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©  A  sewing  thread  and  method  for  manufacturing  the  same. 
0   A  method  for  manufacturing  a  sewing  thread  compris- 
ing  the  following  steps: 

drawing  an  undrawn  polyester  multifilament  yarn; 
preliminarily  heat  treating  the  drawn  yarn  at  an  effective 

heat  treating  temperature  before  false  twisting; 
then,  false  twisting  the  heat  treated  synthetic  multifila- 

ment  yarn  at  a  temperature  of  at  least  150°C; 
subjecting  the  false  twisted  yarn  to  a  fluid  jet  treatment 

under  the  slackened  condition  so  as  to  intermittently  inter- 
lace  in  a  lengthwise  direction  constituent  filaments  of  the 
yarn  and  so  as  to  form  protruded  portions  protruding  from 
the  surface  of  the  yarn;  and 

post-heat  treating  the  interlaced  yarn  at  an  effective  heat 
treating  temperature  being  higher  than  the  heat  treating 
temperature  of  the  false  twisting. 

Thus,  a  thread  suitable  for  sewing  can  be  obtained.  The 
produced  sewing  thread  comprises  at  least  one  synthetic 
multifilament  yarn,  in  which  thread  constituent  filaments  of 
the  multifilament  yarn  are  intermittently  interlaced  along  the 
lengthwise  direction  thereof,  and  a  part  of  the  constituent 
filaments  of  the  multifilament  yarn  is  protruded  from  the 
surface  of  the  multifilament  yarn;  and  the  torque  of  the 
sewing  thread  is  very  small  in  spite  of  the  fact  that 
substantially  all  filaments  constituting  the  sewing  thread 
have  been  subjected  to  the  same  false  twisting. 



TECHNICAL  FIELD  OF  THE  INVENTION 

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

c o m p r i s i n g   one  or  more  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 s ,   and  i t   a l s o   r e l a t e s   to  a  m e t h o d   f o r   m a n u f a c t u r i n g  

t he   s a m e .  

PRIOR  ART 

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   t y p e s   of  s y n t h e t i c  

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

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

known  t h a t   a  p l u r a l i t y   of  s u c h   spun   y a r n s   or  f a l s e   t w i s t  

t e x t u r e d   y a r n s   a r e   u t i l i z e d   as  c o m p o n e n t   y a r n s   to  form  a  

s ewing   t h r e a d .  

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

d i s a d v a n t a g e s   when  t h e y   a re   a c t u a l l y   u s e d   f o r   s e w i n g .   F o r  

e x a m p l e ,   a  s e w i n g   t h r e a d   c o m p r i s i n g   one  or  more  spun  y a r n s  

as  c o m p o n e n t   y a r n s   has   a  l a r g e   v a r i a t i o n   in  the   y a r n  

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

a  s e w i n g   t h r e a d   d u r i n g   the   s e w i n g   o p e r a t i o n ;   and  an  i n f e r i o r  

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

in  t h i c k n e s s   i n h e r e n t   t h e r e t o .   C o n t r a r y   to  t h i s ,   a  s e w i n g  

t h r e a d   c o m p r i s i n g   one  or  more  o r d i n a r y   f a l s e   t w i s t   t e x t u r e d  

y a r n s   or  o r d i n a r y   d r a w n   y a r n s   as  c o m p o n e n t   y a r n s   has   a n  

i n f e r i o r   c a p a b i l i t y   to   be  sewn  to   t h a t   of  a  s e w i n g   t h r e a d  

c o m p r i s i n g   spun  y a r n s .   In  a d d i t i o n ,   when  a  s e w i n g   t h r e a d  

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

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

due  to  f r i c t i o n a l   h e a t .   Based   on  t h i s   f a c t ,   i t   is   g e n e r -  

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

a  s ewing   t h r e a d .  

T a k i n g   t h e   b a c k g r o u n d   d e s c r i b e d   a b o v e   i n t o   c o n s i d e r -  

a t i o n ,   as  a  r e s u l t   of  v a r i o u s   r e s e a r c h e s   c o n d u c t e d   by  t h e  

p r e s e n t   i n v e n t o r s ,   t h e y   have   c o n f i r m e d   t h a t   an  a p p r o p r i a t e  

s ewing   t h r e a d   mus t   have   a  c a p a b i l i t y   to  be  e a s i l y   sewn  a n d  



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

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

e x c e s s i v e l y   s m a l l   t o r q u e ,   b e i n g   c o h e r e d   in  one  body   a n d  

b e i n g   p r o v i d e d   w i t h   f l u f f s   or  f l u f f - l i k e   p r o t r u d e d   f i b e r s ,  

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

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

b a s e d   on  t h e   i n v e n t o r ' s   k n o w l e d g e   c a n n o t   b a s i c a l l y   b e  

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

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

t o r q u e   or  p r o t r u d e d   s t r u c t u r e s .   E s p e c i a l l y ,   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 o r ' s   k n o w l e d g e ,   t o r q u e   p o s s e s s e d   by  a n  

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

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

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

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

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

o p e r a t i o n .  

I f   a  s e w i n g   t h r e a d   has   t o r q u e   t h e r e i n ,   a  s n a r l   i s  

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

f a b r i c   to  be  s ewn .   I f   t h e   s e w i n g   t h r e a d   i s   s l a c k e n e d ,  

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

t h r e a d   to  be  s ewn .   E s p e c i a l l y   when  s u c h   a  t h r e a d   i s   u s e d  

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

a s :   s k i p p e d   s t i t c h e s ;   an  i n c r e a s e   of  t h r e a d   b r e a k a g e   c a u s e d  

by  a  l o o p e r   end ;   and  an  i n c r e a s e   o f   t h r e a d   b r e a k a g e   due  t o  

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

and  t h e   t h r e a d .  

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

a t t e m p t s   d e s c r i b e d   in   t h e   f o l l o w i n g   i t e m s   (1}  t h r o u g h   ( 5 )  

h a v e   b e e n   a p p l i e d   in  o r d e r   to  r e d u c e   t o r q u e .   H o w e v e r ,  

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

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

u t i l i z e d   in  s e w i n g   m a c h i n e s   f o r   home  use   and  i n d u s t r i a l  

u s e .  

(1)  In  o r d e r   to   b a l a n c e   t o r q u e s ,   a  y a r n   f a l s e   t w i s t e d  

in  an  "S"  d i r e c t i o n   and  a  y a r n   f a l s e   t w i s t e d   in  a  " Z "  

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



a p p e a r a n c e .   A l t h o u g h   t h i s   y a r n   i s   s p l e n d i d   as  a  s e w i n g  

t h r e a d ,   b e c a u s e   t o r q u e   t h e r e i n   can   c o m p l e t e l y   be  d i m i n i s h e d ,  

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

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

f a c t u r i n g   t h e   y a r n   i s   r a t h e r   e x p e n s i v e .  

(2)  A - f a l s e   t w i s t e d   y a r n   i s   a g a i n   s u b j e c t e d   to  a  h e a t  

t r e a t m e n t   i n  d r y   or  we t   h e a t   in  o r d e r   to  d e c r e a s e   t o r q u e ,  

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

in   t h i s   m a n n e r   i s   g e n e r a l l y   w e l l  k n o w n ;   h o w e v e r ,   t h e r e   i s  

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

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

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

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

s e l e c t e d .   More  s p e c i f i c a l l y ,   i t   s h o u l d   be  p o i n t e d   ou t   t h a t  

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

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

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

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

to   m a i n t a i n :   t h e   t h r e a d   s t r e n g t h ;   r e s i s t a n c e   to  e l o n g a t i o n  

u n d e r   a  low  t e n s i o n ;   and  c r i m p s   in  t h e   t h r e a d .   T h e r e f o r e ,  

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

s t r e t c h i n g   h e a t   t r e a t m e n t .  

(3)  I f   a d d i t i o n a l   t w i s t s   a r e   s u p p l e m e n t e d   to  a  t h r e a d ,  

i t   is   p o s s i b l e   to   d i m i n i s h   t o r q u e ,   b u t   o n l y   u n d e r   c e r t a i n  

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

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

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

t r e a t m e n t ,   a n o t h e r   t e n s i o n ,   or  f u r t h e r   r e l e a s e   of  such   a  

t e n s i o n ,   t h e n   t o r q u e   may  be  d e v e l o p e d ,   and  t h e r e f o r e ,   t h i s  

t h r e a d   is   no t   s u i t a b l e   f o r   use  as  a  s e w i n g   t h r e a d .   T h e  

b e h a v i o r   of  t h i s   y a r n   can  be  e x p l a i n e d   by  the   d i f f e r e n c e   i n  

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

t w i s t s .  

(4)  A  s e w i n g   t h r e a d   h a v i n g   a  two  f o l d e d   t h r e a d  

s t r u c t u r e   may  be  d e s i r a b l e   by  b a l a n c i n g   t h e   i n i t i a l   t w i s t  

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

t o r q u e .   A c c o r d i n g l y ,   i f   t he   s i n g l e   y a r n   d e s c r i b e d   in  i t e m  



(1)  a b o v e   i s   u s e d   to   form  a  two  f o l d e d   t h r e a d ,   a  s u i t a b l e  

s e w i n g   t h r e a d   can   be  p r o d u c e d .   H o w e v e r ,   t h i s   s e w i n g   t h r e a d  

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

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

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

b e c o m e s   more   e x p e n s i v e .   I f   a  t h r e e   or   more  f o l d e d  t h r e a d  

s t r u c t u r e ,   or   a  s t r u c t u r e   i n c l u d i n g   i n i t i a l ,   i n t e r   a n d  

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

d i s a d v a n t a g e s .  

(5)  I t   i s   a l s o   p o s s i b l e   t o   use   a  p l u r a l i t y   of  y a r n s  

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

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

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

t h o s e   d e s c r i b e d   in   i t e m   (3)  a b o v e .  

SUMMARY  OF  THE  INVENTION 

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

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

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

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

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

n o v e l   s e w i n g   t h r e a d   b e i n g   s u p e r i o r   to   a  c o n v e n t i o n a l   s e w i n g  
t h r e a d   and  c o m p r i s i n g   one  or  more   t h e r m o p l a s t i c   f a l s e  

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

a t   mos t   4  t u r n s / 5 0   cm,  in  s p i t e   of  t h e   f a c t   t h a t   s u b -  

s t a n t i a l l y   a l l   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 s   h a v e  

t o r q u e   in   t h e   same  d i r e c t i o n .   The  i n v e n t o r s   a c c o m p l i s h e d  

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

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

a p p l i e d   to   v a r i o u s   h e a t   t r e a t i n g   s t e p 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 o r s '   u n d e r s t a n d i n g ,   a  

s e w i n g   t h r e a d   w i t h   t o r q u e   of  a t   m o s t   4  t u r n s / 5 0   cm  i s  

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

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

s i g n i f i c a n t   i n c r e a s e s   in  t he   m a n u f a c t u r i n g   c o s t   and  t h e  

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



w i t h   t o r q u e   e x c e e d i n g   4  t u r n s / 5 0   cm  i s   i n a p p r o p r i a t e   f o r   a  

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

Based   on  the   p r e s e n t   i n v e n t o r s '   u n d e r s t a n d i n g   t h a t   t h e  

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

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

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

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

The  swing   t h r e a d   of  t h e   p r e s e n t   i n v e n t i o n   has   a  

c o n s t r u c t i o n   c h a r a c t e r i z e d   in  t h a t   t h e   t o r q u e   of  t h e   s e w i n g  

t h r e a d   i s   a t   m o s t   4  t u r n s / 5 0   cm,  in   s p i t e   of  t h e   f a c t   t h a t  

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

have   been   s u b j e c t e d  t o   t h e   same  f a l s e   t w i s t i n g .   The  s e w i n g  

t h r e a d   of  t h e   p r e s e n t   i n v e n t i o n   h a s   a  v e r y   low  t o r q u e .   T h e  

low  t o r q u e   of  t h e   p r e s e n t   i n v e n t i o n   h a s   n o t   been   o b t a i n e d  

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

o p p o s i t e   t o r q u e s   a r e   d o u b l e d   to   form  a  y a r n .   The  s e w i n g  

t h r e a d   of  t he   p r e s e n t   i n v e n t i o n   can   b a s i c a l l y   be  p r o d u c e d  

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

t w i s t i n g   u n i t .   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  

y a r n   can  be  u s e d   in  a  form  of  a  s i n g l e   y a r n   to  form  a  

s e w i n g   t h r e a d   as  e x p l a i n e d   a b o v e ,   a n d ,   in  a d d i t i o n   to   t h i s ,  

a  p l u r a l i t y   of  such   t e x t u r e d   y a r n s   a l s o   can  be  u s e d ,   in   a  
form  of  a  f o l d e d   t h r e a d ,   as  a  s e w i n g   t h r e a d .   F u r t h e r m o r e ,  

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

s t i t c h i n g   on  t he   f a b r i c   a  d e c o r a t i v e   a p p e r a n c e .  
The  s e w i n g   t h r e a d ,   and  m e t h o d   f o r   m a n u f a c t u r i n g   t h e  

same  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 i l l   now  b e  

e x p l a i n e d   in  more  d e t a i l .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g s .   1  t h r o u g h   3  a re   mode l   v i e w s   i l l u s t r a t i n g   s t e p s  

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

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  e x p r e s s i o n   " t h e   t o r q u e   of  a  s e w i n g   t h r e a d   is   a t  

m o s t   4  t u r n s / 5 0   cm"  u s e d   h e r e i n   i s   b a s e d   on  the   f o l l o w i n g  
d e f i n i t i o n .  

