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©  Mixed  fiber  length  yarn. 

A  novel  synthetic  yarn  disclosed  which  comprises  fibers 
of  different  lengths  (as  specified).  At  least  three  groups  of 
synthetic  fibers  are  present  in  the  yarn,  with  the  synthetic 
fibers  within  each  group  being  substantially  uniform  in 
length.  The  substantially  uniform  length  of  each  group  of 
synthetic  fibers  present  in  the  yarn  differs  from  the  substan- 
tially  uniform  length  of  the  synthetic  fibers  in  the  other 
groups.  The  use  of  such  mixtures  of fiber lengths  in  a  synthe- 
tic  yarn  enables  the  yarn  to  exhibit  physical  characteristics 
such  as  high  bulk  which  more  closely  resemble  the  charac- 
teristics  of  natural  fiber-containing  yarns.  Fabrics  having 
improved  physical  characteristics  may  also  be  produced  from 

, the  novel  synthetic  yarns  disclosed. 



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  yarns  c o n t a i n i n g  

s y n t h e t i c   f i b e r s ,   e s p e c i a l l y   novel  yarns   comprised  of  s y n t h e t i c  

f i b e r s   having  d i f f e r e n t   l e n g t h s .   For  many  years   n a t u r a l   f i b e r s  

such  as  co t ton   and  wool  have  been  r e p l a c e d ,   e i t h e r  w h o l l y   or  in  a  

p a r t ,   by  s y n t h e t i c   f i b e r s   in  the  manufac tu re   of  yarns   and  

f a b r i c s .   S i g n i f i c a n t   improvements   in  the  s t r e n g t h   and 

p r o c e s s a b i l i t y   of  t e x t i l e   yarns   have  thus  been  a c h i e v e d .  

S y n t h e t i c   f i b e r - c o n t a i n i n g   yarns   and  f a b r i c s   do  not,   however ,  

t y p i c a l l y   possess   the  appea rance   and  p h y s i c a l   c h a r a c t e r i s t i c s  

of  co t ton   or  wool  yarns   and  f a b r i c s .   S y n t h e t i c   f i b e r - c o n t a i n i n g  

f a b r i c s   also  do  not  g e n e r a l l y   a t t a i n   the  same  l e v e l   of  comfort   a s  
n a t u r a l   f i b e r - c o n t a i n i n g   f a b r i c s .  

At tempts   have  thus  been  made  to  improve  the  p h y s i c a l  

c h a r a c t e r i s t i c s   of  s y n t h e t i c   f i b e r - c o n t a i n i n g   yarns   and  f a b r i c s .  

For  example,  US  P a t e n t   3  350  872  d e s c r i b e s   a  t e x t i l e   yarn  c o m p r i s e d  

of  s y n t h e t i c   f i b e r s   whose  p h y s i c a l   c h a r a c t e r i s t i c s   are  i n t e n d e d  

to  s imula te   those  of  a  wool  f a b r i c ,   which  yarn  c o n s i s t s   of  a  

crimped  and  uncrimped  a c r y l i c   f i b e r .   US  Pa t en t   No  3  965  664 

d e s c r i b e s   a  yarn  which  is  formed  from  a  mixture   of  s y n t h e t i c  

f i b e r s   i n c l u d i n g   f i b e r s   having   at  l e a s t   th ree   d i f f e r e n t   d e n i e r s  

and  which  is  i n t ended   to  have  the  fee l   of  a  n a t u r a l   f i b e r -  

c o n t a i n i n g   yarn.   US  P a t e n t   3  188  790  d i s c l o s e s   yarns   c o m p r i s e d  

of  a  blend  of  s y n t h e t i c   f i b e r s   (eg  nylon  or  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 )   and  co t ton   f i b e r s ,   with  the  s y n t h e t i c   f i b e r s   b e i n g  

both  crimped  and  uncr imped.   US  P a t e n t s   3  587  220  and  3  686  850 

d i s c l o s e   yarns  comprised  of  s y n t h e t i c   f i b e r s   having   high  and  

low  shr inkage   c h a r a c t e r i s t i c s .   US  Pa t en t   2  271  184  d e s c r i b e s   a  

blend  of  f i b e r s   having  both  r e g u l a r   and  i r r e g u l a r   d e n i e r s .  

D i f f e r e n t i a l   f i b e r   l e n g t h   is  also  a  c r i t e r i o n   taken  i n t o  

account   in  US  P a t e n t s   3  157  021;  3  371  475;  and  3  335  466  i n  

order   to  produce  a  bulky,   high  s t r e n g t h   s y n t h e t i c   y a r n .  A  

s y n t h e t i c   f i b e r - c o n t a i n i n g   yarn  has  not  been  produced,   however ,  

which  adequa t e ly   e x h i b i t s   the  advantageous   p h y s i c a l   c h a r a c t e r i s t i c s  

(eg,  b u l k i n e s s   and  appea rance )   of  n a t u r a l   f i b e r - c o n t a i n i n g  



yarns   whi le   r e t a i n i n g   the  s t r e n g t h   and  d u r a b i l i t y   of  s y n t h e t i c  

f i b e r - c o n t a i n i n g   y a r n s .  

In  one  a spec t   of  the  p r e s e n t   i n v e n t i o n   t he re   i s  

p r o v i d e d   an  improved  s y n t h e t i c   f i b e r - c o n t a i n i n g   yarn  c o m p r i s e d  

