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©  Method  and  apparatus  for  patterning  substrates. 

  A  method  for  altering  the  surface  appearance  or texture 
of  a  textile  or  other  substrate  comprises  impinging  the 
surface  of the  substrate  (25)  with  a  high  velocity  fluid  jet (18) 
with  water  being  a  preferred  fluid.  The  substrate  is  placed 
against  a  support  (20),  and  a  fluid  stream  having  a  peak 
dynamic  pressure  in  excess  of  about  2068  kPa  (300  p.s.i.g) is 
directed  onto  the  fabric  surface.  Various  means  are  adopted 
to  interrupt  and  re-establish  contact  between  the  stream  and 
the  surface  in  accordance  with  pattern  information. 



This  i nven t ion   r e l a t e s   to  a  method  for  p a t t e r n i n g ,   o r  

o t h e r w i s e   a l t e r i n g   the  s u r f a c e  a p p e a r a n c e   or  t e x t u r e   o f ,  

woven,  k n i t t e d ,   or  bonded  t e x t i l e   f a b r i c s   by  d i r e c t i n g   one 

or  more  high  v e l o c i t y   f l u id   s treams  onto  the  f ab r i c   s u r f a c e ,  

and  to  the  products   produced  t h e r e b y .  

The  t e x t i l e   i n d u s t r y   is  c o n s t a n t l y   sea rch ing   f o r  

commerc ia l ly   p r a c t i c a l   methods  by  which  t e x t i l e   f a b r i c s ,  

e s p e c i a l l y   woven  or  k n i t t e d   f l a t   or  p i le   f a b r i c s   s u i t a b l e  

for  apparel   or  d e c o r a t i v e   use,  may  be  p a t t e r n e d ,   t e x t u r e d ,  

or  o t h e r w i s e   made  more  a t t r a c t i v e   with  g r e a t e r   economy  o r  

v e r s a t i l i t y   than  through  use  of  e x i s t i n g   methods,  or  methods 

by  which  such  f a b r i c s   may  be  p a t t e r n e d   or  t e x t u r e d   in  

unusual  and  a t t r a c t i v e   ways.  Of  p a r t i c u l a r   value  a r e  

methods  which  have  one  or  more  of  the  f o l l o w i n g  

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

1.  capable   of  gene ra t i ng   a  v a r i e t y   of  d i f f e r e n t   p a t t e r n  

or  t e x t u r e   e f f e c t s ,   depending  upon  p r o c e s s  

c o n d i t i o n s   and  the  nature   of  the  f ab r i c   b e i n g  

p a t t e r n e d ;  

2.  capable   of  gene ra t ing   d e c o r a t i v e   p a t t e r n   or  t e x t u r e  

e f f e c t s   on  a  v a r i e t y   of  d i f f e r e n t   s u b s t r a t e s ,   e . g . ,  

woven  f a b r i c s ,   kn i t t ed   f a b r i c s ,   f l a t   f a b r i c s ,   p i l e  

f a b r i c s ,   f locked  f a b r i c s ,   coated  f a b r i c s ,   e t c . ;  

3.  capable   of  s imula t ing   d e c o r a t i v e   weaving or   k n i t t i n g  

e f f e c t s   on  t e x t i l e   f a b r i c   in  web  form  a t . s p e e d s   i n  



excess  of  those  a s s o c i a t e d   with  commonly  e n c o u n t e r e d  

d e c o r a t i v e   weaving  or  k n i t t i n g   sys tems,   and  a t  

d r a m a t i c a l l y   lower  c o s t ;  

4.  capable   of  p a t t e r n i n g   or  t e x t u r i n g   t e x t i l e   f a b r i c   i n  

web  form  at  costs   e q u i v a l e n t   to  or  less  than  t h o s e  

a s s o c i a t e d   with  commonly  e n c o u n t e r e d   emboss ing 

s y s t e m s ;  

5.  capable   of  changing  from  one  p a t t e r n   or  t e x t u r e   t o  

a n o t h e r ,   comple te ly   d i f f e r e n t   p a t t e r n   or  t e x t u r e  

with  a  minimum  of  l o s t   p r o d u c t i o n   time  or  e x p e n s e ;  

6.  capable   of  p a t t e r n i n g   t e x t i l e   f a b r i c   u s i n g  

e l e c t r o n i c a l l y   gene ra t ed   or  s t o r ed   p a t t e r n   d a t a ,  

thereby   p e r m i t t i n g   f a b r i c   p a t t e r n i n g   d i r e c t l y   from 

d i g i t a l l y   encoded  p a t t e r n   d a t a ;  

7.  capable   of  p a t t e r n i n g   t e x t i l e   f a b r i c   with  a  p a t t e r n  

having  no  conven t iona l   l i m i t a t i o n s   on  p a t t e r n   r e p e a t  

l e n g t h .  

The  process   d i s c l o s e d   h e r e i n ,   which  embodies  or  makes 

pos s ib l e   all   of  the  above  c a p a b i l i t i e s ,   is  one  in  which  h i g h  

v e l o c i t y   s t reams  of  a  working  f l u i d ,   for  example,  water ,   may 

be  d i r e c t e d   onto  the  su r face   of  a  f a b r i c   which  is  compr i sed  

of  s u b s t a n t i a l l y   cont inuous   yarns  which  are  i n t e r l a c e d   in  a 

r epea t i ng   c o n f i g u r a t i o n   to  p h y s i c a l l y   modify  the  s u r f a c e  

appearance  or  t e x t u r e   t h e r e o f   in  a  p r e - d e t e r m i n e d   p a t t e r n .  

By  control   of  f l u i d   stream  s i z e ,   s t ream  v e l o c i t y ,   nature  o f  

t h e   f ab r i c   suppor t   s u r f a c e ,   e t c . ,   many  d i f f e r e n t   and 



unexpected  p a t t e r n i n g   e f f e c t s   may  be  ach ieved .   For  example ,  

t e x t u r a l   d i f f e r e n c e s   which  mimic  the  e f f e c t s   of  a 

J a c q u a r d - t y p e   weaving  process   may  be  ach ieved ,   but  with  much 

g r e a t e r   speed  and  at  much  lower  cost  than  is  a s s o c i a t e d   w i t h  

such  a  s p e c i a l i z e d   weaving  process .   E f f ec t s   s i m i l a r   to  t h e  

embossing  e f f e c t s   o b t a i n e d   with  var ious  embossing  rol l   o r  

hot  gas  embossing  systems  are  also  o b t a i n a b l e ,   but  w i t h o u t  

the  n e c e s s i t y   for  hea t ing   the  embossing  medium  and  the  c o s t s  

a s s o c i a t e d   t h e r e w i t h .   Other  e f f e c t s   will   become  e v i d e n t  

upon  a  reading  of  the  fo l lowing   d e s c r i p t i o n   and  i n s p e c t i o n  

of  the  accompanying  F igures .   It  should  be  noted  that   t h e  

use  of  var ious   unheated  gases  as  working  f l u i d s   is  a l s o  

c o n t e m p l a t e d .  

Fur thermore ,   the  process   d i s c lo sed   h e r e i n ,   when  used  i n  

con junc t ion   with  va r ious   f l u id   stream  man ipu l a t i on   means  and 

methods  d i s c l o s e d   h e r e i n ,   can  be  employed  to  p a t t e r n   f a b r i c s  

with  p a t t e r n s   which  are  e l e c t r o n i c a l l y   s to red   or  g e n e r a t e d .  

By  using  such  s t ream  man ipu la t ion   systems  in  a s s o c i a t i o n  

with  the  i n s t a n t   i n v e n t i o n ,   pa t t e rned   f a b r i c s   may  be 

genera ted   which  have  a r b i t r a r i l y   chosen  p a t t e r n   r e p e a t  

l eng ths ,   and  the  p a t t e r n s   placed  on  the  f a b r i c   may  be 

changed  wi thout   s i g n i f i c a n t   down  time  for  the  p a t t e r n i n g  

apparatus   and  wi thou t   the  n e c e s s i t y   of  having  an  i n v e n t o r y  

of  pa t t e rn   "mas te rs"   which  occupies  s i g n i f i c a n t   s t o r a g e  

s p a c e .  



Fur ther   f e a t u r e s   and  advantages  of  the  i nven t ion   will  be 

apparen t   from  a  review  of  the  fo l lowing   d e t a i l e d   d e s c r i p t i o n  

of  the  i n v e n t i o n   and  the  accompanying  F i g u r e s ,   in  wh ich :  

Figure  1  is  a  s chema t i c i zed   side  view  of  an  a p p a r a t u s  

for  p r a c t i c i n g   an  embodiment  of  the  i n s t a n t   i n v e n t i o n  

wherein  a  p r e - c u t   s ec t i on   of  f a b r i c   is  p a t t e r n e d   or  t e x t u r e d  

by  a  t r a v e r s i n g   l i qu id   j e t   under  so l eno id   or  pneumatic  v a l v e  

c o n t r o l ;  

Figure  2  is  a  side  view  of  one  embodiment  of  an  o r i f i c e  

assembly  for  a  s i n g l e   j e t ;  

Figure  3  is  a  s chema t i c i zed   side  view  of  an  a p p a r a t u s  

for  p r a c t i c i n g   an  embodiment  of  the  i n s t a n t   i n v e n t i o n  

wherein  a  con t inuous   web  of  f ab r i c   is  p a t t e r n e d   or  t e x t u r e d  

by  a  t r a v e r s i n g   l i q u i d   j e t   under  so l eno id   or  pneumatic  v a l v e  

c o n t r o l ;  

Figure  4  i s , a   s chema t i c i zed   plan  view  of  the  a p p a r a t u s  

of  Figure  3 ;  

Figure  5  is  a  s chema t i c i zed   side  view  of  an  a p p a r a t u s  

for  p r a c t i c i n g   an  embodiment  of  the  i n s t a n t   i n v e n t i o n  

wherein  m u l t i p l e   j e t s ,   under  i n d i v i d u a l   s o l e n o i d   o r  

pneumatic  c y l i n d e r   c o n t r o l ,   are  used  to  p a t t e r n   or  t e x t u r e   a 

web  of  f a b r i c ;  

Figure  6  is  a  diagrammatic  p e r s p e c t i v e   view  of  t h e  

appara tus   of  Figure  5 ;  

Figure  7  is  a  s ec t i on   view  of  an  o r i f i c e   a s sembly  

s u i t a b l e   for  use  in  the  appara tus   of  Figures   5  and  6 ;  



Figure  8  is  a  s c h e m a t i c i z e d   side  view  of  an  a p p a r a t u s  

for  p r a c t i c i n g   an  embodiment  of  the  i n s t a n t   i n v e n t i o n  

wherein  a  p r e -cu t   s e c t i o n   of  f ab r i c   is  p a t t e r n e d   or  t e x t u r e d  

by  a  t r a v e r s i n g   l i qu id   j e t   s i t u a t e d   oppos i te   a  s t e n c i l   which 

is  i n t e r p o s e d   between  the  j e t   and  the  f ab r i c   s u r f a c e ;  

Figure  9  is  a  s c h e m a t i c i z e d   side  view  of  an  a p p a r a t u s  

for  p r a c t i c i n g   an  embodiment  of  the  i n s t a n t   i n v e n t i o n  

wherein  an  array  of  l i qu id   j e t s   is  placed  ins ide   a  s t e n c i l  

in  the  form  of  a  c y l i n d e r ,   which  in  turn  is  brought   i n t o  

close  proximi ty   to  the  f a b r i c   s u r f a c e ;  

Figure  10  is  a  d iagrammatic   p e r s p e c t i v e   view  of  t h e  

appara tus   of  Figure  9 ;  

Figures  11  through  32  i l l u s t r a t e   var ious   a p p a r a t u s  

c o n f i g u r a t i o n s   which  may  be  used  to  p r a c t i c e   the  i n s t a n t  

i n v e n t i o n ;  

Figures  11  and  12  are  e l e v a t i o n   views,  in  s e c t i o n ,   of  an 

appara tus   which  may  be  used  to  p r a c t i c e   the  i n s t a n t  

i n v e n t i o n ,   wherein  a  f l e x i b l e   reed  58  is  urged  into  the  pa th  

of  a  f l u i d   j e t   by  the  ac t ion   of  p is ton  60;  

Figure  13  is  a  p a r t i a l   s ec t ion   view  of  the  appa ra tu s   o f  

Figure  11,  taken  along  l ines   X I I I - X I I I ;  

Figure  14  is  an  e l e v a t i o n   view,  in  p a r t i a l   s e c t i o n ,   o f  

an  appara tus   embodying  the  inven t ion   depic ted   in  Figures  11 

and  12,  wherein  g e n e r a l l y   opposed  pairs   of  m u l t i p l e   r e e d  

ar rays   are  employed  to  allow  c lo se ly   spaced  m u l t i p l e   l i q u i d  

s t r e a m s ;  



Figure  15  is  a  p e r s p e c t i v e   view  of  a  m u l t i p l e   reed  a r r a y  

as  may  be  used  in  the  appa ra tus   of  Figure  14; 

Figure  16  is  a  s ec t ion   view  of  the  appa ra tus   of  F i g u r e  

14,  s c h e m a t i c a l l y   i l l u s t r a t i n g   the  manner  in  which  a  r e e d  

may  be  urged  into  the  path  of  a  l i q u i d   stream  to  i n t e r r u p t  

the  s t r e a m ;  

Figure  17  is  a  s e c t i o n   view  taken  along  l ines   XVII-XVII 

of  Figure  14,  showing  the  s t a g g e r e d   p o s i t i o n i n g   of  t h e  

g e n e r a l l y   opposed  m u l t i p l e   reed  a r r a y s ;  

Figure  18  is  a  p e r s p e c t i v e   view,  in  p a r t i a l   s e c t i o n ,   o f  

an  appara tus   which  may  be  used  to  p r a c t i c e   the  i n s t a n t  

i n v e n t i o n ,   wherein  p a r a l l e l   grooves  in  the  face  of  a  f l a t  

block  are  used  to  form  the  s t r e a m s ,   while  g e n e r a l l y   opposed 

m u l t i p l e   reed  arrays   are  used  to  i n t e r r u p t   such  s t r e a m s ;  

Figure  19  is  a  s e c t i o n   view  of  the  appara tus   of  F i g u r e  

18  taken  along  l ines   IXX-IXX,  d e p i c t i n g   in  more  de t a i l   t h a t  

par t   of  the  appara tus   concerned  with  i n i t i a l   fo rmat ion   o f  

the  f l u id   s t r e a m ;  

Figures  20  and  21  are  e l e v a t i o n   views  of  an  a p p a r a t u s  

which  may  be  used  to  p r a c t i c e   the  i n s t a n t   i n v e n t i o n ,   w h e r e i n  

the  f l u i d   stream  is  formed  by  p r o j e c t i n g   f l u id   through  t h e  

bore  of  a  s t i f f   tube  which  is  made  to  ex tend,   in  c a n t i l e v e r  

f a s h i o n ,   from  the  f l u id   man i fo ld .   A  p i s ton   or  p lunger   i s  

used  to  d e f l e c t   the  f ree   end  of  the  c a n t i l e v e r e d   tube,   which 

al lows  the  stream  formed 



by  the  tube  to  be  d i r e c t e d   e i t h e r   onto  a  t a r g e t   work  p i e c e ,  

or  a g a i n s t   a  b a r r i e r ;   Figure  21  dep i c t s   th i s   b l o c k i n g  

a c t i o n ;  

Figure   22  is  an  e l e v a t i o n   view,  in  p a r t i a l   s e c t i o n ,  

d e p i c t i n g   an  appara tus   which  may  be  used  to  control   a 

p l u r a l i t y   of  f lu id   s t reams,   where  the  streams  are  formed  by 

pass ing   the  f l u id   through  the  bore  of  s t i f f ,   c a n t i l e v e r e d  

t u b e s ;  

F igures   23  and  24  are  s ec t ion   views  taken  along  l i n e s  

XXIII-XXIII  and  XXIV-XXIV,  r e s p e c t i v e l y ,   of  Figure  22;  

F igures   25  and  26  are  en la rged   s e c t i o n   views  taken  a l o n g  

l ines   XXV-XXV  of  Figure  24  which  s c h e m a t i c a l l y   dep ic t   t h e  

stream  fo rmat ion   and  stream  b locking  ac t ion   r e s u l t i n g   from 

the  c a n t i l e v e r e d   tube  c o n f i g u r a t i o n   dep ic t ed   in  F i g u r e s  

2 2 - 2 4 ;  

Figure  27  is  an  e l e v a t i o n   view,  in  p a r t i a l   s e c t i o n ,   o f  

an  embodiment  of  the  inven t ion   dep ic t ed   in  Figure  22,  

wherein  a  m u l t i p l e - t u b e   array  permits   a  g r e a t e r   l i n e a r  

d e n s i t y   of  streams  along  the  rol l   axis  21 ;  

Figure   28  is  a  sec t ion   view  taken  along  l i n e s  

XXVIII-XXVIII  of  Figure  27,  showing  the  o f f s e t   p o s i t i o n i n g  

of  tubes  136; 

Figure  29  is  a  p e r s p e c t i v e   view  of  an  appara tus   which 

may  be  used  to  p r a c t i c e   the  i n s t a n t   i n v e n t i o n ,   wherein  a 

t r a n s v e r s e   stream  of  a  control   f l u i d   is  used  to  i n t e r r u p t  

the  f l u i d   streams  formed  in  grooves  166;  



Figure  30  is  a  s e c t i o n   view  taken  along  l i ne s   XXX-XXX  o f  

Figure  29 ;  