The  e x p r e s s i o n   means   t h a t   t h e   n u m b e r   of  t u r n s   of  a  

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



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

(1)  t h r o u g h   ( 3 ) :  

a  f i r s t   s t e p   (1)  w h e r e i n   a  s e w i n g   t h r e a d   i s  

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

of  1  m  and  b e i n g   s u s p e n d e d   f rom  a  t h r e a d   made  of  t he   s a m e  

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

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

h a v i n g   a  c i r c u m f e r e n c e   of  1  m,  and  2  d e n o t e s   a  y a r n  

s u s p e n d i n g   f rom  t h e   l o o p   and  made  of  t h e   same  m a t e r i a l ;  

a  s e c o n d   s t e p   (2)  w h e r e i n   a  w e i g h t   W  of  1 

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

t h r e a d   made  of  t h e   same  m a t e r i a l ,   as  i l l u s t r a t e d   in  F i g .   2 ,  

w h e r e i n   3  d e n o t e s   a  w e i g h t   W,  w h i c h   i s   hung   f rom  the   l o o p  

by  m e a n s   of  a  y a r n   2'   made  of   t h e   same  m a t e r i a l   as  t h e  

t h r e a d   t e s t   p i e c e ;   a n d  

a  t h i r d   s t e p   (3)  w h e r e i n   t h e   w e i g h t   i s   r e m o v e d  

f rom  t h e   l o o p ,   as  i l l u s t r a t e d   in  F i g .   3 .  

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

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

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

t h r e a d ;   and  an  a l t e r n a t e   s t r u c t u r e   c o n s i s t i n g   of  a n  

i n t e r l a c e d   p o r t i o n   and  a  n o n - i n t e r l a c e d   p o r t i o n   a l t e r n a t e l y  

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

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

s u b s t a n t i a l l y   no  t w i s t s   t h e r e i n ,   and  in   a d d i t i o n ,   i t   i s  

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

t h e   same  l e n g t h .  

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 o n e n t   y a r n   is   made  of   a  

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

v i s c o s i t y   (IV)  of  t h e   y a r n   i s   in  a  r a n g e   b e t w e e n   0 .65   a n d  

1 . 3 0 ,   and  t h a t   t h e   a v e r a g e   m o l e c u l a r   w e i g h t   i s   b e t w e e n  

a b o u t   21000  and  41000   ( m e a s u r i n g   c o n d i t i o n s :   a t   a  t e m p e r a -  

t u r e   of   25°C  in  O - c h l o r o p h e n o l   s o l u t i o n   h a v i n g   a  c o n c e n -  

t r a t i o n   of  8%  by  w e i g h t ) .   I f   t h e   i n t r i n s i c   v i s c o s i t y   ( I V )  

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

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

s e w i n g   t h r e a d   u s e d   in   a  s e w i n g   m a c h i n e .  



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

i n v e n t i o n   has   an  e l o n g a t i o n   of  a  r e m a r k a b l y   s m a l l   v a l u e ,  

i . e . ,   e q u a l   to   or  l e s s   t h a n   3%,  r e l a t i v e   to   t he   o r i g i n a l  

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

c o n s i s t i n g   of  t e n s i o n i n g   w i t h   1  g / d e n i e r   and  r e l e a s i n g  

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

t h a t   t he   b a s e   p o r t i o n s   of  t h e   p r o t r u d e d   p o r t i o n s   a r e  

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

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

d e f o r m a t i o n .   The  s e w i n g   t h r e a d   h a v i n g   a  low  e l o n g a t i o n   d u e  

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

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

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

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

t h r e a d   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   sum  of  t h e  

e l o n g a t i o n   a n d - s h r i n k a g e   i s   a t   m o s t   5%,  p r e f e r a b l y   a t  

mos t   3%,  w h i c h   sum  i s   c o m p o s e d   o f :   t h e   e l o n g a t i o n   of  t h e  

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

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

c o n s i s t s   of  t e n s i o n i n g   w i t h   1  g / d e n i e r   and  r e l e a s i n g  

t h e r e o f ;   and  a  s h r i n k a g e   f a c t o r   in  d r y   h e a t  

(180°C  x  30  m i n u t e s )   or  wet  h e a t   ( 1 3 0 ° C   x  30  m i n u t e s ) .   T h e  

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

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

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

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

t h r e a d   i s   p r o v i d e d ,   w h i c h   m e t h o d   c o m p r i s e s :  

(1)  p r e l i m i n a r i l y   h e a t   t r e a t i n g   a  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 ;  
(2)  f a l s e   t w i s t i n g   t h e   h e a t   t r e a t e d   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 ;  

(3)  s u b j e c t i n g   the   f a l s e   t w i s t e d   y a r n   to  a  f l u i d  

j e t   t r e a t m e n t   u n d e r   t h e   s l a c k e n e d   c o n d i t i o n   so  as  t o  

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

d i r e c t i o n   c o n s t i t u e n t   f i l a m e n t s   of  t he   y a r n   and  so  as  t o  

form  p r o t r u d e d   p o r t i o n s   p r o t r u d i n g   f rom  t he   s u r f a c e   of  t h e  

y a r n ;   a n d  



(4)  p o s t - h e a t   t r e a t i n g   t he   i n t e r l a c e d   y a r n .  
The  e f f e c t i v e   h e a t   t r e a t m e n t   t e m p e r a t u r e s   wh ich   w i l l  

be  u s e d   in  t h i s   s p e c i f i c a t i o n   a r e   d e f i n e d   as  f o l l o w s :  

(1)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  means   of  a  

c o n t a c t   t y p e   d r y   h e a t e r ,   t h e   t e m p e r a t u r e   of  t h e   c o n t a c t  

t y p e   d r y   h e a t e r   is   t h e   e f f e c t i v e   h e a t   t r e a t i n g   t e m p e r a t u r e ;  

(2)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  means   of   a  

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

of  t h e   s t r a i g h t   h o l l o w   d r y   h e a t e r   by  15°C  i s   t h e   e f f e c t i v e  

h e a t   t r e a t i n g   t e m p e r a t u r e ;  

(3)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  means   of  a  

s t e a m   h e a t e r ,   t h e  t e m p e r a t u r e   h i g h e r   t h a n   t h a t   of  t he   s t e a m  

h e a t e r   by  30°C  i s   t h e   e f f e c t i v e   h e a t   t r e a t i n g   t e m p e r a -  

t u r e ;   a n d  

(4)  when  a  y a r n   p a c k a g e   i s   h e a t   t r e a t e d   by  means   o f  

s t e a m   or   in   w a t e r ,   t h e   t e m p e r a t u r e   h i g h e r   t h a n   t h a t   of  t h e  

s t e a m   or  w a t e r   by  60°C  i s   t h e   e f f e c t i v e   h e a t   t r e a t i n g  

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

The  m e t h o d   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   in  more  d e t a i l .   The  m e t h o d   of  t h e   p r e s e n t  

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

f a l s e   t w i s t i n g   s t e p   and  a  p o s t - h e a t   t r e a t m e n t   s t e p .   P l e a s e  

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

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

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

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

by  a  f a l s e   t w i s t i n g   s t e p   and  a  h e a t   t r e a t m e n t   in   a  

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

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

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

and  t o r q u e .   The  s e w i n g   t h r e a d   i s   t h e n   s u b j e c t e d   to  a  f l u i d  

i n t e r l a c i n g   t r e a t m e n t   so  as  to  i n t e r l a c e   c o n s t i t u e n t  

f i l a m e n t s   and  so  as  to  a l t e r n a t e l y   form  i n t e r l a c e d   p o r t i o n s  

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

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

s e w i n g   t h r e a d .   F u r t h e r m o r e ,   t h e   s e w i n g   t h r e a d   i s   s u b j e c t e d  

to   s p e c i a l   h e a t   t r e a t m e n t s ,   w h i c h   a re   so  a d j u s t e d   t h a t   t h e  



e f f e c t s   c r e a t e d   by  t h e   h e a t   t r e a t m e n t s   a r e   e x p e c t e d   to   h a v e  

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

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

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

a r e   t h a t :   t h e   m e c h a n i s m   to  fo rm  t he   p r o t r u d e d   p o r t i o n s  

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

t i e s   a re   c r e a t e d   by  f a l s e   t w i s i n g ;   t h e   a l t e r n a t e   i n t e r l a c i n g  

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

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

i n t e n s i v e   p o s t - h e a t   t r e a t m e n t   i s   e f f e c t e d   a t   an  e f f e c t i v e  

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

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

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

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

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

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

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

a t   an  e f f e c t i v e   h e a t   t r e a t i n g   t e m p e r a t u r e   h i g h e r   t h a n   t h a t  

of  the   f a l s e   t w i s t i n g   s t e p .   T h i s   i s   b e c a u s e ,   in  s o m e  

c a s e s ,   t he   f a l s e   t w i s t   c r i m p s   and  t h e   t w i s t   s t r u c t u r e  

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

In  c o n c l u s i o n ,   a  m u l t i f i l a m e n t   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   s u b j e c t e d   to   a t   l e a s t   two  h e a t   t r e a t m e n t s   i n  

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

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

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

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

t e m p e r a t u r e s   in   b o t h   c a s e s   a r e   h i g h e r   t h a n   t h a t   of  t h e  

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

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

e x p l a i n e d .   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   s u b j e c t e d  

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

h e a t   s e t t i n g   and  d e t w i s t i n g ,   and  t h e n   i t   i s   t r e a t e d   b y  

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

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



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

i t   i s   f a l s e   t w i s t e d .   In  a  s i m p l e   way,  t h e   t h r e a d   i s   f e d  

i n t o   a  f l u i d   j e t   i n t e r l a c i n g   d e v i c e   a t   a  c e r t a i n   o v e r - f e e d  

r a t i o   a f t e r   i t   i s   f a l s e   t w i s t e d   so  as  to   be  b r o u g h t   i n t o   a  

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

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

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

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

and  t o r q u e ,   and  t h e r e a f t e r   t h e   b a s e   p o r t i o n s   of   t h e  

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

c a u s e d   by  t he   i n t e r m i t t e n t l y   i n t e r l a c i n g   t r e a t m e n t ,   and  a  

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

p o r t i o n s   f i x e d l y   s e c u r e d   t h e r e t o ,   i s   p r o d u c e d .   S i n c e   t h e  

p r o t r u d e d   p o r t i o n s   a r e   f o r m e d   n o t   by  b r o k e n   e n d s   o f  

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

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

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

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

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

t h e   p r o t r u d e d   p o r t i o n s   may  be  f o r m e d   in   a  b o w - l i k e   s h a p e ,   a  

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

S i n c e   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   s i n g l e   m u l t i -  

f i l a m e n t   y a r n   a r e   made  of  t h e   same  m a t e r i a l   and  a r e  

s u b j e c t e d   to  t h e   same  t r e a t m e n t ,   as  i s   a p p a r e n t   f rom  t h e  

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

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

p o r t i o n s   a r e   f o r m e d .   Due  to   t h e   s u b s t a n t i a l l y   same  l e n g t h  

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

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

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

e x t e r n a l   f o r c e   due  to  t h e   r u b b i n g   o p e r a t i o n   of   t h e   p r o t r u d e d  

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

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

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

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

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

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



can  be  r e m a r k a b l y   e n h a n c e d   b e c a u s e   of  t h e   s p e c i a l   c o n -  

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

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

y a r n s   and  i f   o n l y   one  of  t he   c o m p o n e n t   y a r n s   i s   o v e r f e d   t o  

form  p r o t r u d e d   p o r t i o n s ,   t h e   p r o t r u d e d   p o r t i o n s   may  e a s i l y  

be  moved  and  may  be  c h a n g e d   i n t o   n e p s .   The  s t r e n g t h  

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

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

o c c u r   f r e q u e n t l y .  

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

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

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

number   of  t h e   f a l s e   t w i s t s .   I f   t h e   n u m b e r   of  f a l s e   t w i s t s  

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

in   l a r g e   p r o t r u d e d   p o r t i o n s ,   and  a t   t h e   same  t i m e ,   t h e  

c a p a b i l i t i e s   f o r   d e v e l o p i n g   c r i m p s   and  t o r q u e . a r e   w e a k e n e d .  

