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©  Apparatus  and  process  for  crosswinding  filamentary  yarn. 
improved  apparatus  and  method  for  forming  packages 

of  crosswound  direct-spun  yarn,  such  as  partially  oriented 
polyester  yarn.  The  method  permits  the  consistent  winding 
of  large  packages  which  have  low  banding  defect  level  and 
can  be  unwound  more  readily  in  subsequent  processes  such 
as  false  twist  texturing.  The  apparatus  comprises  specific 
digital  microcomputer  systems  (11),  for  controlling  the 
traverse  rate  of  a  grooved  roll  winder  (8).  The  process 
comprises  controlling  the  traverse  rate  of the  grooved  roll (8) 
in  a  specific  manner,  dependent  upon  the  properties  of  the 
yarn  being  wound. 





This   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  high  speed  winding  o f  

yarn  packages   compr i s ing   m e l t - s p u n   ya rns   crosswound  around  s u p p o r t i n g  

tubes ,   by  the  type  of  winding  machine  which  uses  a  s o - c a l l e d   g r o o v e d  

r o l l   to  t r a v e r s e   the  yarn  as  the  yarn   i s   wound  around  the  p a c k a g e .  

More  p a r t i c u l a r l y ,   i t   r e l a t e s   to  improved  and  v e r s a t i l e   a p p a r a t u s  

and  p r o c e s s   for   winding  yarns   c o m p r i s i n g   f i l a m e n t s   by  winding  m a c h i n e s  

of  the  type   in  which  an  i n v e r t e r   i s   used  to  c o n t r o l   the   r o t a t i o n a l  

speed  of  the  grooved  r o l l .   I t   a l s o   r e l a t e s   to  the  improved  l a r g e  

yarn  packages   t he reby   o b t a i n e d ,   which  improved  packages   have  l e s s  

tendency   to  r e s u l t   in  yarn  b r e a k s   dur ing   s u b s e q u e n t   yarn  u n w i n d i n g  

and  p r o c e s s i n g   o p e r a t i o n s .  

T e x t u r e d   f i l a m e n t a r y   yarn   i s   c o n v e n t i o n a l l y   m a n u f a c t u r e d  

b y  f a l s e   t w i s t   t e x t u r i n g   s o - c a l l e d   p a r t i a l l y   o r i e n t e d   yarn   (POY). 

A  POY  f e e d s t o c k   package  t y p i c a l l y   c o n s i s t s   of  c o n t i n u o u s   f i l a m e n t  

POY  crosswound  around  an  i n n e r   s u p p o r t i n g   tube.   The  c o n t i n u o u s  

f i l a m e n t s   f r e q u e n t l y   have  n o n c i r c u l a r   c r o s s - s e c t i o n ,   r a t h e r   than   r o u n d  

c r o s s - s e c t i o n ,   and  a  wide  range  of  d e n i e r s   and  f i l a m e n t   coun t s   a n d  

sp in   f i n i s h e s ,   for   r ea sons   t h a t   a re   wel l   known  in  the  a r t .   I t   i s  

well   known  t h a t   yarn  b reakage   du r ing   the  t e x t u r i n g   o p e r a t i o n   r e s u l t s  

in  economic  loss   for   obvious   r e a s o n s .   I t   i s   a l so   wel l   known  t h a t  

such  yarn  b r eakage   is  most  o f t e n   a s s o c i a t e d   with  s o - c a l l e d   " b a d  

package  b u i l d "   of  the  packages   most  prone  to  yarn  b r e a k a g e .   F u r t h e r ,  

i t   is  well  known  t h a t   yarn  packages   which  c o n t a i n   " r i b b o n i n g "   t e n d  

to  have  bad  package   b u i l d   fo r   unwinding   p u r p o s e s .   " P e r c e n t   B a n d i n g  

Leve l"   is  the  term  used  in  the   t r a d e   to  denote   the  p e r c e n t a g e   of  a l l  

f e e d s t o c k   packages   which  have  a  t h r e a d l i n e   break  due  to   " r i b b o n e d "  

yarn  which  has  s l i p p e d   i n t o   a  p o s i t i o n   of  lower  h e l i x   a n g l e ,   and  i s  

d e t e c t e d   dur ing   the  f a l s e t w i s t   t e x t u r i n g   o p e r a t i o n .   The  yarn   on  a  

pacbage  is  sa id   to  " r ibbon"   whenever  a  h e l i x   of  yarn  is  in  d i r e c t  

s i d e - b y - s i d e   c o n t a c t   with  the   h e l i x   of  yarn  in  the  i m m e d i a t e l y  

p r e c e d i n g   yarn  l a y e r ,   for  the   obv ious   r ea son   t h a t   such  a  package  g i v e s  

the  v i s u a l   i m p r e s s i o n   t h a t   a  b road   r i b b o n   of  yarn  has  been  wound 

t h e r e a r o u n d .   Ribboning  has  been  found  to  be  a  major  i n d i r e c t   c a u s e  



of  yarn  b r e a k a g e   in  unwinding  f e e d s t o c k   packages   of  POY  c o n s i s t i n g  

of  p o l y e s t e r   f i l a m e n t s   with  s l i c k   sp in   f i n i s h   t h e r e o n ,   p a r t i c u l a r l y  

when  such  packages   have  been  wound  by  a  yarn  winder   t h a t   uses   a  

grooved  r o l l   to  t r a v e r s e   the  yarn  as  the  yarn  i s   wound  around  t h e  

package.   R ibboning   p rob lems   a l s o   i n c r e a s e   as  yarn   d e n i e r   i n c r e a s e s .  

One  such  winder   t h a t   uses   a  grooved  t r a v e r s e   r o l l   is   the  well   known 

commerc ia l ly   used  Barmag  SW  46SSD  Winder,  d e s c r i b e d   h e r e i n a f t e r   i n  

Example  1 .  

T h e o r e t i c a l l y ,   under   v a r i o u s   s i m p l i f y i n g   a s s u m p t i o n s ,  

r i b b o n i n g   occur s   in  a  yarn  wind-up  system  at   c r i t i c a l   p a c k a g e  

d i a m e t e r s .   A  c r i t i c a l   package  d i a m e t e r   occur s   whenever  t h e r e   i s   a  

r a t i o   of  s imple   i n t e g e r s   between  the  bobbin  speed  in  r e v o l u t i o n s   p e r  

minute   and  the   t r a v e r s e   guide   f r e q u e n c y   in  c y c l e s   per   minute .   The  

c a l c u l a t i o n   of  r i bbon   zones  is   e a s i l y   made  under  t hese   a s s u m p t i o n s  

and  t h e i r   l o c a t i o n   fo r   the   SW  46SSD  winder   is   p r e s e n t e d   in  one  o f  

the   F i g u r e s .   Under  t h e s e   c i r c u m s t a n c e s   the  h e l i c a l   pa th   of  the  y a r n  

on  the  bobbin  i s   e x a c t l y   r e p e a t e d .   When  r i b b o n i n g   is   p e r m i t t e d   t o  

p e r s i s t   for   more  than  a  few  s econds ,   the  b u i l d - u p   becomes  u n s t a b l e .  