Figure  31  is  an  en la rged   s e c t i o n   view  of  the  i n l e t   and 

d i s c h a r g e   c a v i t i e s   of  the  appa ra tus   of  Figure  30,  showing 

the  e f f e c t s   of  e n e r g i z i n g   the  con t ro l   s t r e a m ;  

Figures  32  is  a  s ec t i on   view  taken  along  l i n e s  

XXXII-XXXII  of  Figure  31;  

Figures   33  and  34  are  pho tomicrographs   (1 .9x)   of  t h e  

face  of  the  p a t t e r n e d   f a b r i c   of  Example  1,  using  r e f l e c t e d  

and  t r a n s m i t t e d   l i g h t ,   r e s p e c t i v e l y ;  

Figures  35  and  36  are  pho tomicrographs   (lOx)  of  the  f a c e  

of  the  f a b r i c   of  Example  1,  using  r e f l e c t e d   and  t r a n s m i t t e d  

l i g h t ,   r e s p e c t i v e l y ;  

Figures   37  is  photomicrograph  (1 .9x)   of  the  face  of  t h e  

p a t t e r n e d   f a b r i c   of  Example  2,  using  r e f l e c t e d   l i g h t ;  

Figure  38  is  a  scanning  e l e c t r o n   pho tomic rograph   (17x)  

of  the  face  of  the  f a b r i c   of  Example  2,  with  the  t r e a t e d  

po r t i on   on  the  l e f t ;  

Figures  39  and  40  are  pho tomicrographs   (1.9x  and  10x, 

r e s p e c t i v e l y )   of  the  face  of  the  p a t t e r n e d   f a b r i c   of  Example 

3,  using  r e f l e c t e d   l i g h t ;  

Figures  41  and  42  are  pho tomicrographs   (1.9x  and  lOx, 

r e s p e c t i v e l y )   of  the  back  of  the  f a b r i c   of  Example  3,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figure  43  and  44  are  photomicrographs   (lOx)  of  the  f a c e  

of  the  p a t t e r n e d   f ab r i c   of  Example  4,  using  r e f l e c t e d   and 



t r a n s m i t t e d   l i g h t ,   r e s p e c t i v e l y ,   with  the  t r e a t e d   p o r t i o n  

n e a r  t h e   t o p ;  

Figure  45  is  a  photomicrograph  (10x)  of  the  back  of   t h e  

f a b r i c   of  Example  4,  using  r e f l e c t e d   l i g h t ;  

Figure  46  is  a  photomicrograph  (10x)  of  the  face  of  t h e  

f ab r i c   of  Example  5,  using  r e f l e c t e d   l i g h t ;  

Figure  47  is  a  photomicrograph  (1.9x)  of  the  back  of  t h e  

f ab r i c   of  Example  5,  using  t r a n s m i t t e d   l i g h t ;  

Figures   48  and  49  are  pho tomic rographs   (1.9x  and  10x,  

r e s p e c t i v e l y )   of  the  face  of  the  f a b r i c   of  Example  6,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figure  50  is  a  photomicrograph  (10x)  of  the  face  of  t h e  

f ab r i c   of  Example  6,  using  t r a n s m i t t e d   l i g h t ;  

Figure  51  is  a  photomicrograph  (10x)  of  the  back  of  t h e  

f ab r i c   of  Example  6,  using  r e f l e c t e d   l i g h t ;  

Figure  52  is  a  photomicrograph  (1.9x)  of  the  face  of  t h e  

f ab r i c   of  Example  7,  using  t r a n s m i t t e d   l i g h t ;  

Figures   53  and  54  are  pho tomic rographs   (10x)  of  the  f a c e  

and  back,  r e s p e c t i v e l y ,   of  the  f a b r i c   of  Example  7,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figures  55  and  56  are  pho tomicrographs   (lOx)  of  the  f a c e  

and  back,  r e s p e c t i v e l y ,   of  the  f a b r i c   of  Example  8,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figure  57  is  a  photomicrograph  (1 .9x)   of  the  face  of  t h e  

f ab r i c   of  Example  9,  using  r e f l e c t e d   l i g h t ;  



Figure  58  is  a  photomicrograph   (10x)  of  the  back  of  t h e  

f a b r i c   of  Example  9,  using  r e f l e c t e d   l i g h t ;  

F igures   59  and  60  are  pho tomic rographs   (1 .9x)   of  t h e  

face  of  the  f ab r i c   of  Example  10,  using  r e f l e c t e d   and 

t r a n s m i t t e d   l i g h t ,   r e s p e c t i v e l y ;  

Figure  61  is  a  photomicrograph   (lOx)  of  the  back  of  t h e  

f a b r i c   of  Example  10,  using  r e f l e c t e d   l i g h t ;  

F igures   62  and  63  are  pho tomic rographs   (1.9x  and  10x,  

r e s p e c t i v e l y )   of  the  face  of  the  f a b r i c   of  Example  11,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figure  64  is  a  pho tomicrograph   (10x)  of  the  face  of  t h e  

f a b r i c   of  Example  11,  using  t r a n s m i t t e d   l i g h t ;  

Figure  65  is  a  photomicrograph   (10x)  of  the  back  of  t h e  

f a b r i c   of  Example  11,  using  r e f l e c t e d   l i g h t ;  

F igures   66  and  67  are  pho tomic rographs   (1.9x  and  10x,  

r e s p e c t i v e l y )   of  the  face  of  the  f a b r i c   of  Example  12,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figure  68  is  a  photomicrograph   (lOx)  of  the  face  of  t h e  

f a b r i c   of  Example  12,  using  t r a n s m i t t e d   l i g h t ;  

Figure   69  is  a  photomicrograph  (lOx)  of  the  back  of  t h e  

f a b r i c   of  Example  12,  using  r e f l e c t e d   l i g h t ;  

F igures   70  and  71  are  pho tomicrographs   (1.9x  and  lOx, 

r e s p e c t i v e l y )   of  the  face  of  the  f a b r i c   of  Example  13,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figure  72  is  a  photomicrograph  (lOx)  of  the  back  of  t h e  

f a b r i c   of  Example  13,  using  r e f l e c t e d   l i g h t ;  



Figure  73  is  a  photomicrograph   (1.9x)  of  the  face  of  t h e  

f a b r i c   of  Example  14,  using  r e f l e c t e d   l i g h t ;  

Figure   74  is  a  photomicrograph  (10x)  of  the  face  of  t h e  

f a b r i c   of  Example  14,  using  r e f l e c t e d   l i g h t ,   with  t h e  

t r e a t e d   por t ion   to  the  l e f t   and  a b o v e .  

Figure  75  is  a  photomicrograph   (10x)  of  the  back  of  t h e  

f a b r i c   of  Example  14,  using  r e f l e c t e d   l i g h t ,   with  the  h e a t e d  

p o r t i o n   near  the  upper  r i g h t ;  

Figure  76  is  a  scanning  e l e c t r o n   micrograph  (15x)  of  t h e  

back  of  the  fabr ic   of  Example  14,  with  the  t r e a t e d   p o r t i o n  

near  the  lower  r i g h t ;  

Figures   77  and  78  are  pho tomic rographs   (1.9x  and  lOx,  

r e s p e c t i v e l y )   of  the  face  of  the  f a b r i c   of  Example  15,  u s i n g  

r e f l e c t e d   l i g h t ,   with  the  t r e a t e d   po r t ion   to  the  r i g h t ;  

Figure  79  is  a  photomicrograph   (10x)  of  the  back  of  t h e  

f a b r i c   of  Example  15,  using  t r a n s m i t t e d   l i g h t ,   with  t h e  

t r e a t e d   por t ion   to  the  r i g h t ;  

Figure  80  is  a  photomicrograph  (10x)  of  the  back  of  t h e  

f a b r i c   of  Example  15,  using  r e f l e c t e d   l i g h t ,   with  t h e  

t r e a t e d   por t ion   to  the  r i g h t ;  

Figure  81  is  a  photomicrograph  (1.9x)  of  the  face  of  t h e  

f a b r i c   of  Example  16,  using  r e f l e c t e d   l i g h t ;  

Figures   82  and  83  are  pho tomicrographs   (lOx)  of  the  f a c e  

of  the  f ab r i c   of  Example  16,  using  r e f l e c t e d   and  t r a n s m i t t e d  

l i g h t ,   r e s p e c t i v e l y ;  



Figure  84  is  a  photomicrograph  (lOx)  of  the  back  of  t h e  

f a b r i c   of  Example  16,  using  r e f l e c t e d   l i g h t ;  

Figures   85  and  86  are  pho tomic rographs   (1.9x  and  lOx, 

r e s p e c t i v e l y )   of  the  face  of  the  f a b r i c   of  Example  17,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figure  87  is  a  photomicrograph  (10x)  of  the  back  of  t h e  

f ab r i c   of  Example  17,  using  r e f l e c t e d   l i g h t ;  

Figures  88  and  89  are  pho tomic rographs   (1.9x)  of  t h e  

face  of  the  f a b r i c   of  Example  18,  using  r e f l e c t e d   and 

t r a n s m i t t e d   l i g h t ,   r e s p e c t i v e l y ;  

Figures  90  and  91  are  pho tomic rographs   (10x)  of  the  f a c e  

and  back,  r e s p e c t i v e l y ,   of  the  f a b r i c   of  Example  18,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figures  92  and  93  are  pho tomic rographs   (1.9x  and  lOx, 

r e s p e c t i v e l y )   of  the  face  of  the  f a b r i c   of  Example  19,  u s i n g  

r e f l e c t e d   l i g h t ;  

Figure  94  is  a  photomicrograph  (1 .9x)   of  the  face  of  t h e  

f ab r i c   of  Example  19,  using  t r a n s m i t t e d   l i g h t .  

Figure  1  s c h e m a t i c a l l y   dep ic t s   an  a p p a r a t u s   which  may  be 

used  to  p r a c t i c e   one  embodiment  of  the  process   and  g e n e r a t e  

the  products   of  th i s   i n v e n t i o n .   For  purposes   of  d i s c u s s i o n  

he re inbe low,   water   will  be  assumed  as  the  f l u i d   of  c h o i c e ,  

a l though  o ther   f l u i d s   may  be  s u b s t i t u t e d   t h e r e f o r e .   Pump  8 

is  a  pump  capable   of  pumping  the  water   or  o ther   d e s i r e d  

working  f l u i d   at  the  des i red   ra te   and  p r e s s u r e .   If  a  s i n g l e  

l iqu id   s tream  is  used,  the  pump  should  be  capable   o f  



d e l i v e r i n g   a  s i n g l e   stream  having  a  minimum  c r o s s - s e c t i o n  

dimension  wi th in   the  range  of  about  0.003  inch  to  about  0 . 0 3  

inch,  at  dynamic  p r e s s u r e s   ranging  from  about  300  p . s . i . g .  

to  about  3000  p . s . i . g .   ( i . e . ,   water  stream  v e l o c i t i e s  

ranging  from  about  200  f . p . s .   to  about  667  f . p . s . ) ,   a l t h o u g h  

stream  s izes   and  stream  p r e s su re s   (or  v e l o c i t i e s )   o u t s i d e  

th is   range  may  prove  advantageous  under  c e r t a i n  

c i r c u m s t a n c e s .   Genera l ly   speaking ,   c i r c u l a r   streams  hav ing  

diameters   lying  wi th in   the  range  of  about  0.007  to  a b o u t  

0.03  inch  are  p r e f e r r e d .   Such  streams  have  a  d iameter   which 

is  g e n e r a l l y   less   than  twice  as  large  as  the  spacing  be tween 

ad jacen t   yarns  in  most  t e x t i l e   f a b r i c s .   Dynamic  p r e s s u r e s  

in  excess  of  about  1,000  p . s . i . g .   are  also  g e n e r a l l y  

p r e f e r r e d .   Use  of  s imul taneous   m u l t i p l e   s t reams ,   as  

desc r ibed   h e r e i n a f t e r ,   w i l l ,   of  course ,   r equ i r e   i n c r e a s e d  

pump  c a p a c i t y .   As  i n d i c a t e d   in  Figure  1,  pump  8  i s  

connected  to  a  source  2  of  the  des i red   working  f l u i d ,   e . g . ,  

water,   via  condui t   4  and  f i l t e r   assembly  6.  F i l t e r   a s s e m b l y  

6  is  in tended   to  remove  u n d e s i r a b l e   p a r t i c u l a t e   mat ter   f rom 

the  working  l i qu id   which  could  clog  the  var ious   o r i f i c e  

assembl ies   d i s cus sed   in  more  de ta i l   below.  O t h e r ,  

a d d i t i o n a l   f i l t e r s   may  be  used,  and  are  d i scussed   below.  

The  high  p r e s su re   output   of  pump  8  is  fed,  via  high  p r e s s u r e  

condui ts   10  and  10A,  to  high  v e l o c i t y   f l u id   o r i f i c e   a s sembly  

12.  O r i f i c e   assembly  12,  in  simple  form,  may  be  merely  a 

s u i t a b l e   t e r m i n a t i o n   of  condui t   10A  having  a  s ing le   o r i f i c e  



of  the  size  which  will   gene ra t e   a  f l u id   s t ream  of  t h e  

d e s i r e d   c r o s s - s e c t i o n a l   shape  and  area ,   and  which  w i l l  

o p e r a t e   sa fe ly   at  the  d e s i r e d   p r e s s u r e ,   as  d e p i c t e d   i n  

Figure  2.  Conduits  10  and  10A  may  be  any  s u i t a b l e   c o n d u i t  

capab le   of  s a fe ly   accommodating  the  d e s i r e d   f l u i d   p r e s s u r e s  

and  flow  r a t e s ,   and  having  s u f f i c i e n t   f l e x i b i l i t y   o r  

r i g i d i t y   to  permit  o r i f i c e   assembly  12  to  be  p o s i t i o n e d   as  

d e s i r e d   with  r e spec t   to  the  s u b s t r a t e   to  be  t r e a t e d .  

S i t u a t e d   in  c lose  p rox imi ty   to  o r i f i c e   assembly  12  i s  

ro l l   20,  over  which  the  t e x t i l e   f a b r i c   to  be  p a t t e r n e d   i s  

p l aced .   Genera l ly ,   ro l l   20  has  a  s o l i d ,   smooth,  i n f l e x i b l e  

s u r f a c e   ( e . g . ,   po l i shed   aluminum  or  s t a i n l e s s   s t e e l ) ;   a  r o l l  

having  a  s p e c i a l l y   t r e a t e d   or  formed  su r f ace   may  be  u s e f u l  

in  achieving   c e r t a i n   spec ia l   e f f e c t s   on  s e l e c t e d   s u b s t r a t e s .  

It  has  been  found,  for  example,  tha t   use  of  a  contoured   r o l l  

su r f ace   may  r e s u l t   in  p a t t e r n i n g   e f f e c t s   c o r r e s p o n d i n g   t o  

the  rol l   sur face   con tours   on  the  s u b s t r a t e .  

Assoc ia ted   with  ro l l   20  is  f ab r i c   25,  which  may  be  in  

the  form  of  a  f ab r i c   s e c t i o n   which  is  wrapped  t i g h t l y   a b o u t  

the  c i rcumference   of  ro l l   20  and  s ecu re ly   a t t a c h e d   at  b o t h  

ends ,   as  depic ted   in  Figure  1,  or  which  may  be  in  the  form 

of  a  con t inuous ly   moving  web  which  is  p o s i t i o n e d   a g a i n s t   a 

p o r t i o n   of  rol l   20,  d e p i c t e d   in  subsequent   F igures   at  26. 

In  order  to  gene ra t e   a  p a t t e r n   on  f a b r i c   25,  c o n t a c t  

between  the  f ab r i c   and  the  high  v e l o c i t y   stream  of  f l u i d  

emanating  from  o r i f i c e   assembly  12  must  be  e s t a b l i s h e d   and 



i n t e r r u p t e d   in  a  way  which  cor responds   to  the  d e s i r e d  

p a t t e r n .   Any  s u i t a b l e   means  for  p reven t ing   a  p r e - f o r m e d  

high  v e l o c i t y   stream  of  f l u i d   from  d i r e c t l y   impinging  upon 

the  f ab r i c   sur face   may  be  employed.  P r e f e r r e d   methods  a r e  

dep i c t ed   in  Figures  1  through  31,  and  are  d i s cus sed   in  more 

d e t a i l   f u r t h e r   be low.  

Looking  f i r s t   at  s tream  i n t e r r u p t i o n   or  con t ro l   methods 

shown  in  Figure  1,  Figure  1  shows  a  d iagrammat ic   side  view 

of  a  t e x t u r i n g   a n d ,  p a t t e r n i n g   system  in  which  an  o r i f i c e  

assembly  12,  which  produces  a  s ing le   high  v e l o c i t y   f l u id   j e t  

18,  is  a s s o c i a t e d   with  a  t r a v e r s i n g   t ab le   14.  Table  14 

permits   o r i f i c e   assembly  12  to  be  moved,  in  a  p r e c i s e l y  

c o n t r o l l e d   and  r ep roducab l e   manner,  p a r a l l e l   to  the  axis  o f  

ro l l   20,  around  which  is  a f f i x e d   a  s ec t ion   of  f a b r i c   25 ,  

perhaps  in  the  form  of  a  s l eeve   or  a  shor t   s e c t i o n   of  f a b r i c  

which  is  secure ly   f a s t e n e d   at  both  ends  about  t h e  

c i r cumfe rence   of  rol l   20.  O r i f i c e   assembly  12  may  be 

c o n s t r u c t e d   by  i n s t a l l i n g   a  high  p ressure   cap  13  having  a 

s i n g l e   o r i f i c e   of  the  proper   s ize  on  the  end  of  a  s u i t a b l e  

high  pressure   condui t   10A,  as  dep ic ted   in  Figure  2.  Of 

cou r se ,   more  e l a b o r a t e   o r i f i c e   assembl ies   may  be  used  as  

wel l ,   as  will  be  d i s cus sed   be low.  

