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FIG  1 

©  Method  and  apparatus  for  the  production  of  weaving  warps  of  monofilament  thermoplastic  synthetic  yarn. 
  Method  for  the  preparation  of  a  weaving  warp  or  warp 
section  (18)  formed  by  monofilament  thermoplastic  synthe- 
tic  yarns,  characterized  by  the  use  of  a  spinning  head  (5) 
providing  continuously  the  number  of  yarns  required  to  form 
the  warp,  by  the  direct  use  of  the  bundle  of  so  obtained  yarns 
in  the  subsequent  warping  process  and  also  by  the  use  of  a 
yarn  accumulation  and  recovery  device  (12)  in  order to  avoid 
the  need  for  stopping  the  spinning  process  at  a  beam 
change. 



In  the  f o l l o w i n g   d i s c l o s u r e ,   the  term  "weaving  warp"  is  used  synony-  

mous  with  "warp  s e c t i o n "   i . e .   a  warp  c o n t a i n i n g   a  f r a c t i o n a l   number 

of  yarns  r e l a t i v e   to  the  t o t a l   number  of  yarns  which  wi l l   be  p l a c e d  

on  the  weaving  loom,  i t   being  p o s s i b l e   to  ob ta in   a  weaving  warp  s u i -  

table   for  d i r e c t   use  on  the  loom  by  unwinding  a  p l u r a l i t y   of  warp 

s e c t i o n s   and  r ewind ing   them  onto  a  s ing le   beam  by  a  p rocess   known 

as  assembly  winding.   Although  the  d i s c l o s u r e   r e f e r s   s p e c i f i c a l l y   t o  

warps  for  weaving  end-use ,   there   is  not  r e s t r i c t i o n   in tended   on  t h e  

use  of  such  warps  to  any  p a r t i c u l a r   t e x t i l e   a p p l i c a t i o n .  

In  t r a d i t i o n a l   systems  for  the  p r e p a r a t i o n   of  weaving  warps  of  mono- 

f i l ament   t h e r m o p l a s t i c   s y n t h e t i c   yarn,  the  s p i n n i n g   device  c o n t a i n s  

one  or  more  s i n g l e   nozzle   s p i n n e r e t ( s ) .   After   coo l i ng   and  o i l i n g ,   t h e  

monofi laments   c o r r e s p o n d i n g   to  the  nozzles   are  wound  up  i n d i v i d u a l l y  

on  the  t ake-up   dev ice ,   each  monofi lament   being  wound  up  on  i t s   own 

spool  or  p a c k a g e .  

The  s p i n n i n g   head  can  house  only  a  l im i t ed   number  of  s p i n n e r e t s   and 

the  subsequen t   f i l a m e n t   coo l ing   device  and  t ake -up   d e v i c e ( s )   can  s e r v e  

only  one  s i n g l e   s p i n n i n g   head  with  the  said  l i m i t e d   number  of  y a r n s .  

In  o ther   cases ,   s p i n n e r e t s   provided  with  a  p l u r a l i t y   of  nozz les   a r e  

used,  and  a l l   the  yarns  emerging  from  such  a  s p i n n e r e t   are  c o o l e d ,  

o i led   and  p a r a l l e l - w o u n d   on  a  s i n g l e   spool .   This  spool ,   c o n t a i n i n g  



a  p l u r a l i t y   of  i n d i v i d u a l  y a r n s ,   i s  t h e n   unwound  by  the  r o l l i n g  

t a k e - o f f   method  and  the  i n d i v i d u a l  y a r n s   are  rewound,  each  yarn  b e i n g  

wound  onto  i t s   own  s i ng l e   spool .   The  weaving  warp  is  then  o b t a i n e d  

by  the  warping  of  a  large  number  of  yarns  coming  from  as  many  s p o o l s  

(or  "packages")   placed  on  a  c r e e l .  

I f   the  yarn  ob ta ined   in  the  melt  sp inn ing   stage  is  not  s u f f i c i e n t l y  

drawn,  i t   is  necessa ry   to  submit  i t   to  a  drawing  p rocess ,   c a r r i e d  

out  on  s u i t a b l e   machines,   be fore   warping.   Normally  such  drawing  ma- 

ch ines   act  i n d i v i d u a l l y   on  each  undrawn  spool  to  produce  a  c o r r e s p o n d -  

ing  drawn  spool  ( " s i n g l e   end  p r o c e s s i n g " ) .  

