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§4)  Random  droplet  liquid  jet  apparatus  and  process. 

<§Z)  Fluid  or  liquid  jet  marking  apparatus  and  process 
wherein  the  treating  fluid  or  liquid  (10)  is  in  the  form  of  ink, 
dyestuff  or  other  printing,  marking  or  coloring  medium,  is 
delivered  under  pressure  to  an  array  of  jet  orifices  (14)  from 
which  the  medium  issues  continuously  as  streams  (16)  that 
break  randomly  into  discrete  droplets  in  flight.  The  moving 
random  droplets  are  selectively  charged  as  they  pass 
through  a  selectively  energizable  electrostatic  field  (18). 
The  paths  of  charged  droplets  are  controlled  by  a  deflection 

CI  means  (20)  which  establishes  a  second  electrostatic  field 
through  which  the  droples  pass.  Depending  on  whether  the 
droplets  are  charged,  they  are  either  caught  by  a  collector 

^   (22),  or  impinge  on  a  receiving  substrate  such  as  a  textile, 
lJ  paper  or  any  other  desired  medium,  product  or  substance. 

In  the  apparatus,  the  streams  (16)  break  up  randomly  in- 
O  to  droplets.  Since  the  apparatus  is  not  provided  with  a  sep- 

arate  stimulator,  vibrator  or  perturbation  device,  the  orifice ™  plate  can  have  virtually  an  unlimited  cross-machine  length. 
0)  It  has  been  found  that  by  controlling  certain  equipment  pa- 
T"  rameters,  such  random  droplet  brakup  can  occur  within  a 

narrow  distribution  around  a  mean  droplet  size  to  produce 
O  results  very  much  the  same  as  with  perturbed  systems  that 

use  separate,  regularly  cyclical  varicosity  inducing  means, 
^   and  in  many  cases  are  superior  to  perturbed  systems  in  a 
| | |   large  variety  of  applications  as  the  length  of  the  orifice  plate 

is  not  limited  in  size.  The  undesirable  effects  of  droplet  to 
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droplet  size  and  spacing  variation  become  narrowed  with 
increased  pressure  on  the  fluid  or  liquid  supply  and  de- 
creased  diameter  of  the  jet  orifices. 

M  UNDER  PRESSURE 

10- 
T  

fit 

AS 

/4  
*  4  
J   * l :  

»i 
J 
'J 

AS 

ACTORUM  AG 

  Fluid  or  liquid  jet  marking  apparatus  and  process 
wherein  the  treating  fluid  or  liquid  (10)  is  in  the  form  of  ink, 
dyestuff  or  other  printing,  marking  or  coloring  medium,  is 
delivered  under  pressure  to  an  array  of  jet  orifices  (14)  from 
which  the  medium  issues  continuously  as  streams  (16)  that 
break  randomly  into  discrete  droplets  in  flight.  The  moving 
random  droplets  are  selectively  charged  as  they  pass 
through  a  selectively  energizable  electrostatic  field  (18). 
The  paths  of  charged  droplets  are  controlled  by  a  deflection 
means  (20)  which  establishes  a  second  electrostatic  field 
through  which  the  droples  pass.  Depending  on  whether  the 
droplets  are  charged,  they  are  either  caught  by  a  collector 
(22),  or  impinge  on  a  receiving  substrate  such  as  a  textile, 
paper  or  any  other  desired  medium,  product  or  substance. 

In  the  apparatus,  the  streams  (16)  break  up  randomly  in- 
to  droplets.  Since  the  apparatus  is  not  provided  with  a  sep- 
arate  stimulator,  vibrator  or  perturbation  device,  the  orifice 
plate  can  have  virtually  an  unlimited  cross-machine  length. 
It  has  been  found  that  by  controlling  certain  equipment  pa- 
rameters,  such  random  droplet  brakup  can  occur  within  a 
narrow  distribution  around  a  mean  droplet  size  to  produce 
results  very  much  the  same  as  with  perturbed  systems  that 
use  separate,  regularly  cyclical  varicosity  inducing  means, 
and  in  many  cases  are  superior  to  perturbed  systems  in  a 
large  variety  of  applications  as  the  length  of  the  orifice  plate 
is  not  limited  in  size.  The  undesirable  effects  of  droplet  to 

droplet  size  and  spacing  variation  become  narrowed  with 
increased  pressure  on  the  fluid  or  liquid  supply  and  de- 
creased  diameter  of  the  jet  orifices. 



FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to   t h e   f i e l d   of   n o n -  

c o n t a c t   f l u i d   m a r k i n g   d e v i c e s   w h i c h   a r e   c o m m o n l y   k n o w n  

as  " i n k   j e t "   d e v i c e s .  

THE  PRIOR  ART 

Ink   j e t   d e v i c e s   a r e   shown  g e n e r a l l y   in  U . S .  

P a t e n t   No.  3 , 3 7 3 , 4 3 7 ,   i s s u e d   March  12,  1 9 6 8 ,   to   S w e e t  

&  Cumming:   No.  3 , 5 6 0 , 9 8 8 ,   i s s u e d   F e b r u a r y   2,  1971  t o  

K r i c k ;   No.  3 , 5 7 9 , 7 2 1 ,   i s s u e d   May  25,   1971  t o  

K a l t e n b a c h ;   and  No.  3 , 5 9 6 , 2 7 5 ,   to   S w e e t ,   i s s u e d   J u l y  

27,   1 9 7 1 .   In  a l l   of   t h o s e   d e v i c e s ,   j e t s   ( v e r y   n a r r o w  

s t r e a m s )   a r e   c r e a t e d   by  f o r c i n g   a  s u p p l y   of  r e c o r d i n q  

f l u i d   or  ink  f rom  a  m a n i f o l d   t h r o u g h   a  s e r i e s   of   f i n e  

o r i f i c e s   or  n o z z l e s .   The  c h a m b e r   w h i c h   c o n t a i n s   t h e  

ink   or  t h e   o r i f i c e s   by  w h i c h   t h e   j e t s   a r e   f o r m e d   a r e  

v i b r a t e d   or  " s t i m u l a t e d "   so  t h a t   t h e   j e t s   b r e a k   u p  
i n t o   d r o p l e t s   of   u n i f o r m   s i z e   and  r e g u l a r   s p a c i n g .  

Each   s t r e a m   of  d r o p s   is  f o r m e d   in  p r o x i m i t y   to   a n  

a s s o c i a t e d   s e l e c t i v e   c h a r g i n g   e l e c t r o d e   w h i c h  

e s t a b l i s h e s   e l e c t r i c a l   c h a r g e s   on  t h e   d r o p s   as  t h e y  

a r e   f o r m e d .   The  f l i g h t   of   t h e   d r o p s   to   a  r e c e i v i n g  

s u b s t r a t e   is  c o n t r o l l e d   by  i n t e r a c t i o n   w i t h   a n  

e l e c t r o s t a t i c   d e f l e c t i o n   f i e l d   t h r o u g h   w h i c h   t he   d r o p s  

p a s s ,   w h i c h   s e l e c t i v e l y   d e f l e c t s   them  in  a  t r a j e c t o r y  

t o w a r d   t h e   s u b s t r a t e ,   or  to   an  ink   c o l l e c t i o n   a n d  

r e c i r c u l a t i o n   a p p a r a t u s   ( c o m m o n l y   c a l l e d   a  " g u t t e r " )  

w h i c h   p r e v e n t s   them  f rom  c o n t a c t i n g   t h e   s u b s t r a t e .  

W h i l e   i t   ha s   b e e n   known  t h a t   a  f i n e   l i q u i d  

j e t   w i l l   b r e a k   i n t o   d i s c r e t e   d r o p l e t s   u n d e r   i t s  

i n h e r e n t   t h e r m a l   and  a c o u s t i c   m o t i o n   e v e n   in  t h e  

a b s e n c e   of   any  e x t e r n a l   p e r t u r b a t i o n s ,   i t   h a s  

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



c a l i b r a t e d   s e p a r a t e   p e r t u r b a t i o n   a t   or  n e a r   t h e  

n a t u r a l   f r e q u e n c y   of   d r o p   f o r m a t i o n   was  a  p r a c t i c a l  

n e c e s s i t y   to   p r o d u c e   d r o p l e t s   t h a t   a r e   r e g u l a r l y  

s p a c e d ,   s i z e d ,   and  t i m e d  a c r o s s   t h e   o r i f i c e   a r r a y   t o  

p e r m i t   p r o p e r   u s e   of   t h e   a p p a r a t u s .   P r i n t i n g   w i t h  

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

t h e   d r o p l e t   p a t h s   to   t h e   u l t i m a t e   p o s i t i o n s   on  t h e  

r e c e i v i n g   s u b s t r a t e ,   and  d r o p   s i z e ,   s p a c i n g ,   a n d  

c h a r g e   l e v e l   h a v e   g e n e r a l l y   b e e n   r e g a r d e d   as  c r i t i c a l  

f a c t o r s .   T h u s ,   S w e e t   r e q u i r e s   p e r t u r b a t i o n   means   f o r  

a s s u r i n g   t h a t   d r o p l e t s   in  t h e   s t r e a m   a r e   s p a c e d   a t  

r e g u l a r   i n t e r v a l s   and  a r e   u n i f o r m   in  s i z e .  

As  n o t e d   in  S w e e t ,   t h e   s t r e a m   has   a  n a t u r a l  

t e n d e n c y ,   due  a t   l e a s t   in  p a r t   to   t h e   s u r f a c e   t e n s i o n  

of   t h e   f l u i d ,   to   b r e a k   up  i n t o   a  s u c c e s s i o n   o f  

d r o p l e t s .   H o w e v e r ,   as  is   e a s i l y   o b s e r v e d   in  a  j e t   o f  

w a t e r   s q u i r t e d   t h r o u g h   a  g a r d e n   h o s e   n o z z l e ,   t h e  

d r o p l e t s   a r e   o r d i n a r i l y   n o t   u n i f o r m   as  to   d i m e n s i o n   o r  

f r e q u e n c y .   In  o r d e r   to   a s s u r e   t h a t   t h e   d r o p l e t s   w i l l  

be  s u b s t a n t i a l l y   u n i f o r m   in  d i m e n s i o n   and  f r e q u e n c y ,  

S w e e t   p r o v i d e s   m e a n s   f o r   i n t r o d u c i n g   wha t   he  r e f e r s   t o  

as  " r e g u l a r l y   s p a c e d   v a r i c o s i t i e s "   in   t h e   s t r e a m .  

T h e s e   v a r i c o s i t i e s   c r e a t e   u n d u l a t i o n s   in  t h e   c r o s s -  

s e c t i o n a l   d i m e n s i o n   of   t he   j e t   s t r e a m   i s s u i n g   f rom  t h e  

n o z z l e .   They   a r e   made  to   o c c u r   a t   or  n e a r   t h e   n a t u r a l  

f r e q u e n c y   of   f o r m a t i o n   of  t he   d r o p l e t s .   As  in  S w e e t ,  

t h i s   f r e q u e n c y   may  be  t y p i c a l l y   on  t h e   o r d e r   o f  

1 2 0 , 0 0 0   c y c l e s   p e r   s e c o n d .  

