
Europaisches  Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 1 1   1 7 0  

Office  europeen  des  brevets  A1 

©  EUROPEAN  PATENT  APPLICATION 

@  Application  number:  79104183.3  (g)  Int.  CI.3:  B  41  J  3 / 0 4  

(22)  Date  of  filing:  29.10.79 

@  Priority:  08.11.78  US  958855 
08.11.78  US  958916 

(43)  Date  of  publication  of  application: 
28.05.80  Bulletin  80/11 

(S)  Designated  Contracting  States: 
DE  FR  GB  IT  SE 

(71)  Applicant:  International  Business  Machines 
Corporation 

Armonk,  N.Y.  10504(US) 

(72)  Inventor:  Krause,  Konrad  Artur 
870  E.  El  Camino  Real 
Mt.  View,  California  94040(US) 

(72)  Inventor:  Fillmore,  Gary  Lee 
5012  Homes  Place 
Boulder,  Colorado  80303(US) 

(72)  Inventor:  Hoffman,  Arthur  Rowland 
7676  N.  95th 
Longmont,  Colorado  80501  (US) 

2̂)  Inventor:  Young,  Thomas 
1489  Johnson  Ct. 
Boulder,  Colorado  80303(US) 

(74)  Representative:  Lewis,  Alan  J. 
IBM  United  Kingdom  Patent  Operations  Hursley  Park 
Winchester,  Hants,  S021  2JN(GB) 

(54)  Liquid  droplet  forming  apparatus. 

An  ink  jet  head  10  has  coaxially  disposed  inner  and  outer 
cylindircal  tube  11,12  with  the  outer  cylindrical  surface  23  of 
the  inner  cylindrical  tube  spaced  from  the  inner  cylindrical 
surface  22  of  the  outer  cylindrical  tube  to  form  an  ink  cavity 
24  therebetween  from  which  ink  is  supplied  through  one  or 
more  arrays  of  ink  jet  nozzles  35.  Only  the  outer  tube  is  a 
piezoelectric  material  so  that  the  outer  tube  vibrates  radially 
when  electrically  excited  to  produce  vibrations  in  the  ink  in 
the  ink  cavity  whereby  a  stream  of  ink  droplets  is  supplied 
from  each  of  the  ink  jet  nozzles.  In  embodiments  having  only 
multiple  arrays  of  ink  jet  nozzles,  if  desired,  only  the  inner 
cylindrical  tube  or  both  the  inner  and  outer  cylindrical  tubes 
can  be  formed  of  a  piezoelectric  material.  If  both  of  the  tubes 
are  formed  of  a  piezoelectric  material,  the  operating  frequen- 
cies,  which  are  preferably  resonant,  of  the  two  tubes  must 
then  be  matched. 





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

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

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

d r o p l e t s .   Such  a p p a r a t u s   i s   u s e d   in  ink   j e t   p r i n t e r s .  

When  a  p l u r a l i t y   of  ink  j e t   n o z z l e s   i s   c o n n e c t e d   to  a n  

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

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

s u b s t a n t i a l l y   t h e   same  b r e a k - o f f   p o i n t ,   have   s u b s t a n t i a l l y  

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

T h i s   e n s u r e s   t h a t   t h e   q u a l i t y   of  t h e   p r i n t   f rom  each   of  t h e  

n o z z l e s   w i l l   be  s u b s t a n t i a l l y   t h e   s a m e .  

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

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

a p p l i e d   to  each   of  t h e   ink   s t r e a m s   of  t h e   n o z z l e s   be  s u b -  

s t a n t i a l l y   u n i f o r m   and  t h a t   t h e   n o z z l e s   be  of  u n i f o r m  

q u a l i t y .   F u r t h e r m o r e ,   f o r   t h e   p r o d u c t i o n   of  t he   d r o p l e t s   t o  

be  s a t e l l i t e   f r e e ,   t h e   p e r t u r b a t i o n s   mus t   be  s u f f i c i e n t l y  

l a r g e .   I t   a l s o   i s   a  r e q u i s i t e   f o r   t h e   p e r t u r b a t i o n s   to  n o t  

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

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

I t   i s   a l s o   n e c e s s a r y   t h a t   t h e   t r a n s d u c e r   or  d r i v e r ,  

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

t h e   i n k   s t r e a m s ,   be  c a p a b l e   of  p r o d u c i n g   t h e   d r o p l e t s   at  t h e  

d e s i r e d   f r e q u e n c y .   T h i s   i s   d e t e r m i n e d   by  t h e   o v e r a l l   r e q u i r e -  

m e n t s   of  t he   ink   j e t   s y s t e m   i n c l u d i n g   t h e   s i z e   of  t h e   d r o p l e t s ,  

t h e   s a p c i n g   b e t w e e n   t h e   d r o p l e t s   on  t he   medium  on  w h i c h   t h e  

d r o p l e t s   a re   i m p i n g e d ,   t h e   r a t e   at  wh ich   t h e   d r o p l e t s   can  b e  

c h a r g e d ,   and  t h e   r a t e   of  r e l a t i v e   movemen t   b e t w e e n   t h e  

medium  and  t h e   n o z z l e s .   T h u s ,   t h e   t r a n s d u c e r   or  d r i v e r   m u s t  

be  c a p a b l e   of  o p e r a t i n g   at   a  s p e c i f i c   f r e q u e n c y .  



The  i n v e n t i o n   p r o v i d e s   a p p a r a t u s   f o r   p r o d u c i n g   a  

p l u r a l i t y   of  s i m i l a r   s t r e a m s   of  l i q u i d   d r o p l e t s ,   s a i d  

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

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

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

s a i d   c o m p o n e n t   p a r t s   h a v i n g   an  a p e r t u r e   or  a p e r t u r e s   t h e r e -  

t h r o u g h   p r o v i d i n g   or  c o m m u n i c a t i n g   w i t h   an  e l o n g a t e d   a r r a y  
of  l i q u i d   j e t   n o z z l e s ,   e a c h   n o z z l e   h a v i n g   i t s   a x i s   p e r p e n d i c u l a r  

to   t h e   l e n g t h   of  t h e   c h a m b e r ,   s a i d   one  or  t h e   o t h e r   or  b o t h  

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

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

u se   f rom  a  p r e s s u r e   l i q u i d   s o u r c e   to  t h e   n o z z l e s   to  c a u s e  

l i q u i d   j e t s   to  i s s u e   t h e r e f r o m ,   and  e l e c t r i c a l l y   e n e r g i s a b l e  

m e a n s   e f f e c t i v e   when  e n e r g i z e d   to  s u b j e c t   t h e   p i e z o e l e c t r i c  

m a t e r i a l   to  an  e l e c t r i c   f i e l d   h a v i n g   a  p e r i o d i c a l l y   f l u c -  

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

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

p r e s s u r e   w a v e s   in  t h e   l i q u i d   in  t h e   c h a m b e r   and  c a u s i n g   t h e  

j e t s   to   b r e a k   up  i n t o   s i m i l a r   s t r e a m s   of  l i q u i d   d r o p l e t s .  