The  ob j ec t   of  the  p r e s e n t   i n v e n t i o n   is  to  provide  a  system  for  t h e  

p r o d u c t i o n   of  weaving  warps  wherein  the  spinning  device  is  able  t o  

produce  s i m u l t a n e o u s l y   the  exact   number  of  yarns  r equ i r ed   to  form 

the  weaving  warp.  

The  method  of  the  p r e s e n t   i n v e n t i o n   is  proper  for  the  p roduc t ion   o f  

weaving  warps  from  monof i lament   t h e r m o p l a s t i c   yarns  of  the  f o l l o w i n g  

t ypes :   p o l y e s t e r ,   po lyamides ,   p o l y p r o p y l e n e .  

The  device  for  a c c o m p l i s h i n g   the  process   according  to  the  i n v e n t i o n  

shown  s c h e m a t i c a l l y   in  the  f i g u r e s ,   c o m p r i s e s :  

-  Ex t rude r   and  melt  s p i n n i n g   head  (1),  comprising  one  or  more  pump(s)  

(2)  for  meter ing  the  molten  polymer,   spin  pack  and  s p i n n e r e t   r e t a i n -  

ing  block  (3)  and  a  s p i n n e r e t   with  as  many  nozz les   as  the  number 

of  yarns  r e q u i r e d ;  

-  Extruded  f i l ament   coo l ing   device ,   c o n s t i t u t e d   by  an  a i r   b l owing  

chamber  ( 4 ) ;  

-  Sp inn ing   duct  ( 5 ) ;  

-  Spin  f i n i s h   a p p l i c a t i o n   or  o i l i n g   device   (6)  and  yarn  guides  ( 7 ) ;  

-  Yarn  s u c t i o n   device  (8),  a c t i v a t e d   in  the  event  of  yarn  b r e a k a g e ,  

and  a  yarn  s e p a r a t i n g   guide  ( 9 ) ;  

-  Yarn  t r a n s p o r t   r o l l s   ( " g o d e t s " )   (10),  (11),  which  may  also  be  u s e d  

to  s t r e t c h   or  draw  the  yarn  s h e e t ,   and  op t iona l   drawing  d e v i c e s  

and  a p p a r a t u s ;  

-  Yarn  shee t   n ipping   (13),   c u t t i n g   (14)  and  t ap ing   (15)  d e v i c e s ,  



used  in  order   to  r e p l a c e   the  fu l ly -wound  warping  beam  dur ing  c o n -  

t inous   s p i n n i n g   o p e r a t i o n ;  

-  Yarn  s e p a r a t i n g   guide  ( " r e e d " ) ( 1 6 ) ;  

-  Warping  beam  winding  assembly  ( 1 7 ) .  

According  to  a  p r e f e r r e d   p r a c t i c a l   embodiment  of  the  p r e s e n t   i n v e n t i o n ,  

the  quipment  a lso   i n c o r p o r a t e s :  

-  Yarn  a c c u m u l a t i o n   and  r ecove ry   device  (12),   a l l o w i n g   the  yarn  s h e e t  

to  be  s t o r ed   dur ing   a  beam  change  w i thou t   i n t e r r u p t i n g   the  s p i n n i n g  

p rocess ,   i t   being  only  n e c e s s a r y   to  reduce  the  speed  of  s p i n n i n g  

dur ing  such  a  beam  c h a n g e .  

The  more  t y p i c a l   p a r t s   and  f u n c t i o n s   of  the  equipment   are  now  c o n s i -  

dered  in  g r e a t e r   d e t a i l .  

The  melt  s p i n n i n g   head  may  have  a  s i n g l e   s p i n n e r e t   having  a  number  

of  nozz les   equal  to  the  number  of  yarns  c o n s t i t u t i n g   the  w e a v i n g  

warp,  or  i t   may  be  p rov ided   with  a  p l u r a l i t y   of  s p i n n e r e t s ,   w i t h  

the  t o t a l   nozzle   number  equal  to  the  number  of  yarns  c o n s t i t u t i n g  

the  said  warp .  

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

can  be  o b t a i n e d ,   as  the  s u r f a c e   in  c o n t a c t   with  the  heat   t r a n s f e r  

medium  wi th in   the  s p i n n i n g   head  is  i n c r e a s e d .  