A  w ide   v a r i e t y   of   v a r i c o s i t y   i n d u c i n g   m e a n s  

a r e   now  known  in  t h e   a r t .   For   e x a m p l e ,   K r i c k   u t i l i z e s  

a  s u p e r s o n i c   v i b r a t o r   in  t h e   p i p i n g   t h r o u g h   w h i c h   i n k  

is   f ed   f r o m   t h e   s o u r c e   to   t h e   a p p a r a t u s ;   and  i n  

K a l t e n b a c h ,   t h e   ink  i s   e j e c t e d   t h r o u g h   o r i f i c e s   f o r m e d  

in  a  p e r f o r a t e d   p l a t e   w h i c h   i s   v i b r a t e d   c o n t i n u o u s l y  

a t   a  r e s o n a n t   f r e q u e n c y .  



S i n c e   t h e   a d v e n t   of   t h e   S w e e t   a p p r o a c h ,   n o n -  

c o n t a c t   m a r k i n g   d e v i c e s   u t i l i z i n g   f l u i d   d r o p l e t  

s t r e a m s   have   b e c o m e   c o m m e r c i a l l y   d e v e l o p e d .   H o w e v e r ,  

so  f a r   as  i s   known  to   me,  i t   h a s   b e e n   a  c h a r a c t e r i s t i c  

of   ink   j e t   d e v i c e s   t h a t   a l l   of   them  u t i l i z e   some  t y p e  
o f   v a r i c o s i t y   i n d u c i n g   m e a n s   or  " s t i m u l a t o r "   to   i n d u c e  

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

r e g u l a r i t y   and  u n i f o r m i t y   o f . t h e   d r o p l e t s .  

As  n o t e d   in  S t o n e b u r n e r   U .S .   P a t e n t   N o .  

3 , 8 8 2 , 5 0 8 ,   i s s u e d   May  6,  1 9 7 5 ,   p r o p e r   s t i m u l a t i o n   h a s  

b e e n   one  of   t he   m o s t   d i f f i c u l t   p r o b l e m s   in  t h e  

o p e r a t i o n   of   j e t   d r o p   r e c o r d e r s .   For   h i g h   q u a l i t y  

r e c o r d i n g   i t   ha s   b e e n   n e c e s s a r y   t h a t   a l l   j e t s   b e  

s t i m u l a t e d   a t   t h e   same  f r e q u e n c y   and  w i t h   v e r y   n e a r l y  

t h e   same  power   to   c a u s e   b r e a k - u p   of  a l l   t h e   s t r e a m s  

i n t o   u n i f o r m l y   s i z e d   and  r e g u l a r l y   s p a c e d   d r o p s .  

F u r t h e r m o r e ,   i t   is   n e c e s s a r y   t h a t   d r o p  

g e n e r a t i o n   n o t   be  a c c o m p a n i e d   by  g e n e r a t i o n   o f  

" s a t e l l i t e   d r o p s " ,   and  t h a t   t h e   b r e a k - u p   of   t h e  

s t r e a m s   i n t o   d r o p s   o c c u r   a t   a  p r e d e t e r m i n e d   l o c a t i o n  

in  p r o x i m i t y   to  t he   c h a r g i n g   e l e c t r o d e ,   b o t h   of  w h i c h  

a r e   d e p e n d e n t   on  t h e   p o w e r   of   d e l i v e r y   a t   e a c h   j e t .  

S t o n e b u r n e r   shows   means   f o r   g e n e r a t i n g   a  t r a v e l i n g  

wave  a l o n g   t h e   l e n g t h   of   an  ink  s u p p l y   m a n i f o l d   o f  

w h i c h   an  o r i f i c e   p l a t e   f o r m s   one  s i d e .   The  wave  g u i d e  

so  f o r m e d   i s   t a p e r e d   or  p r o g r e s s i v e l y   d e c r e a s e d   i n  

w i d t h   a l o n g   i t s   l e n g t h ,   to  c o u n t e r a c t   and  r e d u c e   t h e  

n a t u r a l   t e n d e n c y   t o w a r d   a t t e n u a t i o n   of   t h e   d r o p  

s t i m u l a t i n g   b e n d i n g   w a v e s   as  t h e y   t r a v e l   down  t h e  

l e n g t h   of   t h e   o r i f i c e   p l a t e .  

BRIEF  DESCRIPTION  OF  THE  PRESENT  INVENTION 

In  p r a c t i c e ,   t h e r e   is   o f t e n   an  u n d e s i r a b l e  

i n t e r a c t i o n   b e t w e e n   t h e   s t i m u l a t o r   and  t h e   s t r u c t u r e  



of   t h e   ink   d e l i v e r y   s y s t e m .   T h i s   a d v e r s e   e f f e c t   m a y  
show  up  as   a  t e n d e n c y   f o r   t h e   o v e r a l l   s y s t e m   t o  

a c h i e v e   n o n - u n i f o r m   s t i m u l a t i o n   a c r o s s   t h e   o r i f i c e  

a r r a y   due  to   r e f l e c t e d   and  i n t e r f e r i n g   w a v e s   ( a s  

r e f e r r e d   to  in  S t o n e b u r n e r ,   j u s t   d i s c u s s e d ) ,   s u c h   t h a t  

c e r t a i n   o r i f i c e s   do  n o t   r e c e i v e   a p p r o p r i a t e  

s t i m u l a t i o n   w h i l e   o t h e r s   h a v e   t oo   much .   The  s y s t e m  

t h u s   has   " c u s p s "   or  n u l l   p o i n t s   t h a t   a r e   r e f l e c t e d   a s  

d e g r a d a t i o n s   in  t h e   q u a l i t y   of   d r o p l e t   d e p o s i t i o n .  

F u r t h e r m o r e ,   w i t h   t h e s e   v a r i a t i o n s   in  p o w e r ,   s a t e l l i t e  

or  v e r y   s m a l l   d r o p l e t s   t e n d   to   f o rm  in  b e t w e e n   e a c h   o f  

t h e   l a r g e r   d r o p l e t s   and  c a u s e   d i f f i c u l t i e s   w i t h i n   t h e  

s y s t e m   in  t h a t   t h e s e   f i n e   d r o p l e t s   t e n d   to   e s c a p e   a n d  

be  d i s p e r s e d   i n t o   t h e   s u r r o u n d i n g   a r e a   or  b e y o n d   t h e  

a c c e p t a b l e   t a r g e t   a r e a   l i m i t s .   S a t e l l i t e   d r o p l e t  

f o r m a t i o n   i s   a  s e n s i t i v e   f u n c t i o n   of   t h e   p r o p e r t i e s   o f  

t h e   ink   or  t r e a t i n g   l i q u i d   b e i n g   u s e d   so  t h a t   t h e  

p r o b l e m   of   s t i m u l a t i o n   i s   f u r t h e r   c o m p l i c a t e d .  

A n o t h e r   and  m a j o r   l i m i t i n g   f a c t o r   of  t h e  

known  p e r t u r b e d   ink   j e t   s y s t e m s   r e s u l t i n g   f rom  t h e  

s t i m u l a t o r   i s   t h a t   t he   t r a v e l i n g   w a v e s   g e n e r a t e d   b y  

t h e   e x t e r n a l   or  a r t i f i c i a l   p e r t u r b a t i o n   means   s u b s t a n -  

t i a l l y   l i m i t   t h e   l e n g t h   of   t h o s e   d e v i c e s .   From  a  

p r a c t i c a l   s t a n d p o i n t ,   s u c h   known  d e v i c e s   a r e   l i m i t e d  

to   c r o s s - m a c h i n e   o r i f i c e   p l a t e   l e n g t h s   no  g r e a t e r   t h a n  

1 0 . 5   i n c h e s   ( 2 6 . 6 7   cm)  w h e r e   t h e r e   a r e   120  j e t s   t o   t h e  

i n c h   and  t h e   a r t i f i c i a l   p e r t u r b a t i o n   means   i s  

o p e r a t i n g   a t   48  k i l o c y c l e s .   At  h i g h e r   f r e q u e n c i e s   t h e  

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

w h i l e   a t   l o w e r   f r e q u e n c i e s   t h e   l e n g t h   m i g h t   b e  

l e n g t h e n e d .  

T h e r e   a r e   n u m e r o u s   d i s a d v a n t a g e s   a s s o c i a t e d  

w i t h   s u c h   o r i f i c e   p l a t e   l i m i t a t i o n s .   The  p r i m a r y  

d i s a d v a n t a g e   is   e n c o u n t e r e d   in  t r y i n g   to   b u i l d   a  

p e r t u r b e d   o r i f i c e   s y s t e m   s u i t a b l e   f o r   t r e a t m e n t   o f  



c o n t i n u o u s   l e n g t h   b r o a d   w i d t h   g o o d s ,   f o r   e x a m p l e  

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

or  o t h e r   c o n t i n u o u s   l e n g t h   b r o a d   w i d t h   g o o d s   or  i n  

c o n t i n u o u s l y   or  i n t e r m i t t e n t l y   f e d   f o r m s   of  o t h e r   w i d e  

s u b s t r a t e s   or  m a t e r i a l s ,   w h e r e   any  s u c h   g o o d s ,  

s u b s t r a t e s   or  m a t e r i a l s   r a n g e   in  w i d t h   f rom  a b o u t   o n e  

f o o t   to   a b o u t   s e v e r a l   y a r d s .   E x p e r i e n c e   shows   t h a t   i t  

i s   e x t r e m e m l y   d i f f i c u l t   a n d ,   p r a c t i c a l l y   s p e a k i n g ,  

a l m o s t   i m p o s s i b l e   to   c o m b i n e   two  or  more   of   t h e  

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

n e e d e d   d i s t a n c e   in  a  m a n n e r   t h a t   w i l l   p e r m i t   t h e  

u n i f o r m   c o n t i n u o u s   t r e a t i n g   of   such   g o o d s   or  m a t e r i a l s  

s u f f i c i e n t l y   to  mask  t h e   s e p a r a t i o n   b e t w e e n   t h e  

p e r t u r b e d   o r i f i c e   p l a t e   s e c t i o n s ,   a n d / o r   to  mask  t h e  

e f f e c t   of  t h e i r   m u t u a l l y   d i f f e r e n t   o p e r a t i o n a l  

p a t t e r n s .   I t   b e c o m e s   i n c r e a s i n g l y   d i f f i c u l t   to  o b t a i n  

a  s a t i s f a c t o r y   r e s u l t   as  t h e   n u m b e r   of   s u c h   s h o r t  

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

i n c r e a s i n g   w i d t h s   of   g o o d s   to   be  t r e a t e d .  

