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,54}  Process  and  apparatus  for  laying  down  a  fibrous  strand  in  an  ordered  manner. 

An  apparatus  for  laying  down  a  fibrous  strand  in  an 
ordered  manner  comprising  means  (2)  for  supplying  a  fibrous 
strand  (1),  means  (4)  for  forwarding  the  strand  (1),  means  (7) 
for  imparting  an  oscillatory  motion  to  the  forwarding  strand 
(1 ), two  closely  spaced  plates  (10,10A)  providing  a  path  forthe 
oscillating  strand  (1)  extending  between  the  oscillatory 
means  (7)  and  a  moveable  collecting  surface  (11)  whereon  the 
strand  (1)  is  laid  characterised  in  that  the  apparatus  is  pro- 
vided  with  gas  jet  means  (16)  located  between  the  oscillatory 
means  (7)  and  the  collecting  surface  (11)  for  deflecting  the 
oscillating  strand  in  such  a  manner  that  the  amplitude  of  the 
oscillating  strand  (1)  is  increased. 



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

webs  having   a  high  degree  of  o r i e n t a t i o n   of  the  f i b r o u s   s t r a n d s  

compr i s ing   the  web,  c o m p r i s i n g   f o r w a r d i n g   a  s t r and   towards  a  

c o l l e c t i n g   s u r f a c e   and  i m p a r t i n g   an  o s c i l l a t o r y   motion  to  t h e  

s t r and   at  a  po in t   above  the  c o l l e c t i n g   s u r f a c e .  

F ib rous   webs  have  been  made  from  s t a p l e   f i b r e s   b y  

ca rd ing   or  by  random  a i r   l a y i n g   p r o c e s s e s ,   the  former  p r o c e s s  

i m p a r t i n g   some  degree  of  i s o t r o p i c   a r rangement   of  the  f i b r e s .  

F ib rous   webs  have  a lso   been  made  by  c o l l e c t i n g   a  mat  of  s y n t h e t i c  

con t inuous   f i l a m e n t s   in  which  the  f i l a m e n t s   are  more  or  l e s s  

randomly  i n t e r m i n g l e d   in  the  mat.  However  in  order   t ha t   a  f a b r i c  

made  from  one  or  more  webs  should  have  p r o p e r t i e s   which  r e s e m b l e  

more  c l o s e l y   the  p r o p e r t i e s   of  c o n v e n t i o n a l   woven  or  k n i t t e d  

f a b r i c s   i t   is  c o n s i d e r e d   d e s i r a b l e   to  i n t r o d u c e   a  high  degree  o f  

o r i e n t a t i o n   of  the  f i b r o u s   m a t e r i a l   compr i s ing   the  web,  as  f o r  

example,  a  high  degree   of  p a r a l l e l i s m   in  s t a p l e   f i b r e   yarns   o r  

f i l a m e n t a r y   s t r a n d s   o r i e n t e d   in,  for   example,  the  machine  o r  

c ross   d i r e c t i o n s   or  in  both  these   d i r e c t i o n s .   Methods  which  h a v e  

been  proposed  for   i n t r o d u c i n g   the  d e s i r e d   o r i e n t a t i o n   in to   a  

web  of  f i l a m e n t a r y   s t r a n d s   i nc lude   those  in  which  the  e x t r u d e d  

m u l t i - f i l a m e n t a r y   s t r a n d s   are  forwarded  and  drawn  by  means  o f  

a i r   j e t s   and  the  i s s u i n g   f i l a m e n t s   are  given  an  o s c i l l a t o r y   m o t i o n  

before   f r e e l y   f a l l i n g   onto  a  c o l l e c t i n g   b r a t t i c e   or  suppor t .   UK 

s p e c i f i c a t i o n   1  244  753  d e s c r i b e s   such  a  method  wherein   g a s  

o s c i l l a t i n g   j e t s   are  a p p l i e d   to  a l r eady   drawn  f i l a m e n t s .   I t   h a s  

also  been  proposed  in  Japanese   p a t e n t   p u b l i c a t i o n   75  007  178  t o  

o s c i l l a t e   the  o u t l e t   of  the  fo rward ing   j e t   to  impart   the  d e s i r e d  

o s c i l l a t o r y   motion  to  the  emerging  f i l a m e n t s .   These  me thods  

have  not  in  p r a c t i c e   proved  e n t i r e l y   s a t i s f a c t o r y   in  p r o d u c i n g  

webs  of  as  high  a  degree  of  p a r a l l e l i s m   and  order   as  d e s i r e d .  

Thus  i t   is  an  ob j ec t   of  t h i s   i n v e n t i o n   to  provide   a  method  i n  

which  movement  of  a  s t r a n d   in  the  l ay ing   down  of  a  web  is  more 

f u l l y   c o n t r o l l e d   so  as  to  approach  more  nea r l y   the  d e s i r e d  

high  degree  of  p a r a l l e l i s m   and  o r d e r .  



In  P a t e n t   A p p l i c a t i o n   40027/78  we  have  d e s c r i b e d  a  

p r o c e s s   fo r   the  p r o d u c t i o n   of  an  o rde red   web  f r o m  a t   l e a s t   one  

f i b r o u s   s t r a n d ,   compr i s ing   f o r w a r d i n g   a  s t r a n d   towards  a  

c o l l e c t i n g   s u r f a c e ,   i m p a r t i n g   an  o s c i l l a t o r y   motion  to  t h e  

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

passed   between  two  c l o s e l y   spaced  p l a n a r   p l a t e s   which  a r e  

s u b s t a n t i a l l y   p a r a l l e l   t o  e a c h   o t h e r   and  to  the  p lane   o f  

s t r a n d   o s c i l l a t i o n ,   the  p l a t e s   e x t e n d i n g   from  the  p l a c e  o f  

o s c i l l a t i o n   down  to  the  c o l l e c t i n g   s u r f a c e .   The  s t r a n d  i s  

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

s u c c e s s i v e   l e n g t h s   of  s t r a n d   be ing   l a i d   s u b s t a n t i a l l y  p a r a l l e l  

to  p r e v i o u s   l e n g t h s   of  s t r a n d .   Also  i n  P a t e n t   A p p l i c a t i o n   7928435 

( f i l e d   1 5 . 8 . 7 9 )   we  have  d e s c r i b e d  a   m o d i f i c a t i o n   of  t h e  p r o c e s s  

d e s c r i b e d   in  Pa t en t   A p p l i c a t i o n  4 0 0 2 7 / 7 8 ,   in  which  shaped  r a t h e r  

than  p l a n a r   p l a t e s   are  used  so  a l l o w i n g   t h e  s t r a n d   to  be  l a i d  

in  n o n - s t r a i g h t   l i n e s   on  the  c o l l e c t i n g   s u r f a c e .  

