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©  Yarn  partial  dyeing. 
©  An  apparatus  12  for  the  production  of  novel  v 
dyed  effects  including  space  dyed  effects  of 
comprises  at  least  one  spray  nozzle  20  connected  t< 
of  dye  liquor  22.  A  nozzle  20  is  also  connected  to  a 
compressed  air  switchable  by  means  of  solenoid 
38  to  provide  at  least  two  air  flow  rates  whereby  ti 
rate  of  application  of  dye  liquor  to  the  yarn.  A  r 
compartments  or  tanks  containing  dye  liquor  and  i 
nozzles  may  be  supplied  so  that  a  wide  variety 
effects  are  available. 

Fig.la. 

Croydon  Printing  Company  Ltd. 

A n   apparatus  12  for  the  production  of  novel  variegated 
dyed  effects  including  space  dyed  effects  of  yarns  10 
comprises  at  least  one  spray  nozzle  20  connected  to  a  source 
of  dye  liquor  22.  A  nozzle  20  is  also  connected  to  a  source  of 
compressed  air  switchable  by  means  of  solenoid  valves  36, 
38  to  provide  at  least  two  air  flow  rates  whereby  to  alter  the 
rate  of  application  of  dye  liquor  to  the  yarn.  A  number  of 
compartments  or  tanks  containing  dye  liquor  and  respective 
nozzles  may  be  supplied  so  that  a  wide  variety  of  dyeing 
effects  are  available.  ' 



This  i n v e n t i o n   r e l a t e s   to  a  method  and  appa ra tu s   for  p r o d u c i n g  

novel  v a r i e g a t e d   dyed  e f f e c t s   on  ya rns   i n c l u d i n g   space  d y e i n g  

e f f e c t s .  

S p a c e  d y e i n g  i s  t h e   name  given  to  the  dyeing  of  yarns  in  s u c c e s s i v e  

lengths   of  d i f f e r e n t  c o l o u r s   so  tha t   m u l t i c o l o u r e d   e f f e c t s   a r e  

ob ta ined   in  a  f a b r i c   woven  o r  k n i t t e d   from  the  yarns   so  dyed .  

There  are  many  methods  of  space  dyeing  but  t he se   d iv ide   into  two  

p r i n c i p a l   t e c h n i q u e s :   r o l l e r   p r i n t i n g   and  sp r ay ing .   F u r t h e r  

s u b d i v i s i o n   may  be  made  a c c o r d i n g   to  the   form  the  yarn  t a k e s  

during  the  dyeing  p r o c e s s ,   f o r   example  whether  it  passes   the  dye  

a p p l i c a t i o n   zone  as   con t inuous   p a r a l l e l  e n d s   of  yarn  or  is  i n  

hank  fo rm.  

The  i n v e n t i o n   concerns  the  space  dyeing  of  con t inuous   ends  of  y a r n  

by  a  spray ing   t e c h n i q u e .   Apparatus   for  space  dyeing  has  n o t  

h i t h e r t o   found  widespread   usage  s ince  f i r s t l y   it  is  g e n e r a l l y  

expensive   a n d  a n y  p a r t i c u l a r   type   of  appara tus   will   n o r m a l l y  

only  produce  a  l i m i t e d   number  of  nove l ty   ya rns .   The  t o t a l   s a l e  

of  such  yarns   is  not  l i k e l y   t o  b e   g r e a t ,   and  t h e s e   will   be 

d i c t a t e d   by  c o n s i d e r a t i o n s   o f  f a s h i o n ,   meaning  tha t   the  machine  may 
be  id le   for   long  pe r iods   of  t ime .   Fur thermore   most  t e c h n i q u e s   o f  

space  dyeing  produce  p e r i o d i c i t y   in  the  co lours   a p p l i e d ,   which  can 

lead  to  the   defect   of  ' p h a s i n g '   p a t t e r n s   when  k n i t t e d   or  woven 

into  a  f a b r i c .   This  is  p a r t i c u l a r l y   severe   with  s i n g l e   or  d o u b l e  

feeder   k n i t t i n g   machines  such  as  f u l l y   f ash ioned   f r a m e s .  

