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(SJ)  Process  for  producing  self-crimping  yarns,  multifilament  yarns  containing  latent  crimp  filaments,  and  multifilament  yarns 
containing  developed  crimp  filamenrts. 

A  yam  for  producing  fabrics  with a  wool-like  hand,  is 
produced  by  combining  textured  filaments  with  longer  fila- 
ments  preferably  of  larger  average  demier.  The  longer  fila- 
ments  thus  protrude  in  loops  from  the  yearn  bundle,  and  have 
helical  cross-sections.  The  textured  filarments  are  made  by 

spinning  and  converging  molten  polymer  streams  travelling 
at  different  velocities,  the  resulting  filaments  having  periodic 
denier  variations,  a  latent  crimp  and  a  grasater  shrinkage  than 
the  helical  cross-section  filaments.  When  heated  the  latent 
crimp  filaments  shrink  and  acquire  a  developed  crimp,  and 
pull  the  less-shrinkable  helical  cross-section  filaments  into 
loops. 



The  i n v e n t i o n   r e l a t e s   to  the  a r t   or  m e l t - s p u n  
s y n t h e t i c   yarns   and  p roces se s   for  t h e i r   p r o d u c t i o n ,   and  more 
p a r t i c u l a r l y   to  such  yarns  which  combine  high  bulk  with  a 
w o o l - l i k e   hand  and  improved  mois ture   t r a n s p o r t .  

I t   is  known  to  produce  somewhat  bulky  yarns  by  
combining  f i l a m e n t s   with  d i f f e r e n t   sh r inkages   into  a  y a r n ,  
then  s h r i n k i n g   so  t ha t   the  r e s u l t i n g   longer   f i l a m e n t s   p r o t r u d e  
in  loops  from  the  yarn.   This  may  be  done  by  sp inn ing   t h e  
f i l a m e n t s   from  d i f f e r e n t   polymers,   as  in  Reese  U.S.  p a t e n t  
3 ,444 ,681 ,   or  by  sp inn ing   from  d i f f e r e n t   f i l amen t   c r o s s -  
s e c t i o n s   from  a  common  polymer,  as  t y p i f i e d   by  s e v e r a l  
p a t e n t s .   Such  known  yarns  o r d i n a r i l y   do  not  have  high  b u l k ,  
nor  do  f a b r i c s   made  the re f rom  o r d i n a r i l y   provide  a  hand  
s i m i l a r   to  tha t   of  wool,  combining  an  i n i t i a l   c r i s p n e s s   on 
l i g h t   touch  wi th   s o f t n e s s  o n   more  firm  compress ion.   Nor  do  
such  known  yarns  p rov ide   good  mois ture   t r a n s p o r t .  

These  and  o ther   d i f f i c u l t i e s   of  the  p r i o r   art   a r e  
avoided  by  the  p r e s e n t   i n v e n t i o n ,   which  p rov ides   novel  and  
u s e f u l   p r o c e s s e s   and  improved  yarn  p r o d u c t s .  

According  to  a  f i r s t   major  aspec t   of  the  i n v e n t i o n ,  
there   is  p r o v i d e d   a  p r o c e s s   for  producing  a  s e l f - c r i m p i n g   y a r n  
compr i s ing   f i r s t   and  second  types  of  f i l a m e n t s ,   the  p r o c e s s  
compr is ing   sp inning   the  f i r s t   type  of  f i l amen t s   by  g e n e r a t i n g  
f i r s t   and  second  i n d i v i d u a l   streams  of  molten  polymer  o f  
f i b e r - f o r m i n g   molecular   weight ,   the  i n d i v i d u a l   s t r e a m s  
t r a v e l l i n g   at  d i f f e r e n t   v e l o c i t i e s ;   converging  the  i n d i v i d u a l  
s t reams  s i d e - b y - s i d e   to  form  a  combined  stream;  and  quench ing  



the  combined  stream  to  form  a  combined  f i l a m e n t ,   sp inn ing   t h e  
second  type  of  f i l amen t s   by  ex t ruding   a  t h i r d   stream  o f  
molten  polymer  of  f i b e r - f o r m i n g   molecular   weight  from  a 
h e l i c a l   o r i f i c e   s e l e c t e d   to  give  a  f i l ament   with  a  h e l i c a l  
cross   s ec t i on   and  lower  shr inkage  than  the  combined  f i l a m e n t  
at  a  given  common  spinning  speed;  and  quenching  the  t h i r d  
s t ream  into  a  f i l ament ;   withdrawing  the  f i l amen t s   from  t h e  
s treams  at  the  given  common  spinning  speed;  and  combin ing  
the  f i l a m e n t s   into  a  y a r n .  