According  to  the  p r e s e n t   i n v e n t i o n  w e   p rov ide   a  p r o c e s s  

for   the  p r o d u c t i o n   of  an  o rde red   web  from  at  l e a s t   one  f i b r o u s  

s t r a n d   c o m p r i s i n g  f o r w a r d i n g   a  s t r a n d   towards   a  moving  c o l l e c t i n g  

s u r f a c e   and  i m p a r t i n g   an  o s c i l l a t o r y   motion  to  the  s t r a n d  a t   a  

p o s i t i o n   above  the  c o l l e c t i n g   s u r f a c e ,   the  o s c i l l a t i n g  s t r a n d   b e i n g  

passed   between  two  c l o s e l y   spaced  p l a t e s  w h i c h  e x t e n d   s u b s t a n t i a l l y  

from  the  p o s i t i o n   of  o s c i l l a t i o n   down  to  the  c o l l e c t i n g   s u r f a c e  

whereon  the  s t r and   is  l a i d   o n  t h e   c o l l e c t i n g   s u r f a c e   in  l i n e s  

which  are  s u b s t a n t i a l l y   e q u a l l y   spaced  a long   t h e i r  l e n g t h   f r o m  

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

o s c i l l a t o r y   motion  has  been  impa r t ed   to  the  s t r a n d   and  be fo re   t h e  

s t r a n d   i s   l a i d   on  the  c o l l e c t i n g   s u r f a c e ,   j e t s   of  gas  are  a p p l i e d  

to  the  s t r a n d   in  order   to  i n c r e a s e   the  amp l i t ude   of  the  o s c i l l a t i n g  

s t r a n d .  

Also  a c c o r d i n g   to  the  i n v e n t i o n  a n  a p p a r a t u s   f o r  

l a y i n g   down  a  f i b r o u s   s t r a n d   in  an  o rde red   manner  c o m p r i s e s  

means  fo r   s u p p l y i n g   a  f i b r o u s   s t r a n d ,   means  for   f o r w a r d i n g   t h e  

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

s t r a n d ,   two  c l o s e l y   s p a c e d  p l a t e s   p r o v i d i n g   a  pa th   for   t h e  

o s c i l l a t i n g   s t r and   e x t e n d i n g   between  the  o s c i l l a t o r y   means and  a  



moveable  c o l l e c t i n g   s u r f a c e   whereon  the  s t r and   is  l a i d  

c h a r a c t e r i s e d   in  t h a t   the  appa ra tu s   is  p rov ided   with  gas  j e t  

means  l o c a t e d   between  the  o s c i l l a t o r y   means  and  the  c o l l e c t i n g  

su r f ace   for   d e f l e c t i n g   the  o s c i l l a t i n g   s t r and   in  such  a  manner  

t ha t   the  ampl i tude   of  the  o s c i l l a t i n g   s t r and   is  i n c r e a s e d .  

The  term  " c l o s e l y   spaced"  is  used  h e r e i n   to  mean  l e s s  

than  75  mm. 

The  p l a t e s   used  may  be  spaced  apa r t   by  a  d i s t a n c e  

of  between  0.5  mm  and  75  mm.  P r e f e r a b l y ,   however,  the  p l a t e s  

are  spaced  apa r t   by  a  d i s t a n c e   of  between  1  mm  and  10  mm  and  

more  p r e f e r a b l y   are  spaced  apa r t   by  a  d i s t a n c e   of  between  2  mm 

and  5  mm. 

The  p l a t e s   may  be  p l ana r   or  may  have  any  o the r   s u i t a b l e  

shape  i n c l u d i n g   a  c u r v i l i n e a r ,   for  example  s i n u s o i d a l   c o r r u g a t i o n ,  

shape,  a  z i g - z a g   shape,  a  c a s t e l l a t e d   shape  or  some  o the r   s h a p e  

which  serves   to  lay  the  s t r a n d   in  a  p a t t e r n e d   a r rangement   on  t h e  

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

If  d e s i r e d   the  p l a t e s   may  have  the  same  shape  t h r o u g h o u t  

t h e i r   h e i g h t .   A l t e r n a t i v e l y   the  p l a t e s   may  have  two  or  more 

d i f f e r e n t   shapes  at  d i f f e r e n t   h e i g h t s ,   the  d i f f e r e n t   shapes  m e r g i n g  

in to   one  ano the r .   In  one  embodiment  an  upper  p o r t i o n   of  e a c h  

p l a t e   is  p l ana r   and  the  r emain ing   p o r t i o n   has  a  c o r r u g a t e d   f o r  

example  z i g - z a g   or  s i n u s o i d a l ,   shape,  the  two  p o r t i o n s   m e r g i n g  

in to   one  a n o t h e r .  

The  p l a t e s   used  may  be  un i fo rmly   spaced  apar t   t h r o u g h p u t  

t h e i r   h e igh t   but  p r e f e r a b l y   they  are  a r r anged   so  t ha t   the  s p a c e  

between  them  converges   in  a  downward  d i r e c t i o n .   T y p i c a l l y   t h e  

spac ing   at  the  upper  end  of  the  p l a t e s   is  s e l e c t e d   in  the  r a n g e  

2  mm  to  75  mm  a n d  a t   the  lower  end  of  the  p l a t e s   in  the  r a n g e  

0.5  mm  to  10  mm  as  for   example  from  a  spac ing   at  the  upper  end 

of  4  mm  to  a  spac ing   of  2  mm  at  the  lower  end.  This  c o n v e r g e n c e  

of  the  space  a s s i s t s   the  sideways  exhaust   of  a i r   and  r e d u c e s  

the  p o s s i b l e   d i s t u r b a n c e   of  s t r ands   on  the  c o l l e c t o r .  