The  number  of  yarns   r e q u i r e d   for  a  weaving  warp  is  normal ly   at  l e a s t  

500.  

By  means  of  the  weaving  warp  p r o d u c t i o n   system  a c c o r d i n g   to  the  p r e -  

sent   i n v e n t i o n ,   the  equipment   is  s u b s t a n t i a l l y   reduced  compared  t o  

the  t r a d i t i o n a l   sys tems,   in  t h a t   i t   is  not  n e c e s s a r y   to  pass  t h r o u g h  

the  s i n g l e   spool  ( "package" )   s t a g e ,   the  yarns   o b t a i n e d   from  s p i n n i n g  

being  used  d i r e c t l y   to  form  the  weaving  warp .  

The  warp  m a n u f a c t u r i n g   p roce s s   is  t h e r e f o r   a b s o l u t e l y   c o n t i n u o u s .   I t  

is  not  d iv ided   into  two  s e p a r a t e   s t a g e s ,   as  in  the  t r a d i t i o n a l   s y s t e m s ,  

where  there   is  a  s e p a r a t e   s p i n n i n g   s tage  with  the  yarn  being  t a k e n  

up  on  spoo l s ,   fo l lowed  by  a  second  warping  s t a g e ,   s t a r t i n g   from  s u c h  

spools   p r e v i o u s l y   loaded  onto  a  feed  c r e e l .  



By  means  of  the  p rocess   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 ,   the  p r o -  

duct ion  of  weaving  warps  with  a  s i n g l e   sp inn ing   head  and  a  s i n g l e  

c o l l e c t i o n   device  is  t h e r e f o r e   made  p o s s i b l e ,   in  c o n t r a s t   to  the  t r a -  

d i t i o n a l   sys tems ,   where  i t   is  n e c e s s a r y   to  have  a  l a rge   number  o f  

sp inn ing   heads  for  each  weaving  warp,  and  the  warping  o p e r a t i o n   i s  

moreover  c a r r i e d   out  in  a  s u b s e q u e n t   s tage   comple t e ly   s e p a r a t e d   from 

the  melt  s p i n n i n g   s t a g e .  

According  to  the  p r e f e r r e d   embodiment  of  the  p r e s e n t   i n v e n t i o n , a n  

e s s e n t i a l   e lement   in  the  p r o c e s s ,   and  in  the  r e l a t e d   equipment ,   i s  

c o n s t i t u t e d   by  the  device   for  the  accumula t ion   and  r ecovery   of  t h e  

yarn  shee t   a r i s i n g   from  the  c o n t i n u o u s   s p i n n i n g   s t a g e :   i t   a l lows  t h e  

r e p l a c e m e n t   of  the  warping  beam  wi thou t   the  need  to  stop  the  s p i n n i n g  

p r o c e s s ,   i t   being  only  n e c e s s a r y   to  reduce  the  s p i n n i n g   s p e e d .  

The  above  device   may  be  c o n s t i t u t e d   in  p a r t i c u l a r   by  two  s e t s   o f  

r o l l s   both  p o s i t i o n e d   h o r i z o n t a l l y   and  with  t h e i r   axes  p e r p e n d i c u l a r  

to  the  d i r e c t i o n   of  t r a v e l   of  the  yarn  s h e e t ,   the  r o l l s   of  the  f i r s t  

set   (19),  l o c a t e d   at  the  lower  l e v e l ,   being  in  a  f i x e d   p o s i t i o n ,  

wh i l s t   those   of  the  second  se t   (20)  are  in  a  s t a g g e r e d   p o s i t i o n   r e l a -  

t ive   to  the  r o l l s   of  the  f i r s t   se t ,   and  can  moreover  be  shif ted  v e r t i -  

c a l l y   downwards .  

Under  normal  o p e r a t i n g   c o n d i t i o n s ,   the  yarn  shee t   runs  between  the  two 

se ts   of  r o l l s ,   w ih tou t   coming  in to   c o n t a c t   with  the  said  r o l l s .  

In  the  a c c u m u l a t i o n   s t a g e ,   however,   the  upper  se t   of  r o l l s   is  l o w e r e d  

beneath  the  s t a t i o n a r y   s e t ,   u n t i l   the  p o s i t i o n   (2)  i s  r e a c h e d ,   t h u s  

compel l ing   the  yarn  shee t   to  run  along  a  looped  p a t h .  