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

the  s y n t h e t i c   f i b e r s   p r e s e n t   in  the  yarn  comprise   at  l e a s t  

about  50  p e r c e n t   by  weight   of  the  f i b e r s   w i t h i n   sa id   y a r n  
and  c o n s i s t   of  a  mix ture   of  at  l e a s t   t h r ee   groups  o f  

s y n t h e t i c   f i b e r s ,   each  group  c o n s i s t i n g   of  f i b e r s   of  a  

s u b s t a n t i a l l y   uni form  l e n g t h   which  d i f f e r s   from  the  s u b s t a n t i a l l y  

un i fo rm  l e n g t h   of  the  s y n t h e t i c   f i b e r s   in  the  o t h e r   g r o u p s ,  
and  where in   the  f i b e r s   c o n t a i n e d   w i t h i n   sa id   at  l e a s t   t h r e e  

groups  of  s y n t h e t i c   f i b e r s   are  d i s t r i b u t e d   among  each  of  t h e  

f o l l o w i n g   r anges   based  upon  the  weight   of  the  f i b e r s   in  t h e  

at  l e a s t   t h r e e   groups:   . 
(a)  up  to  about  75  p e r c e n t   by  weight   of  f i b e r s  

hav ing   a  l e n g t h   of  about  X,  wherein   X  r e p r e s e n t s   the  l e n g t h  

of  the  l o n g e s t   s y n t h e t i c   f i b e r   in  said  g r o u p s ;  

(b)  up  to  about  75  p e r c e n t   by  weight   of  f i b e r s  

hav ing   a  l e n g t h   g r e a t e r   than  about  1/2X  up  to  but  not  i n c l u d i n g  

said   l e n g t h   of  about  X;  a n d  

(c)  up  to  about  35  p e r c e n t   by  weight   of  f i b e r s  

hav ing   a  l e n g t h   l e s s   than  or  equal   to  sa id   l e n g t h   of  a b o u t  

1 /2X.  

In.  ano the r   a s p e c t   of  the  p r e s e n t   i n v e n t i o n ,   t he re   i s  

p r o v i d e d   an  improved  f a b r i c   c o n t a i n i n g   such  s y n t h e t i c   f i b e r -  

c o n t a i n i n g   y a r n .  

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

the  above  r anges   c o n s i s t s   of  between  about  25  and  about  50 

p e r c e n t   by  weight   of  s y n t h e t i c   f i b e r s   hav ing   a  l e n g t h   of  a b o u t  

X,  between  about  25  and  about  50  p e r c e n t   by  weight   of  s y n t h e t i c  

f i b e r s   hav ing   a  l e n g t h   g r e a t e r   than  about  1/2X  up  to  but  n o t  

i n c l u d i n g   sa id   l e n g t h   of  about  X,  and  up  to  about  30  p e r c e n t  

by  weight   of  s y n t h e t i c   f i b e r s   having  a  l e n g t h   l e s s   than  or  e q u a l  

to  sa id   l e n g t h   of  about  1/2X.  Most  p r e f e r a b l y   the  yarn  c o n t a i n s  



l e s s   than  about  20  p e r c e n t   by  weight   of  s y n t h e t i c   f i b e r s   h a v i n g  

a  l e n g t h   l e s s   than  or  equal   to  said  l eng th   of  about  1 /2X.  

It   has  been  found  t h a t   yarns  which  c o n t a i n   s y n t h e t i c  

f i b e r s   in  these  l e n g t h s   and  p r o p o r t i o n s   pos ses s   c h a r a c t e r i s t i c s  

c l o s e l y   p a r a l l e l i n g   those   of  n a t u r a l   f i b e r - c o n t a i n i n g   y a r n s  
(eg,  co t t on   or  wool  y a r n s ) .   These  c h a r a c t e r i s t i c s   r e l a t e   t o  

a e s t h e t i c   f a c t o r s   as  well   as  to  the  thermal   and  t a c t i l e   c o m f o r t  

of  f a b r i c s   c o n t a i n i n g   such  y a r n s .  
Fab r i c s   c o n t a i n i n g   yarns   comprised  of  n a t u r a l   f i b e r s  

such  as  co t ton   g e n e r a l l y   e x h i b i t   "comfort"   c h a r a c t e r i s t i c s   wh ich  

are  s u p e r i o r   to  those  e x h i b i t e d   by  f a b r i c s   which  c o n t a i n  

c o n v e n t i o n a l   s y n t h e t i c   f i b e r - c o n t a i n i n g   ya rns .   G e n e r a l l y ,  
n a t u r a l   f i b e r - c o n t a i n i n g   yarns   e x h i b i t   a  g r e a t e r   b u l k  

than  s y n t h e t i c   yarns  ( ie   the  yarns   c o n s i s t   of  l o o s e l y   p a c k e d  

f i b e r s ) .   Na tu ra l   f i b e r - c o n t a i n i n g   yarns   c o n s i s t   of  a  m i x t u r e  

of  f i b e r s   of  d i f f e r i n g   l e n g t h ,   thus  p r o v i d i n g   a  yarn  having  a  

m u l t i t u d e   of  p r o t r u d i n g   ends  along  the  l o n g i t u d i n a l   axis   of  t h e  

y a r n .  
'The  high  bulk  of  n a t u r a l   f i b e r - c o n t a i n i n g  

yarns   enables   f a b r i c s   to  be  produced  which  e x h i b i t   low  a i r  

p e r m e a b i l i t y   and  s a t i s f a c t o r y   cove r ing   c h a r a c t e r i s t i c s .   The 

high  degree  of  f i b e r   end  p r o t r u d e n c e   also  enhances  the  c o m f o r t  

of  the  f a b r i c .  

The  s i g n i f i c a n t   degree  of  p r o t r u d e n c e   of  f i b e r   ends  

from  the  yarn  in  such  f a b r i c s   p rov ides   for  g r e a t e r   t a c t i l e   c o m f o r t  

in  comparison  to  c o n v e n t i o n a l   s y n t h e t i c   y a r n - c o n t a i n i n g   f a b r i c s .  

Conven t iona l   s y n t h e t i c   yarns   t y p i c a l l y   c o n s i s t   of  f i b e r s   h a v i n g  

a  uniform  l eng th ,   t h e r e f o r e   p r o v i d i n g   a  l e s s e n e d   amount  o f  

p r o t r u d i n g   ends  r e s u l t i n g   in  a  smoother  t a c t i l e   s e n s a t i o n ,   h i g h  

degree  of  a i r   p e r m e a b i l i t y ,   and  low  b u l k .  