Associa ted   with  condu i t s   10  and  10A  is  remotely   a c t u a t e d  

valve  f l u id   16,  which  valve  is  p r e f e r a b l y   i n s t a l l e d   in  c l o s e  

p rox imi ty   to  o r i f i c e   assembly  12  so  as  to  minimize  t h e  

length  of  conduit   10A  between  valve  16  and  o r i f i c e   assembly  



12.  Valve  16  may  be  a c t u a t e d   e l e c t r i c a l l y ,   p n e u m a t i c a l l y ,  

or  by  other   means.  In  one  embodiment,  valve  16  comprises   an 

e l e c t r i c a l   so leno id   valve  of  the  type  marketed  by  t h e  

Skinner  Valve  Company,  a  d i v i s i o n   of  Honeywell,  I n c . ,   o f  

Minneapo l i s ,   Minnesota ,   as  Model  V52H.  This  valve  i s  

i n s t a l l e d   upstream  of  o r i f i c e   assembly  12,  in  a  c o n v e n t i o n a l  

manner  such  as  to  con t ro l   the  flow  of  f l u i d   in  condu i t   10A. 

In  o p e r a t i o n ,   a  working  f l u i d ,   e . g . ,   wa te r ,   is  pumped  by 

pump  8  from  f lu id   source  2,  through  f i l t e r   means  6,  to  v a l v e  

16.  If  the  po r t ion   of  f a b r i c   25  d i r e c t l y   oppos i t e   o r i f i c e  

assembly  12  is  to  be  t r e a t e d ,   valve  16  is  made  to  o p e n ,  

e . g . ,   via  an  e l e c t r i c a l   or  pneumatic  command  s i g n a l ,   and 

high  p ressure   water  is  allowed  to  pass  via  condui t   10A  t o  

o r i f i c e   assembly  12,  where  a  t h i n ,   high  v e l o c i t y   j e t   18  o f  

water  is  formed  and  d i r e c t e d   onto  the  f ab r i c   25.  When  t h e  

des i r ed   p a t t e r n   r e q u i r e s   tha t   j e t   18  not  i m p a c t  t h e   f a b r i c  

25,  an  a p p r o p r i a t e   e l e c t r i c a l l y   or  p n e u m a t i c a l l y   t r a n s m i t t e d  

i n s t r u c t i o n   causes  valve  16  to  c l o s e .   P o s i t i o n i n g   t h e  

de s i r ed   areas  of  f a b r i c   su r f ace   under  the  j e t   18  is  a c h i e v e d  

by  proper  c o o r d i n a t i o n   of  r o t a t i o n   of  ro l l   20  and 

t r a n s l a t i o n   of  t r a v e r s i n g   t ab le   14,  which  p r e f e r a b l y   may  be 

accomplished  by  computer  c o n t r o l .  

Assuming  tha t   a p p r o p r i a t e   i n d i c a t i n g   means  are  used  t o  

s p e c i f y ,   via  a  d i g i t a l   s i g n a l ,   the  exact   r o t a t i o n a l   p o s i t i o n  

of  rol l   20  and  l a t e r a l   p o s i t i o n   of  t r a v e r s i n g   t ab le   14,  a 

computer  may  be  used  to  gene ra t e   on /o f f   i n s t r u c t i o n s   t o  



valve  16  in  accordance   with  pre-progrdmmed  p a t t e r n   data .   I t  

is  contemplated   t ha t   ro l l   20  may  be  made  to  r o t a t e  

c o n t i n u o u s l y   while  t r a v e r s i n g   t ab le   14  moves  r e l a t i v e l y  

s lowly ,   in  incrementa l   l i n e a r   s t eps ,   along  the  axis  of  t h e  

r o l l ,   or,  p r e f e r a b l y ,   rol l   20  may  be  made  to  move 

i n t e r m i t t e n t l y ,   while  t r a v e r s i n g   table   14  sweeps  across   t h e  

f a b r i c   face  for  each  incrementa l   r o t a t i o n a l   movement  of  r o l l  

20.  If  the  l a t t e r   t echn ique   is  employed,  f a b r i c   25  may  be 

i n   the  form  of  a  web  26  t r a v e l i n g   over  ro l l   21,  as  shown  in  

Figures   3  and  4,  which  b e t t e r   lends  i t s e l f   to  commercia l  

p roduc t ion   me thods .  

It  should  be  unders tood   t h a t ,   if  d e s i r e d ,   an  o r i f i c e  

assembly  which  can  gene ra t e   a  mu l t i p l e   j e t   a r ray   may  be 

s u b s t i t u t e d   for  the  s i n g l e   j e t   o r i f i c e   assembly  12.  In  most  

commercial  a p p l i c a t i o n s ,   th i s   will  comprise  a  p r e f e r r e d  

embodiment,  p a r t i c u l a r l y   if  computer  con t ro l   is  a v a i l a b l e   t o  

cont ro l   the  a c t u a t i o n   of  the  mu l t i p l e   valves  neces sa ry   i n  

such  system,  and  will  be  de sc r ibed   below.  

As  depic ted   in  Figures  5  through  7,  a  m u l t i p l e   j e t   a r r a y  

o r i f i c e   assembly  32  is  s i t u a t e d   in  close  p rox imi ty   to  t h e  

su r f ace   of  f ab r i c   web  26,  as  web  26  passes  over  ro l l   21.  

Array  assembly  32.may  be  s u f f i c i e n t l y   wide  to  e x t e n d  

e n t i r e l y   across  web  26,  or  may  comprise  a  f r a c t i o n   of  t h e  

width  of  web  26.  In  the  l a t t e r   case,   a  t r a v e r s i n g   t ab le   o r  

o ther   means  may  be  used,  as  d i scussed   above,  to  o b t a i n  

f u l l - w i d t h   coverage.   Assoc ia ted   with  each  o r i f i c e   in  a r r a y  



as -emLly  32,  and  s i t u a t e d   in  the  Lor responding   c o n d u i t   10A, 

is  a  s e p a r a t e   remotely  a c t u a t a b l e   va lve ,   d e s i g n a t e d   at  16A, 

which  serves   to  i n t e r r u p t   or  con t ro l   the  stream  of  h i g h  

v e l o c i t y   f l u i d   emanating  from  i t s   r e s p e c t i v e   o r i f i c e   i n  

a r r ay   assembly  32.  As  b e f o r e ,   these   valves  can  be  of  any 

s u i t a b l e   kind,  e . g . ,   e l e c t r i c a l ,   pneumat ic ,   e t c . ,   and  may  be 

i n s t a l l e d   in  any  s a t i s f a c t o r y   c o n v e n t i o n a l   manner  which  w i l l  

al low  safe   and  p o s i t i v e   con t ro l   of  the  p r e s s u r i z e d   f l u i d .  

I n s e r t e d   between  pump  8  and  the  a r ray   of  valves  16A  is  a 

h y d r a u l i c   accummulator  or  b a l l a s t   tank  30.  By  using  such  

tank  30,  pump  8  may  be  s p e c i f i e d   at  a  somewhat  s m a l l e r  

c a p a c i t y   than  would  o the rwi se   be  the  case.   Peak,  s ho r t   t e rm  

demands  for  high  p ressure   l i q u i d ,   as  when  all  j e t s   a r e  

f i r i n g   for  a  given  shor t   per iod   of  t ime,  may  be  met  by  t h e  

c a p a c i t y   s to red   or  accummulated  in  tank  30.  Figure   7 

d e p i c t s   a  s ec t i on   view  of  a r ray   assembly  32,  t a k e n  

p e r p e n d i c u l a r   to  the  su r f ace   of  ro l l   21  and  b i s e c t i n g   t h e  

o r i f i c e s   in  assembly  32.  O r i f i c e   block  34  is  d r i l l e d   and 

f i t t e d   with  tubes  35  which  extend  beyond  block  34  and  which 

are  s e c u r e l y   connected  with  r e s p e c t i v e   supply  c o n d u i t s   10A. 

O r i f i c e   p l a t e   33  is  d r i l l e d   with  converging  passages   36 

which  form  c o l l e c t i v e l y   an  a r ray   of  j e t s .  

In  ano ther   embodiment  of  t h i s   i n v e n t i o n ,   d e p i c t e d   i n  

Figure  8,  a  s t e n c i l   is  i n t e r p o s e d   between  a  s i n g l e   j e t   or  an 

dr ray   of  j e t s   and  the  f ab r i c   25  to  i n t e r r u p t   the  l i q u i d  

s t ream,   in  p l a c e  o f   the  valves   d i s c l o s e d   above.  In  the  form 



shown  in  Figure  8,  a  s l e e v e - t y p e   s t e n c i l   40,  comprised  o f  

s t a i n l e s s   s t e e l ,   s u i t a b l e   p l a s t i c ,   or  other   s u i t a b l e  

m a t e r i a l   which  serves  to  mask  a reas   of  the  f abr ic   which  a r e  

not  to  be  t r e a t e d ,   is  placed  in  f ixed  r e l a t i o n s h i p   over  t h e  

f a b r i c   segment  25  which  is  a t t a c h e d   to  roll   20.  If  d e s i r e d ,  

a  t r a v e r s i n g   means  14  may  be  used  to  move  the  high  v e l o c i t y  

f l u i d   j e t   or  j e t s   formed  at  assembly  12  or  32  across   t h e  

face  of  the  s t enc i l   40  as  the  s t e n c i l   and  f ab r i c   are  r o t a t e d  

t o g e t h e r   on  rol l   20.  If  a  s u f f i c i e n t l y   wide  m u l t i p l e   j e t  

a r ray   is  used,  t r a v e r s i n g   means  14  is  unnecessa ry .   The 

f l u i d   s t reams  d i r e c t l y   c o n t a c t   the  f ab r i c   only  where  

p e r m i t t e d   by  ape r tu res   in  the  s t e n c i l   40 .  

In  an  a l t e r n a t i v e ,   and  p r e f e r r e d   s t e n c i l   embodiment,  t h e  

s t e n c i l   is  conf igured   to  al low  the  f ab r i c   to  be  p a t t e r n e d   t o  

be  in  the  form  of  a  moving  web.  Figures  9  and  10  show  a 

c o n f i g u r a t i o n   whereby  a  c y l i n d r i c a l   s t e n c i l   40A  is  a r r a n g e d  

to  accommodate  a  mu l t ip l e   j e t   a r ray   o r i f i c e   assembly  such  as  

shown  at  32  within  the  s t e n c i l   40A.  In  this   c o n f i g u r a t i o n ,  

o r i f i c e   assembly  32  p r e f e r a b l y   comprises   an  array  of  j e t s  

which  extends  across  the  e n t i r e   width  of  s t e n c i l   40A,  which 

in  turn  extends  across  the  e n t i r e   width  of  f ab r i c   web  26.  

O r i f i c e   assembly  32  is  p r e f e r a b l y   loca ted   in  close  p r o x i m i t y  

to  the  ins ide   surface   of  c y l i n d r i c a l   s t e n c i l   40A;  the  o u t e r  

s u r f a c e   of  s t enc i l   40A  is  p r e f e r a b l y   loca ted   in  c l o s e  

p rox imi ty   to,  and  perhaps  in  d i r e c t   con tac t   with,   t h e  

su r f ace   of  f abr ic   web  26.  Means,  not  shown,  are  provided  t o  



achieve   smooth  r o t a t i o n   of  s t e n c i l   40A  in  synchronism  w i t h  

the  movement  of  f ab r i c   web  26.  This  may  be  a ch i eved ,   f o r  

example,   by  an  a p p r o p r i a t e   gear  t r a i n   o p e r a t i n g   on  a  r i n g  

gear  which  is  a s s o c i a t e d   with  one  or  both  ends  o f  

c y l i n d r i c a l   s t e n c i l   40A. 

It  is  also  con templa ted   t h a t   a  s i ng l e   or  m u l t i p l e   j e t  

a r ray   may  be  used  which  is  made  to  t r a v e r s e   w i t h i n  

c y l i n d r i c a l   s t e n c i l   40A  so  t h a t   the  e n t i r e   width  of  f a b r i c  

web  26  may  be  t r e a t e d .   Use  of  such  t r a v e r s i n g   j e t   or  j e t  

a r ray   would  p r e f e r a b l y   r e q u i r e   incrementa l   movement  o f  

f a b r i c   web  26,  as  d i s cus sed   above.  By  inducing  s m a l l ,  

r e c i p r i c a t i n g   l a t e r a l   motions  to  the  j e t   or  j e t s   ( " i . e . ,  

s h o g g i n g " ) ,   more  complete  or  even  area  coverage  on  t h e  

f a b r i c   may  be  achieved  for  a  given  j e t   s i z e .  

Other  methods  for  s e l e c t i v e l y   i n t e r r u p t i n g   or  o t h e r w i s e  

c o n t r o l l i n g   the  impact  of  one  or  more  streams  of  h i g h  

v e l o c i t y   l i qu id   on  the  f a b r i c   su r f ace   in  response  to  p a t t e r n  

i n fo rma t ion   are  desc r ibed   h e r e i n b e l o w .  

Figures  11  through  13  d e p i c t   var ious   views  of  an 

appa ra tu s   which  may  be  used  to  i n t e r r u p t   a  t h in ,   h i g h  

v e l o c i t y   stream  of  f l u i d ,   e . g . ,   water ,   in  accordance  w i t h  

e l e c t r i c a l l y   coded  command  i n f o r m a t i o n .   Conduit  10A 

s u p p l i e s ,   via  a  s u i t a b l e   t h r eaded   connec to r ,   the  water  o r  

o ther   l i qu id   at  the  d e s i r e d   p r e s su re   and  flow  ra te   t o  

g e n e r a l l y   "U"-shaped  o r i f i c e   block  50.  Within  block  50  i s  

th readed   input  cav i ty   52,  at  the  end  of  which  is  d r i l l e d  



bore  54  which  connects   cav i ty   52  with  the  oppos i t e   face  o f  

block  50.  Bore  54  is  dimensioned  and  shaped  in  a c c o r d a n c e  

with  the  des i r ed   stream  cross  s e c t i o n   of  the  f l u id   to  be 

c o n t r o l l e d .   Assoc ia t ed   with  o r i f i c e   block  52  is  s p r i n g - l i k e  

reed  assembly  58,  comprised  of  a  t h i n ,   f l a t   s ec t ion   o f  

f l e x i b l e   ma te r i a l   such  as  metal  shim  s tock ,   as  dep ic ted   i n  

Figure  13,  secured  at  each  end  of  the  base  por t ion   o f  

assembly  58  by  bol ts   56,  only  one  of  which  is  s h o w n . . R e e d  

assembly  58  has  a  f l a t ,   proximal  p o r t i o n   a t t ached   s e c u r e l y  

to  the  ins ide   face  of  block  52  which  c a r r i e s   bore  54,  and  an 

a p e r t u r e   59  through  which  the  f l u i d   j e t   from  bore  54  may 

pass  wi thou t   o b s t r u c t i o n .  R e e d   assembly  58  also  has  a  f l a t ,  

c a n t i l e v e r e d   po r t ion   which  extends  d i r e c t l y   over  and 

p a r a l l e l   to,   and  is  a l igned  with,   the  path  of  the  l i q u i d  

s tream  formed  by  bore  54.  Reed  assembly  58  is  p o s i t i o n e d  

wi th in   o r i f i c e   block  50  so  as  to  permit   the  free  or  d i s t a l  

end  of  the  c a n t i l e v e r e d   por t ion   of  reed  assembly  58  to  be 

urged  into  the  path  of  the  high  v e l o c i t y   l i qu id   s t r e a m  

emerging  from  bore  54,  as  by  the  ac t ion   of  plunger  60.  When 

a  l i q u i d   j e t   of  r e l a t i v e l y   high  v e l o c i t y   s t r i k e s   t h e  

p r o t r u d i n g   free  end  por t ion   of  reed  assembly  58,  the  j e t  

does  not  appear  to  be  d e f l e c t e d   or  d i v e r t e d   as  a  c o h e r e n t  

s t ream,   but  ins tead   appears  to  be  comple te ly   d i s r u p t e d   -   a 

dense  mist  is  produced,   and  l i t t l e   semblance  of  a  column  o f  

l i q u i d   remains.   When  plunger  60  is  withdrawn  the  impact  o f  

the  l i q u i d   on  the  free  end  of  reed  assembly  58  serves  t o  



r e s t o r e   i t   to  i ts   o r i g i n a l   p o s i t i o n   above  the  path  of  t h e  

l i q u i d   j e t ,   with  an  extremely  f a s t   response   time.  P l u n g e r  

60  may  be  a c t u a t e d   by  an  e l e c t r i c a l l y   c o n t r o l l e d   so l eno id   62 

of  the  type  used  in  impact  p r i n t e r s ,   which  may  be  a c t u a t e d  

in  accordance   with  e l e c t r i c a l l y   s u p p l i e d   p a t t e r n  

i n f o r m a t i o n .   0f  course ,   a  pneumatic  valve  and  a i r   c y l i n d e r ,  

a s s o c i a t e d   with  a  means  for  c o n t r o l l i n g   a i r   p r e s su re   i n  

response   to  p a t t e r n   i n f o r m a t i o n ,   may  be  s u b s t i t u t e d   for  t h e  

s o l e n o i d .   Set  screw  63  is  used  to  f i rmly   p o s i t i o n   s o l e n o i d  

62  w i th in   o r i f i c e   block  50.  