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

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

ink   j e t   h e a d   c o m p r i s i n g   o u t e r   means   h a v i n g   an  i n n e r   c y l i n -  

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

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

i t s   o u t e r   c y l i n d r i c a l   s u r f a c e   s p a c e d   f rom  t h e   i n n e r   c y l i n -  

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

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

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

s a i d   o u t e r   m e a n s   or  c o a x i a l   t h e r e w i t h ;   an  ink   c a v i t y   f o r m e d  

b e t w e e n   t h e   o u t e r   c y l i n d r i c a l   s u r f a c e   of  s a i d   i n n e r   L.- 

c y l i n d r i c a l   t u b e   and  t h e   i n n e r   c y l i n d r i c a l   s u r f a c e   of  s a i d  

o u t e r   means   and  h a v i n g   p r e s s u r i z e d   i n k   t h e r e i n ;   a  p l u r a l i t y  



of  a r r a y s   of  ink  j e t   n o z z l e s   c o m m u n i c a t i n g   t h r o u g h   s a i d  

o u t e r   moans  w i t h   s a i d   ink  c a v i t y   and  f rom  wh ich   the   s t r e a m s  

of  ink  d r o p l e t s   a re   s u p p l i e d ,   s a i d   p l u r a l i t y   of  a r r a y s   o f  

ink  j e t   n o z z l e s   b e i n g   s p a c e d   f rom  each   o t h e r   a b o u t   t h e  

p e r i p h e r y   of  s a i d   o u t e r   m e a n s ;   e ach   of  s a i d   ink  j e t   n o z z l e s  

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

a x i s   of  s a i d   i n n e r   c y l i n d r i c a l   t u b e ;   and  at   l e a s t   one  o f  

s a i d   i n n e r   c y l i n d r i c a l   t u b e   and  s a i d   o u t e r   means   b e i n g  

f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l   and  v i b r a t i n g   r a d i a l l y  

when  e l e c t r i c a l l y   e x c i t e d   to  p r o d u c e   v i b r a t i o n s   w i t h i n   t h e  

ink   in  s a i d   ink  c a v i t y   so  t h a t   a  s t r e a m   of  ink  d r o p l e t s   i s  

s u p p l i e d   f rom  e a c h   of  s a i d   ink   j e t   n o z z l e s .  

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

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

ink   j e t   head   c o m p r i s i n g   o u t e r   means   h a v i n g   an  i n n e r   c y l i n -  

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

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

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

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

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

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

o u t e r   means   or  c o a x i a l   t h e r e w i t h ;   an  ink   c a v i t y   f o r m e d  

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

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

means   and  h a v i n g   p r e s s u r i z e d   ink  t h e r e i n ;   a  p l u r a l i t y   of  i n k  

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

ink   c a v i t y   and  f rom  w h i c h   t h e   s t r e a m s   of  ink  d r o p l e t s   a r e  

p r o d u c e d ;   e ach   of  s a i d   ink  j e t   n o z z l e s   h a v i n g   i t s   a x i s  

s u b s t a n t i a l l y   p e r p e n d i c u l a r   to  t he   l o n g i t u d i n a l   a x i s   of  s a i d  

i n n e r   c y l i n d r i c a l   t u b e ;   and  o n l y   s a i d   o u t e r   means   b e i n g  

f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l   and  v i b r a t i n g   r a d i a l l y  

when  e l e c t r i c a l l y   e x c i t e d   to  p r o d u c e   v i b r a t i o n s   w i t h i n   t h e  

ink   in  t h e   ink   c a v i t y   so  t h a t   a  s t r e a m   of  ink   d r o p l e t s   i s  

s u p p l i e d   f rom  any  of  s a i d   ink   j e t   n o z z l e s .  



The  i n v e n t i o n   f u r t h e r m o r e   p r o v i d e s   a p p a r a t u s   f o r  

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

i n c l u d i n g   an  ink   j e t   h e a d   c o m p r i s i n g :   i n n e r   means   and  o u t e r  

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

o u t e r   means  h a v i n g   a d j a c e n t   w a l l s   s p a c e d   f rom  each   o t h e r   a t  

a  s u b s t a n t i a l l y   c o n s t a n t   d i s t a n c e ;   an  ink  c a v i t y   f o r m e d  

b e t w e e n   t h e   a d j a c e n t   w a l l s   of  s a i d   i n n e r   m e a n s   and  s a i d  

o u t e r   m e a n s ,   s a i d   ink   c a v i t y   h a v i n g   p r e s s u r i z e d   ink   t h e r e i n ;  

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

o u t e r   means   w i t h   s a i d   i n k   c a v i t y   and  f rom  w h i c h   t he   s t r e a m s  

of   d r o p l e t s   a r e   p r o d u c e d ;   and  o n l y   s a i d   o u t e r   means   b e i n g  

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

e l e c t r i c a l l y   e x c i t e d   to  p r o d u c e   v i b r a t i o n s   w i t h i n   t h e   ink   i n  

s a i d   ink   c a v i t y   so  t h a t   a  s t r e a m   of  ink   d r o p l e t s   i s   s u p p l i e d  

f rom  any  of  s a i d   i nk   j e t   n o z z l e s .  

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

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

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

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

s u r f a c e ;   an  i n n e r   c o m p o n e n t   means   d i s p o s e d   w i t h i n   s a i d  

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

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

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

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

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

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

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

to   t h e   l o n g i t u d i n a l   a x i s   of  t h e   i n n e r   s u r f a c e   of  s a i d   o u t e r  

c o m p o n e n t   means   or  c o a x i a l   t h e r e w i t h ;   an  ink   c a v i t y   f o r m e d  

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

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

p r e s s u r i z e d   ink   s u p p l i e d   t h e r e t o   in  u s e ;   a  p l u r a l i t y   o f  

a r r a y s   of  i nk   j e t   n o z z l e s   c o m m u n i c a t i n g   t h r o u g h   s a i d   o u t e r  



c o m p o n e n t   means   w i t h   s a i d   ink  c a v i t y   and  f rom  wh ich   the   s t r e a m s  

of  i n k   d r o p l e t s   a re   s u p p l i e d ,   s a i d   p l u r a l i t y   of  a r r a y s   b e i n g  

s p a c e d   f rom  e a c h   o t h e r   a b o u t   t h e   p e r i p h e r y   of  s a i d   o u t e r  

c o m p o n e n t   m e a n s ;   each   of  s a i d   ink   j e t   n o z z l e s   h a v i n g   i t s  

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

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

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

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

r a d i a l l y   when  e l e c t r i c a l l y   e x c i t e d   to  p r o d u c e   v i b r a t i o n s   i n  

t h e   ink  w i t h i n   s a i d   ink   c a v i t y   so  t h a t   a  s t r e a m   of  i n k  

d r o p l e t s   i s   s u p p l i e d   f rom  each   of  s a i d   ink   j e t   n o z z l e s .  

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

of  s i m i l a r   s t r e a m s   of  l i q u i d   d r o p l e t s   w i l l   now  be  d e s c r i b e d  

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 .   Each  a p p a r a t u s  

i s   an  ink   j e t   p r i n t e r   and  e a c h   e x a m p l e  c o m p r i s e s   an  ink  j e t  

p r i n t e r   h e a d .   In  t he   d r a w i n g s : -  

FIG.  1  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew  of  a  f i r s t   i n k  

j e t   h e a d   e m b o d y i n g   t he   p r e s e n t   i n v e n t i o n   in  w h i c h   an  o u t e r  

c y l i n d r i c a l   t u b e ,   w h i c h   f o r m s   t h e   o u t e r   w a l l   of  t he   i n k  

c a v i t y ,   i s   f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l   w i t h   t he   i n k  

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

a l o n g   l i n e   1-1  of  FIG.  2 .  

