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(54)  Gear  crimped  jaspe  yarns  and  processes  for  their  manufacture. 
There  is  provided  a  drawn  gear-crimped  yarn  with  latent 

bulk,  the  yarn  being  a  nodally  interlaced  composite  yarn  com- 
prising  polyester  continuous  filaments  and  polyamide  con- 
tinuous  filaments  in  the  weight  ratio  90:10  to  10:90  and  the 
amount  and  nature  of the  bulk  and  the  interlacing  being  such 
that the  composite yarn  has  an  initial  crimp  as  defined  of2%to 
12%,  a  mechanical  crimp  stability  as  defined  of  above  0%and 
has  40  to  140  nodes  per  metre.  The  gear-crimped  yarn  may  be 
produced  by  heating  a  drawable  polyester  yarn  (1)  having  a 
birefringence  of  at  least  30  x  10-3  and  a  drawable  polyamide 
yarn  (4)  having  a  birefringence  of  at  least  30  x 10-3,  simultane- 
ously  drawing  and  gear-crimping  the  composite  yarn  by 
means  of  toothed  draw  rolls  (11,12),  forwarding  the  crimped 
composite  yarn  from  the  toothed  draw  rolls  under  a  control- 
led  tension  within  the  range  0.15  to  0.50  g  per  decitex  based 
on  the  decitex  of  the  drawn  composite  yarn  and  subsequently 
nodally  interlacing  (18)  the  composite  yarn  such  that  it  has  40 
to  140  nodes  per  metre,  the  weight  ratio  of  the  polyester  yarn 
to  the  polyamide  yarn  being  in  the  range  90:10  to  10:90. 



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  improved  j a s p e  

yarns  and  to  p r o c e s s e s   for   t h e i r   m a n u f a c t u r e .  

A  j aspe   yarn  has  the  gene ra l   appearance   of  two 

d i f f e r e n t l y   co lou red   yarns   t w i s t e d   t o g e t h e r ;   however,  i t   i s  

made  by  t e x t u r i n g   t o g e t h e r   two  con t inuous   f i l a m e n t   yarns  o f  

d i f f e r e n t   d y e a b i l i t y   and  then  dyeing  the  t e x t u r e d   yarn,   g e n e r a l l y  

in  f a b r i c   f o r m .  

Gear  c r imping   of  s y n t h e t i c   yarns  is  well   known  i n  

the  a r t .   A  p roces s   for   drawing  and  gear  c r imping   an  undrawn 

s y n t h e t i c   yarn  is  d e s c r i b e d   in  B r i t i s h   Pa t en t   S p e c i f i c a t i o n  

984  922.  The  use  of  undrawn  polyamide  and  p o l y e s t e r   yarns  i s  

d e s c r i b e d .   Gear  c r imping   of  drawn  s y n t h e t i c   yarns   is  also  k n o w n .  

The  use  o f  undrawn  p o l y e s t e r   yarn  in  a  d raw-gear   c r imping  p r o c e s s  
is  u n s a t i s f a c t o r y   because   of  ex t remely   low  bulk  and  b r eak ing   o f  

f i l a m e n t s   in  the  p r o c e s s .   The  use  of  drawn  p o l y e s t e r   y a r n  
in  a  gear  c r imping   p roces s   is  u n s a t i s f a c t o r y   because   o f  

u n a c c e p t a b l y   low  bulk .   The  low  bulk  ach ieved   is  p a r t i c u l a r l y  

apparen t   in  f i n i s h e d   f a b r i c   made  from  the  crimped  y a r n .  

In  our  c o - p e n d i n g   European  p a t e n t   a p p l i c a t i o n   number  

79302089,  the re   is  d e s c r i b e d   a  drawn  g e a r - c r i m p e d   p o l y e s t e r   y a r n  
with  l a t e n t   bulk  the  amount  and  na tu r e   of  the  bulk  being  s u c h  

tha t   the  yarn  has  an  i n i t i a l   crimp  as  d e f i n e d   of  at  l e a s t   1.5%, 

p r e f e r a b l y  o f   above  2%,  and  a  mechan ica l   crimp  s t a b i l i t y   a s  

de f ined   of  above  0%.  The  crimped  p o l y e s t e r   yarn  may  be  p r o d u c e d  

by  h e a t i n g   a  drawable   p o l y e s t e r   yarn  having  a  b i r e f r i n g e n c e  

in  the  range  3 2  x  1 0 - 3  t o  1 2 5  x  1 0 - 3   i n c l u s i v e ,   p r e f e r a b l y   35 
x  1 0 - 3  t o  1 2 5  x  1 0 - 3   i n c l u s i v e ,   c r imping   the  yarn  by  g u i d i n g  

i t   between  the  i n t e r m e s h i n g   t e e t h  o f   a  set   of  t oo thed   w h e e l s  

such  tha t   the  yarn  is  caused  to  fo l low  a  s h a r p l y   z ig - zag   p a t h ,  

the  too thed   wheels  be ing   r o t a t e d ,  a t   a  s u f f i c i e n t   speed  s u c h  

tha t   the  yarn  is  drawn  b y  t h e   t e n s i o n   so  impar ted   to  the  y a r n  

by  the  too thed   wheels  and  s u b s e q u e n t l y   f o r w a r d i n g   the  c r imped  