The  i n v e n t i o n   seeks  to  p rov ide   an  appara tus   for  the  space  dyeing  o f  

yarns  by  a  spray  t e c h n i q u e   which  is  r e l a t i v e l y   i n e x p e n s i v e ,   is  c a p -  
able  of  producing  a  wide  range  o f  n o v e l t y   e f f e c t s ,   and  reduces  o r  

overcomes  the   d e f e c t s   of  h i t h e r t o  a v a i l a b l e   m a c h i n e s .  



According  to  the  p r e s e n t   i n v e n t i o n   the re   is  p rovided   an  a p p a r a t u s  

for   the  space  dyeing  of  yarns  which  comprises   at  l e a s t   one  s p r a y  
nozz le   connec t ed   to  a  source  of  dye  l i q u o r ,   the  nozzle  b e i n g  
connec t ed   to  a  source  of  compressed  a i r   s w i t c h a b l e   to  provide   a t  

l e a s t   two  a i r   flow  r a t e s   whereby  to  a l t e r   the  ra te   of  a p p l i c a t i o n  

of  dye  l i q u o r   to  the  y a r n .  

P r e f e r a b l y ,   t he re   wi l l   be  more  than  one  spray  nozz le ,   and  e ach  

wi l l   be  a s s o c i a t e d   with  a  source  of  dye  l i q u o r   of  a  d i f f e r e n t  

c o l o u r .   Normally,   th ree   spray  nozz les   wil l   be  provided  s i n c e  

v i r t u a l l y   any  d e s i r e d   co lour   combina t ion   can  be  produced  by  t h r e e  

d i f f e r e n t   co loured   dye  l i q u o r s .  

At  l e a s t   one  of  the  spray  nozzles   should  be  s w i t c h a b l e   between  two 

d i f f e r e n t   a i r   flow  r a t e s ,   and  p r e f e r a b l y   a l l   are ,   but  only  some 

may  be  s w i t c h a b l e .   In  a d d i t i o n ,   some  or  all   of  the  nozzles   may 
a l so   be  s w i t c h a b l e   in to   an  ' o f f ' m o d e .   One  conven i en t   way  o f  

p r o v i d i n g   two  o r   more  a i r   flow  r a t e s   is  to  provide   compressed  a i r  

at  two  or  more  d i f f e r e n t   p r e s s u r e s .   Another  way  would  be  to  have 

a i r   at  c o n s t a n t   p r e s s u r e  a n d   two  or  more  nozzles   of  d i f f e r e n t   b o r e ,  

or  means  for   a l t e r i n g   the  bore  s i ze   of  a  s i n g l e   n o z z l e .  

I t   has  been  found  t h a t   the  use  of  a  r e l a t i v e l y   low  a i r   flow  f o r  

s p r a y i n g   the  dye  l i q u o r   from  the  spray  nozzles   r e s u l t s   in  a  -  

s p a t t e r i n g   e f f e c t   of  small  spots   of  dye  l i q u o r   being  d e p o s i t e d   on 

the  ya rn .   Use  of  a  r e l a t i v e l y   h igher   o i r   flow  c r e a t e s   a  more 

s o l i d   e f f e c t ,   approaching   a  s o l i d   shade.  Thus  by  s w i t c h i n g  

from  one  p r e s s u r e   to  ano ther   with  a  given  nozzle   d i f f e r e n t   e f f e c t s  

may  be  produced  and,  when  more  than  one  spray  is  used  with  more 

than  one  co loured   d y e s t u f f ,   such  e f f e c t s   may  be  a l t e r n a t e d   o r  

o v e r l a i d   as  -des i red   and  as  d e s c r i b e d   more  f u l l y   h e r e i n a f t e r .  

In  o rde r   to  overcome  the  problem  of  p e r i o d i c i t y ,   the  swi t ch ing   be tween  

d i f f e r e n t   modes  of   o p e r a t i o n   may  be  a c c o m p l i s h e d  i n   a  random  manne r ,  

for  example  with  the  use  of  a  random  e l e c t r o n i c   s ignal   g e n e r a t o r .  