D i r e c t l y   oppos i t e   bore  54  is  a p e r t u r e   p l a t e   64,  t h r o u g h  

which  is  d r i l l e d   a  hole  65  s l i g h t l y   l a r g e r   than  the  c r o s s  

s e c t i o n a l   dimensions  of  the  l i q u i d   j e t   at  t ha t   point   in  t h e  

j e t ' s   t r a j e c t o r y .   Aperture  p la te   64,  secured   to  o r i f i c e  

block  50  by  means  of  bolts   55,  serves   to  form  a  c o n t a i n m e n t  

b a r r i e r   for  the  remnants  of  the  j e t   r e s u l t i n g   from  t h e  

i n t r u s i o n   of  the  free  end  of  reed  assembly  58  into  the  p a t h  

of  the  j e t .   When  l iqu ids   are  used,  dra in   channels   or  o t h e r  

means  to  ca r ry   off  the  j e t   l i q u i d ,   not  shown,  may  be 

provided  by  any  convenient   means .  

F igures   14  through  17  dep ic t   severa l   embodiments  of  t h i s  

a p p a r a t u s   wherein  mul t ip l e   j e t s   may  be  formed  and  c o n t r o l l e d  

by  use  of  a  p l u n g e r - a c t i v a t e d   reed  which  is  urged  into  t h e  

j e t   pa th .   In  the  embodiment  shown  in  Figures   14  through  17,  

two  s e p a r a t e   a r rays   of  reeds  81,  82  s i m i l a r   to  t h a t   d e p i c t e d  

in  Figure  15  are  mounted  in  g e n e r a l l y   opposed  r e l a t i o n   i n  



cont ro l   blocks  79,  80,  forward  of  and  on  e i t h e r   side  of  a 

l i n e a r   a r ray   of  s t r e a m - f o r m i n g . b o r e s   or  o r i f i c e s   75  which 

are  d r i l l e d   or  o therwise   formed  in  o r i f i c e   block  74.  The 

f l a t ,   c a n t i l e v e r e d   por t ions   of  reed  a r r ays   81,  82  a r e  

a l igned   with  the  r e s p e c t i v e   s treams  formed  by  bores  75. 

O r i f i c e   block  74  is  a t t ached   by  c o n v e n t i o n a l   means,  f o r  

example,  by  bo l t s   73,  to  l i qu id   d i s t r i b u t i o n   manifold  70 

which  in  turn   is  connected ,   via  t h readed   i n l e t   72  and  f i l t e r  

assembly  71,  to  a  high  p ressure   source  of  the  d e s i r e d  

working  f l u i d ,   not  shown.  Upper  and  lower  b a r r i e r   p l a t e s  

88,  89  are  mounted  in  f ron t   of  reed  a r rays   81,  8 2 ;  a  

s l u t - l i k e   c u t - o u t   in  p la tes   88,  89,  shown  in  Figure  17,  

permits   the  l i qu id   j e t s   to  s t r i k e   f a b r i c   25,  rol l   21,  o r  

other   t a r g e t ,   whenever  the  i n d i v i d u a l   reeds  in  arrays   81,  82 

are  not  engaging  the  r e s p e c t i v e   j e t s   formed  by  bores  75.  As 

depic ted   in  Figure  16,  ex tens ion   of  p lunger   84  c ause s  

r e s p e c t i v e   reed  81  to  in t rude   into  the  path  of  the  l i q u i d  

j e t   i s su ing   from  r e s p e c t i v e   bore  75,  the reby   d i s r u p t i n g   t h e  

j e t   and  causing  whatever  remains  of  the  j e t   to  s t r i k e  

b a r r i e r   p l a t e   89. 

As  dep i c t ed   in  Figure  17,  which  is  a  s ec t ion   view  t a k e n  

along  l ines   XVII-XVII  of  Figure  15,  reed  a r rays   81,  82,  as  

well  as  the  i n d i v i d u a l l y   command-actuated  plungers   84  which 

are  i n d i v i d u a l l y   a s s o c i a t e d   and  a l igned   with  each  reed  i n  

a r rays   81,  82,  are  pos i t i oned   in  s t a g g e r e d   or  a l t e r n a t i n g  

r e l a t i o n s h i p   on  e i t h e r   side  of  the  a r ray   of  o r i f i c e s   75. 



Such  arrangement   al lows  for  the  i n t e r l e a v i n g   of  i n d i v i d u a l  

reeds  in  a r rays   81,  82  from  oppos i t e   s ides   of  control   b l o c k s  

79,  80  where  two  or  more  ad jacen t   j e t s   are  to  be  n u l l i f i e d .  

Plungers  84  may  be  a c t i v a t e d   in  a  c o n v e n t i o n a l   manner  by 

e l e c t r o m a g n e t i c   means,  pneumatic  means,  e t c . ,   such  as  t h e  

so leno id   d i s c l o s e d   above  and  shown  at  86;  p r e f e r a b l y ,  

plungers   84  are  r e s p o n s i v e   to  d i g i t a l l y   encoded  d a t a  

suppl ied   by  an  EPROM  or  s i m i l a r   s o u r c e .  

Figures  18  and  19  dep ic t   a  v a r i a t i o n   of  the  a p p a r a t u s  

shown  in  Figures  14,  16,  and  17  which  r e l a t e s   p r i m a r i l y   t o  

the  manner  in  which  the  j e t - f o r m i n g   bores  or  o r i f i c e s   a r e  

formed.  Slot   block  90,  having  a  "U"-shaped  c r o s s - s e c t i o n ,  

is  used  to  form  a  f l u i d   manifold  91  in  c o n j u n c t i o n   w i t h  

conta inment   block  94.  Along  the  broad  upper  face  of  b lock  

90  nea res t   to  reed  a r rays   81,  82  are  cut  a  s e r i e s   o f  

uniformly  spaced  p a r a l l e l   s l o t s   or  grooves  92  having  a 

depth,   width,   and  p r o f i l e   c o r r e s p o n d i n g   to  the  c r o s s - s e c t i o n  

of  the  des i r ed   l i q u i d   j e t s .   Grooves  92  al low  p r e s s u r i z e d  

f l u id   to  ex i t   manifo ld   91  and  s t r i k e   ro l l   21,  unless  t h e  

f l u i d   stream  is  o the rwi se   i n t e r r u p t e d   by  the  ac t ion   of  r e e d  

ar rays   81,  82.  A  f l a t   containment   block  94  is  s e c u r e l y  

pressed  a g a i n s t   the  top  of  block  90  by  means  of  bolts   95 

which  extend  through  suppor t   block  98,  forming  a 

p r e s s u r e - r e s i s t a n t ,   f l u i d   t i gh t   s e a l .   High  p ressure   f l u i d ,  

such  as  water ,   supp l i ed   via  f i l t e r   71,  is  i n t roduced   i n t o  

the  manifold  formed  by  blocks  90,  94  by  way  of  a  s u i t a b l e  



c o n v e n t i o n a l   th readed   coup l ing .   Bolts  96,  which  may  e x t e n d  

through  suppor t   block  98,  serve  to  a l ign   and  secure  b l o c k s  

90  and  94  a g a i n s t   cont ro l   blocks  79,  80,  which  c o l l e c t i v e l y  

house  a r r ays   of  reeds  81,  82,  p lungers   84,  valves  86,  and 

b a r r i e r   p l a t e s   88  and  89,  as  in  the  embodiment  of  Figures  14 

through  17  and  as  shown  in  Figure  19.  Control  blocks  79,  80 

may  be  secured  to  suppor t   block  98  by  means  of  bol ts   99  o r  

o ther   s u i t a b l e   means .  

F igures   20  and  21  dep ic t   va r ious   views  of  a n o t h e r  

appa ra tu s   which  may  be  used  to  i n t e r r u p t   the  impact  of  a 

t h i n ,   high  v e l o c i t y   stream  of  f l u i d   in  accordance  w i t h  

e x t e r n a l l y   suppl ied   command  i n f o r m a t i o n   such  as  d i g i t i z e d  

e l e c t r i c a l   s i g n a l s .   In  th is   a p p a r a t u s ,   the  thin  stream  o f  

f l u i d   is  formed  by  passing  the  f l u i d   through  a  s t i f f ,  

c a n t i l e v e r e d   thin  walled  tube  which  is  m e c h a n i c a l l y  

d e f l e c t e d   by  means  of  a  p i s ton   or  o ther   means  ac t ing   n e a r  

the  c a n t i l e v e r e d   end  of  the  tube  to  d i r e c t   the  f l u id   a g a i n s t  

a  b a r r i e r   r a t h e r   than  aga in s t   the  f a b r i c   s u r f a c e .  

A  condu i t   supp l i e s   the  d e s i r e d   f l u i d   (the  "working"  

f l u i d )   at  the  des i r ed   p ressure   and  flow  r a t e ,   via  a  s u i t a b l e  

c o n n e c t o r ,   to  cav i ty   block  110.  Within  block  110  is  i n p u t  

manifold   or  cav i ty   112.  A  passage  114  is  d r i l l e d   o r  

o the rwi se   placed  in  the  side  of  block  110;  th is   passage  i s  

s ized  to  accommodate  a  s t i f f ,   th in  walled  tube  116  which  has  

a  bore  s ize   and  shape  co r r e spond ing   to  the  size  and  shape  o f  

the  de s i r ed   f l u id   stream  to  be  produced.   If  d e s i r e d ,   b l o c k  



110  may  be  made  in  the  form  of  two  mating  ha lves ,   so  t h a t  

the  passage  114  may  be  formed  by  machining  a  groove  in  t h e  

face  of  one  or  both  halves  r a t h e r   than  by  d r i l l i n g   a  h o l e .  

Tube  116,  which  may  be  made  of  s t a i n l e s s   s t ee l   or  o t h e r  

s u i t a b l e   m a t e r i a l ,   is  i n se r t ed   in to   passage  114  and  s e c u r e l y  

a f f i x e d   t h e r e i n   to  assure   tha t   the  high  p r e s s u r e s   a s s o c i a t e d  

with  the  working  f l u id   will  not  d i s l o d g e   the  tube  or  c a u s e  

leakage  of  the  working  f l u i d .   Tube  116  is  made  to  p r o t r u d e  

from  passage  114  in  the  d i r e c t i o n   of  ro l l   21  a  s u f f i c i e n t  

d i s t a n c e   to  permit   the  d e f l e c t i o n   of  the  f ree   or  d i s t a l   end 

po r t ion   of  tube  116  through  a  small  angle  wi thout   damage  t o  

tube  116.  Closely   a s s o c i a t e d   with  tube  116  is  plunger  120,  

which  is  p o s i t i o n e d   near  the  c a n t i l e v e r e d   or  d i s t a l   end  o f  

tube  116  so  as  to  cause  a  d e f l e c t i o n   of  tube  116  whenever  

p lunger   120  is  extended.   B a r r i e r   p l a t e   118  is  s e c u r e l y  

a f f i xed   s l i g h t l y   forward  of  the  d i s t a l   end  of  tube  116,  and 

extends  toward  the  path  of  the  f l u i d   s tream  far   enough  t h a t  

the  f l u i d   j e t   formed  by  tube  116  s t r i k e s   the  upper  p o r t i o n  

of  p l a t e   118  whenever  tube  116  is  d e f l e c t e d   by  plunger  120,  

as  shown  in  Figure  21.  Whenever  tube  116  is  not  d e f l e c t e d ,  

the  r e s u l t i n g   j e t   passes  over  the  upper  po r t i on   of  b a r r i e r  

p l a t e   118,  as  dep ic t ed   in  Figure  20.  If  d e s i r e d ,   t h e  

c o n f i g u r a t i o n   of  b a r r i e r   p la te   118  may  be  i n v e r t e d   so  t h a t  

the  j e t   passes  over  the  edge  of  b a r r i e r   p l a t e   118  only  when 

tube  116  is  d e f l e c t e d .   Assoc ia ted   with  b a r r i e r   p la te   118 

are  d r a i n s ,   not  shown,  for  c a r r y i n g   the  d e f l e c t e d   l i q u i d  



away  for  d i sposa l   or  r e c y c l i n g .   Plunger  120  may  be  a c t u a t e d  

in  a  conven t iona l   manner  by  an  e l e c t r i c a l   s o l e n o i d ,   an  a i r  

c y l i n d e r   and  pneumatic  va lve ,   or  o t h e r  m e a n s ,   d e p i c t e d   a t  

122.  O p t i o n a l l y ,   the  end  of  plunger  120  which  makes  c o n t a c t  

with  tube  116  may  be  formed  to  accommodate  the  contour   o f  

tube  116,  i . e . ,   may  be  formed  to  surround  or  g r i p ,   p a r t i a l l y  

or  comple t e ly ,   tube  116;  i t   is  p r e f e r r e d   t h a t ,   r e g a r d l e s s   o f  

the  contour   of  the  end  por t ion   of  plunger   120,  the  s t roke   o f  

p lunger   120  be  a d j u s t e d   so  tha t   plunger  120,  when  n o t  

d e f l e c t i n g   tube  116,  extends  to  a  point   c l o s e l y   ad j acen t   t o  

or  in  con t ac t   with  tube  116,  so  tha t   when  p lunger   120  i s  

extended  to  d e f l e c t   tube  116,  l i t t l e   motion  will   be  los t   and 

unwanted  o s c i l l a t i o n s   will  be  min imized .  

Figures  22  through  28  dep ic t   an  appara tus   r e l a t e d   i n  

o p e r a t i o n   to  the  appa ra tu s   of  Figures  20  and  21,  b u t  

s u i t a b l e   for  c o n t r o l l i n g   an  array  of  j e t s   formed  in  t h e  

manner  dep ic ted   in  Figures  20  and  21.  Looking  f i r s t   a t  

Figures  22  and  24,  the  working  f lu id   is  i n t r o d u c e d   into  a 

g e n e r a l l y   c y l i n d r i c a l   input  cavi ty   132  formed  along  t h e  

length  of  o r i f i c e   block  130,  via  high  p r e s su re   condui t   10A 

(Figure   24)  and  a  s u i t a b l e   threaded  connec to r .   Tubes  136, 

each  having  the  de s i r ed   ins ide   dimensions  and  p o s i t i o n e d  

g e n e r a l l y   p e r p e n d i c u l a r l y   to  the  sur face   of  rol l   21,  a r e  

s e c u r e l y   a f f i xed   to  passages   134  in  o r i f i c e   block  130  which 

conform  to  the  o u t s i d e   dimensions  of  tubes  136.  By  means  o f  

tubes  136  and  passages   134,  the  f lu id   con ta ined   at  h igh  



p r e s s u r e   within  c a v i t y   132  may  be  d i r e c t e d   through  tubes  136 

in  the  d i r e c t i o n   of  the  su r f ace   of  f ab r i c   25,  ro l l   21,  o r  

o the r   t a r g e t .  

It  is  p r e f e r r e d ,   but  not  nece s sa ry ,   tha t   tubes  136 

extend  through  passages   134  to  cav i ty   132.  Tubes  136  may  be 

secured   wi thin   passages   134  by  so lde r ing   the  tubes  d i r e c t l y  

to  o r i f i c e   block  130  by  s o l d e r i n g   a  c o l l a r   to  the  tube  which 

f i t s   snugly  within  a  mechanical   recess   in  block  130,  or  by 

o the r   s u i t a b l e   means.  Tubes  136  should  be  of  such  d e s i g n ,  

and  should  extend  far   enough  from  o r i f i c e   block  130,  so  t h a t  

d e f l e c t i o n s   of  tubes  136  through  small  angles   by  the  a c t i o n  

of  p lungers   140  will  not  cause  u n d e s i r a b l e   d e f o r m a t i o n   o f  

tubes  136. 

Secure ly   p o s i t i o n e d   a  shor t   d i s t ance   from  o r i f i c e   b l o c k  

130  is  d e f l e c t i o n   frame  138,  through  which  are  fed  f l e x i b l e  

d e f l e c t i n g   plungers  140  shea thed   by  hollow  p lunger   g u i d e s  

141.  Plungers   140  may  be  c o n s t r u c t e d   of  s t a i n l e s s   s t ee l   o r  

o the r   s u i t a b l e   m a t e r i a l ;   p lunger   guides  141  may  be  tubes  o f  

a p p r o p r i a t e   bore  s i z e ,   made  of  any  s u i t a b l e   m a t e r i a l   h a v i n g  

the  necessa ry   f l e x i b i l i t y   to  allow  for  des i r ed   bending  and 

shap ing .   Each  p lunger   140  and  plunger  guide  141  i s  

a s s o c i a t e d   with  a  r e s p e c t i v e   i nd iv idua l   tube  116  and  i s  

p r e c i s e l y   a l igned  by  d e f l e c t i o n   frame  138.  Each  p lunger   140 

is  a d j u s t e d   to  make  c o n t a c t   with  i t s   r e s p e c t i v e   tube  136 

even  when  tha t   tube  is  in  i t s   unde f l ec t ed   p o s i t i o n ,   as  shown 

in  Figures   23  and  25.  By  ma in t a in ing   such  c o n t a c t ,   r e s p o n s e  



time  is  i n c r e a s e d ,   v i b r a t i o n s   induced  by  impact  between 

p lungers   140  and  r e s p e c t i v e   tubes  136  are  e l i m i n a t e d ,   and 

o ther   v i b r a t i o n s   or  o s c i l l a t i o n s   along  tube  136  a r e  

dampened.  D e f l e c t i o n   frame  138  may  a lso   serve  as  a  guide  t o  

a l i gn   the  movement  of  tubes  136  during  d e f l e c t i o n   and 

r ecove ry ,   as  sugges ted   in  Figure  23.  P lungers   140  a r e  

a c t u a t e d   by  valves   142  which,  because  of  t h e i r   r e l a t i v e  

bulk,  are  s i t u a t e d   somewhat  remotely  from  the  point   at  which 

p lungers   140  act  on  tubes  136.  For  c o n v e n i e n c e ,   d e f l e c t i o n  

frame  138,  as  shown  in  Figures  22  and  24,  may  be  made  t o  

accommodate  e i gh t   s e p a r a t e   v a l v e / p l u n g e r   a s s e m b l i e s ,   and ,  

t o g e t h e r   with  a  s e c t i o n   of  o r i f i c e   block  130  c o n t a i n i n g  

e igh t   tubes  136,  may  form  a  f lu id   con t ro l   module  which  may 

be  j u x t a p o s e d ,   as  in  Figure  24,  to  allow  s i m u l t a n e o u s  

t r e a t m e n t   over  a  r e l a t i v e l y   wide  ro l l   s u r f a c e .  