The  novel  s y n t h e t i c   f i b e r - c o n t a i n i n g   yarns   and  f a b r i c s  

of  the  p r e s e n t   i n v e n t i o n ' m o r e   n e a r l y   s imula te   n a t u r a l   f i b e r - '  

c o n t a i n i n g   yarns  and  f a b r i c s ,   while  a d d i t i o n a l l y   e x h i b i t i n g   t h e  

advan tageous   c h a r a c t e r i s t i c s   of  s y n t h e t i c   f i b e r - c o n t a i n i n g   y a r n s .  
The  yarns  of  t h i s   i n v e n t i o n   con t a in   at  l e a s t   t h r e e  

groups  of  s y n t h e t i c   f i b e r s   with  the  s y n t h e t i c   f i b e r s   w i th in   e ach  



group  be ing   of  s u b s t a n t i a l l y   the  same  l e n g t h .   I t   is  r e c o g n i z e d  
t h a t   the  f i b e r   l e n g t h s   w i t h i n   each  group  w i l l   no rmal ly   not  b e  

e x a c t l y   the  same  due  to  the  l ack   of  p r e c i s i o n   which  e x i s t s  

when  l a rge   amounts  of  such  f i b e r s   are  cut,   but  the  f i b e r   l e n g t h s  
w i t h i n   each  group  w i l l   g e n e r a l l y   only  d i f f e r   by  a  f a c t o r   o f  

about  5  p e r c e n t   or  l e s s .   For  example,  i f   the  l o n g e s t   l e n g t h   X 

of  the  s y n t h e t i c   f i b e r s   in  the  groups  is  i n t e n d e d   to  be  3 

inches ,   the  group  of  f i b e r s   which  is  cut  to  t h a t   l e n g t h   w i l l  

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

3  inch  l e n g t h   by  a  f a c t o r   of  about  p lus   or  minus  5  p e r c e n t   o r  

l e s s .   This  group  of  f i b e r s   w i l l ,   for   pu rposes   of  the  i n v e n t i o n ,  

be  deemed  to  c o n t a i n   f i b e r s   of  about  3  inches   in  l e n g t h   ( i e  

a  l eng th   of  about  X).  S i m i l a r l y ,   t h e  p h r a s e   "about  1/2X"  i s  

i n t e n d e d   to  i n c l u d e   l e n g t h s   of  1/2X  plus  or  mums  about  5  p e r c e n t .  

That  i s , '  i f   the  l o n g e s t   l e n g t h   X  of  the  s y n t h e t i c   f i b e r s   i n  

the  groups  is  i n t e n d e d   to  be  3  i nches ,   then  f i b e r s   hav ing   a  

l eng th   of  about  1/2X  w i l l   d i f f e r   from  a  l e n g t h   of  1  1/2  i n c h e s  

by  only  about  p lus   or  minus  5  p e r c e n t .  

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

f i b e r s   of  each  of  the  groups  p r e s e n t   in  the  yarn  w i l l   a l s o  

d i f f e r   from  the  s u b s t a n t i a l l y   un i fo rm  l e n g t h   of  the  s y n t h e t i c  

f i b e r s   in  the  o t h e r   groups  p r e s e n t   in  the  yarn .   G e n e r a l l y   i t  

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

whose  s u b s t a n t i a l l y   un i fo rm  l e n g t h s   d i f f e r   from  the  s u b s t a n t i a l l y  

uni form  l e n g t h s   of  the  s y n t h e t i c   f i b e r s   in  the  o the r   g r o u p s  

by  at  l e a s t   about  15  p e r c e n t   and  p r e f e r a b l y   between  a b o u t  

15  p e r c e n t   and  about  30  p e r c e n t   in  o rder   to  p rov ide   a  u n i f o r m  

and  high  degree   of  f i b e r   end  p r o t r u d e n c e   along  the  l o n g i t u d i n a l  

axis  of  the  yarn .   I t   should  be  noted ,   however,   t ha t   l e s s  

s i g n i f i c a n t   d i f f e r e n c e s   between  the  s u b s t a n t i a l l y   un i form  l e n g t h s  

of  the  groups  of  s y n t h e t i c   f i b e r s   w i t h i n  t h e   yarn  w i l l   a l s o  

p rov ide   d e s i r e d   r e s u l t s , a l t h o u g h   the  advan tages   of  e m p l o y i n g  

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

as  the  l e n g t h s   of  the  s y n t h e t i c   f i b e r s   w i t h i n   the  yarn  become 

more  n e a r l y   equal .   G e n e r a l l y ,   the  s u b s t a n t i a l l y   un i form  l e n g t h  



of  the  s y n t h e t i c   f i b e r s   of  each  group  should  d i f f e r   from  t h e  

s u b s t a n t i a l l y   uni form  l e n g t h   of  the  s y n t h e t i c   f i b e r s   of  t h e  

o the r   groups  by  a  f a c t o r   of  at  l e a s t   about  5  p e r c e n t   i n  

order   to  ensure   tha t   the  f i b e r   l e n g t h s   d i f f e r   s i g n i f i c a n t l y  

enough  to  p rov ide   the  d e s i r e d   r e s u l t s .  

The  s y n t h e t i c   f i b e r s   w i t h i n   the  yarn  must  c o n s i s t  

of  a  minimum  of  t h ree   groups  of  s y n t h e t i c   f i b e r s   in  o rder   t o  

o b t a i n   the  d e s i r e d   c h a r a c t e r i s t i c s .   More  than  t h r e e   g r o u p s  
of  s y n t h e t i c   f i b e r s   may  be  p r e s e n t   as  long  as  the  l e n g t h s   o f  

a l l   of  the  f i b e r s   p r e s e n t   in  the  yarn  are  d i s t r i b u t e d   in  t h e  

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

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

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

o t h e r .   However,  yarn  p r o d u c t i o n   c o n s i d e r a t i o n s   (eg,  t h e  

problems  which  a r i s e   from  h a n d l i n g   m u l t i p l e   l e n g t h s   of  f i b e r s )  

d i s c o u r a g e   the  use  of  an  e x c e s s i v e   number  of  groups  o f  

s y n t h e t i c   f i b e r s   of  d i f f e r i n g   l e n g t h s .   The  advan tages   of  t h e  

p r e s e n t   i n v e n t i o n   may  g e n e r a l l y   be  achieved  by  employing  a n y -  

where  from  t h ree   to  s ix  groups  of  s y n t h e t i c   f i b e r s   of  s u c h  

l e n g t h s   and  in  such  p r o p o r t i o n s   c o n s i s t e n t   with  the  r e q u i r e d  

d i s t r i b u t i o n   of  the  s y n t h e t i c   f i b e r s   w i th in   the  yarns   of  t h i s  

i n v e n t i o n .   However,  i t   may  be  d e s i r a b l e   to  have  a  wide  d i s -  

t r i b u t i o n   of  l e n g t h s   of  f i b e r s   w i t h i n   each  g r o u p .  