yarn  from  the  t oo thed   wheels  under  a  c o n t r o l l e d   t e n s i o n   w i t h i n  

the  range  0.15  to  0.50  g  per  d e c i t e x   i n c l u s i v e   based  on  t h e  



d e c i t e x   of  the  drawn  p o l y e s t e r   y a r n .  
I t   has  now  been  found  p o s s i b l e   to  produce  a  d rawn 

gear  crimped  jaspe  yarn   hav ing   a  u s e f u l  b u l k .   Compared  w i t h  

c o n v e n t i o n a l   f a l s e   t w i s t   cr imped  ya rns ,   the  bulk  of  the  g e a r -  

crimped  yarns   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   is  l ow;  

however,  the  amount  and  n a t u r e   of  the  bulk  make  the  p r e s e n t  

yarns   ex t remely   s u i t a b l e   fo r   the  p r o d u c t i o n   of  f a b r i c s   h a v i n g  

d e s i r a b l e   a e s t h e t i c s .  

According  to  the  p r e s e n t   i n v e n t i o n ,   t he re   is  p r o v i d e d  

a  drawn  g e a r - c r i m p e d   yarn  wi th   l a t e n t   bulk  c h a r a c t e r i s e d  i n  

tha t   the  yarn  is  a  n o d a l l y   i n t e r l a c e d   g e a r - c r i m p e d   c o m p o s i t e  

yarn  compr i s ing   p o l y e s t e r   c o n t i n u o u s   f i l a m e n t s   and  p o l y a m i d e  

con t inuous   f i l a m e n t s   in  the  weight   r a t i o   90:10  to  1 0 : 9 0  

i n c l u s i v e ,   the  g e a r - c r i m p e d   composi te   yarn  hav ing   an  i n i t i a l  

crimp  as  d e f i n e d  h e r e i n   of  2%  to  12%,  p r e f e r a b l y   2%  to  8%,  a  

mechan ica l   crimp  s t a b i l i t y   as  d e f i n e d   h e r e i n   of  above  0%  a n d  

having   40  to  140  i n t e r l a c e d   nodes  per  m e t r e .  

P r e f e r a b l y   the  composi te   gear   crimped  yarn  has  b e e n  

n o d a l l y   i n t e r l a c e d   to  an  e x t e n t   such  t h a t   the  yarn  has  70 

to  100  nodes  per  m e t r e .  

According  to  the  p r e s e n t   i n v e n t i o n ,   t he re   is  f u r t h e r  

p rov ided   a  p rocess   for   p r o d u c i n g   a  drawn  g e a r - c r i m p e d   yarn  w i t h  

l a t e n t   bulk  c h a r a c t e r i s e d   in  t h a t   a  drawable   p o l y e s t e r  

con t inuous   f i l a m e n t   yarn  hav ing   a  b i r e f r i n g e n c e   of  at  l e a s t  

30  x  10-3  and  a  drawable   polyamide   c o n t i n u o u s   f i l a m e n t   y a r n  

hav ing   a  b i r e f r i n g e n c e   of  at  l e a s t   30  x  1 0 - 3  a r e   hea ted   a n d  

s i m u l t a n e o u s l y   drawn  and  gear   crimped  t o g e t h e r   as  a  c o m p o s i t e  

yarn  by  means  of  t o o t h e d   draw  r o l l s   and  the  composi te   y a r n  
is   forwarded  from  the  t o o t h e d   draw  r o l l s   under   a  c o n t r o l l e d  

t e n s i o n   w i t h i n   the  range  0.15  to  0.50  g  per  d e c i t e x   i n c l u s i v e  

based  on  the  d e c i t e x   of  the  drawn  composi te   yarn   and  i s  

s u b s e q u e n t l y   i n t e r l a c e d   to  have  40  to  140  nodes  per  m e t r e ,  

the  weight   r a t i o   of  the  p o l y e s t e r   yarn  to  the  polyamide  y a r n  

be ing   in  the  range  90:10  to  10:90  i n c l u s i v e .  

I n i t i a l   crimp  (EK)  and  mechan i ca l   crimp  s t a b i l i t y  

(KB)  are  de f ined   as  f o l l o w s : -  



The  gear  crimped  composite   yarn  with  l a t e n t  

bulk  is  wound  at  a  t e n s i o n   of  1.0  c e n t i - n e w t o n s   (cN)  per  t e x  

to  form  a  ske in   of  1  metre  c i r c u m f e r e n c e   and  t o t a l   d e c i t e x  

of  2500.  Thus,  for   example,  16  wraps  are  r e q u i r e d   for  a  

yarn  having  a  d e c i t e x   of  76.  The  ske in   is  hung  and  p r e l o a d e d  

with  a  load  of  0.01  cN  per  tex.   The  p r e l o a d e d   skein   i s  

hea ted   at  120°C  for   10  minutes   t o  

develop  the  bulk  and  is  t h e n  c o o l e d .   The  skein   is  s u b j e c t e d  

to  a  force   of  1  cN  per  tex  for  10  seconds  and  i t s   l eng th   (Lo)  

is  measured.   Af t e r   an  i n t e r v a l   of  10  minu te s ,   the  l eng th   o f  

the  skein  is  r emeasured   (L1)  s u p p o r t i n g   the  p r e - l o a d   of  0 .01  

cN  per  t e x .  A f t e r   an  i n t e r v a l   of  10  minu te s ,   a  force   of  0 .1  

cN  per  tex  is  a p p l i e d   for   10  seconds  and  immedia te ly   a f t e r w a r d s  

a  high  fo rce   of  10  cN  per  tex  is  a p p l i e d   for   10  seconds.   A f t e r .  