Th i s ,   in  t u r n ,   f r e q u e n t l y   l e a d i n g   to  d i f f i c u l t i e s   in  unwinding  l a r g e  

packages   dur ing   s u b s e q u e n t   p r o c e s s i n g .   Var ious   t e c h n i q u e s   well   known 

as  " r i b b o n b r e a k i n g "   (or  " a n t i p a t t e r n i n g " )   have  been  deve loped   in  a n  

a t t e m p t   to  p r e v e n t   r i b b o n i n g   from  o c c u r r i n g   for   a  long  p e r i o d .   F o r  

example,  in  one  method,  the  t r a v e r s e   f r e q u e n c y   i s   made  to   o s c i l l a t e  

between  an  upper   and  a  lower  l i m i t .   The  u l t i m a t e   aim  of  t h i s  

o s c i l l a t i o n   i s   to  avoid   a  c o n s t a n t   speed  o p e r a t i o n   of  the   t r a v e r s e ,  

t h e r e b y   min imiz ing   c o n d i t i o n s   f a v o r a b l e   fo r   r i bbon   forms-l ion.   A l s o  

US  P a t e n t   3  799  463  d i s c l o s e s   a  p r o c e s s   for   winding  yarn   i n t o   a  

c y l i n d r i c a l - b o d i e d   s u b s t a n t i a l l y   f l a t - e n d e d   package  by  t r a v e r s e  

winding  l a y e r s   of  h e l i c a l   c o i l s   of  yarn  on  a  s u r f a c e - d r i v e n   p a c k a g e  

i s   improved  by  not  only   b r eak ing   r ibbon   f o r m a t i o n   by  the  known 

waveform  (minor  m o d u l a t i o n   of  i n v e r t e r   ou tpu t   to  the  t r a v e r s e   m t o r )  

from  a  p r e s e t   p o i n t ,   but  a l so   modu la t ing   the  se t   p o i n t   to  c r e a t e   a  

major  m o d u l a t i o n   having   a  minor  modu la t ion   supe r imposed   along  o r  

w i t h i n  t h e   modula ted   s e t   p o i n t   waveform.  The  major  modu la t i on   h a s  

a  p e r i o d   of  about   0 .25  to   2  m i n u t e s   and  an  a m p l i t u d e   of  about   2  t o  



12  p e r c e n t .   US  P a t e n t s   3  638  872  and  3  241  779  a re   a l s o   a d d r e s s e d  

to   r i b b o n - b r e a k i n g   t e c h n i q u e s .  

On  a  winder  equipped   with  a  c o n v e n t i o n a l   t r a v e r s e   s y s t e m  

w i t h o u t   a  grooved  r o l l   (eg  a  t r a v e r s e   guide  d r i v e n   by  t r a v e r s e   cam) ,  

r i b b o n - b r e a k i n g   is   o f t e n   a ccompl i shed   by  va ry ing   the  t r a v e r s e   i n v e r t e r  

o u t p u t   f r e q u e n c y   ( g e n e r a l l y   +  1-2.5%)  around  a  s p e c i f i e d   b a s e  

f r e q u e n c y   o v e r  a   s p e c i f i e d   time  p e r i o d   (1-8  s e c ) .   When  p l o t t e d ,   t h e  

i n v e r t e r   ou tpu t   f r e q u e n c y   and  r e s u l t i n g   t r a v e r s e   speed  wi l l   b o t h  

p r o d u c e   a  s i n u s o i d a l   wave.  In  the  case  of  the  Barmag  SW  46SSD  W i n d e r ,  

however ,   the  a d d i t i o n   of  the  grooved  r o l l   to  the  t r a v e r s e   s y s t e m  

s u b s t a n t i a l l y   i n c r e a s e s   the  t o t a l   mass  of  t h i s   sys tem.   The  i n c r e a s e  

in  mass  i n c r e a s e s   the  r o t a t i o n a l   i n e r t i a   of  the  t r a v e r s e   mechan i sm,  

making  i t   more  r e s i s t a n t   to  speed  changes  as  d i r e c t e d   by  a  s i n u s o i d a l  

i n v e r t e r   ou tpu t   s i g n a l .   To  compensate   for   the  i n c r e a s e d   mass,  a n  

" i n e r t i a   c o m p e n s a t i o n "   or  s o - c a l l e d   "P-jump"  p o t e n t i a l   is   c o m m e r c i a l l y  

s u p p l i e d   by  Barmag  with  the  t r a v e r s e   i n v e r t e r .   The  P-jump  is  a n  

i n s t a n t a n e o u s   change  in  i n v e r t e r   f r equency   at  the   r e v e r s a l   p o i n t s  

of  maximum  and  minimum  f r equency .   This  i n s t a n t a n e o u s   change  i n  

f r e q u e n c y   r e s u l t s   in  a  more  r a p i d   speed  change  of  the  t r a v e r s e ,   and  

h e l p s   to  compensate   for   the  r o t a t i o n a l   i n e r t i a   of  the  t r a v e r s e   s y s t e m .  

P-jump  is  s p e c i f i e d   in  terms  of  a  p e r c e n t a g e   of  the  t o t a l   t r a v e r s e  

a m p l i t u d e   with  maximum  to  minimum  f r equency   be ing   100%. 

U n f o r t u n a t e l y ,   however,   t h i s   t e c h n i q u e   imposes  e x c e s s i v e   s t r a i n   on  

the   i n v e r t e r ,   p a r t i c u l a r l y   as  p e r i o d   of  m o d u l a t i o n   is   d e c r e a s e d   a n d  

P-jump  and  a m p l i t u d e   of  modu la t i on   are  i n c r e a s e d .   Even  so,  t r i a l  

and  e r r o r   t e c h n i q u e s   pe rmi t   s e l e c t i o n   of  t r a v e r s e   s e t u p   f a c t o r s  w h i c h  

w i l l   r educe   c o n s t a n t   speed  grooved  r o l l   o p e r a t i o n   fo r   a  l i m i t e d  

v a r i e t y   of  r o l l  s p e e d s ,   m o d u l a t i o n s ,   base  f r e q u e n c i e s ,   p e r i o d s   a n d  

.P - jumps .  

An  a r t i c l e   of  background  i n t e r e s t   i s   " S i t u a t i o n   Report   on 

High-Speed   Spinning   at  the  S t a r t   of  the  E i g h t i e s "   by  Dr  G u n t e r  

S c h u b e r t   in  " I n t e r n a t i o n a l   T e x t i l e   B u l l e t i n " ,   March  1980,  pages,   2 2 9 -  

258,  p a r t i c u l a r l y   S e c t i o n   4.2  " C o n t r o l l e d   Thread   Tens ion"   and  S e c t i o n  

4 . 6   "Running-Off   P rob lems" .   More  r e c e n t l y ,   at  the   Oc tobe r   1982 

G r e e n v i l l e   show,  Barmag  demons t r a t ed   a  new  type  of  r i b b o n - b r e a k i n g  



sys tem,   c a l l e d   "Ribbon  Free  Random  Wind"  (RFR).  The  system  is   b a s e d  

upon  us ing   two  i n v e r t e r s   ( r a t h e r   than  a  s i n g l e   i n v e r t e r )   for   a  b a n k  

of  Barmag  w i n d e r s ,   and  uses  t iming   s w i t c h e s   on  each  winder  to  c h a n g e  

backwards   and  f o r w a r d s   f r a n   one  i n v e r t e r   to  the  o t h e r ,   t h e r e b y  

t e m p o r a r i l y   i n c r e a s i n g   the  t r a v e r s e   speed  to  jump  through  t h e  

t h e o r e t i c a l   c r i t i c a l   d i ame te r   r i bbon   p o i n t s .   F u r t h e r   i n f o r m a t i o n  

about   the  RFR  s y s t e m   can  be  found   in  Barmag ' s   book le t   " I n f o r m a t i o n  

S e r v i c e   NR  23"  Oc tobe r   1982,  p a r t i c u l a r l y   at   pages  8-9.  Also,   p a g e s  

11-14  of  the  Barmag  book l e t   d i s c u s s e s   "Use  of  M i c r o p r o c e s s o r s   in  t h e  

Man-Made  F i b e r   I n d u s t r y " ,   but  does  not   d i s c l o s e   or  sugges t   t h e  

i n v e n t i o n   d e s c r i b e d   and  c la imed  h e r e i n a f t e r .  