FIG.  2  i s   a  s e c t i o n a l   v i ew  of  t h e   i nk   j e t   head   of  F I G .  

1  t a k e n   a l o n g   l i n e   2-2  of  FIG.  1 .  

FIG.  3  i s   an  end  e l e v a t i o n a l   v i ew   of  t h e   ink  j e t   h e a d  

of  FIG.  1 .  

FIG.  4  i s   a  s e c t i o n a l   v i e w ,   t a k e n   a l o n g   t h e   p o s i t i o n   o f  

l i n e   2-2   of  FIG.  1,  of  a  m o d i f i c a t i o n   of  t h e   ink   j e t   head   o f  

FIG.  1  in  w h i c h   two  o f f s e t   a r r a y s   of  n o z z l e s   a r e   p r o v i d e d   i n  

a  n o z z l e   p l a t e   on  t he   o u t e r   c y c l i n d r i c a l   t u b e .  



FIG.  5  i s   a  s e c t i o n a l   v i e w ,   t a k e n   a l o n g   t h e   p o s i t i o n   o f  

l i n e   2-2  of  FIG.  1,  of  a  f u r t h e r   m o d i f i c a t i o n   of  t h e   i nk   j e t  

head   of  FIG.  1,  t h e   ink   j e t   h ead   h a v i n g   two  a r r a y s   of  n o z z l e s  

in  t he   o u t e r   c y l i n d r i c a l   t u b e   and  s p a c e d   1800  f rom  e a c h  

o t h e r .  

FIG.  6  i s   a  s e c t i o n a l   v i e w ,   t a k e n   a l o n g   t h e   p o s i t i o n  

l i n e   2-2  of  FIG.   1,  of  a n o t h e r   m o d i f i c a t i o n   of  t h e   i nk   j e t  

head   of  FIG.  1,  in  w h i c h   two  s e t s   of  a r r a y s   of  n o z z l e s   a r e  

p r o v i d e d   in  two  n o z z l e   p l a t e s   one  on  each   s i d e   of  t h e   o u t e r  

c y l i n d r i c a l   t u b e .  

FIG.  7  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   of  a  s e c o n d   i n k  

j e t   h e a d   e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   in  w h i c h   e a c h   o f  

i n n e r   and  o u t e r   c y l i n d r i c a l   t u b e s ,   w h i c h   fo rm  t h e   w a l l s   o f  

t he   ink  c a v i t y ,   i s   f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l   w i t h  

t h e   ink  c a v i t y   h a v i n g   no  i nk   t h e r e i n   f o r   c l a r i t y   p u r p o s e s  
and  t a k e n   a l o n g   l i n e   7-7  of  FIG.  8 .  

FIG.  8  i s   a  s e c t i o n a l   v i ew   of  t h e   ink   j e t   h e a d   of  F I G .  

7  t a k e n   a l o n g   l i n e   8-8  of  FIG.  7 .  

FIG.  9  i s   a n  e n d   e l e v a t i o n a l  v i e w  o f  t h e  i n k  j e t  h e a d  

of  FIG.  7 .  

FIG.  10  i s   a  s e c t i o n a l   v i e w ,   t a k e n   a l o n g   t h e   p o s i t i o n  

of  l i n e   8-8  of  FIG.  7,  of  a  m o d i f i c a t i o n   of  t h e   i n k   j e t   h e a d  

of  FIG.  7,  t h e   m o d i f i e d   ink   j e t   h e a d   h a v i n g   two  a r r a y s   o f  

ink   j e t   n o z z l e s   s p a c e d   1800  f rom  e a c h   o t h e r   w i t h   e a c h   a r r a y  

b e i n g   in  a  n o z z l e   p l a t e   on  t h e   o u t e r   c y l i n d r i c a l   t u b e .  

FIG.  11  i s   a  s e c t i o n a l   v i e w ,   t a k e n   a l o n g   t h e   p o s i t i o n  

of  l i n e   8-8   of  FIG.   7,  of  a  f u r t h e r   m o d i f i c a t i o n   of  t h e   i n k  

j e t   h ead   of  FIG.   7,  t h e   f u r t h e r   m o d i f i e d   ink   j e t   h e a d   h a v i n g  

two  o f f s e t   a r r a y s   of  i nk   j e t   n o z z l e s   on  e a c h   s i d e   of  t h e  

o u t e r   c y l i n d r i c a l   t u b e .  



FIG.  12  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   of  a  t h i r d   i n k  

j e t   h ead   e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   in  w h i c h   an  i n n e r  

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

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

c a v i t y   h a v i n g   no  ink   t h e r e i n   f o r   c l a r i t y   p u r p o s e s   and  t a k e n  

a l o n g   l i n e   1 2 - 1 2   of  FIG.  1 3 .  

FIG.  13  i s   a  s e c t i o n a l   v iew  of  t h e   ink   j e t   head   of  F I G .  

12  t a k e n   a l o n g   l i n e   1 3 - 1 3   of  FIG.  1 2 .  

FIG.  14  i s   a  s e c t i o n a l   v i e w ,   t a k e n   a l o n g   t h e   p o s i t i o n  

of  l i n e   1 3 - 1 3   of  FIG.  12  of  a  m o d i f i c a t i o n   of  t h e   ink  j e t  

head   of  FIG.  12,  t h e   m o d i f i e d   ink  j e t   h e a d   h a v i n g   two  a r r a y s  
of  ink  j e t   n o z z l e s   in  t h e   o u t e r   c y l i n d r i c a l   t u b e   and  s p a c e d  
1 8 0 °  f r o m   e a c h   o t h e r .  

FIG.  15  i s   a  s e c t i o n a l   v i e w ,   t a k e n   a l o n g   t he   p o s i t i o n  

of  t he   l i n e   1 3 - 1 3   of  FIG.  12,  of  a  f u r t h e r   m o d i f i c a t i o n   o f  

t he   i n k  j e t   h e a d   of  FIG.  12,  t h e   f u r t h e r   m o d i f i e d   ink  j e t  

head   h a v i n g   two  o f f s e t   a r r a y s   of  ink   j e t   n o z z l e s   on  e a c h  

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

FIG.  16  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew   o f   a  f o u r t h  

ink   j e t   h e a d   e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   in  w h i c h   a n  

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

f o r m s   t h e   i n n e r   w a l l   of  t h e   ink   c a v i t y   w i t h   t h e   ink  c a v i t y  

h a v i n g   no  i nk   t h e r e i n   f o r   c l a r i t y   p u r p o s e s   and  t a k e n   a l o n g  

l i n e   1 6 - 1 6   of  FIG.  1 7 .  

FIG.  17  i s   a  s e c t i o n a l   v iew  of  t h e   ink   j e t   head   of  F I G .  

16  t a k e n   a l o n g   l i n e   1 7 - 1 7   of  FIG.  1 6 .  

FIG.  18  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew  of  a  f i f t h   i n k  

j e t   h ead   e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   in  w h i c h   t he   i n k  



c a v i t y   has   an  o u t e r   p l a n a r   w a l l   f o r m e d   of  a  p i e z o e l e c t r i c  

m a t e r i a l   w i t h   t h e   ink   c a v i t y   h a v i n g   no  ink   t h e r e i n   f o r  

c l a r i t y   p u r p o s e s .  

FIG.  19  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  a  s i x t h   i nk   j e t  

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

of  ink   j e t   n o z z l e s .  