W i t h   t h e   p r e s e n t   i n v e n t i o n ,   h o w e v e r ,   w h e r e   n o  

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

t h e r e   is  v i r t u a l l y   no  l i m i t a t i o n   on  t h e   l e n g t h   of   t h e  

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

can   be  made  a v a i l a b l e   f o r   use   a c r o s s   t h e   w i d t h   of  a  

w i d e   or  n a r r o w   s u b s t r a t e   or  r e c e i v i n g   m e d i u m .   T h u s ,  

t e x t i l e   p a p e r   or  o t h e r   s u b s t r a t e s   h a v i n g   w i d t h s  

v a r y i n g   f r o m   a  few  f e e t   to   many  y a r d s   can   be  t r e a t e d  

as  t h e y   a r e   moved  or  o t h e r w i s e   i n d e x e d   b e n e a t h   a  

s i n g l e ,   m a c h i n e - w i d e   o r i f i c e   s t r u c t u r e .  A   p l u r a l i t y   o f  

such   m a c h i n e - w i d e   o r i f i c e s   can   of   c o u r s e   be  o p e r a t e d  

in  t a n d e m   or  in  some  p r e d e t e r m i n e d   m a n n e r   or  s e q u e n c e  

to  a c c o m p l i s h   any  d e s i r e d   r e s u l t .  

I  h a v e   f o u n d   t h a t   a l t h o u g h   d r o p l e t   b r e a k - u p  

in  an  u n p e r t u r b e d ,   c o n t i n u o u s   j e t   s y s t e m   is   a  r a n d o m  

p r o c e s s ,   t he   d i s t r i b u t i o n   of   r a n d o m   d r o p l e t   s i z e s   a n d  



s p a c i n g s   is   n e v e r t h e l e s s   q u i t e   n a r r o w .   I  h a v e   a l s o  

f o u n d   t h a t   a t   s m a l l e r   o r i f i c e   s i z e s   and  h i g h e r   f l u i d  

p r e s s u r e s ,   t h e   v a r i a t i o n s   among  r a n d o m l y   g e n e r a t e d  

d r o p l e t s   can   be  made  s u f f i c i e n t l y   n a r r o w   so  t h a t   t h e  

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

e x a m p l e ,   in   a p p l y i n g   c o l o r   p a t t e r n s   or  any  t y p e   o f  

t r e a t i n g   a g e n t   or  a g e n t s   to  t e x t i l e s   or  fo r   a p p l y i n g  

i n d i c i a   or  t r e a t m e n t s   to   a  v a r i e t y   of   o t h e r   s u r f a c e s  

e m p l o y i n g   a  v a r i e t y   of   l i q u i d s .  

T h i s   " n a r r o w   r a n d o m   d i s t r i b u t i o n "   e f f e c t   i s  

u t i l i z e d   a c c o r d i n g   to  a  p r e f e r r e d   fo rm  of   t he   i n v e n -  

t i o n   in  a p p a r a t u s   h a v i n g :   a  s o u r c e   of   t r e a t i n g   l i q u i d  

w h i c h   is  to  be  a p p l i e d   u n d e r   h i g h e r   p r e s s u r e   t h a n   i s  

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

p l a c e m e n t ;   a  s e r i e s   o f   j e t   o r i f i c e s   of   s m a l l e r  

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

a c c u r a c y ,   t h r o u g h   w h i c h   o r i f i c e s   t h e   t r e a t i n g   l i q u i d  

or  c o l o r i n g   med ium  i s   f o r c e d   as  f i n e   s t r e a m s   t h a t  

b r e a k   r a n d o m l y   i n t o   d i s c r e t e   d r o p l e t s ;   e l e c t r o d e   m e a n s  

f o r   i m p a r t i n g   e l e c t r o s t a t i c   c h a r g e s   to   t h e   d r o p s   a s  

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

p a t h s   of  s e l e c t e d   d r o p l e t s   in   t h e   s t r e a m s   t o w a r d   a  

r e c e i v i n g   s u b s t r a t e   or  t o w a r d   a  g u t t e r   or  o t h e r  

c o l l e c t i n g   m e a n s .   F u r t h e r ,   t h e   c h a r g i n g   e l e c t r o d e   i s  

more   e x t e n s i v e   t h a n   w i t h   a  s t i m u l a t e d   s y s t e m   s i n c e   t h e  

b r e a k - o f f   p o i n t   may  v a r y   more   in   b o t h   s p a c e   and  t i m e .  

N e i t h e r   t h e   a p p a r a t u s   nor  t h e   p r o c e s s   h a s  

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

v i b r a t i o n s   or  c a u s e   t h e   l i q u i d   b e i n g   a p p l i e d   to  b r e a k  

i n t o   d r o p l e t s   more   u n i f o r m   t h a n   t h e i r   u n p e r t u r b e d ,  

r a n d o m   s i z e   d i s t r i b u t i o n .  

To  a c h i e v e   a  g i v e n   a c c u r a c y   of   d r o p l e t  

p l a c e m e n t ,   or  " d r o p l e t   m i s r e g i s t r a t i o n   v a l u e , "   a n  

u n p e r t u r b e d   s y s t e m   w i t h   t h e   same  f l o w   r a t e   r e q u i r e s   a  

d i f f e r e n t   o r i f i c e   s i z e   and  p r e s s u r e   t h a n   a  p e r t u r b e d  



s y s t e m .   The  o r i f i c e   s i z e   m u s t   be  s m a l l e r   t h a n   w o u l d  

be  u s e d   to   a c h i e v e   t h e   same  a c c u r a c y   in  a  c o n v e n t i o n a l  

p e r t u r b e d   s y s t e m ,   t y p i c a l l y   no  more  t h a n   a b o u t   70%  t h e  

o r i f i c e   d i a m e t e r   of   a  p e r t u r b e d   s y s t e m   h a v i n g   t he   s a m e  

a c c u r a c y   of   d r o p l e t   p l a c e m e n t   or  d r o p l e t   m i s r e g i s t r a -  

t i o n   v a l u e .   The  l i q u i d   h e a d   p r e s s u r e   i s   a l s o   o r  

a l t e r n a t i v e l y ,   s u b s t a n t i a l l y   h i g h e r ,   p r e f e r a b l y   a t  

l e a s t   a b o u t   f o u r   t i m e s   t h a t   of   a  p e r t u r b e d   s y s t e m   w i t h  

c o r r e s p o n d i n g   a c c u r a c y .   F u r t h e r ,   i t   i s   d e s i r a b l e   t h a t  

t h e   c h a r g i n g   v o l t a g e   be  h i g h e r ,   by  a  f a c t o r   of   a t  

l e a s t   a b o u t   1 . 5   t i m e s .  

For   p u r p o s e s   of  t h i s   s p e c i f i c a t i o n   a n d  

c l a i m s ,   t h e   t e r m   " d r o p l e t   m i s r e g i s t r a t i o n   v a l u e "   i s  

d e f i n e d   as  t he   o f f s e t   d i s t a n c e   or  v a r i a t i o n   f rom  a  

s t r a i g h t   l i n e ,   m e a s u r e d   in  a  d i r e c t i o n   p e r p e n d i c u l a r  

to  t h e   d i r e c t i o n   of   t r a v e l   of   t he   s u b s t r a t e ,   of   a  m a r k  

on  t h e   s u b s t r a t e   when  a l l   j e t s   in  an  a r r a y   p e r p e n -  
d i c u l a r   to  t h e   d i r e c t i o n   of   m o t i o n   of   t he   s u b s t r a t e  

a r e   s w i t c h e d   a t   t h e   same  t i m e   f r o m   b e i n g   c a u g h t   by  t h e  

g u t t e r   to  b e i n g   d e l i v e r e d   to  t h e   s u b s t r a t e .  

The  p e r t u r b a t i o n s   t h a t   c a u s e   d r o p   b r e a k - o f f  

in  u n s t i m u l a t e d   j e t s   g e n e r a l l y   a r i s e   f rom  t h e  

e n v i r o n m e n t   in   w h i c h   t h e   s y s t e m   i s   f o u n d .   G e n e r a l l y  

t h e s e   f l u c t u a t i o n s   a r e   p r o d u c e d   by  t h e   n o r m a l   s o u n d  

and  a c o u s t i c   m o t i o n   t h a t   a r e   i n h e r e n t l y   p r e s e n t   in   t h e  

f l u i d .   H o w e v e r ,   in  some  " n o i s y "   e n v i r o n m e n t s ,  

u n w a n t e d   e x t e r n a l   p e r t u r b a t i o n s ,   f o r   e x a m p l e ,   f a c t o r y  

w h i s t l e s ,   v i b r a t i o n s   f rom  g e a r s   and  o t h e r   m a c h i n e  

m o v e m e n t s ,   and  e v e n   s o u n d   v i b r a t i o n s   f rom  h u m a n  

v o i c e s ,   can   h a v e   an  o v e r p o w e r i n g   i n f l u e n c e   and  c a u s e   a  

c h a n g e   in   t h e   mean  b r e a k - o f f   p o i n t   of   t h e   j e t s   in  a n  

u n s t i m u l a t e d   s y s t e m .   In  a  m o d i f i e d   e m b o d i m e n t   of   t h i s  

i n v e n t i o n ,   t h e   s y s t e m   can   be  i r r e g u l a r l y   s t i m u l a t e d ,  

as  by  a  n o i s e   s o u r c e   w h i c h   g e n e r a t e s   r a n d o m   v i b r a -  

t i o n s .   I  b e l i e v e   t h i s   e m b o d i m e n t   can   be  f o u n d   u s e f u l  



w h e r e   t he   a p p a r a t u s   is   to  be  u s e d   in  a  n o i s y   a r e a .   I n  

s u c h   an  e n v i r o n m e n t ,   t h e   a p p l i c a t i o n   of   t h e   i r r e g u l a r  

n o i s e   v i b r a t i o n   w i l l   s u r p r i s i n g l y   p r o d u c e   more  r e g u l a r  
r e s u l t s   f r o m   j e t   to   j e t   t h a n   a p p l i c a t i o n   of   r e g u l a r  

c y c l i c a l   v i b r a t i o n s .  

O t h e r   o b j e c t s ,   f e a t u r e s ,   and  c h a r a c t e r i s t i c s  

of   t h e   p r e s e n t   i n v e n t i o n   as  w e l l   as  t h e   p r o c e s s ,   a n d  

o p e r a t i o n   and  f u n c t i o n s   of   t h e   r e l a t e d   e l e m e n t s   a n d  

t h e   c o m b i n a t i o n   of   p a r t s ,   and  t h e   e c o n o m i e s   o f  

m a n u f a c t u r e ,   w i l l   become   more   a p p a r e n t   f rom  t h e  

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

r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s ,   a l l   of   w h i c h  

f o r m   a  p a r t   of   t h i s   s p e c i f i c a t i o n ,   w h e r e i n   l i k e  

r e f e r e n c e   n u m e r a l s   d e s i g n a t e   c o r r e s p o n d i n g   p a r t s   i n  

t h e   v a r i o u s   f i g u r e s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  t he   a c c o m p a n y i n g   d r a w i n g s :  

FIGURE  1  i s   a  d i a g r a m m a t i c   c r o s s - s e c t i o n a l  

i l l u s t r a t i o n   of   a  b i n a r y   c o n t i n u o u s   f l u i d   or  l i q u i d  

j e t   a p p a r a t u s   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ;  

FIGURE  2  is   a  d i a g r a m m a t i c   p e r s p e c t i v e  

i l l u s t r a t i o n   s h o w i n g   t h e   d r o p l e t   c h a r g i n g   means   a n d  

t h e   d r o p l e t   d e f l e c t i n g   m e a n s ;  

FIGURE  3  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of   a  

m o d i f i e d   e m b o d i m e n t   of   t h e   i n v e n t i o n   w h e r e i n   t h e  

a p p a r a t u s   i s   s t i m u l a t e d   by  a  r a n d o m   n o i s e   g e n e r a t o r  

t h a t   d r i v e s   an  a c o u s t i c   h o r n ;   a n d  



FIGURE  4  i s   a  d i a g r a m m a t i c   i l l u s t r a t i o n  o f  

a n o t h e r   e m b o d i m e n t   of   a  r a n d o m   n o i s e   p e r t u r b e d   s y s t e m  

in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   w h e r e i n   a  s e r i e s   o f  

p i e z o e l e c t r i c   c r y s t a l s   a p p l y   r a n d o m   n o i s e   p e r t u r b a -  

t i o n s   to  a  w a l l   o f   t he   f l u i d   or  l i q u i d   s u p p l y   m a n i f o l d  

or  c h a m b e r .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED 

EMBODIMENT  OF  THE  PRESENT  INVENTION 

W h i l e   t h i s   i n v e n t i o n   may  be  s i m i l a r   t o  

p r e v i o u s l y   known  ink  j e t   r e c o r d i n g   a p p a r a t u s   in  t h a t  

s i m i l a r   r e s u l t s   can   be  a c h i e v e d ,   t h e   b a s i c   o p e r a t i n g  

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

f r o m   such   known  ink   j e t   r e c o r d i n g   s y s t e m s .  

