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©  Yarn  crimping  by  means  of  a  stuffer-box. 

The  present  specification  relates  to  a  method  and 
apparatus  for  use  in  the  texturising  of  single  or  multi- 
filament  thermoplastic  yarns.  The  apparatus  comprises 
a  stuffer  chamber  defined  by  a  loaded,  coiled  spring  (21) 
which  tapers  from  its  inlet  end  (7)  to  its  wider  outlet 
end  [23).  In  use  the  filament  or  filaments  are  fed  at  a 
constant  rate  by  a  gaseous  fluid  flow  to  the  stuffer 
chamber  which  is  maintained  at  an  elevated  temperature, 
wherein  the  filaments  fold  transversely  to  the  longitu- 
dinal  axis  of  the  spring  (21)  to  form  a  plug  of  filaments 
which  is  continuously  disgorged  from  the  stuffer  cham- 
ber,  the  filaments  being  heat  set  in  all  different  direc- 
tions  about  said  longitudinal  axis. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a p p a r a t u s   a n d  

a  m e t h o d   f o r   use   in  t he   t e x t u r i s i n g   of   s i n g l e   or  m u l t i -  

f i l a m e n t   y a r n .  

In  p a r t i c u l a r   t h e   p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

t h e   t e x t u r i s i n g   of   y a r n   m a n u f a c t u r e d   f rom  a  t h e r m o -  

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

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

can   b e . t e x t u r i s e d   to   b u l k   t h e   y a r n ,   in  a  n u m b e r   o f  

known  w a y s .   H o w e v e r ,   t h e   b u l k i n g   of   t h e   y a r n   i s   u s u a l l y  

o n l y   in   a  t w o - d i m e n s i o n a l   p l a n e   e . g .   t he   y a r n   t a k e s   on  a  

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

a r i l y   p r o v i d e   a  u n i f o r m   b u l k i n g ,   i . e .   t e x t u r i s i n g   in  a l l  

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

The  aim  of   t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e   a  

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

a e s t h e t i c a l l y   p l e a s i n g   t h a n   p r i o r   a r t   2 - d i m e n s i o n a l   y a r n s  

as  r e f e r r e d   to   h e r e a b o v e ,   t h e   m e t h o d   and  a p p a r a t u s  b e i n g  

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

A c c o r d i n g   t o  t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   t e x t u r i s i n g   a p p a r a t u s   f o r   u se   in  p r o v i d i n g   a  

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

c h a m b e r   to   w h i c h   one  or  more   f i l a m e n t s   of  a  t h e r m o p l a s t i c s  

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

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

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

a t   i t s   o u t l e t   e n d .  

The  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   u t i l i s e s   a  

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

w h i c h   c o n n e c t s   w i t h   t h e  n a r r o w   end  of  t h e   s p r i n g ,   t h e  

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

A l t e r n a t i v e l y   t h e   s p r i n g   may  be  an  open   wound  s p r i n g  

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



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

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

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

p r e f e r a b l y   a i r   w h i c h   i s   p r e f e r a b l y   d ry   and  f e d  a t   a  

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

of   t h e   a i r   s h o u l d   be  a d j u s t e d   to  s u p p l y   t h e   r e q u i s i t e  

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

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

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

In  u s e   t h e   f i l a m e n t   or  b u n d l e   of  f i l a m e n t s   i s  

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

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

f o l d e d   w i t h i n   t h e   c h a m b e r   due  to  t h e i r   r a t e   of   f e e d  

e . g .   1000  m / m i n ,   and  f o r m i n g   a  p l u g   of  f i l a m e n t   a t  

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

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

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

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

t h e   s p r i n g   so  t h a t   a  t h r e e - d i m e n s i o n a l   b u l k i n g   of   t h e  

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

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

may  be  b l o c k e d   o f f   a t   s l o w   s p e e d s ,   f o r   a  s h o r t   p e r i o d  

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

p l u g   to   f o r m .  

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

and  e x t e n d   b a c k   t o w a r d s   t he   i n l e t   end  of  t h e   s p r i n g .  