According  to  another  aspec t ,   each  of  the  streams  i s  
of  p o l y e s t e r   po lymer .  

According  to  another   aspec t ,   the  sp inning  speed  i s  
s e l e c t e d   such  that   the  yarn  has  a  shr inkage  below  20%. 

According  to  another  aspect ,   the  sp inning   speed  i s  
s e l e c t e d   such  that   the  yarn  has  a   shr inkage   below  82. 

According  to  another  aspec t ,   the  sp inning  speed  i s  
between  5000  and  6000  yards  per  minute,  and  each  of  the  f i r s t  

type  of  f i l a m e n t s   is  p o l y e s t e r .  
According  to  another   aspec t ,   the  h e l i c a l   c r o s s -  

s e c t i o n   is  open  at  i t s   inner  end.  
According  to  another  major  aspect   of  the  i n v e n t i o n ,  

the re   is  p rov ided   a  m u l t i f i l a m e n t   yarn  compris ing  f i r s t   and 
second  c l a s s e s   of  f i l amen t s ;   each  of  the  f i r s t   c lass   o f  
f i l a m e n t s   having  a  p e r i o d i c   v a r i a t i o n   in  denier   g r e a t e r   t h a n  
+  25%  about  a  mean  value  and  pos se s s ing   l a t e n t   crimp;  each  o f  
the  second  c lass   of  f i l aments   having  a  h e l i c a l   c r o s s - s e c t i o n  
and  having  lower  shr inkage   than  the  shr inkage   of  the  f i l a m e n t s  
in  the  f i r s t   c l a s s .  

Accord ing  to   another   aspect ,   each  of  the  s e c o n d  
c lass   of  f i l amen t s   has  a  d e n i e r   l a rge r   than  the  a v e r a g e  
denie r   of  the  f i r s t   class  of  f i l a m e n t s .  

According  to  another   a spec t ,   the  f i r s t   c lass   o f  
f i l a m e n t s   are  formed  from  p o l y e s t e r .  

According  to  another   aspect ,   the  h e l i c a l   c r o s s -  
s e c t i o n   is  open  at  i t s   inner  end.  

According  to  another   major  aspect   of  the  i n v e n t i o n ,  
there   is  p rov ided   a  m u l t i f i l a m e n t   yarn  compris ing  f i r s t   and  
second  c l a s se s   of  f i l amen t s ;   each  of  che  f i l amen t s   of  t h e  
f i r s t   c lass   having  a  p e r i o d i c   v a r i a t i o n   in  denier   of  g r e a t e r  



than ±  25%  about  a  mean  value  and  possess ing   a  d e v e l o p e d  

crimp;  nach  of  the  f i l amen t s   of  the  second  c lass   having  a 
h e l i c a l   c r o s s - s e c t i o n   and  being  longer  than  the  f i l amen t s   o f  
the  f i r s t   class  whereby  the  f i l aments   of  the  second  c l a s s  
p ro t rude   from  the  yarn  in  l o o p s .  

According  to  another   aspec t ,   each  of  the  s econd  
c lass   of  f i l amen t s   has  a  denier   l a rge r   than  the  a v e r a g e  
denier   of  the  f i r s t   class  of  f i l a m e n t s .  

According  to  another   a spec t ,   the  f i r s t   c lass   o f  
f i l amen t s   are  formed  from  p o l y e s t e r .  

According  to  another   aspect ,   the  h e l i c a l   c r o s s -  
s ec t ion   is  open  at  i t s   inner   end.  