As  shown  d i a g r a m m a t i c a l l y   in   F i g u r e   1  and  2 ,  

t h e   a p p a r a t u s   i n c l u d e s   a  s u p p l y   or  s o u r c e   of  t r e a t i n g  

l i q u i d   10  u n d e r   p r e s s u r e   in  a  m a n i f o l d   or  c h a m b e r   t h a t  

s u p p l i e s   an  o r i f i c e   p l a t e   12  h a v i n g   a  p l u r a l i t y   of   j e t  

o r i f i c e s   14.  S t r e a m s   or  j e t s   of  l i q u i d   16  f o r c e d  

t h r o u g h   t h e   o r i f i c e s   14  p a s s   t h r o u g h   e l e c t r o s t a t i c  

d r o p l e t   c h a r g i n g   m e a n s   18,  18,   w h i c h   s e l e c t i v e l y  

i m p a r t s   to  t h e   l i q u i d   c h a r g e s   t h a t   a r e   r e t a i n e d   on  t h e  

d r o p l e t s   as  t h e   s t r e a m s   b r e a k   i n t o   d i s c r e t e   d r o p l e t s .  

The  c h a r g i n g   p l a t e s   18,  18  m u s t   b e  

s u f f i c i e n t l y   e x t e n s i v e   in  l e n g t h   and  h a v e   a  d i m e n s i o n  

w i d e   e n o u g h   in  t he   d i r e c t i o n   of  j e t   f l o w   to  c h a r g e  

d r o p l e t s   r e g a r d l e s s   of   t h e   r a n d o m   p o i n t s   a t   w h i c h  

t h e i r   b r e a k - o f f   o c c u r s .   In  p r i o r   a r t   a p p a r a t u s ,   t h e  

p e r t u r b a t i o n s   c a u s e d   b r e a k - o f f   to   o c c u r   in   a  n a r r o w  

z o n e ,   d o w n s t r e a m   of   t h e   o r i f i c e s .   H e r e ,   w i t h o u t  

r e g u l a r   or  s e p a r a t e   a r t i f i c i a l   or  e x t e r n a l  

p e r t u r b a t i o n ,   t h e   p o i n t   of  b r e a k - o f f   v a r i e s   m o r e  

w i d e l y .   In  o r d e r   to  a s s u r e   t h a t   a l l   l a t e - t o - b r e a k - o f f  

d r o p l e t s   a r e   c h a r g e d ,   t h e   r i b b o n   l i k e   c h a r g i n g   p l a t e s  



18 ,   18  m u s t   p r o v i d e   a  f i e l d   t h a t   e x t e n d s   to  t h e   r e g i o n  

of   b r e a k o f f   of   s u c h   d r o p l e t s .   In  p r a c t i c e ,   t h e   r i b b o n  

l i k e   c h a r g i n g   p l a t e s   s h o u l d   p r e f e r a b l y  h a v e   a  d i m e n -  

s i o n  o f   a b o u t   100d  inches, (100 d cm) In the direction of jef flow were  d  i s  t h e  o r  i f i c e  

d i a m e t e r   in   inches or centimeters. Their width  or  d i m e n s i o n   in  t h e  

d i r e c t i o n   of   d r o p l e t   f l o w   c o u l d   r a n g e   f rom  a  s i z e  

g r e a t e r   t h a n   a b o u t   30d  to   l e s s   t h a n   a b o u t   3 0 0 d .  

C h a r g i n g   v o l t a g e s   to   c h a r g e   p l a t e s   1 8 , 1 8   p r e f e r a b l y  

r a n g e   f rom  a b o u t   50  to   a b o u t   200  v o l t s .  

A f t e r   c h a r g i n g ,   t h e   d r o p l e t s   in  f l i g h t   t h e n  

p a s s   a  d e f l e c t i n g   r i b b o n   or  means   20  w h i c h   d i r e c t s   t h e  

p a t h s   of   t h e   c h a r g e d   d r o p l e t s   t o w a r d   a  s u i t a b l e   g u t t e r  

or  c o l l e c t o r   22.  U n c h a r g e d   d r o p s   p r o c e e d   t o w a r d   a  

r e c e i v i n g   s u b s t r a t e   24,   w h i c h   i s   s u p p o r t e d   by  and  m a y  
be  c o n v e y e d   in  some  p r e d e t e r m i n e d   m a n n e r   by  means   n o t  

s h o w n ,   r e l a t i v e   to   t h e   a p p a r a t u s ,   in  t h e   d i r e c t i o n   o f  

a r r o w   26.  The  d e f l e c t o r   r i b b o n   or  means   20  i s  

p r e f e r a b l y   o p e r a t e d   a t   v o l t a g e s   r a n g i n g   f rom  a b o u t  

1000  to  a b o u t   3000  v o l t s .  

R e f e r e n c e   may  be  had  to   known  ink   j e t   d e v i c e s  

f o r   f u r t h e r   d e t a i l s   of  s t r u c t u r a l   e l e m e n t s   s u i t a b l e  

f o r   use   in  such   a p p a r a t u s .  

In   p a r t ,   t h e   s t r u c t u r e   of   t h e   p r e s e n t   i n v e n -  

t i o n   d i f f e r s   f r o m   t h e   p r i o r   a r t   in  t h a t   t h e   s t r e a m s  

b r e a k   up  i n t o   d r o p l e t s   in   r e s p o n s e   to  a  v a r i e t y   o f  

f a c t o r s   i n c l u d i n g   i n t e r n a l   f a c t o r s   s u c h   as  s u r f a c e  

t e n s i o n ,   i n t e r n a l   a c o u s t i c   m o t i o n ,   and  t h e r m a l   m o t i o n ,  

r a t h e r   t h a n   r e g u l a r   e x t e r n a l   p e r t u r b a t i o n .   No  r e g u l a r  

v a r i c o s i t y   i n d u c i n g   means   a r e   u t i l i z e d ,   in  c o n t r a s t   t o  

w h a t   has   h e r e t o f o r e   b e e n   b e l i e v e d   e s s e n t i a l .   D r o p l e t  

f o r m a t i o n   t a k e s   p l a c e   r a n d o m l y .  

L o r d   R a y l e i g h   e x p l o r e d   t h e   d y n a m i c s   of  f l u i d  

j e t s   a r o u n d   t h e   b e g i n n i n g   of   t he   2 0 t h   c e n t u r y .   H e  

f o u n d   t h a t   a  f l u i d   s t r e a m   i s s u i n g   u n d e r   p r e s s u r e   f r o m  

a  j e t   o r i f i c e   b r e a k s   i n t o   i n d i v i d u a l   d r o p l e t s   a t  



d r o p l e t - t o - d r o p l e t   i n t e r v a l s   t h a t   s t a t i s t i c a l l y  

a v e r a g e   2  π  r ,   w h e r e   r  is   t h e   r a d i u s   of  t he   o r i f i c e  

p r o d u c i n g   t h e   j e t .   The  d r o p l e t   d i a m e t e r s   a v e r a g e  
a b o u t   2 . 1 1   d.  H o w e v e r ,   t h e s e   s p a c i n g s   and  s i z e s   a r e  

o n l y   a v e r a g e s .   A c t u a l   b r e a k - u p   i s   a  r a n d o m   p r o c e s s ;  
t h e   a c t u a l   d r o p l e t   s i z e   and  s p a c i n g s   v a r y .   The  a c t u a l  

s i z e s   and  s p a c i n g s   f o l l o w   n o r m a l   d i s t r i b u t i o n   c u r v e s  

a r o u n d   t h e   means   d e f i n e d   by  t h e   R a y l e i g h   f o r m u l a e   a n d  

in  e x p e r i m e n t s   s i n c e   L o r d   R a y l e i g h ' s   work  I  h a v e   f o u n d  

t h a t   t he   average spacing is now  b e t t e r   r e p r e s e n t e d   by  t h e  

e x p r e s s i o n   4 . 5 l d   w i t h   4 . 5 1   b e i n g   an  o b s e r v e d   o r  

m e a s u r e d   n u m b e r .   For  e x a m p l e ,   in  a p p a r a t u s   h a v i n g   a n  

ink   p r e s s u r e   P  of  12  p s i g   and  an  o r i f i c e   d i a m e t e r  o f  

.002" (0.051cm),  t h e   mean  d r o p l e t   s i z e   i s   a b o u t   .004" (0.0102cm)  T h e  

n o r m a l i z e d   s t a n d a r d   d e v i a t i o n   of  t h e   d r o p l e t   s i z e s  

( t h a t   i s ,   t h e   s t a n d a r d   d e v i a t i o n   of   d r o p l e t   s i z e ,  

d i v i d e d   by  t h e   mean  d r o p l e t   s i z e )   i s   a b o u t   . 1 ;   t h a t  

i s ,   68%  of   t he   d r o p l e t s   a r e   w i t h i n   .0004" (0.001 cm) of the mean 

d r o p l e t   s i z e   of   .004" (0.0102cm). Further,  F u r t h e r ,   t h e   b r e a k - o f f   p o i n t  

v a r i e s   f rom  j e t   to  j e t   by  up  to  s i x   d r o p   s p a c i n g s .  

T h e s e   v a r i a n c e s   a r e   t oo   w i d e   f o r   u t i l i t y   in  m a n y  

a p p l i c a t i o n s .   When  i n t e n d i n g   to  p r i n t   a  h o r i z o n t a l  

l i n e   a c r o s s   a  s u b s t r a t e ,   a l l   j e t s   a r e   c o m m a n d e d   t o  

p r i n t   a t   t h e   same  t i m e   by  r e m o v i n g   v o l t a g e   f rom  t h e  

c h a r g e   p l a t e   a t   a l l   j e t   p o s i t i o n s .   I t   can   be  s e e n  

t h a t   i f   a l l   j e t s   b r e a k   up  i n t o   d r o p l e t s   a t   t h e   s a m e  

t i m e   and  a t   t h e   same  d i s t a n c e   f rom  t h e   o r i f i c e   p l a t e ,  

t h e   s y s t e m   w i l l   s i m u l t a n e o u s l y   c a u s e   a l l   j e t s   to  s t a r t  

i s s u i n g   u n c h a r g e d   d r o p s   and  t h e s e   d r o p s   w i l l   p r o c e e d  

to   t h e   p a p e r   in   s t e p .  