In  order   to  a t t a i n   the  f u l l   b e n e f i t   of  the  yarn  o f  

the  p r e s e n t   i n v e n t i o n ,   each  of  the  groups  of  s y n t h e t i c   f i b e r s  

c o n t a i n e d   in  the  yarn  should  be  p r e s e n t   in  a  s i g n i f i c a n t   amount .  

That  is ,   each  group  should  p r e f e r a b l y   comprise  at  l e a s t   a b o u t  

5  p e r c e n t   by  weight  of  the  t o t a l   weight   of  the  s y n t h e t i c   f i b e r s  

c o n t a i n e d   w i t h i n   said  groups.   However,  the  p e r c e n t a g e   of  s y n -  

t h e t i c   f i b r e s   in  any  group  may  be  l e s s   than  about  5  p e r c e n t   by  

weight   in  c e r t a i n   i n s t a n c e s ,   such  as  when  more  than  t h r e e   g r o u p s  

of  s y n t h e t i c   f i b e r s   are  p r e s e n t   in  the  yarn.   For  example  one 

p o l y e s t e r   yarn  made  a c c o r d i n g   to  the  i n v e n t i o n   c o n t a i n e d   s i x  

groups  of  f i b e r s   of  d i f f e r e n t   l e n g t h s   r ang ing   from  about  1 - 1 / 2  

inches   to  about  1/4  inch  as  f o l l o w s : -  



The  d i f f e r e n t   f i b e r   l e n g t h s   to  be  used  w i t h i n   t h e  

groups  p r e s e n t   in  the  yarn  can  vary  g r e a t l y   depending   u p o n  
the  d e s i r e d   yarn  c h a r a c t e r i s t i c s   as  well   as  the  i n t e n d e d   u s e  

of  the  yarn .   For  example,  t e x t i l e   f a b r i c s   whose  p r i m a r y  u s e  

is  in  s h i r t s   and  s i m i l a r   wear ing   appa re l   t y p i c a l l y   w i l l   b e  

comprised  of  a  yarn   which  c o n t a i n s   s y n t h e t i c   f i b e r s   hav ing   a  

l o n g e s t   l e n g t h   of  about  1  1/2  i n c h e s .   Yarns  which  are  to  b e  

used  in  the  p r o d i c t i o n   of  swea te r s ,   however,  w i l l   t y p i c a l l y  

c o n t a i n   s y n t h e t i c   f i b e r s   hav ing   a  l o n g e s t   l e n g t h   of  a b o u t  3  

to  6  i n c h e s .   The  d e t e r m i n a t i o n   of  the  l o n g e s t   l e n g t h   to  b e  

used  in  a  yarn  which  is  i n t e n d e d   for   a  s p e c i f i c   use  is  w e l l  

w i t h i n   the  s k i l l   of  the  a r t i s a n .  

Thus,  in  accordance   wi th   the  r e q u i r e d   f i b e r   d i s t r i -  

b u t i o n   of  the  p r e s e n t   i n v e n t i o n ,   a  yarn  whose  p r imary   u s e  

l i e s   in  the  s h i r t i n g   f i e l d   could  c o n t a i n   up  to  about  75 

p e r c e n t   by  weight   of  s y n t h e t i c  f i b e r s   of  about  1  1/2  i n c h e s  

in  l e n g t h ,   up  to  about  75  p e r c e n t   by  weight   of  s y n t h e t i c  

f i b e r s   hav ing   a  l e n g t h   g r e a t e r   than  about  3/4  of  an  inch  up  

to  but  not   i n c l u d i n g   said  l e n g t h   of  about  1  1/2  inches ,   a n d  

up  to  about  35  p e r c e n t   by  weight   of  s y n t h e t i c   f i b e r s   h a v i n g  

a  l e n g t h   l e s s   than  or  equal  to  said  l e n g t h   of  about  3/4  o f  

an  inch,   based  upon  the  weight   of  the  f i b e r s   in  those   t h r e e  

g r o u p s .  
The  s y n t h e t i c   f i b e r s   in  each  of  the  above  r a n g e s  

may  be  p r o v i d e d   by  more  than  one  group  of  f i b e r s ,   with  t h e  

s u b s t a n t i a l l y   un i form  l e n g t h   of  the  s y n t h e t i c   f i b e r s   of  one  

group  d i f f e r i n g   from  the  s u b s t a n t i a l l y   un i fo rm  l e n g t h   of  t h e  

s y n t h e t i c   f i b e r s   of  the  o the r   group.   However,  the  t o t a l  

we igh t   p e r c e n t a g e   of  the  s y n t h e t i c   f i b e r s   in  the  group  m u s t  

not  exceed  the  a l l o w a b l e   p r o p o r t i o n   for   f i b e r s   of  those   l e n g t h s .  