In  o p e r a t i o n ,   as  shown  in  Figures  25  and  26,  when  one  o f  

p lungers   140  is  unextended,   i . e . ,   when  tube  136  i s  

u n d e f l e c t e d ,   the  working  f lu id   passes  at  high  p r e s s u r e  

through  tube  136  from  cav i ty   132  and  s t r i k e s   b a r r i e r   l i p  

144,  where  the  f l u i d   j e t   is  d e f l e c t e d   and  d i s s i p a t e d .   By 

ex tending   p lunger   140  via  co r responding   a s s o c i a t e d   valve  142 

and  plunger  guide  141,  as  in  response  to  p a t t e r n   i n f o r m a t i o n  

supp l ied   to  valve  142,  tube  136  is  d e f l e c t e d   s l i g h t l y   -   n o t  

enough  to  cause  u n d e s i r a b l e   de format ions   in  tube  136,  b u t  

s u f f i c i e n t   to  permit   the  je t   formed  by  tube  136  to  c l e a r  

b a r r i e r   lip  144  and  pass  on  in  the  d i r e c t i o n   of  roll   21,  as  

dep ic ted   in  Figure  26.  



Figures  27  and  28  d e p i c t   an  appara tus   s i m i l a r   to  t h a t  

d i s c l o s e d   immediately   above,  for  use  where  i n c r e a s e d   j e t  

d e n s i t y   ( i . e . ,   number  of  j e t s   per  l i n e a r   d i s t a n c e   across   t h e  

face  of  rol l   21)  is  d e s i r e d .   In  th i s   c o n f i g u r a t i o n ,   t w i c e  

the  j e t   d e n s i t y   of  the  appara tus   of  Figures  22  through  24 

may  be  ach ieved .   In  th i s   c o n f i g u r a t i o n ,   two  p a r a l l e l   a r r a y s  

of  tubes  136,  136A,  are  i n s e r t e d   into  o r i f i c e   block  130A  v i a  

passages   134,  134A  and  communicate  with  chamber  or  m a n i f o l d  

132A.  The  d e f l e c t i o n   frame  138,  array  of  p lungers   140 ,  

p lunger   guides  141,  a r rangement   of  valves  142,  and  p l a c e m e n t  

of  b a r r i e r   lip  144  of  Figure  22  have  been  s u b s t a n t i a l l y  

d u p l i c a t e d   at  138A,  140A,  141A,  142A  and  144A,  r e s p e c t i v e l y ,  

to  achieve  an  " o v e r / u n d e r "   appara tus   which,  in  Figure  2 7 ,  

appears   to  be  an  almost  mi r ro r - image   combinat ion   of  t h e  

appa ra tu s   c o n f i g u r a t i o n   of  Figure  22.  The  opposing  t u b e  

ar rays   136,  136A  and  d e f l e c t i o n   frames  138,  138A,  however ,  

are  o f f s e t ,   as  shown  in  Figure  28,  to  permit  u n i f o r m  

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

axis  of  rol l   21.  It  should  be  noted  t h a t ,   as  d e f l e c t e d ,   t h e  

tubes  136,  136A  from  the  upper  and  lower  a r rays   of  Figure  28 

will  not  form  a  s t r a i g h t   l ine   along  the  axis  of  ro l l   21. 

This  s t agge red   a l ignment   is  in tended  to  compensate  for  t h e  

non-normal  o r i e n t a t i o n   of  the  tubes  136,  136A  to  the  s u r f a c e  

of  rol l   21  in  t h e i r   d e f l e c t e d   p o s i t i o n .   The  small  a n g l e  

induced  by  the  ac t ion   of  p lungers   140,  140A  will   cause ,   upon 

proper  ad jus tment   of  the  overa l l   d i s t ance   to  the  su r f ace   o f  



rol l   21,  the  p lunger   ex t ens ion   l eng th ,   e t c . ,   the  j e t s  

emi t ted   by  the  s t a g g e r e d   tubes  136,  136A  to  s t r i k e   t h e  

su r face   of  rol l   21,  or  a  s u b s t r a t e   25  placed  a g a i n s t   t h e  

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

Figures  29  through  32  dep ic t   yet  another   appa ra tu s   which 

may  be  used  for  the  purpose  of  forming  and  i n t e r r u p t i n g   t h e  

flow  of  a  high  p r e s s u r e   f l u id   s t ream,   such  as  is  used  in  t h e  

p r i n c i p a l   i n v e n t i o n   d i s c l o s e d   he re in .   As  seen  in  t h e  

s ec t i on   view  of  Figure   30,  a  condui t   10A  s u p p l i e s ,   v i a  

f i l t e r   71  (Figure  29),  a  high  p ressure   f l u id   to  m a n i f o l d  

cav i ty   162 formed  wi th in   i n l e t   manifold  block  160.  F l a n g e  

164  is  formed  along  one  side  of  manifold  block  160;  into  t h e  

base  of  f lange  164  is  cut  a  uniformly  spaced  s e r i e s   o f  

p a r a l l e l   grooves  166.  Each  groove  166  extends  from  c a v i t y  

162  to  the  forwardmost   edge  of  f lange  164  and  has  

c r o s s - s e c t i o n a l   d imensions   co r responding   to  the  d e s i r e d  

c r o s s - s e c t i o n a l   d imensions   of  the  stream.  Control  t u b e s  

170,  through  which  s t reams  of  r e l a t i v e l y   low  p r e s su re   a i r   o r  

o the r   cont ro l   f l u i d   are  passed  on  command,  are  a r ranged   i n  

one - to -one   r e l a t i o n s h i p   with  grooves  166,  and  a re ,   in  one 

embodiment,  p o s i t i o n e d   s u b s t a n t i a l l y   in  a l ignment   with  and 

p e r p e n d i c u l a r   to  grooves  166  by  means  of  a  s e r i e s   of  s o c k e t s  

or  wells  172  in  f lange   164,  each  of  which  are  placed  i n  

d i r e c t   v e r t i c a l   a l ignment   with  a  r e s p e c t i v e   groove  166  i n  

f lange   164,  and  into  which  each  tube  170  is  s e c u r e l y  

f a s t e n e d .   The  f l oo r   of  each  



socke t   172  has  a  s e r i e s   of  small  passages   174  which  in  t u r n  

communicate  d i r e c t l y   with  the  base  of  i ts   r e s p e c t i v e   g r o o v e  

166.  One  c o n f i g u r a t i o n  f o r   passages  174  is  a  s e r i e s   o f  

a l i gned   c i r c u l a r   a p e r t u r e s ,   as  shown  in  Figure  32 .  

O p t i o n a l l y ,   grooves  166  may  be  made  wider  and  more  s h a l l o w ,  

and  a  s i n g l e ,   l a rger   passage  may  be  s u b s t i t u t e d   for  sma l l  

passages   174.  As  also  shown  in  Figure  32,  as  well  as  F i g u r e  

29,  the  arrangement   of  the  t u b e / s o c k e t   c o m b i n a t i o n s  

o p t i o n a l l y   may  be  s t agge red   so  t ha t   grooves  166  may  be  more 

c l o s e l y   spaced  wi thout   a d v e r s e l y   e f f e c t i n g   the  s t r u c t u r a l  

i n t e g r i t y   of  f lange  164. 

P o s i t i o n e d   oppos i t e   i n l e t   manifold   block  160  and  

s e c u r e l y   abut ted   t h e r e t o   via  bo l t s   161  are  o u t l e t   m a n i f o l d  

block  180  and  conta inment   p la te   178.  Containment  p la te   178 

may  be  a t t ached   to  o u t l e t   manifold   block  180  by  means  o f  

screws  179  or  other   s u i t a b l e   means.  Within  o u t l e t   m a n i f o l d  

block  180  is  machined  a  d i s cha rge   cav i ty   182  and  o u t l e t  

d ra in   184.  Discharge  c av i ty   182  and  o u t l e t   drain  184  may 

extend  across  several   grooves  166  in  f lange  164,  o r  

i n d i v i d u a l   c a v i t i e s   and  o u t l e t s   for  each  groove  166  may  be 

p rov ided .   It  is  p r e f e r r e d ,   however,  tha t   cav i ty   182  be 

p o s i t i o n e d   so  tha t   passages   174  lead  d i r e c t l y   into  c a v i t y  

182,  and  riot  lead  into  the  upper  su r face   of  o u t l e t   m a n i f o l d  

block  180  or  conta inment   p l a t e   178.  Discharge  cav i ty   182 

inc ludes   impact  cav i ty   177  which  is  machined  i n t o  

conta inment   p la te   178.  Bolts  183  and  185  provide  a d j u s t m e n t  



of  the  r e l a t i v e   a l ignment   between  i n l e t   manifo ld   block  160 

and  the  combina t ion   of  o u t l e t   manifold  block  180  and 

conta inment   p l a t e   178. 

In  o p e r a t i o n ,   a  high  p ressure   working  f l u i d   is  fed  i n t o  

i n l e t   cav i ty   162,  where  it  is  forced  to  flow  through  a  f i r s t  

enc losed   passage ,   formed  by  grooves  166  in  f lange  164  and 

the  face  of  o u t l e t   manifold  block  180  oppos i t e   f lange  164, 

thereby   forming  the  f l u id   into  d i s c r e t e   s t reams  having  a 

de s i r ed   c r o s s - s e c t i o n a l   shape  and  area .   The  p r e - f o r m e d  

streams  then  t r a v e r s e   the  width  of  d i s c h a r g e   cav i ty   182,  

while  being  guided  only  by  the  grooves  166  in  f lange  164. 

It  has  been  d i s cove red   t h a t ,   so  long  as  con t ro l   tubes  170 

remain  u n a c t i v a t e d ,   i . e . ,   so  long  as  no  con t ro l   f l u id   from 

tubes  170  is  al lowed  to  in t rude   into  grooves  166  at  any 

s i g n i f i c a n t   p r e s s u r e ,   the  streams  of  working  f l u i d ,   may  be 

made  to  t r a v e r s e   the  width  of  d i scha rge   c a v i t y   182  in  an 

open  channel  formed  only  by  grooves  166  wi thou t   a 

s i g n i f i c a n t   loss  in  the  coherency  or  change  in  t h e  

c r o s s - s e c t i o n a l   shape  or  size  of  the  s t ream.   A f t e r  

t r a v e r s i n g   the  width  of  d i scharge   c a v i t y   182,  the  s t r e a m s  

encounter   the  edge  of  conta inment   p l a t e   178,  whereupon  t h e  

streams  are  made  to  flow  in  a  second  comple te ly   e n c l o s e d  

passage ,   formed  by  grooves  166  in  f lange  164  and  the  upper  

end  of  con ta inment   p la te   178,  j u s t   p r io r   to  being  e j ec t ed   in  

the  d i r e c t i o n   of  ro l l   21.  Where  p rec i se   s tream  d e f i n i t i o n  

is  neces sa ry ,   th i s   a f fo rds   an  o p p o r t u n i t y   to  r e - d e f i n e   t h e  



stream  c r o s s - s e c t i o n   to  exact  s p e c i f i c a t i o n ,   as  de f ined   by 

the  c r o s s - s e c t i o n   of  th i s   second  comple te ly   e n c l o s e d  

passage ,   at  ex t remely   close  d i s t a n c e s   to  the  ro l l   21 ,  

thereby   v i r t u a l l y   e l i m i n a t i n g   any  s i g n i f i c a n t   s t r e a m  

s p r e a d i n g ,   minimizing  any  a l ignment   problems  r e l a t i n g   t o  

s l i g h t   n o n - p a r a l l e l i s m   in  ad j acen t   grooves  166,  e t c .  

To  i n t e r r u p t   the  flow  of  high  v e l o c i t y   f l u i d   which  e x i t s  

from  grooves  166,  i t   is  necessa ry   only  to  d i r e c t   a 

r e l a t i v e l y   small  q u a n t i t y   of  r e l a t i v e l y   low  p r e s s u r e   a i r   o r  

o ther   con t ro l   f l u id   through  the  i n d i v i d u a l   con t ro l   tubes  170 

into  the  a s s o c i a t e d   grooves  166  in  which  flow  is  to  be 

i n t e r r u p t e d .   As  dep ic t ed   in  Figure  31,  the  con t ro l   f l u i d ,  

even  though  at  a  v a s t l y   lower  p re s su re   than  the  dynamic 

p r e s s u r e   of  the  working  f l u id   ( i . e . ,   one  t w e n t i e t h   or  l e s s ) ,  

is  able  to  l i f t   the  working  f l u id   stream  from  the  groove  166 

and  cause  i n s t a b i l i t i e s   in  the  stream  which  lead  to  v i r t u a l  

d i s i n t e g r a t i o n   of  the  s tream.  While,  for  d i a g r a m m a t i c  

conven ience ,   Figure  31  i n d i c a t e s   the  l i qu id   s t ream  is  m e r e l y  

d e f l e c t e d   into  the  curved  impact  c av i ty   177  of  c o n t a i n m e n t  

p l a t e   178,  in  fact   the  l i qu id   stream  appears   to  be  a l m o s t  

comple te ly   d i s i n t e g r a t e d   by  the  i n t r u s i o n   of  a  r e l a t i v e l y  

low  p r e s su re   cont ro l   f l u i d   stream  as  soon  as  the  l i q u i d  

stream  is  free  of  the  walls  of  groove  166;  i t   is  b e l i e v e d  

impact  c a v i t y   177  and  conta inment   p la te   178  s e r v e  

p r i n c i p a l l y   to  conta in   the  e n e r g e t i c   mist  which  r e s u l t s   from 

such  d i s i n t e g r a t i o n .  



The  s treams  of  high  v e l o c i t y   l i q u i d   employed  in  t h i s  

inven t ion   have  been  used  to  p a t t e r n   or  t e x t u r i z e   a  v a r i e t y  

of  commercia l ly   a v a i l a b l e   t e x t i l e   f a b r i c   s u b s t r a t e s .  

Depending  upon  the  nature  of  the  s u b s t r a t e   and  the  o p e r a t i n g  

cond i t i ons   chosen,   many  v i s u a l l y   d i s t i n c t i v e   p a t t e r n i n g   and 

t e x t u r i z i n g   e f f e c t s   are  p o s s i b l e   using  the  t each ings   h e r e i n ,  

as  may  be  de te rmined   from  the  f o l l owing   i l l u s t r a t i v e  

examples,  which  are  not  in tended  to  be  l i m i t i n g   in  any  way. 



EXAMPLE  1 

An  appara tus   s i m i l a r   to  tha t   s c h e m a t i c a l l y   d e p i c t e d   i n  

Figure  1  was  used,  in  accordance   with  the  f o l l o w i n g  

s p e c i f i c a t i o n s :  

Fabr ic :   100%  t e x t u r i z e d   p o l y e s t e r   pongee,  having  a 

fabr ic   weight  of  2.16  ozs.  per  square  y a r d .  

The  warp  yarns  are  1/70/47  Dacron  56T  f a l s e  

twis t   t e x t u r i z e d   p o l y e s t e r ,   and  the  f i l l   y a r n s  

are  1/70/34  Dacron  92T  f a l se   t w i s t   t e x t u r i z e d  

p o l y e s t e r .   The  weave  is  a  2x1  t w i l l ,   with  a 

pick  count  of  88  and  an  end  count  of  92.  The 

fab r i c   was  dyed  with  a  mixture  of  bas ic   and 

d i spe r sed   dyes  to  achieve  a  c r o s s - d y e   e f f e c t .  

Nozzle  Diameter:  0.017  i n c h .  

Fluid:   Water,  at  a  p r e s su re   of  1500  p . s . i . g .  

Pa t t e rn   Gauge:  20  l ines   per  i n c h .  

Source  of  Pa t t e rn   Data:  EPROM,  with  a p p r o p r i a t e  

a s s o c i a t e d   e l e c t r o n i c s   of  conven t iona l   d e s i g n .  

Fluid  Jet  Control :   The  appa ra tus   dep ic ted   in  Figures   20 

and  21,  using  an  e l e c t r i c a l   s o l e n o i d  

to  a c t i v a t e   plunger  120. 

.Rol l :   Sol id ,   smooth  aluminum,  r o t a t i n g   at  a 

c i r c u m f e r e n t i a l   speed  of  10  y a r d s / m i n u t e   in  same 

d i r e c t i o n   as  warp  yarns  in  f a b r i c .  