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

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

a i r   f r o m   t h e   t r a n s p o r t e r   can   e s c a p e .   Thus   t h e   a i r  

p r e s s u r e   on  t h e   p l u g   i n c r e a s e s   t e n s i o n i n g   and  s t r e t c h i n g  

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

c l o s i n g   t h e   c o i l s   t o g e t h e r   a t   t h e   o u t l e t   end  so  as  t o  

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

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

g r i p - b f   t h e   s p r i n g  c o i l s   on  t h e   p l u g   and  t h e   b u l k e d  



f i l a m e n t s   a r e   f o r c e d   ou t   of  t h e   s p r i n g .   At  t h i s   p o i n t  

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

i n c r e a s e d   so  t h a t   t h e   p r e s s u r e   on  t h e  p l u g   d e c r e a s e s  

a l l o w i n g   t h e   s p r i n g   to   c o n t r a c t .   The  p r o c e s s   c o n t i n u e s  

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

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

b a c k   and  f o r t h .   T h i s   i s   a  c o n t i n u o u s   o p e r a t i o n   w i t h  

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

of   t h e   s t u f f e r   c h a m b e r ,   i t   b e i n g   u n n e c e s s a r y   to   d r a w  

t h e   y a r n   t h e r e f r o m .  

The  maximum  p o s s i b l e   s p e e d   of  o p e r a t i o n   i s  

d e t e r m i n e d   by  t h e   t a p e r   of  t h e   s p r i n g ,   s p e e d s   of   s e v e r a l  

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

s p e e d   of  1000  m e t r e s / m i n u t e   i s   p r e f e r a b l y   r e q u i r e d   w i t h  

a  m in imum  of   600  m e t r e s / m i n u t e .  

Fo r   t h e   y a r n   to  be  f o r c e d   f rom  t h e   s t u f f e r  

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

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

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

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

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

a  f i b r e   l u b r i c a t i n g   a g e n t   e . g .   L i m a n o l  P 8 1 1   a  p r o p r i e t a r y  

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

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

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

c l e a r l y   d e s i r a b l e .  

I f   t h e   s p e e d   a n d / o r   f r i c t i o n   of  t h e   s p r i n g /  

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

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

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

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

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

as  d e s i r e d .   The  p r e c i s e   a c t i o n   of  t h e   s p r i n g   i s   d e -  

p e n d e n t   upon   t h e   t a p e r ,   t he   d i a m e t e r   of  t h e   w i r e   o r  



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

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

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

s h o u l d   be  so  c h o s e n   as  to  p r o d u c e   t h e   o p t i m u m   a c t i o n  

on  t h e   f i l a m e n t s .  

The  f i l a m e n t   or  f i l a m e n t s   may  h a v e   any  d e s i r e d  

c r o s s - s e c t i o n .   Thus   in  a d d i t i o n   to  b e i n g   r o u n d ,   t h e  

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

or  p o l y n o d a l   or  may  have   t h r e e   or  more   b r a n c h e s   f o r m i n g  

f o r   e x a m p l e   an  X  or  Y  c o n f i g u r a t i o n .   F u r t h e r m o r e ,   w h e n  

more   t h a n   one  f i l a m e n t   i s   p r e s e n t   in  t h e   y a r n ,   f i l a m e n t s  

of  d i f f e r e n t   c r o s s - s e c t i o n s   may  be  u s e d .   The  f i l a m e n t s  

m a y  a l s o   be  h o l l o w .  

The  c o n t i n u o u s   f i l a m e n t   or  f i l a m e n t s   may  b e  

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

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

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

may  be  p r e s e n t   in   t h e   y a r n .   P r e f e r a b l y   t h e   s y n t h e t i c  

t h e r m o p l a s t i c   m a t e r i a l   i s   a  h o m o p o l y m e r   or  c o p o l y m e r   o f  

p o l y p r o p y l e n e .  