FIG.  20  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew   of  t h e   ink   j e t  

h e a d   of  FIG.  1  and  t a k e n   a l o n g   l i n e   2 0 - 2 0   of  FIG.  1 9 .  

FIG.  21  i s   a  s e c t i o n a l   v i ew   of  t h e   ink   j e t   h ead   of  F I G .  

1  and  t a k e n   a l o n g   l i n e   2 1 - 2 1   of  FIG.  1 9 .  

FIG.  22  i s   a  s e c t i o n a l   v i ew   of  one  of  t h e   end  p l a t e s   o f  

t h e   ink   j e t   h e a d   of  FIG.  1 9 .  

FIG.  23  i s   a  s e c t i o n a l   v i ew  of  t h e   o t h e r   of  t h e   e n d  

p l a t e s   of  t h e   ink   j e t   h e a d   of  FIG.  1 9 .  

FIG.  24  i s   an  end  e l e v a t i o n a l   v i e w   of  one  of  t h e   e n d  

p l u g s   of  t h e   ink   j e t   h e a d   of  FIG.  1 9 .  

FIG.  25  i s   an  end  e l e v a t i o n a l   v i e w   of  t h e   o t h e r   of  t h e  

end  p l u g s   of  t h e   i n k   j e t   h e a d   of  FIG.   1 9 .  

FIG.  26  i s   a  f r a g m e n t a r y   s i d e   e l e v a t i o n a l   v i e w   o f  

a n o t h e r   fo rm  of  t h e   t r a n s d u c e r   f o r   u se   w i t h   t h e   i nk   j e t  

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

F I G .   27  i s   a  s i d e   e l e v a t i o n a l   v i ew  of  a  s e v e n t h   i nk   j e t  

h e a d   e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   in  w h i c h   t h e   ink   j e t  

h e a d   has   a  p l u r a l i t y   of  a r r a y s   of  i n k   j e t   n o z z l e s .  



FIG.  28  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew  of  t he   ink   j e t  

h e a d   of  FIG.  27  and  t a k e n   a l o n g   l i n e   2 8 - 2 8   of  FIG.  2 7 .  

FIG.  29  i s   a  s e c t i o n a l   v iew  of  t h e   ink   j e t   head   of  F I G .  

27  and  t a k e n   a l o n g   l i n e   2 9 - 2 9   of  FIG.  2 5 .  

FIG.  30  i s   an  end  e l e v a t i o n a l   v i ew   of  t he   ink  j e t   h e a d  

of  FIG.  27  and  t a k e n   a l o n g   l i n e   3 0 - 3 0   of  FIG.  2 8 .  

FIG.   31  i s   a  p e r s p e c t i v e   v iew  of  t h e   main  body  of  t h e  

ink   j e t   h ead   of  FIG.  2 7 .  

FIG.  32  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew  of  t he   body  o f  

FIG.  31  and  t a k e n   a l o n g   l i n e   3 2 - 3 2   of  FIG.  3 1 .  

FIG.  33  i s   a  f r a g m e n t a r y   l o n g i t u d i n a l   s e c t i o n a l   v i ew  o f  

an  e i g t h   ink   j e t   h ead   e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   a n d  

t a k e n   a l o n g   l i n e   3 3 - 3 3   of  FIG.  3 4 .  

FIG.  34  i s   a  s e c t i o n a l   v i ew   of  t h e   ink   j e t   head   of  F I G .  

33  and  t a k e n   a l o n g   l i n e   34 -34   of  FIG.  3 3 .  

R e f e r r i n g   to  t h e   d r a w i n g s   and  p a r t i c u l a r l y   FIGS.  1 - 3 ,  

t h e r e   i s   shown  an  i n k  j e t   h ead   10  of  t h e   p r e s e n t   i n v e n t i o n .  

The  ink  j e t   h ead   10  i n c l u d e s   an  i n n e r   c y l i n d r i c a l   e l e m e n t  

11,  w h i c h   i s   f o r m e d   of  m e t a l ,   f o r   e x a m p l e ,   and  an  o u t e r  

c y l i n d r i c a l   t u b e   12,  w h i c h   i s   f o r m e d   of  a  p i e z o e l e c t r i c  

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

c y l i n d r i c a l   e l e m e n t   11  and  s p a c e d   t h e r e f r o m .   One  end  of  t h e  

e l e m e n t   11  i s   d i s p o s e d   w i t h i n   a  c i r c u l a r   r e c e s s   14  in  a n  

e n t r y   end  p l a t e   15,  w h i c h   is   c i r c u l a r .   A  m o u n t i n g   s c r e w   16  

s e c u r e s   t he   e n t r y   end  p l a t e   15  to  t h e   a d j a c e n t   end  of  t h e  

i n n e r   c y l i n d r i c a l   e l e m e n t   1 1 .  



The  o t h e r   end  of  t h e   e l e m e n t   11  i s   d i s p o s e d   w i t h i n   a  

c i r c u l a r   r e c e s s   17  in  an  e x i t   end  p l a t e   18,  w h i c h   i s   c i r c u l a r .  

A  m o u n t i n g   s c r e w   19  s e c u r e s   t h e   e x i t   end  p l a t e   18  to  t h e  

a j d a c e n t   end  of  t h e   i n n e r   c y l i n d r i c a l   e l e m e n t   1 1 .  

The  o u t e r   c y l i n d r i c a l   t u b e   12  has   one   end  d i s p o s e d  

w i t h i n   an  a n n u l a r   g r o o v e   20  in  t h e   e n t r y   end  p l a t e   15  a n d  

i t s   o t h e r   end  d i s p o s e d   w i t h i n   an  a n n u l a r   g r o o v e   21  in  t h e  

e x i t   end  p l a t e   18.  T h u s ,   t h e   o u t e r   c y l i n d r i c a l   t u b e   12  i s  

r e t a i n e d   b e t w e e n   t h e   end  p l a t e s   15  and  18  when  t h e y   a r e  

s e c u r e d   to   t h e   i n n e r   c y l i n d r i c a l   e l e m e n t   1 1 .  

A c c o r d i n g l y ,   t h e   o u t e r   c y l i n d r i c a l   t u b e   12  has   i t s  

i n n e r   c y l i n d r i c a l   s u r f a c e   22  s p a c e d   t h e   same  d i s t a n c e   f r o m  

o u t e r   c y l i n d r i c a l   s u r f a c e   23  of  t h e   i n n e r   c y l i n d r i c a l  

e l e m e n t   11  t h r o u g h o u t   t h e   l e n g t h   and  a r o u n d   t h e   e n t i r e  

c i r c u m f e r e n c e .   T h u s ,   an  a n n u l a r   i n k   c a v i t y   24  i s   f o r m e d  

b e t w e e n   t h e   i n n e r   c y l i n d r i c a l   s u r f a c e   22  of  t h e   o u t e r  

c y l i n d r i c a l   t u b e   12  and  t h e   o u t e r   c y l i n d r i c a l   s u r f a c e   23  o f  

t h e   i n n e r   c y l i n d r i c a l   e l e m e n t   1 1 .  

