e t w i s t e d   p o r t i o n   b e t w e e n   P2  a n d  

P3  i s   moved  d o w n s t r e a m   w h i l e   t he   l e n g t h   t h e r e o f   i s  

i n c r e a s e d   d o w n s t r e a m .   H o w e v e r ,   a f t e r   t he   t i m e   t2  when  t h e  

p o i n t   P2  a r r i v e s   a t   t h e   p o i n t   G,  d e t w i s t i n g   c a n n o t   o c c u r   a t  

p o i n t   P2  b u t   t a k e s   p l a c e   a t   t he   p o i n t   P 3  ,   in  o t h e r   w o r d s ,  

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

u p s t r e a m ,   and  t he   f o l l o w i n g   e q u a t i o n   is   o b t a i n e d .  

The  n u m b e r   of  t w i s t s   b e t w e e n   t he   p o i n t s   T  and  P1 
= TG.@  ( a t   t i m e   t 0 )  

=  T P 3 . @ - P 2 P 3 . β + P 1 P 2 . @   ( a t   t i m e   t 2 )  
=  ( T G - P 2 P 3 ) . @ - P 2 P 3 . β + P 1 P 2 . @   ( a t   t i m e   t 2 )  

T h e r e f o r e ,   t h e   e q u a t i o n   (2)  i s   o b t a i n e d .  

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

t i m e   t0  a t   a  p o i n t   Q1  w h e r e   t he   d i s t a n c e   b e t w e e n   Q1  and  P1 
i s   e q u a l   t o  l ,   a t   t i m e   t 2  ,   f o l l o w i n g   e q u a t i o n   i s   s a t i s f i e d .  

l  =   Q 1 P 1   P 3 P 1   p 1 P 2 + P 2 P 3  '  
a c c o r d i n g l y ,   t h e   e q u a t i o n   (3)  i s   o b t a i n e d .  

S u b s t i t u t i n g   t h e   e q u a t i o n   (3)  i n t o   e q u a t i o n   ( 2 ) ,  

P 1 P 2 . @  =   ( l - P 1 P 2 ) ( @ + β ) .  
and  t h e r e f o r e ,   t h e  e q u a t i o n   (5)  i s  o b t a i n e d .  

I n c i d e n t a l l y ,   a t   t i m e   t 4  ,   the   f o l l o w i n g   e q u a t i o n   i s  

s a t i s f i e d .  

U t i l i z i n g   t h e   a b o v e - e x p l a i n e d   e q u a t i o n   ( 1 ) ,  

As  e x p l a i n e d   a b o v e ,   i f   a  member  G  f o r   p r e v e n t i n g   t h e  

d o w n s t r e a m   t r a n s m i s s i o n   of  t he   r o t a t i o n   in  a  y a r n   i s  

u t i l i z e d ,   t h e   p o i n t   P3  d o e s   n o t   move  d o w n s t r e a m   a c r o s s   t h e  



p o i n t   G  as  i l l u s t r a t e d   in  F i g s .   3  and  4,  and  a t   t h e   s a m e  

t i m e   t h e   l e n g t h   of  the   u n d e t w i s t e d   p o r t i o n   P1P2  can  b e  

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

F i g .   3,  as  d e s c r i b e d   in  the   e q u a t i o n   ( 4 ) ,   P1P2  =  i ,   a n d  

In  t he   c a s e   i l l u s t r a t e d   in  F i g .   4,  as  d e s c r i b e d   in  t h e  

e q u a t i o n   ( 5 ) ,  

In  an  a c t u a l   p r o c e s s ,   b o t h   c a s e s   i l l u s t r a t e d   i n  

F i g s .   3  and  4  may  o c c u r ,   and  b e s i d e s ,   a  c a s e   w h i c h   i s  

l o c a t e d   a t   t h e   i n t e r m e d i a t e   of  t h e   c a s e s   i l l u s t r a t e d   i n  

F i g s .   3  and  4  may  a l s o   t a k e   p l a c e .   In  o t h e r   w o r d s ,   b e f o r e  

p o i n t   P2  a r r i v e s   a t   p o i n t   G,  d e t w i s t i n g   may  o c c u r   a l t e r n a -  

t i n g l y   a t   p o i n t   P2  and  p o i n t   P3  ( F i g .   5)  or  s i m u l t a n e o u s l y  

a t   b o t h   p o i n t s   P2  and  P3  ( F i g .   6 ) .   H o w e v e r ,   in   any  c a s e ,  
a f t e r   p o i n t   P2  h a s   a r r i v e d   a t   p o i n t   G,  d e t w i s t i n g   o c c u r s  

o n l y   a t   p o i n t   P3.  A c c o r d i n g l y ,   when  t h e   d e t w i s t i n g  

p o i n t   Q1  i s   f o r m e d   a t   a  p o i n t   w h i c h   s a t i s f i e s   GQ1  =  l  a n d  

p o i n t   P3  a d v a n c e s   to  p o i n t   G,  t h e   l e n g t h   P lP2   of  t h e   f o r m e d  

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

l ( @ + β ) / ( 2 @ + β )  <   P1P2 @  l  

S i n c e   i t   i s   p o s s i b l e   t h a t   t h e   p o i n t   Q1 may  be  f o r m e d  

a t   any  p o i n t   b e t w e e n   the   p o i n t s   T  and  G,  k  s a t i s f i e s   t h e  

f o l l o w i n g   e q u a t i o n .  

A c c o r d i n g l y ,   0  <  P 1 P 2  <   L  i s   p r o b a b l e .  

In  o t h e r   w o r d s ,   an  o v e r   d e t w i s t e d   p o r t i o n   w h i c h   has   a  

l e n g t h   l o n g e r   t h a n   t he   l e n g t h   L  b e t w e e n   t h e   p o i n t s   T  a n d  

G  c a n n o t   be  f o r m e d .  

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

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

m e n t i o n e d   a b o v e ,   s i n c e   the   o c c u r r e n c e   of  t he   d e t w i s t i n g  

p o i n t   Q  may  t a k e   p l a c e   a t   a  p o i n t   b e t w e e n   t he   p o i n t s   T  a n d  

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

u n d e t w i s t e d   p o r t i o n s   and  t he   o v e r   d e t w i s t e d   p o r t i o n s  

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

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

v a r i a t i o n   in  t h e   l e n g t h s .   The  a b o v e - d e s c r i b e d   m e c h a n i s m s  



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

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

f e e l i n g .  

When  a  p r o c e s s   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   i s  

c a r r i e d   o u t ,   an  e n g a g i n g   member   c o n t a c t i n g   o n l y   w i t h   y a r n  

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

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

m i s s i o n   of  t h e   r o t a t i o n   of  t h e   y a r n ,   t h e   m e c h a n i s m s   f o r  

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

a b o v e  w i t h  r e f e r e n c e   to   F i g s .   3,  4,  5  and   6  c a n n o t   b e  

a c h i e v e d .   T h e r e f o r e ,   such   an  e n g a g i n g   member   i s   n o t  

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

s h o u l d   be  t a k e n .   In  c o n c l u s i o n ,   e v e n   i f   an  e n g a g i n g   m e m b e r  

i s   d i s p o s e d ,   t h e   e n g a g i n g   member   d o e s   n o t   s e r v e   as  a  m e m b e r  

f o r   p r e v e n t i n g   t h e   r o t a t i o n   of  a  y a r n   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   when  i t   i n c l u d e s   one  or  b o t h   of  t h e  

f o l l o w i n g   p r o b l e m s .  

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

i n a p p r o p r i a t e .  

b.  The  member   has   a  v e r y   s m a l l   f u n c t i o n   f o r  

p r e v e n t i n g   t h e   r o t a t i o n   of  t h e   y a r n ,   t h o u g h   t h e   l o c a t i o n  

t h e r e o f   is   a d e q u a t e ,   and  a c c o r d i n g l y ,   in  f a c t   t he   m e m b e r  

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

y a r n ,   and  as  a  r e s u l t ,   t he   p o i n t   Q  o c c u r s   a f t e r   t h e  

p o i n t   P1  o r   P3  i s  t r a n s m i t t e d  a c r o s s   t h e   p o i n t   G.  

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

t w i s t e d   y a r n ,  t h e  r e l a t i o n s h i p s   e x p r e s s e d   in  t h e   a b o v e -  

- d e s c r i b e d   e q u a t i o n s   c a n n o t   be  f o u n d .  

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

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

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

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

t w i s t i n g   by  means   o f   a  f a l s e   t w i s t i n g   d e v i c e ,   and  a f t e r   t h e  

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

is   r e t a i n e d   i n   a - f a l s e   t w i s t   i m p a r t e d   c o n d i t i o n   at   a  

l o c a t i o n   a t   l e a s t   a d j a c e n t   to  t h e   f a l s e   t w i s t i n g   d e v i c e ,  

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



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

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

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

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

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

t r a n s m i s s i o n   of  t h e   r o t a t i o n   of  t he   y a r n   i s   a l w a y s   a t   m o s t  

o n e .   A c c o r d i n g   to   t h i s   e m b o d i m e n t ,   when  a  d e t w i s t i n g  

p o i n t   Q1  is   f o r m e d   and  a  f r o n t   end  P3  of  t h e   f a l s e   t w i s t  

i m p a r t e d   r e g i o n   i s   f o r m e d ,   o n l y   a f t e r   t h e   p o i n t   P3  a r r i v e s  

a t   t h e   p o i n t   G,  a  new  d e t w i s t i n g   p o i n t   Q2  is   g e n e r a t e d .  

More  s p e c i f i c a l l y   i f   t he   d i s t a n c e   L  b e t w e e n   t he   p o i n t s   T 

and  G  is   s e t   r e l a t i v e l y   s h o r t ,   t he   g e n e r a t i o n   of  a  new  Q2 
b e f o r e   t h e   p o i n t   P3  a r r i v e s   a t   t h e   p o i n t   G  can   be  p r e v e n t e d  

f rom  o c c u r r i n g .   When  a  y a r n   i s   t r e a t e d ,   t h e   l e n g t h   of  t h e  

u n d e t w i s t e d   p o r t i o n s   a r e   d i s t r i b u t e d   b e t w e e n   z e r o   and  L  a s  

e x p l a i n e d   a b o v e .   I f   t he   a b o v e - e x p l a i n e d   e m b o d i m e n t   i s  

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

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

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

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

t r e a t i n g   u n i t s .  

A  mode l   v i e w   of  a  y a r n   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   i s   i l l u s t r a t e d   in  F i g .   2,  w h e r e i n   i f   t he   l e n g t h  

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

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

l e n g t h   b i   i s   a l s o   l o n g ;   and  i f   t he   f o r m e r   a i   i s   s h o r t ,  

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

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

p o r t i o n s   a i   and  b i  ,   t h e r e   i s   no  p r e d e t e r m i n e d   r e l a t i o n s h i p .  

A c c o r d i n g l y ,   t h e   l e n g t h   wh ich   i s   t he   sum  of  ai  and  b i  
d i s t r i b u t e s   r a n d o m l y ,   when  a  woven  f a b r i c   is   m a n u f a c t u r e d  

from  s u c h   a  y a r n ,   t h e   woven  f a b r i c   can  p r o v i d e   p a t t e r n s  

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

l i k e   f e e l i n g .  

S i n c e   a  y a r n   of  t he   p r e s e n t   i n v e n t i o n   is   o b t a i n e d  

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



and  has  f a l s e   t w i s t e d   c r i m p s   t h e r e i n ,   and  t he   Z - t w i s t  

p o r t i o n   (o r   S - t w i s t   p o r t i o n )   i s   a  c o m p a c t   t w i s t   y a r n  

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

c o n s i s t e n t   w i t h   t h e   t w i s t   s t r u c t u r e   of  t he   y a r n ,   and  t h e  

S - t w i s t   p o r t i o n   (o r   Z - t w i s t   p o r t i o n )   i s   a  b u l k y   t w i s t   y a r n  

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

t h e   S-  or  Z - p o r t i o n   may  be  u s e d   as  a  c o m p a c t   or  b u l k y   t w i s t  

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

t w i s t i n g   d i r e c t i o n   a t   w i l l ,   and  t h e   above   e x p l a i n e d   r e l a -  

t i o n s h i p s   e x p r e s s e d   in   t h e   e q u a t i o n s   can  be  a p p l i e d   to   t h e  

p o r t i o n s .  

In  a d d i t i o n   to   (1)  a  c a s e   i l l u s t r a t e d   in  F i g .   3 

w h e r e i n   t he   p o i n t   P3  i s   g i v e n   p r i o r i t y   to  c o m m e n c e  

d e t w i s t i n g   or  (2)  a  c a s e   i l l u s t r a t e d   in  F i g .   4  w h e r e i n   t h e  

p o i n t   P2  is  g i v e n   p r i o r i t y   to   commence   d e t w i s t i n g ,   t h e r e   i s  

(3)  a  c a s e   i l l u s t r a t e d   in  F i g .   6  w h e r e i n   d e t w i s t i n g  

s i m u l t a n e o u s l y   o c c u r s   a t   t h e   p o i n t s   P 3  a n d   P 2  ,   and  (4)  a  

c a s e   i l l u s t r a t e d   in  F i g .   5  w h e r e i n   d e t w i s t i n g   a l t e r n a t i n g l y  

t a k e s   p l a c e   a t   t h e   p o i n t s   P3  and  P2.  In  e i t h e r   c a s e ,   i f  

t h e   f r o n t   end  P1  of   t h e   f a l s e   t w i s t   i m p a r t e d   r e g i o n   a r r i v e s  

a t   t he   p o i n t   G  so  t h a t   an  d e t w i s t i n g   p o i n t   Q1  is   f o r m e d ,  

and  t h e n   a  new  f r o n t   end  P3  of  a  new  f a l s e   t w i s t   i m p a r t e d  

r e g i o n   a r r i v e s   a t   t h e   p o i n t   G  so  t h a t   a  new  d e t w i s t i n g  

p o i n t   Q2  i s   f o r m e d ,   t h e   l e n g t h   P 1 P 2  o f   t h e   u n d e t w i s t e d  

p o r t i o n   f o r m e d   b e t w e e n   t h e   p o i n t s   P1  and  P2  and  the   l e n g t h  

P2P3  of  t h e   o v e r   d e t w i s t e d   p o r t i o n   f o r m e d   b e t w e e n   t h e  

p o i n t s   P2  and  P3  a l w a y s   s a t i s f y   t h e   e q u a t i o n   ( 1 ) .  