Likewise  the  d i s t a n c e   between  the  lower  ends  of  t h e  

p l a t e s   and  the  c o l l e c t o r   is  minimised  c o n s i s t e n t   with  m a x i m i s i n g  



the  e f f i c i e n c y   of  l a y i n g   t h a t   is  to  say  so  as  to  give  maximum 

con t ro l   of  the  s t r a n d   whi le   i t  i s   moving  a n d  i m m e d i a t e l y  

a f t e r   i t   is  l a i d .   For  h i g h e r   s t r a n d   speeds  and  web  w id th s   t h e  

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

I t   is  p r e f e r r e d   to  use  a  con t inuous   f i l a m e n t a r y   s t r a n d  '  

in  the  p r e s e n t   i n v e n t i o n   s ince   t hese   may  be  produced  d i r e c t l y  
from  a  s y n t h e t i c   po lymer ic   s u b s t a n c e   as  for   example  by  m e l t  

sp inn ing .   S tap le   f i b r e   s t r a n d s ,   p r e f e r a b l y   h a v i n g  o n l y  a  l o w  

degree  of  t w i s t ,   may  also  be  used  and  t h e  t e r m   " f i b r o u s   s t r a n d "  

as  used  h e r e i n   i n c l u d e s   both  t hese   and  s i m i l a r  m a t e r i a l s .  

In  p roduc ing   a  m u l t i f i l a m e n t a r y   s t r a n d   b y  m e l t  

e x t r u s i o n   of  a  s y n t h e t i c   polymer  i t   is   d e s i r a b l e   to  draw  or  o r i e n t  

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

p r o p e r t i e s .   This  may  be  done  by  f o r w a r d i n g   the  f r e s h l y   e x t r u d e d  

f i l a m e n t s   at  a  high  speed  such  t h a t   when  they  have  c o o l e d  

s u f f i c i e n t l y   any  f u r t h e r   drawing down  of  the  s t i l l   p l a s t i c  

f i l a m e n t s   w i l l   cause  o r i e n t a t i o n   and  a l ignment   of  the  polymer  c h a i n s  

which  is  set   in  on  f u r t h e r   c o o l i n g   of  the  f i l a m e n t s   to  a  

t e m p e r a t u r e   below  the  g l a s s   t r a n s i t i o n   p o i n t .   A  gas  f o r w a r d i n g  j e t  

is   a  conven i en t   means  to  fo rward   the  s t r a n d  a n d   to  produce   t h i s  

o r i e n t a t i o n .   Means  to  impar t   an  o s c i l l a t o r y   motion  to  the  s t r a n d  

may  a l s o  u t i l i s e   a  c o m p r e s s e d  g a s .   Thus  j e t s  m a y   be  l o c a t e d  o n  

oppos i t e   s ides   of  the  f o r w a r d i n g   j e t   o u t l e t   and  o p e r a t e d   a l t e r n a t e l y  

so  as  to  d i r e c t   the  i s s u i n g   s t r a n d   f i r s t   in  one  d i r e c t i o n   and  t h e n  

in  the  o p p o s i t e   d i r e c t i o n .   A l t e r n a t i v e l y   a  s i n g l e   i n t e r m i t t e n t l y  

ope ra t ed   j e t   may  b e  u s e d   to  impar t   the  o s c i l l a t o r y   m o t i o n .  

A  s i ng l e   or  two  p a r t   r o t a r y   valve  may  b e  c o n v e n i e n t l y  

used  to  p rov ide   the  a l t e r n a t e   or  i n t e r m i t t e n t   o p e r a t i o n   of  t h e  

two  j e t s   o r  t h e  s i n g l e   j e t   and  the  speed  of  r o t a t i o n   of  t h i s  

valve  p r o v i d e s   a  simple  c o n t r o l   over  the  ampl i tude   of  o s c i l l a t i o n  

d e s c r i b e d   by  the  s t r a n d ;   the  r o t a t i o n   speed  b e a r i n g   an  i n v e r s e  

r e l a t i o n s h i p   to  the  s t r a n d   ampl i t ude  when   o t h e r  c o n d i t i o n s   a r e  

c o n s t a n t .   Thus  the  l e n g t h   of  the  courses   o f  t h e   s t r a n d   l a i d   on  

the  c o l l e c t i n g   su r f ace   may  be  set   w i t h i n   at  l e a s t   the  r a n g e  

0.5-4m  by  a d j u s t m e n t   of  r o t a r y   va lve   speed  p a r t i c u l a r l y   b e c a u s e  



the  use  of  c l o s e l y   spaced  p l a t e s   between  the  o s c i l l a t i n g   j e t s  

and  the  c o l l e c t i n g   su r f ace   al lows  changes  to  have  t h e i r   f u l l  

e f f e c t   on  s t r and   movement.  O s c i l l a t i n g   j e t s   may  have  a  s i n g l e  

o r i f i c e   or  number  of  o r i f i c e s   in  l i ne   or  p r e f e r a b l y   a  n a r r o w  

s l o t   for   ex i t   of  the  compressed  gas.  I t   is  p r e f e r r e d   to  mount 

the  d e f l e c t i n g   j e t s   so  t h a t   both  the  angle  between  the  j e t s ,  

i f   two  are  used,   and  the  angle  of  the  or  each  j e t   in  r e l a t i o n  

to  the  i s s u i n g   s t r and   may  be  a d j u s t e d   as  a  f u r t h e r   means  o f  

c o n t r o l l i n g   s t r and   o s c i l l a t i o n .  