The  f ab r i c   sample  was  s ecu red ,   face  side  outward,   to  t h e  

c a r r i e r   r o l l ,   which  was  r o t a t e d   c o n t i n u o u s l y   at  t h e  



s p e c i f i e d   speed.  The  j e t   nozzle  was  a u t o m a t i c a l l y   t r a v e r s e d  

along  the  axis  of  the  rol l   at  a  ra te   co r r e spond ing   to  t h e  

s p e c i f i e d   p a t t e r n   gauge,  using  an  appa ra tus   a r r a n g e m e n t  

s i m i l a r   to  tha t   shown  in  Figure  1.  Impingement  of  the  w a t e r  

j e t   with  the  f a b r i c   su r face   was  i n t e r r u p t e d   by  the  act ion  o f  

the  so leno id   d e f l e c t i n g   the  s t i f f   tube  which  formed  t h e  

water  stream  in  response  to  data  being  f u r n i s h e d   by  t h e  

EPROM.  This  p rocedure   produced  a  v i s u a l l y   s i m i l a r   p a t t e r n  

or  e f f e c t   on  both  s ides   of  the  f a b r i c ,   as  may  be  seen  in  t h e  

photomicrographs   of  Figures  33  through  36.  Both  the  f i l l  

yarns  and  the  warp  yarns  were  d i s p l a c e d .   Cer ta in   y a r n s ,  

e s p e c i a l l y   the  f i l l   ya rns ,   were  r a i sed   giving  the  f a b r i c  

face  a  t h r e e - d i m e n s i o n a l   e f f e c t .   R e l a t i v e   yarn  t e n s i o n  

within  the  f a b r i c   was  r e d i s t r i b u t e d ,   with  some  yarns  made 

r e l a t i v e l y   t i g h t ,   and  o thers   made  r e l a t i v e l y   loose ,   compared 

with  the  u n t r e a t e d   f a b r i c .   The  water  j e t   appeared  t o  

compress  c e r t a i n   of  the  yarns ,   as  well  as  opening  c e r t a i n  

other  yarns .   This  l a t t e r   e f f e c t   is  c l e a r l y   observab le   i n  

Figures  35  and  36.  

EXAMPLE  2 

An  appa ra tus   s i m i l a r   to  tha t   s c h e m a t i c a l l y   depic ted   in  

Figure  8  was  used,  in  accordance  with  the  f o l l o w i n g  

s p e c i f i c a t i o n s :  

Fabr ic :   A  double  knit   p o l y e s t e r   having  a  face  compr i sed  

of  1/70/34  56T  f a l se   tw i s t   t e x t u r i z e d  

p o l y e s t e r ,   and  a  back  comprised  of  1 /70 /14  



dacron  56T  f a l s e   t w i s t   t e x t u r i z e d   p o l y e s t e r ,   a 

c o n s t r u c t i o n   compris ing   74  courses   and  45 

wales ,   and  a  weight  of  9  ozs.  per  square  y a r d .  

The  f a b r i c   was  napped  on  the  f a c e .  

Nozzle:  C i r c u l a r   c r o s s - s e c t i o n ;   0.017  inch  in  d i a m e t e r  

Fluid:   Water,  at  a  p r e s s u r e   of  2000  p . s . i . g . ,  

Pa t t e rn   Gauge:  20  l ines   per  i n c h  

Source  of  P a t t e r n   Data:  S t enc i l   c a r r y i n g   p a t t e r n  

o u t l i n e  

Fluid  Jet   Cont ro l :   S t enc i l   c a r r y i n g   p a t t e r n   o u t l i n e  

.Rol l :   So l id ,   smooth  aluminum,  r o t a t i n g   at  a 

c i r c u m f e r e n t i a l   speed  of  10  yards  per  m i n u t e  

The  f a b r i c   sample  was  secured  to  the  c a r r i e r   r o l l ,   f a c e  

side  outward,   and  was  then  covered  with  a  c y l i n d r i c a l  

s t e n c i l   c a r ry ing   the  o u t l i n e   of  the  d e s i r e d   p a t t e r n .   The 

c a r r i e r   rol l   was  r o t a t e d   c o n t i n u o u s l y   at  the  s p e c i f i e d  

speed.   The  j e t   nozzle  was  a u t o m a t i c a l l y   t r a v e r s e d   along  t h e  

axis  of  the  rol l   at  a  ra te   c o r r e s p o n d i n g   to  the  s p e c i f i e d  

gauge.  Impingement  of  the  j e t   with  the  f a b r i c   su r face   ( f a c e  

s ide)   was  i n t e r r u p t e d   by  the  i n t e r p o s i t i o n   of  the  p l a s t i c  

s t e n c i l   between  the  nozzle  and  the  f a b r i c   s u r f a c e .   Th i s  

p r o c e d u r e  p r o d u c e d   a  v i s u a l l y   d i s c e r n i b l e   e f f e c t   on  bo th  

s ides   of  the  f a b r i c ,   as  may  be  seen  from  t h e  

photomicrographs   of  Figures  37  and  38.  The  t r e a t m e n t  

reduced  the  p i le   he igh t   by  bending  the  f ree   ends  over  and 

downward  towards  the  base  or  s u b s t r a t e .   There  is  a  d i s t i n c t  



two- l eve l   s c u l p t u r i n g   e f f e c t ,   as  well  as  a  d i s t i n c t  

d i f f e r e n c e   in  r e f l e c t i v i t y   between  the  t r e a t e d   and  u n t r e a t e d  

a r ea s .   No  s i g n i f i c a n t   p e n e t r a t i o n   of  pi le   yarns  into  o r  

through  the  s u b s t r a t e   was  observed  on  the  back  of  t h e  

t r e a t e d   f a b r i c .  

EXAMPLE  3 

The  procedures   of  Example  1  were  fo l lowed,   except   f o r  

the  f o l l o w i n g :  

Fabr ic :   A  knit  100%  p o l y e s t e r   p i le   f a b r i c ,   having  a 

face  comprised  of  100/54  Dacron  T56,  and  a  back 

comprised  70/34  Dacron  T57  p o l y e s t e r .   The 

fabr ic   c o n s t r u c t i o n   is  47  cou r ses ,   27.5  w a l e s ,  

with  an  ove ra l l   f a b r i c   weight  of  13.8  oz.  p e r  

square  y a r d .  

Fluid:   Water,  at  2400  p . s . i . g .  

Pa t t e rn   Gauge:  16  l ines   per  i nch  

The  water  je t   was  d i r e c t e d   toward  the  face  of  t h e  

f a b r i c ,   i . e . ,   toward  the  f a b r i c   p i l e .   In  the  areas  of  t h e  

f a b r i c   impacted  by  the  f l u i d   s t ream,   the  p i le   was  i n v e r t e d ,  

i . e . ,   the  free  pile  ends  were  driven  through  the  b a c k i n g  

m a t e r i a l   and  protruded  through  the  back  of  the  f a b r i c .   In 

the  t r e a t e d   areas  on  the  f a b r i c   face ,   and  only  in  t h e  

t r e a t e d   a reas ,   the  ground  yarns  were  c l e a r l y   v i s i b l e .   The 

e f f e c t   can  be  c l e a r l y   seen  from  the  photomicrographs   o f  

Figures   39  through  42. 



EXAMPLE  4 

The  procedures   of  Example  1  were  fo l lowed   excep t   for  t h e  

f o l l o w i n g :  

Fabr ic :   A  65/35  p o l y e s t e r / c o t t o n   popl in   having  a  warp 

comprised  of  25/1  p o l y e s t e r / c o t t o n   and  a  f i l l  

comprised  of  25/1  p o l y e s t e r / c o t t o n ,   a  p i c k  

count  of  52,  an  end  count  of  102,  and  a  w e i g h t  

of  4.5  ozs.  per  square  yard.   The  f a b r i c   was 

c r o s s - d y e d ,   with  the  p o l y e s t e r   being  dyed  b l u e  

and  the  co t ton   being  w h i t e .  

Fluid:   Water,  at  a  p ressure   of  2200  p . s . i . g .  

In  this   Example,  the  e n t i r e   f ab r i c   s u r f a c e   was  t r e a t e d  

in  a  s e r i e s   of  c l o s e l y   spaced  l i n e s ,   except   for   a  sma l l  

con t ro l   area.  The  water  stream  was  t r a v e r s e d   ac ross   t h e  

f a b r i c   in  the  warp  d i r e c t i o n .   The  r e s u l t i n g   e f f e c t   on  t h e  

f a b r i c   su r f ace ,   both  f ron t   and  back,  may  be  seen  f rom 

examina t ion   of  Figures  43  through  45.  

On  the  impingement  side  of  the  f a b r i c ,   the  water   s t r e a m  

appears   to  have  opened  the  yarn.   Free  ended  f i b e r s   were  

r a i s e d ,   and  appeared  to  be  en tangled   to  a  minor  degree .   A 

s u b s t a n t i a l   number  of  free  ends  were  dr iven  th rough  t h e  

f a b r i c   and  appeared  as  r a i sed   f i b e r s   on  the  f a b r i c   back .  

Some  breakage  of  the  co t ton   f i b e r s   was  obse rved .   The  y a r n s  

have  been  l a t e r a l l y   d i s p l a c e d   where  the  s t ream  impacted  t h e  

f a b r i c .  



EXAMPLE  5 

The  procedures   of  Example  1  were  fo l lowed,   except   f o r  

the  f o l l o w i n g :  

Fabr ic :   A  knit   100%  p o l y e s t e r ,   having  a  back  c o m p r i s e d  

of  1/70/34  Cacron  T26  f l a t   p o l y e s t e r   and  a  f a c e  

comprised  of  40/8  Dacron  T55  f l a t   p o l y e s t e r  

with  a  c o n s t r u c t i o n   of  28  wales  and  73  c o u r s e s ,  

and  a  weight  of  3.3  ozs.  per  square  y a r d .  

Fluid:   Water,  at  a  p r e s su re   of  2400  p . s . i . g .  

P a t t e r n   Gauge:  16  l i ne s   per  inch  

As  can  be  seen  from  an  examinat ion   of  Figures  46  t h r o u g h  

47,  there   was  a  l a t e r a l   d i sp l acemen t   of  the  wales  on  t h e  

face  of  the  f a b r i c .   In  n o n t r e a t e d   a reas ,   the  f i b e r s  

compr is ing   the  yarns  were  s u b s t a n t i a l l y   p a r a l l e l ,   while  i n  

the  t r e a t e d   areas  said  f i b e r s   were  not  p a r a l l e l .   The  l a p  

yarns   were  also  r a i s e d ,   and  i n d i v i d u a l   f i b e r s   appeared  to  be 

spread  s i g n i f i c a n t l y .  

EXAMPLE  6 

The  procedures  of  Example  1  were  fo l lowed,   except  f o r  

the  f o l l o w i n g :  

Fabric :   100%  p o l y e s t e r   s a t een ,   having  a  warp  compr i s ed  

of  2/150/68  Dacron  56T  f a l se   tw i s t   t e x t u r i z e d  

p o l y e s t e r ,   a  f i l l   comprising  1/135/54  Dacron 

693T  f a l se   t w i s t   t e x t u r i z e d   p o l y e s t e r ,   a  p i c k  

count  of  90,  an  end  count  of  90,  a  f a b r i c  

weight  of  6.08  ozs.  per  square  yard ,   and  a 

weave  compris ing   a  lx4  f i l l i n g   s a t e e n .  



Fluid:   Water,  at  a  p re s su re   of  2400  p . s . i . g .  

The  water  stream  was  d i r e c t e d   to  the  back  of  the  f a b r i c .  

The  r o t a t i o n   of  the  ro l l   cor responded   to  the  f i l l   d i r e c t i o n .  

The  e f f e c t s   of  the  p a t t e r n i n g   may  be  seen  from  an  i n s p e c t i o n  

of  the  pho tomicrographs   of  Figures  48  through  51.  A 

J a c g u a r d - l i k e   p a t t e r n i n g   e f f e c t   was  produced.   As  may  be 

seen  on  the  face  of  the  f a b r i c ,   while  the  water  s t r e a m  

appeared  to  spread  both  the  warp  yarns  and  the  f i l l   y a r n s ,  

the  ch ie f   e f f e c t   was  a  r a i s i n g   and  sp read ing   of  the  f l o a t  

yarns  and  f i b e r s .   On  the  back  (Figure  51)  i nd iv idua l   f i b e r s  

were  d i s p l a c e d   and  opened  to  varying  deg rees ,   with  l o c a l i z e d  

areas  wherein  the  degree  of  yarn  crimp  was  changed .  

EXAMPLE  7 

The  p rocedures   of  Example  1  were  fo l lowed ,   except  f o r  

the  f o l l o w i n g :  

Fabr ic :   A  100%  p o l y e s t e r   s a t een ,   having  a  warp 

comprised  of  1/75/34  Dacron  T56  n o n - t e x t u r e d  

p o l y e s t e r ,   a  f i l l   comprised  of  1/150/34  Dacron 

56T  t e x t u r e d   p o l y e s t e r ,   a  pick  count  of  60,  an 

end  count  of  160,  a  f i n i s h e d   weight  of  3  o z s .  

per  square  ya'rd  and  having  a  weave  of  4x1 

s a t e e n .  

Fluid:   Water,  at  a  p ressure   of  2400  p . s . i . g .  

The  water  stream  was  d i r e c t e d   to  the  face  of  the  f a b r i c .  

The  rol l   d i r e c t i o n   cor responded   to  the  warp  d i r e c t i o n .   The 

r e s u l t i n g   p a t t e r n e d   f a b r i c   may  be  seen  in  t h e  



pho tomic rographs   of  Figures  52  through  54.  On  the  face  o f  

the  f a b r i c ,   there   was  a  severe  d i s p l a c e m e n t   of  warp  y a r n s ,  

a lmost   resembling  a  l a c e - l i k e   e f f e c t .   Only  minor  s p r e a d i n g  

of  f i l l   yarns  was  observed,   but  f i l l   yarn  bundles  were  

opened  somewhat,  i . e . ,   they  were  made  somewhat  more  b u l k y .  

The  warp  yarns  were  r a i sed .   In  a d d i t i o n ,   there   was  d i s t i n c t  

compact ion  of  the  weave  and  yarn  s t r u c t u r e   sur rounding   t h e  

areas  where  the  warp  yarns  were  d i s p l a c e d .   The  d i s p l a c e m e n t  

of  the  long  f l o a t   yarns  tended  to  reduce  the  r e f l e c t a n c e   o f  

the  f a b r i c .   On  the  back  of  the  f a b r i c ,  a   somewhat  s i m i l a r  

e f f e c t   was  observed;   however,  the  absence  of  long  f l o a t  

yarns  s i g n i f i c a n t l y   a t t e n u a t e d   the  e f f e c t .  

EXAMPLE 8 

The  procedures   of  Example  7  were  fo l lowed ,   except   t h a t  

the  f a b r i c   of  Example  7  was  a r ranged   so  tha t   the  r o l l  

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

p a t t e r n e d   f ab r i c   may  be  seen  in  the  photomicrographs   o f  

Figures  55  and  56.  As  may  be  seen,   there   was  d i s p l a c e m e n t  

of  the  f i l l   yarns  e s p e c i a l l y   of  the  f l o a t   yarns  which  were 

d i s p l a c e d   somewhat  f u r t h e r   v e r t i c a l l y   than  l a t e r a l l y .   There  

was  a lso   a  compaction  of  the  weave  and  yarn  s t r u c t u r e  

su r round ing   the  areas  where  the  f i l l   yarns  were  d i s p l a c e d .  

The  warp  yarns  were  opened  to  a  s i g n i f i c a n t   degree.   On  t h e  

back  of  the  f a b r i c ,   a  somewhat  s i m i l a r ,   but  a t t e n u a t e d ,  

e f f e c t   was  o b s e r v e d .  



EXAMPLE  9 

The  procedures   of  Example  1  were  fo l lowed  except  for  t h e  

f o l l o w i n g :  

Fabr ic :   A  100%  co t ton   Osnaburg,  manufac tu red   in  t h e  

form  of  a  black  out  c lo th   by  being  foam  coa t ed  

with  an  a c r y l i c   foam  c o n t a i n i n g   Ti02,  t h e n  

being  coated  with  an  a c r y l i c   foam  c o n t a i n i n g  

carbon  b lack ,   and  f i n a l l y   being  coated  with  an 

a c r y l i c   foam  c o n t a i n i n g   TiO2. 

Fluid:   Water,  at  a  p r e s su re   of  2400  p . s . i . g . ,   d i r e c t e d  

at  the  face  of  the  f a b r i c .  

As  can  be  seen  from  an  i n s p e c t i o n   of  t h e  

pho tomic rog raph i s   of  Figures   57  through  59,  the  water  j e t  

removed  the  white  coa t ing   and  exposed  the  unde r ly ing   b l ack  

coa t ing   to  provide  a  p a t t e r n   having  extreme  c o n t r a s t .   I t  

should  be  noted  tha t   there   was  some  yarn  d i sp l acemen t   in  t h e  

s u b s t r a t e .  

EXAMPLE  10 

The  procedures   of  Example  1  were  fo l lowed  except   for  t h e  

f o l l o w i n g :  

Fabric :   A  f locked   f a b r i c   of  unknown  f i b e r   conten t   and 

c o n s t r u c t i o n   was  u s e d .  

Fluid:   Water,  at  2400  p . s . i . g .  

The  water  stream  was  d i r e c t e d   to  the  face  of  the  f a b r i c .  