In  c o n t r a s t   to  the  f o r e m e n t i o n e d   p r i o r   a r t ,   i t   has  now  b e e n  

s u r p r i s i n g l y   d i s c o v e r e d   t h a t   g r e a t l y   improved  yarn  packages   can  b e  

c o n s i s t e n t l y   p r o d u c e d   by  using  a  m i c r o c o m p u t e r   system  to  feed  a  

p r e d e t e r m i n e d   p rogramed   e l e c t r i c a l   f r e q u e n c y   s i g n a l   i n t o   the  i n v e r t e r  

t h a t   c o n t r o l s   the   speed   of  the  grooved  r o l l ,   wi thout   i n t r o d u c i n g  

u n a c c e p t a b l e   v a r i a b i l i t y   i n to   the  yarn   (such  as  den i e r   v a r i a b i l i t y  

and  o r i e n t a t i o n   v a r i a b i l i t y ) .   Large  packages   with  d i a m e t e r s   g r e a t e r  

than  300  mm  can  be  made  with  low  p e r c e n t   banding  l e v e l ,   even  w i t h  

s l i c k   ya rns   t h a t   a r e   p a r t i c u l a r l y   prone   to  band.  F u r t h e r ,   use  o f  

the  m i c r o c o m p u t e r   p r o v i d e s   a  high  degree   of  f l e x i b i l i t y   in  p l a n t  

o p e r a t i n g   c o n d i t i o n s   t h a t   p e rmi t s   l a r g e   and  a p p r o p r i a t e   changes  i n  

grooved  r o l l   s p e e d s   to  be  d e t e r m i n e d   e x p e r i m e n t a l l y   and  i m p l e m e n t e d  

c o m m e r c i a l l y ,   whenever   yarn  p r o p e r t i e s   such  as  c o e f f i c i e n t   of  f r i c t i o n  

are   changed  f o r   o t h e r   r e a s o n s .  

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 ,   t h e r e   i s   p r o v i d e d   a n  

improved  a p p a r a t u s   fo r   winding  f i l a m e n t a r y   yarn  onto  tubes   (12)  t o  

form  c rosswound   p a c k a g e s   (17)  of  f i l a m e n t a r y   yarn,   the  w i n d i n g  

a p p a r a t u s   c o m p r i s i n g   means  (6)  fo r   r o t a t i n g   the  tube,  yarn  s u p p l y  

means,  and  g r o o v e d   r o l l   means  (8)  f o r   t r a v e r s i n g   the  yarn   i n  

r e c i p r o c a t i n g   manner  as  the  yarn  is   be ing   wound  onto  the  tube,   t h e  

t r a v e r s i n g   means  a l s o   compr is ing   a  s t a t i c   i n v e r t e r   (13)  f o r  

c o n t r o l l i n g   the   f r e q u e n c y   of  the  t r a v e r s e   cyc le   during  the  w i n d i n g  

o p e r a t i o n ,   c h a r a c t e r i s e d   in  t h a t   t h e r e   is   p r o v i d e d   in  c o m b i n a t i o n  

t h e r e w i t h   a  p rog ramed   d i g i t a l   m ic rocompu te r   (11)  and. means  fo r   f e e d i n g  



an  e l e c t r i c a l   o u t p u t   s i g n a l   from  the  mic rocompute r   (11)  to  t h e  

i n v e r t e r   (13) ,   whereby  the  microcomputer   c o n t i n u o u s l y   c o n t r o l s   t h e  

f r equency   of  the  t r a v e r s e   t h r o u g h o u t   the  winding  of  the  p a c k a g e  

a c c o r d i n g   to  a  p r e d e t e r m i n e d   p r o g r a m .  

The  means  for   f eed ing   an  e l e c t r i c a l   o u t p u t   s i g n a l   from  t h e  

mic rocompute r   to  the  i n v e r t e r   may  comprise   a  d i g i t a l - t o - a n a l o g  

c o n v e r t e r .   This  c o n v e r t e r   may  comprise   means  for   c o n v e r t i n g   a  12 

b i t   d i g i t a l   i npu t   va lue   i n t o   an  analog  ou tpu t   v o l t a g e .   The  

m i c r o c o m p u t e r   may  compr i se   a  programme  compr i s ing   a  v a r i a b l e   ramp 

f u n c t i o n ,   at  l e a s t   one  v a r i a b l e   time  delay   and  a  modu la t ion   f u n c t i o n  

with  v a r i a b l e   p a r a m e t e r s .   The  minimum  va lue   of  the   v a r i a b l e   ramp 

f u n c t i o n   is  p r e f e r a b l y   l e s s   than  0.94  of  the  maximum  value  of  t h e  

v a r i a b l e   ramp  f u n c t i o n ,   more  p r e f e r a b l y   l e s s   than  0.89  and  m o s t  

p r e f e r a b l y   l e s s   than  0 . 8 4 .  

Accord ing   to  the  p r e s e n t   i n v e n t i o n ,   t h e r e   is   f u r t h e r  

p r o v i d e d   an  improved  p r o c e s s   for   forming  packages   of  d i r e c t - s p u n   y a r n  

by  s p i n n i n g   c o n t i n u o u s   f i l a m e n t s   and  c r o s s w i n d i n g   the  spun  f i l a m e n t a r y  

yarn  onto  tubes   at  speeds   in  excess   of  10,000  f t / m i n   (3048  m/min)  

by  t r a v e r s i n g   the  yarn  as  i t   is  p u l l e d   onto  the  p r e - e x i s t i n g   p o r t i o n  

of  the  package,   and  by  c o n t r o l l i n g   the  f r equency   of  the  t r a v e r s e   c y c l e  

by  means  of  a  s t a t i c   i n v e r t e r ,   c h a r a c t e r i s e d   by  ( i )   p rograming   a  

d i g i t a l   mic rocompute r   system  (11)  with  a  p r e d e t e r m i n e d   program,  a n d  

( i i )   f e e d i n g   a  p r e d e t e r m i n e d   c o m p a t i b l e   e l e c t r i c a l   s i g n a l   from  t h e  

mic rocompute r   system  (11)  to  the  i n v e r t e r   ( 1 3 ) .  

The  p r o c e s s   may  comprise   va ry ing   the  f r e q u e n c y   of  t h e  

e l e c t r i c a l   s i g n a l   to  the  i n v e r t e r   in  a cco rdance   with  the  sum  of  a  

v a r y i n g   ramp  f u n c t i o n   and  a  modu la t ion   f u n c t i o n .   I t   may  c o m p r i s e  

f e e d i n g   a  va ry ing   ramp  f u n c t i o n   which  e s s e n t i a l l y   d e c r e a s e s   d u r i n g  

at   l e a s t   most  of  the  winding  of  the  package  by  an  amount  t h a t   is  a t  

l e a s t   6  p e r c e n t   of  the  va lue   of  the  ramp  f u n c t i o n   used  for   w i n d i n g  

the  i n n e r   l a y e r s   of  yarn .   The  ramp  f u n c t i o n   may  be  modula ted   in  a n  

amount  of  1  to  3  p e r c e n t   at  a  f r equency   w i t h i n   the  range  1  to  20 

seconds .   At  l e a s t   20  t r a v e r s e   mechanisms  may  be  c o n t r o l l e d   with  a  

s i n g l e   common  i n v e r t e r ,   the  ramp  f u n c t i o n   being  i n c r e a s e d   during  t h e  

winding  of  the  o u t e r m o s t   p o r t i o n   of  the  packages   and  the  f u l l   p a c k a g e s  



being   team  d o f f e d   dur ing   the  p e r i o d   of  i n c r e a s i n g   ramp  f u n c t i o n .  