For  example,  in  a  yarn  which  c o n t a i n s   50  p e r c e n t  

by  weight   of  s y n t h e t i c   f i b e r s   of  about  1  1/2  inches   in  l e n g t h ,  

40  p e r c e n t   by  weight   of  s y n t h e t i c   f i b e r s   having   a  l e n g t h  

g r e a t e r   than  about  3/4  of  an  inch  and  up  to  but  not  i n c l u d i n g  

sa id   l e n g t h   of  about  1  1/2  inches ,   and  10  p e r c e n t   by  w e i g h t  

of  s y n t h e t i c   f i b e r s   having  a  l eng th   l e s s   than  or  equal  to  s a i d  

l e n g t h   of  about  3/4  of  an  inch  (based  upon  the  weight   of  t h e  

f i b e r s   in  those   g roups ) ,   the  s y n t h e t i c   f i b e r s   having   a  l e n g t h  

of  between  about  3/4  and  about  1  1/2  inches   could  be  e v e n l y  

d i s t r i b u t e d   between  f i b e r s   1  inch  in  l eng th   and  f i b e r s   1  1 / 4  

inches   in  l e n g t h   ( ie ,   20  p e r c e n t   by  weight  of  each  based  on 

the  t o t a l   weight   of  the  s y n t h e t i c   f i b e r s   p r e s e n t ) .  

I t   should  be  u n d e r s t o o d   t h a t   the  l e n g t h   of  t h e  

l o n g e s t   s y n t h e t i c   f i b e r s   to  be  used  in  the  groups  c o n t a i n e d  

w i t h i n   the  novel   yarn  of  t h i s   i n v e n t i o n   may  be  much  g r e a t e r  

than  1  1/2  i nches ,   and  may  indeed  be  3  or  6  inches   or  g r e a t e r  

in  l e n g t h .   G e n e r a l l y   the  l e n g t h   of  the  l o n g e s t   s y n t h e t i c  

f i b e r   w i l l   range  between  about  1  and  6  inches   for   c o n v e n t i o n a l  

t e x t i l e   a p p l i c a t i o n s .   However,  the  minimum  l e n g t h   of  t h e  

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

s ince   i t   may  become  very  i m p r a c t i c a l   to  i n c o r p o r a t e   any  

f i b e r   l e n g t h   of  l e s s   than  about  1/4  inch  in  l e n g t h   in to   t h e  

yarn  du r ing   the  p r o d u c t i o n   sequence.   The  s h o r t e s t   l eng th   o f  

any  s y n t h e t i c   f i b e r s   p r e s e n t   w i l l   thus  g e n e r a l l y   be  at  l e a s t  

1/2  i n c h .  

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

yarn  which  c o n t a i n s   s y n t h e t i c   f i b e r s   of  l e n g t h s   which  v a r y  

over  a  wide  range  may  also  p r e s e n t   problems  dur ing   t h e  

p r o d u c t i o n   of  the  yarn.   I t   is  thus  also  advan tageous   to  employ 

groups  of  s y n t h e t i c   f i b e r s   which  have  s i g n i f i c a n t l y   d i f f e r i n g  

l e n g t h s   but  which  l e n g t h s   do  not  d i f f e r   too  g r e a t l y .   F o r  

example,  a  yarn  c o n t a i n i n g   s y n t h e t i c   f i b e r s   having  l e n g t h s   o f  

about  3  i nches ,   about  1  3/4  inches ,   and  about  3/4  of  an  i n c h  

would  be  a c c e p t a b l e   both  with  r e s p e c t   to  l eng th   d i f f e r e n t i a l   among 

the  groups  as  well  as  the  minimum  l eng th   p r e s e n t .  



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

a  yarn  i n c l u d e s   about  20  p e r c e n t   by  weight   of  s y n t h e t i c   f i b e r s  

of  about  1  1/4  inches   in  l e n g t h ,   about  40  p e r c e n t   b y  w e i g h t  

of  s y n t h e t i c   f i b e r s   having   a  l e n g t h   r a n g i n g   from  about  1  u p  
to  but  not  i n c l u d i n g   sa id   l e n g t h   of  about  1  1/4  i n c h e s ,  

about  25  p e r c e n t   by  weight   of  s y n t h e t i c   f i b e r s   hav ing   a  l e n g t h  

r ang ing   from  about  3/4  up  to  but  not  i n c l u d i n g   sa id   l e n g t h   o f  

about  1  inch,   and  about  15  p e r c e n t   by  weight   of  s y n t h e t i c  

f i b e r s   hav ing   a  l e n g t h   l e s s   than  sa id   l e n g t h   of  about  3 / 4  

inch  (eg  about  1/2  inch  or  l e s s ) ,   based  upon  the  weight   o f  

s y n t h e t i c   f i b e r s   p r e s e n t   in  the  d i f f e r e n t   g r o u p s .  
A  most  p r e f e r r e d   d i s t r i b u t i o n   of  s y n t h e t i c   f i b e r s  

w i t h i n   a  yarn   c o n t a i n s   about  20  p e r c e n t   by  weight   of  s y n t h e t i c  

f i b e r s   of  about  1  1/4  inches   in  l e n g t h ,   about  40  p e r c e n t   b y  

weight   of  s y n t h e t i c   f i b e r s   h a v i n g  a   l e n g t h   of  about  1  i n c h ,  

about  25  p e r c e n t   by  weight   of  s y n t h e t i c   f i b e r s   hav ing   a  

l e n g t h   of  about  3/4  of  an  inch  and  about  15  p e r c e n t   b y  w e i g h t  

of  s y n t h e t i c   f i b e r s   having   a  l e n g t h   of  about  1/2  of  an  i n c h .  

Other  p h y s i c a l   c h a r a c t e r i s t i c s   of  the  s y n t h e t i c  

f i b e r s   used  in  the  novel  yarns   of  t h i s   i n v e n t i o n   may  b e  

v a r i e d   in  o rder   to  f u r t h e r   i n c r e a s e   the  o v e r a l l   bulk  of  t h e  

yarn .   For  example,  at  l e a s t   a  p o r t i o n   o f  t h e  s y n t h e t i c  

f i b e r s   may  be  cr imped  p r i o r   to  be ing   i n c o r p o r a t e d   in to   t h e  

yarn.   Mix tu re s   of  s h r i n k a b l e   and  n o n - s h r i n k a b l e   s y n t h e t i c  

f i b e r s   may  also  be  used  to  i n c r e a s e   yarn   bulk.   At  l e a s t   a  

p o r t i o n   of  the  s y n t h e t i c   f i b e r s   may  also  have  an  i r r e g u l a r l y -  

shaped  or  n o n - c i r c u l a r   c r o s s - s e c t i o n .   F i b e r s   of  mixed  d e n i e r s  

may  also  be  used  with  the  yarns   of  the  p r e s e n t   i n v e n t i o n ,  