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

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

y a r n   f o r m e d   f rom  one  or  more  f i l a m e n t s   of   a  t h e r m o p l a s t i c s  

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

one  or  more   c o n t i n u o u s   f i l a m e n t s   i n t o   a  s t u f f e r   c h a m b e r  

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

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

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

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

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

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

t e m p e r a t u r e   w h i c h   s e t s   t he   f i l a m e n t   or  f i l a m e n t s   in  t h e  

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

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

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  f u r t h e r  

d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to  t h e  



a c c o m p a n y i n g   d r a w i n g   in  w h i c h   one  e m b o d i m e n t   of  t h e  

a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   i s   shown  in  p a r t i a l l y  

c u t a w a y   p e r s p e c t i v e .  

R e f e r r i n g   to   t h e   d r a w i n g   a  t r a n s p o r t e r   1  i s  

c o n s t r u c t e d   of  a  h o l l o w   c y l i n d r i c a l   body  3  t h r o u g h   w h i c h  

a  f i l a m e n t   i n l e t   p i p e   5  e x t e n d s ,   one  end  of   p i p e   5 

c o n n e c t i n g   w i t h   a  h o l e   7  in  c i r c u l a r   f l a n g e   9  of  t e x -  

t u r i s e r   11.   W i t h i n   body  3  w h i c h   i s   s e a l e d   a t   e a c h   e n d  .  

to   i n l e t   p i p e   5  a r e   t h r e e   a n g l e d   a i r   n o z z l e   p i p e s   1 3  

w h i c h   c o n n e c t   w i t h   t h e   i n t e r i o r   of  p i p e   5.  Thus   b y  

f e e d i n g   h e a t e d   a i r   i n t o   body  3  v i a   i n l e t   15,   t h e   a i r  

i s   p a s s e d   v i a   n o z z l e   p i p e s   13  i n t o   p i p e   5,  t h e   a n g l e d  

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

i n l e t   p i p e   5  t o w a r d s   t e x t u r i s e r   1 1 .  

The  t e x t u r i s e r   11  b a s i c a l l y   c o m p r i s e s   t w o  

c i r c u l a r   f l a n g e s   9  and  17,  c o a x i a l l y   s e c u r e d   t o g e t h e r  

by  s u p p o r t   rod   19.   A  t a p e r e d   s p r i n g   21  i s   t e n s i o n e d  

b e t w e e n   f l a n g e s   9  and  17  and  c o m m u n i c a t e s   w i t h   h o l e s  

7  and  23  in  f l a n g e s   9  and  17  r e s p e c t i v e l y .   The  t a p e r e d  

s p r i n g   h a s   i t s   n a r r o w e r  e n d   s e c u r e d   to   f l a n g e   9  a r o u n d  

i n l e t   h o l e   7.  A l t e r n a t i v e l y   an  open   wound  s p r i n g   c a n  

be  be  s u b s t i t u t e d   f o r   t e n s i o n e d   s p r i n g   21,   t h e   o p e n  

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

f l a n g e s  9   and  1 7 .  

In  u s e   a  f i l a m e n t   or  b u n d l e   of   f i l a m e n t s   i s   f e d  

f r o m   a  s p o o l   or  s p o o l s   ( n o t   shown)   m o u n t e d   on  a  c r e e l  

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

( n o t   s h o w n )   b o t h   to   m a i n t a i n   t h e   d e s i r e d  r a t e   of  f e e d  

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

A l t e r n a t i v e l y   one  or  more  b o b b i n s   of  o r i e n t a t e d   y a r n s  

c o u l d   s e r v e   as  t h e   f e e d s t o c k ,   or  t h e   a p p a r a t u s   c o u l d  

d r a w   t h e   y a r n   or  y a r n s   i n t o   t h e   t e x t u r i s e r .   V a r i o u s  

y a r n s   e . g .   d i f f e r e n t   m a t e r i a l   a n d / o r   c o l o u r ,   c o u l d   b e  

f e d   s i m u l t a n e o u s l y   to   t he   t e x t u r i s e r .  