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

p r o t r u d e d   p o r t i o n s   a r e   f o r m e d .   C o n t r a r y   to   t h i s ,   i f   t h e  

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

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

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

i n c r e a s e s ,   t h e   s i z e   of  t h e   p r o t r u d e d   p o r t i o n s   b e c o m e s  

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

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

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

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

w h e r e i n   no  p r o t r u d e d   p o r t i o n s   a r e   f o r m e d .   A c c o r d i n g l y ,   i n  

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

t w i s t s   mus t   be  s e t   r e l a t i v e l y   s m a l l e r   t h a n   t h e   number   o f  

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

t w i s t i n g   t e x t u r 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 o r s '   e x p e r i e n c e s ,   t h e  

r a n g e   of  t h e   n u m b e r   T  ( t u r n / m )   of  f a l s e   t w i s t s   w h e r e i n  

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

f o l l o w s .  



In  t h i s   e q u a t i o n ,   D  d e n o t e s   t h e   number   of  d e n i e r s   o f  

t h e   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   w h i c h   has  to  be  f a l s e  

t w i s t e d ,   and  p  d e n o t e s   t h e   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 .  

I t   is   p r e f e r a b l e   t h a t   t h e   s l a c k e n e d   c o n d i t i o n   f o r  

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

w h i c h   i s   e x p r e s s e d   in   t h e   s l a c k e n e d   p e r c e n t a g e   i n  a n   e m b o d i -  

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

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

In  t h i s   e q u a t i o n ,   V   d e n o t e s   a  t a k e   up  s p e e d   u p o n  
f a l s e   t w i s t i n g ,   and  V2  d e n o t e s   a  t a k e   up  s p e e d   upon  i n t e r -  

l a c i n g .   When  an  a d d i t i o n a l   z o n e ,   w h e r e i n   a  c o m p o n e n t   y a r n  
i s   s l a c k e n e d   a f t e r   i t   i s   f a l s e   t w i s t e d ,   i s   p a r t i t i o n e d   f r o m  

a  f l u i d   i n t e r l a c i n g   zone   v i a   a  t a k e   up  r o l l e r ,   i t   i s   p r e f e r -  

a b l e   to  a l s o   a p p l y   an  o v e r - f e e d   r a t i o   of  b e t w e e n   4  and  20% 

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

e q u a t i o n .   S i m i l a r l y   when  a  s l a c k e n e d   zone  is   f o r m e d   b y  

means   of  o t h e r   p r o c e s s e s ,   i t   i s   b a s i c a l l y   p r e f e r a b l e   t h a t  

t h e   s l a c k e n e d   p e r c e n t a g e   o r - o v e r - f e e d   r a t i o   be  s e l e c t e d   i n  

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

I t   i s   a l s o   p o s s i b l e   to   c a r r y   o u t   a  p r o c e s s   f o r  

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

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

f l u i d   t r e a t m e n t .   Due  to  s u c h   s t r e t c h i n g ,   t he   n u m b e r   a n d  

t h e   s i z e   of  t h e   p r o t r u d e d   p o r t i o n s   can   a l s o   be  a d j u s t e d .  

For   e x a m p l e ,   when  a  c o m p o n e n t   y a r n   i s   once   s t r e t c h e d   a f t e r  

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

of  t h e   p r o t r u d e d   p o r t i o n s   can   be  more   and  the   s i z e   t h e r e o f  

can   be  s m a l l e r   r e l a t i v e   to  t h o s e   p r o d u c e d   when  t h e   y a r n   i s  

n o t   s t r e t c h e d .   When  a  y a r n   i s   s t r e t c h e d   d u r i n g   or  a f t e r  

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

p o r t i o n s   may  be  d i m i n i s h e d ,   and  o n l y   t h e   r i g i d l y   h e l d  

p r o t r u d e d   p o r t i o n s   may  s e l e c t i v e l y   r e m a i n .   A c c o r d i n g l y ,  

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

f o r c e   can  be  o b t a i n e d ,   b e c a u s e   t h e   p r o t r u d e d   p o r t i o n s   a r e  



r i g i d l y   h e l d .  

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

t h e r e t o   i s   s u p e r i o r   to   o t h e r   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 ,  

in  n e p s   and  s t r e n g t h   e f f i c i e n c y   t h e r e o f .   O t h e r   y a r n s  

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

y a r n s   f o r m e d   by  two  m u l t i f i l a m e n t   y a r n s ,   one  of  w h i c h   i s  

o v e r f e d   and  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   o p e r a t i o n   or  a  

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

a r e   f o r m e d   in   the   f i l a m e n t s   c o n s t i t u t i n g   the   o v e r f 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 o r s '   e x p e r i e n c e s ,   a  

y a r n   h a v i n g   a t   l e a s t   200  p r o t r u d e d   p o r t i o n s   p e r   one  m e t e r  

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

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

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

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

m e t a l   or  o t h e r   m a t e r i a l s ,   s u c h   as  a  n e e d l e ,   or  a  g u i d e .  

A c c o r d i n g l y ,   t h e   c a p a b i l i t y   of  t h e   t h r e a d   to  be  sewn  i s  

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

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

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

t h r e a d   made  of  a  spun   y a r n .  

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

be  e q u a l   to   or  more  t h a n   40  p e r   one  m e t e r ,   and  t h a t   t h e  

l e n g t h   of  a  n o n - i n t e r l a c e d   p o r t i o n   be  e q u a l   to   or  l e s s   t h a n  

a b o u t   15  mm. 

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

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

s e c u r e d   w i t h i n   t h e   y a r n ,   i s   s u b s e q u e n t l y   s u b j e c t e d   to  a n  

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

c r i m p   p r o p e r t i e s   a p p l i 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   s t e p  

a r e   d e c r e a s e d .  

The  i n t e n s i v e   p o s t - h e a t   t r e a t m e n t   i s   v e r y   i m p o r t a n t   t o  

p r o d u 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 .   The  p o s t - h e a t  

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

l e a s t   s u p e r i o r   to  t h o s e   e f f e c t e d   by  the   h e a t   s e t   e f f e c t s  

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



m o l e c u l a r   s t r u c t u r e s   in  t he   c o n s t i t u e n t   f i l a m e n t s   a r e  

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

When  t he   p o s t - h e a t   t r e a t m e n t   s a t i s f i e s   t h e   r e q u i r e m e n t  

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

i s   p r o d u c e d   and  i s   c h a r a c t e r i z e d   in   t h a t   t h e   t o r q u e   of  t h e  

c o m p o n e n t   y a r n   i s   a t   m o s t   4  t u r n s / 5 0   cm,  in  s p i t e   of  t h e  

f a c t   t h a t   s u b s t a n t i a l l y   a l l   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  

h a v e  b e e n   s u b j e c t e d   to   t he   same  f a l s e   t w i s t i n g   and  h a v e  

t o r q u e   in   t h e   same  d i r e c t i o n .  

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

t r e a t m e n t   m u s t   be  so  s e l e c t e d   t h a t   t h e   h e a t   t r e a t m e n t  

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

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

- h e a t   t r e a t m e n t   m u s t   be  s u b s t a n t i a l l y   h i g h e r   t h a n   t h e  

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

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

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

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

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

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

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

t h e r e f o r e ,   t h e   t e m p e r a t u r e   d i f f e r e n c e   of  a b o u t   30°C  m u s t   b e  

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

d i f f e r e n c e   a b o u t   30°C  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  

b e t w e e n   a  d r y   h e a t   t r e a t m e n t   and  a  wet   h e a t   t r e a t m e n t ,  

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

t r e a t m e n t   e f f e c t s   to  t h o s e   a c h e i v e d   by  wet   h e a t   t r e a t m e n t .  

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

m e a n s   of  a  h o l l o w   t u b u l a r   h e a t e r ,   t h e   t e m p e r a t u r e   of  t h e  

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

c o n t a c t   t y p e   h e a t e r .  

A l t h o u g h   t h e r e   i s   no  s u b s t a n t i a l   d i f f e r e n c e   b e t w e e n   a  

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

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

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

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

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



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

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

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

r e a s o n s   d e s c r i b e d   a b o v e .   As  e x p l a i n e d   a b o v e ,   t he   p o s t - h e a t  

t r e a t m e n t   can  be  c a r r i e d   o u t   i n  d r y   h e a t   or   wet   h e a t ,   a n d  

c o n t i n u o u s l y   or  d i s c o n t i n u o u s l y   ( i . e . ,   in  b a t c h   s y s t e m ) .  

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

s e l e c t e d ,   a  s e w i n g   t h r e a d   h a v i n g   a  t o r q u e   e q u a l   to  or  l e s s  

t h a n   4  t u r n s / 5 0   cm  can   be  p r o d u c e d .   When  a  we t   h e a t  

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

- h e a t   t r e a t m e n t   may  t a k e   p l a c e   when  t h e   d y e i n g   s t e p   i s  

c a r r i e d   o u t .   When  a  wet   h e a t   t r e a t m e n t   i s   c a r r i e d   o u t ,   a  

t e x t u r e d   y a r n   i n   a  f o r m   of  a  s i n g l e   y a r n   may   be  s u b j e c t e d  

to   s u c h   a  wet   h e a t   t r e a t m e n t .   A l t e r n a t i v e l y ,   i f   a  s e w i n g  

t h r e a d   i s   u s e d   in   a  f o rm  of   a  f o l d e d   t h r e a d ,   s u c h   as  a  

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

t h r e a d   may  be  s u b j e c t e d   to   s u c h   a  wet   h e a t   t r e a t m e n t ,   a f t e r  

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

m a n u f a c t u r e d ,   i t   i s   u n n e c e s s a r y   to  t a k e   i n t o   c o n s i d e r a t i o n  

t he   s p e c i a l   c o m b i n a t i o n   b e t w e e n   an  S - f a l s e   t w i s t e d   y a r n   a n d  

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

s u b s t a n t i a l l y   t he   same  t e x t u r e d   y a r n s   can   be  u t i l i z e d .  

The  p r e s e n t   i n v e n t i o n   i s   a p p l i c a b l e   to   any  s y n t h e t i c  

f i b e r s ,   and  t h e   k i n d   of  t h e   f i b e r   m a t e r i a l   i s   n o t   l i m i t e d .  

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

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

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

e x p l a i n e d   a b o v e .   In  a d d i t i o n ,   a  s e w i n g   t h r e a d   made  of  a  

p o l y e s t e r   has   s p l e n d i d   p r o p e r t i e s ,   s u p e r i o r   to   t h o s e   o f  

s e w i n g   t h r e a d   made  of  o t h e r   m a t e r i a l s ,   in  t h a t ,   f o r   e x a m p l e ,  

e l o n g a t i o n   i s   r e l a t i v e l y   s m a l l .  

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

c o m p o s e d   of  one  or  more  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 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 o r s '   e x p e r i e n c e s ,   i t   i s  

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

ou t   by  means   of  a  c o n t a c t   t y p e   h e a t e r ,   and  when  the   p o s t -  

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



means   of  a  h o l l o w   t u b u l a r   h e a t e r ,   (1)  t h e   p o s t - h e a t  

t r e a t m e n t   i s   in   a  s l a c k e n e d   c o n d i t i o n ,   (2)  t h e   t e m p e r a t u r e  

of   t he   p o s t - h e a t   t r e a t m e n t   i s   e q u a l   to   or  h i g h e r   t h a n  

2 1 0 ° C ,   (3)  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 i n g   s t e p   i s   a t  

l e a s t   150°C ,   and  (4)  t h e   d i f f e r e n c e   in  t h e   t e m p e r a t u r e s   o f  

t h e   p o s t - h e a t   t r e a t m e n t   and  t h e   f a l s e   t w i s t i n g   s t e p   i s  

e q u a l   to  or   more   t h a n   1 5 ° C .   The  t e m p e r a t u r e s   s h o u l d   b e  

s u i t a b l y   s e l e c t e d   so  t h a t   t h e y   s a t i s f y   t h e   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 ,   and  i t   h a s   b e e n   c o n f i r m e d   t h a t   t he   t o r q u e   i n  

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

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

When  a  p a c k a g e   i s  h e a t   t r e a t e d ,   i t   i s   n e c e s s a r y   t h a t  

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

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

d u r i n g   t h e   f a l s e   t w i s t i n g   s t e p ,   be  c a r r i e d   o u t .   M o r e  

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

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 i n g   s t e p   i s   e q u a l   to  or  l o w e r  

t h a n   the   sum  of   t h e   t e m p e r a t u r e   of   t h e   wet  h e a t   t r e a t m e n t  

and  60°C.   G e n e r a l l y   s p e a k i n g ,   t o r q u e   in  c o n s t i t u e n t  

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

t h e   f a l s e   t w i s t i n g   t e m p e r a t u r e   and   t h e   sum  i s   l a r g e .  