The  d i r e c t i o n   of  ro l l   r o t a t i o n   cor responded   to  the  f a b r i c  

warp  d i r e c t i o n .   The  water  stream  was  d i r e c t e d   at  the  f a c e  



of  the  f locked  f a b r i c .   A  s i g n i f i c a n t   po r t ion   of  the  s h o r t  

p i le   was  l o s t ,   while  ano the r   s i g n i f i c a n t   po r t ion   of  the  p i l e  

yarns  were  laid  down,  and  yet  other   po r t ions   of  the  p i l e  

yarns  were  bent  over  and  dr iven  through  the  s u b s t r a t e   to  t h e  

back.  The  s u b s t r a t e ,   as  viewed  from  the  back  of  the  f a b r i c ,  

e x h i b i t e d   an  opening  and  compaction  of  c o n s t i t u e n t   yarns  as  

well  as  expansion  and  compaction  of  the  weave  s t r u c t u r e .   On 

the  face  of  the  f a b r i c ,   f i b e r s   which  were  i n i t i a l l y  

s u b s t a n t i a l l y   p a r a l l e l   p r i o r   to  t r ea tment   were  s u b s t a n t i a l l y  

d i s o r i e n t e d   fo l lowing   t r e a t m e n t ,   and  the  s u b s t r a t e   f a b r i c  

was  exposed  in  many  p l ace s .   It  is  observed  tha t   the  amount 

of  s u b s t r a t e   exposed  is  r e l a t e d   to  the  v e l o c i t y   of  the  w a t e r  

j e t   used  in  the  t r e a t m e n t .   See  Figures  59  through  61. 

EXAMPLE  11 

The  procedures   of  Example  1  were  fol lowed  except   for  t h e  

f o l l o w i n g :  

Fabric :   A  100%  p o l y e s t e r   f a b r i c   having  a  warp  comprised  o f  

1/70/47  56T  f a l s e   tw i s t   t e x t u r i z e d   p o l y e s t e r ,   a 

f i l l   comprised  of  1/70/34  Dacron  92T  f a l s e   t w i s t  

t e x t u r i z e d   p o l y e s t e r ,   having  a  pick  count  of  88,  an 

end  count  of  92,  a  f i n i s h e d   weight  of  3.6  ozs.  pe r  

l i nea r   yard  (63  inch  width)  and  having  a  weave  of  1 

x  1  plain  weave.  The  f ab r i c   was  cross  dyed.  

Fluid:   Water,  at  a  p r e s s u r e   of  approx imate ly   1500  p . s . i . g .  

The  water  stream  was  d i r e c t e d   to  the  face  of  the  f a b r i c ,  

with  the  roll   d i r e c t i o n   co r re spond ing   to  the  warp  d i r e c t i o n .  



The  back  of  the  f abr ic   was  t r e a t e d   in  a  s i m i l a r   manner  in  a 

s u b s e q u e n t   s tep .   The  stream  d i ame te r   was  0.008  inch;  t h e  

nozzle   was  placed  approx imate ly   o n e - e i g h t h   inch  away  from 

the  f a b r i c   s u r f a c e .   The  r e s u l t i n g   p a t t e r n e d   f a b r i c   may  be 

seen  in  the  photomicrographs   of  Figures  62  through  65.  As 

may  be  seen,   the  warp  yarns  were  s e p a r a t e d   and  somewhat 

d i s p l a c e d   and  skewed.  A  s i m i l a r   e f f e c t   was  observed  on  t h e  

back  of  the  f a b r i c .   The  t r e a t m e n t   r e s u l t e d   in  both  a 

r e f l e c t e d   l i g h t   and  t r a n s m i t t e d   l i g h t   e f f e c t   (See  Figures  63 

and  6 4 ) .  

EXAMPLE  12 

The  f a b r i c   of  Example  11  is  p rocessed   as  in  Example  11,  

except   t ha t   the  o r i f i c e   d iameter   is  0.017  inch.  The 

r e s u l t i n g   p a t t e r n   f abr ic   may  be  seen  in  the  p h o t o m i c r o g r a p h s  

of  F igures   66  through  69.  There  was  a  breaking  up  of  t h e  

uniform  arrangment   of  l i g h t   and  dark  yarns  by  y a r n  

d i s p l a c e m e n t .   It  is  observed  g e n e r a l l y   tha t   where  a  f a b r i c  

e x h i b i t s   a  r e l a t i v e l y   t i g h t l y   woven  warp,  the  f l u i d   s t r e a m  

tends  to  d i s p l a c e   the  f i l l   y a r n s ,   and  vice  versa .   It  s h o u l d  

be  noted  tha t   the  r e f l e c t e d   and  t r a n s m i t t e d   l i g h t  

pho tomic rographs   ( i . e . ,   Figures  67  and  68)  i n d i c a t e   t h a t  

the re   was  both  a  r e f l e c t e d   l i g h t   and  t r a n s m i t t e d   l i g h t  

e f f e c t .   Such  e f f e c t ,   while  d i s c e r n a b l e   in  the  f a b r i c   o f  

Example  11,  was  s i g n i f i c a n t l y   more  dramat ic   in  th i s   Example.  



EXAMPLE  13 

The  procedures   of  Example  1  were  fo l lowed ,   except  f o r  

the  f o l l o w i n g :  

Fabric :   A  100%  cot ton  denim  having  a  weight  of  12 .8  

ounces  per  square  yard .   The  warp  yarns  a r e  

dyed  dark  blue;  the  f i l l   yarns  are  dyed  w h i t e .  

The  blue  warp  yarns  are  not  dyed  t h r o u g h o u t ,  

but  carry  dye  only  near  the  outer   sur faces   o f  

the  yarn,   i . e . ,   are  r ing  or  shel l   dyed.  The 

r e s u l t i n g   p a t t e r n   f a b r i c   may  be  seen  in  t h e  

photomicrographs   of  Figures   70  through  72. 

Fibers  from  the  outer   l ayer   of  the  warp  y a r n s  

were  torn  away  and  p o r t i o n s   of  these  f i b e r s  

were  driven  to  the  i n t e r i o r   of  the  f a b r i c ,  

po r t ions   were  being  d i s p l a c e d   to  the  f a b r i c  

back,  and  a  s i g n i f i c a n t   po r t ion   was  l e f t   on  t h e  

f ab r i c   s u r f a c e .   There  was  f ray ing   of  t h e  

t r e a t e d   yarns ,   as  well  as  opening  of  the  y a r n s ,  

which  r e s u l t e d   in  i n c r e a s e d   b u l k .  

EXAMPLE  14 

The  procedures   of  Example  1  were  fo l lowed ,   except  f o r  

the  f o l l o w i n g :  

Fabric:   A  2X1  twi l l   f a b r i c ,   with  an  end  count  of  84, 

and  a  pick  count  of  46.  The  warp  yarns  a r e  

14/1  p o l y e s t e r / c o t t o n   65/35;  the  f i l l   yarns  a r e  

14/1  p o l y e s t e r / c o t t o n   65/35.  The  f abr ic   has 



been  napped  on  the  back,  and  has  a  weight  o f  

6.83  ounces  per  square  yard.   The  r e s u l t i n g  

p a t t e r n   f a b r i c   may  be  seen  in  t h e  

pho tomicrographs   of  Figures  73  through  76.  The 

f a b r i c   has  a  two-tone  e f f e c t .   Most  f i b e r s  

compr is ing   the  nap  on  the  f a b r i c   face  have  been 

pushed  into  the  s u b s t r a t e .   A  s i g n i f i c a n t  

po r t ion   of  many  of  the  f i b e r s   compris ing  t h e  

nap  have  been  pushed  through  the  s u b s t r a t e   and 

form  a  n a p - l i k e   su r face   on  the  back  of  t h e  

f a b r i c .   The  path  of  the  water  j e t   which 

impacted  the  f ab r i c   may  be  seen  on  both  t h e  

face  and  back  of  the  f a b r i c .   There  is  l i t t l e  

change  in  the  l i g h t   t r a n s m i t t a n c e ,   but  a 

s i g n i f i c a n t   change  in  the  l i g h t   r e f l e c t a n c e  

between  the  t r e a t e d   and  u n t r e a t e d   a r e a s .  

EXAMPLE  15 

The  procedures   of  Example  1  were  f o l l owed ,   except   f o r  

the  f o l l o w i n g :  

Fabric :   A  100%  spun  p o l y e s t e r   j e r s e y   knit   having  a 

weight  of  5  ozs.  per  square  y a r d .  

Pa t te rn   Gauge:  Approximate ly   16  l i nes   per  i n c h .  

The  water  stream  was  d i r e c t e d   to  the  face  of  the  f a b r i c .  

The  r e s u l t i n g   p a t t e r n   f a b r i c   may  be  seen  in  t h e  

photomicrographs   of  Figures   77  through  80.  As  may  be  s e e n ,  

a  m u l t i - l e v e l   e f f e c t   has  been  in t roduced   in  the  wales  in  t h e  



form  of  g e n e r a l l y   "U"-shaped  grooves  which  form 

co r r e spond ing   r idges   on  the  oppos i t e   side  of  the  f a b r i c .  

Figures   78  and  79  show  a  compaction  of  the  knit   s t r u c t u r e   in  

the  region  of  the  grooves .   Yarn  bulking  and  sp read ing   i n  

the  t r e a t e d   area  of  obse rved .   There  is  a  s i g n i f i c a n t   d e g r e e  

of  f i b e r   r a i s i n g   on  the  back  of  the  f a b r i c .   (See  Figure  80)  

EXAMPLE  16 

The  procedures   of  Example  1  were  fo l lowed,   except  f o r  

the  f o l l o w i n g :  

Fabr ic :   A  65/35  p o l y e s t e r / c o t t o n   2 x  1  t w i l l   having  a 

warp  and  f i l l   comprised  o f  14 /1   yarn  having  107 

ends  and  48  picks  in  a  1  x  1  weave,  and  h a v i n g  

a  f a b r i c   weight  of  8.21  ounces  per  square  y a r d .  

Pa t t e rn   Gauge:  Five  p a r a l l e l   " l i nes"   or  j e t   t r a c k s ,  

spaced  app rox ima te ly   0.067  inch  a p a r t  

and  a r ranged   in  groups  which  are  spaced  

a p p r o x i m a t e l y   0.37  inch  a p a r t .  

Nozzle  Diameter:   0.012  i nch  

Fluid:   Water,  at  a  p r e s su re   of  2000  p . s . i . g .  

Roll:  C i r c u m f e r e n t i a l   ro l l   speed  was  5  y a r d s / m i n u t e  

The  water  stream  was  d i r e c t e d   onto  the  face  of  t h e  

f ab r i c   from  an  a r ray   comprised  of  f ive  sepa ra te   n o z z l e s .  

The  r e s u l t i n g   f a b r i c   is  shown  in  the  photomicrographs   o f  

Figures  81  through  84.  As  may  be  seen,  there   is  a 

compaction  of  the  weave  s t r u c t u r e   in  both  the  warp  and  t h e  

f i l l   d i r e c t i o n   which  r e s u l t s   in  buckl ing  or  puckering  o f  t h e  



u n t r e a t e d   f ab r i c   between  a d j a c e n t   groups  of  j e t   t r a c k s .  

This  buckling  or  pucker ing   may  be  removed  by  drying  the  wet  

f a b r i c   under  moderate  t e n s i o n .   There  is  s e p a r a t i o n   o f  

ad jacen t   warp  yarns  by  each  i n d i v i d u a l   j e t ,   and  s i g n i f i c a n t  

t r a n s f e r   of  nap  f i b e r s   from  the  face  to  the  back  of  t h e  

f a b r i c   along  the  j e t   t r a c k s .  

EXAMPLE  17 

The  procedures   of  Example  1  were  f o l l owed ,   except   f o r  

the  f o l l o w i n g :  

Fabr ic :   A  65/35  p o l y e s t e r / c o t t o n   sanded  twi l l   having  a 

warp  and  f i l l   comprised  of  14/1  yarn  having  85  ends  and  54 

picks  in  a  3  x  1  weave  and  having  a  f a b r i c   weight  of  7 . 3 4  

ounces  per  square  y a r d .  

Nozzle  Diameter:   0.020  i n c h  

Fluid:  Water,  at  a  p r e s s u r e   of  2500  p . s . i . g .  

The  water  stream  was  d i r e c t e d   onto  the  face  of  t h e  

f a b r i c .   The  r e s u l t i n g   f a b r i c   is  shown  in  t h e  

photomicrographs   of  Figures  85  through  87.  As  may  be  s e e n ,  

there   is  a  r a i s i n g   of  the  yarns  at  c o r r e s p o n d i n g   l o c a t i o n s  

on  both  the  face  and  the  back  of  the  f a b r i c ,   r e s u l t i n g   i n  

the  format ion  of  r idges   on  e x a c t l y   oppos i t e   s ides   of  t h e  

f a b r i c   which  produce  a  s l u b - l i k e   appea rance .   There  is  an 

opening  and  a  bulking  of  the  yarn  in  the  t r e a t e d   a r e a s .  

Surface  nap  f i b e r s   are  thought   to  be  produced  and  d i s p l a c e d  

along  the  t r e a t e d   a r ea s .   Most  of  such  produced  nap  f i b e r s  



are  pushed  through  the  f ab r i c   and  p ro t rude   from  the  f a b r i c  

back  s u r f a c e   oppos i te   the  t r e a t e d   a r e a s .  

EXAMPLE  18 

The  p rocedures   of  Example  17  were  fo l lowed ,   except   f o r  

the  f o l l o w i n g :  

Fabr i c :   A  65/35  p o l y e s t e r / c o t t o n   1 x  1  p l a in   weave 

having  a  25/1  p o l y e s t e r / c o t t o n   warp  and  a  2 5 / 1  

p o l y e s t e r / c o t t o n   f i l l ,   with  98  ends  and  56 

p icks ,   and  a  f a b r i c   weight  of  4.92  ounces  p e r  

square  y a r d .  

Fluid  Jet   Control :   The  appa ra tu s   dep ic ted   in  Figure  29.  

The  water  p r e s su re   was  main ta ined   at  2500  p . s . i . g . ,   t h e  

con t ro l   f l u i d   was  a i r ,   which  was  var ied   in  p ressure   from  2 

to  85  p . s . i . g .   in  response  to  e x t e r n a l l y   suppl ied   p a t t e r n  

i n f o r m a t i o n .   The  f ab r i c   was  p o s i t i o n e d   approx imate ly   0 . 3 7  

inch  from  the  forward  face  of  f lange   164.  C i r c u m f e r e n t i a l  

ro l l   speed  was  5  yards  per  minute.   The  r e s u l t i n g   p a t t e r n e d  

f ab r i c   may  be  seen  in  the  photomicrographs   of  Figures  88 

through  91.  As  may  be  seen,  there   is  a  s e p a r a t i o n   o f  

a d j a c e n t   warp  yarns ,   as  well  as  some  bulking  of  the  t r e a t e d  

yarns .   Surface   nap  f ibe r s   are  thought   to  be  produced  and 

d i s p l a c e d   along  the  t r e a t e d   a r ea s .   Most  of  such  p r o d u c e d  

nap  f i b e r s   are  pushed  through  the  f ab r i c   and  p ro t rude   f rom 

the  f a b r i c   back  surface   oppos i t e   the  t r e a t e d   a r e a s .  



EXAMPLE  19 

The  procedures   of  Example  1  were  fol lowed  except  for  t h e  

f o l l o w i n g :  

Fabr ic :   The  f ab r i c   of  Examples  11  and  12  was  u s e d .  

Fluid  Jet  Control :   The  appa ra tu s   dep ic t ed   in  Figures  11 

through  13,  using  an  a i r   c y l i n d e r   to  a c t i v a t e   plunger  60.  

The  reed  was  fash ioned   out  of  s t a i n l e s s   s teel   shim  s t o c k  

having  a  t h i cknes s   of  0.003  inch.  D e f l e c t i o n   was  via  a 

d e f l e c t o r   p la te   located   a p p r o x i m a t e l y   0.5  inch  from  the  e x i t  

of  the  water  j e t .   The  d e f l e c t o r   p l a t e   was  provided  with  a 

hole  app rox ima te ly   0.05  inch  in  d iameter   to  allow  t h e  

u n d e f l e c t e d   j e t   to  pass  t h e r e t h r o u g h   and  s t r i k e   the  f a b r i c .  

A c t u a t i o n   of  the  reed  was  provided  by  a  minature   a i r  

c y l i n d e r   d i s t r i b u t e d   by  Tomita  Company,  Limited,   of  Tokyo,  

Japan  as  Model  Number  1C-0 .10-NFS-0 .197.   The  a i r   c y l i n d e r  

p lunger   was  spaced  approx imate ly   0.03  inch  from  the  r e e d .  

The  a i r   c y l i n d e r   was  in  turn  c o n t r o l l e d   by  an  a i r   v a l v e  

d i s t r i b u t e d   by  the  Lee  Company,  of  Westbrook,  Connec t icu t   as  

Model  Number  LFAX0460900AG.  Air  p r e s s u r e   was  main ta ined   a t  

60  p . s . i . g .   When  used  in  c o n j u n c t i o n   with  a  supply  of  h igh  

p r e s s u r e   water  ( i . e . ,   1500  p . s . i . g . )   a  high  v e l o c i t y   s t r e a m  

of  water  was  p ro j ec t ed   onto  the  t e x t i l e   f a b r i c   s u b s t r a t e   i n  

accordance   with  pa t t e rn   data  supp l i ed   by  an  EPROM  and 

a s s o c i a t e d   e l e c t r o n i c s .   The  f a b r i c   was  spaced  about  0 . 7 5  

inch  from  the  exi t   point   of  the  water  j e t ;   t h e  

c i r c u m f e r e n t i a l   speed  of  the  rol l   to  which  the  f ab r i c   was 



a t t a c h e d   was  approx ima te ly   four  inches  per  second.  The 

r e s u l t i n g   p a t t e r n   f a b r i c   may  be  s e e n ' i n   the  p h o t o m i c r o g r a p h s  

of  Figures   92  through  94.  There  was  a  breaking  up  of  t h e  

uniform  ar rangement   of  l i g h t   and  dark  yarns  by  y a r n  

d i s p l a c e m e n t ,   with  both  a  r e f l e c t e d   l i gh t   and  t r a n s m i t t e d  

l i g h t   e f f e c t .   Upon  c lose  i n s p e c t i o n ,   the  f ab r i c   e f f e c t  

appeared  to  be  g e n e r a l l y   s i m i l a r   to  tha t   achieved  in  Example 

12,  and  shown  in  Figures  66  through  69.  