For   t h e   n o r m a l i z e d   s t a n d a r d   d e v i a t i o n   o f  

d r o p l e t   s i z e   of   a p p r o x i m a t e l y   0 . 1 ,   as   i s   e n c o u n t e r e d  

in  p r a c t i c e ,   t h i s   c o r r e s p o n d s   to  a b o u t   a  32%  c h a n c e  

t h e   d r o p l e t   w i l l   be  l a r g e r   or  s m a l l e r   by  t h a t   a m o u n t  

and  t he   s p o t   s i z e   on  t h e   s u b s t r a t e   w i l l   c o r r e s p o n d -  



i n g l y   v a r y   by  t h a t   s i z e .   T h i s   p r o d u c e s   v a r i a t i o n   i n  

t h e   a p p a r e n t   u n i f o r m i t y   of   a  h o r i z o n t a l   l i n e .   T h i s  

e f f e c t   w i l l   be  m i n o r ,   h o w e v e r ,   in   t h a t   f o r   a  d e v i a t i o n  

of   .1  w i t h   a  d r o p l e t   of   .004"  (0.0102 cm), in  i a m e t e r ,   t h e  

v a r i a t i o n   w i l l   o n l y   b e  .  0 0 1 "  ( 0 . 0 0 2 5  c m ) .  

In  f l i g h t   f rom  t h e   p o i n t   of  b r e a k - o f f ,   l a r g e r  

d r o p s   h a v e   more   mass   t h a n   s m a l l e r   d r o p s ,   in  p r o p o r t i o n  

to   t h e   t h i r d   power   of   t h e   r a t i o   of   t h e i r   d i a m e t e r s .  

The  f l u i d   d y n a m i c   f o r c e   f r o m   p a s s a g e   t h r o u g h   a i r   t h a t  

t e n d s   to  s low  them  down  is   p r o p o r t i o n a l   to   t he   s q u a r e  
of   t h e   r a t i o   of   t h e i r   d i a m e t e r s   so  t h a t   l a r g e r   d r o p s  

t e n d   to   m a i n t a i n   f a s t e r   s p e e d s   in  t r a v e l i n g   to  t h e  

s u b s t r a t e .   A s s u m i n g ,   h o w e v e r ,   t h a t   a l l   j e t s   b r e a k   o f f  

a t   t h e   same  t i m e ,   f o r   an  o r i f i c e   d i a m e t e r   of  .003" (0.0076 cm), a 

d i s t a n c e   to   t h e   s u b s t r a t e   of   one   i n c h ,   a  j e t   v e l o c i t y  

of  400  i n c h e s   p e r   second (1000 mc/sec), and a deviation  of   .1  i n c h  

d r o p   d i a m e t e r ,   t h e   m i s r e g i s t r a t i o n   on  t he   s u b s t r a t e   i s  

l e s s   t h a n   two  t h o u s a n d t h s   of   an  i n c h  ( 0 . 0 0 5 1  c m ) .  

In  t h e   e v e n t   one  j e t   b r e a k s   o f f   c l o s e r   to   t h e  

o r i f i c e   p l a t e   t h a n   t he   mean  b r e a k - o f f   p o i n t   of  a l l  

j e t s   by  some  number   n  of   mean  d r o p   s p a c i n g s   ( h a l f   t h e  

t o t a l   s p r e a d )   t he   r e s u l t i n g   d r o p l e t   ( w h i c h   I  s h a l l  

c a l l   t h e   " l a t e   d r o p l e t " )   w i l l   h a v e   a  f a r t h e r   d i s t a n c e  

to   t r a v e l   to  t he   s u b s t r a t e   t h a n  a   d r o p l e t   f rom  t h e  

mean  b r e a k o f f   p o i n t   ( w h i c h   I  s h a l l   c a l l   t h e   " m e a n  

d r o p l e t " ) .   To  d a t e ,   t he   t o t a l   s p r e a d   of  d r o p   s p a c i n g s  

I  h a v e   n o t i c e d   i s   a b o u t   6  or   +3  and  -3  a b o u t   t h e  

m e a n .   H o w e v e r ,   d r o p   s p a c i n g s   can  v a r y   f rom  t h i s ,   f o r  

e x a m p l e ,   f r om  a b o u t   2  to   a b o u t   8  b u t   w i l l   g e n e r a l l y   b e  

g r e a t e r   t h a n   a b o u t   1.  I f   V  is   t he   j e t   v e l o c i t y   i n  

i n c h e s   p e r   second (or cm/sec), d th e  o r i f i c e   d i a m e t e r   in  i n c h e s ,  

and  V'  t h e   r a t e   of  m o v e m e n t   of  t he   s u b s t r a t e   in  i n c h e s  

p e r   second (or cm/sec), the  a r r i v a l   of   t h e   l a t e   d r o p l e t   a t   t h e  

s u b s t r a t e   w i l l   o c c u r   a b o u t   n  ( 4 . 5 1 d / V )   s e c o n d s   a f t e r  

t h e   a r r i v a l   of   t h e   mean  d r o p l e t .   D u r i n g   t h i s   t i m e  



i n t e r v a l   t h e   m o v i n g   s u b s t r a t e   w i l l   h a v e   t r a v e l e d   a  

d i s t a n c e   of   n  ( 4 . 5 1 d )   V ' / V   inche (or cm). By  way  of  e x a m p l e ,  

a t   a  s u b s t r a t e   s p e e d   of   60  i n c h e s   p e r   s e c o n d   (152,4 cm/sec) 

( c o r r e s p o n d i n g   to  a  s u b s t r a t e   m o v i n g   a t   100  y a r d s   p e r  

m i n u t e ) ,   a  j e t   v e l o c i t y   of   800  i n c h e s   p e r   second(2032 cm/sec), an 

o r i f i c e   d i a m e t e r   of  . 003   inches (0.0076 cm), and  w i t h   n  =  6 ,   t h e  

m i s r e g i s t r a t i o n   e r r o r   i s   . 0 0 6 1   inches (0.0155 cm). It is  to   b e  

n o t e d   t h a t   i f   d  were   √ 2  t i m e s   l a r g e r   and  V  t w i c e  

s m a l l e r ,   t h e   e r r o r   w o u l d   be  2  √ 2  l a r g e r ,   or  a b o u t   . 0 1 7  

inches (0.0432 cm).  T h u s ,   t h e   use  of   t he   s m a l l e r   d i a m e t e r   o r i f i c e  

and  t h e   h i g h e r   p r e s s u r e   f l u i d   in  an  u n s t i m u l a t e d  

s y s t e m   can   a c h i e v e   s m a l l e r   m i s r e g i s t r a t i o n   e r r o r s   t h a n  

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

and  p r e s s u r e .  

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

means   h a v e   b e e n   r e q u i r e d   to   n a r r o w   t h e   d i s t r i b u t i o n   i n  

d r o p   s i z e   to  e s s e n t i a l l y   z e r o ,   to   a c h i e v e   a c c e p t a b l e  

m i s r e g i s t r a t i o n   e r r o r .   H o w e v e r ,   I  h a v e   f o u n d   t h a t  

e r r o r s   due  to  t he   d i s t r i b u t i o n   of  d r o p   s i z e s   can   b e  

s u b s t a n t i a l l y   r e d u c e d   by  c e r t a i n   c o n d i t i o n s .   T h i s   c a n  

be  s e e n   f rom  t h e   f o l l o w i n g   a n a l y s i s .   The  n o r m a l i z e d  

s t a n d a r d   d e v i a t i o n   of   d r o p l e t   s i z e   r e m a i n s   c o n s t a n t   a s  

t h e   d i a m e t e r   of   t he   o r i f i c e   is  made  s m a l l e r   and  a l s o  

as  t h e   p r e s s u r e   P  i s   i n c r e a s e d ,   in  t h e   a b s e n c e   o f  

p e r t u r b i n g   m e a n s .   I f   t h e   o r i f i c e   d i a m e t e r   i s   r e d u c e d  

by,   s a y ,   a  f a c t o r   of  t h e   s q u a r e   r o o t   of  two  ( / 2 ) ,   t h e  

a r e a   of  t he   o r i f i c e   is  a c c o r d i n g l y   d e c r e a s e d   by  a  

f a c t o r   of   two .   I f   a t   t h e   same  t i m e   s t r e a m   v e l o c i t y   i s  

i n c r e a s e d   by  a  f a c t o r   of   two,   t h e   n e t   f l o w   f rom  t h e  

o r i f i c e   r e m a i n s   c o n s t a n t .  

For   s i m i l a r   c h a r g e   and  d e f l e c t i o n   f i e l d s   t h e  

d r o p   t r a j e c t o r i e s   r e m a i n   c o n s t a n t ,   b u t   t h e   n a t u r a l  

f r e q u e n c y   now  is   2 √ 2  h i g h e r   and  t h e r e   a r e   now  2 √ 2  a s  

many  d r o p s   f o r m e d   p e r   u n i t   t i m e ,   and  t he   t i m e   o f  

f l i g h t   to  t h e   s u b s t r a t e   is   h a l v e d .   I f   t h e   b r e a k u p  



p o i n t   w i t h   a  f u l l   s i z e d   j e t   v a r i e d   s i x   d r o p   s p a c e s   d u e  

to  t h e   r a n d o m   n a t u r e   of   b r e a k - u p ,   as  i s   o f t e n   t h e  

c a s e ,   a  p r i n t   e r r o r   w o u l d   o c c u r   of   s i x   t i m e s   t h e  

b r e a k - o f f   t i m e   i n t e r v a l   t i m e s   t h e   s p e e d   of   t h e  

s u b s t r a t e .   W i t h   t h e   s m a l l e r ,   h i g h e r   p r e s s u r e   j e t ,   t h e  

same  e r r o r   in   b r e a k - o f f   d i s t a n c e   w o u l d   r e s u l t   in   a n  

e r r o r   o n l y   1 / 2  √ 2  a s   g r e a t ,   t h a t   i s ,   2 . 1 2   i n s t e a d   o f  

s i x   or  o n l y   35%  of   t h e   e r r o r   a b o v e .   F u r t h e r m o r e ,  

f l u c t u a t i o n s   in  d e n s i t y   w o u l d   now  be  a v e r a g e d   o v e r   2 √ 2  

d r o p s ;   i f   t h e r e   i s   a  32%  c h a n c e   t h a t   t h e   d r o p   r a d i u s  

f o r   t h e   l a r g e r   o r i f i c e   c a s e   v a r i e d   10%,  w i t h   a  

c o r r e s p o n d i n g   v o l u m e   v a r i a t i o n   of   33%,  t h e r e   w o u l d  

o n l y   be  a  9%  c h a n c e   t h e   s m a l l e r   o r i f i c e   s y s t e m   w o u l d  

so  v a r y .  