Embodiments  of  the   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way 
of  example  wi th   r e f e r e n c e   to  the   accompanying  d rawings   in  which:  

FIGURE  1  is   a  p a r t i a l   s e m i - s c h e m a t i c   view  in  s i d e   e l e v a t i o n  

of  one  embodiment   of  the   p r o c e s s   of  the   i n v e n t i o n   on  a  s i n g l e  

p o s i t i o n .  

FIGURE  2  i s   a  p a r t i a l   s e m i - s c h e m t i c   view  of  the   c o n t r o l  

sys tem  of  one  embodiment  of  the   i n v e n t i o n   as  a p p l i e d   to  c o n t r o l l i n g  

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

FIGURE  3  is  a  s i m p l i f i e d   f r o n t   e l e v a t i o n   view  of  a  p r i o r  

a r t   Barmag  g rooved   r o l l .  

FIGURES  4A -  4D  are   g r a p h s   of  some  grooved  r o l l   speeds  u s e d  

in  the  Examples,   e x p r e s s e d   as  p e r c e n t   o v e r f e e d ,   on  a  time  b a s i s   ( a n d  

i n h e r e n t   package   d i a m e t e r   b a s i s )   dur ing   the  winding  of  yarn   p a c k a g e s  

a c c o r d i n g   to  the  i n v e n t i o n .   The  g raphs   are   not  s t r i c t l y   to  s c a l e .  

FIGURE  5  i s   a  g r a p h i c a l   p r e s e n t a t i o n   of  c a l c u l a t i o n s ,   made 

under   c e r t a i n   s i m p l i f y i n g   a s s u m p t i o n s ,   of  c r i t i c a l   yarn  p a c k a g e  

d i a m e t e r s   at   which  i n t e g e r   r i b b o n i n g   should   occur   wi th   the  s p e c i f i c  

a p p a r a t u s   used   in  the   Examples  of  the  i n v e n t i o n   and  the   C o m p a r a t i v e  

E x a m p l e s .  

FIGURE  6  i s   a  p a r t i a l   s c h e m a t i c   diagram  of  the   s o - c a l l e d  

" t e a m - d o f f "   sys t em  of  the   i n v e n t i o n ,   wherein  a  s i n g l e   m i c r o c o m p u t e r -  

c o n t r o l l e d   i n v e r t e r   i s   used   in  c o n j u n c t i o n   with  80  yarn   w i n d e r s .  

FIGURE  7  i s   a  p a r t i a l   s chema t i c   diagram  of  a  dual  i n v e r t e r  

sys tem  of  the   p r i o r   a r t   fo r   c o n t r o l l i n g   t r a v e r s e   r a t e s   on  g r o o v e d  

r o l l   c r o s s - w i n d i n g   m a c h i n e s .  

FIGURE  8  i s   a  p a r t i a l   s c h e m a t i c   diagram  of  Barmag 's   RFR 

sys tem  for   c o n t r o l l i n g   t r a v e r s e   r a t e s   on  grooved  r o l l   w i n d i n g  

m a c h i n e s .  

The  n a t u r e   of  the   p r e f e r r e d   embodiments  of  the   i n v e n t i o n  

is   b e s t   u n d e r s t o o d   by  the   Examples  c o n t r a s t e d   with  the  C o m p a r a t i v e  

Examples  h e r e i n a f t e r .   Such  Examples  are  not  i n t e n d e d   to  l i m i t   t h e  

scope  of  the   i n v e n t i o n .  

EXAMPLE  1 

Crosswound  packages   of  o c t o l o b a l   p o l y e s t e r   POY  were  made 



a c c o r d i n g   to  the  improved  p r o c e s s   d e s c r i b e d   below.  The  banding  l e v e l  

( de f i ned   below)  of  t h e s e   packages   was  g e n e r a l l y   l e s s   than  1  p e r c e n t ,  

in  c o n t r a s t   to  c o r r e s p o n d i n g   p r i o r   a r t   packages   having  a  banding  l e v e l  

of  at  l e a s t   about   3  p e r c e n t .  

The  p r o c e s s   used  was  e s s e n t i a l l y   in  a c c o r d a n c e   with  F i g u r e s  

1,  2  and  e i t h e r   4A  or  4B  or  4C  in  a l l   the  v a r i a n t s   of  Example  1 .  

F igure   1  is  a  p a r t i a l   s e m i - s c h e m a t i c   view  in  s ide   e l e v a t i o n  

of  a  s i n g l e   p o s i t i o n   (or  u n i t )   for  m e l t - s p i n n i n g   p o l y e s t e r  

m u l t i f i l a m e n t   ya rn ,   and  c o n t i n u o u s l y   winding  the  m e l t - s p u n   yarn  i n  

the  form  of  c rosswound  packages   by  means  of  a  yarn  winder  having  a  

grooved  r o l l   to  t r a v e r s e   the  yarn   as  i t   i s   wound  i n t o   package  f o r m .  

Molten  p o l y ( e t h y l e n e   t e r e p h t h a l a t e )   polymer  was  c o n v e n t i o n a l l y   f o r m e d  

i n t o   n o n c i r c u l a r   o c t o l o b a l   f i l a m e n t s   (1)  by  e x t r u d i n g   the  m o l t e n  

polymer  th rough  33  h o l e s   of  a  s p i n n e r e t   in  a  c o n v e n t i o n a l   m a l t -  

sp inn ing   head  (2).   The  e x t r u d e d   f i l a m e n t s   were  c o n v e n t i o n a l l y  

quenched  with  c o o l i n g   a i r   by  quenching   means,  h a d  s p i n   f i n i s h   a p p l i e d  

to  them  by  c o n v e n t i o n a l   f i n i s h   a p p l i c a t o r   (3),   a i r   i n t e r l a c e d  

c o n v e n t i o n a l l y   by  i n t e r l a c e r   (21)  and  wound  i n t o   package  form  a t  

about   11,500  f t / m i n   (3505  m/min)  by  means  of  an  o t h e r w i s e   c o n v e n t i o n a l  

Barmag  Model  SW  46SSD  C la s s   II  Winder  e x c e p t   for   the  m i c r o c o m p u t e r  

programed  t r a v e r s e   speed  of  the  i n v e n t i o n .   The  f u l l y   wound  p a c k a g e s  

(17)  had  d i a m e t e r s   w i t h i n   the  range  300-350  mn  and  l eng ths   of  a b o u t  

250  mm,  in  g e n e r a l   a cco rdance   with  package   d i m e n s i o n a l   p i c t u r e s   a n d  

da ta   in  Barmag  l i t e r a t u r e   on  the  f o r e m e n t i o n e d   Barmag  winder  p a g e  

12  l ine   2 7 .  

Even  though  such  Barmag  Winders  are   well   known  in  the  a r t  

and  f u l l y   d e s c r i b e d   in  Barmag 's   t r a d e   l i t e r a t u r e   such  as  "SW4S; 

SW46S",  o b t a i n a b l e   from  American  Barmag  C o r p o r a t i o n ,   1101  W e s t i n g h o u s e  

Boulevard ,   C h a r l o t t e ,   NC  28217,  some  d e s c r i p t i o n   of  the  machine  a n d  

i t s   c h a r a c t e r i s t i c s   is  g iven   b e l o w .  