The  f i l a m e n t   or  b u n d l e   of  f i l a m e n t s   i s   d r a w n  

t h r o u g h   t h e   t r a n s p o r t e r   1  by  t h e   a i r   j e t s   f r o m   n o z z l e  

p i p e s   13,  and  i s   f e d   i n t o   a  s t u f f e r   c h a m b e r   of   t e x t u r i s e r  

11,   w h i c h   i s   d e f i n e d   by  t e n s i o n e d   t a p e r e d   s p r i n g   2 1 .  

The  f i l a m e n t   or  f i l a m e n t s   a r e   p r e h e a t e d   and  t h e   a i r  

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

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

r e q u i s i t e   h e a t   f o r   j u s t -   s e t t i n g - t h e   f i l a m e n t s .   T h e  

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

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

d i r e c t i o n s   and  f o r m   a  p l u g   of  f i l a m e n t .   The  f i l a m e n t s  

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

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

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

can   be  c l o s e d   o f f   f o r   an  i n i t i a l   p e r i o d   of  t i m e   t o  

p r e v e n t   t h e   e g r e s s   of  y a r n   and  a l l o w   t h e   p l u g   to   f o r m .  

Once   s t a r t e d ,   t h e   p l u g   c o n t i n u e s   to  e x t e n d   b a c k w a r d s  

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

c o i l s   as   i t   g o e s   and  t h u s   r e s t r i c t i n g   t h e   a r e a   of  t h e  

i n t e r s t i c e s   t h r o u g h   w h i c h   t h e   a i r   f r om  t r a n s p o r t e r   1  c a n  

e s c a p e .   T h i s   i n c r e a s e s   t h e   p r e s s u r e   on  t h e   p l u g   a n d  

s t r e t c h e s   t h e   n a r r o w e r   i n l e t   end  of  s p r i n g   21,   and  w h e n  

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

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

p l u g   i s   e j e c t e d   as  b u l k e d   y a r n ,   f r o m   t h e   s p r i n g   2 1 .  

T h i s   i n c r e a s e s   t h e   t o t a l   a r e a   b e t w e e n   t he   c o i l s   o f   t h e  

s p r i n g   t h r o u g h   w h i c h   a i r   f r om  t h e -  t r a n s p o r t e r   1  c a n  

e s c a p e ,   r e d u c e s   t h e   p r e s s u r e   on  t h e   p l u g   and  a l l o w s   t h e  

s p r i n g   to   c o n t r a c t  -   t h e   s p r i n g   s t r e t c h i n g   a g a i n   as  t h e  

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

f o r t h   as  t h e   p l u g   i s   c o n t i n u o u s l y   f o r m e d   and  e j e c t e d .  

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

i s   f o r m e d   and  e j e c t e d .   B u l k e d . y a r n   i s   t h u s   c o n t i n u o u s l y  

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

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



s u f f i c i e n t l y   to  s e t   t h e   c r i m p   so  t h a t   s u b s e q u e n t  

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

r e l a x a t i o n   r o l l e r   a l s o   a c t s   as  a  r e s e r v o i r   to  a l l o w  

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

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

t r a n s v e r s e   to   t h e   l o n g i t u d i n a l   a x i s   of  s p r i n g   21,   a  

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

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

in  t h e   s p r i n g ,   an  e q u i l i b r i u m   b e i n g   s e t   up  b e t w e e n   t h e  

a i r   p r e s s u r e   b u i l d   up  on  t h e   one  h a n d ,   and  t h e   f r i c t -  

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

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

o u t p u t   s p e e d s   f o r   t h e   b u l k e d   y a r n  o f   1000  m e t r e s / m i n u t e  

w i t h   a  m in imum  of  600  m e t r e s / m i n u t e ,   a r e   t h e   d e g r e e   o f  

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

d i a m e t e r   of  t h e   s p r i n g   e n d s   r e l a t i v e   to  t h e   s p r i n g   l e n g t h ,  