The  c i r c u l a r   r e c e s s   14  in  t h e   e n t r y   end  p l a t e   15  has   a n  

a n n u l a r   g r o o v e   2.5  a d j a c e n t   i t s   c i r c u m f e r e n c e   to  r e c e i v e   a n  

O - r i n g   26  to   fo rm  a  s e a l   b e t w e e n   one  end   of  t h e   i n n e r  

c y l i n d r i c a l   e l e m e n t   11  and  t h e   e n t r y   end   p l a t e   15.  T h e  

e n t r y   end  p l a t e   15  has   a  s e c o n d   0 - r i n g   27,   w h i c h   i s   d i s p o s e d  

w i t h i n   t h e   a n n u l a r   g r o o v e   20,  e n g a g i n g   t h e   end  of  t h e   o u t e r  

c y l i n d r i c a l   t u b e   12  in  t h e   a n n u l a r   g r o o v e   20  to  form  a  s e a l  

t h e r e b e t w e e n .   A c c o r d i n g l y ,   t h e   0 - r i n g s   26  and  27  c o o p e r a t e  

to  s e a l   t h e   ink   c a v i t y   24  r e l a t i v e   to   t h e   e n t r y   end  p l a t e  

1 5 .  

The  c i r c u l a r   r e c e s s   17  in  t h e   e x i t   end  p l a t e   18  has   a n  

a n n u l a r   g r o o v e   28  a d j a c e n t   i t s   c i r c u m f e r e n c e   to  r e c e i v e   a n  

O - r i n g   29  to   fo rm  a  s e a l   b e t w e e n   t h e   end  of  t h e   i n n e r  



c y l i n d e r i c a l   e l e m e n t   11  and  t h e   e x i t   and  p l a t e   18.  The  e x i t  

end  p l a t e   18  has   a  s e c o n d   0 - r i n g   30,  w h i c h   i s   d i s p o s e d  

w i t h i n   t h e   a n n u l a r   g r o o v e   21,  b e a r i n g   a g a i n s t   t he   end  of  t h e  

o u t e r   c y l i n d e r i c a l   t u b e   12  d i s p o s e d   t h e r e i n   to  form  a  s e a l  

t h e r e b e t w e e n .   A c c o r d i n g l y ,   t h e   O - r i n g s   29  and  30  c o o p e r a t e  

to   s e a l   t h e   ink  c a v i t y   24  r e l a t i v e   to   t h e   e x i t   end  p l a t e   1 8 .  

The  i n k  c a v i t y   24  has   p r e s s u r i z e d ,   c o n d u c t i v e   i n k  

s u p p l i e d   t h e r e t o   f rom  a  p r e s s u r i z e d   s o u r c e   such   as  a  p u m p ,  
f o r   e x a m p l e ,   t h r o u g h   a  p a s s a g e   31  in  t h e   e n t r y   end  p l a t e   1 5 .  

W h e n e v e r   i t   is   d e s i r e d   to  f l u s h   t he   ink   c a v i t y   24  t h e  

p r e s s u r i z e d   ink  f l o w s   f rom  t h e   ink  c a v i t y   24  t h r o u g h   a  

p a s s a g e   32  in  t h e   e x i t   end  p l a t e   18  to  an  ink   r e s e r v o i r   o r  

t h e   l i k e   c o n n e c t e d   to   t h e   s u c t i o n   s i d e   of  t h e   pump.  T h i s  

f l o w   p a t h   f rom  t h e   i nk   c a v i t y   24  i s   n o r m a l l y   b l o c k e d .  

The  ink   i s   g r o u n d e d   in  any  s u i t a b l e   m a n n e r .   If   t h e  

e n t r y  e n d   p l a t e   15  i s  f o r m e d   of  m e t a l ,   i t   c o u l d   be  g r o u n d e d  

to  g r o u n d   t h e   ink   in  t h e   c a v i t y   24.  If  t h e   e n t r y   end  p l a t e  

15  i s   f o r m e d   of  a  p l a s t i c   s u c h   as  an  a c e t a l   p l a s t i c   s o l d  

u n d e r   t he   t r a d e m a r k   D e l r i n ,   f o r   e x a m p l e ,   t h e n   t h e   ink   m u s t  

be  g r o u n d e d   in  some  o t h e r   s u i t a b l e   m a n n e r .  

The  o u t e r   c y l i n d r i c a l   t u b e   12  has   a  p l u r a l i t y   of  l o n g -  

i t u d i n a l   s p a c e d   f l a t   p o r t i o n s   33  in  i t s   o u t e r   s u r f a c e   3 4 .  

Each  of  t he   f l a t   p o r t i o n s   33  has   an  o r i f i c e   35,  w h i c h   f u n c t i o n s  

as  a  n o z z l e ,   f o r m e d   t h e r e i n   and  e x t e n d i n g   t h r o u g h   t h e   o u t e r  

c y l i n d r i c a l   t u b e   12  to  p r o v i d e   c o m m u n i c a t i o n   f rom  t h e   i n k  

c a v i t y   24  to  t h e   e x t e r i o r   o f  t h e   o u t e r   c y l i n d r i c a l   t u b e   1 2 .  

T h u s ,   t he   row  of  t h e   o r i f i c e s   35  f o r m s   an  a r r a y   of  n o z z l e s .  

The  a x i s   of  e ach   of  t h e   o r i f i c e s   35  i s   d i s p o s e d   s u b -  

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

i n n e r  c y l i n d r i c a l   e l e m e n t   11  and  t h e   l o n g i t u d i n a l   a x i s   o f  



of  t h e   i n n e r   c y l i n d r i c a l   e l e m e n t   11  and  t h e   l o n g i t u d i n a l  

a x i s   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   12.  The  l o n g i t u d i n a l  

a x i s   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   12  i s   p r e f e r a b l y   c o a x i a l  

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

11  a l t h o u g h   t h e y   c o u l d   be  p a r a l l e l .  

As  p r e v i o u s l y   m e n t i o n e d ,   t h e   o u t e r   c y l i n d r i c a l   t u b e   12  

i s   f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l .   I t   i s   p o l a r i z e d   s o  

t h a t   i t   v i b r a t e s   in  a  r a d i a l   d i r e c t i o n   when  a  v o l t a g e   i s  

a p p l i e d   t h e r e t o .   The  o p e r a t i n g   f r e q u e n c y   at   w h i c h   t h e   o u t e r  

c y l i n d r i c a l   t u b e   12  i s   e l e c t r i c a l l y   e x c i t e d   i s   p r e f e r a b l y   a t  

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

e x c i t e d   a b o v e   i t s   r e s o n a n t   f r e q u e n c y   in  c e r t a i n   i n s t a n c e s .  

T  he  o u t e r   c y l i n d r i c a l   t u b e   12  has   i t s   o u t e r   s u r f a c e   34  

m e t a l l i z e d   so  t h a t   t h e   o u t e r   c y l i n d r i c a l   t u b e   12  can  b e  

e l e c t r i c a l l y   c o n n e c t e d   t h r o u g h   a  l e a d   36  to   an  AC  s o u r c e   3 7  

of  p o w e r .   A c c o r d i n g l y ,   when  t h e   AC  s o u r c e   37  of  power   i s  

e n e r g i z e d   at  a  f r e q u e n c y ,   w h i c h   i s   p r e f e r a b l y   e q u a l   to   o r  

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

12,  t h e   o u t e r   c y l i n d r i c a l   t u b e   12  v i b r a t e s   r a d i a l l y .   T h i s  

c a s u e s   e a c h   i nk   s t r e a m   38  p a s s i n g   t h r o u g h   one  of  t h e   o r i f i c e s  

35  to   be  b r o k e n   up  i n t o   d r o p l e t s   39  a t   a  u n i f o r m   b r e a k - o f f  

p o i n t   w i t h   t h e   d r o p l e t s   39  b e i n g   of  s u b s t a n t i a l l y   u n i f o r m  

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

R e f e r r i n g   to  FIG.  4,  t h e r e   i s   shown  a n o t h e r   form  of  t h e  

i nk   j e t   h e a d   10  in  w h i c h   t h e   o u t e r   c y l i n d r i c a l   t u b e   12  i s  

r e p l a c e d   by  an  o u t e r   c y l i n d r i c a l   t u b e   45,   w h i c h   i s   f o r m e d   o f  

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

t h e   ink   j e t   h ead   10  of  FIG.  4  i s   t h e   same  as  shown  in  F I G S .  