The  Barmag  SW  46SSD  winder   was  d e s i g n e d   for   the  p r o d u c t i o n  

of  POY  packages  with  random  wind  at  h igh   t a k e - u p   speeds .   F i g u r e   1 

i l l u s t r a t e s   the  r e l a t i v e   l o c a t i o n   of  the  w i n d e r ' s   d r ive   r o l l   ( 6 )  

chuck  (7)  and  t r a v e r s e   system  i n c l u d i n g   two  y a r n - c o n t a c t i n g  

components,  a  grooved  r o l l   (8)  and  t r a v e r s e   guide   (9).   The  d r i v e  



r o l l   and  t r a v e r s e   mechanism  of  the  winder  are   b u i l t   i n t o   a  j o i n t  

hous ing  (not  shown)  and  f a s t e n e d   to  a  v e r t i c a l l y   movable  s l i d e   ( n o t  

shown).  C o n t a c t   is   made  be tween   the   chuck  and  t a k e - u p   head  b y  

lower ing   the  d r i ve   r o l l / t r a v e r s e   assembly   onto  the  chuck.  The  d r i v e  

r o l l / t r a v e r s e   assembly   i s   p n e u m a t i c a l l y   weight   b a l a n c e d   by  means  o f  

opposing  low  f r i c t i o n   c y l i n d e r s   (not   shown).  While  the   POY  p a c k a g e  

i s   b u i l d i n g ,   c o n s t a n t   p r e s s u r e   i s   e x e r t e d   by  the  d r i v e   r o l l   on  t h e  

yarn   package.   This  p r e s s u r e   i s   a d j u s t a b l e .   The  d r i v e   r o l l   has  a  

ground,   hard,   c h r o m e p l a t e d ,   p o l i s h e d   s u r f a c e   and  i s   d r i v e n   by  a  

synchronous   motor  mounted  i n s i d e   the  r o l l .   The  t h r e a d l i n e   is  in  t h e  

t r a v e r s e   guide  (9)  t h r o u g h o u t   the  e n t i r e   s t r o k e ,   and  the  guide  i s  

moved  back  and  f o r t h   by  a  t r a v e r s e   cam  ( 1 0 ) .  

S ince   r e v e r s a l   of  the   t r a v e r s e   guide   (9)  i s   somewhat  slow,  a  

grooved  r o l l   (8)  is   a r r a n g e d   below  the  t r a v e r s e   cam.  The  t h r e a d l i n e  

wraps  around  the  groove  of  the   g rooved   r o l l   with  an  a p p r o x i m a t e l y  

9 0   wrap,  and  is  s u b s e q u e n t l y   p l a c e d   on  the   package   with  a  very  s m a l l  

r e v e r s i n g   r a d i u s .   The  whole  t r a v e r s e   sys tem  is   d r i v e n   by  a  t h r e e  

phase   i n d u c t i o n   motor  (not   shown)  mounted  i n s i d e   the  grooved  r o l l .  

The  t r a v e r s e   cam  is   d r i v e n   by  the  grooved  r o l l   motor  v ia   a  gear  b e l t  

( 1 1 ) .  

The  chuck  (7)  s u p p l i e d   with  the  winder   i s   a  manual  t y p e  

with  spr ing   loaded  f i n g e r s   (not   shown)  h o l d i n g   the  c a r d b o a r d   t u b e  

(12)  in  p l a c e   dur ing   o p e r a t i o n .  

All   winder  c o n t r o l s ,   with  the  e x c e p t i o n   of  motor  o p e r a t i o n  

( d r i v e   r o l l   and  grooved  r o l l ) ,   are   p n e u m a t i c a l l y   o p e r a t e d   in  w a l l  

known  m a n n e r   (not  shown).   In  g e n e r a l ,   i t   has  been  found  t ha t   218 

d e n i e r / 3 3   f i l a m e n t   o c t o l o b a l   POY  r e q u i r e s   e x c e p t i o n a l l y   uniform  h e a d  

p r e s s u r e ,   excep t   t h a t   d u r i n g   chuck  a c c e l e r a t i o n   g r e a t e r   head  p r e s s u r e  
i s   p rov ided   via   an  a u x i l i a r y   a i r   c y l i n d e r   (not   s h o w n ) .  

T h e o r e t i c a l   c a l c u l a t i o n s   were  made,  under   c e r t a i n  

s i m p l i f y i n g   a s s u m p t i o n s ,   to  d e t e r m i n e   the  c r i t i c a l   yarn  p a c k a g e  

d i a m e t e r s   at  which  i n t e g e r   r i b b o n i n g   should   occur   with  the  s p e c i f i c  

a p p a r a t u s .   The  r e s u l t s   of  t h e s e   c a l c u l a t i o n s   a re   shown  g r a p h i c a l l y  

in  F igure   5,  and  were  d e r i v e d   in  the  f o l l o w i n g   way. 
The  f o l l o w i n g   s i m p l i f y i n g   a s s u m p t i o n s   were  made.  F i r s t l y ,  



the   shape  of  the  package  is  t h a t   of  a  t r ue   c y l i n d e r .   Secondly ,   t h e  

yarn  is  p r i n t e d   onto  the  package  s u r f a c e   at  a b s o l u t e l y   c o n s t a n t   h e l i x  

ang l e ,   along  the  l eng th   of  the  package .   T h i r d l y ,   the  l i n e a r   s u r f a c e  

speed  of  the  package  is  i d e n t i c a l   to  the  l i n e a r   s u r f a c e   speed  of  t h e  

d r ive   r o l l   (DRS).  F o u r t h l y ,   the  system  p r o v i d e s   a  s o - c a l l e d  

a b s o l u t e l y   c o n s t a n t   yarn  "%  o v e r f e e d " ,   d e f i n e d   as  f o l l o w s   in  t e r m s  

of  grooved  r o l l   speed  (GRS)  and  d r i ve   r o l l   speed  (DRS): 

Once  the  f o r e g o i n g   a s s u m p t i o n s   have  been  made,  i t   can  b e  

r e a d i l y   shown  m a t h e m a t i c a l l y   t h a t :  

where:  DpN  is   the  package  d i a m e t e r   at  the   N:1  r i b b o n   z o n e ;  

DGR  is  the  grooved  r o l l   d i ame te r   at  the  y a r n - c o n t a c t i n g  

p o i n t ;  

RGR  is   the  grooved  r o l l   r e v o l u t i o n s   per  double   s t r o k e ;  

N  is  the  number  of  r ibbon   t u rn s   on  the  p a c k a g e ;  

F  is  the %  o v e r f e e d   of  the  grooved  r o l l ;  

and  L  is  the  s t r o k e   l eng th   of  250  mm. 

For  example,  DpN  e q u a l s   270.0  mm  when:  N  is   4;  DGR  i s  

108  mm;  RGR  is   11;  and  F  is   10.  This  is  shown  on  F i g u r e   5  as  p o i n t  

"A".  

In  p r a c t i c e ,   the  f o r e g o i n g   s i m p l i f y i n g   a s s u m p t i o n s   do  n o t  

conform  to  a c t u a l   winding  c o n d i t i o n s   on  the  barmag  winder ,   e q u i p p e d  

with  a  s o - c a l l e d   AGR  11  grooved  r o l l .   Such  grooved  r o l l   is   s i m i l a r  

i n  p r i n c i p l e   to  t h a t   shown  in  F i g u r e   3,  excep t   t h a t   t h e r e   are   11 

r e v o l u t i o n s   of  grooved  r o l l   for   each  double   s t r o k e .   F i g u r e   3  i s  

s i m i l a r   to  t h a t   shown  in  Barmag  l i t e r a t u r e ,   where  is  is   a c c o m p a n i e d  

by  the  f o l l o w i n g   l e g e n d :   "All  t a k e - u p   heads  of  s e r i e s   SW4  a r e  

equipped  with  yarn  l eng th   compensa t ion   to  even  out  the  d i f f e r e n c e s  

in  yarn  l eng th   in  the  t r a v e r s e   motion  t r i a n g l e .   The  yarn   l e n g t h  

compensa t ion   c o n t r i b u t e s   a l so   to  un i fo rm  yarn  q u a l i t y   and  e x c e l l e n t  



package   b u i l d - u p .   I t   i s   a ch i eved   by  a  s p e c i a l   shaping  of  the  g r o o v e d  

r o l l .   The  yarn  t e n s i o n   in  the  t r a v e r s e   motion  t r i a n g l e   i s   kept   a l m o s t  

c o n s t a n t " .  