. These  and  other   aspects   of  the  i nven t ion   wi l l   i n  
par t   appear  h e r e i n a f t e r   and  wi l l   in  par t   be  obvious  i n  
the  fo l lowing  d e t a i l e d   d e s c r i p t i o n   taken  in  connect ion   w i t h  
the  accompanying  drawings  w h e r e i n :  

FIGURE  1  is  a  v e r t i c a l   s e c t i o n a l   view  of  a  s p i n n e r e t  
o r i f i c e ;  

FIGURE  2  is  a  bottom  plan  view  of  the  FIGURE  1 
o r i f i c e ,   looking  up; 

FIGURE  3  is  a  graph  of  shr inkage  versus  s p i n n i n g  
speed  used  in  exp la in ing   the  p r i n c i p l e s   upon  which  c e r t a i n  
aspects   of  the  inven t ion   are  b a s e d ;  

FIGURE  4  is  a  c r o s s - s e c t i o n a l   view  o f  a   f i l a m e n t  
. a cco rd ing   to  c e r t a i n   aspects   of  the  i n v e n t i o n ;  

FIGURE  5  is  a  side  e l e v a t i o n   view  of  the  m o l t e n  
streams  i s su ing   from  the  FIGURE  1  sp inne re t   according  t o  
c e r t a i n   aspects   of  the  i n v e n t i o n ;  

FIGURE  6  is  a  graph  i l l u s t r a t i n g   the  v a r i a t i o n   i n  
denier   along  a  r e p r e s e n t a t i v e   f i lament   according  to  c e r t a i n  
aspects   of  the  i n v e n t i o n ;  

FIGURE  7  is  a  graph  i l l u s t r a t i n g   the  d i s t r i b u t i o n  
of  the  f l u c t u a t i o n s   i l l u s t r a t e d   in  FIGURE  5  for  a  r e p r e s e n t a -  
t ive  mul t ip l e   o r i f i c e   sp inne re t   according  to  c e r t a i n   a s p e c t s  
of  the  invent ion ;   and 

FIGURE  8  is  a  bottom  plan  view  of  a n o t h e r  
s p i n n e r e t   o r i f i c e .  

The  inven t ion   wi l l   be  s p e c i f i c a l l y   exempl i f i ed   u s i n g  
p o l y e s t e r   polymer,  it  being  unders tood  that   c e r t a i n   aspects   o f  



the  i n v e n t i o n   are  a p p l i c a b l e   to  the  c lass   of  m e l t - s p i n n a b l e  
polymers  g e n e r a l l y .   " P o l y e s t e r "   as  used  here in   means  f i b e r -  
forming  polymers  at  l e a s t   85%  by  weight  of  which  is  f o r m a b l e  

by  r e a c t i n g   a  d ihydr ic   a lcohol   with  t e r e p h t h a l i c   a c i d .  
P o l y e s t e r   t y p i c a l l y   is  formed  e i t h e r   by  d i r e c t   e s t e r i f i c a t i o n  
of  e thy lene   glycol   with  t e r e p h t h a l i c   acid  or  by  a s t e r   i n t e r -  
change  between  e thylene   glycol   and  d i m e t h y l t e r e p h t h a l a t e .  

FIGURES  1  and  2  i l l u s t r a t e   the  p r e f e r r e d   embodiment 
of  a  s p i n n e r e t   design  which  can  be  employed  for  o b t a i n i n g   t h e  
f i r s t   type  of  f i l aments   according  to  the  i nven t ion .   The 
s p i n n e r e t   inc ludes   a  large  counterbore   20  formed  in  the  u p p e r  
su r face   21  of  sp inne re t   p l a t e   22.  Small  coun te rbore   24  i s  
formed  in  the  bottom  of  and  at  one  side  of  large  c o u n t e r b o r e  
20.  A  large  c a p i l l a r y   26  extends  from  the  bottom  of  l a r g e  
coun te rbo re   20  at  the  side  oppos i t e   small  coun te rbore   24,  and 
connects   the  bottom  of  large  coun te rbore   20  with  the  l o w e r  
su r f ace   28  of  p l a t e   22.  Small  c a p i l l a r y   30  connects  t h e  
bottom  of  cou te rbore   24  with  sur face   28.  C a p i l l a r i e s   26  and 
30  are  each  i n c l i n e d   four  degrees  from  the  v e r t i c a l ,   and  t h u s  
have  an  inc luded   angle  of  e ight   d e g r e e s .  C o u n t e r b o r e   20  has  
a  d iameter   of  0.113  inch  (2.87  mm.),  while  coun t e rbo re -24   ha s  
a  d i a m e t e r  o f   0.052  inch  (1.32  mm.).  C a p i l l a r y   26  has  a  
d iameter   of  0.016  inch  (0.406  mm.)  and  a  length   of  0.146  i n c h  
(3.71  mm.),  while  c a p i l l a r y   30-has  a  d iameter   of  0.009  i n c h  
(0.229 mm.) '  and  a  length   of  0.032  inch  (0.813  mm.).  Land  32 
s e p a r a t e s   c a p i l l a r i e s   26  and  30  as  they  emerge  at  su r face   28, 
and  has  a  width  of  0.0043  i n c h  ( 0 . 1 0 9   mm.).  P la te   22  has  a 
t h i c k n e s s   of  0.554  inch  (14.07  mm.).  C a p i l l a r i e s   26  and  30 
t o g e t h e r   with  counterbores   20  and  2 4 - c o n s t i t u t e   a  combined 
o r i f i c e   for  spinning  var ious   novel  and  usefu l   f i l a m e n t s  
accord ing   to  the  i nven t ion ,   as  w i l l   be  more  p a r t i c u l a r l y  
desc r ibed   h e r e i n a f t e r .  