From  t h e   p o i n t   c o n c e r n i n g   h e a t   t r e a t m e n t   e f f e c t s ,  

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

c a r r y   o u t   e i t h e r :   a  s l a c k e n e d   h e a t   t r e a t m e n t   w h e r e i n   t h e  

h e a t   t r e a t m e n t   t a k e s   p l a c e   w h i l e   c r i m p s   a r e   b e i n g   d e v e l o p e d ;  

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

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

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

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

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

c o n d i t i o n   h e a t   t r e a t m e n t .   I n c i d e n t a l l y ,   in  o r d e r   to  r e d u c e  

t h e   s t e p s ,   i t   i s   a l s o   p o s s i b l e   to   c a r r y   o u t   t he   wet   h e a t  

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

c h e e s e   d y e i n g   o p e r a t i o n .   In  t h i s   c a s e ,   t he   s l a c k e n e d  

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

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

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



s e l e c t e d .   More  s p e c i f i c a l l y ,   i t   i s   a t   l e a s t   n e c e s s a r y   t o  

a d j u s t   s u c h   c o n d i t i o n s   t h a t   an  i n t e n s i v e   p o s t - h e a t  

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

a c h i e v e d   by  t h e   f a l s e   t w i s t i n g   h e a t   s e t .   I f   t he   f a l s e  

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

i f   t he   p o s t - h e a t   t r e a t m e n t   i s   c a r r i e d   o u t   by  means   o f  

h o l l o w   t u b u l a r  h e a t e r s ,   t h e   t e m p e r a t u r e   of  t h e   p o s t - h e a t  

t r e a t m e n t   s h o u l d   be  e q u a l   to   or  h i g h e r   t h a n   t he   sum  of  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 i n g   h e a t e r   and  15°C.   A 

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

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

the   sum  i s   l a r g e .   I t   i s   p r e f e r a b l e   t h a t   t h e   t e m p e r a t u r e   o f  

t h e   p o s t - h e a t   t r e a t m e n t   be  e q u a l  t o   or  h i g h e r   t h a n   2 1 0 ° C .  

F u r t h e r m o r e ,   i t   i s   n e c e s s a r y   t h a t   t h e   p o s t - h e a t   t r e a t m e n t  

i s   c a r r i e d   o u t   u n d e r   a  c o n t i n u o u s   u n d e r - f e e d   c o n d i t i o n ,   i n  

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

A l t h o u g h   t h e r e   i s   no  s i g n i f i c a n t   d i f f e r e n c e   in   h e a t  

t r e a t m e n t   e f f e c t s   a c h i e v e d   by  t h e   p o s t - h e a t   t r e a t m e n t  

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

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

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

p e r f o r m e d   in  an  u n d e r - f e e d   c o n d i t i o n   i s   p r e f e r a b l e   in  o r d e r  

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

f o r c e ,   b e c a u s e   of  t he   r e a s o n s   d e s c r i b e d   a b o v e .  

I t   i s   a l s o   e f f e c t i v e   f o r   t h e   p r e s e n t   i n v e n t i o n   t o  

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

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

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

a t   l e a s t   210°C  and  be  e q u a l   to   or  h i g h e r   t h a n   the   t e m p e r a -  

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

p r e f e r a b l e   t h a t   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 i n g  

h e a t e r   be  e q u a l   to   or  h i g h e r   t h a n   1 5 0 ° C .   The  p r e l i m i n a r y  

h e a t   t r e a t m e n t   a c h i e v e s   a d v a n t a g e s   in  i n c r e a s i n g   t h e  

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

and  in  s t a b i l i z i n g   the   t h e r m a l   p r o p e r t i e s   of  the   c o m p o n e n t  

y a r n ,   s u c h   as  t h e r m a l   s h r i n k a g e .   Due  to   t h e   p r e l i m i n a r y  



h e a t   t r e a t m n e t ,   t h e   e f f e c t s   s u c h   as  c r i m p s   and  t o r q u e ,  

a c h i e v e d   by  f a l s e   t w i s t i n g   w h i c h   i s   c a r r i e d   ou t   a t   a  t e m p e r -  

a t u r e   l o w e r   t h a n   t h a t   of   t he   p r e l i m i n a r y   h e a t   t r e a t m e n t   a r e  

made  t e m p o r a r y .  I n   o t h e r   w o r d s ,   when  a  c o m p o n e n t   y a r n   h a s  

b e e n   s u b j e c t e d   to   a  p r e l i m i n a r y   h e a t   t r e a t m e n t ,   t he   e f f e c t s  

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

and  t h e r e f o r e ,   t o r q u e   in  a  c o m p o n e n t  y a r n   can   be  d i m i n i s h e d  

when  t he   y a r n   i s   s u b j e c t e d   to   a  p o s t - h e a t   t r e a t m e n t ,   e v e n  

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

b a t c h   of  p a c k a g e s   a r e   h e a t   t r e a t e d   in   a  p o s t - h e a t   t r e a t m e n t ,  

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

t r e a t m e n t   may  be  p e r f o r m e d   in  a  d r a w i n g   z o n e   i n   w h i c h   a n  

u n d r a w n   y a r n   or  a  p a r t i a l l y   d r a w n   y a r n   i s   d r a w n   u n d e r  

h e a t e d   c o n d i t i o n s   or  may  be  p e r f o r m e d   i n   a  s t r e t c h   h e a t  

t r e a t m e n t   or  a  r e l a x e d   h e a t   t r e a t m e n t   a p p l i e d   j u s t   a f t e r  

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

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

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

f i l a m e n t   y a r n ,   t h e   a b o v e - e x p l a i n e d   p r e l i m i n a r y   h e a t  

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

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

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

t u r e   or  t h e   t e m p e r a t u r e   a t   w h i c h   f u s i n g   c o m m e n c e s .   H o w e v e r ,  

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

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

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

p o l y e s t e r .  

When  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   i s   s u b j e c t e d   t o  

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

t r e a t m e n t ,   t h e   f a l s e   t w i s t i n g   and  t h e   wet   p o s t - h e a t  

t r e a t m e n t ,   i t   i s   p r e f e r a b l e   t h a t   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 i n g   be  e q u a l   to  or  l o w e r   t h a n   t h e   sum  of  t h e  

t e m p e r a t u r e   of   t h e   wet   p o s t - h e a t   t r e a t m e n t   and  60°C,   a n d  

t h a t   t h e   t e m p e r a t u r e   of  t he   p r e l i m i n a r y   h e a t   t r e a t m e n t   b e  

e q u a l   to   or  h i g h e r   t h a n   t h e   sum,  and  in  a d d i t i o n ,   t h a t   t h e  



t e m p e r a t u r e   of  t h e   p r e l i m i n a r y   h e a t   t r e a t m e n t   be  e q u a l   t o  

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

t w i s t i n g   and  2 0 ° C .  

When  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   i s   s u b j e c t e d   t o  

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

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

p r e l i m i n a r y   h e a t   t r e a t m e n t   be  e q u a l   to  or  h i g h e r   t h a n   t h e  

sum  of  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 i n g   and  2 0 ° C ,   a n d  

t h a t   t he   t e m p e r a t u r e   of  t h e   d r y   p o s t - h e a t   t r e a t m e n t   in   a  
s t r e t c h   c o n d i t i o n   be  e q u a l   t o   or   h i g h e r   t h a n   a  f u r t h e r   sum 

o 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 i n g   and  1 5 ° C .  

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

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

f l u i d   j e t   t r e a t m e n t   s h o u l d   be  s u c h   an  e f f e c t i v e - h e a t  

t r e a t i n g   t e m p e r a t u r e   as  g i v i n g   more   h e a t - s e t t i n g   e f f e c t   t o  

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

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

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

be  d i f f e r e n t   f rom  e a c h   o t h e r   as  m e n t i o n e d   a b o v e ,   and  t h e  

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

a c c o r d a n c e   to   t h e   h e a t   s e t t i n g   medium  a d o p t e d   in  t h i s  

p r o c e s s .   T h a t   i s ,   in   u s i n g   a  c o n t a c t   t y p e   d r y   h e a t   s y s t e m ,  

as  t h e   y a r n   d i r e c t l y   c o n t a c t s   s a i d   h e a t e r ,   t h e   t e m p e r a t u r e  
of  s a i d   h e a t e r   i s   e q u a l   to   t h e   y a r n   t e m p e r a t u r e .   So  t h a t ,  

t h e   t e m p e r a t u r e   of  s a i d   h e a t e r   seems   to   be  t h e   e f f e c t i v e  

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

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

t h e   y a r n   t e m p e r a t u r e   w i l l   be  15°C  b e l o w   t he   t e m p e r a t u r e   o f  

h e a t e r .   T h e r e f o r e ,   i f   a  c e r t a i n   t e m p e r a t u r e   i s   r e q u i r e d   a s  

t h e   mos t   s u i t a b l e  h e a t   s e t t i n g   t e m p e r a t u r e   of  t h e   y a r n   h e a t  

t e m p e r a t u r e   of  s a i d   t u b u l a r   h e a t e r ,   i t   m u s t   be  s e t   f o r t h   a t  

15°C  h i g h e r   t h a n   t h a t   of  t h e   r e q u i r e d   y a r n   h e a t   s e t t i n g  

t e m p e r a t u r e .   In  t he   c a s e   of  u s i n g   a  s t e a m   h e a t e r   or  h e a t i n g  

s y s t e m   of  y a r n s   in  a  p a c k a g e   form  w i t h   s t e a m   or  h o t   l i q u i d ,  

t h e   e f f e c t i v e   y a r n   s e t t i n g   t e m p e r a t u r e   w i l l   u s u a l l y   be  3 0 ° C  



and  60°C  h i g h e r   t h a n   t h a t   of  e a c h   h e a t i n g   s y s t e m ,  

r e s p e c t i v e l y .  

A c c o r d i n g l y ,   in   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 c e p t  

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

m a i n l y   d e p e n d e n t   upon   t h e   h e a t i n g   s y s t e m   of  u s i n g   t h e  

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

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

t he   h e a t   t e m p e r a t u r e   i s   p e r f o r m e d   by  u s i n g   a  t e m p e r a t u r e  

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

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

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

a  y a r n   w h i c h   s h o u l d   be  t r e a t e d   r e p r e s e n t s   T°C,  a n d ,   t h e  

c o n v e r s i o n   t e m p e r a t u r e   r e q u i r e d  i n   t h e   r e s p e c t i v e   h e a t  

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

f o r m u l a s .  

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

s e w i n g   t h r e a d ,   e v e n   i f   i t   i s   u s e d   as  a  s i n g l e   y a r n .   T h e  



y a r n   of  t he   p r e s e n t   i n v e n t i o n   has   i n t e r m i t t e n t l y   i n t e r l a c e d  

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

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

ly   h a s   no  t w i s t s "   i n c l u d e s   a  t w i s t e d   c o n d i t i o n   in   a  y a r n  

w h i c h   i s   t w i s t e d   by  a  d r a w - t w i s t e r ,   a n d ,   more   s p e c i f i c a l l y ,  

i n c l u d e s   a  t w i s t   of  a t   m o s t   25  T/m.  A c c o r d i n g   to   t h e  

i n v e n t o r s '   e x p e r i e n c e s ,   t h e   n u m b e r   of  i n t e r l a c e d   p o r t i o n s  

i s   p r e f e r a b l y   a b o u t   40  p e r   m e t e r   and  t h e   l e n g t h   of  a  n o n -  

i n t e r l a c e d   p o r t i o n   i s   p r e f e r a b l y ,   a t   m o s t ,   a b o u t   15  mm.  As 

m e n t i o n e d - a b o v e ,   a  c o m p o n e n 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  

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

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

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

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

t h r e a d   has   t h e   s t r e n g t h   t o   be  sewn  and  an  a p p r o p r i a t e  

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

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

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

t h e r e o f ,   a  seam  to   be  f o r m e d   i s   u n i f o r m   an  has   a  g o o d  

a p p e a r a n c e   and  t h e   s h r i n k a g e   of  a  seam  i s   v e r y   s m a l l ,   s o  

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

s t i t c h e s   i s   b e a u t i f u l .  

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

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

p r o t r u d e d   p o r t i o n s ,   so  t h a t   t h e   t h r e a d   has   a  b u l k i n e s s   a n d  

d o e s   n o t   have   r e s i s t a n c e   a g a i n s t   f r i c t i o n   and  b e n d i n g .  

T h e r e f o r e ,   t he   s e w i n g   t h r e a d   of  t h e   p r e s e n t   i n v e n i o n   can  b e  

e a s i l y   made  c o m p a t i b l e   w i t h   t h e   c l o t h   to  be  s e w n .  