A  p a r t i c u l a r l y   useful   random  g e n e r a t o r   is  the  'Mark /Space '   g e n e r a t o r  



desc r ibed   in  our  UK  Pa t en t   No.  1495748.  This  device  can  g e n e r a t e  

a  'Mark'  s ignal   and  a  'Space '   s ignal   a l t e r n a t e l y   each  of  a  random 

pe r iod ,   but  each  s e t t a b l e   with  l im i t ed   of  for  example  between  0 .1  

and  9.9  seconds.   Thus,  for   example  the  'Mark'  s igna l   could  be  s e t  

at  between  4  and  6  s econds ,   when  i t   will   produce  a  random  l e n g t h  

s ignal   between  those  l i m i t s ,   and  the   'Space '   s igna l   could  be  set  a t  

between  say  2  and  4  s econds ,   when  the  g e n e r a t o r   wil l   produce  a 

random  'Space'  s igna l   w i th in   these  l i m i t s .   For  f u r t h e r   d i s c u s s i o n  

of  the  c o n s t r u c t i o n   and  o p e r a t i o n   of  the  device  r e f e r e n c e   is  d i r e c t e d  

to  our  UK  Patent   No.  1495748.  The  random  M a r k / S p a c e - s i g n a l   may  be 

used  to  turn  one  or  more  nozz les   on  a n d  o f f ,   to  a l t e r n a t e   one  o r  

more  nozzles  between  the  high  and  l o w  p r e s s u r e   s e t t i n g s ,   t o  

a l t e r n a t e   between  s u c c e s s i v e   nozzles   o f  d i f f e r e n t   c o l o u r s ,   or  any 

combinat ions   of  these   s e t t i n g s .   T h u s ,  t h e   appa ra tu s   of  t h e  

i n v e n t i o n   is  capable   of  p r o d u c i n g  a   large  number  o f  

nove l ty   yarn  e f f e c t s .  

As  an  a l t e r n a t i v e   to  the  use  of  a  ded ica ted   Mark/Space  g e n e r a t o r  

un i t ,   i t   is  p o s s i b l e   to  employ  a  computer  to  gene ra t e   two  or  more 

random  s i g n a l s .   The  compute r   may  also  be  employed  to  con t ro l   t h e  

system  g e n e r a l l y   and  to  s t o r e  d a t a   r e l a t i n g   to  given  yarns  a n d / o r  

p a t t e r n   sequences .   In  o rder   to  conta in   expense  i t   has  been  found  

tha t   a  s ing le   board  d e d i c a t e d   m i c r o p r o c e s s o r ,   for   example  the  SB-1 

uni t   made  by  Kemitron  E l e c t r o n i c s   Ltd.  and  based  on  the  Z-80  8 - b i t  

p r o c e s s o r ,   may  be  employed  to  advantage .   With  th i s   un i t   i t   has  

been  found  p o s s i b l e   to  i n c r e a s e   the  number  of  r a n d o m l y - g e n e r a t e d  

s i g n a l s   within  pre-programmed  l imi t ed   from  2  to  12  (or  more  i f  

r e q u i r e d ) ,   and  provide  a  s e p a r a t e   set  of  random  s i g n a l s   for   e ach  

of  t h r e e   n o z z l e s .  

While  r e f e rence   has  been  made  to  ' space  d y e i n g ' ,   the   appa ra tu s   of 

the  i nven t ion   is  capable   of  producing  a  wider  v a r i e t y   of  v a r i e g a t e d  

e f f e c t s   than  is  normal ly   encompassed  by  t h i s   t e rm;   the   term  ' s p a c e  

dyeing'   as  used  here in   is  to   be  cons t rued   a c c o r d i n g l y .  



The  i n v e n t i o n   wi l l   b e  d e s c r i b e d   f u r t h e r ,   by  way  of  example,  w i t h  

r e f e r e n c e   to  the   accompanying  d rawings ,   in  wh ich :  

F igu re s   1  ( a )  t o   (c)  are  d i a g r a m m a t i c   views  of  an  appa ra tus   i n  

acco rdance   with  the   i n v e n t i o n ;  

F igure   2  i l l u s t r a t e s   a  c o n t r o l   program  flow  cha r t ;   and 

F i g u r e  3   is  a  t a b l e   of  e f f e c t s   a v a i l a b l e .  



R e f e r r i n g   to  the  drawings,   i t   can  be  seen  tha t   a  yarn  10  i s  

c o n t i n u o u s l y   passed  through  an  a p p a r a t u s   g e n e r a l l y   d e s i g n a t e d   12 

which  in  th i s   case  comprises  th ree   compartments  or  tanks  14,  16  and 
18  each  p rov ided   with  a  pa i r   of  r e s p e c t i v e   spray  nozzle  un i t s   20.  