The  s y n t h e t i c   f i b e r s  u s e d   in  the  novel   yarns   a n d  

f a b r i c s   of  t h i s   i n v e n t i o n   may  c o n s i s t   of  any  s u i t a b l e   c o n v e n t i o n a l  

po lymer ic   m a t e r i a l .   S u i t a b l e   po lymer ic   m a t e r i a l s   i n c l u d e  

c e l l u l o s e   a c e t a t e ,   rayon,   po lyamides  - ( eg   a r amids ) ,   p o l y e s t e r s ,  

a c r y l i c s ,   a n d  p o l y o l e f i n s .   Nylon  66  (eg,  p o l y ( h e x a m e t h y l e n e  

a d i p a m i d e ) ) ,   l i n e a r   t e r e p h t h a l a t e   p o l y e s t e r s   (eg,  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 ) ,   p o l y a c r y l o n i t r i l e ,   p o l y p r o p y l e n e ,   and  p o l y ( m e t -  



aphenylene   i s o t h a l a m i d e )   are  exemplary  m a t e r i a l s .   M i x t u r e s  

of  the  above  m a t e r i a l s   may  also  be  employed  in  the  y a r n s  
of  the  p r e s e n t   i n v e n t i o n .   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   and  

c e l l u l o s e   a c e t a t e   are  p r e f e r r e d   po lymer ic   m a t e r i a l s .  

The  s y n t h e t i c   f i b e r s   p r e s e n t   in  the  yarn  c o m p r i s e  

at  l e a s t   about  50  p e r c e n t   by  weight   of  the  t o t a l   f i b e r s  

p r e s e n t   in  the  yarn  and  c o n s i s t   of  a  mix ture   of  at  l e a s t  

t h r ee   groups  of  s y n t h e t i c   f i b e r s   of  s u b s t a n t i a l l y   u n i f o r m  

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

l e a s t   th ree   groups  be ing   p r e s e n t   in  the  r e q u i r e d   p r o p o r t i o n s  

in  order   to  ensure  t h a t   the  b e n e f i t s   of  the  p r e s e n t   i n v e n t i o n  

are  a t t a i n e d .   P r e f e r a b l y ,   the  s y n t h e t i c   f i b e r s   c o n t a i n e d  

w i t h i n   the  at  l e a s t   t h ree   groups  are  p r e s e n t   in  the  yarn  i n  

amounts  r ang ing   from  about  65  to  100  p e r c e n t   by  weight  b a s e d  

on  the  t o t a l   weight   of  the  f i b e r s   p r e s e n t   in  the  y a r n .  

The  yarns   of  t h i s   i n v e n t i o n   may  also  c o n t a i n   n a t u r a l  

f i b e r s   such  as  c o t t o n   or  wool  f i b e r s   in  c o n v e n t i o n a l   w e i g h t  

r a t i o s   which  t y p i c a l l y   range  from  about  50:50  to  9 0 : 1 0  

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

65:35  and  80:20.  I t   should  be  noted,   however,  t ha t   when  t h e  

yarn  c o n t a i n s   both  s y n t h e t i c   and  n a t u r a l   f i b e r s ,   the  n a t u r a l  

f i b e r s   need  not  be  p r e s e n t   in  the  r e q u i r e d   number  of  groups  o f  

the  s p e c i f i e d   ranges   set  f o r t h   for  the  s y n t h e t i c   f i b e r s .   I n  

a d d i t i o n ,   the  yarn  of  t h i s   i n v e n t i o n   may  also  c o n t a i n   o t h e r  

s y n t h e t i c   f i b e r s   such  as  rayon  or  nylon  i n s t e a d   of  or  in  m i x t u r e  

with  the  n a t u r a l   f i b e r s .   Thus,  for   example,  the  yarn  c o u l d  

comprise  65%  mixed  l e n g t h   p o l y e s t e r   and  35%  rayon  or  n y l o n .  

The  novel  s y n t h e t i c   f i b e r - c o n t a i n i n g   yarns  of  t h i s  

i n v e n t i o n   may  be  formed  in to   novel  f a b r i c s   which  e x h i b i t   improved  

comfort   c h a r a c t e r i s t i c s   as  compared  to  c o n v e n t i o n a l   s y n t h e t i c  

f i b e r - c o n t a i n i n g   f a b r i c s .   The  f a b r i c s   may  be  produced  by  

c o n v e n t i o n a l   p r o c e s s e s   (eg  by  k n i t t i n g   or  weaving) .   Due  t o  

the  i n c r e a s e d   bulk  and  p r o t r u d i n g   end  count  of  the  novel  y a r n s  

of  t h i s   i n v e n t i o n ,   f a b r i c s   produced  t h e r e f r o m   w i l l   e x h i b i t  

improved  cover ing   c h a r a c t e r i s t i c s   as  well   as  an  improved  t a c t i l e  

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



the  "look  and  f e e l "   of  n a t u r a l   f i b e r - c o n t a i n i n g   f a b r i c s ,   s u c h  

as  co t t on   and  wool  f a b r i c s .  