While  d e f l e c t i n g   gas  j e t s   are  p r e f e r r e d ,   o t h e r  

dev ices   may  be  used  to  impart   o s c i l l a t i o n   to  a  s t r and   p r o v i d e d  

they  can  induce  a  s u f f i c i e n t l y   l a rge   ampl i tude   of  o s c i l l a t i o n   a t  

the  c o l l e c t i n g   s u r f a c e .   Such  a l t e r n a t i v e   dev ices   may  be  

r o t a t i n g   or  o s c i l l a t i n g   opposed  p a i r s   of  coanda  s u r f a c e s   w h i c h  

are  a l t e r n a t i v e l y   brought   in to   c o n t a c t   with  the  i s s u i n g   s t r a n d .  

Forward ing   j e t s   are  well   known  in  the  a r t   c o n s i s t i n g  

of  en t ry   and  ex i t   pas sages   for  the  s t r a n d   and  means  to  i n t r o d u c e  

the  f o r w a r d i n g   gas.  The  ex i t   passage  may  be  convergent   o r  

d i v e r g e n t   but  i t   is  p r e f e r r e d   to  use  a  p a r a l l e l   passage  t o  

m a i n t a i n   the  i n t e g r i t y   of  the  i s s u i n g   s t r a n d   p a s s i n g   to  t h e  

p lace   of  o s c i l l a t i o n .  

Because  c l o s e l y   spaced  p l a t e s   are  p rov ided   b e t w e e n  

the  f o r w a r d i n g / o s c i l l a t i n g   means  and  the  c o l l e c t i n g   s u r f a c e  

the  s t r and   w i l l   assume  a  wave  form  o s c i l l a t i o n   the  ampl i tude   o f  

which  w i l l   be  dependent   upon  the  f o r c e s   i nvo lved   and  w i l l   m a i n t a i n  

t h i s   wave  form  u n t i l   i t   r eaches   the  c o l l e c t i n g   su r f ace   whereon  

i t   is  l a id   in  s u b s t a n t i a l l y   p a r a l l e l   courses   the  contour   of  w h i c h  

is  dependent   on  the  shape  of  the  p l a t e s   u s e d .  

To  ensure  t ha t   the  o s c i l l a t i n g   s t r and   w i l l   assume  i t s  

maximum  ampl i tude ,   so  as  to  lay  the  s t r a n s   ac ross   s u b s t a n t i a l l y  

the  whole  width  of  the  c o l l e c t i n g   s u r f a c e ,   a p p r o p r i a t e l y  

p o s i t i o n e d   gas  j e t s ,   l o c a t e d   between  the  o s c i l l a t o r y   means  and 

the  c o l l e c t i n g   su r f ace   are  p rov ided .   These  serve  to  d e f l e c t  

the  s t r and   at  a  time  when  i t   is  l o s i n g   mementum  so  i n c r e a s i n g  

the  ampl i tude   of  the  s t r a n d .   This  is  p a r t i c u l a r l y   d e s i r a b l e   w i t h  



s t r a n d s   hav ing   a  high  t o t a l   d e c i t e x ,   for   example  in  e x c e s s  

of  500,  which,  because   o f  t h e i r  h i g h  w e i g h t ,   lose   momentum 

sooner .   These  d e f l e c t i o n   j e t s   are  s u p p l i e d   wi th   c o m p r e s s e d  

gas  and  may  be  p rov ided   with  a  s i n g l e   o r i f i c e   o r  a   number  o f  

o r i f i c e s   in  l i n e   or  p r e f e r a b l y   a  narrow  s l o t   for   e x i t   of  t h e  

c o m p r e s s e d   g a s .  
When  p l a n a r   or  n o n - p l a n a r   shaped  p l a t e s   are  used  we 

c o n v e n i e n t l y   a r r ange   t h a t   one  of  the  p l a t e s   i s   s h o r t e r   than  t h e  

o t h e r ,   by,  for   example,  from  2  to  100  mm  and  more  p r e f e r a b l y  

5  to  30  mins,  the  gas  j e t s   being  p o s i t i o n e d   immed ia t e ly   b e l o w  

the  s h o r t e r   of  the  two  p l a t e s .  

A l t e r n a t i v e l y   with  e i t h e r   p l a n a r   or  n o n - p l a n a r   s h a p e d  

p l a t e s ,   a p p r o p r i a t e l y   p o s i t i o n e d   windows  hav ing ,   for   example,  a  

r e c t a n g u l a r   shape  may  be  p rov ided   towards  the  lower  end  of  one  

of  the  p l a t e s   so  t h a t   the  gas  j e t s   may  be  a p p l i e d   to  t h e  

o s c i l l a t i n g   s t r a n d   th rough  these   windows.  

When  the  p l a t e s   have  an  upper  p o r t i o n   which  is  p l a n a r  

and  a  lower  p o r t i o n   which  is   c o r r u g a t e d ,   the  two  p o r t i o n s  m e r g i n g  

in to   one  a n o t h e r ,   then  i t   is  p r e f e r a b l y   to  p r o v i d e   one  o f   t h e  

p l a t e s   with  windows,  for   example  hav ing   a  r e c t a n g u l a r   s h a p e ,  

a p p r o x i m a t e l y   p o s i t i o n e d   at  the  lower  end  of  the  upper   p o r t i o n ,  

t h r o u g h   which  the  gas  j e t s   may  be  a p p l i e d   to  the  o s c i l l a t i n g  

s t r a n d   b e f o r e   i t   e n t e r s   the  space  between  the  lower  p o r t i o n s   o f  

the  p l a t e s .  

The  method  a n d  a p p a r a t u s   of  t h i s   i n v e n t i o n   make  i t  

p o s s i b l e   to  lay  h i g h l y   o r i e n t e d  w e b s   in  which  the  s t r a n d s   a r e  

l a i d   in  p a r a l l e l   cour ses   wi th   an  e x a c t i t u d e   and  p r e c i s i o n   h i t h e r t o  

i m p o s s i b l e .   A  measure  of  t h i s   e x a c t i t u d e   or  e f f i c i e n c y   may  b e  

d e f i n e d   as  f o l l o w s : -  

Thus  E  (%)  may  be  e x p r e s s e d   a s : -  



where  E  is  the  p e r c e n t a g e   l a y i n g   e f f i c i e n c y  

W  is  the  a c t u a l   web  width  in  m e t r e s  

R  is  the  o s c i l l a t i o n   r a t e ,   c y c l e s / m i n  

and  S  is  the  s t r and   speed  at  o s c i l l a t i o n   (or  i s sue   from  t h e  

f o r w a r d i n g   means)  in  m/min .  