While  the   Barmag  winder  may  be  wel l   adap ted   for   w i n d i n g  

c e r t a i n   types   of  ya rn   under  c e r t a i n   winding  c o n d i t i o n s ,   e x p e r i m e n t s  

showed  t h a t   the   amount  of  harmful   r i b b o n i n g   p r e s e n t   in  the  p a c k a g e s ,  

e x p r e s s e d   as  a  p e r c e n t a g e   of  a l l   package  r e j e c t e d   for  banding,   was 

h i g h l y   dependen t   upon  the  f r i c t i o n a l   c h a r a c t e r i s t i c s   of  the  yarn  b e i n g  

wound.  I t   was  a l s o   noted   t h a t   the  f r i c t i o n a l   c h a r a c t e r i s t i c s   of  t h e  

yarn  impact   upon  the   v a l i d i t y   of  a l l   the   f o r e g o i n g   four   s i m p l i f y i n g  

a s s u m p t i o n s .  

Table   1  below  summarizes  some  da ta   o b t a i n e d   in  p r a c t i s i n g  

v a r i a n t s   of  the   i n v e n t i o n .   I t   shows  the  "banding  l e v e l "   s i g n i f i c a n t l y  

depends  upon  yarn  p r o p e r t i e s   as  well   as  the  s p e c i f i c   ove r f eed   p r o g r a m  

t h a t   is   used  to  c o n t r o l   the  a c t u a l   r o t a t i o n a l   speed  of  the  g r o o v e d  

r o l l   t h r o u g h o u t   the   package  b u i l d .   "Banding  l e v e l "   i s   the   number  

of  packages   with  u n a c c e p t a b l e   "bands"  t h e r e i n ,   exp res sed   as  a  

p e r c e n t a g e .   The  bands  r e s u l t   from  s l i p p a g e   o f " p a t t e r n e d   or  r i b b o n e d "  

yarn  i n t o   a  p o s i t i o n   of  reduced  h e l i x   a n g l e .   The  o v e r f e e d / t i m e  

r e l a t i o n s h i p s   t h a t   were  used  are  shown  in  F i g u r e s   4A-4C.  They  were  

o b t a i n e d   by  means  of  a  s e p a r a t e   i n v e r t e r   (shown  as  13  in  F i g u r e s   1 

and  2)  for   each  winder ,   with  each  of  t he se   i n v e r t e r s   being  c o n t r o l l e d  

by  a  mic rocompute r   (shown  as  14  in  F i g u r e s   1  and  2).  The  i n d i v i d u a l  

i n v e r t e r s   drove  the  t r a v e r s e   motors  (not  shown)  on  the  winders .   The  

microcompute r   c o n s i s t e d   of  a  commerc ia l ly   a v a i l a b l e   I n t e l   SBC  8 0 / 2 0 - 4  

s i n g l e   board  D i g i t a l   mic rocompute r   c o n n e c t e d   with  a  c o m m e r c i a l l y  

a v a i l a b l e   Adac  735-SBC  D i g i t a l - t o - A n a l o g   C o n v e r t e r   Board,  whose  o u t p u t  

was  fed  to  the  s t a t i c   i n v e r t e r .   The  i n v e r t e r   was  a  c o m m e r c i a l l y  

a v a i l a b l e   3  ho r se   power  s t a t i c   i n v e r t e r   m a n u f a c t u r e d   by  PTI  C o n t r o l s ,  

Inc.  The  D i g i t a l   o u t p u t   s i g n a l   from  the  mic rocompute r   was  used  t o  

c o n t r o l   the  f r e q u e n c y   of  the  ou tpu t   s i g n a l   from  the  s t a t i c   i n v e r t e r  

to  the  t r a v e r s e   motor .   In  a d d i t i o n ,   a  ca thode   ray  tube  (15  of  F i g u r e  

1)  was  used  to  examine  and  change  v a r i o u s   p a r a m e t e r s   a s s o c i a t e d   w i t h  

the  t r a v e r s e   speed  c o n t r o l   p r o g r a m .  

In  a l l   the   Examples,  the  mic rocompu te r   program  c o n s i s t e d  



of  two  speed  c o n t r o l   f u n c t i o n s :   f i r s t l y ,   a  long  term  "ramp"  f u n c t i o n  

which  c o n t r o l l e d   the  average   p e r c e n t   o v e r f e e d ,   F,  over  say  30  s e c o n d s ;  

and  s e c o n d l y ,   a  sho r t   term  " m o d u l a t i o n "   f u n c t i o n   which  p r o v i d e d  

c o n t i n u o u s   wave  modu la t i on   above  and  below  the  ramp  o v e r f e e d .   The 

a m p l i t u d e   and  p e r i o d   and  shape  of  the  combined  wave  were  va r i ed   by  

the  mic rocompute r ,   and  the  CRT  was  used  to  se t   the  p a r a m e t e r s ,   by 

t e c h n i q u e s   t h a t   would  be  well  known  to  one  of  ave rage   s k i l l   in  t h e  

a r t .   R e s u l t s   were  o b t a i n e d   as  in  Table  1 .  

In  Table  1  above,  t h r e e   yarn  types   (218 /33 ,   303/33,   a n d  

225/33  o c t o l o b a l   POY  ya rns )   and  t h r e e   f i n i s h e s   t h a t   d i f f e r e d   i n  

r e l a t i v e   f r i c t i o n   (H  having  the  h i g h e s t ,   M  having  a  medium,  and  L 

having  the  lowest   f r i c t i o n a l   c h a r a c t e r i s t i c s )   are   shown.  For  e a c h  

p r o d u c t   the  same  modula t ion   is   used,   ie  +  2%  a m p l i t u d e   and  a  4  s e c o n d  

p e r i o d .   The  i n i t i a l   and  f i n a l   p e r c e n t   o v e r f e e d s   are   shown  to  d e f i n e  

the   ramp  f u n c t i o n .   The  f u n c t i o n   has  been  o p t i m i z e d   ( r e l a t i v e   t o  

Compara t ive   Example  2)  in  o rde r   to  p rov ide   lower  banding  l e v e l s   f o r  

each  combina t ion   of  f i n i s h   and  yarn   type.   Each  va lue   of %  b a n d i n g  

l e v e l   shown  in  Table  1  was  based  upon  a  l a rge   enough  sample  s i z e   s u c h  

t h a t   d i f f e r e n c e s   were  s t a t i s t i c a l l y   s i g n i f i c a n t .   During  the  t r i a l s ,  

i t   was  noted  the  optimum  c o n d i t i o n s   for  one  type  of  yarn  and  f i n i s h  

combina t ion   were  q u i t e   u n s u i t e d   fo r   the  winding  of  o t h e r   ya rns .   I t  

is  b e l i e v e d   t ha t   the  reason   for   t h i s   is  a s s o c i a t e d   with  the  f r i c t i o n a l  

c h a r a c t e r i s t i c s   of  the  yarn ,   both   along  the  yarn  and  t r a n s v e r s e   t o  



the   y a r n .   I t   was  f u r t h e r   noted  t h a t   on  occas ion   r i b b o n i n g   o c c u r r e d  

at  package   d i a m e t e r s   s i g n i f i c a n t l y   d i f f e r e n t   from  the  c r i t i c a l   p a c k a g e  

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

S u r p r i s i n g l y ,   the  l a rge   v a r i a t i o n s   in  o v e r f e e d   used  dur ing  the  p a c k a g e  

b u i l d   ( i n   F i g u r e   4A-4C)  did  not  a p p e a r   to  cause  c o r r e s p o n d i n g  

v a r i a b i l i t y   in  yarn   p r o p e r t i e s ,   such  as  v a r i a b i l i t y   in  yarn  d e n i e r ,  

t e n a c i t y   and  e l o n g a t i o n .   In  view  of  t h i s ,   i t   is   b e l i e v e d   to  b e  

u n n e c e s s a r y   to  use  a d d i t i o n a l   yarn   h a u l o f f   godets   (not  shown  in  F i g u r e  

1)  be tween   the   f i n i s h   a p p l i c a t o r   and  the   t r a v e r s e   gu ide .   Of  c o u r s e ,  

such  i n t e r m e d i a t e   g o d e t s   could  be  used   i f   d e s i r e d .  