F a b r i c s   may  also  be  p r e p a r e d   which  comprise  a  
mix tu re   of  the  novel  s y n t h e t i c   f i b e r - c o n t a i n i n g   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   and  c o n v e n t i o n a l   n a t u r a l   f i b e r - c o n t a i n i n g  

yarns   or  s y n t h e t i c   f i b e r - c o n t a i n i n g   ya rns .   The  novel  y a r n s  
of  t h i s   i n v e n t i o n   may  be  b l ended   w i t h   such  n a t u r a l  o r   s y n t h e t i c  

f i b e r - c o n t a i n i n g   yarns   in  c o n v e n t i o n a l   weight   r a t i o s .  
The  yarns   of  t h i s   i n v e n t i o n   may  be  produced  in  a n y  

c o n v e n t i o n a l   manner.  Any  d e s i r e d   b l e n d i n g ,   c a rd ing ,   d r a f t i n g  

and  s p i n n i n g   sequence  may  be  used  to  produce  the  y a r n s .   When 

i t   is  i n i t i a l l y   de te rmined   what  d i s t r i b u t i o n   of  s y n t h e t i c   f i b e r  

l e n g t h s   is  d e s i r e d   in  the  yarn   to  be  produced,   groups  o f  

s y n t h e t i c   f i b e r s   are  cut  on  a  c u t t i n g   wheel  set  to  t h e  

a p p r o p r i a t e   l e n g t h s .   The  cu t   f i b e r s   are  then  b l e n d e d  a n d  

carded  whereupon  the  v a r i o u s   l e n g t h s   become  randomly  d i s t r i b u t e d .  

The  yarn  which  is  then  spun  from  the  mix ture   of  f i b e r s   w i l l  

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

p r o p o r t i o n s .   The  f i b e r s   of  each  of  the  groups  become  r a n d o m l y  

d i s t r i b u t e d   and  d i s p e r s e d   t h r o u g h o u t   the  yarn  dur ing   the  y a r n  

p r o d u c t i o n   p roces s   and  are  not  a c t u a l l y  g r o u p e d   or  s e g r e g a t e d  

as  to  f i b e r   l e n g t h s   w i t h i n   the  yarn   which  is  p r o d u c e d .  

The  f o l l o w i n g   e x p e r i m e n t s   i l l u s t r a t e   but   do  not  l i m i t  

the  i n v e n t i o n .   Four  yarns   were  p r e p a r e d   as  set   f o r t h   in  Table  I .  

F a b r i c s   p r epa red   from  each  of  the  yarns   A,  B,  C  and  D 

were  t e s t e d   u s i n g   a  Mitex  Bending  T e s t e r   to  de te rmine   the  b e n d i n g  



r i g i d i t y   of  the  yarns   from  which  they  were  p r e p a r e d .   The 

bending  r i g i d i t y   of  a  yarn  is  i n d i c a t i v e   of  how  a  f a b r i c  

or  garment  c o n t a i n i n g   t ha t   yarn  w i l l   drape  or  hang  from  a  

pe r son .   The  r e l a t i v e   s o f t n e s s   of  a  f a b r i c   is  r e l a t e d   t o  

the  bending   r i g i d i t y   of  the  yarn  w i t h i n   the  f a b r i c ,   w i t h  

a  high  va lue   for   bending   r i g i d i t y   be ing   i n d i c a t i v e   of  a  

high  degree  of  f i b e r   end  p r o t r u d e n c e   w i t h i n   the  yarn  s i n c e  

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

to  b e n d i n g .  

Table  II   se t s   f o r t h   the  bending   r i g i d i t y   for   t h e  

v a r i o u s   yarns   i d e n t i f i e d   a b o v e .  

As  may  be  seen  from  the  above  data ,   the  c o t t o n  

yarn  e x h i b i t s   the  h i g h e s t   bending  r i g i d i t y   of  the  y a r n s  

t e s t e d .   However,  the  mixed  f i b e r   l e n g t h   yarn  which  f a l l s  

w i th in   the  scope  of  the  p r e s e n t   i n v e n t i o n   (yarn  D)  e x h i b i t s  

a  bending  r i g i d i t y   which  is  g r e a t e r   than  t h a t   e x h i b i t e d   by  

any  of  the  yarns   except   the  c o t t o n   yarn .   I t   is  noted  t h a t  

the  bending   r i g i d i t y   of  the  mixed  f i b e r   l eng th   yarn  i s  

s i g n i f i c a n t l y   g r e a t e r   than  the  bend ing   r i g i d i t y   of  t h e  

c o n v e n t i o n a l   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   yarn  (ie  yarn  A) .  

The  f a b r i c s   p r epa red   from  yarns   A,  B,  C  and  D  were  

f u r t h e r   t e s t e d   to  de te rmine   c e r t a i n   o the r   of  t h e i r   c h a r a c t e r -  

i s t i c s   as  set  f o r t h   b e l o w :  



The  above  data   shows  t h a t   a  f a b r i c   produced  from  a  

s y n t h e t i c   mixed  f i b e r   l e n g t h   P E T  y a r n  o f   the  p r e s e n t   i n v e n t i o n  

( ie  yarn   D)  e x h i b i t s   a  bulk  a rea   ( ie   a  measure  of  yarn  b u l k  

i n c l u d i n g   loops  and  h a i r s )   which  is  g r e a t e r   than  the  bulk  a r e a  

of  a  c o t t o n   f a b r i c   produced  from  a  c o n v e n t i o n a l   co t t on   y a r n  
( ie   yarn   B).  The  bulk  a rea   m e a s u r e m e n t s  o f   Table  I I I   w e r e  

made  on  a  Quantimet  720  Image  Ana lyz ing   Computer  and  c o n s i t u t e  

the  average   of  over  f i f t y   measurements .   The  bulk  area   o f  

the  f a b r i c   produced  from  the  mixed  f i b e r   l e n g t h   yarn  of  t h e  

p r e s e n t   i n v e n t i o n   is  s i g n i f i c a n t l y   g r e a t e r   than  the  bulk  a r e a  

of  the  f a b r i c   produced  from  a  c o n v e n t i o n a l  P E T   yarn  (ie  yarn   A ) .  

T h e r e f o r e ,   the  f a b r i c   produced  from  yarn  D ,  w h i l e   hav ing   a  

t h i c k n e s s   and  weight   t h a t   are  not   e x c e s s i v e ,   e x h i b i t s   a  s i g n i f -  

i c a n t   i n c r e a s e   in  bulk  a rea   which  is  h i g h l y   d e s i r a b l e   s ince   t h e  

bulk  a rea   of  a  f a b r i c   is  d i r e c t l y   r e l a t e d   to  the  c o v e r a g e  

to  be  a f f o r d e d   by  t h a t   f a b r i c   per  u n i t   we igh t .   That  i s ,   a n  

i n c r e a s e   in  the  bulk  a rea   of  a  f a b r i c   w i l l   r e s u l t   in  an  i n c r e a s e  

in  the  c o v e r i n g   c h a r a c t e r i s t i c s   of  the  f a b r i c .  