1 - 3 .  



T  he  o u t e r   c y l i n d r i c a l   t u b e   45  i s   s i m i l a r   to  t he   o u t e r  

c y l i n d r i c a l   t u b e   12  e x c e p t   t h a t   i t   has   a  s i n g l e   c o n t i n u o u s  

f l a t   p o r t i o n   46  f o r m e d   in  i t s   o u t e r   s u r f a c e   47  so  as  to  h a v e  

a  n o z z l e   p l a t e   48,  w h i c h   is   p r e f e r a b l y   s i l i c o n ,   m o u n t e d  

t h e r e o n .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   f l a t   p o r t i o n   4 e  

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

b e t w e e n   t h e   e x t r e m e   e d g e s   of  t he   o u t e r m o s t   of  t h e   f l a t  

p o r t i o n s   33  in  t h e   o u t e r   s u r f a c e   34  of  t h e   o u t e r   c y l i n d r i c a l  

t u b e   12  as  shown  in  FIG.  1 .  

The  n o z z l e   p l a t e   48  has   two  o f f s e t   a r r a y s   of  ink   j e t  

n o z z l e s   49  and  50.  Each  of  t h e   l o n g i t u d i n a l l y   s p a c e d   n o z z l e s  

49  i s   a l i g n e d   w i t h   an  o r i f i c e   51  e x t e n d i n g   t h r o u g h   t h e   o u t e r  

c y l i n d r i c a l   t u b e   45  to  t h e   ink   c a v i t y   24  to  p r o v i d e   c o m m u n i -  

c a t i o n   t h e r e w i t h .   Each  of  t h e   l o n g i t u d i n a l l y   s p a c e d   n o z z l e s  

50  i s   a l i g n e d   w i t h   an  o r i f i c e   52,  w h i c h   e x t e n d s   t h r o u g h   t h e  

o u t e r   c y l i n d r i c a l   t u b e   45  to   p r o v i d e   c o m m u n i c a t i o n   w i t h   t h e  

ink   c a v i t y   2 4 .  

A c c o r d i n g l y ,   when  t h e   o u t e r   c y l i n d r i c a l   t u b e   45  i s  

v i b r a t e d   in  t h e   same  m a n n e r   as  t h e   o u t e r   c y l i n d r i c a l   t u b e  

12,  t h e   d r o p l e t s   39  a r e   p r o d u c e d   in  t h e   same  m a n n e r   a s  

d i s c u s s e d   w i t h   r e s p e c t   to  FIG.  1.  T h u s ,   a  f i r s t   p l u r a l i t y  

of  t h e   s t r e a m s   38  p a s s e s   t h r o u g h   t h e   n o z z l e s   49  in  t h e  

n o z z l e   p l a t e   48  w i t h   e a c h   o f  t h e   s t r e a m s   38  b e i n g   b r o k e n   u p  

i n t o   t h e   d r o p l e t s   39.  S i m i l a r l y ,   a  s e c o n d   p l u r a l i t y   of  t h e  

s t r e a m s   38  p a s s e s   t h r o u g h   t h e   n o z z l e s   50  w i t h   each   of  t h e  

s t r e a m s   38  b e i n g   b r o k e n   up  i n t o   t h e   d r o p l e t s   39.  A c c o r d -  

i n g l y ,   two  o f f s e t   rows  of  t h e   d r o p l e t s   39  a re   p r o d u c e d .  

R e f e r r i n g   to  FIG.  5,  t h e r e   i s   shown  an  o u t e r   c y l i n d r i c a l  

t u b e   55,  w h i c h   i s   f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l ,   u s e d  

in  p l a c e   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   12.  The  r e m a i n e r   o f  

t he   s t r u c t u r e   of  t h e   ink   j e t   h ead   10  of  FIG.  5  i s   t h e   s a m e  

as  shown  in  FIGS.   1 - 3 .  



The  o u t e r   c y l i n d r i c a l   t u b e   55  has   a  p l u r a l i t y   of  l o n g -  

i t u d i n a l l y   s p a c e d   f l a t   p o r t i o n s   56  f o r m e d   in  i t s   o u t e r  

s u r f a c e   57  in  t h e   same  m a n n e r   as  t h e   f l a t   p o r t i o n s   33  a r e  

f o r m e d   in  t h e   o u t e r   s u r f a c e   34  of  t h e   o u t e r   c y l i n d r i c a l   t u b e  

12.  The  o u t e r   c y l i n d r i c a l   t u b e   55  has   l o n g i t u d i n a l l y   s p a c e d  

f l a t   p o r t i o n s   58,  w h i c h   a r e   d i a m e t r i c a l l y   d i s p o s e d   to  t h e  

f l a t   p o r t i o n s   56  f o r m e d   in  t h e   same  m a n n e r   as  t h e   f l a t  

p o r t i o n s   33  a r e   f o r m e d   in  t h e   o u t e r   s u r f a c e   34  of  t h e   o u t e r  

c y l i n d r i c a l   t u b e   1 2 .  

Each  of  t h e   f l a t   p o r t i o n s   56  has   an  o r i f i c e   59  f o r m e d  

t h e r e i n   and  e x t e n d i n g   t h r o u g h   t h e   o u t e r   c y l i n d r i c a l   t u b e   5 5  

to   p r o v i d e   c o m m u n i c a t i o n   f rom  t h e   i nk   c a v i t y   24  to   t h e  

e x t e r i o r   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   55.  S i m i l a r l y ,   e a c h  

of  t h e   f l a t   p o r t i o n s   58  has   an  o r i f i c e   60  f o r m e d   t h e r e i n   a n d  

e x t e n d i n g   t h r o u g h   t h e   o u t e r   c y l i n d r i c a l   t u b e   55  to   c o m m u n i c a t e  

w i t h   t h e   ink   c a v i t y   2 4 .  

A c c o r d i n g l y ,   when  t h e   o u t e r   c y l i n d r i c a l   t u b e   55  i s  

v i b r a t e d   in  t h e   same  m a n n e r   as  t h e   o u t e r   c y l i n d r i c a l   t u b e  

12,  t h e   i n k   s t r e a m   38  f l o w s   f rom  e a c h   of  t h e   o r i f i c e s   59  a n d  

e a c h   of  t h e   o r i f i c e s   60  and  b r e a k s   up  i n t o   t h e   d r o p l e t s   3 9 .  