FIGURE 3  is  a  graph  showing  how  p o l y e s t e r   f i l a m e n t  
shr inkage   v a r i e s  w i t h   spinning  speed  for  two  i l l u s t r a t i v e  
cases  of  j e t   s t r e t c h .   The  curve  in  dot ted  l ines   shows  t h a t  
the  shr inkage   f a l l s   from  about  65%  at  3400  ypm  (about  3100 
mpm)  to  about  5%  at  5000  ypm  (about  4500  mpm)  when  u s i n g  
s p i n n e r e t   c a p i l l a r i e s   having  diameters   of  0.063  inch  (1.6  mm.) 
and  when  s imu l t aneous ly   spinning  34  such  f i l aments   to  b e  



f a l s e - t w i s t   d r a w - t e x t u r e d   to  y ie ld   a  t ex tu red   yarn  h a v i n g  
150  denier .   The  so l id   curve  shows  that   the  shr inkage   drops  
off  at  higher   speeds  when  using  sp inne re t   c a p i l l a r i e s   hav ing  
diameters   of  0.015  inch  (0.38  mm.)  when  s i m i l a r l y   s i m u l -  
t aneous ly   spinning  34  such  f i l amen t s   to  be  f a l s e - t w i s t   draw- 
t ex tu red   to  y ie ld   a  t e x t u r e d   yarn  having  150  denier .   Using 
d i f f e r e n t   c a p i l l a r y   d iameters   produces  a  family  of  c u r v e s  
between,  to  the  l e f t ,   and  to  the  r i g h t   of  those  i l l u s t r a t e d .  
The  curves  also  can  be  s h i f t e d   (for  a  given  c a p i l l a r y  
diameter)   by  varying  the  polymer  throughput .   In  other   words ,  
the  curves  can  be  s h i f t e d   by  varying  the  je t   s t r e t c h ,   which  
is  the  r a t i o   of  yarn  speed  j u s t   a f t e r   s o l i d i f i c a t i o n   t o  
average  speed  of  molten  polymer  in  the  c a p i l l a r y .   It  is  t hus  
p o s s i b l e   to  provide  a  combined  o r i f i c e   for  spinning  a  com- 
p o s i t e   f i l ament   of  a  s ing le   polymer  wherein  one  side  of  t h e  
f i l ament   has  a  much  h igher   shr inkage   than  the  o ther   s i d e .  
This  is  done  by  s e l e c t i n g   the  i n d i v i d u a l   c a p i l l a r i e s   to  g i v e  
d i f f e r e n t   j e t   s t r e t c h e s ,   and  also  s e l e c t i n g   the  s p i n n i n g  
speed  wi th in   the  range  wherein  an  i n d i v i d u a l   f i l a m e n t  
quenched  from  one  of  the  i n d i v i d u a l   streams  would  have  a 
shr inkage  at  l e a s t   ten  pe rcen t age   points   h igher   than  that   o f  
an  i n d i v i d u a l   f i l ament   quenched  from  the  other   of  t h e  
i n d i v i d u a l   s t reams.   Under  the  spinning  cond i t ions   i l l u s t r a t e d  
in  FIGURE  3,  at  a  sp inning   speed  of  5000  yards  per  minute  t h e  
i n d i v i d u a l   streams  would  have  shr inkages   d i f f e r i n g   by  a b o u t  
25  percentage   po in t s .   Combining  these  molten  streams  into  a 
s i d e - b y - s i d e   c o n f i g u r a t i o n   r e s u l t s   in  a  h ighly   l a t e n t l y  
crimped  f i l ament   in  i t s   as-spun  form,  without   the  n e c e s s i t y   o f  
drawing  the  yarn  to  develop  the  crimp.  Such  combining  may  be 
done  using  a  s p i n n e r e t   design  s i m i l a r   to  that   d i s c l o s e d   i n  
FIGURE  1,  or  the  s p i n n e r e t   may  merge  the  two  streams  at  o r  
j u s t   p r io r   to  emergence  of  the  streams  from  surface   28.  I n  
any  event,  the  two  streams  merge  s u b s t a n t i a l l y   c o i n c i d e n t  
with  the  face  of  the  s p i n n e r e t   according  to  this  aspect  o f  
the  i n v e n t i o n .  