T h o u g h   a  s t i m u l a t e d   s y s t e m   can   in   p r i n c i p l e  

be  d e s i g n e d   to   d e l i v e r   w i t h   h i g h   a c c u r a c y ,   in  p r a c t i c e  

e r r o r s   o c c u r   of   up  to  two  d r o p   s p a c i n g s .   Wi th   a n  

u n s t i m u l a t e d   s y s t e m ,   t h e   b r e a k - o f f   p o i n t   can   v a r y   o v e r  

s i x   to  s e v e n   d r o p   s p a c i n g s ,   b u t   by  r e d u c i n g   o r i f i c e  

s i z e   and  i n c r e a s i n g   p r e s s u r e ,   t h i s   e r r o r   can   b e  

r e d u c e d   to  t h a t   of   a  s t i m u l a t e d   s y s t e m   w i t h   t h e   l a r g e r  

o r i f i c e   s i z e ,   w h i l e   s t i l l   o f f e r i n g   t h e   a d v a n t a g e   o f  

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

In  g e n e r a l   f o r   t h i s   p u r p o s e ,   t h e   o r i f i c e   s i z e  

may  be  in  t he   r a n g e   of  . 0 0 0 3 5   to   .020   inches(0.008 to 0.05 cm);  and  t h e  

f l u i d   or  l i q u i d   p r e s s u r e   may  be  in  t h e   r a n g e   of   2  t o  

500  psig (0.14 to 35 kg/cm2). THe value  o f   d r o p l e t   m i s r e g i s t r a t i o n   e r r o r  

can   be  l e s s   t h a n   a b o u t   0 .1   i n c h   f o r   a p p l i c a t i o n s   o n  

s u b s t r a t e s   h a v i n g   a  r e l a t i v e l y   s m o o t h   s u r f a c e   w h i l e  

f o r   a p p l i c a t i o n   to   s u b s t r a t e s   h a v i n g   r e l a t i v e l y  

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

m i s r e g i s t r a t i o n   e r r o r   can   be  l e s s   t h a n   a b o u t   0 . 4  
inches (0.016 cm), or even  0 .9   inches (2.3 cm) were  s u c h   m i s r e g i s t r a t i o n  

c o u l d   be  a c c e p t a b l e ,   s u c h   as  w h e r e   t h e   p r i n t i n g   o r  

image   w i l l   o n l y   be  v i e w e d   f rom  a  d i s t a n c e .  



More  s p e c i f i c a l l y   I  h ave   f o u n d   t h a t   g e n e r a l  

a p p l i c a t i o n s   of   a  l i q u i d   to  t r e a t   a  s u b s t r a t e   r e q u i r e  

an  o r i f i c e   d i a m e t e r   of  a b o u t   0 . 0 0 4   inches (0.0102 cm),  w i t h   t h e  

c e n t e r   to  c e n t e r   s p a c i n g   of   o r i f i c e s   b e i n g   a b o u t   0 . 0 1 6  

inches (0.0406 cm).  The  l i q u i d   h e a d   p r e s s u r e s   b e h i n d   t h e   o r i f i c e s  

can   v a r y   f rom  a b o u t   2  to  a b o u t   30  psig (0.14 to 2.1 ke/cm2). However,  t h e  

p r e f e r r e d   p r e s s u r e   r a n g e   v a r i e s   f rom  a b o u t   3  to  a b o u t  

7  psig (0.2 to 0.5 kg/cm2). The substrate  can  move  a t   a  v e l o c i t y   (V')  o f  

a b o u t   0  to  a b o u t   480  inches (1300 cm) per second  w i t h   a  

p r e f e r r e d   n a r r o w e r   r a n g e   v a r y i n g   f rom  a b o u t   5  to  a b o u t  

150  inches (12 to 380 cm) per  s e c o n d   and  t h e   m o s t   r e f e r r e d   r a t e  
52.4 cm  or  

b e i n g   a b o u t   60  i n c h e s   p e r   s e c o n d   1  y a r d s   p e r  

m i n u t e ) .  

More  g e n e r a l   r a n g e s   fo r   t he   p a r a m e t e r s  

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

a r e   a  j e t   v e l o c i t y   (V)  r a n g i n g   f rom  a b o u t   200  to  a b o u t  

3200  i n c h e s   p e r   second (500 to 8200 cm) with the more  p r e f e r r e d  

v e l o c i t y   r a n g e   v a r y i n g   f rom  a b o u t   200  to  a b o u t   5 0 0  
(500 to  1300 cm) 

i n c h e s   p e r   s e c o n d  o r  a   g e n e r a l   p u r p o s e   l i q u i d  

a p p l i c a t o r   and  t h e   mos t   p r e f e r r e d   j e t   v e l o c i t y   b e i n g  

a b o u t   400  i n c h e s   pe r   second (1000 cm). Also,  in  c e r t a i n  

i n s t a n c e s   s u b s t r a t e s   c o u l d   be  moved  a t   r a t e s   f a s t e r  

t h a n   480  i n c h e s   p e r   secon (1300 cm), such  as   s p e e d s   of   8 0 0 - 1 0 0 0  

inches (2000 to 26000 cm) per second,  a n d  t h i s   a p p a r a t u s   c o u l d   h a v e  

a p p l i c a b i l i t y   to  pr in t ing  a t   s u c h   s u b s t r a t e   f e e d   r a t e s .  

F i n e   p r i n t i n g ,   c o l o r i n g ,   a n d / o r   i m a g i n g   o f  

s u b s t r a t e s   s i m i l a r   to  t h e   r e s u l t s   o b t a i n a b l e   f rom  a  

p e r t u r b e d   s y s t e m   can   be  o b t a i n e d   w i t h   t he   p r e s e n t  

i n v e n t i o n   by  u s i n g   an  o r i f i c e   h a v i n g   a  d i a m e t e r   o f  

a b o u t   0 . 0 0 1 3   inches (0.0033 cm) with  a p p r o p r i a t e   c e n t e r   to  c e n t e r  

s p a c i n g .   The  p r e s s u r e s   w i l l   be  g r e a t e r   t h a n   in  t h e  

g e n e r a l   a p p l i c a t i o n   c i r c u m s t a n c e s  a b o v e  a n d   w i l l   r a n g e  
f rom  a b o u t   15  to  a b o u t   70  psig (1 to 5 kg/cm2), with the  p r e f e r r e d  

p r e s s u r e   b e i n g   a b o u t   30  psig (2 kg/cm2). Here,  j e t   v e l o c i t i e s  

w i l l   p r e f e r a b l y  v a r y   f rom  a b o u t   600  to  a b o u t   1 0 0 0  



i n c h e s   per second (1500 to 2500 cm) with  t h e   p r e f e r r e d   v e l o c i t y   b e i n g  

a b o u t   800  i n c h e s   p e r   s e c o n d   (2000  cm) .  

The  v i s c o s i t i e s   of   t h e   i n k ,   c o l o r a n t   o r  

t r e a t i n g   l i q u i d   a r e   l i m i t e d   o n l y   by  t h e   c h a r a c t e r i s -  

t i c s   of   t h e   p a r t i c u l a r   t r e a t i n g   l i q u i d   or  c o l o r i n g  

med ium  r e l a t i v e   to  t he   o r i f i c e   d i m e n s i o n .   From  a  

p r a c t i c a l   s t a n d p o i n t ,   t h e   l i q u i d   or  med ium  w i l l  

g e n e r a l l y   h a v e   a  v i s c o s i t y   l e s s   t h a n   a b o u t   100  cps   a n d  

p r e f e r a b l y   a b o u t   1  to  a b o u t   25  c p s .  
S i n c e   t h e   p r e s e n t   i n v e n t i o n   can  p r o d u c e  

a p p l i c a t o r s   of   v i r t u a l l y   a l m o s t   any  o r i f i c e   p l a t e  

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

a p p l i c a t i o n ,   u n l i k e   t h e   p r e v i o u s l y   d i s c u s s e d   p e r t u r b e d  

s y s t e m s ,   is   e x t r e m e l y   b r o a d .   T h i s   i s   b e c a u s e   t h e   j e t  

o r i f i c e s   can   n o t   o n l y   be  c o n s t r u c t e d   in  v e r y   s h o r t  

l e n g t h s ,   such   as  a  few  c e n t i m e t e r s   or  i n c h e s ,   t h e y   c a n  

a l s o   e x t e n d   f o r   any  d e s i r e d   d i s t a n c e   f o r   e x a m p l e , 0 , 1 "  t o  

15  feet 0.254 to 460 cm) or  l o n g e r .   A c c o r d i n g l y ,   t h e   p r e s e n t   i n v e n t i o n  

is   u n i q u e l y   s u i t a b l e   f o r   u se   w i t h   w i d e   webs  or  w h e r e  

r e l a t i v e l y   l a r g e   s u r f a c e s   a r e   to  be  c o l o r e d   or  p r i n t e d  

w i t h   i n d i c i a   of  some  t y p e .   One  e x a m p l e   i s   p r i n t i n g ,  

c o l o r i n g   or  o t h e r w i s e   p l a c i n g   i m a g e s   on  t e x t i l e s   b u t  

i t   s h o u l d   be  c l e a r l y   u n d e r s t o o d   t h i s   i s   n o t   t h e   o n l y  

a p p l i c a t i o n   of   t h i s   i n v e n t i o n .   In   a  s i m i l a r   m a n n e r  

t h e   c h a r a c t e r i s t i c s   of   t h e   r e c e i v i n g   s u b s t r a t e   c a n  

v a r y   m a r k e d l y .  

In  t e x t i l e   a p p l i c a t i o n s   a l l   t e x t i l e   d y e s   a n d  

d y e s t u f f s   and  c o l o r a n t s   can   be  u s e d ,   b e i n g   e i t h e r  

n a t u r a l   or  s y n t h e t i c ,   so  l o n g   as  t h e y   a r e   c o m p a t i b l e  

w i t h   t h e   m a t e r i a l   f rom  w h i c h   t h e   o r i f i c e   p l a t e   i s  

c o n s t r u c t e d ,   such   as  s t a i n l e s s   s t e e l   or  o t h e r  

c h e m i c a l l y   r e s i s t a n t   m a t e r i a l s   or  c o m b i n a t i o n s  

t h e r e o f ,   and  a r e   c o m p a t i b l e   as  w e l l   w i t h   t h e   o r i f i c e  

d i m e n s i o n s   w h i c h   a r e   d e s i r e d   to  be  u s e d .   ( L a r g e  

p a r t i c l e   m a t e r i a l s   can   c a u s e   u n w a n t e d   c l o g g i n g . )  



S u i t a b l e   t e x t i l e   d y e s   i n c l u d e   r e a c t i v e ,   v a t ,   d i s p e r s e ,  

d i r e c t ,   a c i d ,   b a s i c ,   a l i z a r i n e ,   a z o i c ,   n a p h t o l ,  

p i g m e n t   and  s u l p h u r   d y e s .   I n c l u d e d   among  s u i t a b l e  

c o l o r a n t s   a r e   i n k s ,   t i n t s ,   v e g e t a b l e   d y e s ,   l a k e s ,  

m o r d a n t s   and  m i n e r a l   c o l o r s .  