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

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

u n d e t w i s t e d   p o r t i o n s   P1P2  f o r m e d   when  t h e - f r o n t   end  P3  o f  

t he   f a l s e   t w i s t   i m p a r t e d   r e g i o n   a r r i v e s   a t   t he   p o i n t   G;  a n d  

t he   l e n g t h   of  an  o v e r   d e t w i s t e d   p o r t i o n   P 2 P 3  f o r m e d  
a d j a c e n t   to  and  u p s t r e a m   of  t h e   u n d e t w i s t e d   p o r t i o n .   T h e  

l e n g t h s   P1P2  and   P 2 P 3  s a t i s f y   t h e   e q u a t i o n   ( 1 ) ;   h o w e v e r   t h e -  

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

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



p o r t i o n   w h i c h   i s   f o r m e d   a d j a c e n t   to  and  u p s t r e a m   of  t h e  

e x c e s s i v e l y   d e t w i s t e d   p o r t i o n .   In  s h o r t ,   an  a l t e r n a t i n g l y  

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

S - t w i s t   p o r t i o n s   and  Z - t w i s t   p o r t i o n s   w h i c h   v a r y   in  t h e i r  

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

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

S - t w i s t   p o r t i o n   and  t h e   l e n g t h   of  t h e   Z - t w i s t   p o r t i o n  

a d j a c e n t   a t   one  d i r e c t i o n   of  t he   c o r r e s p o n d i n g   S - t w i s t  

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

t h e   S - t w i s t   p o r t i o n   and  t he   l e n g t h   of  t he   Z - t w i s t   p o r t i o n  

a d j a c e n t   a t   t h e   o p p o s i t e   d i r e c t i o n   of  t h e   c o r r e s p o n d i n g  

S - t w i s t   p o r t i o n .  

A  mode l   v i e w   of  a  s t r u c t u r e   of  an  a l t e r n a t i n g l y  

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

F i g .   2.  The  t e r m   " p o s i t i v e   h i g h   c o r r e l a t i o n "   means   t h a t  

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

a t   l e a s t   0 . 7 ,   and  t h e   t e r m   " low  c o r r e l a t i o n "   means   t h a t   t h e  

c o r r e l a t i o n   c o e f f e c i e n t   i s   in  a  r a n g e   b e t w e e n   - 0 . 3   and  0 . 3 .  

More  s p e c i f i c a l l y   t he   f o l l o w i n g   e q u a t i o n s   ( I )   and  ( I I )   a r e  

s a t i s f i e d .  

In  t h e   p r e s e n t   i n v e n t i o n   the   number   n  u sed   in  the   a b o v e  

e q u a t i o n s   ( I )   and  ( I I )   mus t   be  b e t w e e n   100  and  600.   The  

s y m b o l s   "a"  and  "b"  means   an  a v e r a g e   of  a .  a n d   bi   ( w h e r e i n  

i  =  1,  2  . . .   n ) ,   r e s p e c t i v e l y .  



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

t w i s t e d   y a r n   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   S - t w i s t  

p o r t i o n s   and  Z - t w i s t   p o r t i o n s   a r e   made  r e l a t i v e l y   l o n g ,   a n d  

t h e   l e n g t h s   of   t h e s e   p o r t i o n s   a r e   r a n d o m l y   v a r i e d .   M o r e  

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

d e s i g n e d   a l t e r n a t i n g l y   t w i s t e d   y a r n   is   c h a r a c t e r i z e d   i n  

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

s u b j e c t e d   to   f a l s e   t w i s t i n g   by  m e a n s   of  a  f a l s e   t w i s t i n g  

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

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

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

f a l s e   t w i s t i n g   d e v i c e ,   and  in  a d d i t i o n ,   an  o v e r   d e t w i s t e d  

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

a  m e m b e r ,   w h i c h   t he   y a r n   l e f t   f rom  t h e   f a l s e   t w i s t i n g  

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

The  a b o v e - d e s c r i b e d   t e r m   "member   w h i c h   t h e   y a r n  
c o n t a c t s   f i r s t "   means   a  m e m b e r ,   s u c h   as  a  d e l i v e r y   r o l l e r  

or  a  y a r n   g u i d e   u t i l i z e d   to   c h a n g e   a  y a r n   p a s s a g e ,   w h i c h   i s  

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

w i t h   t h e   f i r s t   t y p e   m e c h a n i s m   and  w h i c h   was  u s e d   to  p r e v e n t  

t he   d o w n s t r e a m   t r a n s m i s s i o n   of  t h e   r o t a t i o n   of  t h e   y a r n ,  
and  t he   t e r m   d o e s   n o t   i n c l u d e   a  member   w h i c h   o n l y   c o n t a c t s  

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

of  p r e v e n t i n g   t h e   t r a n s m i s s i o n .  

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

i n v e n t i o n ,   t h e   s t o p p a g e   of  t h e   r o t a t i o n   of  t h e   f r o n t   end  o f  

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

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

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

c o n t a c t i n g   member   i s   so  a r r a n g e d   t h a t   an  o v e r   d e t w i s t e d  

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

t he   m e m b e r ,   w h i c h   t he   y a r n   l e f t   f rom  the   f a l s e   t w i s t i n g  

d e v i c e   c o n t a c t s   f i r s t .   To  c a r r y   o u t   the   a b o v e   e x p l a i n e d  

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

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

u t i l i z e d .  

F i g s .   7,  8,  9  and  10  a r e   mode l   v i e w s   i l l u s t r a t i n g  



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

p r e s e n t   i n v e n t i o n   b e l o n g i n g   to  t h i s   t y p e ,   w h e r e i n   t h e  

c h a n g e s   a r e   i l l u s t r a t e d   as  t i m e   e l a p s e s   f rom  t 0  t o   t 1  a n d  

t 2 .   In  t h e s e   f i g u r e s ,   T  d e n o t e s   a  f a l s e   t w i s t i n g   p o i n t ;  

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

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

b e t w e e n  a   u n d e t w i s t e d   p o r t i o n   and  an  o v e r   d e t w i s t e d  

p o r t i o n ;   and  Q,  an  u n t w i s t i n g   c o m m e n c i n g   p o i n t .  

In  F i g s .   7,  8,  9  and  10,  i t   i s   a s s u m e d   t h a t   a t   t ime   t 0  
t h e   f r o n t   end  P1  of  t h e   f a l s e   t w i s t   i m p a r t e d   r e g i o n   r e a c h e s  

an  u n d e t e r m i n e d   p o i n t   X,  l o c a t e d   u p s t r e a m   of   t he   p o i n t   G ,  

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

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

t h e   p o r t i o n   l o c a t e d   d o w n s t r e a m   of  t h e   p o i n t   P1  i s   an  o v e r  

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

t h e   p o i n t   P1  i s   a  f a l s e   t w i s t   i m p a r t e d   r e g i o n   and  i s   u n d e r  

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

p o i n t   P1  c a n n o t   now  be  r o t a t e d ,   and  a c c o r d i n g l y ,   d e t w i s t i n g  

i s   c o m m e n c e d   a t   an  u n d e t e r m i n e d   p o i n t   Q1  l o c a t e d   b e t w e e n  

t h e   p o i n t   T  and  the   p o i n t   P 1 .  
T h e r e a f t e r ,   t h e   p o i n t s   P1  and  Q1  a r e   moved  d o w n s t r e a m  

a t   a  s p e e d   e q u a l   to  t h a t   of  t he   y a r n .   The  d e t w i s t e d   y a r n  

p o r t i o n   c h a n g e s   i n t o   an  e x c e s s i v e l y   d e t w i s t e d   c o n d i t i o n ,  

and  t o r q u e   t h e r e i n   is   b a l a n c e d .   Both   e n d s   of  t he   o v e r  

d e t w i s t e d   p o r t i o n   a r e   d e n o t e d   by  P2  and  P3.  The  p o r t i o n  

b e t w e e n   t h e   p o i n t s   P1  and  P2  a r e   moved  d o w n s t r e a m   as  a n  

u n d e t w i s t e d  p o r t i o n ,   a n d - t h e   p o r t i o n   b e t w e e n   t h e   p o i n t s   P2 
and  P -  i s   moved  d o w n s t r e a m   a s   an   o v e r   d e t w i s t e d   p o r t i o n  

w h i l e   t h e   l e n g t h   t h e r e o f   i n c r e a s e s .  

The  p o i n t   P3  moves  d o w n s t r e a m   as  a  f r o n t   end  of  a  new 

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

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

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

( a t   t i m e   t2  in  F i g s .   7  t h r o u g h   1 0 ) ,   and  t h e n   a  c o n d i t i o n  

s i m i l a r   to  t h a t   a t   t i m e   t0  t a k e s   p l a c e ,   and  p r o c e d u r e  

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

In  t h e   c a s e   i l l u s t r a t e d   in  F i g .   7,  d e t w i s t i n g   o c c u r s  



o n l y   a t   t h e   p o i n t   P 3  ,   and  t he   o v e r   d e t w i s t e d   p o r t i o n  

b e t w e e n   t h e   p o i n t s   P2  and  P3  moves   d o w n s t r e a m   w h i l e   t h e  

l e n g t h   t h e r e o f   i s   i n c r e a s e d   u p s t r e a m .   In  F i g .   8,  t h e  

p o i n t   P2  h a s   a . p r i o r i t y   f o r   d e t w i s t i n g   a t   t h e   f i r s t  s t a g e ,  

and  t h e   o v e r   d e t w i s t e d   p o r t i o n   b e t w e e n   t h e   p o i n t s   P 2  a n d   P3 
moves  d o w n s t r e a m   w h i l e   t he   l e n g t h   t h e r e o f   i s   i n c r e a s e d  

d o w n s t r e a m .   H o w e v e r ,   a f t e r   t h e   t i m e   t 1 ,   t h e   d e t w i s t i n g  

does   n o t   o c c u r   a t   t h e   p o i n t   P2  b u t   a t   t h e   p o i n t   P 3  ,   i . e . ,  

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

u g s t r e a m  t a k e s  p l a c e .   In  F i g .   9,  as  t i m e   e l a p s e s   f r o m  

t i m e   t0  t o   t 2  ,   t h e   d e t w i s t i n g   i s   s i m u l t a n e o u s l y   a d v a n c e d  

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

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

p o i n t s   P2  and  P3  i s   i n c r e a s e d   in  b o t h   u p s t r e a m   and  d o w n -  

s t r e a m   d i r e c t i o n s .   The  f r o n t   end  P3  of  t h e   new  f a l s e   t w i s t  

i m p a r t e d   r e g i o n   moves   d o w n s t r e a m .   In  F i g .   10,  o n l y   a t   t h e  

p o i n t   P2  d e t w i s t i n g   o c c u r s   a f t e r   t he   p o i n t   Q1  i s   f o r m e d  

and  b e f o r e   t h e   p o i n t   Q2  i s   f o r m e d .   In  an  a c t u a l   a n d  

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

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

a t   r a n d o m .  

As  w i l l   be  a p p a r e n t   f rom  F i g s .   7  t h r o u g h   9,  t h e  

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

T  and  G  i s   one  a t   t i m e s   t0  and  t2  and  i s   two  a t   t i m e   t l .  
In  t h i s   t y p e   of  m e c h a n i s m   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 ,   an  o v e r   d e t w i s t e d   p o r t i o n   a l w a y s   e x i s t s   b e t w e e n  

T  and  G.  