T h u s ,   t h e   d r o p l e t s   39  f rom  e a c h   of  t h e   o r i f i c e s   59  c a n  b e  

u t i l i z e d   w i t h   a  f i r s t   r e c o r d i n g   medium  and  t h e   d r o p l e t s   3 9  

f rom  e a c h   of  t h e   o r i f i c e s   60  can  be  e m p l o y e d   w i t h   a  s e c o n d  

r e c o r d i n g   medium  so  t h a t   t h e   i n k   j e t   h e a d   10  f u n c t i o n s   as  a  

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

R e f e r r i n g   to  FIG.  6,  t h e r e   i s   shown  an  o u t e r   c y l i n d r i c a l  

t u b e   65,  w h i c h   i s   f o r m e d  o f   a  p i e z o e l e c t r i c   m a t e r i a l ,   b e i n g  

u s e d   in  t h e   i nk   j e t   h e a d   10  in  p l a c e   of  t h e   o u t e r   c y l i n d r i c a l  

t u b e   12.  The  r e m a i n d e r   of  t h e   s t r u c t u r e   i s   t h e   same  as  t h a t  

shown  in  FIG.  1 .  

The  o u t e r   c y l i n d r i c a l   t u b e   65  has   a  f i r s t   f l a t   p o r t i o n  

66  f o r m e d   in  i t s   o u t e r   s u r f a c e   67  and  a  s e c o n d   f l a t   p o r t i o n  



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

p o r t i o n   66,  f o r m e d   in  i t s   o u t e r   s u r f a c e   67.  Each  of  t h e  

f l a t   p o r t i o n s   66  and  68  e x t e n d s   f o r   t h e   same  d i s t a n c e ,   w h i c h  

is   p r e f e r a b l y   t h e   same  as  t h a t   f rom  t h e   e x t r e m e   e d g e s   of  t h e  

o u t e r m o s t   f l a t   p o r t i o n s   33  in  t h e   o u t e r   s u r f a c e   34  of  t h e  

o u t e r   c y l i n d r i c a l   t u b e   12  as  shown  in  FIG.  1 .  

The  f l a t   p o r t i o n s   66  and  68  have   n o z z l e   p l a t e s   69  a n d  

70,  r e s p e c t i v e l y ,   o u n t e d   t h e r e o n .   The  n o z z l e   p l a t e   6 9 ,  

w h i c h   i s   p r e f e r a b l y   s i l i c o n ,   has   a  f i r s t   a r r a y   of  l o n g -  

i t u d i n a l l y   s p a c e d   n o z z l e s   71  and  a  s e c o n d   a r r a y   of  l o n g -  

i t u d i n a l l y   s p a c e d   n o z z l e s   72  o f f s e t   f rom  t he   a r r a y   of  n o z z l e s  

71.  The  n o z z l e s   71  c o m m u n i c a t e   w i t h   t h e   ink   c a v i t y   2 4  

t h r o u g h   o r i f i c e s   73,  w h i c h   e x t e n d   t h r o g h   t h e   o u t e r   c y l i n -  

d r i c a l   t u b e   65  to  t h e   i nk   c a v i t y   24.  The  n o z z l e s   72  c o m m u n -  

i c a t e   w i t h   t h e   i nk   c a v i t y   24  t h r o u g h   o r i f i c e s   74,  w h i c h  

e x t e n d   t h r o u g h   t h e   o u t e r   c y l i n d r i c a l   t u b e   65  to  t h e   i n k  

c a v i t y   24.  The  n o z z l e   p l a t e   70  i s   s i m i l a r l y   f o r m e d   as  t h e  

n o z z l e   p l a t e   6 9 .  

A c c 4 r d i n g l y ,   when  t h e   o u t e r   c y l i n d r i c a l   t u b e   65  v i b r a t e s  

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

t u b e   12,  t h e   d r o p l e t s   39  a r e   p r o d u c e d   in  two  rows  f rom  e a c h  

of  t h e   o p p o s i t e   s i d e s   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   65.  T h u s ,  

two  s e p a r a t e   r e c o r d i n g   m e d i u m s   may  be  u t i l i z e d   w i t h   e a c h  

r e c e i v i n g   two  rows  of  t h e   d r o p l e t s   3 9 .  

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

12  of  FIGS.   1-3  c o u l d   be  f o r m e d   in  a  m a n n e r   s i m i l a r   to  t h e  

o u t e r   c y l i n d r i c a l   t u b e   45  of  FIG.  4  so  as  to  have   a  s i n g l e  

row  of  t h e   n o z z l e s   f o r m e d   in  a  n o z z l e   p l a t e .   S i m i l a r l y ,  

t h e   o u t e r   c y l i n d r i c a l   t u b e   55  of  FIG.  5  c o u l d   have   e a c h   of  t h e  

f l a t   p o r t i o n s   56  and  58  c o n t i n u o u s   w i t h   a  n o z z l e   p l a t e   m o u n t e d  

t h e r e o n   in  t h e   same  m a n n e r   as  shown  in  FIG.  6 .  



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

t u b e   45  of  FIG.  4  c o u l d   have   a  p l u r a l i t y   of   l o n g i t u d i n a l l y  

s p a c e d   f l a t   p o r t i o n s   r a t h e r   t h a n   t h e   s i n g l e   f l a t   p o r t i o n   4 6  

in  t h e   same  m a n n e r   as  t h e   f l a t   p o r t i o n s   33  of  FIG.  1  a r e  

f o r m e d   in   t h e   o u t e r   c y l i n d r i c a l   t u b e   12  and  be  u t i l i z e d  

w i t h o u t   t h e   n o z z l e   p l a t e   48.  L i k e w i s e ,   t h e   n o z z l e   p l a t e s   6 9  

and  70  of  FIG.  6  c o u l d   be  o m i t t e d   f rom  t h e   o u t e r   c y l i n d r i c a l  

t u b e   65  and  e a c h   of  t h e   f l a t   p o r t i o n s   66  and  68  be  a  p l u r a l i t y  

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

f l a t   p o r t i o n s   33  of  FIG.  1  r a t h e r   t h a n   a  s i n g l e   c o n t i n u o u s  

f l a t   p o r t i o n .  

R e f e r r i n g   to   FIGS.   7 - 9 ,   t h e r e   i s   shown  an  i nk   j e t   h e a d  

80,  w h i c h   i n c l u d e s   an  i n n e r   c y l i n d r i c a l   t u b e   81  and  an  o u t e r  

c y l i n d r i c a l   t u b e   82.  Each   of  t h e   i n n e r   c y l i n d r i c a l   t u b e   81  

and  t h e   o u t e r   c y l i n d r i c a l   t u b e   82  i s   f o r m e d   of   a  p i e z o -  

e l e c t r i c   m a t e r i a l .   The  o u t e r   c y l i n d r i c a l   t u b e   82  i s   d i s p o s e d  

in  s u r r o u n d i n g   r e l a t i o n   to   t h e   i n n e r   c y l i n d r i c a l   t u b e   81  a n d  

s p a c e d   t h e r e f r o m   to  fo rm  an  i nk   c a v i t y   83  t h e r e b e t w e e n .  

The   i n n e r   c y l i n d r i c a l   t u b e   81  has   one  end  d i s p o s e d  

w i t h i n   an  a n n u l a r   g r o o v e   84  in  an  e n t r y   end  p l a t e   85  and  i t s  

o t h e r   end  d i s p o s e d   in  an  a n n u l a r   g r o o v e   86  in   an  e x i t   e n d  

p l a t e   87.  The  o u t e r   c y l i n d r i c a l   t u b e   82  has   one  end  d i s p o s e d  

in  an  a n n u l a r   g r o o v e   88  in  t h e   e n t r y   end  p l a t e   85  a n d  i t s  

o t h e r   end  d i s p o s e d   in  an  a n n u l a r   g r o o v e   89  in  t h e   e x i t   e n d  

p l a t e   8 7 .  