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

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

c l o t h   to  be  sewn  and  a  t h r o a t   p l a t e   of  a  s e w i n g   m a c h i n e   a r e  

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

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

of  t h e   t h r e a d   w i t h   the   eye   of  a  s e w i n g   n e e d l e ,   so  t h a t  



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

In  t h e   t h r e a d   of  t h e   p r e s e n t   i n v e n t i o n ,   p r o t r u d e d   p o r t i o n s  

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

o t h e r s ,   so  t h a t   t h e   c o h e r e n c y   of   t h e   c o m p o n e n t   y a r n s   w i t h  

e a c h   o t h e r   i s   s p l e n d i d .   C o n s e q u e n t l y ,   when  t h e   t h r e a d   i s  

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

c u t   e n d ,   arid  i t   i s   e a s y   t o   t h r e a d   t h e   c u t   p o r t i o n   of  t h e  

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

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  e x p l a i n e d   w i t h  

r e f e r e n c e   to  some  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 .  

E x a m p l e   1 

A  d r a w n   m u l t i f i l a m e n t   y a r n   of  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   (200  d e n i e r ;   72  f i l a m e n t s ;   i n t r i n s i c   v i s c o s i t y   ( I V ) ,  

0 . 7 0 ;   a v e r a g e   m o l e c u l a r   w e i g h t   Mn,  2 3 2 0 0 ;   s t r e n g t h ,  

7 .1  g / d e n i e r ;   and  b r e a k i n g   e l o n g a t i o n ,   18%)  was  s u b j e c t e d  

t o   a  p r e l i m i n a r y   h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  1 9 0 ° C  

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

t u r e   of   175°C  w i t h   t w i s t s   of  1 4 0 0  T / m .   T h e r e a f t e r ,   w h i l e  

t h e   y a r n   was  s l a c k e n e d   by  1 3 . 5 % ,   i t   was  i n t e r l a c e d   by  m e a n s  

of   a  f l u i d   j e t   i n t e r m i t t e n t   i n t e r l a c i n g   d e v i c e .   Then ,   i t  

was  h e a t   s e t   a t   a  t e m p e r a t u r e   o f   220°C  u n d e r   an  u n d e r - f e e d  

c o n d i t i o n ,   t h e   u n d e r - f e e d   r a t i o   of  w h i c h   was  6%. 

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

2 .4   t u r n / 5 0   cm  d e t e r m i n e d   by  t h e   a b o v e - e x p l a i n e d   m e a s u r i n g  

s t e p s ,   and  a l s o   had  many  p r o t r u d e d   p o r t i o n s .   When  t h i s  

y a r n   was  u t i l i z e d   f o r   s e w i n g ,   t h e   a b i l i t y   to   be  sewn  t h e r e o f  

was  s p l e n d i d .   The  y a r n   had   an  e l o n g a t i o n   m e n t i o n e d  

p r e v i o u s l y   of  1.4%  and  a  s h r i n k a g e   of  4.5%  a t   d r y   h e a t   o f  

1 8 0 ° C .  

E x a m p l e   2 

S u b s e q u e n t   to  t h e   d r a w i n g   p r o c e s s   by  w h i c h   t h e   s u p p l y  

y a r n   u t i l i z e d   in   E x a m p l e   1  was  p r o d u c e d ,   t h e   y a r n   was  d r y  

h e a t   t r e a t e d   a t   a  t e m p e r a t u r e   of   230°C  u n d e r   an  o v e r - f e e d  

c o n d i t i o n ,   the   o v e r - f e e d   r a t i o   of  w h i c h   was  0 .6%.  The  t h u s  

p r o d u c e d   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   ( 2 0 0  

d e n i e r ;   72  f i l a m e n t s )   was  f a l s e   t w i s t e d   a t   a  t e m p e r a t u r e   o f  

1 7 0 ° C   w i t h   t w i s t s   1500  T/m.   T h e r e a f t e r ,   w h i l e   t he   y a r n   w a s  



s l a c k e n e d   by  1 3 . 6 % ,   i t   was  i n t e r l a c e d   by  means   of  a  f l u i d  

j e t   i n t e r m i t t e n t   i n t e r l a c i n g   d e v i c e ,   and  i t   was  wound  i n t o  

a  p a c k a g e .   The  t h u s   p r o d u c e d   p a c k a g e   was  h e a t   t r e a t e d   i n  

b o i l e d   w a t e r   h a v i n g   a  t e m p e r a t u r e   of  130°C  f o r   40  m i n u t e s  

in  a  c h e e s e   d y e i n g   m a c h i n e .  

T h u s ,   t h e   p r o d u c e d   y a r n   had  a  t o r g u e   of  a t   m o s t  

1 . 0   t u r n / 5 0  c m .   When  t h i s   y a r n   was  u t i l i z e d   f o r   s e w i n g ,  

t h e   a b i l i t y   to   be  sewn  t h e r e o f   was  s p l e n d i d .   The  e l o n -  

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

p r e v i o u s l y ,   was  2 .0%,   and  i t s   s h r i n k a g e   a t   a  d r y   h e a t   o f  

l 8 0 ° C   was  3 . 0 % .  

C o m p a r i s o n   1 

A  y a r n   was  p r o d u c e d   by  t h e   s u b s t a n t i a l l y   same  m a n n e r  

as  i n d i c a t e d   in   E x a m p l e   1,  e x c e p t   f o r   a  t e m p e r a t u r e   o f  

210°C  upon  f a l s e   t w i s t i n g   and  no  p r e l i m i n a r y   h e a t   t r e a t m e n t .  

The  t h u s   p r o d u c e d   y a r n   had  a  t o r g u e   o f  2 4   t u r n / 5 0   cm 

m e a s u r e d   by  t h e   a b o v e - e x p l a i n e d   f i r s t   m e a s u r i n g   s t e p   ( t h e  

d i r e c t i o n   of  f a l s e   t w i s t i n g   b e i n g   an  "S"  d i r e c t i o n ;   t h e  

d i r e c t i o n   of  s a i d   t o r g u e   b e i n g   an  "S"  d i r e c t i o n ) .   S a i d  

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

a  l a r g e   t o r g u e .  

C o m p a r i s o n   2 

A  y a r n   p r o d u c e d   by  t h e   a b o v e - m e n t i o n e d   C o m p a r i s o n   1 

was  t w i s t e d   by  70  T/m  in  an  S  d i r e c t i o n ,   and  i t s   t o r g u e   w a s  

m e a s u r e d   a c c o r d i n g   to  t he   m e a s u r i n g   s t e p s   m e n t i o n e d   a b o v e .  

The  f o l l o w i n g   r e s u l t s   were   o b t a i n e d .  

C o n s e q u e n t l y ,   i t   was  c o n f i r m e d   from  t he   a b o v e -  

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

y a r n ,   t o r q u e   was  d e v e l o p e d   in  t h e   y a r n .   In  an  a c t u a l  

s e w i n g   o p e r a t i o n ,   t e n s i o n   i s   a p p l i e d   to   a  s e w i n g   t h r e a d .  

T h e r e f o r e ,   t h e   a b o v e - m e n t i o n e d   y a r n   i s   n o t   s u i t a b l e   f o r  

s e w i n g .  



E x a m p l e   3 

A  d r a w n   m u l t i f i l a m e n t   y a r n   of  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   (100   d e n i e r ;   36  f i l a m e n t ;   i n t r i n s i c   v i s c o s i t y   ( I V ) ,  

0 . 7 1 ;   a v e r a g e   m o l e c u l a r   w e i g h t  M n ,   2 3 8 0 0 ;   s t r e n g t h ,  

7 . 2  g / d e n i e r ;   and  b r e a k i n g   e l o n g a t i o n ,   19%)  was  s u b j e c t e d  

to  a  p r e l i m i n a r y   h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   of   2 0 0 ° C  

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

a  t e m p e r a t u r e   of   180°C  w i t h   t w i s t s   of   1 5 0 0  T / m .   T h e r e a f t e r ,  

w h i l e   t h e   y a r n   was  s l a c k e n e d   by  1 3 . 6 % ,   i t   was  i n t e r l a c e d   b y  

means   of   a  f l u i d   j e t   i n t e r m i t t e n t   i n t e r l a c i n g   d e v i c e .  

Then ,   i t   was  d r y   h e a t   s e t   a t   a  t e m p e r a t u r e   of   220°C  u n d e r  

an  u n d e r - f e e d   c o n d i t i o n ,   t h e   u n d e r - f e e d   r a t i o   of  w h i c h   w a s  

6%. 

A  t h r e e - f o l d e d   t h r e a d   was  made  of  t h e   t h u s   o b t a i n e d  

c o m p o n e n t   y a r n s ,   w h i l e   t h e   i n i t i a l   t w i s t   was  an  "S"  t w i s t  

of  750  T/m  and  t h e   f i n a l   t w i s t   was  a  "Z"  t w i s t   of  500  T / m .  

Then  t h e   f o l d e d   t h r e a d   was  d y e d   a t   a  t e m p e r a t u r e   of  1 3 0 ° C  

in   a  c h e e s e   d y e i n g  m a c h i n e .  

The  t h u s   p r o d u c e d   t h r e a d   had   a  t o r q u e   of  a t   m o s t  

2 .2   t u r n / 5 0   cm  d e t e r m i n e d   by  t h e   a b o v e - e x p l a i n e d   t h r e e  

m e a s u r i n g   s t e p s ,   and  a l s o   had  many  p r o t r u d e d   p o r t i o n s .  

When  t h i s   t h r e a d   was  u t i l i z e d   f o r   s e w i n g ,   t h e   a b i l i t y   to   b e  

sewn  t h e r e o f   was  s p l e n d i d .   The  e l o n g a t i o n   m e n t i o n e d   a b o v e  

of  t h i s   s e w i n g   t h r e a d   was  1 . 9 % ,   and  i t s   s h r i n k a g e   a t   a  d r y  

h e a t   of  180°C  was  2 . 9 % .  

E x a m p l e   4 

S u b s e q u e n t   to   t h e   d r a w i n g  p r o c e s s   by  w h i c h   t h e   s u p p l y  

y a r n ,   u t i l i z e d   i n   E x a m p l e   3,  was  p r o d u c e d ,   t h e   y a r n   was  d r y  

h e a t   t r e a t e d   a t   a  t e m p e r a t u r e   of   230°C  u n d e r   an  o v e r - f e e d  

c o n d i t i o n ,   t h e   o v e r - f e e d   r a t i o   of  w h i c h   was  0 .6%.  The  t h u s  

p r o d u c e d   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  

(100  d e n i e r ;   36  f i l a m e n t s )   was  f a l s e   t w i s t e d   a t   a  t e m p e r a -  

t u r e   of   1 7 0 ° C   w i t h   an  "S"  t w i s t   of  1500  T/m.  T h e r e a f t e r ,  

w h i l e   t h e   y a r n   was  s l a c k e n e d   by  1 3 . 6 % ,   i t   was  i n t e r l a c e d   b y  

means   of   a  f l u i d   j e t   i n t e r m i t t e n t   i n t e r l a c i n g   d e v i c e ,   a n d  

i t   was  wound  i n t o   a  p a c k a g e .  

A  t h r e e   f o l d e d   t h r e a d   was  made  of  t h e   t h u s   o b t a i n e d  



c o m p o n e n t   y a r n s ,   w h e r e   t he   i n i t i a l   t w i s t   was  an  "S"  t w i s t  

of  750  T/m  and  t h e   f i n a l   t w i s t   was  a  "Z"  t w i s t   of  500  T / m .  

Then  the   f o l d e d   t h r e a d   was  dyed   a t   a  t e m p e r a t u r e   of  1 3 0 ° C  

i n   a  c h e e s e   d y e i n g   m a c h i n e .  

The  t h u s   p r o d u c e d   t h r e a d   had  a  t o r q u e   of  1 .8   t u r n / 5 0  

cm  in  an  " S " . d i r e c t i o n   m e a s u r e d   by  t h e   a b o v e - e x p l a i n e d  

f i r s t   m e a s u r i n g   s t e p ,   a  t o r q u e   of  0  t u r n / 5 0   cm  m e a s u r e d   b y  

t h e   s e c o n d   m e a s u r i n g   s t e p ,   and  a  t o r q u e   of   3 .2   t u r n / 5 0   cm 

in  an  "S"  d i r e c t i o n   m e a s u r e d   by  t h e   t h i r d   m e a s u r i n g   s t e p .  

C o m p a r i s o n   3 

T h r e e   k i n d s   of  t h r e e - f o l d e d   t h r e a d s   were   r e s p e c t i v e l y  

made  of  t h e   f o l l o w i n g   t h r e e   k i n d s   of  y a r n s   A,  B,  and  C ,  

w h e r e   t he   i n i t i a l   t w i s t   was  an  "S"  t w i s t   of  750  T/m  and  t h e  

f i n a l   t w i s t   was  a  "Z"  t w i s t   of   500  T/m.  E a c h   of  t h e  

t h r e e - f o l d e d   t h r e a d s   was  dyed  a t   a  t e m p e r a t u r e   of  130°C   i n  

a  c h e e s e   d y e i n g   m a c h i n e .  