20  minutes   the  l e n g t h   of  the  skein   is  measured  (L3)  under  the  p r e -  
load  of  0.01  cN  per  t e x .  

I n i t i a l   crimp  and  mechanica l   crimp  s t a b i l i t y   v a l u e s  

used  h e r e i n   are  the  mean  of  EK  and  KB  measurements   r e s p e c t i v e l y  

on  at  l e a s t   5  ske ins   of  y a r n .  

The  above  p rocedure   is  s i m i l a r   to  tha t   d e s c r i b e d  

in  the  German  s t a n d a r d   DIN  53840  and  is  c o n v e n i e n t l y   c a r r i e d  

out  on  a  Texturmat   machine  manufac tu red   by  Herbe r t   S t e i n ,  

Munchengladbach  W  Germany. 

I n i t i a l   crimp  (EK)  is  a  measure  of  the  p e r c e n t a g e  

r e d u c t i o n   in  l e n g t h   from  the  s t r a i g h t e n e d   l e n g t h   of  a  b u l k e d  

yarn  as  the  r e s u l t   of  the  bulked  s t r u c t u r e .   Mechanical   c r imp  

s t a b i l i t y   (KB)  is  a  measure  of  the  p r o p o r t i o n   of  bulk  r e m a i n i n g  

a f t e r   r e l e a s e   of  a  s p e c i f i e d   high  l o a d .  

The  yarns  of  the  p r e sen t   i n v e n t i o n   possess   a  l e v e l  

of  bulk  which  is  commerc ia l ly   a c c e p t a b l e   and  the  bulk  i s  

s u f f i c i e n t l y   s t a b l e   to  t e n s i o n .   The  advan tages   of  such  y a r n s  

are  p a r t i c u l a r l y   appa ren t   in  f i n i s h e d   f a b r i c s   in  which  the  b u l k  



has  been  d e v e l o p e d .  

The  jaspe   yarns   of  the  p r e s e n t   i n v e n t i o n ,   when 

made  in to   f a b r i c s   and  dyed  such  as  to  co lour   the  p o l y e s t e r  

and  polyamide  components  d i f f e r e n t l y ,   e x h i b i t   an  a t t r a c t i v e  

speck l ed   appea rance .   In  o rder   to  ach ieve   t h i s   a p p e a r a n c e ,  

i t   is  i m p o r t a n t   t ha t   the  g e a r - c r i m p e d   composi te   yarn  h a s  

been  n o d a l l y   i n t e r l a c e d   such  t h a t   the  yarn   has  40  to   140  n o d e s  

per  met re .   Composite  yarns   having   l e s s   than  40  nodes  p e r  

metre  produce  dyed  f a b r i c s   in  which  u n d e s i r a b l e   s t r e a k s  

of  each  yarn  component  are  s e e n .  

The  term  yarn  a s  u s e d   h e r e i n   means  a  m o n o f i l a m e n t  

yarn   or  a  m u l t i f i l a m e n t   y a r n .  

The  drawable  p o l y e s t e r   and  polyamide  feed  yarns   a r e  

made  by  melt   s p i n n i n g ,   the  s p i n n i n g   c o n d i t i o n s   be ing   s e l e c t e d  

such  t h a t   both  yarns   have  a  s i m i l a r   r e s i d u a l   draw  r a t i o .  

P r e f e r a b l y   the  d e c i t e x   of  the  drawn  composi te   y a r n  
is  l e s s   t h a n  1 5 0   d e c i t e x .  

The  term  p o l y e s t e r   as  used  h e r e i n   means  a  p o l y e s t e r  

or  a  c o p o l y e s t e r   and  the  term  polyamide  means  a  polyamide  or  a  

copolyamide .   The  p o l y e s t e r   and  polyamide  yarns  may  c o n t a i n  

a d d i t i v e s   such  as  a n t i o x i d a n t s ,   s t a b i l i s e r s ,   a n t i s t a t i c   a g e n t s ,  

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

The  f i l a m e n t   or  f i l a m e n t s   of  the  p o l y e s t e r   yarn   o r  

the  polyamide  yarn  may  have  a  f i l a m e n t   c r o s s - s e c t i o n   which  i s  

c i r c u l a r   or  n o n - c i r c u l a r   for   example  t r i l o b a l .  
'  The  crimped  c o m p o s i t e  y a r n   is  fo rwarded   from  t h e  

t o o t h e d   draw  r o l l s   under  a  p r e f e r r e d   t e n s i o n   in  the  range  0 . 2 0  

to  0.40  g  per  d e c i t e x   based  on  the  d e c i t e x   of  the  drawn  c o m p o s i t e  

yarn .   Forward ing   the  crimped  composi te   yarn  from  the  t o o t h e d  

draw  r o l l s   under   a  low  t e n s i o n   of  l e s s   than  0.15  g  per  d e c i t e x  