The  d a t a   shown  in  Table   I  was  based  upon  s e q u e n t i a l   t r i a l -  

a n d - e r r o r   t e c h n i q u e s ,   and  such  t e c h n i q u e s   would  have  to  be  used  i n  

d e t e r m i n i n g   t he   optimum  o v e r f e e d   p rogram  for  each  type  of  yarn  t o  

be  wound.  N o n e t h e l e s s ,   some  i n t e r e s t i n g   p o i n t s ,   and  p e r h a p s  

g u i d e l i n i n g   p r i n c i p l e s ,   may  be  d e r i v e d   from  examining  F i g u r e s   4A-4C. 

Under  a l l   t h r e e   programs  the  p e r c e n t   o v e r f e e d   d e c r e a s e s   dur ing   t h e  

package   b u i l d .   This ,   in  t u rn ,   r e s u l t s   in  yarn  winding  t e n s i o n  

i n c r e a s i n g   d u r i n g   package  b u i l d .   Avoidance   of  e x c e s s i v e   w i n d i n g  

t e n s i o n   in  t he   i n n e r   l a y e r s   of  ya rn   p e r h a p s   r e s u l t s   in  a  s o f t e r   c o r e  

c a p a b l e   of  e l a s t i c   compress ion   when  f u r t h e r   wound  with  o u t e r   l a y e r s  

of  ya rn   u n d e r   h i g h e r   t e n s i o n .   Avo idance   of  i n s u f f i c i e n t   w i n d i n g  

t e n s i o n   in  the  ou t e r   l a y e r s   of  yarn  and  a  s o f t e r   core  t o g e t h e r ,  

p e r h a p s   h e l p   p r e v e n t   the  j u s t - l a i d   ya rn   in  the  o u t e r m o s t   l a y e r   f r o m  

m i g r a t i n g   a l ong   the  l eng th   of  the   package   from  i t s   p o s i t i o n   a s  

o r i g i n a l l y   p r i n t e d   by  the  g rooved   r o l l .   Fu r the rmore ,   lower  h e l i x  

a n g l e s   r e s u l t   as  the  t r a v e r s e   speed  i s   d e c r e a s e d .   This   in  c o m b i n a t i o n  

with  t he   h i g h e r   t h r e a d l i n e   t e n s i o n s   may  have  two  f u r t h e r   p o s i t i v e  

e f f e c t s .   R idges   of  yarn  which  b u i l d   dur ing   p a t t e r n i n g   are   not  a s  

high  and  have  l e s s   of  a  t endency   to  s l i p   c r e a t i n g   fewer  wind  o f f  

f a u l t s .  

In  a d d i t i o n ,   i t   shou ld   be  no ted ,   in  at   l e a s t   some  of  t h e s e  

Examples,   a  g e n e r a l   system  l ayou t   was  used  as  shown  in  F i g u r e   2  f o r  

a  bank  of  80  Barmag  winders .   I t   w i l l   be  noted  t h a t   a  h o s t  

m i c r o c o m p u t e r   was  used  to  pe r fo rm  s u p e r v i s o r y   f u n c t i o n s   o v e r  

each  of  the   80  s a t e l l i t e   m i c r o c o m p u t e r s   in  a  c o n v e n t i o n a l   m a n n e r .  



EXAMPLE  2  (COMPARATIVE) 

Crosswound  packages   of  o c t o l o b a l   p o l y e s t e r   POY  were  made 

with  commerc i a l l y   a v a i l a b l e   Barmag  Winders  in  g e n e r a l   a c c o r d a n c e   w i t h  

Example  1,  but   w i t h o u t   us ing   the  m ic rocompu te r   programmed  t r a v e r s e  

speed  of  the  i n v e n t i o n .   In  p a r t i c u l a r ,   "modulated  c o n s t a n t   r amp"  

t r a v e r s e   speeds   were  s e l e c t e d   from  t hose   a v a i l a b l e   on  c o m m e r c i a l l y  

a v a i l a b l e   Barmag  equipment   p r i o r   to  the  i n t r o d u c t i o n   of  RFR  in  1982.  

Table  2  below  summarizes  the %  band ing   l e v e l s   o b t a i n e d   fo r   v a r i o u s  

yarns   under  v a r i o u s   winding  c o n d i t i o n s .   In  g e n e r a l ,   i t   a p p e a r e d   t h a t  

t hese   packages   t ended   to  be  more  s a d d l e - s h a p e d   than  t h o s e   o f  

Example  1 .  

C l e a r l y ,   t h e s e   Compara t ive   Examples  p r o v i d e d   h i g h l y  

u n s a t i s f a c t o r y   banding  l e v e l s   as  compared  with  c o r r e s p o n d i n g   v a r i a n t s  

of  Example  1  for   the  same  yarn  t y p e .  

EXAMPLE  3 

A f t e r   the  p romis ing   r e s u l t s   o b t a i n e d   in  Table  1  had  b e e n  

o b t a i n e d ,   e x p e r i m e n t s   were  pe r fo rmed   to  de t e rmine   whether   p r e - e x i s t i n g  

p l a n t   f a c i l i t i e s   could  be  used  as  an  i n t e r i m   s o l u t i o n   on  a  s o - c a l l e d  

"team  d o f f i n g "   system  which  system  would  r e q u i r e   only  a  s i n g l e  

mic rocompute r   c o n t r o l l e d   i n v e r t e r   for   a  bank  of  80  Barmag  W i n d e r s ,  



r a t h e r   than  a  s i n g l e   i n v e r t e r   for   each  w i n d e r .  

F i g u r e   4D  is   a  g r a p h i c a l   r e p r e s e n t a t i o n   of  the   m i c r o c o m p u t e r  

c o n t r o l l e d   o v e r f e e d   of  the  80  Barmag  winders   t h a t   were  used  i n  

t a n d e m .  

Dur ing   team  d o f f i n g ,   d o f f i n g   f u l l   packages   and  donning  empty 

t u b e s   on  a l l   80  winders   was  pe r fo rmed   dur ing   a  30   minute   p e r i o d   w i t h i n  

the   zone  D-D  of  F igu re   4D,  by  u s ing   more  o p e r a t o r s   than  would  n o r m a l l y  

be  r e q u i r e d   fo r   random  d o f f i n g .   As  a  r e s u l t ,   the  p rogramed  o v e r f e e d  

v a r i e d   from  package   to  package ,   depend ing   upon  the  p a r t i c u l a r   p o i n t  

of  d o f f i n g / d o n n i n g   w i t h i n   Zone  D - D . .  

From  Table  3  below  i t   w i l l   be  no ted   t h a t   t h i s   team  d o f f  

sys tem  r educed   the  banding  l eve l   to  a round   0.8%  (as  compared  to  a b o u t  

2.5%  f o r   C o m p a r a t i v e   Example  2 A ) .  