The  amount  of  yarn  which  can  be  accumula ted   in  such  a  way  wi l l   be  

p r o p o r t i o n a l   to  the  number  of  r o l l s   and  to  the  maximum  p o s s i b l e   d i -  

s tance   between  the  s t a t i o n a r y   r o l l s   and  the  movable  r o l l s .  

The  a ccumula t i on   device   s t a r t s   o p e r a t i n g   s i m u l t a n e o u s l y   with  t h e  

yarn  shee t   n ipp ing ,   c u l t i n g   and  t ap ing   device   du r ing   a  beam  c h a n g e .  

It  is  obvious   t h a t ,   in  the  p rocess   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 ,  

every  known  device   for  the  a c c u m u l a t i o n   and  chang ing   of  the  warp  beam 

may  be  u s e d .  



The  sp inn ing   p roce s s   may  be  advan t ageous ly   i n t e g r a t e d   with  a  y a r n  

sheet   drawing  device   us ing  two  se ts   of  r o l l s ,   p r e f e r a b l y   c o n s t i t u t e d  

by  a  main  r o l l   of  g r e a t e r   d iameter   and  two  p r e s s u r e   r o l l s   per  e a c h  

se t ,   t h e ' p e r i p h e r a l   v e l o c i t y   of  t h e  s e c o n d   set   being  g r e a t e r   t h a n  

tha t   of  the  f i r s t   system,  so  that   the  r a t i o   of  the  two  r e l a t i v e  

p e r i p h e r a l   v e l o c i t i e s   is  equal  to  the  de s i r ed   yarn  draw  r a t i o .  

Immediately  a f t e r   the  drawing  and  before   the  a c c u m u l a t o r ,   a c c o r d i n g  

to  the  f i n a l   d e s i r e d   c h a r a c t e r i s t i c s   of  the  warps,  i t   could  be 

conven ien t   to  i nc lude   a  c o n v e n t i o n a l   device  for  thermal   r e l a x a t i o n  

and  heat  s e t t i n g   of  the  warp .  

By  means  of  the  i n d u s t r i a l   p rocess  which   is  o b j e c t   of  the  p r e s e n t  

i n v e n t i o n ,   i t   is  thus  p o s s i b l e   to  ob ta in   weaving  warps  composed  o f  

yarns  having  d i f f e r e n t   c h a r a c t e r i s t i c s ,   e s s e n t i a l l y   depending  on 

whether  the  drawing  device   j u s t   d e s c r i b e d   is  used  or  not,   and/or   on 

the  f i na l   wind-up  s p e e d .  

It  is  obvious  t h a t ,   by  us ing  the  drawing  dev ice ,   comple te ly   drawn 

yarns  can  be  p roduced .   I n  t h e   absence  of  the  drawing  device ,   t h e  

f ina l   wind-up  speed  de t e rmines   the  molecu la r   o r i e n t a t i o n   (and  c h a r a c -  

t e r i s t i c s )   of  the  so -p roduced   yarn,  with  i n c r e a s i n g   wind-up  s p e e d  

r e s u l t i n g   in  i n c r e a s e d   molecu la r   o r i e n t a t i o n .  

According  to  the  c h a r a c t e r i s t i c s   of  the  t h e r m o p l a s t i c   r e s in   u s e d ,  

a  high  wind-up  speed  a l lows  near ly   comple te ly   drawn  yarns  to  be 

o b t a i n e d ,   such  yarns   being  s u i t a b l e   for  d i r e c t   use  in  w e a n i n g .  

At  an  i n t e r m e d i a t e   wind-up  speed,   i n c o m p l e t e l y   drawn  yarns  a r e  

ob t a ined ,   and  the  warps  so  ob ta ined   can  be  a d v a n t a g e o u s l y   drawn  by 

using  the  wet  warp -d rawing   p rocess ,   as  d i s c l o s e d   in  the  e a r l i e r  

I t a l i a n   P a t e n t   A p p l i c a t i o n s  N °   19907/82,  23476/83  and  24050/83,   o f  

the  p r e s e n t   A p p l i c a n t .  