I n c l u d e d   among  t h e   t y p e s   of  t r e a t i n g   l i q u i d s  

a r e   any  d e s i r e d   p r i n t i n g ,   c o l o r i n g   or  image   f o r m i n g  

a g e n t s   or  m e d i u m s ,   i n c l u d i n g   f i x a t i v e s ,   d i s p e r s a n t s ,  

s a l t s ,   r e d u c t a n t s ,   o x i d a n t s ,   b l e a c h e s ,   r e s i s t s ,  

f l u o n s c e n t   b r i g h t e n e r s   and  gums  as  w e l l   as  any  o t h e r  

known  c h e m i c a l   f i n i s h i n g   a g e n t s   such   as  v a r i o u s  

r e s i n s   a n d  r e a c t a n t s   and  c o m p o n e n t s   t h e r e o f ,   i n  

a d d i t i o n   to  n u m e r o u s   a d d i t i v e s   and  m o d i f i n g   a g e n t s .  

I t   i s   b e l i e v e d   t h a t   a l l   s u c h   m a t e r i a l s   c o u l d   b e  

e f f e c t i v e l y   e m p l o y e d   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n   to  p r o d u c e   d e s i r e d   e f f e c t s   on  a  v a r i e t y   o f  

s u b s t r a t e s ,   as  fo r   e x a m p l e ,   a l l   t y p e s   of  p a p e r   a n d  

p a p e r   l i k e   p r o d u c t s ,   c l o t h   and  t e x t i l e   webs  of  v a r i o u s  

w o v e n ,   k n i t t e d ,   n e e d l e d ,   t u f t e d ,   f e l t e d ,   b a t t ,   s p u n - ,  
b o n d e d   and  o t h e r   n o n - w o v e n   t y p e s ,   m e t a l   s h e e t ,  

p l a s t i c s ,   g l a s s ,   gypsum  and  s i m i l a r   c o m p o s i t i o n   b o a r d ,  

v a r i o u s   l a m i n a t e s   i n c l u d i n g   p l y w o o d ,   v e n e e r s ,  

c h i p b o a r d ,   v a r i o u s   f i b e r   and  r e s i n   c o m p o s i t e s   l i k e  

M a s o n i t e ,   or  any  o t h e r   m a t e r i a l   as   w e l l   as  on  a  

v a r i e t y   of   s u r f a c e s   i n c l u d i n g   f l a t ,   c u r v e d ,   s m o o t h ,  

r o u g h e n e d ,   or  v a r i o u s   o t h e r   f o r m s .  

The  a p p a r a t u s   shown  in  F i g u r e s   1  and  2  i s  

u n p e r t u r b e d .   As  p r e v i o u s l y   m e n t i o n e d ,   b a c k g r o u n d   o r  

o t h e r   v i b r a t i o n s   in  t h e   a r e a   of  use   can   t h e m s e l v e s  

s o m e t i m e s   a c t   as  p e r t u r b a t i o n   means   and  p r o d u c e  

u n d e s i r a b l e   v a r i a b l e   r e s u l t s .   F i g u r e s   3  and  4  show  a  

m o d i f i e d   e m b o d i m e n t   of  t h e   a p p a r a t u s ,   w h e r e i n   t h e  

s y s t e m   is   n o t   r e g u l a r l y   p e r t u r b e d ,   b u t   is   s u b j e c t   t o  

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

m a s k s   such   b a c k g r o u n d   v i b r a t i o n .  



In   F i g u r e   3  t h e   n o i s e   s o u r c e   i n c l u d e s   a n  

a m p l i f i e r   30  w h i c h   a p p l i e s   n o i s e   f rom  a  r e s i s t i v e   o r  

o t h e r   e l e c t r i c a l   s o u r c e   32,  to   a  t r a n s d u c e r   s u c h   as   a n  

a c o u s t i c   h o r n   34.  The  h o r n   i m p a r t s   t h e   n o i s e  

v i b r a t i o n s   t o  t h e   f l u i d   or  t h e   m a n i f o l d .   T h e s e   r a n d o m  

p e r t u r b a t i o n s   may  be  a p p l i e d   to  t h e   f l u i d   u s i n g   p r i o r  

a r t   t r a n s d u c e r s ;   b u t   t h e   p e r t u r b a t i o n   t h e y   a p p l y  

h e r e i n   is   i r r e g u l a r ,   n o t   r e g u l a r .  

In  F i g u r e   4,  t h e   n o i s e   t r a n s d u c e r   i s   a  s e t   o f  

p i e z o e l e c t r i c   c r y s t a l s   40  w h i c h   a r e   m o u n t e d   to   w a l l   4 2  

of   t h e   f l u i d   m a n i f o l d   12.  O t h e r   t y p e s   of   t r a n s d u c e r s  

may  be  u s e d ,   as  known  in  t h e   a r t .   The  d i f f e r e n c e   i s  

t h a t   t h e y   a r e   o p e r a t e d   in  a  n a r r o w   b a n d   of   r a n d o m  

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

I t   is   d e s i r a b l e   t h a t   t h e   c e n t r a l   f r e q u e n c y   o f  

t h e   n o i s e   a p p r o x i m a t e   t h e   n a t u r a l   f r e q u e n c y   o f  

droplet breakup. This  is   a b o u t   V / 4 . 5 1   d  c y c l e s   p e r   s e c o n d  

w h e r e   d  i s   t he   j e t   d i a m e t e r   in  i n c h e s  a n   V  t h e  

v e l o c i t y   of  t h e   j e t   in  i n c h e s   p e r   s e c o n d .   The  b a n d  

w i d t h   i s   d e s i r a b l y   l e s s   t h a n   a b o u t   1 2 , 0 0 0   c y c l e s /  

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

e f f e c t i v e   in  a c h i e v i n g   b r e a k o f f .  

W h i l e   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   wha t   i s   p r e s e n t l y   c o n s i d e r e d   to   be  t h e  

m o s t   p r a c t i c a l   and  p r e f e r r e d   e m b o d i m e n t s ,   i t   i s   to   b e  

u n d e r s t o o d   t h a t   t he   i n v e n t i o n   is   n o t   to  be  l i m i t e d   t o  

t h e   d i s c l o s e d   e m b o d i m e n t s   b u t   on  t h e   c o n t r a r y ,   i s  

i n t e n d e d   to  c o v e r   v a r i o u s   m o d i f i c a t i o n s   and  e q u i v a l e n t  

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

t h e   a p p e n d e d   c l a i m s ,   w h i c h   s c o p e   is   to   be  a c c o r d e d   t h e  

b r o a d e s t   i n t e r p r e t a t i o n   so  as  to  e n c o m p a s s   a l l   s u c h  

m o d i f i c a t i o n s   and  e q u i v a l e n t   s t r u c t u r e s .  



1.  A  l i q u i d   j e t   d e v i c e   f o r   p r i n t i n g ,  

c o l o r i n g   or  o t h e r w i s e   t r e a t i n g   a  r e c e i v i n g   s u b s t r a t e  

p l a c e d   t h e r e u n d e r   c o m p r i s i n g   means   f o r   r a n d o m l y  

g e n e r a t i n g   d r o p l e t s   f rom  a  l i q u i d   s t r e a m ,   s a i d   r a n d o m  

g e n e r a t i n g   means   h a v i n g   an  u n l i m i t e d   c r o s s   m a c h i n e  

w i d t h   and  b e i n g   c o m p r i s e d   of   means   d e f i n i n g   a  s o u r c e  

of  p r e s s u r i z e d   l i q u i d   and  o r i f i c e   means   d e f i n i n g   a  

p l u r a l i t y   of   j e t   o r i f i c e s   h a v i n g   a  d i a m e t e r   d  t h r o u g h  

w h i c h   s a i d   l i q u i d   i s s u e s   so  t h a t   d r o p l e t s   a r e   r a n d o m l y  

f o r m e d   h a v i n g   d i f f e r i n g   s i z e s   and  s p a c i n g s  

t h e r e b e t w e e n ,   s a i d   p r e s s u r e   and  o r i f i c e   d i m e n s i o n s  

b e i n g   c o n t r o l l e d   so  t h a t   d r o p l e t   b r e a k   up  o c c u r s  

s u b s t a n t i a l l y   w i t h i n   a  p r e d e t e r m i n e d   d i s t r i b u t i o n  

a r o u n d   a  mean  d r o p l e t   s i z e ,  

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

c h a r g e s   to   d r o p l e t s ,  

c o l l e c t i o n   means   fo r   c o l l e c t i n g   d r o p l e t s ;   a n d  

d e f l e c t i o n   means   f o r   d e f l e c t i n g   the   p a t h s   o f  

p r e d e t e r m i n e d   d r o p l e t s   away  f rom  t h e   r e c e i v i n g  

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

2.  A  l i q u i d   j e t   d e v i c e   f o r   a p p l y i n g   t h e  

l i q u i d   to   a  s u b s t r a t e   p l a c e d   t h e r e u n d e r   w i t h   a  d r o p l e t  

m i s r e g i s t r a t i o n   v a l u e   l e s s   t h a n   a b o u t   0 .9   i n c h  

c o m p r i s i n g   means   f o r   r a n d o m l y   g e n e r a t i n g   d r o p l e t s   f r o m  

a  l i q u i d   s t r e a m ,   s a i d   r a n d o m   g e n e r a t i n g   m e a n s  

i n c l u d i n g   means   d e f i n i n g   a  s o u r c e   of   p r e s s u r i z e d  

l i q u i d   and  o r i f i c e   means   d e f i n i n g   a  p l u r a l i t y   of  j e t  

o r i f i c e s   h a v i n g   a  d i a m e t e r   d  t h r o u g h   w h i c h   s a i d   l i q u i d  

i s s u e s   so  t h a t   d r o p l e t s   a r e   r a n d o m l y   f o r m e d   h a v i n g  

d i f f e r i n g   s i z e s   and  s p a c i n g s   t h e r e b e t w e e n ,   s a i d  

p r e s s u r e   and  o r i f i c e   d i m e n s i o n s   b e i n g   c o n t r o l l e d   s o  

t h a t   d r o p l e t   b r e a k   up  o c c u r s   s u b s t a n t i a l l y   w i t h i n   a  

p r e d e t e r m i n e d   d i s t r i b u t i o n   a r o u n d   a  mean  d r o p l e t   s i z e ,  



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

c h a r g e s   to   d r o p l e t s ,  

c o l l e c t i o n   means   f o r   c o l l e c t i n g   d r o p l e t s ;   a n d  

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

p r e d e t e r m i n e d   d r o p l e t s   away  f rom  t h e   r e c e i v i n g  

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

3.  A  l i q u i d   j e t   d e v i c e   as  in  c l a i m   1  or  2 

w h e r e i n   s a i d   d e v i c e   a p p l i e s   d r o p l e t s   on  t h e   s u b s t r a t e  

a t   a  d r o p l e t   m i s r e g i s t r a t i o n   v a l u e   l e s s   t h a n   a b o u t   0 . 1  

i n c h .  