As  w i l l   be  o b v i o u s   f rom  F i g s .   7  t h r o u g h   10,  i f   t h e  

p o s i t i o n   of   t h e   c o n t a c t i n g   m e m b e r ,   i . e . ,   t h e   p o i n t   G,  b y  

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

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

i . e . ,   a  m e c h a n i s m   w h e r e i n   any  o v e r   d e t w i s t e d   p o r t i o n   d o e s  

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

u n d e t w i s t e d   p o r t i o n   i s   r e s t r i c t e d   by  t h e   p o i n t   G,  a n d  

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

p o r t i o n s   i s   r e s t r i c t e d .   A c c o r d i n g l y ,   l o n g   S - t w i s t   p o r t i o n s  

or  l o n g   Z - t w i s t   p o r t i o n s   c a n n o t   be  f o r m e d ,   and  b e s i d e s   a t  



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

A c c o r d i n g   to  t h i s   t y p e   of  m e c h a n i s m ,   a  y a r n   of  t h e  

p r e s e n t   i n v e n t i o n   can  be  o b t a i n e d   w h i c h   has   r e l a t i v e l y   l o n g  

S - t w i s t   p o r t i o n s   and  Z - t w i s t   p o r t i o n s .   In  a d d i t i o n ,   s i n c e  

t h e   p o i n t s   X  and  Y,  e s p e c i a l l y ,   d e t w i s t i n g   c o m m e n c i n g  

p o i n t s   Q1  and  Q 2  ,   in  F i g s .   7  and  10  may  be  l o c a t e d   a t  

r a n d o m   b e t w e e n   T  and  G,(  more   s p e c i f i c a l l y ,   t h e   p o i n t   Q1 

may  be  l o c a t e d   a t   r a n d o m   b e t w e e n   X  and  T  and  t he   p o i n t   Q2 

may  be  l o c a t e d   r a n d o m l y   b e t w e e n   Y  and  T) ,   t he   l e n g t h s   o f  

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

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

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

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

and  o v e r   d e t w i s t e d   p o r t i o n s   can  be  f o r m e d   and  in  w h i c h ,   t h e  

c o e f f i c i e n t s   of  v a r i a t i o n ,   i . e . ,   t he   v a r i a t i o n s   in  t h e  

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

d e t w i s t e d   p o r t i o n s   can   r e l a t i v e l y   be  e q u a l i z e d   even   w h e n  

many  y a r n s   a r e   s i m u l t a n e o u s l y   m a n u f a c t u r e d   by  means   of  a  

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

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

o p e r a t i o n .   I f   a l t e r n a t i n g l y   t w i s t e d   y a r n   h a v i n g   r e l a t i v e l y  

l o n g   S - t w i s t   and  Z - t w i s t   p o r t i o n s   i s   u t i l i z e d   as  a  warp  o f  

a  woven  f a b r i c   in  a  w e a v i n g   o p e r a t i o n ,   t h e   S-  and  Z t w i s t s  

may  n o t   be  d i m i n i s h e d   when  t h e   y a r n   i s   b e a t e n ,   in  o t h e r  

w o r d s ,   t h e   S-  and  Z - t w i s t s   in   t he   y a r n   may  p r o b a b l y   r e m a i n ,  

and  a c c o r d i n g l y ,   t h e   o b t a i n e d  w o v e n   f a b r i c   can  h a v e   a  h a n d l -  

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

p a t t e r n s   w i t h   a - s l i g h t   h e a t h e r .  l i k e   f e e l i n g .  

T o  o b t a i n  t h e  a b o v e  d e s c r i b e d  o b j e c t ,   a  p r o c e s s   f o r  

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

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

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

f a l s e   t w i s t   i m p a r t e d   c o n d i t i o n   i s   a l w a y s   r e t a i n e d ;   and  a n  

e n g a g i n g   member   i s   so  a r r a n g e d   t h a t   when  a  y a r n   p o r t i o n  

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

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



a d v a n c e d   to  t h e   f u r t h e s t   d o w n s t r e a m   p o s i t i o n   ( i . e . ,   w h e r e  

t h e   r o t a t i o n   of  t h e   y a r n   i s   s t o p p e d )   to  where   t h e   p o r t i o n  

can  be  l o c a t e d   w h i l e   t h e   y a r n   i s   b e i n g   r o t a t e d . . T h e r e   a r e  

two  ceases ,   i . e . ,   c a s e   ( 1 ) ,   w h e r e i n   t h e   f u r t h e s t  d o w n s t r e a m  

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

a r r i v e s   at   t h e   e n g a g i n g   member   by  w h i c h   d o w n s t r e a m   t r a n s -  

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

c a s e   ( 2 ) ,   w h e r e i n   t h e   end  d o e s   n o t   a r r i v e   a t   t he   e n g a g i n g  

member .   As  t i m e   e l a p s e s ,   b o t h   c a s e s   (1)  and  (2)  o c c u r  

r a n d o m l y .  

An  e m b o d i m e n t   of  t h i s   t y p e   w i l l   now  be  e x p l a i n e d   i n  

d e t a i l   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 r a w i n g s .  

A  f a l s e   t w i s t i n g   t e x t u r i n g   m a c h i n e   h a v i n g   a  c o n s t r u c -  

t i o n   s i m i l a r   to   t h a t   i l l u s t r a t e d   in  F i g .   1  can  be  u t i l i z e d  

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

an  a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  the   p r e s e n t  

i n v e n t i o n .  

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

t w i s t e d   y a r n   c o m p r i s e s   t h e   p r o c e d u r e   i l l u s t r a t e d   in  F i g .   3 

t h r o u g h   6  c o n c e r n i n g   t h e   f i r s t   t y p e   m e c h a n i s m   and  t h e  

p r o c e d u r e   i l l u s t r a t e d   in  F i g s .   7  t h r o u g h   10  r e g a r d i n g   t h e  

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

as  t ime   e l a p s e s .   F i g .   11  i s   a  m o d e l   v i e w   i l l u s t r a t i n g   a  

m e c h a n i s m   of  t h i s   t y p e   f r o m  t i m e   t0  to   t1  . . .   as  t i m e  

e l a p s e s .   In   F i g .   1 1 ,   i t   i s   a s s u m e d   t h a t   t he   f r o n t   end  P1 
of  t h e   f a l s e   t w i s t   i m p a r t e d   r e g i o n   r e a c h e s   t he   p o i n t   G  a t  

t i m e   t 0 .   I n  t h i s  c a s e ,  t h e  p o r t i o n  l o c a t e d   d o w n s t r e a m   o f  

t h e   p o i n t   P 1  i s   a n  o v e r   d e t w i s t e d  p o r t i o n ,   a n d  t h e   - p o r t i o n   - 

l o c a t e d   u p s t r e a m   o f   t h e   p o i n t   P1  i s  a   f a l s e   t w i s t   i m -  

p a r t e d   r e g i o n   and  i s   u n d e r   u n d e t w i s t e d   c o n d i t i o n .   A 

r o t a t i o n a l   f o r c e   i s   a p p l i e d   a t   t h e  p o i n t   T,  -however . ,   . t h e  

p o i n t   P1  now  l o c a t e d   a t   t h e   p o i n t  G   c a n n o t   r o t a t e ,   a n d  

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

p o i n t   Q1  l o c a t e d   b e t w e e n   t h e   p o i n t s   T  a n d   P 1 .  
T h e r e a f t e r ,   t h e   p o i n t s   P1  and  Q1  a d v a n c e   d o w n s t r e a m   a t  

a  s p e e d   e q u a l   to   t h a t   of  t h e   y a r n .   A  y a r n   p o r t i o n   w h i c h  

has   been   d e t w i s t e d   i s   c h a n g e d   to  an  o v e r   d e t w i s t e d  



c o n d i t i o n ,   and  the   t o r q u e   t h e r e i n   i s   b a l a n c e d ,   and  t he   b o t h  

e n d s   of  t h e   o v e r   d e t w i s t e d   p o r t i o n   a r e   d e s i g n a t e d   by  P2  a n d  

P3.  T h e  p o r t i o n   b e t w e e n   t h e   p o i n t s   P1  and  P2  i s   a  u n d e -  

t w i s t e d   p o r t i o n   and  moves   d o w n s t r e a m ,   and  t h e   p o r t i o n  

b e t w e e n   t he   p o i n t s   P2  and  P3  i s   an  o v e r   d e t w i s t e d  

p o r t i o n   and  moves   d o w n s t r e a m   w h i l e   t he   l e n g t h   t h e r e o f  

i s   i n c r e a s e d .  

The  p o i n t   P3  moves   d o w n s t r e a m   as  a  new  f r o n t   end  of  a  

new  f a l s e   t w i s t   i m p a r t e d   r e g i o n ,   and  f i n a l l y   a r r i v e s   a n  

u n d e t e r m i n e d - p o i n t   X  w h e r e   t h e   r o t a t i o n   c a n n o t   b e  

t r a n s m i t t e d   ( a t   t i m e   t 2 )   so  t h a t   a  c o n d i t i o n   w h e r e i n   t h e  

r o t a t i o n   c a n n o t   be  t r a n s m i t t e d   s i m i l a r   to   t h a t   a t   t i m e   t  
o  

o c c u r s .   A c c o r d i n g l y ,   a  new  d e t w i s t i n g   p o i n t   Q2  w h i c h   i s  

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

t h a t   d e s c r i b e d   a b o v e   r e p e a t s .  

In  an  a c t u a l   p r o c e s s ,   t h e r e   a r e   v a r i o u s   modes   w h e r e i n  

an  o v e r   d e t w i s t e d   p o r t i o n   b e t w e e n   t h e   p o i n t s   P2  and  P3 
moves   d o w n s t r e a m   w h i l e   t h e   l e n g t h   t h e r e o f   i s   i n c r e a s e d ,   f o r  

e x a m p l e ,   modes  i l l u s t r a t e d   in  F i g s .   3  t h r o u g h   10  w h i c h   w e r e  

e x p l a i n e d   a b o v e ,   and  t h e s e   v a r i o u s   modes   t a k e   p l a c e  

a l t e r n a t e l y   and  in  c o m b i n a t i o n   w i t h   t h e   same  y a r n   t r e a t i n g  

u n i t .  

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

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

d e t w i s t i n g   p o i n t   Q  i s   g e n e r a t e d   r e l a t i v e l y   r a n d o m l y   a t   a  

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

b e t w e e n  t h e  p o i n t   T  and  t h e  p o i n t   G  o r   X ,  a n d   s i n c e   t h e  

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

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

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

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

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

t w i s t e d   y a r n   by  w h i c h   a  woven  or  k n i t t e d   f a b r i c  h a v i n g  

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

can  be  m a n u f a c t u r e d .  

When  t h i s   t y p e   of  m e c h a n i s m   of  t he   p r e s e n t   i n v e n t i o n  

i s   a c t u a l l y   u t i l i z e d ,   i f   t he   f u r t h e s t   d o w n s t r e a m   end  of  a  



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

d o w n s t r e a m   a l w a y s   e n g a g e s   w i t h   an  e n g a g i n g   member   and  t h e  

r o t a t i o n   of  t h e   end  i s   s t o p p e d ,   t h e   l e n g t h   of  t h e   u n d e -  

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

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

i s   a l s o   r e s t r i c t e d .   A c c o r d i n g l y ,   r e l a t i v e l y   l o n g   u n d e -  

t w i s t e d   p o r t i o n s   and  o v e r   d e t w i s t e d   p o r t i o n s   c a n n o t   b e  

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

d e s i r a b l e .   C o n t r a r y   t o   t h i s ,   t he   r o t a t i o n   of  t h e   f r o n t   e n d  

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

m e m b e r ,   i . e . ,   t h e   l o c a t i o n   w h e r e   t he   f r o n t   end  P3  of  t h e  

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

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

p o r t i o n s   may  r e s u l t   in  u n e v e n e s s   b e t w e e n   t h e   t r e a t i n g   u n i t s  

when  y a r n s   a r e   t r e a t e d   a t   a  m u l t i p l i c i t y   of   t r e a t i n g   u n i t s .  

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

v e r y   i m p o r t a n t   t h a t   t h e   l o c a t i o n   whe re   t h e   e n g a g i n g   m e m b e r  

i s   d i s p o s e d   i s   a p p r o p r i a t e l y   a d j u s t e d .   In  c o n c l u s i o n ,   i t  

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

o n l y   when  a  f r o n t   end  P3  of  a  f a l s e   t w i s t   i m p a r t e d   r e g i o n  

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

t r e a t i n g   o p e r a t i o n   so  t h a t   an  e x c e s s i v e   l e n g t h   w h i c h   i s  

l o n g e r   t h a n   a  d e s i r e d   l e n g t h   may  be  f o r m e d ,   t h e   f r o n t   e n d  

i s   p e r m i t t e d   to   r e a c h   t h e   p o i n t   G  so  t h a t   g e n e r a t i o n   of  a  

new  d e t w i s t i n g   p o i n t  Q  i s  e n f o r c e d ;  a n d  t h a t   in   s u c h - a  

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

p r o v i d e d   a s  d e s i r e d   s o  t h a t  u n e v e n e s s   b e t w e e n   t h e  

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

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

p r e f e r a b l e   t h a t  a   s p e c i a l l y - d e s i g n e d   a l t e r n a t i n g   t w i s t   y a r n  
of  t h e   p r e s e n t   i n v e n t i o n   h a s   - S - t w i s t   p o r t i o n s   and   Z - t w i s t  

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

t h a t   t h e   c o e f f i c i e n t   of  v a r i a t i o n ,   i . e . ,   t h e   v a r i a t i o n   o f  

t h e   l e n g t h s ,   i s   a t   l e a s t   50%.  In  t h i s   c a s e ,   i f   t he   l e n g t h s  

of  S - t w i s t   p o r t i o n s   a n d / o r   Z - t w i s t   p o r t i o n s   a r e   e x t r e m e l y  

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

u n i f o r m l y   d i s t r i b u t e d   h e a t h e r   l i k e   f e e l i n g   can   be  o b t a i n e d .  



- B a s e d   on  the   k n o w l e d g e   o b t a i n e d   by  t h e   i n v e n t o r s   o f  

t h e   p r e s e n t   i n v e n t i o n   d u r i n g   the   p r e s e n t   i n v e n t i v e  

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

and  c o n d i t i o n s   be  s a t i s f i e d .  