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

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

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

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

t h e   b u l k i n g   of  t h a t   f i l a m e n t   m a t e r i a l   and  t h u s   t h e  

p e r f o r m a n c e   of   t h e   a p p a r a t u s ,   can  be  a f f e c t e d   by  c h a n g e s  

in  t h e   n a t u r e   of  t h e   f i l a m e n t .   For   e x a m p l e   t h e   a d d i t i o n  

of   d i f f e r e n t   p i g m e n t s   to  t he   same  b a s i c   f i l a m e n t  

m a t e r i a l   can   r e s u l t   in   d i f f e r e n t   b u l k i n g ,   t h e   s u r f a c e  

f r i c t i o n   c o e f f i c i e n t s   c h a n g i n g   due  to  t h e   a d d i t i o n   o f  

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

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

l u b r i c a n t   e . g .   L i m a n p l   P811  m a n u f a c t u r e d   by  S c h i l l  

S c h e i l l a c h e r .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   i l l u s t r a t e d   w i t h  

r e f e r e n c e   to   t h e   f o l l o w i n g   e x a m p l e : -  

EXAMPLE  1 .  

The  p r o c e d u r e   d e s c r i b e d   a b o v e   was  c a r r i e d . o u t  

u s i n g   a  tow  of  p o l y p r o p y l e n e   f i l a m e n t s   and  a  t r a n s p o r t e r  



as  i l l u s t r a t e d   in   t h e   d r a w i n g ,   w i t h   an  a i r   t e m p e r a t u r e  

of   165°C  and  a t   a  p r e s s u r e   of  154  p . s . i .   The  tow  h a s  

120  f i l a m e n t s   and  t h e   p o l y p r o p y l e n e   had  an  m . f . i .   o f  

10  and  a  d e n i e r   p e r   f i l a m e n t   of  1 6 . 6 .   The  d i m e n s i o n s   o f  

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

f o l l o w s : -  

I n c h   r a t e   =  0 . 2 2   l b s  

w i r e   d i a m e t e r   =  0 . 0 2 5 "  

f r e e   l e n g t h  =   2 "  

e x t e n d e d   or  w o r k i n g   l e n g t h   =  2 . 5 "  

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

l e n g t h   f r o m   0 . 1 8 7 5 "   to  0 . 2 5 " .  

The  p r o d u c t   p r o d u c e d   was  a  b u l k e d   y a r n ,   t h e  

d e n i e r   of  w h i c h   had  i n c r e a s e d   o v e r   20%,  t h e   b u l k i n g  

b e i n g   t h r e e - d i m e n s i o n a l .  



1.  A  t e x t u r i s i n g   a p p a r a t u s   f o r   u s e   i n   p r o d u c -  

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

s t u f f e r   c h a m b e r   ( 2 1 )   to   w h i c h   one  or   more  f i l a m e n t s   of   a  

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

c h a r a c t e r i s e d   i n   t h a t   t h e   s t u f f e r   c h a m b e r   ( 2 1 )   i s   f o r m e d  

by  a  t a p e r e d   s p r i n g   ( 2 1 )   w h i c h   i s   f i x e d l y   s e c u r e d   a t  

e a c h   end  t h e r e o f   and  l o a d e d ,   t h e   s p r i n g   ( 2 1 )   b e i n g  

w i d e s t   a t   i t s   o u t l e t   end  ( 2 3 ) .  

2 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   1,  c h a r a c t e r -  

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

e n d s .  

3 .   A p p a r a t u s   as   c l a i m e d   i n   c l a i m   1 ,  c h a r a c t e r -  

i s e d   i n  t h a t   t h e   s p r i n g   (21 )   i s   an  o p e n   wound  s p r i n g  

w h i c h   i s   c o m p r e s s e d .  