Each  compartment  is  ma in ta ined   with  a  supply  of  d y e s t u f f   22  of  a 
de s i r ed   c o l o u r ,   the  level  of  which  is  ma in t a ined   by  means  of  a 

r e s p e c t i v e   r e s e r v o i r   24  which  feeds  the  compartment  through  a 
s u i t a b l e   pump  a r rangement   26,  and  a  l i q u o r  r e t u r n   weir  27 .  

Each  nozzle   un i t   20  comprises  an  a i r   j e t   21  and  atube  23  in  communi- 

ca t ion   with  the  d y e s t u f f   22  in  i t s   r e s p e c t i v e   compartment.   The 

d y e s t u f f   is  sprayed  towards  the  yarn  10  by  means  of  a  compressed  a i r  

supply  fed  by  r e s p e c t i v e   condu i t s   28,  30  from  p r e s su re   r e g u l a t o r s  

32 ,  34   and  through  so l eno id   valves   36,  38  to  the  j e t s   21.  The 

r e g u l a t o r   32  feeds  the  condu i t   28  with  a i r   to  f i r s t ,   h i g h e r ,  

p r e s s u r e   and  the  r e g u l a t o r   34  feeds  the  condui t   30  with  a i r   t o  

second,   lower,  p r e s su re   from  a common  compressed  a i r   s u p p l y .  

The  mechanical   ope ra t i on   of  the  device   in  f i gu re   1  is  as  f o l l o w s .  

The  yarn  10  ( i l l u s t r a t e d   as  a  s i n g l e   yarn  a l though  a  number  o f  

yarns  may  be  passed  s i m u l t a n e o u s l y   through  the  device)   is  drawn 

through  the  device  at  a  speed  t y p i c a l l y   in  the  order   of  400  m/min.  

Each  of  the  compartments  14,  16,  18  c a r r i e s   a  dye  of  a  d i f f e r e n t  

colour   and  each  of  the  sprays  20  sprays   the  yarn  10  with  i t s -  own 

d y e s t u f f   as  the  yarn  passes  thruugh  the  appara tus   in  a c c o r d a n c e  

with  the  programme  more  f u l l y   d e s c r i b e d   h e r e i n a f t e r .   The  d y e -  

s t u f f s   may  then  be  f ixed  on  the  yarn  by,  for  example,  s t e a m i n g ,  

for  example  for   a  time  of  21  minu tes ,   and  then,   i f   n e c e s s a r y ,   t h e  

yarn  may  be  d r i ed   before  or  a f t e r   winding  on  to  a  s u i t a b l e   p a c k a g e .  

The  dye  l i q u o r   in  each  o f   the  compartments   14,  16,  18  is  m a i n t a i n e d  

at  i t s   c o r r e c t  l e v e l   by  means  of  the  overf low  weir  27  which,  i n  

normal  o p e r a t i o n ,   drains   via  a  d r a i n / r e s e r v o i r  v a l v e   40  back  to  t h e  

r e s e r v o i r   24  through  a  f i l t e r   42  to  keep  the   dye  l i q u o r   c lean .   A 



low  level   d e t e c t o r   44  is  l o c a t e d   toward  the  bottom  of  the  r e s e r v o i r  

24  and  warns  the  o p e r a t i v e   when  dye  l i q u o r   is  becoming  d a n g e r o u s l y  

low  so  t h a t   i t   can  be  r e p l e n i s h e d .   The  r a te   of  pumping  of  t h e  

pump  26  should  be  g r e a t e r   than  the  maximum  d e l i v e r y   of  the  s p r a y  

un i t s   20  to  ensure   t h a t   the  level   w i t h i n   the  compartments  i s  

m a i n t a i n e d   c o n s t a n t .  

A  s e p a r a t e   d ra in   va lve   46  is  p rov ided   connec ted   to  a  waste  tube  48 

which  also  connects   to  the   d r a i n / r e s e r v o i r   valve  40.  When  it   i s  

d e s i r e d   to  d ra in   a  compartment ,   for   example  to   change - the   co lour   o f  

dye  l i q u o r ,   pump  26  is  swi tched   off  and  d ra in   valve  46  o p e n e d  t o  

dra in   the  l i q u o r   in  the   t ank   to   was te .   The  l i q u o r   supply  tube  25 

is  d i s c o n n e c t e d   from  t he   r e s e r v o i r   24  at  the   s topcock   27  and  r e -  

connected   to  a  water   s u p p l y . -   D r a i n / r e s e r v o i r   valve  40  is  s w i t c h e d  

to   waste  and  the   pump  t u r n e d   on  to  f i l l   the   tank  14  with  w a t e r .  