Yarn   A:  A  d r a w n   m u l t i f i l a m e n t   y a r n   of  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   (100  d e n i e r ;   3 6  £ i l a m e n t s )  

Yarn   B:  A  f a l s e   t w i s t e d   y a r n   c o m p o s e d   of  t h e  

a b o v e - m e n t i o n e d   y a r n   A,  w h i c h   was  f a l s e  

t w i s t e d   a t   a - t e m p e r a t u r e   of  215°C  w i t h   a n  

"S"  t w i s t   of  3000  T / m .  

Yarn   C:  A  y a r n   p r o d u c e d   by  h e a t   s e t t i n g   t h e  

a b o v e - m e n t i o n e d   y a r n   B  a t   a  t e m p e r a t u r e   o f  

205°C  u n d e r   an  o v e r - f e e d   c o n d i t i o n ,   t h e  

o v e r - f e e d   r a t i o   of  w h i c h   was  18%.  

The  t h r e e - f o l d e d   t h r e a d   c o m p o s e d   of  y a r n s   A  had  a  

t o r q u e   of  0  t u r n / 5 0   cm,  a n o t h e r   t h r e e - f o l d e d   t h r e a d  

c o m p o s e d   of  y a r n s   B  had  a  v e r y   l a r g e   t o r q u e   and  t h e   o t h e r  

t h r e e - f o l d e d   t h r e a d   c o m p o s e d   of  y a r n s   C  a l s o   had  a  v e r y  

l a r g e   t o r q u e .  

C o n s e q u e n t l y ,   i t   was  c o n f i r m e d   from  t he   r e s u l t   of  t h e  

e x a m i n a t i o n   of  y a r n   A,  i . e . ,   t h e   t o r q u e   of  y a r n   A  b e i n g  

z e r o ,   t h a t   t he   i n i t i a l   t w i s t   of  750  T/m  in  an  S  d i r e c t i o n  

was  w e l l   b a l a n c e d   w i t h   t he   f i n a l   t w i s t   of  500  T/m  in  a  Z 

d i r e c t i o n .   F u r t h e r ,   i t   was  c o n f i r m e d   f rom  the   r e s u l t s   o f  

the   e x a m i n a t i o n s   of  y a r n s   B  a n d   C,  i . e . ,   t h e i r   t o r g u e s  



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

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

H o w e v e r ,   as  m e n t i o n e d - a b o v e   the   t h r e a d   of   t h e   p r e s e n t  
i n v e n t i o n   o b t a i n e d   by  E x a m p l e   4  has   a  v e r y   s m a l l   t o r q u e ,   i n  

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

o p e r a t i o n .  

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

s a i d   y a r n s   B  or  C  w e r e   p r o d u c e d   by  c h a n g i n g   t h e   c o m b i n a t i o n  

of   t h e   n u m b e r s   of   i n i t i a l   and  f i n a l   t w i s t s ,   in   o r d e r   t o  

b a l a n c e   t o r q u e s   o f   a  f a l s e - t w i s t ,   i n i t i a l   t w i s t   and  f i n a l  

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

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

c o u l d   n o t   be  p r o u d c e d .  

A f t e r   a l l ,   t h e   t h r e e - f o l d e d   t h r e a d   o f . y a r n   A  w a s  

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

t h r e a d   i s   n o t   s u i t a b l e   f o r   s e w i n g ,   as  e x p l a i n e d   in  c o n -  

j u c t i o n   w i t h   t h e   p r i o r   a r t   in   t h i s   s p e c i f i c a t i o n .   T h e  

t h r e e   f o l d e d   t h r e a d s   of   y a r n   B  and  of   y a r n   C  were   n o t  

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

and  f i n a l   t w i s t s .  

E x a m p l e  5  

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

m a n n e r   as  i n d i c a t e d   in   E x a m p l e   4,  e x c e p t   f o r   t h e   "Z"  t w i s t  

b e i n g   a p p l i e d   to   t h e   f a l s e   t w i s t i n g   o p e r a t i o n .   T o r q u e s   o f  

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

s t e p s ,   w e r e   r e s p e c t i v e l y   an  "S"  t w i s t   o f   0 . 2   t u r n / 5 0   cm  i n  

t h e   f i r s t   s t e p ,   0  t u r n / 5 0   cm  in   t h e   s e c o n d   s t e p ,   and  a  " Z "  

t w i s t   of  3 . 5   t u r n / 5 0   cm  in   t h e   t h i r d   s t e p .  

C o m p a r i s o n   4 

A  t h r e e - f o l d e d   t h r e a d   was  made  of  t h e   t h r e e   d r a w n  

m u l t i f i l a m e n t   y a r n s   (100  d e n i e r ;   36  f i l a m e n t s )   u sed   i n  

E x a m p l e   3;  w h e r e   t h e   i n i t i a l   t w i s t   was  an  "S"  t w i s t   of  7 5 0  

T/m  and  t h e   f i n a l   t w i s t   was  a  "Z"  t w i s t   o f   500  T/m.  T h e n  

t h e   f o l d e d   t h r e a d   was  dyed   a t   a  t e m p e r a t u r e   of  130°C  in  a  

c h e e s e   d y e i n g   m a c h i n e .   The  t h u s   p r o d u c e d   y a r n   had  a  t o r q u e  

of  0  t u r n / 5 0   c m .  
T h i s   t h r e a d   was  s i m i l a r   to  t h e   t h r e a d   in  Example   3  i n  



t w i s t   s t r u c t u r e ,   b u t   i t   was  c o m p o s e d   of  d rawn   y a r n s .  

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

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

s p e c i f i c a t i o n .  

C o m p a r i s o n   5 

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

m a n n e r   as  e x p l a i n e d   in  E x a m p l e   3,  e x c e p t   f o r   a  t e m p e r a t u r e  
of  210°C  upon   t he   f a l s e   t w i s t i n g   o p e r a t i o n   w i t h   an  " S "  

t w i s t .   The  t h u s   p r o d u c e d   t h r e a d   had  t o r q u e s   in   an  " S "  

d i r e c t i o n   of  17  t u r n / 5 0   cm,  2  t u r n / 5 0   cm,  and  20  t u r n / 5 0  

cm,  r e s p e c t i v e l y ,   m e a s u r e d   by  t h e   t h r e e   m e a s u r i n g  s t e p s .  

T h i s   y a r n   was  n o t  s u i t a b l e   f o r   s e w i n g   b e c a u s e   of  t h e   l a r g e  

: t o r q u e   t h e r e o f -  

C o m p a r i s o n   6 

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

m a n n e r   as  e x p l a i n e d   in  C o m p a r i s o n   4,  e x c e p t   f o r   t he   t w i s t i n g  

c o n d i t i o n .   N a m e l y ,   t h e   i n i t i a l   t w i s t   of  800  T/m  in   an  " S "  

d i r e c t i o n ,   and  t he   f i n a l   t w i s t   of   450  T/m  in   a  '"Z"  d i r e c t i o n  

were   a d a p t e d .   The  t o r q u e s   of  t h i s   t h r e a d   were  e x a m i n e d  

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

were   o b t a i n 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 ,   when  t e n s i o n   w a s  

a p p l i e d   to   t h e   t h r e a d ,   t o r q u e ,   w h i c h   had  b e e n   g i v e n   t o  t h e  

y a r n   by  f a l s e   t w i s t i n g ,   was  d e v e l o p e d   in  t he   t h r e a d .  

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

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

f o r   s e w i n g .   F u r t h e r ,   i t   was  v i s i b l y   c o n f i r m e d   by  t h e  

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

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

the   f i n a l   t w i s t .  

E x a m p l e  6  

A  m u l t i f i l a m e n t   y a r n   of  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   ( 7 0  

d e n i e r ;   24  f i l a m e n t s )   was  s u b j e c t e d   to   a  p r e l i m i n a r y   h e a t  

t r e a t m e n t   a t   a  t e m p e r a t u r e   of  210°C  u n d e r   3%  s l a c k e n e d  



c o n d i t i o n   and  was  f a l s e   t w i s t e d   a t   a  t e m p e r a t u r e   of  1 9 0 ° C  

w i t h   t w i s t s   of   1500  T/m.  T h e r e a f t e r ,   w h i l e   t he   y a r n   w a s  
s l a c k e n e d   by  14%,  i t   was  i n t e r l a c e d   by  means   of  a  f l u i d   j e t  

i n t e r m i t t e n t   i n t e r l a c i n g   d e v i c e .   T h e n ,   i t   was  h e a t   s e t   a t  

a  t e m p e r a t u r e   of  2 2 0 ° C .  

A  t h r e e - f o l d e d   t h r e a d   was  made  of   t h e   t h u s   o b t a i n e d  

c o m p o n e n t   y a r n s ,   w h e r e   t h e   i n i t i a l   t w i s t   was  an  "S"  t w i s t  

o f   900  T/m  and  t h e   f i n a l   t w i s t   was  a  "Z"  t w i s t   of  600  T / m .  

T h e n ,   t h e   f o l d e d   t h r e a d   was  dyed   a t   a  t e m p e r a t u r e   of  1 3 0 ° C  

in   a  c h e e s e   d y e i n g   m a c h i n e .   The  p r o d u c e d   y a r n   had  t h e  

f o l l o w i n g   c h a r a c t e r i s t i c s .  

S h r i n k a g e   f a c t o r   in  d r y   h e a t   ( 1 8 0 ° C   x  30  m i n u t e s )   w a s  

1 . 5 % .  

Number   of  t o r q u e s   was  5 .0   t u r n / 5 0   c m .  

The  e l e n g a t i o n   m e n t i o n e d   a b o v e ,   i . e . ,   t h e   e l o n g a t i o n  

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

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

w i t h   1  g / d e n i e r   and  r e l e a s i n g   t h e r e o f ,   was  1 . 0 % .  

The  s t r e n g t h   was  4 . 2   g / d e n i e r .  

The  number   of  p r o t r u d e d   f i l a m e n t s   was  250  p e r   m e t e r .  

The  p r o d u c e d   t h r e a d   was  s p l e n d i d   as  a  s e w i n g   t h r e a d .  

E x a m p l e   7 

A  d r a w n   m u l t i f i l a m e n t   y a r n   of   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   (70  d e n i e r ;   24  f i l a m e n t s )   h a v i n g   b e e n   s u b j e c t e d   to   a  

p r e l i m i n a r y   h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  190°C  in  a  

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

170°C   w i t h   t w i s t s   of  1600  T/m.  T h e r e a f t e r ,   w h i l e   t h e   y a r n  

was  s l a c k e n e d   by  1 3 . 6 % ,   i t   was  i n t e r l a c e d   by  m e a n s   of   a  

f l u i d   j e t   i n t e r m i t t e n t   i n t e r l a c i n g   d e v i c e .   Then  i t   w a s  

wound  i n t o   a  p a c k a g e .  

T h e n ,   a  t h r e e - f o l d e d   t h r e a d   was  made  of  t h e   a b o v e -  

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

"S"  t w i s t   of  900  T/m  and  t h e   f i n a l   t w i s t   was  a  "Z"  t w i s t   o f  

600  T/m.   The  f o l d e d   t h r e a d   was  h e a t   t r e a t e d  a s   a  p a c k a g e  
in   b o i l e d   w a t e r   h a v i n g   a  t e m p e r a t u r e   of  1 3 0 ° C ,   f o r   4 0  

m i n u t e s   in  a  c h e e s e   d y e i n g   m a c h i n e .  

The  p r o d u c e d   t h r e a d   had  a  n u m b e r   of  p r o t r u d e d   p o r t i o n s  



of  f i l a m e n t s   and  had  a  s m a l l   t o r q u e .   When  t h i s   t h r e a d   w a s  

u t i l i z e d   f o r   s e w i n g ,   t h e   a b i l i t y   to   be  sewn  t h e r e o f   w a s  

s p l e n d i d .   T h i s   t h r e a d   had  an  e l o n g a t i o n   m e n t i o n e d   a b o v e   o f  

2.5%  and  a  s h r i n k a g e   in  d ry   h e a t   a t   180°C  of   4 . 5 % .  