In  a d d i t i o n ,   f a b r i c s   p roduced   from  the  mixed  f i b e r  

l e n g t h   yarns   of  the  p r e s e n t   i n v e n t i o n   e x h i b i t   a  water   v a p o r  

t r a n s m i s s i o n   r a t e   (WVTR)  which  is  s i g n i f i c a n t l y   lower  t h a n  

t h a t   e x h i b i t e d   by  c o n v e n t i o n a l   s y n t h e t i c   f a b r i c s   while   a l s o  

a p p r o a c h i n g   the  va lues   for   c o t t o n  f a b r i c s .   T h e  w a t e r  v a p o r  

t r a n s m i s s i o n   r a t e   is  d e f i n e d   in  accordance   with  ASTM  t e s t  

E96-66  and  is  i n d i c a t i v e   of  the  amount  of  wa te r   vapor   w h i c h  

p a s s e s   through  a  u n i t   a rea   of  f a b r i c   per   u n i t   time  at  a  

vapor   p r e s s u r e   d i f f e r e n c e   of  about  6.6  mm  Hg  at  70°F  a n d  6 5  

p e r c e n t   r e l a t i v e   h u m i d i t y .  



The  water   vapor  t r a n s m i s s i o n   r a t e   of  a  f a b r i c   i s  

i n d i c a t i v e   of  the  r e l a t i v e   p o r o s i t y   and  the  cove r ing   c h a r a c -  

t e r i s t i c s   of  the  f a b r i c .   That  i s ,   a  f a b r i c   comprised  of  a  

yarn  hav ing   a  l a r g e   number  of  p r o t r u d i n g   ends  w i l l   n e c e s s a r i l y  

be  l e s s   porous  than  a  f a b r i c   comprised  of  a  yarn  having  a  

l e s s e r   number  of  p r o t r u d i n g   e n d s .  



1 .  A   yarn  c o m p r i s i n g   a  blend  of  s y n t h e t i c   f i b e r s   o f  

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

p r e s e n t   in  the  yarn   comprise  at  l e a s t   about  50  p e r c e n t   b y  

weight   of  the  f i b e r s   w i t h i n   sa id   yarn  and  c o n s i s t   of  a  

mix tu re   of  at  l e a s t   t h r e e   groups  of  s y n t h e t i c   f i b e r s ,   e a c h  

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

un i fo rm  l e n g t h   which  d i f f e r s   from  the  s u b s t a n t i a l l y   u n i f o r m  

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

where in   the  s y n t h e t i c   f i b e r s   c o n t a i n e d   w i t h i n   said  at  l e a s t  

t h r e e   groups  of  s y n t h e t i c   f i b e r s   are  d i s t r i b u t e d   among  e a c h  

of  the  f o l l o w i n g   r anges   based  upon  the  weight   of  the  f i b e r s  

p r e s e n t   in  sa id   at  l e a s t   t h r e e   g r o u p s :  

(a)  up  to  about  75  p e r c e n t   by  weight   of  f i b e r s  

hav ing   a  l e n g t h   of  about  X,  where in   X  r e p r e s e n t s   the  l e n g t h  

of  the  l o n g e s t   s y n t h e t i c   f i b e r   in  said  g r o u p s ;  

(b)  up  to  about  75  p e r c e n t   b y  w e i g h t   o f  f i b e r s  

hav ing   a  l e n g t h   g r e a t e r   than  about  1/2X  up  to  but  not  i n c l u d i n g  

said   l e n g t h   of  about  X;  and  

(c)  up  to  about  35  p e r c e n t   b y  w e i g h t   of  f i b e r s  

hav ing   a  l e n g t h   l e s s   than  or  equal  to  sa id   l e n g t h   of  a b o u t  

1 /2X.  

2.  A  yarn  a c c o r d i n g   to  claim  1  w h e r e i n  t h e   s y n t h e t i c  

f i b e r s   w i t h i n   sa id   at  l e a s t   t h r e e   groups  are  comprised  o f  

p o l y m e r i c   m a t e r i a l   s e l e c t e d   from  the  group  c o n s i s t i n g   of  l i n e a r  

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

p o l y a m i d e s .  

3.  A  yarn  a c c o r d i n g   to  claim  1  where in   the  s y n t h e t i c  

f i b e r s   w i t h i n   sa id   at  l e a s t   t h r ee   groups  are  d i s t r i b u t e d   among 

each  of  the  f o l l o w i n g   r a n g e s :  

(a)  between  about  25  and  about  50  p e r c e n t   b y  

weight   of  f i b e r s   hav ing   a  l e n g t h   of  about  X; 

(b)  between  about  25  and  about  50  p e r c e n t   b y  

weight   of  f i b e r s   hav ing   a  l e n g t h   g r e a t e r   than  about  1/2X  up  

to  but  not  i n c l u d i n g   sa id   l e n g t h   of  about  X;  and  

(c)  between  abou t  5   p e r c e n t   and  30  p e r c e n t   by  



weight   of  f i b e r s   hav ing   a  l e n g t h   l e s s   than  or  equal  to  s a i d  

l e n g t h   of  about  1 /2X.  

4.  The  yarn  of  claim  1  wherein  the  s u b s t a n t i a l l y  

uni form  l eng th   of  the  s y n t h e t i c   f i b e r s   w i th in   each  of  t h e  

at  l e a s t   t h ree   groups  p r e s e n t   in  the  yarn  d i f f e r s   from  t h e  

s u b s t a n t i a l l y   un i form  l e n g t h   of  the  s y n t h e t i c   f i b e r s   in  t h e  

o ther   groups  by  a  f a c t o r   of  between  about  15  p e r c e n t   and  

about  30  p e r c e n t .  

5.  A  f a b r i c   c o n t a i n i n g   the  yarn  of  claim  1 .  
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