l eads   to  problems  of  f i l a m e n t a t i o n  a n d   yarn  b r e a k i n g   and  t h e  

yarn  tends  to  l i c k   back  around  the  t o o t h e d   wheels .   The  use  o f  

a  high  t e n s i o n   of  above  0.50  g  per  d e c i t e x   produces   a  yarn   h a v i n g  

poor  mechan ica l   p r o p e r t i e s   and  a  bulk  which  appears   to  be  due  

p r e d o m i n e n t l y   to  edge  c r imping .   Such  bulk   produced  from  edge  



cr imping   does  not  y i e l d   u s e f u l   bulk  in  f a b r i c s   made  from  t h e  

ya rns .   The  amount  of  bulk  due  to  t rue   gear  c r imping ,   m e a s u r e d  

by  EK,  is  low  and  i t s   s t a b i l i t y   is  p o o r .  

The  drawable  p o l y e s t e r   and  polyamide  yarns   may  b e  

hea t ed   by  c o n t a c t   with  a  hea ted   p l a t e   or  a  h e a t e d   c i r c u l a r  

pin  or  by  passage   th rough   a  tube  s u p p l i e d   with  a  hea ted   f l u i d  

such  as  hot  a i r   or  s u p e r h e a t e d   steam.  The  drawable   yarn  i s  

p r e f e r a b l y   hea ted   by  c o n t a c t   with  a  h e a t e r   at  a  t e m p e r a t u r e   o f  

at  l e a s t   150°C.  

The  t oo thed   draw  r o l l s   may  comprise   two  or  th ree   g e a r  

wheels  one  of  which  is  d r iven   and  d r ive s   the  o the r   wheel  o r  

wheels .   P r e f e r a b l y   the  t e e t h   are  i n v o l u t e   in  shape.   P r e f e r a b l y  

the  gear  wheels  have  an  i n t e g r a l   s tep  s t r u c t u r e   as  d e s c r i b e d  

in  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No  1  255  478.  Tension  s u f f i c i e n t  

to  draw  the  yarn  is  e x e r t e d   by  passage   of  t h e  y a r n   over  the  t i p s  

of  the  i n t e r m e s h i n g   t e e t h   of  the  r o t a t i n g   gear   w h e e l s .  

An  embodiment  of  the  i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

by  way  of  example  with  r e f e r e n c e   to  the  accompanying  d r a w i n g  

which  is  a  d iagrammat ic   r e p r e s e n t a t i o n   of  a  p rocess   a c c o r d i n g  

to  the  i n v e n t i o n .  

A  drawable  p o l y e s t e r   m u l t i f i l a m e n t   yarn  1  having  a  

b i r e f r i n g e n c e   of  at  l e a s t   30  x  1 0   is  wi thdrawn  over  one  end 

of  c y l i n d e r   2  from  a  package  3  of  wound  yarn .   A  d r a w a b l e  

polyamide  m u l t i f i l a m e n t   yarn  4  having  a  b i r e f r i n g e n c e   of  a t  

l e a s t   30  x  10-3  is  wi thdrawn  over  one  end  of  c y l i n d e r   5  from  a  

package  6  of  wound  yarn .   Withdrawal   is  e f f e c t e d   via  p i g t a i l  

guides  21,  22  by  r o t a t i o n   of  feed  r o l l   9  and  nip  r o l l   7,  t h e  

combined  yarns  be ing   passed  around  nip  r o l l   7  a  s u f f i c i e n t   number 

of  times  to  avoid  s l i p p a g e   of  the  y a r n .  

Downstream  of  the  feed  r o l l   9  and  nip  r o l l   7  t h e r e  

are  l o c a t e d   i n t e r m e s h i n g   gear  wheels  11,  12  and  a  yarn  t e n s i o n i n g  

r o l l   13.  The  gear  wheel  12  is  d r iven   by  d r i v i n g   gear  wheel  11 .  

A  s i n g l e   passage  of  the  composite   yarn  between  the  i n t e r m e s h i n g  

t e e t h   of  the  gear  wheels  11  and  12  induces   crimp  in  the  yarn  b y  

caus ing   i t   to  fo l low  a  sha rp ly   z i g - z a g   p a t h . .   Between  the  f e e d  

r o l l   9  and  the  gear  wheels  11,  12  the  yarn  is  passed  once  a r o u n d  



an  e l e c t r i c a l l y   hea ted   metal   pin  19.  The  gear   wheels   11,  12 

are  r o t a t e d   at  a  s u f f i c i e n t   speed  compared  to  the  feed  r o l l  

9  such  t h a t   the  composi te   yarn  is  drawn  by  the  t e n s i o n   e x e r t e d  

on  i t .   the  l o c a t i o n   of  the  draw  p o i n t   be ing   on  the  h e a t e d   p i n  

19.  