In  a d d i t i o n   to  t h e   a b o v e - m e n t i o n e d   e x p e r i m e n t   i n  

E x a m p l e   7,  v a r i o u s   e x p e r i m e n t s   we re   c a r r i e d   o u t   in  t h e   s a m e  

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

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

o p e r a t i o n ,   in   o r d e r   to   c o n f i r m   t h e   e f f e c t s   of  t h e   p r e s e n t  
i n v e n t i o n .   I t   was  c o n f i r m e d   t h a t ,   as  t h e   t e m p e r a t u r e   w a s  

i n c r e a s e d ,   t h e   t o r q u e   of  t he   y a r n   was  i n c r e a s e d   and  t h a t ,  
when  t he   t e m p e r a t u r e   was  o v e r   1 9 0 ° C ,   t h e   t o r q u e   of   t h e   y a r n  
b e c a m e   t o o   l a r g e   t o   u s e   t he   y a r n   as  a  s e w i n g   t h r e a d .   W h e n  

t h e   t e m p e r a t u r e   was  d e c r e a s e d ,   t h e   t o r q u e   of  t h e   y a r n   w a s  

a l s o   d e c r e a s e d .   H o w e v e r ,   in  a  c a s e   w h e r e   t h e   t e m p e r a t u r e  

was  l o w e r e d   b e l o w   150°C ,   t he   n u m b e r   of  p r o t r u d e d   p o r t i o n s  

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

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

some  of  t h e   p r o t r u d e d   p o r t i o n s   were   v e r y   l o n g   and  l a r g e .  

T h e r e f o r e ,   s u c h   a  y a r n   was  n o t   s u i t a b l e   f o r   s e w i n g .  

E x a m p l e  8  

S u b s e q u e n t   to  t h e   d r a w i n g   p r o c e s s   by  w h i c h   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  p o l y e t h y l e n e   t e r e p h t h a l a t e   ( i n t r i s i c  

v i s c o s i t y   ( I V ) ,   0 . 7 5 ;   a v e r a g e   m o l e c u l a r   w e i g h t  M n ,   2 5 4 0 0 )  

was  d r a w n ,   t h e   y a r n   was  p r e l i m i n a r y   h e a t   t r e a t e d   by  r u n n i n g  

t h e   y a r n   in   c o n t a c t   w i t h   a  h e a t   p l a t e   h a v i n g   a  t e m p e r a t u r e  
of  230°C  u n d e r   an  o v e r - f e e d   c o n d i t i o n ,   t h e   o v e r - f e e d   r a t i o  

of   w h i c h   was  0 .6%.   As  a  r e s u l t ,   a  m u l t i f i l a m e n t   y a r n  
(100  d e n i e r ;   36  f i l a m e n t s )   was  p r o d u c e d .  

Then  t h e   m u l t i f i l a m e n t   y a r n   was  f a l s e   t w i s t e d   a t   a  

t e m p e r a t u r e   of   200°C  w i t h   an  "S"  t w i s t   of  1 5 0 0  T / m .  

T h e r e a f t e r ,   w h i l e   t he   y a r n   was  s l a c k e n e d   by  1 3 . 6 % ,   i t   w a s  
i n t e r l a c e d   by  means   of  a  f l u i d   j e t   i n t e r m i t t e n t   i n t e r l a c i n g  
d e v i c e .   T h e n ,   i t   was  p o s t - h e a t   t r e a t e d   a t   a  t e m p e r a t u r e   o f  

230°C  in  d r y   h e a t   u n d e r   an  u n d e r - f e e d   c o n d i t i o n ,   t h e  

u n d e r - f e e d   r a t i o   of  w h i c h   was  6%. 

T h e n ,   a  t h r e e - f o l d e d   t h r e a d   was  made  of  s a i d   p r o d u c e d  



c o m p o n e n t   y a r n s ,   w h i l e   t h e   i n i t i a l   t w i s t   was  an  "S"  t w i s t  

of  750  T/m  and  t h e   f i n a l   t w i s t   was  a  "Z"  t w i s t   of   500  T / m .  

The  f o l d e d   t h r e a d   was  w e t - h e a t   t r e a t e d   a t   a  t e m p e r a t u r e   o f  

130°C  in  a  c h e e s e   d y e i n g   m a c h i n e .  

The  t h u s   p r o d u c e d   t h r e a d   had   t o r q u e s   of   an  "S"  t w i s t  

of   1 .0   t u r n / 5 0   cm,  0  t u r n / 5 0   cm  and   an  "S"  t w i s t   o f  

2 .8   t u r n / 5 0  c m ,   s a i d   t o r q u e s   b e i n g   r e s p e c t i v e l y   m e a s u r e d   b y  

t h e   t h r e e   m e a s u r i n g   s t e p s ,   and  t h e   t h r e a d   had  a  number   o f  

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

When  t h i s   t h r e a d   was  u t i l i z e d   as   a  s e w i n g   t h r e a d ,   i t  

was  c o n f i r m e d   t h a t   t h e  a b i l i t y   to   be  sewn  t h e r e o f   w a s  

s p l e n d i d .   The  e l o n g a t i o n   m e n t i o n e d   a b o v e   of   t h i s   t h r e a d  

was  0 .6%,   and  t h e   s h r i n k a g e   i n   d r y   h e a t   a t   1 8 0 ° C   t h e r e o f  

was  1 . 4 % .  

C o m p a r i s o n   6  

T h r e e   k i n d s   of   t h r e e - f o l d e d   t h r e a d s   w e r e  r e s p e c t i v e l y  

made  of   t h e   f o l l o w i n g   t h r e e   k i n d s   o f   y a r n s   A,  B  a n d   C ,  

w h e r e   t h e   i n i t i a l   t w i s t   was  an  "S"  t w i s t   of   750  T/m  and  t h e  

f i n a l   t w i s t   w a s  a   "Z"  t w i s t   of   500  T/m.  T h e n ,   e a c h   of  t h e  

t h r e e - f o l d e d   t h r e a d s   was  w e t - h e a t   t r e a t e d   a t   a  t e m p e r a t u r e  

of   130°C  in   a  c h e e s e  d y e i n g   m a c h i n e .  

Yarn   A:  A  d r a w n   m u l t i f i l a m e n t   y a r n   of  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   ( 1 0 0  d e n i e r ;   36  f i l a m e n t s ) ,  

w h i c h   y a r n   was  t h e   same  y a r n   as  o b t a i n e d  

b e f o r e   a  p r e l i m i n a r y   h e a t   t r e a t m e n t ,   i . e . ,  

j u s t   a f t e r   t h e   d r a w i n g   p r o c e s s   in   E x a m p l e   8 .  

Yarn  B:  A  f a l s e   t w i s t e d   y a r n   c o m p o s e d   of   t h e  

a b o v e - m e n t i o n e d   y a r n   A,  w h i c h   was  f a l s e  

t w i s t e d   a t   a  t e m p e r a t u r e   of   215°C  w i t h   a n  

"S"  t w i s t   of  3000  T / m .  

Yarn  C:  A  y a r n   p r o d u c e d   by  h e a t   s e t t i n g   t h e   a b o v e -  

- m e n t i o n e d   y a r n   B  a t   a  t e m p e r a t u r e   of  2 0 5 ° C  

u n d e r   an  o v e r - f e e d   c o n d i t i o n ,   t h e   o v e r - f e e d  

r a t i o   of  w h i c h   was  1 8 % .  

The  t h r e e - f o l d e d   t h r e a d  c o m p o s e d   of  y a r n s   A  had  a  

t o r q u e   of  0  t u r n / 5 0   cm,  a n o t h e r   t h r e e - f o l d e d   t h r e a d   c o m -  

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



c o m p o s e d   of  y a r n s   C  r e s p e c t i v e l y   had  v e r y   l a r g e   t o r q u e s .  

C o n s e q u e n t l y ,   i t   was  c o n f i r m e d   f rom  t h e   r e s u l t   of  t h e  

e x a m i n a t i o n   of  y a r n   A,  i . e . ,   t h e   t o r q u e   of  y a r n   A  b e i n g  

z e r o ,   t h a t   t he   i n i t i a l   t w i s t   of  750  T/m  in  an  "S"  d i r e c t i o n  

was  w e l l   b a l a n c e d   w i t h   t h e   f i n a l   t w i s t   of  500  T/m  in  a  " Z "  

d i r e c t i o n .   F u r t h e r ,   i t   was  c o n f i r m e d   f rom  t h e   r e s u l t s   o f  

t h e   e x a m i n a t i o n   of  y a r n s   B  a n d   C;  i . e . ,   t h e i r   t o r q u e s   b e i n g  

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

f a l s e   t w i s t e d   y a r n s   g e n e r a l l y   has   a  l a r g e   t o r q u e .   H o w e v e r ,  

as  m e n t i o n e d - a b o v e ,   t h e   t h r e a d   of  t h e   p r e s e n t   i n v e n t i o n  

o b t a i n e d   by  E x a m p l e   4  h a s   a  v e r y   s m a l l   t o r q u e ,   in   s p i t e   o f  

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

- o p e r a t i o n .  

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

s a i d   y a r n s   B  or  C  w e r e   p r o d u c e d   by  c h a n g i n g   t h e   c o m b i n a t i o n  

of  t h e   number   of  i n i t i a l   and  f i n a l   t w i s t s   in   o r d e r   t o  

b a l a n c e   t o r q u e s   of  a  f a l s e - t w i s t ,   an  i n i t i a l   t w i s t   and  a  

f i n a l   t w i s t .   H o w e v e r ,   a  y a r n ,   h a v i n g   v e r y   s m a l l   t o r q u e s  

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

c o u l d   no t   be  p r o d u c e d .  



1.  A  s e w i n g   t h r e a d   (Y)  c o m p r i s i n g   a t   l e a s t   one  f a l s e  

t w i s t e d   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   (X) ,   c h a r a c t e r i z e d   i n  

t h a t :   an  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   of   s a i d   m u l t i -  

f i l a m e n t   y a r n   (X)  has   p o r t i o n s   p a r t i a l l y   i n t e r l a c e d   w i t h  

o t h e r   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   m u l t i f i l a m e n t   y a r n   (X) 

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

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   o f   s a i d   m u l t i f i l a m e n t  

y a r n   (X)  i s   p r o t r u d e d   f r o m  t h e   s u r f a c e   of  s a i d   m u l t i f i l a m e n t  

y a r n   (X);   and  t h e   t o r q u e   of  s a i d   s e w i n g   t h r e a d   (Y) ,   m e a s u r e d  

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

4  t u r n s / 5 0   cm,  i n  s p i t e   of  t h e   f a c t   t h a t   s u b s t a n t i a l l y   a l l  

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   s e w i n g   t h r e a d   (Y)  have   b e e n  

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 .  

M e a s u r i n g   s t e p s :  

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

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

f o l l o w i n g   t h r e e   s t e p s   (1)  t h r o u g h   ( 3 ) .  

(1)  A  s e w i n g   t h r e a d   (Y)  i s   f o r m e d   in  a  s i n g l e  

l o o p   h a v i n g   a  c i r c u m f e r e n c e   of   1  m  and  s a i d   l o o p   i s  

s u s p e n d e d   by  a  t h r e a d   made  of   t h e   same  m a t e r i a l .  

(2)  Then ,   a  w e i g h t   o f   1  g r a m / d e n i e r   i s   a p p l i e d  

to  t h e   l o w e r   end  of  s a i d   l o o p   v i a   a  t h r e a d   made  of  t h e   s a m e  

m a t e r i a l .  

(3)  F u r t h e r m o r e ,   s a i d   w e i g h t   i s   r e m o v e d   f r o m  

s a i d   l o o p .  

2.  A  t h r e a d   (Y)  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  

m u l t i f i l a m e n t   y a r n   (X)  i s   made  o f   a  p o l y e s t e r .  

3.  A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   1  w h i c h   c o n s i s t s  

of  one  s i n g l e   m u l t i f i l a m e n t   y a r n   (X)  s u b s t a n t i a l l y   h a v i n g  

no  t w i s t s   t h e r e i n .  

4.  A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   1  w h i c h   c o n s i s t s  

of  a  p l u r a l i t y   of  m u l t i f i l a m e n t   y a r n s   (X)  h a v i n g   i n i t i a l  

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

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

of  e a c h   m u l t i f i l a m e n t   y a r n   ( X ) .  

5.  A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   1  w h i c h   c o n s i s t s  



of  a  p l u r a l i t y   of  d o u b l e d   y a r n s   ( Z ) ,   e a c h   d o u b l e d   y a r n   ( Z )  

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

y a r n s   ( X ) ,   t he   t w i s t i n g   d i r e c t i o n   of  s a i d   t h r e a d   (Y)  b e i n g  
r e v e r s e d   to  t h e   t w i s t i n g   d i r e c t i o n   of  s a i d   d o u b l e d  

y a r n s   ( Z ) .  

6.  A  t h r e a d   (Y)  a c c o r d i n g   to  c l a i m   5,  w h i c h   c o n s i s t s  

of  a  p l u r a l i t y   of  d o u b l e d   y a r n s   ( Z ) ,   e a c h   of  w h i c h   c o n s i s t s  

of  a  p l u r a l i t y   of  m u l t i f i l a m e n t   y a r n s   (X)  h a v i n g   i n i t i a l  

t w i s t s   t h e r e i n .  