Drain  valve  46  is  c l o s e d .   The  sprays   20  o p e r a t e   to  clean  t h e  

s i de s   and  l id   of  t ank   14.  Drain  valve  46  is  t hen   opened  to  d r a i n  

the   waste  wa te r .   This  f l u s h i n g   p rocedure   may  be  r epea t ed   a  number 

of  t i m e s .   The  r e s e r v o i r  2 4   is  d i s c o n n e c t e d   and  removed  and  r e p l a c e d  

with  a  f u r t h e r   r e s e r v o i r   with  f r e s h   l i q u o r .  

The  whole  a p p a r a t u s   may  be  c o n t r o l l e d   by  a  d e d i c a t e d   s i n g l e   b o a r d  

computer  such  as  the  SB-1  u n i t   r e f e r r e d   to  above.  A  decimal  key 

pad  may  be  p rov ided   to  programme  yarn  data  i n to   the  computer  and  a 

d i s p l a y   on  a  v i sua l   d i s p l a y   un i t   or  a  dual  l ine   40  c h a r a c t e r   a l p h a  

numeric  dot  ma t r ix   LCD  may  also  be  p r o v i d e d .   Figure   2  i l l u s t r a t e s  

a  t y p i c a l   flow  c h a r t   of  the  con t ro l   programme  for   the  c o m p u t e r .  
Each  pa i r   of  sprays   20  in  the  compartments   14,  16,  18  can  be  t u r n e d  

of f ,   supp l i ed   with  high  p r e s s u r e   a i r   through  the  valve  36,  o r  

s u p p l i e d   with  low  p r e s s u r e   a i r   through  the  valve  38.  Since  t h e r e  

are  three   compartments  t h i s   gives  t w e n t y - s e v e n   d i f f e r e n t   s t a t e s ,  



for   each  of  the  p o s s i b l e   time  segments  and  t hese   are  i l l u s t r a t e d   i n  

t a b u l a r   form  in  f i gu re   3.  In  a d d i t i o n ,   the   computer  employed  may 

be  programmed  to  give  s i g n a l s   of  random  type  d u r a t i o n   w i th in   p r e -  

programmed  upper  and  lower  l i m i t s   to  any one  or  any  combina t ion   o f  

the  e f f e c t   codes  l i s t e d   in  f i g u r e   3.  Thus  the  nunber  of  p a t t e r n  

sequences   is  v i r t u a l l y   i n f i n i t e .   The  computer  has  i n b u i l t   memory 
which  may  be  extended  by  use  of  s u i t a b l e   hard  memory  p e r i p h e r a l s ,  

such  as  a  disc  d r ive ,   in  which  the  d e t a i l s   of  a  p a r t i c u l a r   yarn  and 

p a r t i c u l a r   p a t t e r n i n g   r ou t i ne   may  be  s t o r e d .   Thus,  to  repeat   a 

p a r t i c u l a r   p a t t e r n i n g   sequence  one  need  only  ca l l   up  the   r e l e v a n t  

memory  l o c a t i o n .  

The  use  of  high  and  l o w  a i r  f l o w   r a t e s   accord ing   to  the  r e g u l a t o r s  

32  and  34  enables   a  wide  v a r i e t y   of  e f f e c t s   to  be  o b t a i n e d .   The 

exac t   values   of  p r e s s u r e s   for   both  high  and  low  modes  is  e a s i l y  

de te rmined   e m p i r i c a l l y   and  would  depend  on  many  p r a c t i c a l   f a c t o r s  

such  as  the  nature   of  the  compressed  a i r   supply  a v a i l a b l e ,   bores  o f  

the  connec t ing   c o n d u i t s ,   v i s c o s i t y   of  the  dye  l i q u o r ,   bore  of  t h e  

spray  j e t s ,   and  so  f o r t h .   However,  a  low  p r e s s u r e   s e t t i n g   would 

g e n e r a l l y   produce  a  s p a t t e r i n g   from  the  j e t   which  r e s u l t s   in  a 

' s p o t t e d '   or  'mo t t l ed '   e f f e c t   on  the  yarn ,   w h e r e a s  a   h igher   p r e s s u r e  

s e t t i n g   would  normally  produce  a  more  s o l i d   shade.   N a t u r a l l y  

s e t t i n g s   wi th in   a  wide  range  of  values  can  be  employed,  and  i n d e e d ,  

i f   d e s i r e d   in  any  p a r t i c u l a r   case  the  ' h igh '   ' low'  s e t t i n g s   c o u l d  

be  i d e n t i c a l   or  even  r e v e r s e d .  