Yarn  t e n s i o n i n g   r o l l   13  is  a  s t epped   r o l l   a n d  

comprises   r o l l   14  and  r o l l   17  which  is   of  s m a l l e r   d i ame te r   t h a n  

r o l l   14.  R o l l s   14  and  17  have  a s s o c i a t e d   s e p a r a t o r   r o l l s   15 

and  16  r e s p e c t f u l l y .   The  crimped  drawn  yarn  is  wi thdrawn  f r o m  

gear  wheels ,   11,  12  by  t e n s i o n i n g   r o l l   14  under   a  c o n t r o l l e d  

t e n s i o n   w i t h i n   the  range  0.15  to  0.50  g  per   d e c i t e x   based  on  t h e  

d e c i t e x   of  the  drawn  composi te   yarn .   The  yarn   is  passed   s u f f i c i e n t  

times  around  t e n s i o n i n g   r o l l   14  and  s e p a r a t o r   r o l l   15  to  a v o i d  

s l i ppage   of  the  ya rn .   The  t e n s i o n   in   the  yarn  is  then  r e d u c e d  

by  p a s s i n g   the  yarn  around  s e p a r a t o r   r o l l   16  and  r o l l   17 .  

Between  r o l l   14  and  r o l l   16  the  composi te   yarn   is  n o d a l l y  

i n t e r l a c e d   by  p a s s i n g   i t   th rough  i n t e r l a c i n g   j e t   18.  

On  l e a v i n g   the  r o l l   17,  the  yarn  is  wound  on  a  r i n g  

sp ind le   package  23  tw i s t   be ing   i n s e r t e d   in  the  yarn  b e l o w  

b a l l o o n - g u i d e   25  by  r o t a t i o n   of  the  s p i n d l e   a n d  r o t a t i o n   o f  

a  t r a v e l l e r   (not  shown)  around  r i n g   27 .  

The  yarn  so  produced  is  a  drawn  composi te   y a r n  

having  l a t e n t   bu lk .   The  bulk  may  be  deve loped   by  s u b j e c t i n g  

the  yarn  in  yarn   or  f a b r i c   form,  to  a  thermal   t r e a t m e n t .  

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

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

EXAMPLE  1 

A  95  d e c i t e x   25  f i l a m e n t   drawable   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  having  a  b i r e f r i n g e n c e   of  63  x  10-3  a n d  

a  27  d e c i t e x   7  f i l a m e n t   drawable  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 )  

yarn  having   a  b i r e f r i n g e n c e   of  46.6  x  10-3  were  drawn  and  g e a r  

crimped  by  a  p roce s s   as  shown  d i a g r a m m a t i c a l l y   in  t h e  a c c o m p a n y i n g  

drawing.  The  p o l y e s t e r   f i l a m e n t s   had  a  t r i l o b a l   f i l a m e n t   o r o s s -  

s e c t i o n   and  the  polyamide  f i l a m e n t s   had  a  c i r c u l a r ' f i l a m e n t   c r o s s -  

s e c t i o n .   The  weight   r a t i o   of  the  p o l y e s t e r   f i l a m e n t s   to  t h e  



polyamide  f i l a m e n t s   was  78:22.  The  hea ted   metal  pin  was  o f  

c i r c u l a r   c r o s s - s e c t i o n   having  a  d i ame te r   of  2.22  cm  and  a  

t e m p e r a t u r e   of  1700C.  The  gear  wheels  were  made  of  s t a i n l e s s  

s t e e l   and  had  38  t e e t h   per  inch.   The  i n t e r m e s h i n g   of  the  g e a r  
wheels  was  such  t ha t   the  maximum  ove r l ap   of  t e e t h   on  the  two 

gears  was  0.356  mm. 

The  speed  of  the  gear  wheels  was  a d j u s t e d   such  t h a t  

the  composite   yarn  was  drawn  by  the  t e n s i o n   impar ted   to  t h e  

yarn  between  the  hea ted   pin  and  the  gear  wheels .   The  s u r f a c e  

speed  of  the  l a r g e r   d i ame te r   t e n s i o n i n g   r o l l   was  840  metres   p e r  
minute  and  the  r a t i o   of  the  s u r f a c e   speed  of  the  l a r g e r  

d iamete r   t e n s i o n i n g   r o l l   to  the  s u r f a c e   speed  of  the  feed  r o l l  

was  1.30.  The  yarn  t e n s i o n   between  the  gear  wheels  and  t h e  

l a r g e r   d i ame te r   t e n s i o n i n g   r o l l   was  c o n t r o l l e d   at  31  g,  t h a t  

i s - a t  0 . 3 2   g  per  d e c i t e x   based  on  the  d e c i t e x   of  the  d r a m  

composite  y a r n .  
The  d i ame te r s   of  the  two  r o l l s   of  the  s tepped  t e n s i o n i n g  

r o l l   were  such  t ha t   the  yarn  was  ove r fed   from  the  l a r g e r   d i a m e t e r  

r o l l   to  the  s m a l l e r   d i ame te r   r o l l   at  an  over feed   of  3.1%.  On 

l e a v i n g   the  l a r g e r   d iamete r   t e n s i o n i n g   r o l l ,   the  overfed   y a r n  

was  noda l l y   i n t e r l a c e d   by  p a s s i n g   i t   th rough  an  i n t e r l a c i n g  

je t   to  which  a i r   was  s u p p l i e d   at  an  a i r   p r e s s u r e   of  60  pounds  

per  square  inch.   The  i n t e r l a c i n g   je t   had  a  yarn  p a s s a g e w a y  

in  the  form  of  a  t r u n c a t e d   cone  and  two  d i r e c t l y   opposed  a i r  

passageways  for   d i r e c t i n g   a i r   in to   the  yarn  passageway  at  r i g h t  