Advantageously ,   the  sp innere t   is  so  designed  t h a t  
one  of  the  i n d i v i d u a l   streams  has  a  v e l o c i t y   in  i ts   c a p i l l a r y  
between  2.0  and  7  times  ( p r e f e r a b l y   between  3.5  and  5.5  t imes)  
the  v e l o c i t y   of  the  o ther   of  the  streams  in  i t s   c a p i l l a r y .  



Fur ther   advantages  are  obta ined  when  the  f a s t e r   of  the  two 
screams  has  a  smaller   c r o s s - s e c t i o n a l   area  than  the  slower  o f  
the  streams,  p a r t i c u l a r l y   in  degree  of  crimp  and  s p i n n i n g  
s t a b i l i t y .   P r o d u c t i v i t y   is  increased   when  the  sp inning   speed  
is  s e l e c t e d   such  that   the  combined  f i l ament   has  a  s h r i n k a g e  
less  than  20%,  and  is  maximized  when  the  shr inkage   is  l e s s  
than  8%. 

Fur ther   aspects   of  the  i nven t ion ,   a p p l i c a b l e   t o  
m e l t - s p i n n a b l e   polymers  as  a  c lass ,   are  ach ievab le   by  use  o f  
s p i n n e r e t s   wherein  the  streams  i n t e r s e c t   ou t s ide   the  s p i n n e r e t .  
As  a  s p e c i f i c   example,  molten  p o l y e s t e r   polymer  of  normal  
t e x t i l e   molecular   weight  is  metered  at  a  t empera tu re   of  290°C. 

through  a  sp inne re t   having  34  combined  o r i f i c e s   as  above 
s p e c i f i c a l l y   d i s c lo sed .   The  polymer  throughput   is  ad jus ted   to  
produce  f i l aments   of  4  average  denier  per  f i l ament   at  a 
sp inning  speed  of  5200  yards  per  minute,  the  molten  s t r e a m s  
being  c o n v e n t i o n a l l y   quenched  into  f i l aments   by  t r a n s v e r s e l y  
d i r e c t e d   quenching  a i r .  

Under  these  sp inning  condi t ions   a  r e m a r k a b l e  
phenomenon  occurs,   as  i l l u s t r a t e d   in  FIGURE  5.  Due  to  t h e  
geometry  of  the  s p i n n e r e t   c o n s t r u c t i o n ,   the  polymer  f l owing  
through  the  smaller   c a p i l l a r i e s   30  has  a  h igher   v e l o c i t y   t han  
that   flowing  through  the  l a r g e r   c a p i l l a r i e s .   The  speeds  and 
momenta  of  the  pa i red   streams  i ssu ing   from  each  combined 
o r i f i c e   and  the  angle  at  which  the  streams  converge  o u t s i d e  
the  s p i n n e r e t   are  such  that   the  slower  streams  34  t r ave l   i n  
s u b s t a n t i a l l y   s t r a i g h t   l ines   a f t e r   the  po in t s   at  which  t h e  
pa i red   streams  f i r s t   touch  and  a t t ach ,   while  each  of  t h e  
smal ler   and  f a s t e r   of  the  streams  36  forms  sinuous  l oops  
back  and  for th   between  success ive   points   of  a t tachment   38 
with  i t s   a s s o c i a t e d   l a rge r   streams.  This  ac t ion   can  be 
r e a d i l y   observed  using  a  s t roboscopic   l i g h t  d i r e c t e d   on to  
the  stream  immediately  below  the  sp inne re t   face  28.  As  t h e  
molten  streams  a c c e l e r a t e   away  from  the  s p i n n e r e t ,   t h e  
slower  stream  a t t e n u a t e s   between  the  points   of  a t tachment   38 
and  the  loops  of  the  f a s t e r   stream  become  s t r a i g h t e n e d   u n t i l  
the  f a s t e r   stream  is  brought  into  continuous  contac t   w i t h  t h e  
slower  stream.  The  slower  stream  a t t e n u a t e s   more  between  t han  
at  the  points   of  f i r s t   a t tachment ,   so  chat  the  r e s u l t i n g  