A  l a r g e r   or  smal ler   number  of  compartments  may  be  employed.  Three  
is  a  conven ien t   number  s ince  using  the  th ree   primary  co lours   of  dye 
l i q u o r   v i r t u a l l y   any  colour   combina t ion   d e s i r e d   may  be  p r o d u c e d .  

A  s u i t a b l e   dye  l i quor   for  the  dyeing  of  c h l o r i n e / H e r c o s s e t   t r e a t e d  

woo l  ya rns   c o n s i s t s  o f   a  r e a c t i v e   dye  and  a u x i l i a r i e s   accord ing   t o  
the  fo l lowing   r e c i p e s :  



The  d y e s t u f f   Procion  Blue  MX3G  may  of  course  be  r e p l a c e d   by  any 

s u i t a b l e   d y e s t u f f .   F u r t h e r m o r e ,  

any  form  of  t e x t i l e   yarn  may  be  employed  and  the  type  of  d y e s t u f f  

chosen  a c c o r d i n g l y .  



C o n s i d e r ,   for  example,  t h a t   a  yarn  is  des igned  in  which  t h r e e  

d i f f e r e n t   colours   are  r e q u i r e d   to  begin  at  the  same  poin t   on  t h e  

yarn .   If  al l   th ree   spray  un i t s   are  switched  on  t o g e t h e r   t h e  

appearance   of  the  yarn  wi l l   be  of  f i r s t   one  co lour   coming  in,   t h e n  

the  second  and  f i n a l l y   a  blend  of  all   t h r ee .   This  is  due  to  t h e  

s e p a r a t i o n   of  the  po in t s   of  a p p l i c a t i o n   of  the  th ree   c o l o u r s .   The 

l eng th   of  yarn  between  the  po in t   at  which  the  f i r s t   co lour   comes  i n  

and  the  po in t   at  which  the  t h i r d   appears  is  equal  to  d i s t a n c e   2D 

(see  Figure  lb) .   To  minimise   th i s   over lap  as  e f f e c t s   are  c h a n g e d ,  

the  tanks  may  be  p laced  as  c lose   t o g e t h e r   as  p o s s i b l e .  

However,  th is   over lap  problem  between  c o n s e c u t i v e   e f f e c t s   is  a v o i d e d  

by  sw i t ch ing   the  spray  un i t s   s e q u e n t i a l l y   with  a  time  s e p a r a t i o n  

equal  to  t  whe re :  

D  =  spray  uni t   s e p a r a t i o n  
V  =  yarn  v e l o c i t y  

This  wi l l   be  achieved  by  programming  the  yarn  speed  in to   t h e  

computer ,   which  will   then  ou tpu t   all   cont ro l   i n f o r m a t i o n   to  t h e  

spray  un i t s   with  the  r e q u i r e d   time  d i f f e r e n c e .   With  t h i s   m o d i f i -  

ca t ion   the  s e p a r a t i o n   between  the  tanks  is  not  i m p o r t a n t .   It  would  be 
b e t t e r   in  th is   case  for  the  tanks  to  be  a  g r e a t e r   d i s t a n c e   a p a r t  

(e .g .   10  cm  or  more)  f o r - e a s e   of  maintenance  and  c l e a n i n g .   The 

tanks  are  always  mounted  s e p a r a t e l y   to  avoid  c o n t a m i n a t i o n .   Excess  

dye  l i q u o r   c a r r i e d   out  of  a  tank  along  with  the  ya rn ,   through  t h e  

guide  ho les ,   wi.11  tend  to  be  thrown  c lea r   before   the  yarn  e n t e r s  

the  next  t a n k .  

EXAMPLES . 