angles   to  the  l o n g i t u d i n a l   ac is   of  the  yarn .   The  t r u n c a t e d   cone  

form  of  the  yarn  passageway  caused  the  major  p o r t i o n   of  t h e  

exhaust   a i r   to  pass  out  of  the  yarn  passageway  in  the  same 

d i r e c t i o n   as  the  y a r n .  
The  composi te   yarn  so  produced  had  a  d e c i t e x   of  96 

and  possessed   l a t e n t   bulk.   The  yarn  had  86  i n t e r l a c e d   nodes  p e r  

metre  (mean  of  3  v i s u a l   count  measurements   on  1  metre  l e n g t h s  

of  the  ya rn ) .   The  yarn  had  an  i n i t i a l   crimp,  measured  a s  

h e r e i n b e f o r e   d e s c r i b e d ,   of  3.4%,  a  mechanica l   crimp  s t a b i l i t y  

of  27.09%,  a  b r e a k i n g   load  of  347  c e n t i - n e w t o n s   and  an  e x t e n s i o n  

to  break  of  30.9%. 



The  l a t e n t   bulk  yarn  was  k n i t t e d   in to   f a b r i c   which  was 

then  dyed  at  130°C  to  co lou r   the  p o l y e s t e r   and  polyamide  componen t s  

d i f f e r e n t l y .   Bulk  was  f u l l y   developed  in  the  k n i t t e d   y a r n  

dur ing   the  dye ing   p r o c e s s .   The  f a b r i c   showed  good  bulk  and  a n  

a t t r a c t i v e   j a spe   or  s p e c k l e d   a p p e a r a n c e .  

EXAMPLE  2 

Example  1  was  r e p e a t e d   except   t h a t   the  p o l y ( h e x a m e t h y l e n e  

adipamide)  feed  yarn   was  a  42  d e c i t e x   10  f i l a m e n t   yarn  hav ing   a  

b i r e f r i n g e n c e   of  45.5  x  10-3.  The  weight   r a t i o   of  the  p o l y e s t e r  

f i l a m e n t s   to  the  polyamide  f i l a m e n t s   was  t h e r e f o r e   6 9 : 3 1 .  

S imi l a r   p roces s   c o n d i t i o n s   as  in  Example  1  were  used  except   t h a t  

the  yarn  t e n s i o n   between  the  g e a r  w h e e l s   and  the  l a r g e r   d i a m e t e r  

t e n s i o n i n g   r o l l   was  c o n t r o l l e d   at  37.5  g,  t h a t   is  at  0.35  g  

per  d e c i t e x   based  on  the  d e c i t e x   of  the  drawn  composi te   y a r n .  
The   compos i te   yarn   so  produced  had  a  d e c i t e x  

of  107  and  p o s s e s s e d   l a t e n t   bu lk .   The  yarn  had  85  i n t e r l a c e d  

nodes  per  metre  (mean  of  3  v i s u a l   count  measurements   on  1  m e t r e  

l eng ths   of  the  yarn) .   The  yarn  had  an  i n i t i a l   crimp  of  3.4%, 

a  mechanica l   crimp  s t a b i l i t y   of  32.8%,  a  b r e a k i n g   load  of  370 

c e n t i - n e w t o n s   and  an  e x t e n s i o n   to  break  of  27.5%.  

The  l a t e n t   bulk   yarn  was  k n i t t e d   in to   f a b r i c   w h i c h  

was  then  dyed  as  in  Example  1.  Bulk  was  f u l l y   developed  in  t h e  

k n i t t e d   yarn  d u r i n g   the  dye ing   p r o c e s s .   The  f a b r i c   showed 

good  bulk  and  an  a t t r a c t i v e   jaspe   or  speck led   a p p e a r a n c e .  
EXAMPLE  3 

Example  1  was  r e p e a t e d   except   t h a t   the  p o l y ( h e x a m e t h y l e n e  

adipamide)   feed  yarn   was  a  56  d e c i t e x   13  f i l a m e n t   yarn  hav ing   a  

b i r e f r i n g e n c e   of  45.0  x  10-3.  The  weight   r a t i o   of  the  p o l y e s t e r  

f i l a m e n t s   to  the  polyamide   f i l a m e n t s   was  t h e r e f o r e   6 3 : 3 7 .  

S imi l a r   p rocess   c o n d i t i o n s   as  in  Example  1  were  used  except   t h a t  

the  yarn  t e n s i o n   between  the  gear  wheels  and  the  l a r g e r   d i a m e t e r  

t e n s i o n i n g   r o l l   was  c o n t r o l l e d   at  40  g,  t h a t   i s ,   at  0.34  g  p e r  
d e c i t e x   based  on  the  d e c i t e x   of  the  drawn  composi te   y a r n .  

The  compos i te   yarn   so  produced  had  a  d e c i t e x   of  118 

and  posses sed   l a t e n t   bu lk .   The  yarn  had  85  i n t e r l a c e d   n o d e s  

per  metre  (mean  of  3  v i s u a l   count  measurements   on  1  metre  l e n g t h s  



of  the  y a r n ) .   The  yarn  had  an  i n i t i a l   crimp  of  3.70%,  a  

mechan ica l   crimp  s t a b i l i t y   of  48.6%,  a  b r e a k i n g   load  of  433 

c e n t i - n e w t o n s   and  an  e x t e n s i o n   to  break  of  30.1%. 