combined  stream  has  a  c r o s s - s e c t i o n   which  is  l a r g e r  
at  the  poin ts   of  f i r s t   a t tachment   than  in  the  r e g i o n s  
between  these  po in t s .   The  r e s u l t i n g   combined  s t r e a m  
is  then  f u r t h e r   a t t e n u a t e d   somewhat  un t i l   i t   is  s o l i d -  
i f i ed   into  a  f i lament   40  by  the  t r ansve r se   quench  a i r .  

Each  s o l i d i f i e d   f i lament  40  has  non- round  
c r o s s - s e c t i o n a l   areas  which  vary  r e p e t i t i v e l y   a l o n g  
i ts   length,  and,  a f t e r   being  heated  while  under  low 
tension,   has  v a r i a b l e   p i tch   S- twis ted   and  Z - t w i s t e d  
h e l i c a l l y   c c i l e d   s e c t i o n s ,   the  sec t ions   be ing .  l e s s  
t i g h t l y   c o i l e d   in  regions  of  large  c r o s s - s e c t i o n a l   a r e a  
than  in  r eg ions   of  small  c r o s s - s e c t i o n a l   area.  As 
i l l u s t r a t e d   q u a l i t a t i v e l y   in  FIGURE  6,  when  using  t h e  
above  sp inn ing   cond i t ions ,   the  f i lament   c r o s s - s e c t i o n a l  
area  r e p e t i t i v e l y   var ies   at  a  r e p e t i t i o n   rate  of  about  
one  per  meter ,   al though  this   can  be  varied  by  modi fy ing  
the  spinning  condi t ions   and  the  geometry  of  the  s p i n n e r e t  
p a s s a g e s .  

Due  to  minor  d i f f e r ences   between  combined 
o r i f i c e s ,   t e m p e r a t u r e   g rada t ions   across  the  s p i n n e r e t ,  
and  other  l i k e   dev ia t ions   from  exactly  the  same  t r e a t -  
ment  for  each  pair   of  streams,  a  mul t ip le   o r i f i c e  
sp innere t   w i l l   t y p i c a l l y   provide  somewhat  d i f f e r e n t   r e p e t -  
i t ion   rates  among  the  several   r e s u l t i n g   streams  and 
f i l aments .   An  example  of  this   is  q u a l i t a t i v e l y   shown  i n  
FIGURE  7,  where in   is  shown  that   various  o r i f i c e s   p roduce  
somewhat  d i f f e r e n t   r e p e t i t i o n   rates  as  determined  by 
stroboscopion  examination  of  the  combined  streams  j u s t  
below  the  sppinnere t   face.  The  r e p e t i t i o n   rate   i s  
p r o p o r t i o n a   to  the  s t roboscope  frequency  br inging  abou t  
apparent  c e s s a t i o n   (or  f reezing)   of  movement  of  the  t h i c k  
and  thin  r e g i o n s   of  the  f i lament .   A  number  of  such 
f requencies   are  p l o t t e d   along  the  ho r i zon t a l   axis  of 



FIGURE  7,  and  on  the  v e r t i c a l   axis  are  p l o t t e d   t h e  
number  of  o r i f i c e s   giving  f i laments   wherein  such  f r e e z i n g  
was  observed,  at  each  given  s t roboscope  frequency.   I n  
the  r e s u l t i n g   m u l t i f i l a m e n t   yarn,  the  f i laments   have 
non-round  c r o s s - s e c t i o n s   which  vary  by  more  than ±  10% 
along  the  length  of  the  f i l amen t s ,   and  a l t e r n a t i n g  
S - tw i s t ed   and  Z-twisted  h e l i c a l l y   crimped  s ec t i ons ,   t h e  
v a r i a t i o n s   in  c r o s s - s e c t i o n a l   areas  being  out  of  phase  
from  f i l ament   to  f i lament   and  the  h e l i c a l l y   cr imped 
sec t ions   being  out  of  phase  from  f i lament   to  f i l a m e n t .  