A  t y p i c a l   c h a r a c t e r i s t i c   of  the  novel  p rocess   for  the  p r e p a r a t i o n   o f  

warps  is  t h a t   i t   pe rmi t s   ex t remely   high  yarn  wind-up  speeds ,   s p e e d s  

in  excess  of  6000  m/min,  wi thout   any  mechanica l   problems  b e i n g  

ev iden t ,   as  the  c o l l e c t i n g   beam  is  anchored  on  both  s ides   in  t h e  



winding  mach ine .  

This  r e s u l t s   in  l ess   wear  and  g r e a t e r   r e l i a b i l i t y   than  is  found  i n  

t r a d i t i o n a l   spool  winding  s y s t e m s .  

For  the  n ipp ing ,   c u t t i n g   and  t ap ing   of  the  warp  shee t   at  a  beam 

change,  va r ious   known  systems  may  be  used,  e s s e n t i a l l y   c o n s t i t u t e d  

by  rubber   c lamping  jaws,  by  devices   for  f e e d i n g   and  app ly ing   an  

upper  and  a  lower  l a y e r   of  adhes ive   tape,   and  by  a  yarn  sheet   c u t t -  

ing  d e v i c e .  

Example  1 

S t a r t i n g   from  a  s e m i - d u l l   p o l y e s t e r   r e s i n   o b t a i n e d   by  p o l y - c o n d e n s a -  

t ion   of  t e r a p h t h a l i c   acid  and  e thy lene   g l y c o l ,   having  the  f o l l o w i n g  

main  c h a r a c t e r i s t i c s :  

a  weaving  warp  c o n s t i t u t e d   by  580  monof i l ament   yarns  of  round  c r o s s  

s e c t i o n   was  p r e p a r e d ,   c o l l e c t e d   on  a  small   h o s i e r y   beam  having  a 

d i s t a n c e   of  22  inches   between  the  f l a n g e s .  

The  sp inn ing   was  c a r r i e d   out  at  a  polymer  t e m p e r a t u r e   of  297°C 

through  a  s p i n n e r e t   of  r e c t a n g u l a r   shape,   of  d i m e n s i o n s  

620  mm  x  55  mm,  having  four  mutual ly   s t a g g e r e d   rows  of  154  r o u n d  

n o z z l e s .  

The  o i l i n g   device  was  c a l i b r a t e d   so  as  to  o b t a i n   0.4%  of  oil   on  t h e  

y a r n .  

No  drawing  devices   were  used,  and  a  f i na l   c o l l e c t i o n   speed  of  1560 

m/min.  was  m a i n t a i n e d .  

A  warp,  c o n s i s t i n g   of  yarns  having  a  count  of  71  d e n i e r ,   was 

o b t a i n e d .  



The  warp  was  then  s u b m i t t e d   to  a  wet  drawing  and  hot  f i x a t i o n   t r e a t -  

ment  a c c o r d i n g   to  the  A p p l i c a n t s '   p rocess   d i s c l o s e d   in  the  h e r e i n -  

above  mentioned  P a t e n t   A p p l i c a t i o n s .  

The  f i n a l   count  of  the  yarn  was  20  d e n i e r ,   and  the  r e s i d u a l   e l o n g a -  

t ion  was  34%. 

Example  2 

S t a r t i n g   from  the  t h e r m o p l a s t i c   r e s i n   in  Example  1,  and  us ing   t h e  

same  s p i n n e r e t ,   the  s p i n n i g   was  c a r r i e d   out  at  299°C,  the  s p i n  

f i n i s h   a p p l i c a t i o n   device   having  been  c a l i b r a t e d   so  as  to  o b t a i n  

0.55%  of  f i n i s h   on  the  y a r n .  

No  drawing  dev ices   were  used,  and  a  f i n a l   wind-up  speed  of  6100  m/min.  

was  m a i n t a i n e d .  

Eight  small   h o s i e r y   beams,  having  580  yarns  each,  were  o b t a i n e d .  

The  f i n a l   yarn  count   was  20  d e n i e r ,   and  the  r e s i d u a l   e l o n g a t i o n   was 

63%. 

By  means  of  a  Raschel   k n i t t i n g   machine,   onto  which  the  above  s m a l l  

beams  of  s e m i - d u l l   p o l y e s t e r   m o n o - f i l a m e n t   yarns  were  l o a d e d ,  

t oge the r   with  small  beams  of  40  d e n i e r ,   12  f i l a m e n t   p o l y e s t e r   y a r n ,  

a  k n i t t e d   f a b r i c   having  the  monof i l ament   yarn  as  i t s   s u b s t r a t e ,   was 

o b t a i n e d .  