(1)  The  o p e r a t i o n   of  a  f a l s e   t w i s t i n g   s y s t e m  

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

t w i s t i n g   means   and  d e l i v e r y   means   i s   n o t   s u b s t a n t i a l l y  

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

(2)   The  o b t a i n e d   y a r n   i s   in  h a r d   t w i s t   c o n d i t i o n   a n d  

h a s  a  t w i s t  c o n t r a c t i o n   of  b e t w e e n   s e v e r a l   and  a b o u t   20%, 

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

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

e l o n g a t i o n   s h o u l d   be  u t i l i z e d .  

(3)  When  the   u n d e t w i s t e d   p o r t i o n   in  t he   y a r n   i s  

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

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

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

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

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

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

p o r t i o n .   T h e r e f o r e ,   t h i s   p r o p e r t y   s h o u l d   f u l l y   be  u t i l i z e d .  

(4)  S i n c e   the   t w i s t   d e n s i t y   in  t h e   f a l s e   t w i s t i n g  

r e m a i n s   as  t h a t   in  t he   u n d e t w i s t e d   p o r t i o n s ,   i t   i s   p r e f e r -  

a b l e   t h a t   t h e   t w i s t   n u m b e r   of  t he   f a l s e   t w i s t i n g   be  h i g h .  

H o w e v e r ,   i f   t h e   f a l s e   - t w i s t   n u m b e r   i s   e x c e s s i v e l y   h i g h ,  

d o u b l e   t w i s t s   m a y  b e   c a u s e d   and  r e s u l t   in  t h a t   t he   t w i s t s  

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

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

- - b e c o m e s   a l m o s t  t h e   h o l d i n g   l i m i t   or  e x c e e d s   t h e   l i m i t   s o  

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

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

t h e  f a l s e   t w i s t   number   i s   s e t  a t   a  v a l u e   r e l a t i v e l y   l o w e r  

t h a n   t h a t   of  u s u a l   f a l s e  t w i s t i n g .  

(5 )   B a l l o o n i n g   s h o u l d . b e   as  s m a l l   as  p o s s i b l e   d u r i n g  

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

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

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



(6)  I t   i s   p r e f e r a b l e   t h a t   t h e   t e n s i o n   in  t h e   y a r n  
l o c a t e d   d o w n s t r e a m   of  t he   f a l s e   t w i s t i n g   d e v i c e   be  as  l o w  

as  p o s s i b l e ,   t a k i n g   the   c o n s t r u c t i o n   of  t h e   f a l s e   t w i s t i n g  

d e v i c e   and  t he   e n g a g i n g   m e m b e r ,   and  t he   t r e a t m e n t   c o n d i t i o n s  

i n t o   c o n s i d e r a t i o n   so  t h a t   t h e   r e s i s t a n c e   f rom  the   f a l s e  

t w i s t i n g   d e v i c e   and  the   e n g a g i n g   member  can   be  s m a l l .  

E s p e c i a l l y   t h e   e n g a g i n g   member   s h o u l d   n o t   be  u s e d   i f  

p o s s i b l e ,   and  i f   s u c h   a  member   i s   i n d i s p e n s a b l e ,   i t   i s  

p r e f e r a b l e   t h a t   a  r o t a t a b l e   member  be  u s e d   i n s t e a d   of  t h e  

f i x e d   m e m b e r .   F u r t h e r m o r e ,   i f   s u c h   a  f i x e d   member  i s  

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

y a r n   w r a p s   a r o u n d   t h e   f i x e d   m e m b e r ,   s h o u l d   be  a t   m o s t   3 0  

d e g r e e s .  

(7)  I t   i s   n e c e s s a r y   to   k e e p   t h e   t y p e s   and  t h e   c o n -  

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

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

y a r n   i s   n o t   s u b j e c t e d   to  a  h i g h   a b r a s i o n   or  a  c h a n g e   o f  

y a r n   p a s s a g e   w h i c h   has   a  l a r g e   c u r v a t u r e .  

The  r e q u i r e m e n t s   and  c o n d i t i o n s   w h i c h   a r e  

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

a r e   n o t   l i m i t e d   to   t he   a b o v e - m e n t i o n e d   s e v e n   i t e m s ,  

h o w e v e r ,   when  a  t h e r m o p l a s t i c   m u l t i f i l a m e n t   y a r n   i s   f a l s e  

t w i s t e d ,   i f   t he   a b o v e - m e n t i o n e d   s e v e n   i t e m s   a r e   s a t i s f i e d ,  

t h e   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   can  be  a c h i e v e d .  

E x a m p l e s  

S e v e r a l   e x a m p l e s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

e x p l a i n e d .  

E x a m p l e   1 

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   was  m e l t   spun   and  was  t a k e n  

up  a t   a  s p e e d   of  3000  m/min  so  t h a t   an  u n d r a w n   m u l t i f i l a m e n t  

y a r n   of  126  d e n i e r / 3 6   f i l a m e n t   was  o b t a i n e d .   The  n a t u r a l  

draw  r a t i o   of  t he   u n d r a w n   m u l t i f i l a m e n t   y a r n   was  1 . 6 2 .   T h e  

y a r n   was  d r a w n   a t   a  draw  r a t i o   of  1 .4   and  was  f a l s e   t w i s t e d  

at  t he   d r a w i n g   z o n e ,   a  p a r t   of  t he   f a l s e   t w i s t   i m p a r t e d  

r e g i o n   in   t h e   y a r n   was  h e a t e d   by  means   of  p l a t e   h e a t e r  

wh ich   was  h e a t e d   a t   a  t e m p e r a t u r e   of  2 3 0 ° C .  

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



in   J a p a n e s e   P a t e n t   L a i d - o p e n   N o . 6 9 3 4 3 / 7 5   was  u t i l i z e d   b u t   a  

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

r e m o v e d .   The  t w i s t   d e n s i t y   d u r i n g   t h e   f a l s e   t w i s t i n g   w a s  
2 8 0 0 0 / / B *  T u r n / m ,   and  D  was  90  d e n i e r ,   and  a c c o r d i n g l y ,   t h e  

t w i s t   d e n s i t y   was  a b o u t   2951  T u r n / m .  

The  u n d e t w i s t e d   p o r t i o n s   of  t h e   o b t a i n e d   y a r n   had  a  

t w i s t   d e n s i t y   of  2900  T u r n / m   and  a  c o m p a c t   t w i s t   y a r n  
s t r u c t u r e .   The  o v e r   d e t w i s t e d   p o r t i o n   had  a  t w i s t   d e n s i t y  

of  1300  T u r n / m   and  had  a  b u l k y   t w i s t   y a r n   s t r u c t u r e   w h e r e i n  

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

t u e n t   f i l a m e n t s .  

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

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

31%.  In  a d d i t i o n ,   t h e   sum  of  t h e   s q u a r e s   of  t he   l e n g t h   (mm) 

of  t h e   u n d e t w i s t e d   p o r t i o n s   was  5200  pe r   one  m e t e r   of  t h e  

y a r n .  
A  p l a i n   weave  f a b r i c ,   t h e   warp   d e n s i t y   of  w h i c h   w a s  

7 3 / i n c h   and  t h e   w e f t   d e n s i t y   of  w h i c h   was  7 0 / i n c h ,   w a s  

m a n u f a c t u r e d   by  u t i l i z i n g   t h i s   y a r n ,   and  t h e   f a b r i c   had  a  

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

was  p r o v i d e d   w i t h   p a t t e r n s   w i t h   a  s l i g h t   h e a t h e r   l i k e  

f e e l i n g .  

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

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

a c c o r d i n g   to   a  v i s u a l   i n s p e c t i o n   c o n d u c t e d   by  an  e x p e r t ,  

c l e a r   dye  s p e c k   a l o n g   t h e   y a r n   or  s t r o n g   c o h e s i o n   was  n o t  

r e c o g n i z e d .  

The  t w i s t   d e n s i t i e s   of  t he   u n d e t w i s t e d   p o r t i o n s   a n d  

t h e   o v e r   d e t w i s t e d   p o r t i o n s   we re   d e t e r m i n e d   as  f o l l o w s   i n  

t h i s   E x a m p l e   and  a l s o   in  t h e   o t h e r   E x a m p l e s .   F i r s t   c e r t a i n  

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

d e t w i s t e d   p o r t i o n s   w e r e   s a m p l e d ,   and  t he   t w i s t s   t h e r e i n  

were   c o u n t e d ,   and  t h e n   b a s e d   on  t h e   l e n g t h s   and  the   o b t a i n e d  

c o u n t s ,   t w i s t   n u m b e r s   p e r   one  m e t e r   were   c a l c u l a t e d .  

E x a m p l e   2 

A  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   m u l t i f i l a m e n t   y a r n   m e l t  

spun   in  a  m a n n e r   s i m i l a r   to   t h a t   c a r r i e d   o u t   in  Example   1 



was  d rawn  and  f a l s e   t w i s t e d   by  means   of  a  f a l s e   t w i s t i n g  

t e x t u r i n g   m a c h i n e   b e i n g   t h e   same  as  t h a t   u s e d   in  E x a m p l e   1 .  

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

t w i s t i n g   were   s e t   in  a  r a n g e   b e t w e e n   1800  and  3200  T u r n / m .  

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

t h e   t w i s t   d e n s i t i e s   were   a l m o s t   t h e   same  as  t h o s e   of  t h e  

f a l s e   t w i s t i n g .   More  s p e c i f i c a l l y ,   t h e   y a r n s   a l t e r n a t i n g l y  

had  (1)  u n d e t w i s t e d   p o r t i o n s ,   in  w h i c h   c r i m p   c o n f i g u r a t i o n  

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

t h e   y a r n   and  w h i c h   had  a  c o m p a c t   t w i s t   y a r n   s t r u c t u r e ;   a n d  

(2)  o v e r   d e t w i s t e d   p o r t i o n s ,   w h i c h   had  a  b u l k y   t w i s t   y a r n  
s t r u c t u r e   h a v i n g   t w i s t s   d i r e c t e d   o p p o s i t e   to   t h e   c o m p a c t  

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

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

were   r a n d o m l y   d i s t r i b u t e d ,   and  a l m o s t   no  n o n - t w i s t e d  

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

s t r u c t u r e   were   r e c o g n i z e d .  

The  o b t a i n e d   y a r n s   had  a  t h i c k n e s s   of  a b o u t   90  d e n i e r  

and  were   u s e d   as  w e f t s   a t   a  w e f t   d e n s i t y   of   8 5 / i n c h   t o  

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

m u l t i f i l a m e n t   y a r n   o f   50  d e n i e r / 2 4   f i l a m e n t   was  u s e d   as  a  

warp   a t   a  warp   d e n s i t y   of  1 3 5 / i n c h .   H a n d l i n g   and  a p p e a r a n c e  

of  t h e   o b t a i n e d   weave   f a b r i c s   were  t e s t e d .   Al l   t h e   f a b r i c s  

had  a  h a n d l i n g   s i m i l a r   to   t h a t   o b t a i n e d   by  a  t r u e   t w i s t   y a r n .  

The  r e l a t i o n s h i p   b e t w e e n   t h e   t w i s t   d e n s i t i e s   of   t h e   u n d e -  

t w i s t e d   p o r t i o n s   and  t h e   p a t t e r n s   w i t h   a  h e a t h e r   l i k e  

f e e l i n g   in  t h e   f a b r i c s   were   as  f o l l o w s .   When  t he   t w i s t  

d e n s i t y   of  u n d e t w i s t e d   p o r t i o n   was  2000  T u r n / m ,   t h e  

p a t t e r n s   were   u n c l e a r .   When  the   t w i s t   d e n s i t y   of  t h e   s a m e  

p o r t i o n   was  2400  T u r n / m ,   t h e   p a t t e r n s   were   c l e a r .   When  t h e  

t w i s t   d e n s i t y   was  of  an  i n t e r m e d i a t e   v a l u e ,   i . e . ,   2 2 0 0  

T u r n / m ,   c l e a r n e s s   of  t h e   p a t t e r n s   was  s l i g h t l y   i n s u f f i c i e n t .  

As  a  r e s u l t ,   i t   was  c o n f i r m e d   t h a t   when  the   t w i s t   d e n s i t y  

of  t h e   u n d e t w i s t e d   p o r t i o n s   i s   e q u a l   to   or  l a r g e r   t h a n   2 2 0 0  

T u r n / m ,   i . e .  ,   1 7 5 0 0  ρ / D ,   a  b e t t e r   e f f e c t   of  a  h e a t h e r  

l i k e   f e e l i n g   can   be  o b t a i n e d .  

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



d e n s i t y   of  the   u n d e t w i s t e d   p o r t i o n s   was  2400  Turn /m  w a s  

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

d e n s i t y   was  s e t   2430  T u r n / m .  

The  c o n s t r u c t i o n   of  t h i s   y a r n   was  f u r t h e r   i n v e s t i g a t e d  

in  d e t a i l ,   and  i t   was  f o u n d   t h a t   t he   r a t i o   of  t he   l e n g t h s  

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

l e n g t h   was  17%  and  t h a t   t h e   sum  of  t he   s q u a r e s   of  t h e  

l e n g t h s   (mm)  was  3400  p e r   one  m e t e r   in  l e n g t h .  

T h i s   y a r n   was  n o t   d e f o r m e d   to  s u c h   an  e x t e n t   t h a t   i t  

b e c a m e   u n s u i t a b l e   f o r   m a n u f a c t u r i n g   woven  f a b r i c ,   even   w h e n  

t h e   y a r n   was  s u b j e c t e d   to   t e n s i o n .   T h r o u g h   t he   v i s u a l  

t e s t ,   c l e a r   dye  s p e c k   or  c o h e s i o n   a l o n g   t h e   y a r n   was  n o t  

r e c o g n i z e d .  