The  l a t e n t   bulk  yarn  was  k n i t t e d   in to   f a b r i c   w h i c h  

was  then  dyed  as  in  Example  1.  Bulk  was  f u l l y   deve loped   i n  

the  k n i t t e d   yarn  du r ing   the  dyeing  p r o c e s s .   The  f a b r i c   showed 

good  bulk  and  an  a t t r a c t i v e   jaspe  or  speck led   a p p e a r a n c e .  
EXAMPLE  4  

Example  1  was  r e p e a t e d   except   t ha t   the  p o l y ( h e x a m e t h y l e n e  

ad ipamide)   feed  yarn  was  a  96  d e c i t e x   20  f i l a m e n t   yarn  having   a  

b i r e f r i n g e n c e   of  46.0  x  10-3.  The  weight   r a t i o   of  the  p o l y e s t e r  

f i l a m e n t s   to  the  polyamide  f i l a m e n t s   was  t h e r e f o r e   5 0 : 5 0 .  

S i m i l a r   p roces s   c o n d i t i o n s   as  in  Example  1  were  used  e x c e p t  

t h a t   the  yarn  t e n s i o n   between  the  gear  wheels  and  the  l a r g e r  

d i ame te r   t e n s i o n i n g   r o l l   was  c o n t r o l l e d   at  68g,  t h a t   i s ,   a t  

0.46  g  per  d e c i t e x   based  on  the  d e c i t e x   of  the  drawn  c o m p o s i t e  

y a r n .  
The  composi te   yarn  so  produced  had  a  d e c i t e x   of  148 

and  p o s s e s s e d   l a t e n t   bulk .   The  yarn  had  90  i n t e r l a c e d   n o d e s  

per  metre  (mean  of  3  v i s u a l   count  measurements   on  1  metre  l e n g t h s  

of  the  y a r n ) .   The  yarn  had  an  i n i t i a l   crimp  of  4.1%,  a  

mechan ica l   crimp  s t a b i l i t y   of  44.9%,  a  b r e a k i n g   load  of  523 

c e n t i - n e w t o n s   and  an  e x t e n s i o n   to  break  of  27.6%. 

The  l a t e n t   bulk  yarn  was  k n i t t e d   in to   f a b r i c   w h i c h  

was  then  dyed  as  in  Example  1,  Bulk  was  f u l l y   d e v e l o p e d  

in  the  k n i t t e d   yarn  du r ing   the  dyeing  p r o c e s s .   The  f a b r i c   showed 

good  bulk  and  an  a t t r a c t i v e   jaspe  or  speck led   a p p e a r a n c e .  
COMPARATIVE  EXAMPLE  A 

Example  1  was  r e p e a t e d   except   tha t   the  f o l l o w i n g  

c o n d i t i o n s   were  u s e d : -  

Feed  yarns  50  d e c i t e x   22  f i l a m e n t   d rawn 

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 )  

y a r n .  

40  d e c i t e x   10  f i l a m e n t   drawn 

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 )  

y a r n .  
Pin  t e m p e r a t u r e   160°C 



Surface  speed  of  l a r g e r  

d i a m e t e r   t e n s i o n i n g   r o l l   532  met res   per  m i n u t e  

Rat io   of  t e n s i o n   r o l l   s u r f a c e  

speed  to  feed  r o l l   s u r f a c e  

speed  1 . 0 3  

Yarn  t e n s i o n   between  g e a r  

wheels  and  t e n s i o n i n g   r o l l   20g  

Overfeed  to  i n t e r l a c i n g   j e t   1% 

The  composite  ya rn   so  produced  had  only  31  nodes  p e r  

me t r e .   Dyed  f a b r i c   made  from  the  ya rn  showed   u n d e s i r a b l e  

s t r e a k s   of  each  yarn  component.   At tempts   t o  i n c r e a s e  

the  e x t e n t   of  nodal  i n t e r l a c i n g   by  i n c r e a s i n g   the  ove r f eed   o f  

the  yarn   to  the  i n t e r l a c i n g   j e t   led  to  d i f f i c u l t i e s   in  c o n t r o l l i n g  

the  t h r e a d l i n e   at  i n t e r l a c i n g   and  s t i l l   p roduced  a  dyed  f a b r i c  

w i th   s t r e a k s   of  each  yarn  componen t .  

COMPARATIVE  EXAMPLE  B 

Example  1  was  r e p e a t e d   except   t h a t   the  f o l l o w i n g  

c o n d i t i o n s   were  u s e d : -  

Feed  yarns  333  d e c i t e x   30  f i l a m e n t   d r a w a b l e  

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  of  b i r e f r i n g e n c e   27  x  10 -3  

100  d e c i t e x   20  f i l a m e n t   d r a w -  

able  p o l y ( h e x a m e t h y l e n e  

ad ipamide)   y a r n  
Rat io   of  t e n s i o n   r o l l  

s u r f a c e   speed  to  feed  r o l l  

s u r f a c e   speed  1 . 9  

Y a r n  t e n s i o n   b e t w e e n  

gear  wheels  a n d  

t e n s i o n i n g  r o l l   4 6 g  

Overfeed  to  i n t e r l a c i n g  

j e t   1% 

The  composite   yarn   so  produced  had  a  d e c i t e x   of  217 

and  had  only  22  nodes  per  met re .   Dyed  f a b r i c   made  from  t h e  

ya rn   showed  u n d e s i r a b l e   s t r e a k s   of  each  yarn   componen t .  