S t rand   l a y i n g   e f f i c i e n c y   de f ined   in  t h i s   wa"  is  a n  

o v e r a l l   measure  of  e f f e c t i v e n e s s   and  for  example  in  l a y i n g   webs 

of  con t inuous   s y n t h e t i c   f i l a m e n t a r y   yarns  va lues   of  95%  and 

b e t t e r   are  a t t a i n e d   and  in  these   webs  for  a l l   but  a  few  p e r c e n t  

of  web  width  at  the  edges  the  e f f i c i e n c y   is  s u b s t a n t i a l l y   100%. 

Use  of  t h i s   i n v e n t i o n   is  p a r t i c u l a r l y   b e n e f i c i a l   i n  

the  l a y i n g   of  such  h i g h l y   p a r a l l e l   webs  of  widths  in  excess  o f  

0.5  m  and  at  high  s t r and   speeds.   Thus  webs  of  2.5  m  width  may 
be  l a i d   at  a  s t rand   speed  of  at  l e a s t   3600  m/min  with  an  o v e r a l l  

e f f i c i e n c y   of  96%  or  more .  

The  l a y i n g   of  s t r a n d s   on  the  c o l l e c t i n g   means  may  b e  

conducted  with  a  very  high  p r e c i s i o n   to  produce  a  web  of  s u b -  

s t a n t i a l l y   uni form  t h i c k n e s s   p a r t i c u l a r l y   when  s eve ra l   s t r a n d  

l a y i n g   dev ices   are  to  be  used  t o g e t h e r   to  produce  a  s ing le   o r  

m u l t i - l a y e r   web.  Fu r the rmore   a  v a r i e t y   of  webs  can  be  p r o d u c e d  

by  us ing   in  sequence  a  number  of  p a i r s   of  d i f f e r e n t l y   s h a p e d  

p l a t e s .  

I t   is  p r e f e r r e d   to  produce  webs  by  moving  t h e  

c o l l e c t i n g   su r f ace   away  from  the  l a y i n g   p o s i t i o n   at  a  speed  r e l a t e d  

to  the  speed  of  s t r and   l a y i n g   in   a  d i r e c t i o n   e i t h e r   t r a n s v e r s e   t o  

or  p a r a l l e l   to  the  d i r e c t i o n   of  l a y i n g .   The  former  d i r e c t i o n  

produces   a  web  with  t r a n s v e r s e   s t r and   courses   ana lagous   to  t h e  

weft  of  a  woven  f a b r i c .   However  when  the  p l a t e s   are  shaped  i t  

w i l l   be  r e a l i s e d   t h a t   because   the  s t r ands   are  l a id   in  n o n - s t r a i g h t  

l i n e s   ac ross   the  c o l l e c t i n g   su r f ace   they  w i l l   p rov ide   the  web 

s i m u l t a n e o u s l y   with  a  component  in  the  warp  d i r e c t i o n   wh ich  

has  not  been  ach ieved   in  a  s a t i s f a c t o r y   manner  p r e v i o u s l y .   I t  

w i l l   be  r e a l i s e d   t ha t   such  a  web,  because  i t   has  a  component  

in  both  the  warp  and  weft  d i r e c t i o n s ,   w i l l   e x h i b i t   u n i d i r e c t i o n a l  

p r o p e r t i e s   d e s i r a b l e   in  f a b r i c s   for   use  as  appa re l   t e x t i l e s .   When 



the  c o l l e c t i n g  s u r f a c e   is  moved  in  a  d i r e c t i o n   p a r a l l e l   t o  

the  d i r e c t i o n   of  l a y i n g   then  s u c c e s s i v e   bands  of  what  may  b e  

termed  warp  wise   s t r a n d   cou r se s   are  p roduced .   However  when 

the  p l a t e s   are  shaped  these   s t r a n d s  w i l l   have  a  component  i n  

both  the  warp  and  wef t   d i r e c t i o n s   and  a  f i n a l   web  e x h i b i t i n g  

two  d i r e c t i o n a l   p r o p e r t i e s   which  as  m e n t i o n e d  a b o v e   w i l l   b e  

p roduced   and  t h i s   is  d e s i r a b l e   in  f a b r i c s   for   use  as  a p p a r e l  

t e x t i l e s .  

Webs  made  a c c o r d i n g   to  t h i s   i n v e n t i o n   r e q u i r e   to  b e  

bonded  in  some  manner  to  conver t   them  in to   u s e f u l   f a b r i c s   a n d  

fo r   t h i s   purpose   i t   is  p r e f e r r e d   to  use  some  fo rm o f   s e g m e n t a l  

or  spot  bonding  method  so  a s  t o   p r e s e r v e   the  d i r e c t i o n a l  

p r o p e r t i e s   i n t r o d u c e d   in  making  the  web.  I t   is  f u r t h e r  

p r e f e r r e d   to  i nc lude   in  the  web  at  l e a s t   a  p r o p o r t i o n   o f  

t h e r m o p l a s t i c   f i l a m e n t s   or  f i b r e s   and  to  employ  a  t h e r m a l  

segmenta l   bonding  method  for   making  t h e  f i n a l   f a b r i c .   Such 

segmental   bonding  methods  are  d e s c r i b e d   in  fo r   example  U n i t e d  

Kingdom  p a t e n t   s p e c i f i c a t i o n s   1  245  088,  1  474  101  and  1 474  102 .  