E x a m p l e   3 

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   was  m e l t   spun   and  was  t a k e n  

up  a t   a  s p e e d   of   3000  m/min   so  t h a t   an  u n d r a w n   m u l t i f i l a m e n t  

y a r n   of  137  d e n i e r / 3 6   f i l a m e n t   was  o b t a i n e d .  

The  y a r n   was  d r a w n   a t   a  d raw  r a t i o   of  1 .4   and  w a s  

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

was  235°C  and  the   number   of  t he   f a l s e   t w i s t s   was  3200  T u r n / m .  

An  o u t e r   f r i c t i o n   t y p e   f a l s e   t w i s t i n g   d e v i c e   was  u t i l i z e d .  

D u r i n g   the   o p e r a t i o n ,   300  p h o t o g r a p h s   were   t a k e n   s o  

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

and  t h e   5  mm  y a r n   l o c a t e d   d o w n s t r e a m   of  t h e   f a l s e   t w i s t i n g  

d e v i c e   c o u l d   be  o b s e r v e d .   From  t h e s e   p h o t o g r a p h s ,   i t   w a s  

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

f a l s e   t w i s t i n g   d e v i c e   was  a l l   in  u n d e t w i s t e d   c o n d i t i o n .  

Four   of  t h e   300  p h o t o g r a p h s   showed   t h a t   t h e   y a r n   p a r t l y   h a d  

o v e r   d e t w i s t e d   p o r t i o n s   in  t h e   r e g i o n   of  5  mm  l e n g t h .  

The  o b t a i n e d   y a r n   a l t e r n a t i n g l y   had  (1)  u n d e t w i s t e d  

p o r t i o n s ,   the   t w i s t   d e n s i t y   of  w h i c h   was  3100  Turn /m  a n d  

t h e   a v e r a g e   l e n g t h   of  w h i c h   was  37  mm,  and  (2)  o v e r  

d e t w i s t e d   p o r t i o n ,   t h e   t w i s t   d e n s i t y   of  w h i c h   w a s  

1800  T u r n / m   and  the   a v e r a g e   l e n g t h   of  w h i c h   was  63  mm. 

A l m o s t   no  n o n - t w i s t   p o r t i o n s   were   f o r m e d .   The  o b t a i n e d  

y a r n   was  used   to  m a n u f a c t u r e   a  woven  f a b r i c ,   which   had  a  

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



d i f f e r e n t   from  t h a t   o b t a i n e d   by  a  c o n v e n t i o n a l   a l t e r n a t i n g l y  

t w i s t e d   y a r n   and  w h i c h   p r o v i d e d   p a t t e r n s   w i t h   a  h e a t h e r  

l i k e   f e e l i n g .  

E x a m p l e   4 

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   was  m e l t   spun   and  was  t a k e n  

up  a t   a  s p e e d   of  3000  m/min   so  t h a t   a  m u l t i f i l a m e n t   y a r n   o f  

137  d e n i e r / 3 6   f i l a m e n t   was  o b t a i n e d .  

The  y a r n   was  d r a w n   a t   a  d raw  r a t i o   of  1 .4   and  w a s  

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

was  238°C  and  t h e   n u m b e r   of  t h e   f a l s e   t w i s t s   was  3200  T u r n / m .  

The  h e a t i n g   d e v i c e   was  a  c o n t a c t i n g   p l a t e ,   t h e   l e n g t h   o f  

w h i c h   was  1 .5   m  and  t h e   r a d i u s   of   c u r v a t u r e   of  w h i c h   w a s  

30  m,  h a v i n g   a  s e m i - c i r c u l a r   g r o o v e ,   t h e   r a d i u s   of  w h i c h  

was  2  mm  and  w h i c h   e x t e n d e d   a l o n g   t he   y a r n   p a s s a g e .   T h e  

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

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

h e a t i n g   d e v i c e   and  t h e   f a l s e   t w i s t i n g   d e v i c e   was  65  cm  a n d  

a  s e c o n d   c o n t a c t i n g   p l a t e ,   t h e   l e n g t h   of  w h i c h   was  50  cm,  
t h e   r a d i u s   of  c u r v a t u r e   of  w h i c h   was  10  m,  was  d i s p o s e d  

t h e r e b e t w e e n   and  was  m a i n t a i n e d   a t   a  t e m p e r a t u r e   of   4 0 ° C .  

The  d i s t a n c e   b e t w e e n   t h e   f a l s e   t w i s t i n g   d e v i c e   and  t h e  

d e l i v e r y   d e v i c e   was  40  cm,  and  t he   d e l i v e r y   s p e e d   w a s  

520  m / m i n .  

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

10  mm  was  d i s p o s e d   a t   a  p o s i t i o n   20  mm  d o w n s t r e a m   of  t h e  

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

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

o v e r   d e t w i s t e d   p o r t i o n s   was  o b t a i n e d .   The  t w i s t   d e n s i t y   o f  

t h e   u n d e t w i s t e d   p o r t i o n s   was  3000  T u r n / m ,   t h e   a v e r a g e  

l e n g t h   t h e r e o f   was  8 .3  mm,  t h e   maximum  l e n g t h   t h e r e o f   w a s  

20  mm,  and  t h e   r a t i o   of   t he   l e n g t h s   t h e r e o f   to  t h e   e n t i r e  

y a r n   l e n g t h   was  3 6 . 5 % .   The  t w i s t   d e n s i t y   of  t h e   o v e r  

d e t w i s t e d   p o r t i o n s   was  1720  T u r n / m ,   t he   a v e r a g e   l e n g t h  

t h e r e o f   was  1 4 . 4   mm,  t h e   maximum  l e n g t h   t h e r e o f   was  32  mm, 

and  t he   r a t i o   of  t he   l e n g t h s   t h e r e o f   to  t h e   e n t i r e   y a r n  

l e n g t h   was  6 3 . 5 % .  

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



u n d e t w i s t e d   p o r t i o n s   ( a i )   and  t he   l e n g t h s   of  t he   o v e r  

d e t w i s t e d   p o r t i o n s   (b i )   l o c a t e d   a d j a c e n t   to  and  u p s t r e a m  

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

was  c a l c u l a t e d   by  the   r i g h t   t e r m   in  e q u a t i o n   ( I ) ,   was  0 . 7 9 .  

L e a s t   s q u a r e s   m e t h o d   was  a p p l i e d   to   ( a i  ,   b i )   and  t h e  

f o l l o w i n g   e q u a t i o n   was  o b t a i n e d .  

b  =  1 . 5 0 a   +  2 .0   (mm) 

T h i s   e q u a t i o n   means  t h a t   a  i s   a p p r o x i m a t e l y  

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

" 2 . 0   mm"  i  m c l u d e s .   The  i n v e n t o r s   of  t he   p r e s e n t  

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

a  y a r n   l e n g t h   w h i c h   was  moved  a f t e r   t h e   f r o n t   end  of  t h e  

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

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

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

u n d e t w i s t e d   p o r t i o n s   ( a i )   and  t he   l e n g t h s   of  t he   o v e r  

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

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

c o e f f i c i e n t   was  0 . 1 4 .  

I f   t h e   d i s t r i b u t i o n   of  t he   l e n g t h s   ( a i )   of  t he   u n d e -  

t w i s t e d   p o r t i o n s   i s   shown  in  a  h i s t o g r a m   w i t h   a  w i d t h  

of  1  mm,  t h e   f r e q u e n c y   b e t w e e n   z e r o   and  12 .5   mm  was  a l m o s t  

c o n s t a n t ,   t h e   f r e q u e n c y   b e t w e e n   1 2 . 5   and  20  was  g r a d u a l l y  

and  l i n e a r l y   d e c r e a s e d   as  the   l e n g t h   i n c r e a s e d ,   and  t h e  

l e n g t h   more  t h a n   20  mm  was  z e r o .   The  c o e f f i c e n t   o f  

v a r i a t i o n   of  a   was  6 0 . 0 % .  

The  o u t e r   d i a m e t e r   of  t he   u n d e t w i s t e d   p o r t i o n s   w a s  

a p p r o x i m a t e l y   u n i f o r m   and  was  100  µm,  and  the   o u t e r  

d i a m e t e r   of  t h e   o v e r   d e t w i s t e d   p o r t i o n s   was  130  µm  in  t h e i r  

a v e r a g e .  
The  y a r n   o b t a i n e d   t h r o u g h   t h e   a b o v e - e x p l a i n e d   p r o c e s s  

was  f u r t h e r   h e a t   t r e a t e d   and  t h e n   a  woven  f a b r i c   ( s t r u c t u r e :  

p l a i n   weave   f a b r i c ;   warp  d e n s i t y :   8 7 / i n c h ;   and  w e f t  

d e n s i t y :   8 4 / i n c h )   was  m a n u f a c t u r e d .   In  t he   woven  f a b r i c ,  

t he   u n d e t w i s t e d   p o r t i o n s   were  t r a n s p a r e n t   and  f o r m e d   a n  

o r n a m e n t a l   e f f e c t   in  a  c o m b i n a t i o n   of  the   w a r p s   and  w e f t s ,  

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



S i n c e   t he   f a b r i c   was  h a r d   due  to  t he   c o h e s i o n   in  t h e  

y a r n   and  due  to  t h e   h a r d   t w i s t   e f f e c t ,   i t   was  t r e a t e d   b y  

m e a n s   of  c a u s t i c   soda   so  t h a t   i t s   w e i g h t   was  d e c r e a s e d   b y  

23%,  and  a  hand   s i m i l a r   to   t h a t   of  c o t t o n   v o i l e   was  o b t a i n e d .  

The  t h u s   o b t a i n e d   f a b r i c   had  an  o r n a m e n t a l   e f f e c t ,  

w h i c h   was  s u p e r i o r   to  t h a t   o b t a i n e d   by  a  c o n v e n t i o n a l   y a r n ,  
and  had  a  s p l e n d e d   h a n d l i n g .  

E x a m p l e   5 

In  E x a m p l e   4,  t h e   r o t a t i o n a l   g u i d e   d i s p o s e d   d o w n s t r e a m  

of  t h e   f a l s e   t w i s t i n g   d e v i c e   and  t he   e n g a g e m e n t   of  the   y a r n  

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

were   t h e   same  as  t h o s e   in  E x a m p l e   4 .  

T e s t   N o .  1 :   The  w r a p p i n g   and  c o n t a c t i n g   a n g l e   b e t w e e n  

t h e   r o t a t i o n a l   g u i d e   and  t h e   y a r n   was  s e t   a t   4 5 ° .  

T e s t   N o .  2 :   A  s e c o n d   r o t a t i o n a l   g u i d e   s i m i l a r   to  t h e  

r o t a t i o n a l   g u i d e   was  d i s p o s e d   14  mm  d o w n s t r e a m   f rom  t h e  

f i r s t   r o t a t i o n a l   g u i d e   so  t h a t   t he   y a r n   was  p a s s e d   a l o n g   a  

z i g z a g   ( S - l i n e )   p a s s a g e ,   and  t h e   c o n t a c t i n g   a n g l e   of  e a c h  

g u i d e   was  4 5 ° .  

The  y a r n s   t h u s   o b t a i n e d   d i d   n o t   have   any  s u b s t a n t i a l  

d i f f e r e n c e   f rom  t h o s e   of  E x a m p l e   4 .  

I t   was  c o n f i r m e d   t h a t   t h e   c o n t a c t i n g   a n g l e   of  45°  i n  

t e s t   No.  I  was  s u f f i c i e n t   to   p r e v e n t   t he   r o t a t i o n   of  t h e  

y a r n   f rom  b e i n g   t r a n s m i t t e d .  

I t   s eemed   to   t h e   i n v e n t o r s   of  t h e   p r e s e n t   i n v e n t i o n  

t h a t   t h e   s e c o n d   r o t a t i o n a l   g u i d e   in  t e s t   N o .  2   d i d   n o t  

c o n t r i b u t e   to  p r e v e n t   t h e   r o t a t i o n   of  t h e   y a r n ,   h o w e v e r ,   i t  

s e r v e d   to  c h a n g e   t he   y a r n   p a s s a g e .   A c c o r d i n g l y ,   such   a  

r o t a t i o n a l   g u i d e   may  be  r e q u i r e d   in  an  a c t u a l   p r o c e s s .  
When  the   m e t h o d   of  t e s t   N o .  2 ,   w h e r e i n   the   y a r n   w a s  

w r a p p e d   a r o u n d   t h e   two  r o t a t i o n a l   g u i d e s   a l o n g   a  S - l i n e   a n d  

was  f ed   to   a  d e s i r e d   d i r e c t i o n ,   was  c o m p a r e d   w i t h   t h e  

m e t h o d   of  E x a m p l e   4,  w h e r e i n   t he   y a r n   was  w r a p p e d   a r o u n d   on  

r o t a t i o n a l   g u i d e   f o r   3 6 0 ° ,   t h e   o p e r a b i l i t y   of  t he   f o r m e r  

m e t h o d   was  s u p e r i o r   to  t h a t   of  t he   l a t t e r   m e t h o d .  

E x a m p l e   6 

In  E x a m p l e   4,  t h e   l o c a t i o n   of  t he   r o t a t i o n a l   g u i d e   i s  



d i s p l a c e d   to  a  p o s i t i o n   b e i n g   30  mm  from  and  d o w n s t r e a m   o f  

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

t he   same  as  t h o s e   in  E x a m p l e   4 .  