Attempts   to  i n c r e a s e   the  ex ten t   of  nodal  i n t e r l a c i n g   b y  

i n c r e a s i n g   the  ove r f eed   of  the  yarn  to  the  i n t e r l a c i n g   j e t  

s t i l l   produced  a  dyed  f a b r i c   with  s t r e a k s   of  each  y a r n  

componen t .  



1.  A  drawn  g e a r - c r i m p e d   yarn  wi th   l a t e n t   b u l k  

c h a r a c t e r i s e d   in  t h a t   the  yarn  is  a  n o d a l l y   i n t e r l a c e d   g e a r -  

crimped  composi te   yarn  compr i s i ng   p o l y e s t e r   c o n t i n u o u s  

f i l a m e n t s   and  polyamide  con t inuous   f i l a m e n t s   in  the  w e i g h t  

r a t i o   90:10  to  10:90  i n c l u s i v e ,   the  g e a r - c r i m p e d   c o m p o s i t e  

yarn  hav ing   a n  i n i t i a l  c r i m p   as  d e f i n e d   of  2%  to  12%,  a  

mechan ica l   crimp  s t a b i l i t y   as  d e f i n e d   of  above  0 % ,  a n d  

having   40  to  140  i n t e r l a c e d   nodes  per  m e t r e .  

2.  A  g e a r - c r i m p e d   yarn  a c c o r d i n g   to  Claim  1 

having  an  i n i t i a l   crimp  of  2%  to  8%  i n c l u s i v e .  

3.  A  g e a r - c r i m p e d   yarn   a c c o r d i n g   to  e i t h e r   Claim  1 

or  Claim  2  in   which  the  g e a r - c r i m p e d   composi te   yarn   has  70 

to  100  nodes  per   m e t r e .  

4 .  A   g e a r - c r i m p e d   yarn   a c c o r d i n g   to  any  one  of  t h e  

p r e c e d i n g   c la ims   in  which  at  l e a s t   some  of  the  f i l a m e n t s   o f  

the  yarn  have  a  n o n - c i r c u l a r   c r o s s - s e c t i o n .  

5 .  A   g e a r - c r i m p e d   yarn   a c c o r d i n g   to  any  one  of  t h e  

p r e c e d i n g   c la ims  in  which  the  p o l y e s t e r   is  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 ) .  

6.  A  gear   crimped  yarn  a c c o r d i n g   to  any one  of  t h e  

p r e c e d i n g   c la ims  in  which  the  polyamide  is  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 ) .  

7.  A  gear   crimped  yarn  a c c o r d i n g   to  any  one  of  t h e  

p r e c e d i n g   c la ims  in  which  the  drawn  composi te   yarn  has  a  

d e c i t e x   of  l e s s   than  150.  

8.  A  gear   crimped  y a r n  a c c o r d i n g   to  any  one  of  t h e  

p r e c e d i n g   c la ims  in  which  the  bulk   has  been  d e v e l o p e d .  

9.  A  f a b r i c   c o n t a i n i n g   a  g e a r - c r i m p e d   yarn  a c c o r d i n g  

to  any  one  of  the  p r e c e d i n g   c l a i m s .  

10.  A  p roce s s   for   p r o d u c i n g  a   drawn  g e a r - c r i m p e d   y a r n  
with  l a t e n t   bulk  c h a r a c t e r i s e d   in  t h a t   a  drawable   p o l y e s t e r  

con t inuous   f i l a m e n t   yarn  hav ing   a  b i r e f r i n g e n c e   of  at  l e a s t  

30  x  10-3  and  a  drawable  polyamide  con t inuous   f i l a m e n t   y a r n  

having  a  b i r e f r i n g e n c e   of  at  l e a s t   30  x  10-3  are  h e a t e d   a n d  

s i m u l t a n e o u s l y   drawn  and  gear  crimped  t o g e t h e r   as  a  c o m p o s i t e  



yarn  by  means  of  t oo thed   draw  r o l l s   and  the  composite  y a r n  

is  forwarded  from  the  too thed   draw  r o l l s   under  a  c o n t r o l l e d  

t e n s i o n   w i t h i n   the  range  0.15  to  0.50  g  per  d e c i t e x   i n c l u s i v e  

based  on  the  d e c i t e x   of  the  drawn  composi te   yarn  and  i s  

s u b s e q u e n t l y   i n t e r l a c e d   to  have  40  to  140  nodes  per  metre,   t h e  

weight   r a t i o   of  the  p o l y e s t e r   yarn  to  the  polyamide  y a r n  

be ing   in  the  range  90:10  to  10:90  i n c l u s i v e .  

11.  A  p roces s   a c c o r d i n g   to  c l a im  10   in  which  t h e  

crimped  composi te   yarn   is  forwarded  from  the  t o o t h e d  

draw  r o l l s   under  a  t e n s i o n   in  the  range  0.20  to  0.40  g  

per  d e c i t e x   based  on  the  d e c i t e x   of  the  drawn  c o m p o s i t e  

y a r n .  
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