For  ce r t a in   e f f e c t s ,   i t   is  advantageous  
that   the  f i laments   vary  r e p e t i t i v e l y   along  t h e i r   l e n g t h s  
by  more  than  ±  25%  (p re fe rab ly   more  than ±  30%)  abou t  
a  mean  value  in  c r o s s - s e c t i o n a l   area.  The  e f f ec t s   a r e  
p a r t i c u l a r l y   pronounced  when  the  yarn  has  a  Uster  uneven-  
ness  of  at  l eas t   2.5%  U.  The  Uster  measurement  is  made 
by  using  the  Uster  Evenness  Tester ,   Model  C,  t o g e t h e r  
with  i n t e g r a t o r   ITG-101  for  this   i n s t r u m e n t .  



The  yarn  speed  is  182.8  meters  per  minute  (200  ypm),  t h e  
se rv ice   s e l e c t o r   is  set  on  normal,  and  the  s e n s i t i v i t y   s e l e c -  
tor  is  set  to  12.5%.  The %  U  is  read  from  the  i n t e g r a t o r  
a f t e r   a  sample  run  time  of  5  m i n u t e s .  

FIGURE  8  shows  the  p r e f e r r e d   embodiment  of  s p i n n e r e t  
design  which  can  be  employed  for  ob ta in ing   the  second  type  o f  
f i l amen t   accord ing   to  the  i n v e n t i o n .   The  o r i f i c e   is  in  t h e  
form  of  a  s p i r a l   s lo t   through  the  sp inne re t   p l a t e   and  e x t e n d -  
ing  over  more  than  360  degrees .   An  exemplary  s lo t   may  have  
a  width  of  0.1  mm.  and  a  length   of  4  mm.  along  the  l eng th   o f  
the  s p i r a l .   If  the  c l ea rance   between  the  inner  end  and  t h e  
n e a r e s t   i n t e r m e d i a t e   p o r t i o n   of  the  s lo t   is  s u f f i c i e n t l y  
small,   the  molten  stream  i s su ing   therefrom  wi l l   br idge   t h e  

gap  between  the  inner  end  of  the  sp i r a l   c r o s s - s e c t i o n e d  
stream  and  the  n e a r e s t   i n t e r m e d i a t e   po r t ion   of  the  s t r e a m  
c r o s s - s e c t i o n ,   forming  a  f i l ament   with  a  s p i r a l   c r o s s - s e c t i o n  
c losed  at  i t s   inner  end.  On  the  other  hand,  if  the  n o t e d  
c l e a r a n c e   is  s l i g h t l y   l a r g e r ,   the  b r idg ing   wi l l   not  o c c u r ,  
and  the  r e s u l t i n g   f i l amen t   wi l l   have  a  s p i r a l   c r o s s - s e c t i o n  
open  at  i t s   inner  end.  S e l e c t i o n   of  the  proper  c l e a r a n c e   to  
provide  e i t h e r   a  c losed  inner   end  or  an  open  inner  end  w h i l e  
using  p a r t i c u l a r   sp inning  and  quenching  cond i t ions   can 
r e a d i l y   be  made  by  one  s k i l l e d   in  the  a r t .  

Genera l ly   speaking,   the  f i l ament   having  a  c r o s s -  
s ec t ion   compris ing  a  s p i r a l   c losed  at  i ts   inner  end  w i l l   have  
a  more  powerful   crimp  than  one  having  a  c r o s s - s e c t i o n   c o m p r i s -  
ing  a  s p i r a l   open  at  i ts   inner  end.  The  l a t t e r   w i l l ,   however ,  
have  s u b s t a n t i a l l y   i nc r ea sed   mois ture   t r a n s p o r t   and  m o i s t u r e  
holding  c a p a c i t y   as  compared  to  the  former,  which  is  i t s e l f  
supe r io r   to  o rd ina ry   round  f i l a m e n t s .  