The  t w i s t   d e n s i t y   of  t h e   u n d e t w i s t e d   p o r t i o n s   in  t h e  

o b t a i n e d   y a r n   was  3000  T u r n / m ,   t h e   a v e r a g e   l e n g t h   t h e r e o f  

was  1 2 . 4   mm,  and  the  maximum  l e n g t h   t h e r e o f   was  30  mm,  a n d  

t h e   r a t i o   of  t h e   l e n g t h s   t h e r e o f   to   t he   e n t i r e   l e n g t h   o f  

t he   y a r n   was  3 7 . 6 % .  

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

t h e   o b t a i n e d   y a r n   was  1810  T u r n / m ,   t h e   a v e r a g e   l e n g t h  

t h e r e o f   was  20 .6   mm,  t h e   maximum  l e n g t h   t h e r e o f   was  47  mm, 
and  t he   r a t i o   of  the   l e n g t h s   t h e r e o f   to  the   e n t i r e   l e n g t h  

of  t h e   y a r n   was  6 2 . 4 % .  

E x a m p l e   7 

In  t he   Example   4,  t h e   r o t a t i o n a l   g u i d e   d i s p o s e d   a t   a  

p o s i t i o n   b e i n g   20  mm  from  and  d o w n s t r e a m   of  t he   f a l s e  

t w i s t i n g   d e v i c e   was  r e p l a c e d   by  a  f i x e d   g u i d e   made  o f  

t i t a n i u m   o x i d e   c e r a m i c   and  h a v i n g   a  d i a m e t e r   of  8  mm,  a n d  

t h e   c o n t a c t i n g   a n g l e   of  t h e   y a r n   was  45° .   The  o t h e r  

c o n d i t i o n s   were   the  same  as  t h o s e   in  Example   4 .  

A  y a r n   a p p r o x i m a t e l y   s i m i l a r   to  t h a t   of  Example   4  w a s  

o b t a i n e d .   More  s p e c i f i c a l l y ,   t h e   o v e r   d e t w i s t e d   p o r t i o n s  

were   s l i g h t l y   l o n g e r   t h a n   t h o s e   of  E x a m p l e   4,  and  t he   t w i s t  

d e n s i t y   t h e r e o f   was  a  l i t t l e   b i t   l o w e r   t h a n   t h a t   o f  

E x a m p l e   4.  D u r i n g   the   f a l s e   t w i s t i n g ,   100  p h o t o g r a p h s   o f  

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

f a l s e   t w i s t i n g   d e v i c e   and  a  l o c a t i o n   5  mm  d o w n s t r e a m   f r o m  

the   f a l s e   t w i s t i n g   d e v i c e   were   t a k e n   u t i l i z i n g   a  s t o r o b o -  

s c o p e   and  t h e n   e n l a r g e d .   In  a l l   100  p h o t o g r a p h s ,   t he   y a r n  
l o c a t e d   j u s t   d o w n s t r e a m   from  t h e   f a l s e   t w i s t i n g   d e v i c e   w a s  

in  u n d e t w i s t e d   c o n d i t i o n .   T h e r e   were   s i x   p h o t o g r a p h s  

i l l u s t r a t i n g   t h a t   ove r   d e t w i s t e d   p o r t i o n s   of  5  mm  in  l e n g t h  

were   i n c l u d e d   in  the  y a r n .  

E x a m p l e   8 

F a l s e   t w i s t i n g   was  c a r r i e d   o u t   u n d e r   t he   s a m e  

c o n d i t i o n s   as  t h o s e   in  E x a m p l e   4  e x c e p t   t h a t   any  m e m b e r  

e n g a g i n g   w i t h   t he   y a r n   was  n o t   a d d i t i o n a l l y   d i s p o s e d .  



The  o b t a i n e d   y a r n   a l t e r n a t i n g l y   had  u n d e t w i s t e d  

p o r t i o n s   and  o v e r   d e t w i s t e d   p o r t i o n s .   The  t w i s t   d e n s i t y   o f  

t he   u n d e t w i s t e d   p o r t i o n s   was  3000  T u r n / m ,   t h e   a v e r a g e  

l e n g t h   t h e r e o f   was  70  mm,  t h e   maximum  l e n g t h   t h e r e o f   w a s  

200  mm,  t h e   r a t i o   of  t h e   l e n g t h s   t h e r e o f   to  t h e   e n t i r e  

l e n g t h   of  t he   y a r n   was  3 9 . 4 % ,   and  o u t e r   d i a m e t e r   t h e r e o f  

was  a p p r o x i m a t e l y   100  um.  The  t w i s t   d e n s i t y   of  t h e   o v e r  

d e t w i s t e d   p o r t i o n s   was  1950  T u r n / m ,   t he   a v e r a g e   l e n g t h   w a s  

1 0 7 . 5   mm,  t h e   r a t i o   of  t h e   l e n g t h s   t h e r e o f   to   t h e   e n t i r e  

y a r n   l e n g t h   was  6 0 . 6 % ,   and  t h e   o u t e r   d i a m e t e r   t h e r e o f   w a s  

128  µm. 
The  y a r n   o b t a i n e d   t h r o u g h   t h e   above   e x p l a i n e d   p r o c e s s  

was  s u b j e c t e d   to   a  h e a t   t r e a t m e n t   by  p a s s i n g   t h r o u g h   a  

h e a t i n g   z o n e ,   w h i c h   was  d i s p o s e d   s u b s e q u e n t   to   t h e   a b o v e -  

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

237°C  and  t h e   l e n g t h   of  w h i c h   was  1 .2  m,  and  t h e n   i t   w a s  

t a k e n   up  a t   a  s p e e d   o f   520  m/min   so  t h a t   t h e   t o r q u e   of  t h e  

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

i n c r e a s e d .   T h e r e a f t e r ,   a  woven  f a b r i c   ( s t r u c t u r e :   p l a i n  

weave   f a b r i c ;   warp   d e n s i t y :   8 5 / i n c h ;   and  w e f t   d e n s i t y :  

8 2 / i n c h )   was  o b t a i n e d .   In  t h e   t h u s   o b t a i n e d   f a b r i c ,   t h e  

u n d e t w i s t e d   p o r t i o n s   w e r e   t r a n s p a r e n t - l i k e ,   and  s e v e r a l  

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

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

t h e   warp  form  s p e c i a l   p a t t e r n s   w i t h   a  h e a t h e r   l i k e   f e e l i n g  

on  t he   f a b r i c .   A l t h o u g h   t h e   f a b r i c   was  p a r t i a l l y   n o t  

u n i f o r m   and  u n e v e n ,   when  i t   was  v i s u a l l y   o b s e r v e d  a s   a  

w h o l e ,   i t   was  f e l t   u n i f o r m   and  had  a  s p l e n d i d   o r n a m e n t a l  

a p p e a r a n c e .  
S i n c e   t h e   f a b r i c   was  h a r d   due  to  t he   c o h e s i o n   and  h a r d  

t w i s t   e f f e c t s   in  t he   y a r n ,   i t   was  t r e a t e d   by  means   o f  

c a u s t i c   s o d a   so  t h a t   i t s   w e i g h t   was  d e c r e a s e d   by  22%.  A 

n o v e l   and  c o m f o r t a b l e   hand   of  c r e p e   g e o r g e t t e   l i k e   a n d  

v o i l e   l i k e   u t i l i z i n g   a  s ea   i s l a n d   c o t t o n   was  o b t a i n e d .  

In  t he   a b o v e - e x p l a i n e d   p r o c e s s ,   a  t r a v e r s e r   w a s  

d i s p o s e d   a t   a  p o s i t i o n   50  mm  u p s t r e a m   from  t h e   t a k e   u p  
d e v i c e   so  t h a t   t he   y a r n   e n g a g i n g   p o s i t i o n   in  t h e   t a k e   u p  



d e v i c e   was  v a r i e d   and  so  t h a t   t he   t a k e   up  d e v i c e   w a s  

p r o t e c t e d .   T h i s   t r a v e r s e r   a l m o s t   had  no  e f f e c t   on  t h e  

f o r m a t i o n   of  the   y a r n .  

E x a m p l e   9 

In  E x a m p l e   8,  t he   t a k e   up  d e v i c e   p o s i t i o n e d   40  cm 

d o w n s t r e a m   from  the   f a l s e   t w i s t i n g   d e v i c e   a l o n g   t he   r o t a -  

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

d i r e c t i o n   by  5  cm,  so  t h a t   a  y a r n   p a s s e d   t h r o u g h   t he   f a l s e  

t w i s t i n g   d e v i c e   was  i n t r o d u c e d   a l o n g   the   r o t a t i o n a l   a x i s  

and  was  w r a p p e d   a r o u n d   the   f i r s t   r o t a t i o n a l   g u i d e   f o r   4 5 ° ,  

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

45°  and  i n t r o d u c e d   in  t he   r o t a t i o n a l   a x i s ,   w h e r e b y   the   y a r n  

was  e n g a g e d   w i t h   t he   t a k e   up  d e v i c e .   The  o t h e r   c o n d i t i o n s  

were  t h e   same  as  t h o s e   in  E x a m p l e   4 .  

The  d i s t a n c e   L  (mm),  w h i c h   was  e q u a l   to   t h e   y a r n  

p a s s a g e   b e t w e e n   the  f a l s e   t w i s t i n g   d e v i c e   and  t he   f i r s t  

r o t a t i o n a l   g u i d e ,   was  v a r i e d   b e t w e e n   7  and  300  mm.  T h e  

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

and  t h e   maximum  l e n g t h s   of  t h e   u n d e t w i s t e d   p o r t i o n s   in  t h e  

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

The  a v e r a g e   l e n g t h s   were   a p p r o x i m a t e l y   p r o p o r t i o n a l   t o  

t he   d i s t a n c e   L  i f   L  was  b e t w e e n   7  and  100  mm,  and  t h e  

a v e r a g e   l e n g t h   was  40 .5   mm  f o r   L  e q u a l   to  100  mm.  When  t h e  

d i s t a n c e   L  was  b e t w e e n   100  and  200  mm,  the   d e g r e e   o f  

i n c r e a s e   of  t he   a v e r a g e   l e n g t h   due  to  t he   i n c r e a s e   of  t h e  

d i s t a n c e   L  was  g r a d u a l l y   d e c r e a s e d ,   and  the   a v e r a g e   l e n g t h  

was  a l m o s t   c o n s t a n t ,   i . e . ,   a b o u t   70  mm  f o r   t he   d i s t a n c e   L 

of  b e t w e e n   200  and  300  mm. 

The  maximum  l e n g t h   was  a p p r o x i m a t e l y   e q u a l   to  L  i f   L 

was  b e t w e e n   7  and  200  mm.  In  a  r a n g e   w h e r e i n   L  was  b e t w e e n  

200  and  300  mm,  the  maximum  l e n g t h   was  a b o u t   200  mm  a n d  

a l m o s t   d id   not   v a r y .  

From  t h e s e   r e s u l t s ,   i t   was  c o n f i r m e d   t h a t   a l m o s t   a l l  

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

ends   were  r e p e a t e d l y   g e n e r a t e d   as  t ime  e l a p s e d ,   a r r i v e d   a t  

the   f i r s t   r o t a t i o n a l   g u i d e   when  L  was  e q u a l   to  or  l e s s   t h a n  

100  mm;  t h a t   when  L  e x c e e d e d   200  mm,  a l m o s t   none  of  t h e  



f r o n t   ends   r e a c h e d   t he   f i r s t   r o t a t i o n a l   g u i d e ;   and  t h a t   i f  

L  was  b e t w e e n   100  and  200  mm,  t h e   c a s e   w h e r e i n   t h e   e n d s  

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

a r r i v e   r a n d o m l y   o c c u r r e d .  

From  the   a b o v e - d e s c r i b e d   r e s u l t s ,   i t   was  u n d e r s t o o d  

t h a t   some  m e m b e r s ,   s u c h   as  a  t a k e   up  d e v i c e ,   a  g u i d e   w h i c h  

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

d e v i c e ,   wh ich   a r e   n e e d e d   to  be  e n g a g e d   w i t h   a  y a r n   a t   a  

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

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

a t   l e a s t   200  mm.  T h i s   i s   b e c a u s e ,   t he   maximum  a r r i v a l  

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

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

d e v i c e .  

E x a m p l e   10  

In  E x a m p l e   9,  in   a d d i t i o n   to   t h e   t e m p e r a t u r e   of   2 3 7 ° C  

f o r   t he   f a l s e   t w i s t i n g   m a c h i n e ,   235°  and  240°  were   u t i l i z e d ,  

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

f a l s e   t w i s t   i m p a r t e d   r e g i o n   were   m e a s u r e d .   When  t h e   t e m p e r -  

a t u r e   was  2 3 5 ° C ,   t h e   d i s t a n c e   was  100  mm;  and  a t   2 4 0 ° C ,  

250  mm. 

Example   11 

In  E x a m p l e   8,  u n d e r   f o u r   c o n d i t i o n s ,   w h e r e i n   b e t w e e n   a  

l o c a t i o n   200  mm  d o w n s t r e a m   from  the   f a l s e   t w i s t i n g   d e v i c e  

and  t he   t a k e   up  d e v i c e ,   one  f i x e d   g u i d e ,   two  and  t h r e e  

f i x e d   g u i d e s ,   and  one  f i x e d   g u i d e   and  one  r o t a t i o n a l   g u i d e  

were   d i s p o s e d ,   t h e   y a r n   e n g a g i n g   c o n d i t i o n s   were   r e s e a r c h e d .  