1.  A  method  for  t r e a t i n g   a  s u b s t r a t e   c h a r a c t e r i s e d   by :  

a.  p l a c i n g   the  s u b s t r a t e   a g a i n s t   a  s u p p o r t ;  
b.  d i r e c t i n g   at  l e a s t   one  t r e a t i n g   stream  o f  

f l u i d   at  the  su r face   of  the  s u b s t r a t e   u n d e r  

a  peak  dynamic  p r e s su re   in  excess  of  about  2068  kPa 

(300  p . s . i . g . ) ;   and 

c.  i n t e r r u p t i n g   and  r e - e s t a b l i s h i n g   contac t   between  t h e  

s tream  and  the  su r face   in  response  to  e l e c t r i c a l l y  

encoded  p a t t e r n   i n f o r m a t i o n .  

2.  A  method  accord ing   to  claim  1  for  t r e a t i n g   a  t e x t i l e   f a b r i c ,  

said  f a b r i c   being  comprised  of  s u b s t a n t i a l l y   cont inuous   yarns  w h i c h  

are  i n t e r l a c e d   in  a  r e p e a t i n g   c o n f i g u r a t i o n ,   said  method  c o m p r i s i n g :  

a.  p l a c i n g   said  f a b r i c   a g a i n s t   a  support   member; 

b.  d i r e c t i n g   at  l e a s t   one  t r e a t i n g   stream  of  f l u id   a t  

the  su r face   of  said  f a b r i c ,   said  stream  having  a  

cross   s ec t i on   with  a  minimum  dimension  which  i s  

sma l l e r   than  the  minimum  p a t t e r n   d e t a i l   d e s i r e d ;  

c.  d e l i v e r i n g   said  stream  at  a  peak  dynamic  p r e s s u r e   i n  

excess   of  about  2068  kPa  (300  p . s . i . g . ) ;   and 

d.  i n t e r r u p t i n g   and  r e - e s t a b l i s h i n g   contact   between  s a i d  

s t ream  and  said  su r face   in  response   to  e l e c t r i c a l l y  

encoded  p a t t e r n   i n f o r m a t i o n   to  s e l e c t i v e l y   d i s p l a c e  

yarns   in  said  f a b r i c .  

3.  The  method  of  claim  2  where in   said  stream  of  f l u i d   d i s p l a c e s  

said  yarns  wi thout   s u b s t a n t i a l   en tang lement   of  said  y a r n s .  

4.  The  method  of  claim  1  or  2  where in   said  support  member  p r o v i d e s  

a  smooth,  i m p e n e t r a t a b l e   s u r f a c e .  



5.  The  method  of  c laim  1  or  2  wherein   said  stream  has  a  d i a m e t e r  

in  the  range  g r e a t e r   than  about  0.007  inch  (0.18  mm). 

6.  The  method  of  claim  2  wherein  said  t e x t i l e   f ab r i c   has  a  p i l e  

s u r f a c e   comprised  of  p i le   yarns ,   said  method  c o m p r i s i n g :  

a.  p lac ing   said  s u b s t r a t e   a g a i n s t   a  support  member  w i t h  

said  p i l e   su r face   exposed;  and 

b.  d i r e c t i n g   at  l e a s t   one  s t ream  of  f lu id   at  the  e x p o s e d  

su r face   of  said  s u b s t r a t e   at  a  peak  dynamic  p r e s s u r e  

in  excess  of  about  2068  kPa  (300  p . s . i . g . ) ,   said  s t r e a m  

s t r i k i n g   said  p i l e   su r f ace   with  s u f f i c i e n t   force  to  d i s p l a c e  

po r t i ons   of  said  p i le   yarns  into  said  s u b s t r a t e .  

7.  The  method  of  claim  1  or  2  where in   said  stream  is  comprised  o f  

water ,   wherein  said  water  s t ream  f lows  w i th in   an  open  channel ,   s a i d  

s t ream  being  l a t e r a l l y   conf ined  w i t h i n   said  channel,   and  w h e r e i n  

said  s t ream  is  i n t e r r u p t e d   by  means  of  a  t r a n s v e r s e   s t ream  of  a 

c o n t r o l   f l u id   which  is  d i r e c t e d   in to   said  water  stream  w i t h i n   s a i d  

open  channel  from  under  said  water  s t ream,   thereby  l i f t i n g   s a i d  

water   s tream  and  i n t e r r u p t i n g   the  flow  of  said  water  s t ream  w i t h i n  

said  c h a n n e l .  

8.  A  method  for  i n t e r m i t t e n t l y   i n t e r r u p t i n g   the  flow  of  a  f i r s t  

f l u id   s t ream  wi th in   an  open  channel ,   which  stream  a t  



l e a s t   p a r t i a l l y   conforms  to  and  is  l a t e r a l l y   confined  w i t h i n  

said  open  channe l ,   by  means  of  a  t r a n s v e r s e   stream  of  a 

cont ro l   f l u i d   which  is  d i r ec t ed   into  said  f i r s t   f lu id   s t r e a m  

from  a  point   wi th in   said  channel  and  u n d e r ' s a i d   f i r s t   f l u i d  

stream  with  s u f f i c i e n t   p ressure   to  force   said  f i r s t   f l u i d  

stream  to  leave  the  conf ines   of  said  c h a n n e l .  

9.  The  method  of  Claim  8  wherein  said  stream  o f  

t r e a t i n g   f l u i d   is  a  l i qu id   stream  which  s u b s t a n t i a l l y  

conforms  to  said  open  channel  and  is  f lowing  wi thin   s a i d  

channel  at  r e l a t i v e l y   high  v e l o c i t y ,   and  wherein  s a i d  

t r a n s v e r s e   stream  is  comprised  of  a  gas  which  has  s u f f i c i e n t  

p ressure   to  d i s r u p t   the  flow  of  said  l i q u i d   stream  and  c a u s e  

said  stream  to  d i s s i p a t e .  

10.  The  method  of  Claim  8  wherein  said  t r e a t i n g   f l u i d  

stream  is  given  a  des i r ed   c r o s s - s e c t i o n   fo l lowing   p a s s a g e  

within  said  open  channel  by  passage  through  an  a p e r t u r e  

which  is  a l igned   with  said  open  c h a n n e l .  

11.  An  appa ra tus   for  i n t e r m i t t e n t l y   i n t e r r u p t i n g   t h e  

flow  of  a  f i r s t   f l u i d   stream  wi thin   an  open  channel ,   which 

stream  at  l e a s t   p a r t i a l l y   conforms  to  and  is  l a t e r a l l y  

confined  wi th in   said  open  channel ,   by  means  of  a  t r a n s v e r s e  

stream  of  a  second  f l u i d ,   said  appa ra tu s   c o m p r i s i n g :  



a.  means  for  supplying  a  stream  of  said  f i r s t   f l u i d  

in  a l ignment   with  said  c h a n n e l ;  

b.  means  for  d i r e c t i n g   a  t r a n s v e r s e   stream  of  s a i d  

control   f l u id   into  said  f i r s t   f l u id   stream  f rom 

a  point   wi thin   said  channel  and  under  said  f i r s t  

f l u id   s tream;  and 

c.  f l u id   supply  means  for  supplying  said  c o n t r o l  

f lu id   to  said  d i r e c t i n g   means  at  a  s u f f i c i e n t  

p ressure   to  cause  said  f i r s t   f l u i d   stream  t o  

leave  the  conf ines   of  said  c h a n n e l .  

12.  The  appara tus   of  Claim  11  wherein  said  d i r e c t i n g  

means  comprises   a  passage  in  the  base  of  said  c h a n n e l  

d i r e c t e d   outwardly  from  said  b a s e .  

13.  The  appara tus   of  Claim  11  which  f u r t h e r   comprises  a 

stream  forming  means  for  giving  said  f i r s t   f l u id   stream  a 

d e s i r e d   c r o s s - s e c t i o n   fo l lowing  the  flow  of  said  f l u i d  

stream  wi th in   said  open  channel ,   said  stream  forming  means 

i n c l u d i n g   an  ape r tu re   in  s u b s t a n t i a l   a l ignment   with  s a i d  

c h a n n e l .  

14.  An  appara tus   for  forming  an  i n t e r m i t t e n t   stream  o f  

f l u i d ,   c o m p r i s i n g :  

a.  manifold  means  for  con t a in ing   a  q u a n t i t y   of  s a i d  

f lu id   at  the  des i r ed   p r e s s u r e ;  



b.  stream  forming  means,  in  f l u i d   communica t ion  

with  said  manifold  means,  for  forming  a  s t r e a m  

of  said  f l u i d ;  

c.  reed  means  s i t u a t e d   o u t s i d e   said  manifold  means 

and  comprising  a  th in   p o r t i o n   of  s t i f f ,  

r e s i l i e n t   m a t e r i a l ,   s a i d ' r e e d   means  b e i n g  

p o s i t i o n e d   ad jacen t   to  the  path  of  said  s t r e a m  

formed  by  said  stream  forming  means,  said  r eed  

means  being  connected  in  c a n t i l e v e r   fashion   t o  

said  manifold  means,  t he reby   having  a  f i x e d ,  

proximal  end  and  a  f r e e ,   d i s t a l   end,  said  d i s t a l  

end  of  said  reed  means  being  capable  o f  

r e s i t  l e n t   movement  through  the  path  of  s a i d  

s t r e a m ;  

d.  reed  a c tua t i on   means  for  i n t e r m i t t e n t l y   urging  a 

por t ion   of  said  d i s t a l   end  of  said  reed  means 

into  the  path  of  said  s t ream,   said  a c t u a t i o n  

means  comprising  a  p lunger   which  may  be  moved  t o  

an  extended  p o s i t i o n   and  moved  to  a  r e t r a c t e d  

p o s i t i o n   on  command,  and  which  c o n t a c t s   s a i d  

reed  means  and  moves  said  d i s t a l   por t ion   of  s a i d  

reed  means  into  the  path  of  said  stream  in  one 

of  said  pos i t i ons   and  a l lows  said  reed  means  t o  

move  out  of  said  path  in  the  o ther   of  s a i d  

p o s i t i o n s ;   and 



e.  containment   means  spaced  from  said  s t r e a m  

forming  means,  and  beyond  but  in  c lose  p r o x i m i t y  

to  said  d i s t a l   end  of  said  reed  means,  s a i d  

containment  means  being  p o s i t i o n e d   g e n e r a l l y  

within  the  path  of  said  f l u i d   stream  and 

comprising  a  b a r r i e r   means  having  an  a p e r t u r e  

t h e r e i n ,   said  a p e r t u r e   being  in  a l ignment   w i t h  

said  stream  forming  means,  said  a l i g n m e n t  

al lowing  said  f l u i d   stream  to  pass  through  s a i d  

aper ture   whenever  the  d i s t a l   por t ion   of  s a i d  

reed  means  has  moved  out  of  the  path  of  s a i d  

s t r e a m .  

15.  The  apparatus   of  Claim  14  wherein  said  reed  means  i s  

an  e l onga t e   s t r i p   of  s t i f f   me ta l ,   the  d i s t a l   end  of  which  i s  

bent  at  an  obtuse  angle,   said  s t r i p   being  s i t u a t e d   i n  

p a r a l l e l   arrangement  a l o n g  t h e   path  of  said  stream  so  t h a t  

when  said  plunger  is  ex tended ,   the  d i s t a l   end  of  s a i d  

e l o n g a t e   s t r i p   is  forced  into  the  path  of  said  s t r e a m .  

16.  The  apparatus   of  Claim  15  wherein  said  s t r e a m  

forming  means  comprises  means  for  forming  a  p l u r a l i t y   o f  

g e n e r a l l y   al igned  bores,   for  s i m u l t a n e o u s l y   forming  an  a r r a y  

of  f l u i d   s t reams;   said  reed  means  comprises   a  p l u r a l i t y   o f  

reed  means,  pos i t ioned   in  two  g e n e r a l l y   p a r a l l e l   a r r a y s  

f l a n k i n g   said  bores,   with  each  of  said  bores  having  an 



i n d i v i d u a l   reed  means  co r re spond ing   t h e r e t o ,   said  a r r a y s  

being  s l i g h t l y   l a t e r a l l y   d i s p l a c e d   to  allow  for  i n t e r l e a v i n g  

of  reed  means  from  each  a r ray ;   said  reed  a c t u a t i o n   means 

comprises  a  p l u r a l i t y   of  reed  a c t u a t i o n   means  pos i t i oned   in  

operable   a s s o c i a t i o n   with  said  reed  means,  each  of  said  r e e d  

means  having  a  co r re spond ing   i n d i v i d u a l   a c t u a t i o n   means 

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

means  spaced  from  said  stream  forming  means,  beyond  but  i n  

c lose  p rox imi ty   to  said  d i s t a l   p o r t i o n s   of  said  p l u r a l i t y   o f  

reed  means,  said  conta inment   means  compris ing   a  b a r r i e r  

means  having  at  l e a s t   one  a p e r t u r e   in  s u b s t a n t i a l   a l i g n m e n t  

with  said  p l u r a l i t y   of  bores,   and  a l lowing  said  f l u i d  

streams  to  pass  through  said  a p e r t u r e   whenever  the  d i s t a l  

po r t ions   of  said  reed  means  are  r e t r a c t e d   from  the  paths  o f  

said  s t r e a m s .  

17.  An  appa ra tus   for  forming a   thin  stream  of  f l u i d  

which  i n t e r m i t t e n t l y   s t r i k e s   a  t a r g e t   in  accordance  w i t h  

e x t e r n a l l y   supp l i ed   command  da ta ,   c o m p r i s i n g :  

a.  a  manifold  for  c o n t a i n i n g   and  d i s t r i b u t i n g   s a i d  

f l u i d   at  a  d e s i r e d   p r e s s u r e ;  

b.  stream  forming  means  in  f l u i d   communication  w i t h  

said  mani fo ld ,   said  stream  forming  means 

compris ing  a  r e l a t i v e l y   s t i f f   s ec t ion   of  t u b i n g  

which  is  d i r e c t e d   at  said  t a r g e t   and  which  i s  

c a n t i l e v e r e d   from  said  man i fo ld ,   said  t u b i n g  



being  capable  of  undergoing  moderate  d e f l e c t i o n  

without   permanent  d e f o r m a t i o n ;  

c.  a  b a r r i e r   means  ex tending   beyond  the  p roximal  

end  of  said  tube  and  ex tending   t r a n s v e r s e l y   t o  

the  d i r e c t i o n   of  said  stream  path ,   said  b a r r i e r  

means  serv ing   to  i n t e r s e c t   the  path  of  s a i d  

stream  when  said  tube  is  in  a  f i r s t   p o s i t i o n ,  

and  p o s i t i o n e d   t o  a l l o w   said  s tream  to  pa s s  

s u b s t a n t i a l l y   unchanged  and  s t r i k e   the  t a r g e t  

when  said  tube  is  in  a  second  p o s i t i o n ;   and 

d.  tube  d e f l e c t i o n   means  compris ing  a  p l u n g e r  

which,  when  extended,   con t ac t s   said  c a n t i l e v e r e d  

tube  and  d e f l e c t s   said  d i s t a l   end  of  said  t u b e .  

18.  The  appara tus   of  Claim  17  wherein  said  tube  is  i n  

said  f i r s t   p o s i t i o n   when  said  plunger  is  e x t e n d e d .  

19.  The  appara tus   of  Claim  17  wherein  said  tube  is  i n  

said  second  p o s i t i o n   when  said  plunger  is  e x t e n d e d .  

20.  The  appara tus   of  Claim  17  wherein  said  s t r e a m  

forming  means  comprises  an  array  of  r e l a t i v e l y   s t i f f  

s e c t i o n s   of  tubing  which  are  d i r e c t e d   at  said  t a r g e t   and 

which  are  c a n t i l e v e r e d   from  said  mani fo ld ,   said  tubes  b e i n g  

ar ranged  in  two  g e n e r a l l y   p a r a l l e l   a r r a y s ,   said  arrays  b e i n g  

l a t e r a l l y   o f f s e t   so  that   r e s p e c t i v e   tubes  from  each  a r r a y  



are  unopposed;   said  b a r r i e r   means  comprises   a  b a r r i e r   means 

for  each  a r ray   ex tending   beyond  the  proximal  end  of  s a i d  

tubes  in  each  a r r ay ;   and  said  tube  d e f l e c t i n g   means 

comprises   a  p l u r a l i t y   of  p lungers   a r ranged   in  two  g e n e r a l l y  

p a r a l l e l   a r r a y s ,   said  arrays   being  l a t e r a l l y   o f f s e t   so  t h a t  

r e s p e c t i v e   p lungers   from  each  array  are  unopposed,   each  

i n d i v i d u a l   p lunger   being  a s s o c i a t e d   with  a  c o r r e s p o n d i n g  

c a n t i l e v e r e d   tube  in  said  stream  forming  means .  
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