T h e r m o p l a s t i c   s y n t h e t i c   f i l a m e n t s   or  f i b r e s   of  many  k inds   a r e  

s u i t a b l e   for   use  in  t h i s   i n v e n t i o n   e i t h e r  a l o n e  o r   in  a  m i x t u r e  

wi th   n a t u r a l   or  o the r   n o n - t h e r m o p l a s t i c   f i b r e s .   I t   i s   m o s t  

p r e f e r r e d   t h a t   the  webs  i nc lude   or  are  composed  of  b i c o m p o n e n t  

s y n t h e t i c   f i b r e s   in  which  one  of  t h e  c o m p o n e n t s   p r e s e n t   a t  

l e a s t   in  p a r t   at  the  s u r f a c e   of  the  f i b r e   or  f i l a m e n t   is  o f  

lower  s o f t e n i n g   or  m e l t i n g   p o i n t ,   than  the  o the r   and  forms  a  

s t r o n g  b o n d   under   s u i t a b l e   c o n d i t i o n s   of  hea t   and  p r e s s u r e .  

A l t e r n a t i v e l y   or  in  a d d i t i o n  t o   the  f o r e g o i n g   segmenta l   o r  

spot   b o n d i n g ,  m e t h o d s  o t h e r   p r o c e s s e s   may  be  used  as  for   example ,  

s t i t c h   bonding  in  which  the  web  i s  h e l d   t o g e t h e r   by  cha ins   o f  

s t i t c h i n g   u s i n g   a  s e p a r a t e   t h r e a d   or  p a r t   of  the  web  i t s e l f   and  

machinery   which  is  capable   of  o p e r a t i n g   at  f a s t   p r o d u c t i o n   r a t e s .  

S y n t h e t i c   po lymer ic   f i l a m e n t a r y   s t r a n d s   be ing   n o n -  

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

when  in  f r i c t i o n a l   c o n t a c t   wi th   p r o c e s s i n g   s u r f a c e s   and  as  s u c h  

cha rges   may  d i s t u r b   the  even  o s c i l l a t i o n   or  l a y i n g   of  a  f a l l i n g  



s t r a n d   care  is  n e c e s s a r y   to  e l i m i n a t e   or  reduce   the  a c c u m u l a t i o n  

of  such  charges   and  i t   may  be  n e c e s s a r y   to  p rov ide   d i s c h a r g i n g  

means  at  or  near   the  po in t   of  o s c i l l a t i o n   or  to  t r e a t   t h e  

s u r f a c e   of  the  f i l a m e n t s   with  an  a p p r o p r i a t e   chemical   a g e n t .  

I t   is  p r e f e r r e d ,   when  u s ing   a  gas  f o r w a r d i n g   j e t ,  

t h a t   a  small  amount  of  the  i s s u i n g   gas  is  a l lowed  to  pass  i n  

a  g e n t l e   c u r r e n t   down  between  the  p l a t e s   to  a s s i s t   the  p a s s a g e  

of  an  o s c i l l a t i n g   s t r and   down  to  the  c o l l e c t i n g   s u r f a c e .   I t  

is  a lso  p r e f e r r e d   t h a t   the  c o l l e c t i n g   s u r f a c e   is  a  p e r v i o u s   b r a t t i c e  

to  al low  escape  of  gas  and  i f   n e c e s s a r y   the  a p p l i c a t i o n   o f  

s u c t i o n   to  the  u n d e r s i d e   at  the  p lace   of  c o n t a c t   with  a  newly  

l a i d   s t r a n d   and  thus  to  ensure  i t s   complete   c o n t a c t   with  t h e  

b r a t t i c e .  

The  accompanying  drawings  i l l u s t r a t e   the  i n v e n t i o n  

and  one  manner  in  which  i t   may  be  per formed  u s i n g   compres sed  

gas  both  for   t r a n s p o r t   and  for  o s c i l l a t i o n   of  a  s t r a n d .  

Fig  1  is  a  f r o n t   e l e v a t i o n   of  an  a p p a r a t u s   in  w h i c h  

a  s t r and   is  being  l a i d   t r a n s v e r s e l y   onto  a  fo raminous   c o n v e y o r  

and 

Fig  2  i s   a  side  el  e v a t i o n   of  the  a p p a r a t u s   of  Fig  1. 

Fig  3  is  a  f r o n t   e l e v a t i o n   of  ano the r   pa i r   of  p l a t e s  

and  a s s o c i a t e d   gas  j e t s   which  may  be  used  with  the  a p p a r a t u s  

d e p i c t e d   in  Fig  1  and  Fig  2 .  

R e f e r r i n g   to  Fig  1  a  s t r a n d   1  is  led  by  way  of  a  

small  t e n s i o n   r o l l   2  in to   the  en t ry   3  of  a  f o r w a r d i n g   je t   4 

which  is  supp l i ed   with  compressed  gas  from  a  supply  por t   5  above  t h e  

s t r and   en t ry   3.  The  gas  t e n s i o n s   the  yarn  and  forwards   i t   t o  

the  o u t l e t   6  c lose   to  which  on  e i t h e r   side  are  p o s i t i o n e d   d e f l e c t i o n  

j e t s   7  which  are  a l t e r n a t e l y   supp l i ed   with  p u l s e s   of  gas  from  a  

m o t o r i s e d   r o t a r y   valve  8.  The  s t r a n d   1  f a l l s   from  the  j e t   o u t l e t  

6  into  the  convergent   ent ry   9  of  two  p l ana r   p l a t e s   10  and  10A 

which  are  nar rowly   spaced  apar t   and  w h i c h  a r e   a r ranged   t r a n s v e r s e l y  

of  and  c lose   to  an  end less   foraminous   conveyor  11.  It  wi l l   be  

noted  t ha t   p l a t e   10A  is  s l i g h t l y   s h o r t e r   than  p l a t e   10.  Gas 

j e t s   7  a l t e r n a t e l y   are  d i r e c t e d   a g a i n s t   the  emerging  s t r and   1 

moving  i t   to  the  l e f t   and  then  to  the  r i g h t   and  caus ing   i t   t o  



o s c i l l a t e   and  to  assume  a  s ineous   path  as  i t   f a l l s   b e t w e e n  

p l a t e s   10  and  10A.  A s  t h e   s t r a n d   1  p a s s e s   between  the  p l a t e s  