As  a  r e s u l t ,   i t   was  c o n f i r m e d   t h a t   w h e t h e r   or  n o t   a  

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

a n g l e   t h e r e   was  a l m o s t   no  e f f e c t   on  t he   f o r m a t i o n   of  a  

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

a  f i x e d   g u i d e   e x c e e d s   30° ,   t he   r a t i o   of  the   l e n g t h s   o f  

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

d e c r e a s e d .  

I t   was  a l s o   c o n f i r m e d   t h a t   when  i t   i s   n e c e s s a r y   t o  

c h a n g e   a  ya rn   p a s s a g e   b e t w e e n   a  f a l s e   t w i s t i n g   d e v i c e   and  a  

t a k e   up  d e v i c e ,   t h e   f i x e d   g u i d e   can  be  used   i f   t he   t u r n i n g  



a n g l e   i s   e q u a l   to  or  l e s s   t h a n   30° ;   and  i f   t he   t u r n i n g  

a n g l e   i s   more  t h a n   3 0 ° ,   t he   w r a p p e d   c o n t a c t i n g   a n g l e   may  b e  

l e s s   t h a n   30°  by  u t i l i z i n g   a  r o t a t a b l e   m e m b e r .  

Example   1 2  

A c c o r d i n g   to  a  f a l s e   t w i s t i n g   m e t h o d   w h i c h   was  t h e  

same  as  t h a t   of  E x a m p l e   8  e x c e p t   t h a t   t h e   t e m p e r a t u r e   o f  

t h e   h e a t i n g   p l a t e   was  2 4 0 ° C ,   a  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  

m u l t i f i l a m e n t   y a r n   was  t r e a t e d .  

The  o b t a i n e d   y a r n   had  u n d e t w i s t e d   p o r t i o n s   and  o v e r  

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

d i s t r i b u t e d .  

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

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

70  and  92  mm.  T h e s e   y a r n s   were   u s e d   as  a  w e f t   y a r n   to  f o r m  

a  p l a i n   weave  f a b r i c   (wrap   y a r n :   a  m u l t i f i l a m e n t   y a r n   o f  

50  d e n i e r / 2 4   f i l a m e n t ;   warp   d e n s i t y :   1 5 0 / i n c h ;   and  w e f t  

d e n s i t y :   8 5 / i n c h ) ,   t he   c l e a r   d i f f e r e n c e   was  f e l t   b e t w e e n  

t h e   p a r t   of  t h e   f a b r i c   w h e r e i n   t h e   y a r n   h a v i n g   an  a v e r a g e  

l e n g t h   of  u n d e t w i s t e d   p o r t i o n s   of  70  mm  was  u sed   and  t h e  

p a r t   of  t he   f a b r i c   w h e r e i n   t he   y a r n   h a v i n g   an  a v e r a g e  

l e n g t h   of  92  mm  was  u s e d .  

Nex t   a  r o t a t a b l e   g u i d e   h a v i n g   a  d i a m e t e r   of  10  mm  w a s  

d i s p o s e d   a t   a  l o c a t i o n   160  mm  d o w n s t r e a m   from  the   f a l s e  

t w i s t i n g   d e v i c e ,   and  the   y a r n   was  w r a p p e d   a r o u n d   t h i s   g u i d e  

so  t h a t   a  t r e a t m e n t   c o u l d   be  c a r r i e d   o u t .   As  a  r e s u l t ,   t h e  

a v e r a g e   l e n g t h   of  t he   u n d e t w i s t e d   p o r t i o n s   wh ich   had  b e e n  

70  mm  was  c h a n g e d   to   62  mm,  and  s i m i l a r l y   92  mm  was  c h a n g e d  

to   68  mm.  T h e s e   y a r n s   were   woven  to  form  a  p l a i n   w e a v e  

f a b r i c   in  wh ich   no  s u b s t a n t i a l   d i f f e r e n c e   was  v i s u a l l y  

r e c o g n i z e d .  

The  h e a t i n g   t e m p e r a t u r e   in  t he   t r e a t i n g   u n i t ,   w h e r e i n  

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

p o r t i o n s   was  m a n u f a c t u r e d ,   was  240°C ,   and  c o n t r a r y   to  t h i s  

the   h e a t i n g   t e m p e r a t u r e   in  the   u n i t ,   w h e r e i n   the   y a r n   w i t h  

t h e   s h o r t e s t   a v e r a g e   l e n g t h   was  m a n u f a c t u r e d ,   was  2 3 7 ° C .  

A f t e r   t he   s e t t i n g   of  the   h e a t i n g   d e v i c e   was  c h a n g e d   t o  

243°C ,   a  y a r n   was  t r e a t e d   w i t h o u t   u t i l i z i n g   the   r o t a t a b l e  



g u i d e ,   and  a  y a r n   w i t h   an  a v e r a g e   l e n g t h   of  u n d e t w i s t e d  

p o r t i o n s   of  91  mm  was  o b t a i n e d   in  t he   y a r n   t r e a t i n g   u n i t  

w h e r e i n   t he   y a r n   h a v i n g   t he   a v e r a g e   l e n g t h   of  t he   u n d e -  

t w i s t e d   p o r t i o n s   of  71  mm  had  been   m a n u f a c t u r e d .  

From  the   a b o v e - e x p l a i n e d   t e s t s ,   i t   was  c o n f i r m e d   t h e  

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

b e t w e e n   y a r n   t r e a t i n g   u n i t s   was  m a i n l y   b a s e d   on  t h e  

d i f f e r e n c e   in  t he   h e a t i n g   t e m p e r a t u r e s ,   and  t h a t   t h e  

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

i f   a  r o t a t a b l e   g u i d e   was  u t i l i z e d .  

U t i l i z i n g   a  s i n g l e   y a r n   t r e a t i n g   u n i t   and  a  r o t a t a b l e  

g u i d e ,   f o r   t he   two  h e a t i n g   t e m p e r a t u r e s ,   i . e . ,   237°C  a n d  

240°C,   t h e   d i s t a n c e   L  (mm)  w h i c h   was  m e a s u r e d   a l o n g   t h e  

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

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

b e t w e e n   7  and  300  mm,  and  t h e   r e l a t i o n s h i p   b e t w e e n   t h e  

d i s t a n c e   L,  and  t h e   a v e r a g e   l e n g t h   and  t h e   maximum  l e n g t h  

of  u n d e t w i s t e d   p o r t i o n s   in  t h e   y a r n   o b t a i n e d   by  the   c o r r e s -  

p o n d i n g   d i s t a n c e   L  was  o b s e r v e d .  

When  t h e   h e a t i n g   t e m p e r a t u r e   was  237°C  ( 2 4 0 ° C ) ,   t h e  

a v e r a g e   l e n g t h s   were   a p p r o x i m a t e l y   p r o p o r t i o n a l   to  t h e  

d i s t a n c e   L  in  a  r a n g e   w h e r e i n   t he   d i s t a n c e   L  was  7  a n d  

100  mm  (7  and  120  mm),  i . e . ,   4 0 . 5   mm  (51  mm)  a t   L  of  100  mm 

(120  mm).  In  a  r a n g e   w h e r e i n   t he   d i s t a n c e   L  was  b e t w e e n  

100  mm  (120  mm)  and  200  mm  (250  mm),  t he   d e g r e e   of  t h e  

i n c r e a s e   of  t he   a v e r a g e   l e n g t h   was  g r a d u a l l y   d e c r e a s e d   a s  

t h e   d i s t a n c e   L  i n c r e a s e d ,   and  when  the   d i s t a n c e   L  e x c e e d e d  

200  mm  (250  mm)  u n t i l   i t   r e a c h e d   300  mm,  the   a v e r a g e   l e n g t h  

of  a b o u t   70  mm  (92  mm)  was  a l m o s t   u n c h a n g e d .  

C o n t r a r y   to  t h i s ,   the   maximum  l e n g t h   was  a p p r o x i m a t e l y  

e q u a l   to  L  when  the   d i s t a n c e   L  was  in  a  r a n g e   b e t w e e n   7  a n d  

200  mm  (7  and  250  mm),  and  i t   was  a l m o s t   200  mm  (250  mm) 

and  u n c h a n g e d   when  t he   d i s t a n c e   L  was  in  a  r a n g e   of  b e t w e e n  

200  and  300  mm  (250  and  300  mm) .  

From  t h i s   o b s e r v a t i o n ,   i t   was  c o n f i r m e d   t h a t   f r o n t  

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

r e p e a t e d l y   g e n e r a t e d   as  t i m e   e l a p s e d ,   a l m o s t   a r r i v e d   a t   t h e  



r o t a t a b l e   g u i d e   when  t h e   d i s t a n c e   L  was  e q u a l   to  or  l e s s  

t h a n   100  mm  (120   mm);  t h a t  t h e y   a l m o s t   d id   no t   a r r i v e   a t  

t h e   r o t a t a b l e   g u i d e   when  the   d i s t a n c e   L  was  l a r g e r   t h a n  

200  mm  (250  mm);  and  t h a t   when  t h e   d i s t a n c e   L  was  b e t w e e n  

100  and  200  mm  (120  and  250  mm),  t he   t i m e s   w h e r e i n   t h e y  

a r r i v e d   a t   t he   g u i d e   and  the   t i m e s   w h e r e i n   t h e y   d id   n o t  

a r r i v e   a t   t h e   g u i d e   we re   mixed   as  t ime   e l a p s e d .  

P l e a s e   n o t e   t h a t   in  t h i s   E x a m p l e ,   t he   f i g u r e s   e n c l o s e d  

by  p a r e n t h e s e s   i n d i c a t e   t he   c o n d i t i o n s   and  d a t a   when  a  

h e a t i n g   t e m p e r a t u r e   of   240°  was  u s e d .  



1.  A  t e x t u r e d   m u l t i f i l a m e n t   ya rn   made  of  a  t h e r m o -  

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

t h e r e i n ,   w h i c h   c o m p r i s e s :  

a,  a l l   t he   c o n s t i t u e n t   f i l a m e n t s   c o n s t i t u t i n g  

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

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

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

of  s a i d   f i l a m e n t s ;  

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

S - t w i s t   y a r n   p o r t i o n s   and  Z - t w i s t   y a r n   p o r t i o n s ,   w h i c h   a r e  

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

t h e i r   l e n g t h s ,   e i t h e r   s a i d   S - t w i s t   ya rn   p o r t i o n s   or  Z - t w i s t  

ya rn   p o r t i o n s   b e i n g   d e s i g n a t e d   as  A  and  t h e   o t h e r   b e i n g  

d e s i g n a t e d   as  B ;  

c,  in  s u b s t a n t i a l l y   a l l   the   A ' s   e x i s t i n g   i n  

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

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

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

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

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

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

a l o n g   t h e   l e n g t h   of  s a i d   y a r n ;  

d,  in  s u b s t a n t i a l l y   a l l   the   B ' s   e x i s t i n g   i n  

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

B,  s u b s t a n t i a l l y   t he   c r i m p   c o n f i g u r a t i o n s   of  a l l   c o n s t i t u e n t  

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

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

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

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

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

e,  s a i d   y a r n   b e i n g   s u b s t a n t i a l l y   f r e e   f rom  a n y  
n o n - t w i s t   y a r n   p o r t i o n s ;   a n d  

f ,   s a i d   A  and  B  b e i n g   d i f f e r e n t   f rom  e a c h   o t h e r  

on ly   in  t h e i r   c o n f i g u r a t i o n s   and  b e i n g   s u b s t a n t i a l l y   t h e  

same  in  t h e i r   c o n s t i t u e n t   f i l a m e n t s .  

2.  A  t e x t u r e d   m u l t i f i l a m e n t   ya rn   h a v i n g   a l t e r n a t i n g  



t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d   t w i s t  

d e n s i t y   in  p o r t i o n s   A  b e i n g   a t   l e a s t   1 7 5 0 0  P / D   T u r n / m ,  

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

D  is   d e n i e r   n u m b e r   of  s a i d   y a r n .  

3.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   1  or  2,  t h e   r a t i o   of  t h e  

l e n g t h   of  e n t i r e   p o r t i o n s   A  to  t he   l e n g t h   of  t he   e n t i r e  

m u l t i f i l a m e n t   t e x t u r e d   y a r n   b e i n g   a t   l e a s t   30%.  

4.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d   t w i s t  

d e n s i t y   in  p o r t i o n s   B  i s   l e s s   t h a n   7500  P / D   T u r n / m .  

5.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d   t w i s t  

d e n s i t y   in  p o r t i o n s   B  b e i n g   a t   l e a s t   7500  p / D   T u r n / m .  

6.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t he   o u t e r   d i a -  

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

o u t e r   d i a m e t e r   of  s a i d   y a r n   a t   s a i d   p o r t i o n s   A  by  10%. 

7.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t he   c o e f f i c i e n t  

of  v a r i a t i o n   of  the   l e n g t h   in  A  b e i n g   a t   l e a s t   50%. 

8.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t he   c o e f f i c i e n t  

of  v a r i a t i o n   of  the   l e n g t h   in  B  b e i n g   a t   l e a s t   50%. 