7.  A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   6,  w h e r e i n   t h e  

t w i s t i n g   d i r e c t i o n   of  s a i d   d o u b l e d   y a r n s   (Z)  i s   t h e   same  a s  
t h e   i n i t i a l   t w i s t   d i r e c t i o n   of  s a i d   m u l t i f i l a m e n t   y a r n s   ( X ) .  

8.  A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   6 ,  w h e r e i n   t h e  

t w i s t i n g   d i r e c t i o n   of  s a i d   d o u b l e d   y a r n s   (Z)  i s   r e v e r s e   t o  

t h e   i n i t i a l   t w i s t   d i r e c t i o n   of  s a i d   m u l t i f i l a m e n t   y a r n s   ( X ) .  

9.  A  t h r e a d   (Y)  a c c o r d i n g   to  c l a i m   1  or  2,  t h e  

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

t r e a d   (Y)  w i t h   l g / d e n i e r   and  r e l e a s i n g   s a i d   t e n s i o n i n g   f r o m  

s a i d   t h r e a d   (Y)  a re   p e r f o r m e d   r e p e a t e d l y   t e n   t i m e s .  

10.  A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   1  or  2  h a v i n g   a  

s h r i n k a g e   in   d r y   h e a t   ( 1 8 0 ° C   x  30  m i n u t e s )   of  a t   m o s t   2%. 

11 .   A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   1  or  2  h a v i n g   a  

s h r i n k a g e   in   wet   h e a t   ( 1 3 0 ° C   x  30  m i n u t e s )   of  a t   m o s t   2%. 

12.  A  t h r e a d   (Y)  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  

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

t h e   a x i s   t h e r e o f .  

13 .   A  t h r e a d   (Y)  a c c o r d i n g   t o   c l a i m   1,  w h e r e i n   a l l   o f  

t h e   i n d i v i d u a l   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   m u l t i f i l a m e n t  

y a r n   (X)  h a v e   s u b s t a n t i a l l y   t h e   s a m e  l e n g t h .  

14.  A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   1  or  2,  w h e r e i n  

t h e   sum  i s   a t   mos t   5%,  w h i c h   sum  i s   c o m p o s e d   o f :   t h e  

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

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

t h e r e o f ;   and  a  s h r i n k a g e   in   d r y   h e a t   ( 1 8 0 ° C   x  30  m i n u t e s ) .  

' 15 .   A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   1  or  2,  w h e r e i n  



t h e   sum  i s   a t   m o s t   5%,  w h i c h   sum  i s   c o m p o s e d   o f :   t h e  

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

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

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

t h e r e o f ;   and  a  s h r i n k a g e   in  wet   h e a t   ( 1 3 0 ° C   x  30  m i n u t e s ) .  

16.  A  t h r e a d   (Y)  a c c o r d i n g   to   c l a i m   2,  w h e r e i n   s a i d  

m u l t i f i l a m e n t   y a r n   (X)  h a s   an  i n t r i n s i c   v i s c o s i t y   (IV)  o f  

b e t w e e n   0 . 6 5   and  1 . 3 0   d e t e r m i n e d   a t   a  t e m p e r a t u r e   of   2 5 ° C  

in   O - c h l o r o   p h e n o l   s o l u t i o n   h a v i n g   a  c o n c e n t r a t i o n   of   8%  b y  

w e i g h t .  

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

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

(1)  p r e l i m i n a r i l y   h e a t   t r e a t i n g   a  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 ;  

(2)  f a l s e   t w i s t i n g   s a i d  h e a t   t r e a t e d   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 ;  

(3)  s u b j e c t i n g   s a i d   f a l s e   t w i s t e d  y a r n   t o   a  

f l u i d   j e t   t r e a t m e n t   u n d e r   t h e   s l a c k e n e d   c o n d i t i o n   so  a s  t o  

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

of  s a i d   y a r n   and  so  as  to   form  p r o t r u d e d   p o r t i o n s   p r o t r u d i n g  

f rom  t h e   s u r f a c e   of  s a i d   y a r n ;   a n d  

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

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

a c c o r d i n g   to  c l a i m   17,  in   w h i c h   s a i d   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   c o m p o s e d   of  a  p o l y e s t e r .  

19.  A  m e t h o d   a c c o r d i n g   to   c l a i m   17,   w h e r e i n   s a i d  

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

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

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

o p e a t i o n .  

20.  A  m e t h o d   a c c o r d i n g   to  c l a i m   17,   w h e r e i n   s a i d  

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

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

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

21.  A  m e t h o d   a c c o r d i n g   to   c l a i m   17,   w h e r e i n   s a i d  

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

s y s t e m .  



22.  A  m e t h o d   a c c o r d i n g   to   c l a i m   17,  w h e r e i n   s a i d  

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

s y s t e m .  
23.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   17,   w h e r e i n   s a i d  

p o s t - h e a t   t r e a t m e n t   i s   p e r f o r m e d   in  a  d ry   h e a t i n g   s y s t e m .  

24.   A  m e t h o d   a c c o r d i n g   to  c l a i m   17 ,   w h e r e i n   s a i d  

p o s t - h e a t   t r e a t m e n t   i s   p e r f o r m e d   in  a  wet   h e a t i n g   s y s t e m .  

25.  A  m e t h o d   a c c o r d i n g   to  c l a i m   17,  w h e r e i n   t h e   h e a t  

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

l e a s t  - 1 5 0 ° C .  

26.  A  m e t h o d   a c c o r d i n g   to   c l a i m   17,   18,   19 ,   21  or  2 2 ,  

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

an  e f f e c t i v e   h e a t   t r e a t i n g   t e m p e r a t u r e   w h i c h   i s   h i g h e r   t h a n  

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

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

d e f i n e d   as  f o l l o w s ,  

(1)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   b y  m e a n s  

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

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

t e m p e r a t u r e ;  

(2)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  m e a n s  

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

t h a t   of  s a i d   s t r a i g h t   h o l l o w   d ry   h e a t e r   by  15°C  i s   t h e  

e f f e c t i v e   h e a t   t r e a t i n g   t e m p e r a t u r e ;  

(3)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  m e a n s  

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

s t e a m   h e a t e r   by  30°C  i s   t h e   e f f e c t i v e   h e a t   t r e a t i n g  

t e m p e r a t u r e ;  

(4)  when  a  y a r n   p a c k a g e   i s   h e a t   t r e a t e d   by  m e a n s  

of  s t e a m   or  in  w a t e r ,   t h e   t e m p e r a t u r e   h i g h e r   t h a n   t h a t   o f  

t he   s t e a m   or  w a t e r   by  60°C  is   t he   e f f e c t i v e   h e a t   t r e a t i n g  

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

27.  A  m e t h o d   a c c o r d i n g   to  c l a i m   17,  18,   20,  23  or  2 4 ,  

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

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

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

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



d e f i n e d   as  f o l l o w s ,  

(1)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  m e a n s  

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

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

t e m p e r a t u r e ;  

( 2 )   when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  m e a n s  

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

t h a t   of   s a i d   s t r a i g h t   h o l l o w   d r y   h e a t e r   by  15°C  i s   t h e  

e f f e c t i v e   h e a t   t r e a t i n g   t e m p e r a t u r e ;  

(3)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  m e a n s  

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

s t e a m   h e a t e r   by  30°C  i s   t h e   e f f e c t i v e   h e a t   t r e a t i n g  

t e m p e r a t u r e ;  

(4)  when  a  y a r n   p a c k a g e   i s   h e a t   t r e a t e d   by  m e a n s  

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

t h e   s t e a m   or  w a t e r   by  60°C  i s   t h e   e f f e c t i v e   h e a t   t r e a t i n g  

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

'28.   A  m e t h o d   a c c o r d i n g   to   c a l i m   2 6 ,   w h e r e i n   s a i d  

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

h e a t   t r e a t m e n t   i s   a t   l e a s t   2 1 0 ° C .  

29.  A  m e t h o d   a c c o r d i n g   to   c l a i m   27,   w h e r e i n   s a i d  

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

t r e a t m e n t   i s   a t   l e a s t   2 1 0 ° C .  

30.   A  m e t h o d   a c c o r d i n g   to   c l a i m   23  o r  2 4 ,   w h e r e i n  

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

c o n d i t i o n .  

31.   A  m e t h o d   a c c o r d i n g   to   c l a i m   23  or  24,  w h e r e i n  

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

c o n d i t i o n .  

32.   A  m e t h o d   a c c o r d i n g   to   c l a i m   17,   w h e r e i n   t h e  

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

e x p r e s s e d   in   f o l l o w i n g   f o r m u l a .  

2000  <  T · ( D / p ) 1 / 4   <  7 0 0 0  

w h e r e i n ,   T  r e p r e s e n t s   t h e   n u m b e r   of  f a l s e   t w i s t ;  

D  r e p r e s e n t s   t h e   d e n i e r   of  t he   y a r n ;   a n d  

p  r e p r e s e n t s   t h e   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 .  



33.  A  m e t h o d   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  

p o l y e s t e r   f i l a m e n t s   have   an  i n t r i n s i c   v i s c o n s i t y   (IV)  o f  

b e t w e e n   0 . 6 5   and  1 . 3 0   and  an  a v e r a g e   m o l e c u l a r   w e i g h t   Mn  o f  

b e t w e e n   21000  and  4 1 0 0 0 .  

34.   A  m e t h o d   a c c o r d i n g   to   c l a i m   17,  w h e r e i n   a n  

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

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

m e n t i o n t e d   in   f o l l o w i n g   f o r m u l a .  

w h e r e i n   V1  r e p r e s e n t s   a  t a k e   up  s p e e d   i n  

t h e   f a l s e   t w i s t i n g   o p e r a t i o n ,   and  V2  r e p r e -  

s e n t s   a  t a k e   up  s p e e d   i n   t h e   i n t e r l a c i n g  

p r o c e s s .  

35.   A  m e t h o d   a c c o r d i n g   t o   c l a i m   17,   w h e r e i n   a  f l u i d  

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

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

to  t he   a x i s   of   s a i d   y a r n ,   so  t h a t   i n t e r l a c e d   p o r t i o n s   a n d  

n o n - i n t e r l a c e d   p o r t i o n s   a re   p r o v i d e d   on  t he   y a r n   i n t e r -  

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

36.  A  m e t h o d   a c c o r d i n g   to   c l a i m   35,   w h e r e i n   s a i d  

e j e c t e d   f l u i d   f l o w   is   i m p i n g e d   on  t h e   y a r n   a t   a  r i g h t   a n g l e  

to  t h e   a x i s   of  s a i d   y a r n .  

37.  A  m e t h o d   a c c o r d i n g   to   c l a i m   17,  w h e r e i n   a  t w i s t i n g  

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

38.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   17,  w h e r e i n   a  t w i s t i n g  

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

39.  A  m e t h o d   a c c o r d i n g   to   c l a i m   17,  w h e r e i n   s a i d  

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

f i l a m e n t   y a r n .  

40.  A  m e t h o d   a c c o r d i n g   to   c l a i m   17,  w h e r e i n   s a i d  

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

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

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



h e a t   t r e a t i n g   t e m p e r a t u r e   b e i n g   h i g h e r   by  20°C  t h a n   t h a t   o f  

t h e   f a l s e   t w i s t i n g   o p e r a t i o n   and  b e i n g   h i g h e r   t h a n   2 1 0 ° C .  

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

d e f i n e d   as  f o l l o w s ,  

(1)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  m e a n s  

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

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

t e m p e r a t u r e ;  

(2)  when  a  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  m e a n s  

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

t h a t   of  s a i d   s t r a i g h t   h o l l o w   d r y   h e a t e r   by  15°C  i s   t h e  

e f f e c t i v e   h e a t   t r e a t i n g   t e m p e r a t u r e ;  

(3)  when  r u n n i n g   y a r n   i s   h e a t   t r e a t e d   by  m e a n s  

of   a  s t e a m   h e a t e r ,   t h e   t e m p e r a t u r e   h i g h e r   t h a n   t h a t   of  s a i d  

s t e a m   h e a t e r   by  30°C  i s   t he   e f f e c t i v e   h e a t   t r e a t i n g  

t e m p e r a t u r e ;  

(4)  when  a  y a r n   p a c k a g e   i s   h e a t   t r e a t e d  b y   m e a n s  

of   s t e a m   or   in   w a t e r ,   t h e   t e m p e r a t u r e   h i g h e r   t h a n   t h a t   o f  

t h e   s t e a m   or  w a t e r   by  60°C  i s   t h e   e f f e c t i v e   h e a t   t r e a t i n g  

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

42.   A  m e t h o d   a c c o r d i n g   to   c l a i m   41,   w h e r e i n   s a i d  

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

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

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

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

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

43.  A  m e t h o d   a c c o r d i n g   t o  c l a i m   42,   w h e r e i n   a  

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

o t h e r   r e s u l t i n g   i n   a  f o l d e d   t h r e a d .  
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