The  second  c lass   of  f i l aments   may  be  spun  f rom 
s p i n n e r e t   o r i f i c e s   s e l e c t e d   such  tha t ,   at  the  given  common 
spinning  speed,  the  f i l amen t s   of  the  f i r s t   class  w i l l   have  a 
higher   sh r inkage   than  those  of  the  second  c l a s s .  

As  a  s p e c i f i c   example,  molten  po lye thy l ene   t e r e p h -  
t h a l a t e   polymer  of  normal  molecular   weight  for  t e x t i l e  
appare l   yams  is  ext ruded  s imul t aneous ly   through  two 
s p i n n e r e t s ,   one  of  which  conta ins   34  combined  o r i f i c e s   as 
above  de sc r i bed   and  the  other  of  which  contains  17  s p i r a l  



5.  The  process   of  claim  1,  c h a r a c t e r i z e d   in  t h a t  
said  spinning  speed  is  between  5000  and  6000  yards  per  m i n u t e ,  
and  wherein  each  of  said  f i r s t   type  of  f i laments   is  p o l y e s t e r .  

6.  The  process   of  claim  1,  c h a r a c t e r i z e d   in  t h a t  
said  h e l i c a l   c r o s s - s e c t i o n   is  open  at  i ts   inner  end. 

7.  A  m u l t i f i l a m e n t   yarn  comprising  f i r s t   and 
second  c lasses   of  f i l aments   c h a r a c t e r i z e d   by: 

a.  e a c h  o f  s a i d   f i r s t   class  of  f i l a m e n t s  ; 
having  a  pe r iod i c   v a r i a t i o n   in  d e n i e r  

g r e a t e r   than  +  25%  about  a  mean  value  | 
and  p o s s e s s i n g   l a t e n t   crimp;  ; 

b.  each  of  said  second  class  of  f i l a m e n t s  
having  a  h e l i c a l   c r o s s - s e c t i o n   and  h a v i n g  
lower  shr inkage   than  the  shr inkage   of  s a i d  
f i l amen t s   of  said  f i r s t   c l a s s .  

8.  The  yarn  of  claim  7  c h a r a c t e r i z e d   in  that   each  
of  said  second  class  of  f i l amen t s   has  a  denier   l a rge r   t h a n  
the  average  denier   of  said  f i r s t   class  of  f i l a m e n t s .  

9.  The  yarn  of  claim  7  c h a r a c t e r i z e d   in  that  s a i d  
f i r s t   class  of  f i l aments   are  formed  from  p o l y e s t e r .  

10.  The  process   of  claim  7  c h a r a c t e r i z e d   in  t h a t  
said  h e l i c a l   c r o s s - s e c t i o n   is  open  at  i ts   inner  end. 

11.  A  m u l t i f i l a m e n t   yarn  comprising  f i r s t   and 
second  c lasses   of  f i l amen t s   c h a r a c t e r i z e d   by :  

a.  each  of  the  f i l aments   of  said  f i r s t   c l a s s  
having  a  p e r i o d i c   v a r i a t i o n   in  denier  o f  
g r e a t e r   than ± 25%  about  a  mean  value  and 
p o s s e s s i n g   a  developed  cr imp;  

b.  each  of  the  f i laments   of  said  second  c l a s s  
having  a  h e l i c a l   c r o s s - s e c t i o n   and  b e i n g  
longer  than  said  f i laments   of  said  f i r s t  
c lass   whereby  said  f i laments   of  s a i d  
second  c lass   prot rude  from  said  yarn  i n  
l o o p s .  

12.  The  yarn  of  claim  11  c h a r a c t e r i z e d   in  t h a t  
each  of  said  second  c lass   of  f i laments   has  a  denier   l a rge r   t h a n  
the  average  denier  of  said  f i r s t   class  of  f i l a m e n t s .  

13.  The  yarn  of  claim  11  c h a r a c t e r i z e d   in  t h a t  
said  f i r s t   class  of  f i l aments   are  formed  from  p o l y e s t e r .  



14.  The  process  of  claim  11,  c h a r a c t e r i z e d   i n  
that   said  h e l i c a l   c r o s s - s e c t i o n   is  open  at  i t s  i n n e r   end.  
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