9.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t h e r e   b e i n g   a  

p o s i t i v e   h i g h   c o r r e l a t i o n   b e t w e e n   l e n g t h s   of  A  and  l e n g t h s  

of  B  a d j a c e n t   to  one  d i r e c t i o n a l   end  of  t he   c o r r e s p o n d i n g  

A,  b u t   t h e r e   b e i n g   low  c o r r e l a t i o n   b e t w e e n   t he   l e n g t h   of  A 

and  l e n g t h s   of  B  a d j a c e n t   to  o p p o s i t e   d i r e c t i o n a l   end  o f  

t h e   c o r r e s p o n d i n g   A. 

10.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   in  each   A,  t h e  

c o e f f i c i e n t   of  v a r i a t i o n   of  t he   sum  of  t h e   l e n g t h   of  A  a n d  

t he   l e n g t h   of  B  a d j a c e n t   to  e i t h e r   one  end  of  the   c o r r e -  

s p o n d i n g   A  b e i n g   at  l e a s t   50%. 

11.  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   h a v i n g   a l t e r n a t i n g  



t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   the   m a x i m u m  

l e n g t h   of  A  b e i n g   a t   m o s t   t h r e e   t i m e s   of  the   a v e r a g e   l e n g t h  

of  A. 

12.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   the   t e n s i l e  

s t r e n g t h   of  s a i d   y a r n   i s   a t   l e a s t   0 . 3 0   g / d e n i e r .  

13.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to  c l a i m   1,  w h e r e i n ,   when  s a i d   A 

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

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

s a i d   A  b e i n g   d e t w i s t e d ,   and  t h e   p o r t i o n   wh ich   is   n o t  

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

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

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

t h a t   of  B .  

14.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   in  b o t h   A  a n d  

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

o t h e r   by  means  of  a d h e r i n g ,   c o h e r i n g   or  f u s i n g .  

15.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   14,  w h e r e i n   c o n j u g a t e d  

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

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

16.  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   h a v i n g   a l t e r n a t i n g  

t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   14,  w h e r e i n   a t   l e a s t   t w o  

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

a re   u t i l i z e d .  

17.   A  t e x t u r e d   y a r n   m u l t i f i l a m e n t   y a r n   h a v i n g   a l t e r -  

n a t i n g   t w i s t s   t h e r e i n   a c c o r d i n g   to   c l a i m   1,  14,  15  or  1 6 ,  

w h e r e i n   p o l y e s t e r   f i b e r s   a r e   u t i l i z e d .  

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

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

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

by  means   of  a  f a l s e   t w i s t i n g   d e v i c e ,   and  even  a f t e r   s a i d  

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

y a r n   i s   r e t a i n e d   in  a  f a l s e   t w i s t e d   c o n d i t i o n   a t   a  l o c a t i o n  

a t   l e a s t   a d j a c e n t   to  s a i d   f a l s e   t w i s t i n g   d e v i c e .  



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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   18,  w h e r e i n   a  

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

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

t w i s t e d   r e g i o n   in  s a i d   y a r n   i s   p r e v e n t e d   from  b e i n g   t r a n s -  

m i t t e d   a c r o s s   s a i d   y a r n   c o n t a c t i n g   m e m b e r .  

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to   c l a i m   19,  w h e r e i n  

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

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

m e m b e r .  

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   20,  w h e r e i n  

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

g e n e r a t e d   b e t w e e n   s a i d   f a l s e   t w i s t i n g   d e v i c e   and  s a i d   y a r n  

c o n t a c t i n g   m e m b e r ,   i s   a l w a y s   a t   t he   mos t   o n e .  

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   20,   w h e r e i n  

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

a t   most   one ,   and  c a s e ,   in  w h i c h   s a i d   number   i s   more  t h a n  

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

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   19,  w h e r e i n  

s a i d   y a r n   c o n t a c t i n g   member  i s   a  r o t a t a b l e   m e m b e r .  

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   19,  w h e r e i n  

s a i d   y a r n   c o n t a c t i n g   member  i s   so  a r r a n g e d   t h a t   y a r n  

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

z i g z a g   p a s s a g e .  

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   19,  w h e r e i n  

no  a d d i t i o n a l   means   w h i c h   c o n t a c t s   w i t h   s a i d   y a r n   i s  

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

c o n t a c t i n g   m e m b e r .  

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   18,  an  o v e r  

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



d e v i c e   and  a  member ,   w i t h   w h i c h   s a i d   y a r n   l e a v i n g   from  s a i d  

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

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   18,  w h e r e i n   a  

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

d e v i c e ,   a t   l e a s t   a d j a c e n t   to   s a i d   f a l s e   t w i s t i n g   d e v i c e ,   i s  

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

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to   c l a i m   18,  w h e r e i n   a  

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

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

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   19,  w h e r e i n  

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

f a l s e   t w i s t i n g   d e v i c e   and  t a k e   up  d e v i c e   i s   a t   m o s t   30  

d e g r e e s .  

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   18,  w h e r e i n  

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

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   30,  w h e r e i n  

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

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

w i t h   a  y a r n   m o v i n g   d i r e c t i o n   a t   an  a c u t e   a n g l e .  

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   18,  w h e r e i n  

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

e a c h   o t h e r   by  means   of  h e a t i n g   w h i l e   t h e y   a r e   f a l s e  

t w i s t e d .  

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

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   18,  w h e r e i n  

t h e   r a t i o   of  t he   t a k e   up  s p e e d   of  s a i d   y a r n   w h i l e   b e i n g  

f a l s e   t w i s t e d   to  t he   f e e d   s p e e d   of  s a i d   y a r n   is   l o w e r   t h a n  

n a t u r a l   d r a w   r a t i o   of  a  s u p p l i e d   y a r n .  
34.  A  p r o c e s s   f o r   m a n u f a c t u r i n g   a  s p e c i a l l y   d e s i g n e d  

a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   33,  w h e r e i n  

s a i d   s u p p l i e d   y a r n   is   an  u n d r a w n   y a r n .  



35.  A  p r o c e s s   f o r   m a n u f a c t u r i n g   a  s p e c i a l l y   d e s i g n e d  
a l t e r n a t i n g l y   t w i s t e d   y a r n   a c c o r d i n g   to  c l a i m   18,  w h e r e i n   a  
p o l y e s t e r   y a r n   i s   u s e d   as  a  s u p p l y   y a r n .  



f rom  t h e   f a l s e   t w i s t i n g   d e v i c e .  

F i g s .   3,  4,  5  and  6  a r e   m o d e l   v i e w s   i l l u s t r a t i n g   m e c h a n i s m s  

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

e l a p s e s   f r o m   t0   to  t 1 ,   t2  . . . . . ,   in   t h e s e   f i g u r e s ,   T  d e n o t e s   a  

s t a t i o n a r y   f a l s e   t w i s t i n g   p o i n t ;   G,  s t a t i o n a r y   p o i n t   f o r   p r e v e n t -  

ing   r o t a t i o n   by  means   of  t h e   e n g a g i n g   member ;   P,  a  b o u n d a r y   b e -  

t w e e n   t h e   u n d e t w i s t e d   p o r t i o n   and  t he   o v e r   d e t w i s t e d   p o r t i o n ;   a n d  

Q,  a  p o i n t   w h e r e   d e t w i s t i n g   o c c u r s .   The  l e n g t h   b e t w e e n   t he   f a l s e  

t w i s t i n g   p o i n t   T  and  t h e   r o t a t i o n   p r e v e n t i n g   p o i n t   G  is   d e n o t e d  

by  L.  In  F i g s .   3,  4,  5  and  6,  a  c o n d i t i o n   is   a s s u m e d   t h a t   a t   t i m e  

t0  t h e   f r o n t   end  P1  of  t he   f a l s e   t w i s t   i m p a r t e d   r e g i o n   a r r i v e s   a t  

p o i n t   G.  U n d e r   t h i s   c o n d i t i o n ,   d o w n s t r e a m   of  t h e   p o i n t   P1  t h e  

o v e r   d e t w i s t e d   p o r t i o n   i s   l o c a t e d ,   and  t he   u p s t r e a m   of  t h e   p o i n t  

P1  i s   u n d e r   a  u n d e t w i s t e d   c o n d i t i o n   s i n c e   t h e   p o i n t   P1  i s   l o c a t e d  

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

i s   a p p l i e d   to  t he   y a r n   a t   p o i n t   T,  and  s i n c e   a t   t h e   p o i n t   P 1 ,  

w h i c h   i s   l o c a t e d   a t   t h e   p o i n t   G  a t   t i m e   t 0 ,   c a n n o t   be  r o t a t e d ,   u n -  

t w i s t i n g   o c c u r s   a t   an  u n d e t e r m i n e d   p o i n t   Q1  l o c a t e d   b e t w e e n   t h e  

p o i n t   T  and  t h e   p o i n t   G .  

T h e r e a f t e r ,   t he   p o i n t   P1  and  t h e   p o i n t   Q 1  a r e   moved  d o w n s t r e a m .  

The  p o r t i o n   w h i c h   has   b e e n   s u b j e c t e d   to  d e t w i s t i n g   c h a n g e s   to  t h e  

o v e r   d e t w i s t e d   c o n d i t i o n   and  t he   t o r q u e   t h e r e i n   i s   b a l a n c e d ,   b o t h  

e n d s   of  t h e   o v e r   d e t w i s t e d   p o r t i o n   a r e   d e n o t e d   by  P2  and  P3.  T h e  

p o r t i o n   b e t w e e n   t he   p o i n t s   P1  and  P2  moves   d o w n w a r d   w h i l e   i t   r e -  

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

t he   p o i n t s   P2  and  P3  moves   d o w n s t r e a m   w h i l e   i t s   l e n g t h   i n c r e a s e s .  

The  p o i n t   P3  moves   d o w n s t r e a m   as  t he   f r o n t   end  of  a  new  f a l s e  

t w i s t   i m p a r t e d   r e g i o n   and  a r r i v e s   a t   p o i n t   G  ( a t   t i m e   t6  in  F i g . 3 ;  

t i m e   t4  in  F i g . 4 ;   t i m e   t8  in  F i g . 5 ;   and  t i m e   t3  in   F i g . 6 ) ,   t h e n   a  

c o n d i t i o n   s i m i l a r   to  t h a t   a t   t i m e   t0  a p p e a r s .   A  new  u n d e t e r m i n e d  

u n t w i s t i n g   p o i n t   Q2  is  f o r m e d   and  p r o c e d u r e s   s i m i l a r   to  t h o s e   d e s -  

c r i b e d   a b o v e   a r e   r e p e a t e d .  

I t   s h o u l d   be  n o t e d   t h a t   u n d e r   t he   a b o v e - e x p l a i n e d   c o n d i t i o n  

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



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

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

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

t he   f a l s e   t w i s t i n g   is   e f f e c t e d   w h i l e   s t a t i o n a r y .   In  a d d i t i o n ,  

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

p o i n t   P1  is   u n c h a n g e d   and  c o n s t a n t   s i n c e   t h e   y a r n   p o r t i o n   h a s  

a l r e a d y   b e e n   t r e a t e d .  

A c c o r d i n g l y ,   t he   t o t a l   t w i s t   b e t w e e n   t he   p o i n t   T  and  the   p o i n t  

P1  i s   c o n s t a n t .   More  s p e c i f i c a l l y ,  

The  t o t a l   t w i s t   b e t w e e n   t he   p o i n t   T  and  t he   p o i n t   P 

=  TG  .@  ( a t   t i m e   t 0 )  

=  T G - @ - P 2 p 3 . β + P 1 P 2 . @   ( a t   t i m e   t6  in  F i g .   3;  a t   t ime   t 4  

in   F i g .   4;  a t   t i m e   t8  in  F i g .   5;  and  a t   t i m e   t3  i n  

F i g .   6 )  

w h e r e   a  d e n o t e s   t h e   t w i s t   d e n s i t y   in   t he   u n d e t w i s t e d   p o r t i o n ;   a n d  

β  d e n o t e s   t h e   t w i s t   d e n s i t y   in   the   o v e r   d e t w i s t e d   p o r t i o n   w h i c h   i s  

in   a  t o r q u e   b a l a n c e d   c o n d i t i o n   w i t h   t he   u n d e t w i s t e d   p o r t i o n .  

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

T h e r e f o r e ,   t he   e q u a t i o n   (1)   is  o b t a i n e d .  

The  e q u a t i o n   (1)   t h u s   o b t a i n e d   means   t h a t   t he   r a t i o   b e t w e e n   t h e  

l e n g t h   P1P2  of  t h e   u n d e t w i s t e d   p o r t i o n   and  t h e   l e n g t h   P2P3  of  t h e  

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

a d j a c e n t   t h e r e t o   is   d e t e r m i n e d   by  t he   t w i s t   d e n s i t i e s   and  is  c o n -  

s t a n t .  

A  f u r t h e r   e x p l a n a t i o n   w i l l   now  be  d e s c r i b e d   in   d e t a i l   w i t h  

r e f e r e n c e   to  F i g s .   3  and  4.  In  F i g .   3,  a  p r o c e d u r e   w h e r e i n   u n -  

t w i s t i n g   t a k e s   p l a c e   a t   o n l y   p o i n t   P3  is  i l l u s t r a t e d ,   and  the  o v e r  

d e t w i s t e d   p o r t i o n   b e t w e e n   P2  and  P3  is  moved  d o w n s t r e a m   w h i l e   t h e  

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

d e t w i s t i n g   o c c u r s   at   a  p o i n t   Ql  w h e r e   t he   d i s t a n c e   Q lP l   is  e q u a l  

t o  l  ,   a t   t i m e   t 6  
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