4.  A p p a r a t u s   as  c l a i m e d   i n   a n y  o n e   of  c l a i m s  

1  t o   3,  c h a r a c t e r i s e d   i n   t h a t   t h e   t a p e r e d   s p r i n g   ( 2 1 )  

i s   f i x e d   b e t w e e n   two  p l a n a r   f l a n g e s   ( 9 , 1 7 )   w h i c h   a r e  

a r r a n g e d   p a r a l l e l   to  e a c h   o t h e r ,   s u p p o r t   r o d s   ( 1 9 )  

i n t e r c o n n e c t i n g   s a i d   f l a n g e s   ( 9 , 1 7 )   and  m a i n t a i n i n g  

t h e   f l a n g e s   ( 9 , 1 7 )   i n   s p a c e d   a p a r t   r e l a t i o n s h i p ,   t h e  

e n d s   of  t h e   s p r i n g   ( 2 1 )   b e i n g   s e c u r e d   to   s a i d   f l a n g e s  

( 9 , 1 7 )   o v e r   c o a x i a l l y   a l i g n e d   a p e r t u r e s   ( 7 , 2 3 )   i n   s a i d  

f l a n g e s   ( 9 , 1 7 ) .  

5.  A p p a r a t u s   as  c l a i m e d   i n   any   one  of   t h e  

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

end   (7)   of  t h e   t a p e r e d   s p r i n g   (21 )   f o r m i n g   t h e   s t u f f e r  

c h a m b e r ,   i s   c o n n e c t e d   to  a  t r a n s p o r t e r   (1)   f o r   t h e  

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

6.  A p p a r a t u s   as   c l a i m e d   i n   c l a i m   5,  c h a r a c t e r -  

i s e d   i n   t h a t   t h e   t r a n s p o r t e r   (1)   u t i l i s e s   a  s t r e a m   o f  

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

t i n u o u s l y   f o r w a r d .  

7.   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   6,  c h a r a c t e r -  

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



d e s i r e d   s u b s t a n t i a l l y   c o n s t a n t   s p e e d .  

8.   A  m e t h o d   of   t e x t u r i s i n g   y a r n   f o r m e d   f r o m  

one  or   more   f i l a m e n t s   of   a  t h e r m o p l a s t i c   m a t e r i a l ,  

c h a r a c t e r i s e d   by  t h e   s t e p s   of   f e e d i n g   one  or  m o r e  

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

by  a  l o a d e d   t a p e r e d ,   c o i l e d   s p r i n g   ( 2 1 ) ,   w h i c h   c h a m b e r  

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

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

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

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

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

and   a t   a  t e m p e r a t u r e   w h i c h   s e t s   t h e   f i l a m e n t   or   f i l a -  

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

s p i l l   o u t   of   t h e   w i d e r   end  ( 2 3 )   of   t h e   t a p e r e d   s p r i n g  

( 2 1 ) .  

9;  A  m e t h o d   as   c l a i m e d   i n   c l a i m   8,  c h a r a c t e r -  

i s e d   i n   t h a t   t h e   f i l a m e n t   or  f i l a m e n t s   a r e   t r e a t e d   w i t h  

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

c h a m b e r   ( 2 1 ) .  

10.   A  m e t h o d   as   c l a i m e d   i n   c l a i m   8  or  9 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   f i l a m e n t   or  f i l a m e n t s   a r e   f e d  

t o   t h e   s t u f f e r   c h a m b e r   ( 2 1 )   by  a  f l o w   of   g a s e o u s   f l u i d .  

11.   A  m e t h o d   as  c l a i m e d   i n   c l a i m   10,  c h a r a c t e r -  

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

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

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

a d d i t i o n a l   h e a t   r e q u i r e d   to   s e t   t h e   f i l a m e n t   or   f i l a -  

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

r e a c h i n g   t h e   s t u f f e r   c h a m b e r   ( 2 1 ) .  

12 .   A  m e t h o d   as  c l a i m e d   i n   any  one  of   c l a i m s  

8  t o   11,   c h a r a c t e r i s e d   i n   t h a t   t h e   f i l a m e n t   or   f i l a m e n t s  

a r e   f e d   t o   t h e   s t u f f e r   c h a m b e r   ( 2 1 )   a t   1000  m e t r e s / m i n .  
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