In  Examples  3A  and  3B  the  yarn   was  c o n v e n t i o n a l l y   a i r  

i n t e r l a c e d   between  the  f i n i s h   a p p l i c a t o r   and  the  w i n d e r .  

I t   w i l l ,   of  cou r se ,   be  a p p r e c i a t e d   t h a t   such  team  d o f f i n g  

sys t em  a p p e a r s   to  be  only  an  i n t e r i m   s o l u t i o n .   The  sys tem  does  n o t  

work  s a t i s f a c t o r i l y   under  c o n d i t i o n s   where  t h e r e   are   f r e q u e n t   b r e a k s  

in  the  s p i n n i n g   t h r e a d l i n e s   or  f r e q u e n t   m e l t - s p i n n i n g   pack  c h a n g e s .  

F u r t h e r ,   a  team  d o f f i n g   sys tem  is   i n c o m p a t i b l e   with  many  a u t o m a t e d  

d o f f i n g   s y s t e m s ,   i n c l u d i n g   those   in  which  a  s i n g l e   r obo t   i s   used  t o  

h a n d l e   s e q u e n t i a l l y   packages   from  a  whole  bank  of  80  w i n d e r s .  



1.  Improved  a p p a r a t u s   for   winding  f i l a m e n t a r y   yarn   onto  t u b e s  

(12)  to  form  crosswound  packages   (17)  of  f i l a m e n t a r y   yarn ,   the  w ind ing  

a p p a r a t u s   c o m p r i s i n g   means  (6)  fo r   r o t a t i n g   the  tube ,   yarn  s u p p l y  

means,  and  grooved  r o l l   means  (8)  fo r   t r a v e r s i n g   the  yarn  i n  

r e c i p r o c a t i n g   manner  as  the  yarn  i s   be ing  wound  onto  the   tube ,   t h e  

t r a v e r s i n g   means  a l s o   compr i s ing   a  s t a t i c   i n v e r t e r   (13)  f o r  

c o n t r o l l i n g   the  f r equency   of  the  t r a v e r s e   cyc le   du r ing   the  w i n d i n g  

o p e r a t i o n ,   c h a r a c t e r i s e d   in  t h a t   t h e r e   i s   p r o v i d e d   in  c o m b i n a t i o n  

t h e r e w i t h   a  programed  d i g i t a l   m i c r o c o m p u t e r   (11)  and  means  for   f e e d i n g  

an  e l e c t r i c a l   ou tpu t   s i g n a l   from  the  mic rocompute r   (11)  to  t h e  

i n v e r t e r   (13) ,   whereby  the  m i c r o c o m p u t e r   c o n t i n u o u s l y   c o n t r o l s   t h e  

f r equency   of  the  t r a v e r s e   t h r o u g h o u t   the  winding  of  the  p a c k a g e  

a c c o r d i n g   to  a  p r e d e t e r m i n e d   p r o g r a m .  

2.  The  a p p a r a t u s   of  c l a im  1  where in   the  means  for   f e e d i n g   a n  

e l e c t r i c a l   o u t p u t   s i g n a l   compr i s e s   a  d i g i t a l - t o - a n a l o g   c o n v e r t e r .  

3.  The  a p p a r a t u s   of  c l a im  2  where in   the  d i g i t a l - t o - a n a l o g  

c o n v e r t e r   c o m p r i s e s   means  for   c o n v e r t i n g   a  12  b i t   d i g i t a l   i n p u t   v a l u e  

i n t o   an  ana log   ou tpu t   v o l t a g e .  

4.  The  a p p a r a t u s   of  c la im  1  where in   the  m i c r o c o m p u t e r   c o m p r i s e s  

a  program  compr i s i ng   a  v a r i a b l e   ramp  f u n c t i o n :   at  l e a s t   one  v a r i a b l e  

time  de lay;   and  a  modula t ion   f u n c t i o n   with  v a r i a b l e   p a r a m e t e r s .  

5.  The  a p p a r a t u s   of  c l a im  4  where in   the  v a r i a b l e   r amp 
f u n c t i o n ' s   minimum  value  is   l e s s   t han   0 .94  of  the  v a r i a b l e   ramp 
f u n c t i o n ' s   maximum  v a l u e .  

6.  The  a p p a r a t u s   of  Claim  5  where in   the  v a r i a b l e   ramp 
f u n c t i o n ' s   minimum  value  is  l e s s   than   0.89  of  the  v a r i a b l e   r a m p s  
f u n c t i o n ' s   maximum  v a l u e .  

7.  The  a p p a r a t u s   of  Claim  5  where in   the  v a r i a b l e   ramp 
f u n c t i o n ' s   minimum  value  is  l e s s   than   0 .84   of  the  v a r i a b l e   ramp 
f u n c t i o n ' s   maximum  v a l u e .  

8.  An  improved  p r o c e s s   for   forming  packages   of  d i r e c t - s p u n  

yarn  by  s p i n n i n g   c o n t i n u o u s   f i l a m e n t s   and  c r o s s w i n d i n g   the  s p u n  

f i l a m e n t a r y   yarn  onto  tubes   at  speeds   in  excess   of  10 ,000  f t / m i n   (3048 

m/min)  by  t r a v e r s i n g   the  yarn  as  i t   i s   p u l l e d   onto  the   p r e - e x i s t i n g  



p o r t i o n   of  the   package ,   and  by  c o n t r o l l i n g   the   f r equency   of  t h e  

t r a v e r s e   cyc le   by  means  of  a  s t a t i c   i n v e r t e r ,   c h a r a c t e r i s e d   by  ( i )  

programing  a  d i g i t a l   mic rocompute r   sys tem  (11)  with  a  p r e d e t e r m i n e d  

program,  and  ( i i )   f e e d i n g   a  p r e d e t e r m i n e d   c o m p a t i b l e   e l e c t r i c a l   s i g n a l  

from  the  m i c r o c o m p u t e r   system  (11)  to   the   i n v e r t e r   ( 1 3 ) .  

9.  The  p r o c e s s   of  c la im  8  which  c o m p r i s e s   vary ing   the  f r e q u e n c y  

of  the  e l e c t r i c a l   s i g n a l   to  the  i n v e r t e r   in  a c c o r d a n c e   with  the  sum 

of  a  vary ing   ramp  f u n c t i o n   and  a  m o d u l a t i o n   f u n c t i o n .  

10.  The  p r o c e s s   of  c la im  9  which  c o m p r i s e s   f eed ing   a  v a r y i n g  

ramp  f u n c t i o n   which  e s s e n t i a l l y   d e c r e a s e s   du r ing   at  l e a s t   most  o f  

the  winding  of  the   package ,   by  an  amount  t h a t   i s   at  l e a s t   6  p e r c e n t  

of  the  value  of  the   ramp  f u n c t i o n   used  fo r   winding  the  i nne r   l a y e r s  

of  y a r n .  

11.  The  p r o c e s s   of  c la im  10  which  c o m p r i s e s   modula t ing   the  ramp 

f u n c t i o n   in  an  amount  of  1.3  p e r c e n t   at  a  f r e q u e n c y   wi th in   the  range   1 

to  20  s e c o n d s .  

12.  The  p r o c e s s   of  c la im  10  which  c o m p r i s e s   c o n t r o l l i n g   at   l e a s t  

20  t r a v e r s e   mechanisms  with  a  s i n g l e   common  i n v e r t e r ,   and  i n c r e a s i n g  

the  ramp  f u n c t i o n   du r ing   the  winding  of  the   o u t e r m o s t   p o r t i o n   of  t h e  

packages ,   and  team  d o f f i n g   the  f u l l   p a c k a g e s   dur ing   the  p e r i o d   o f  

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