10  and  10A  the  momentum  impar t ed   to  the  s t r a n d   b y  t h e  

d e f l e c t i o n   j e t s   7  is  i n c r e a s e d   by  d e f l e c t i o n   j e t s   16  s u p p l i e d  

wi th   compressed  g a s .  
The  j e t s   16,  which  a r e  l o c a t e d   i m m e d i a t e l y   b e l o w  

the  s h o r t e r   p l a t e   10A,  act   in  a  g e n e r a l l y   h o r i z o n t a l   d i r e c t i o n  

so  as  to  d e f l e c t   the  s t r a n d   t h e r e b y   i n c r e a s i n g   i t s   a m p l i t u d e  

immedia t e ly   b e f o r e   i t   is  l a i d   down  o n  t h e   conveyor   in  s u c c e s s i v e  

cour ses   12  ac ross   the  conveyor .   To  a s s i s t   the  r e g u l a r   and  

complete   l a y i n g   of  each  s t r a n d   on  the  conveyor   a n  e x h a u s t  

duct  13  is  p o s i t i o n e d   b e n e a t h   the  conveyor  11  and  is  p r o v i d e d  

wi th   a  narrow  s l o t   i n l e t   14  a r r anged   c lose   to  the  u n d e r s i d e   o f  

the  conveyor  and  i m m e d i a t e l y   below  the  lower  e d g e s  o f   p l a t e s  1 0 .  

A  fan  15  p r o v i d e s   a t  t h e   i n l e t   14  s u c t i o n   t o  d r a w   the  s t r a n d s  

a g a i n s t   the  c o n v e y o r  s u r f a c e .  

In  Fig  1  l e f t   and  r i g h t   moving  l e n g t h s   of  s t r a n d   1 

are  shown  moving  in  somewhat  i d e a l i s e d   f a s h i o n   between  p l a t e s  

10  and  10A  as  s o l i d   and  broken  l i n e s   r e s p e c t i v e l y .   E x a m i n a t i o n  

of  the  a p p a r a t u s   i l l u s t r a t e d   in  the  drawings  in  the  o p e r a t i n g  

c o n d i t i o n   by  means  of  s t r o b o s c o p i c   i l l u m i n a t i o n   th rough  a  

t r a n s p a r e n t   p l a t e   shown  t h a t   the  s t r a n d   t akes   up  a   uni form  p a t h  

the  form  of  which  a l t e r s   with  changes  in  f o r w a r d i n g   a n d  

o s c i l l a t i n g   s p e e d s .  

The  p l a t e s   serve  to  c o n t r o l   a n d  s t a b i l i s e   the  movement 

of  the  o s c i l l a t i n g   s t r a n d .   The  width  of  the  p l a t e s   i n  t h e  

d i r e c t i o n   of  o s c i l l a t i o n   should  be  at  l e a s t  e q u a l  t o  a n d   i s  

p r e f e r a b l y   j u s t   a  l i t t l e  w i d e r   than  the  maximum  width  of  web  t o  

be  l a i d .   The  h e i g h t   of  the   p l a t e s   depends  u p o n  t h e   l a y i n g  

c o n d i t i o n s   used  and  the  form  of  the  s t r a n d   path   e s t a b l i s h e d .  

F ig  3   i l l u s t r a t e s   the  a p p l i c a t i o n   of  the  i n v e n t i o n  

to  ano the r   p a i r   of  p l a t e s   10 and  10A  hav ing   an  upper  p o r t i o n  

which  is  p l a n a r   and  a   lower  p o r t i o n   which  is  s i n u s o i d a l l y   c o r r u g a t e d  

as  d e p i c t e d   by  t r oughs   18  and  c r e s t s   19 .  

P l a t e  1 0 A   d i f f e r s   from  p l a t e   10  in  t h a t   i t   is   p r o v i d e d  



with  two  r e c t a n g u l a r   windows  17  through  which  gas  j e t s   16 ,  

p o s i t i o n e d   in.  a  g e n e r a l l y   h o r i z o n t a l   d i r e c t i o n ,   can  i n j e c t  

compressed  gas  in  between  the  p l a t e s   so  as  to  d e f l e c t   t h e  

s t r a n d ,   t he r eby   i n c r e a s i n g   i t s   ampl i tude   be fo re   i t   e n t e r s   b e t w e e n  

the  c o r r u g a t e d   lower  p o r t i o n s   of  the  p l a t e s .  

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  t h e  

f o l l o w i n g   E x a m p l e s : -  

COMPARATIVE  EXAMPLE 

A  s t r and   composed  of  192  s y n t h e t i c   f i l a m e n t s   and  

a  t o t a l   d e c i t e x   of  1100  was  led  by  way  of  r o l l s   from  a  p a c k a g e  

at  a  speed  of  1075  m/min  to  the  en t ry   of  a  f o r w a r d i n g   j e t   s u p p l i e d  

with  compressed  gas  at  a  p r e s s u r e   of  7  p s ig .   A  m o t o r i s e d   r o t a r y  

valve   supp l i ed   with  compressed  gas  at  a  p r e s s u r e   of  25  p s i g   gave  

impulses   of  compressed  gas  in  tu rn   to  each  of  two  d e f l e c t o r   j e t s ,  

f i t t e d   immedia te ly   below  the  f o r w a r d i n g   j e t   and  s y m m e t r i c a l l y  

in  r e l a t i o n   t h e r e t o   at  an  i nc luded   angle  of  165°  between  the  j e t s .  

Each  d e f l e c t o r   je t   r e c e i v e d   compressed  gas  from  the  r o t a r y   v a l v e  

for   42%  of  the  valve  r e v o l u t i o n .   The  valve  r o t a t e d   at  a  s p e e d  

of  388  rpm.  The  s t r and   emerging  from  the  f o r w a r d i n g / d e f l e c t i n g  

device   was  passed  between  a  pa i r   of  p l a t e s   1.6 m  wide  and  40.5  cm 

high.   The  tops  of  the  p l a t e s   were  1  cm  below  the  ex i t   from  t h e  

spray  device  and  the  p l a t o s   were  spaced  6  mm  apa r t   at  the  top  and 

3  mm  apa r t   at  the  cottom.  The  bottoms  of  the  p l a t e s   were  3  cm 

above  a  h o r i z o n t a l l y   d i sposed   foraminous   conveyor .   The  p l a t e s  

and  spray  device  were  p l aced   at  an  angle  of  100  to  the  v e r t i c a l  

p l ane .   An  area  of  s u c t i o n   under  the  conveyor  was  in  use.   The 

t o t a l   s t r and   width  l a i d   down  was  89-92%  of  the  t h e o r e t i c a l ,  

c a l c u l a t e d   from  the  yarn  and  r o t a r y   valve  speeds .   This  8-11% 

loss   in  l a i d   width  is  made  up  to  3-4%  at  r e v e r s a l s   due  to  t h e  

s t r a n d   s t i f f n e s s   and  the  r emainder   being  due  to  waviness   and 

o c c a s i o n a l   loops  in  the  l a i d   s t r a n d .  