Any  combinat ion  of  co lours   may  be  used   in  the  th ree   a p p l i c a t i o n  

tanks  and  one  or  two may  be  l e f t   empty  if  r e q u i r e d .   For  t h e  

fo l lowing   examples,  however,   we  wil l   cons ide r   only  one  case  where  

three   primary  colours  have  been  u s e d :  



Tank  1  ( 1 4 )  -   Red 

Tank  2  ( 1 6 )  -   Yel low 

Tank 3  ( 1 8 )  -   B lue  

The  f o l l o w i n g   n o t a t i o n   wil l   be  used  for   e f f e c t s :  

As  a  genera l   r u l e ,   spots  of  e f f e c t   are  bes t   produced  by  a  l i q u o r   w i t h  

a  h igher   v i s c o s i t y   than  one  used  for   r e l a t i v e l y   so l i d   co lour .   I f  

both  spots   and  s o l i d  c o l o u r   are  being  a p p l i e d   in  the  same  tank  ( d u r i n g  

d i f f e r e n t   time  segments)   then  the  p r e s s u r e   at  A2  wil l   be  h igher   t h a n  

tha t   at  A l .  

1)  F i r s t l y   we  wil l   examine  a  t y p i c a l   e f f e c t :  

The  valve  s e t t i n g s   for   th i s   e f f e c t   would  b e :  

2)  In  order   to  design  a  yarn  on  the  system,  a  yarn  de s igne r   i s  

l i k e l y   to  f i r s t   draw  out  the  r equ i r ed   e f f e c t ,   break  t h i s   down  i n t o  

the  c o n s t i t u e n t   components  and  f i n a l l y   t r a n s l a t e   these  into  t h e  

r e q u i r e d   e f f e c t  c o d e s .   For  i n s t a n c e ,   suppose  a  r e p e a t i n g   r a i nbow 

e f f e c t   is  d e s i r e d ,   t h i s   could  be  shown as  a  nine  segment  r e p e a t :  



which  becomes  

and  h e n c e  

Which  is  f i n a l l y   t r a n s l a t e d   in to   e f f e c t  c o d e s   (See  F igure   3)  as  f o l l o w s : -  

In  th i s   example,   s i m i l a r   time  l i m i t s   may  be  chosen  for  each  segment,   eg.  0 . 5  
to 1.0  s e c o n d s .  

3)  A  ' f l a s h '   e f f e c t   on  a  p redominan t   base  shade  might  b e :  

which  c o m p r i s e s : -  



Typica l   time  l i m i t s :   Segments  1 ,  3   and  5:  5  -  9 . 9   s e c s  
Segments  2,  4  and  6:  0.1  s e c s  

4)  The  base  shade  may  be  the  o r i g i n a l   yarn  shade,  in  which  case  no  d y e s t u f f  
is  a p p l i e d   along  these  s e c t i o n s .   For  i n s t a n c e   on  a  yarn  spun  from  top  dyed  t o  
a  pale  grey  we  may  r e q u i r e : -  

which  c o m p r i s e s  

t ak ing   the  maximum  twelve  s e g m e n t s : -  



5)  If  time  segments  longer   than  9.9  secs  are  r e q u i r e d ,   two  or  more  a d j a c e n t  
segments  may  have  the  same  e f f e c t .   For  example,  c o n s i d e r   a  two  co lour   e f f e c t  
with  very  long  l eng ths   of  base  and  shor t   f l a s h e s   of  c o n t r a s t   c o l o u r : -  

This  can be  produced  as  f o l l o w s : -  

So  we  have  a  5  segment  r e p e a t : -  

6)  The  system  can  also  be  used  for  p roduc ing   con t inuous   co lour   e f f e c t s .  
Tweed  e f f e c t s   c o n s i s t i n g   of  t iny   f l e c k s   of  co lour   are  p a r t i c u l a r l y   s u c c e s s f u l .  
F o r  i n s t a n c e ,   an  a l l - o v e r   mot t led   b r o w n : -  

Which  is  a  one-segment   e f f e c t :  

The  value  of  the  time  l imi t   s e t t i n g   does  not  mat te r   s ince   the  e f f e c t   r e p e a t s  
c o n t i n u o u s l y .  



Thus  the  appa ra tus   of  the  i n v e n t i o n   s p e c i a l l y   in  the  p r e f e r r e d   form 

embodying  computer  con t ro l   is  s imple  to  se t   up  and  use  and  p r o d u c t i o n  
is  l i k e l y   to  be  more  c o n s i s t e n t   with  few  o p p o r t u n i t i e s   for  e r r o r .  