After  s u b s e q u e n t   dyeing  with  a  dye  s e n s i t i v e   enough  to  revea l   p o s s i -  

ble  i r r e g u l a r i t i e s ,   the  s u b s t r a t e   of  monof i lament   yarn  showed 

uniform  dye  a b s o r p t i o n .  



1.  Cont inuous   p rocess   for  the  p r o d u c t i o n   of  t e x t i l e   warps  o r  

warp  s e c t i o n s ,   c o l l e c t e d   on  beam,  c o n s t i t u t e d   by  m o n o f i l a m e n t  

t h e r m o p l a s t i c   s y n t h e t i c   yarn  made  of  p o l y e s t e r   or  polyamide  or  p o l y -  

p ropy lene ,   and  c h a r a c t e r i s e d   by  the  d i r e c t   and  con t inuous   p r o d u c t i o n  

of  the  warp  shee t   yarns  by  means  of  a  s i n g l e   s p i n n i n g   d e v i c e ,  

wi thout   winding  up  the  yarn  on  i n t e r m e d i a t e   spools   or  packages ,   and 

wherein  the  r e p l a c e m e n t   (changing)   of  the  beam  comprises   a  n i p p i n g ,  

c u t t i n g   and  t ap ing   step  and  f u r t h e r   c h a r a c t e r i z e d   by  the  use  of  a  

warp  shee t   a c c u m u l a t i o n   and  recovery   dev ice ,   p laced  downstream  o f  

the  melt  s p i n n i n g   device   and  upst ream  of  the  n ipp ing   device ,   t o  

allow  the  beam  to  be  r e p l a c e d   w i thou t   i n t e r r u p t i o n   to  the  s p i n n i n g  

o p e r a t i o n ,   by  s imply  r educ ing   the  speed  t h e r e o f .  

2.  P rocess   a c c o r d i n g   to  claim  1,  wherein  the  warp  shee t   accumu-  

l a t i o n   and  recovery  device  is  c o n s t i t u t e d   by  two  se t s   of  r o l l s   p o s i -  

t ioned  h o r i z o n t a l l y   and  with  t h e i r   axes  p e r p e n d i c u l a r   to  t h e  

d i r e c t i o n   of  t rawel   of  the  warp  s h e e t ,   the  r o l l s   of  the  f i r s t   s e t ,  

in  a  lower  p o s i t i o n ,   being  r t a t i o n a r y ,   while  those  of  the  second  s e t  

are  in  an  upper  and  s t a g g e r e d   p o s i t i o n   r e l a t i v e   to  the  r o l l s   of  t h e  

f i r s t   set   under  normal  o p e r a t i n g   c o n d i t i o n s ,   and  can  moreover  be  

s h i f t e d   v e r t i c a l l y   downwards  to  a  p o s i t i o n   beneath   the  r o l l s   of  t h e  

f i r s t   se t   d u r i n g   the  a c c u m u l a t i o n   s t a g e ,   the  yarn  shee t   r u n n i n g  

between  the  two  r o l l   se t s   under  normal  c o n d i t i o n s   wi thou t   coming 

into  c o n t a c t   t h e r e w i t h .  

3.  Process   a c c o r d i n g   to  claim  1,  c h a r a c t e r i s e d   by  the  s i m u l t a n -  

eous  s t a r t i n g   of  the  warp  a ccumula t i on   device   and  the  warp  n i p p i n g ,  

c u t t i n g   and  t ap ing   device   dur ing  the  beam  r e p l a c e m e n t   o p e r a t i o n .  



4.  Process   a c c o r d i n g   to  claim  1,  i n c o r p o r a t i n g   moreover  a 

device  for  the  drawing  of  warped  yarns  by  means  of  a  double  s y s t e m  

of  coupled  r o l l s ,   r o t a t i n g   at  d i f f e r e n t   s p e e d s .  

5.  Process   a c c o r d i n g   to  claim  4,  i n c o r p o r a t i n g   moreover  a  d e v i c e  

for  t h e r m a l l y   r e l a x i n g   and  heat   s e t t i n g   the  warp  shee t   a f t e r   d r a w i n g  

and  before   winding  up  on  beam. 
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