EXAMPLE  ACCORDING  TO  THE  INVENTION 

The  Comparat ive   Example  was  fo l lowed   in  i t s   e n t i r e t y  

except   t h a t   one  of  the  p l a t e s   was  6  cm  s h o r t e r   than  the  o t h e r  

p l a t e   and  t h a t   d e f l e c t i o n   gas  j e t s ,   p o s i t i o n e d   as  shown  in  F i g s  



1  and  2,  were  p r o v i d e d .  

On  accoun t   of  the  d e f l e c t i o n   gas  j e t s   a  l a i d   s t r a n d  

width  of  96  to  97%  of  the  t h e o r e t i c a l   width   was  a c h i e v e d .  



1.  A  p roce s s   for   the  p r o d u c t i o n   of  an  o rdered   web  from  a t  

l e a s t   one  f i b r o u s   s t r and   compr i s ing   f o r w a r d i n g   a  s t r and   (1)  t o w a r d s  

a  moving  c o l l e c t i n g   su r f ace   (11)  and  i m p a r t i n g   an  o s c i l l a t o r y  

motion  to  the  s t r and   at  a  p o s i t i o n   above  the  c o l l e c t i n g   su r f ace   ( 1 1 ) ,  

the  o s c i l l a t i n g   s t r a n d   (1)  being  passed   between  two  c l o s e l y   s p a c e d  

p l a t e s   (10,  10A)  which  extend  s u b s t a n t i a l l y   from  the  p o s i t i o n   o f  

o s c i l l a t i o n   down  to  the  c o l l e c t i n g   su r f ace   (11)  whereon  t h e  

s t r and   (1)  is  l a i d   (12)  on  the  c o l l e c t i n g   s u r f a c e   (11)  in  l i n e s  

which  are  s u b s t a n t i a l l y   equa l ly   spaced  a long  t h e i r   l eng th   f r o m  

p r e c e d i n g   l e n g t h s   of  s t r and   c h a r a c t e r i s e d   in  t ha t   a f t e r   t h e  

o s c i l l a t o r y   motion  has  been  impar ted   to  the  s t r a n d   (1)  and  b e f o r e  

the  s t r a n d   (1)  is  l a i d   on  the  c o l l e c t i n g   su r f ace   (11),  j e t s   of  ga s  

(16)  are  a p p l i e d   to  the  s t r a n d   (1)  in  o rder   to  i n c r e a s e   t h e  

ampl i tude   of  the  o s c i l l a t i n g   s t r a n d   ( 1 ) .  

2.  An  a p p a r a t u s   for   l a y i n g   down  a  f i b r o u s   s t r and   in  a n  

ordered   manner  compr i s ing   means  (2)  for  s u p p l y i n g   a  f i b r o u s  

s t r and   (1),   means  (4)  for  f o r w a r d i n g   the  s t r and   (1),  means  (7)  f o r  

i m p a r t i n g   an  o s c i l l a t o r y   motion  to  the  f o r w a r d i n g   s t r and   (1),  two 

c l o s e l y   spaced  p l a t e s   (10,  10A)  p r o v i d i n g   a  path  for   the  o s c i l l a t i n g  

s t r and   (1)  e x t e n d i n g   between  the  o s c i l l a t o r y   means  (7)  and  a  

moveable  c o l l e c t i n g   su r face   (11)  whereon  the  s t r and   (1)  is  l a i d  

c h a r a c t e r i s e d   in  t ha t   the  a p p a r a t u s   is  p rov ided   with  gas  j e t  

means  (16)  l o c a t e d   between  the  o s c i l l a t o r y   means  (7)  and  t h e  

c o l l e c t i n g   su r f ace   (11)  for   d e f l e c t i n g   the  o s c i l l a t i n g   s t r a n d   ( 1 )  

in  such  a  manner  tha t   the  ampl i tude   of  the  o s c i l l a t i n g   s t r and   ( 1 )  

is  i n c r e a s e d .  

3.  An  a p p a r a t u s   as  claimed  in  claim  2  c h a r a c t e r i s e d   in  t h a t  

one  of  the  p l a t e s   (10A)  is  s h o r t e r   than  the  o the r   p l a t e   (10),  t h e  

gas  j e t s   (16)  be ing   p o s i t i o n e d   immedia te ly   below  the  s h o r t e r   p l a t e  

(10A) .  

4.  An  appa ra tu s   as  c laimed  in  claim  2  c h a r a c t e r i s e d   in  t h a t  

one  of  the  p l a t e s   (10A)  is  p rov ided   with  windows  (17)  through  w h i c h  

the  gas  j e t s   (16)  may  be  a p p l i e d   to  the  o s c i l l a t i n g   s t r and   ( 1 ) .  



5.  An  a p p a r a t u s   as  c la imed  in  c la im  4  c h a r a c t e r i s e d   in  t h a t  

the  p l a t e s   (10,  10A)  have  an  u p p e r  p o r t i o n   which  is  p l a n a r   and  a  

lower  p o r t i o n   which  is  c o r r u g a t e d ,   the  windows  (17)  be ing   p o s i t i o n e d  

at  the  lower  end  of  the  upper   p o r t i o n   s o  t h a t   the  gas  j e t s   (16)  may 

be  a p p l i e d   to  the  o s c i l l a t i n g   s t r a n d   (1)  be fo re   i t  e n t e r s   the  s p a c e  

between  the  lower  p o r t i o n s   of  the  p l a t e s .  
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