4.  A  l i q u i d   j e t   d e v i c e   as  in   any  one  o f  

c l a i m s   1,  2  or  3  w h e r e i n   s a i d   d r o p l e t   m i s r e g i s t r a t i o n  

v a l u e   is   d e f i n e d   by  t he   e x p r e s s i o n   n  ( 4 . 5 1 d ) V ' / V   w h e r e  

n  e q u a l s   t h e   number   of  mean  d r o p   s p a c i n g s   a  d r o p l e t   i s  

f o r m e d   away  f rom  t h e   mean  b r e a k o f f   p o i n t ,   d  e q u a l s   t h e  

o r i f i c e   d i a m e t e r ,   V  e q u a l s   j e t   v e l o c i t y   and  V   e q u a l s  

t he   r a t e   of   s u b s t r a t e   m o v e m e n t .  

5.  A  l i q u i d   j e t   d e v i c e   as   in  c l a i m   4  w h e r e i n  

d  r a n g e s   f rom  a b o u t   0 . 0 0 0 3 5   i n c h e s   to  a b o u t   0 . 0 2 0  

i n c h e s ,   n  i s   g r e a t e r   t h a n   a b o u t   1,  V  r a n g e s   f rom  a b o u t  

200  to  a b o u t   3200  i n c h e s   p e r   s e c o n d   and  V'  r a n g e s   f r o m  

a b o u t   0  to   a b o u t   480  i n c h e s   p e r   s e c o n d .  

6.  A  l i q u i d   j e t   as  in  c l a i m   5  w h e r e i n   t h e  

p r e s s u r e   r a n g e s   f rom  a b o u t   2  p s i g   to   a b o u t   500  p s i g .  

7.  A  l i q u i d   j e t   d e v i c e   as  in  c l a i m   5  w h e r e i n  

s a i d   o r i f i c e   i s   a b o u t   .004   i n c h e s ,   t h e   p r e s s u r e   r a n g e s  

f rom  a b o u t   2  to   a b o u t   30  p s i g .   and  t h e   j e t   v e l o c i t y   i s  

a b o u t   400  i n c h e s   p e r   s e c o n d .  



8.  A  l i q u i d   j e t   d e v i c e   as  in  c l a i m   5  w h e r e i n  

s a i d   o r i f i c e   i s   a b o u t   . 0 0 1 3   i n c h e s ,   t he   p r e s s u r e  

r a n g e s   f rom  a b o u t   15  to  a b o u t   70  p s i g   and  t he   j e t  

v e l o c i t y   i s   a b o u t   800  i n c h e s   p e r   s e c o n d .  

9.  A  l i q u i d   j e t   d e v i c e   as  in  any  one  o f  

c l a i m s   1,  2,  4  or  5,  w h e r e i n   s a i d   e l e c t r o d e   means   h a s  

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

a b o u t   30  to   a b o u t   300  t i m e s   t h e   o r i f i c e   d i a m e t e r .  

10.  A  l i q u i d   j e t   d e v i c e   as  in  c l a i m   9 

w h e r e i n   t h e   p r e f e r r e d   l e n g t h   of   s a i d   e l e c t r o d e   m e a n s  
i s   e q u a l   to  a b o u t   1 0 0 d .  

11.  A  l i q u i d   j e t   d e v i c e   as  in  c l a i m   9  or  10  

w h e r e i n   t h e   c h a r g i n g   v o l t a g e   a p p l i e d   to   s a i d   e l e c t r o d e  

means   r a n g e s   f rom  a b o u t   50  to   a b o u t   200  v o l t s .  

12.   A  l i q u i d   j e t   d e v i c e   as  in  any  one  o f  

c l a i m s   1,  2,  4  or  5,  w h e r e i n   t h e , v i s c o s i t y   of  t h e  

l i q u i d   i s   l e s s   t h a n   a b o u t   100  c p s .  

13.  A  l i q u i d   j e t   d e v i c e   as  in  any  one  o f  

c l a i m s   1,  2,  4  or  5  w h e r e i n   s a i d   s u b s t r a t e   i s   m o v e d  

w i t h   r e s p e c t   to  s a i d   o r i f i c e s   a t   a  r a t e   l e s s   t h a n  

a b o u t   480  i n c h e s   pe r   s e c o n d .  

14.   A  l i q u i d   j e t   d e v i c e   as  in  any  one  o f  

c l a i m s   1,  2,  4,  5,  9  or   10  w h e r e i n   s a i d   d e v i c e   i s  

o p e r a t e d   a t   a  c h a r g i n g   e l e c t r o d e   v o l t a g e   w h i c h   i s   a t  

l e a s t   1 .5   t i m e s   t h a t   of  a  r e g u l a r l y   p e r t u r b e d  

a p p a r a t u s   h a v i n g   t he   same  d r o p l e t   m i s r e g i s t r a t i o n  

v a l u e .  



15.  A  l i q u i d   j e t   d e v i c e   as  in   any  of  c l a i m s  

1,  2,  4,  5,  7,  8  or  10  w h e r e i n   s a i d   s u b s t r a t e   i s   a  

t e x t i l e .  

16.  A  l i q u i d   j e t   d e v i c e   as  in   c l a i m   15 

w h e r e i n   s a i d   l i q u i d   i s   n a t u r a l   or  s y n t h e t i c   t e x t i l e  

d y e s   or  c o l o r a n t s   or  m i x t u r e s   t h e r e o f .  

17.  A  c o l o r e d   a n d / o r   i m a g e d   s u b s t r a t e  

h a v i n g   a  w i d t h   v a r y i n g   f rom  l e s s   t h a n   a b o u t   2 , 5 4   mm  t o  

a b o u t   460  cm  f o r m e d   f rom  r a n d o m l y   g e n e r a t e d   a n d  

p r e c i s e l y   c o n t r o l l e d   d r o p l e t s   of  a  t r e a t i n g   l i q u i d ,  

w h e r e b y   t h e   d r o p l e t s   h a v e   b e e n   r a n d o m l y   f o r m e d   f rom  a  

l i q u i d   s t r e a m   in  t h e   a b s e n c e   of  a r t i f i c i a l   or  e x t e r n a l  

v i b r a t i o n   means   so  t h a t   t h e   d r o p l e t s   h a v e   d i f f e r i n g  

s i z e s   and  s p a c i n g s   t h e r e b e t e w e e n   w i t h i n   a  p r e -  
d e t e r m i n e d   d i s t r i b u t i o n   a r o u n d   a  mean  d r o p l e t   s i z e .  

18.  The  s u b s t r a t e   as  in   c l a i m   17  w h e r e i n  

t h e   s u b s t r a t e   i s   a  t e x t i l e   p r o d u c t   and  t h e   t r e a t i n g  

l i q u i d   i s   a  n a t u r a l   or  s y n t h e t i c   t e x t i l e   d y e s   o r  

c o l o r a n t s   or  m i x t u r e s   t h e r e o f .  

19.  A  p r o c e s s   f o r   i m p r i n t i n g   i n i c i a   on  o r  

c o l o r i n g   to   s u b s t r a t e   w i t h   a  l i q u i d   c o m p r i s i n g   t h e  

s t e p s   o f :  

e s t a b l i s h i n g   a  l i q u i d   f l o w   in  t h e   f o r m   of  a t  

l e a s t   one  j e t   s t r e a m   by  p r e s s u r i z i n g   a  s o u r c e   o f  

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

by  c o n t r o l l i n g   t h e   p r e s s u r e   and  o r i f i c e   d i m e n s i o n s   s o  

t h a t   t h e   r a n d o m   d r o p l e t   b r e a k u p   o c c u r s   s u b s t a n t i a l l y  
w i t h i n   a  p r e d e t e r m i n e d   d i s t r i b u t i o n   p a t t e r n   a r o u n d   a  

mean  d r o p l e t   s i z e ,  



s e l e c t i v e l y   i m p a r t i n g   c h a r g e s   to   p r e -  
d e t e r m i n e d   o n e s   of  s a i d   d r o p l e t s ,  

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

and  c o l l e c t i n g   t h e   t h u s   d e f l e c t e d   d r o p l e t s ,  

w h e r e b y   t h e   u n c h a r g e d   d r o p l e t s   a r e   a l l o w e d  

to   be  d e p o s i t e d   on  t h e   s u b s t r a t e .  

20.  A  p r o c e s s   as  in   c l a i m   19,  w h e r e i n   t h e  

o r i f i c e   and  p r e s s u r e   on  t h e   l i q u i d   j e t   a r e   e s t a b l i s h e d  

a c c o r d i n g   to   t h e   d r o p l e t   m i s r e g i s t r a t i o n   e q u a t i o n   o f  

n ( 4 . 5 1 d )   V ' / V   w h e r e   n  e q u a l s   t h e   n u m b e r   of  mean  d r o p  

s p a c i n g s   a  d r o p l e t   i s   f o r m e d   away  f r o m   t h e   m e a n  

b r e a k o f f   p o i n t ,   d  e q u a l s   t h e   o r i f i c e   d i a m e t e r ,   V 

e q u a l s   j e t   v e l o c i t y   and  V'  e q u a l s   t h e   r a t e   o f  

s u b s t r a t e   m o v e m e n t   so  t h a t   d r o p s   r e a c h i n g   t h e  

s u b s t r a t e   h a v e   a  d r o p l e t   m i s r e g i s t r a t i o n   v a l u e   l e s s  

t h a n   a b o u t   23  mm. 

21.  A  p r o c e s s   as  in  c l a i m   19  or  20  w h e r e i n  

t h e   s u b s t r a t e   i s   i n d e x e d   in   a  p r e d e t e r m i n e d   m a n n e r  

b e n e a t h   s a i d   d r o p l e t s .  

22.   A  p r o c e s s   as  in  c l a i m   21  w h e r e i n   s a i d  

s u b s t r a t e   i s   moved  a t   a  r a t e   l e s s   t h a n   a b o u t   1220  cm 

p e r   s e c o n d .  

23.  A  p r o c e s s   as  in  c l a i m   19  or  20  w h e r e i n  

t h e   p r e s s u r e   r a n g e s   f r o m   a b o u t   0 , 1 4   b a r   (2  p s i g )   t o  

a b o u t   34  b a r   (500  p s i g ) .  

24.  A  p r o c e s s   as  in  c l a i m   19  or   20  w h e r e i n  

d r o p l e t s   a r e   a p p l i e d   to   t h e   s u b s t r a t e   a t   a  d r o p l e t  

m i s r e g i s t r a t i o n   v a l u e   of  l e s s   t h a n   a b o u t   2 ,5   mm. 



25.  A  p r o c e s s   as  in  a n y  o n e   of  c l a i m s   1 9 ,  

20  or   24  w h e r e i n   t h e   v i s c o s i t y   of  t h e   l i q u i d   i s   l e s s  

t h a n   a b o u t   100  cps   (0 ,1   P a . s ) .  

26.  A  p r o c e s s   as  in   a n y  o n e   of  c l a i m s   1 9 ,  

20,  or  24  w h e r e i n   t h e   s u b s t r a t e   i s   a  t e x t i l e   and  t h e  

l i q u i d   i s   n a t u r a l   or  s y n t h e t i c   t e x t i l e   d y e s   o r  

c o l o r a n t s   or  m i x t u r e s   t h e r e o f .  
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