Maximum  f l e x i b i l i t y   in  the  choice   of  p a t t e r n  s e q u e n c e s   is  a v a i l a b l e   t o  

the  d e s i g n e r   and  ye t   the  c a p i t a l   cost   of  the  appa ra tu s   can  be  main-  

- t a i n e d   at  a  r e l a t i v e l y   modest  l e v e l .  



1.  An  appa ra tu s   for  the  space  dyeing  of  yarns  which  c o m p r i s e s  

at  l e a s t   o n e  s p r a y   nozzle  connected  to  a  source  of  dye  l i q u o r ,   t h e  

nozzle  being  connec ted   to  a  source  of  compressed  a i r   s w i t c h a b l e   t o  

provide  at  l e a s t   two  a i r   flow  ra tes   whereby  to  a l t e r   the  ra te   o f  

a p p l i c a t i o n   of  dye  l i quo r   to  the  y a r n .  

2.  An  a p p a r a t u s  a s   claimed  inc la im  1  in  which  a  pa i r   of  s p r a y  
nozzles   is  d i r e c t e d   one  at  e i t h e r   side  of  the  yarn  pass ing   t h e r e b y .  

3.  An  appa ra tu s   as  claimed  in  e i t h e r   of  claims  1  or  2  in  wh ich  

there  are  th ree   se ts   of  spray  nozzles   each  connected  to  a  s e p a r a t e  

source  of  dye  l i q u o r   of  a  d i f f e r e n t   c o l o u r .  

4.  An  appa ra tu s   as  claimed  in  any one  of  claims  1  to  3  in  which  

the  or  each  nozzle  i s  c o n n e c t e d   by  r e s p e c t i v e   so l eno id   valves   to  two 

condui ts   fed  from  a  common  high  pressure  compressed   a i r   supply  v i a  

r e g u l a t o r s   such  t ha t   one  condui t   is  ma in t a ined   at  a  h igher   r e g u l a t e d  

air   p r e s su re   than  the  o t h e r .  

5.  An  appa ra tu s   as  claimed  in  any one  of  claims  1  to  4  in  which  

swi tch ing   between  d i f f e r e n t   modes  of  o p e r a t i o n   is  accompl ished  in  a 

random  manner  by  the  use  of  randomly  e l e c t r o n i c a l l y   g e n e r a t e d  

s i g n a l s .  

6.  An  appa ra tu s   as  claimed  in  claim  5  in   which- the   s i g n a l s   a r e  

genera ted   randomly  between  p r e s e t   upper  and   lower  t ime   l i m i t s .  

7.  An  appara tus   as  c l a i m e d  i n   e i t h e r   of  claims  5  or  6  in  w h i c h  

the  randomly  gene ra t ed   s i g n a l s   are  genera ted   by  a  ded i ca t ed   s i n g l e  

board  compu te r .  



8.  An  a p p a r a t u s  a s   c la imed  in  claim  7  in .which   the  compu te r  

a l so   c o n t r o l s   the  o p e r a t i n g   sequence  of  the  appa ra tu s   and  s t o r e s  

data  r e l a t i n g   to  p a t t e r n i n g   s e q u e n c e s .  

9.  An  a p p a r a t u s   as  c la imed  in  any one  of  claims  1  to  8  in  which 

t h e r e   is   more  than  one  set  of  sp ray   nozz les   e a c h  c o n n e c t e d   to  a 

r e s p e c t i v e   source  of  dye  l i q u o r   each  being  spaced  apart  to  p r e v e n t  

c o n t a m i n a t i o n   of  one  dye  l i q u o r   by  the  next  ad jacen t   dye  l i q u o r .  

10.  An  appa ra tu s   as  c la imed  in  claim  9  in  which  each  set  o f  

nozz les   is  o p e r a t e d   wi th   a  t ime  delay  r e l a t e d   to   t he   yarn  s p e e d  

and  s e p a r a t i o n   of  the  s e t s   of  nozz les   so  as  to   prevent   gaps  i n ,  

or  o v e r l a p p i n g   of,  the  l i q u o r s   app l i ed   to  the   y a r n .  

11.  An  a p p a r a t u s   as  c la imed  in  any one  of  claims  1  to  10  i n  

which  the   dye  l i q u o r   may  be  d i r e c t e d   to  d ra in   and  a  source  o f  

f l u s h i n g   water   s u p p l i e d   to  c lean   the  a p p a r a t u s .  
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