A  c y l i n d r i c a l   c o n n e c t i n g   e l e m e n t   90  e x t e n d s   b e t w e e n   t h e  

i n n e r   s u r f a c e s   of  t he   e n t r y   end  p l a t e   85  and  t h e   e x i t   e n d  

p l a t e   87  and  a b u t s   a g a i n s t   e a c h .   A  m o u n t i n g   s c r e w   91  s e c u r e s  

t h e   e n t r y   end  p l a t e   85  to  one  e n d  o f   t h e   c o n n e c t i n g   e l e m e n t  

90,  and  a  m o u n t i n g   s c r e w   92  a t t a c h e s   t h e   e x i t   end  p l a t e  8 7  

to  t h e   o t h e r   end  of  t h e   c o n n e c t i n g   e l e m e n t   9 0 .  



A c c o r d i n g l y ,   t he   o u t e r   c y l i n d r i c a l   t u b e   82  has   i t s  

i n n e r   c y l i n d r i c a l   s u r f a c e   93  s p a c e d   t h e   same  d i s t a n c e   f r o m  

o u t e r   c y l i n d r i c a l   s u r f a c e   94  of  t h e   i n n e r   c y l i n d r i c a l   t u b e  

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

T h u s ,   t h e   a n n u l a r   ink   c a v i t y   83  i a s   t h e   same  s p a c i n g   b e t v e e n  

i t s   w a l l s   at   any  p o i n t .  

The  e n t r y   end  p l a t e   85  has   a  f i r s t   0 - r i n g   95,  wh ich   i s  

d i s p o s e d   w i t h i n   t he   a n n u l a r   g r o o v e   84,  e n g a g i n g   t h e   end  o f  

t h e   i n n e r   c y l i n d r i c a l   t u b e   81  in  t h e   a n n u l a r   g r o o v e   84  t o  

fo rm  a  s e a l   t h e r e b e t w e e n .   The  e n t r y   end  p l a t e   85  has   a  

s e c o n d   0 - r i n g   96,  w h i c h   i s   d i s p o s e d   w i t h i n   t h e   a n n u l a r  

g r o o v e   88,  a b u t t i n g   t h e   end  of  t h e   o u t e r   c y l i n d r i c a l   t u b e   82  

in  t h e   a n n u l a r   g r o o v e   88  to   fo rm  a  s e a l   t h e r e b e t w e e n .  

A c c o r d i n g l y ,   t h e   0 - r i n g s   95  and  96  c o o p e r a t e   to  s e a l   t h e   i n k  

c a v i t y   83  r e l a t i v e   to  t h e   e n t r y   end  p l a t e   8 5 .  

The  e x i t   end  p l a t e   87  has   a  f i r s t   0 - r i n g   97,  w h i c h   i s  

d i s p o s e d   w i t h i n   t he   a n n u l a r   g r o o v e   86,  e n g a g i n g   t h e   end  o f  

t h e   i n n e r   c y l i n d r i c a l   t u b e   81  in  t h e   a n n u l a r   g r o o v e   86  t o  

fo rm  a  s e a l   t h e r e b e t w e e n .   The  e x i t   end  p l a t e   87  has  a  

s e c o n d   0 - r i n g   98,  w h i c h   i s   d i s p o s e d   w i t h i n   t h e   a n n u l a r  

g r o o v e   89,  a b u t t i n g   t h e   end  of  t h e   o u t e r   c y l i n d r i c a l   t u b e   82  

in  t h e   a n n u l a r   g r o o v e   89  to   fo rm  a  s e a l   t h e r e b e t w e e n .  

A c c o r d i n g l y ,   t h e   0 - r i n g s   97  and  98  c o o p e r a t e   to  s e a l   t h e   i n k  

c a v i t y   83  r e l a t i v e   to  t h e   e x i t   end  p l a t e   8 7 .  

The  ink   c a v i t y   83  has   p r e s s u r i z e d ,   c o n d u c t i v e   i n k  

s u p p l i e d   t h e r e t o   t h r o u g h   a  p a s s a g e   99  in  t h e   e n t r y   end  p l a t e  

85  in  t h e   same  m a n n e r   as  d e s c r i b e d   f o r   t h e   ink   j e t   head   10 

of  FIG.   1.  F l u s h i n g   can  o c c u r   in  t h e   same  m a n n e r   as  d e s c r i b e d  

f o r   t h e   ink   j e t   head  10  t h r o u g h   u t i l i z a t i o n   of  a  p a s s a g e   1 0 0  

in  t h e   e x i t   end  p l a t e   87.  The  i n k   i s   g r o u n d e d   in  any  s u i t a b l e  

m a n n e r .  



The  o u t e r   c y l i n d r i c a l   t u b e   82  has   a  p l u r a l i t y   o f  

l o n g i t u d i n a l l y   s p a c e d   f l a t   p o r t i o n s   101  in  i t s   o u t e r   s u r f a c e  

102.   Each  of  t h e   f l a t   p o r t i o n s   101  has   a  f i r s t   o r i f i c e   1 0 3  

and  a  s e c o n d   o r i f i c e   104  f o r m e d   t h e r e i n .   Each   of  t h e  

o r i f i c e s   103  and  104  e x t e n d s   t h r o u g h   t h e   o u t e r   c y l i n d r i c a l  

t u b e   82  to   p r o v i d e   c o m m u n i c a t i o n   f rom  t h e   i n k   c a v i t y   83  t o  

t h e   e x t e r i o r   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   82  a n d  f u n c t i o n s  

as  a  n o z z l e .   T h u s ,   t h e r e   a re   two  o f f s e t   a r r a y s   of  n o z z l e s   ; 
f o r m e d   in  t h e   o u t e r   c y l i n d r i c a l   t u b e   82  w i t h   t h e   row  of  t h e  

o r i f i c e s   103  f o r m i n g   one  of  t he   a r r a y s   of  n o z z l e s   and   t h e  

row  of   t h e   o r i f i c e s   104  f o r m i n g   t h e   o t h e r   of  t h e   a r r a y s   o f  

n o z z l e s .  

T h e   a x i s   of  e a c h   of  t he   o r i f i c e s   103  and  of  e a c h   of  t h e  

o r i f i c e s   104  i s   d i s p o s e d   s u b s t a n t i a l l y   p e r p e n d i c u l a r   to   t h e  .  

l o n g i t u d i n a l   a x i s   of  t h e   i n n e r   c y l i n d r i c a l   t u b e   81  and  t h e  

l o n g i t u d i n a l   a x i s   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   82.  T h e  

l o n g i t u d i n a l   a x i s   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   82  i s  

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

c y l i n d r i c a l   t u b e   81  a l t h o u g h   t h e y   c o u l d   be  p a r a l l e l .  

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

t u b e   81  and  t h e   o u t e r   c y l i n d r i c a l   t u b e   82  i s   f o r m e d   of  a  

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

f r e q u e n c i e s   of  t h e   i n n e r   c y l i n d r i c a l   t u b e   81  and  t h e   o u t e r  

c y l i n d r i c a l   t u b e   82  to   be  m a t c h e d ,   i t   i s   n e c e s s a r y   t h a t   t h e y  

be  f o r m e d   of  d i f f e r e n t   p i e z o e l e c t r i c   m a t e r i a l s .  

Each   of  t h e   i n n e r   c y l i n d r i c a l   t u b e   81  and  t h e   o u t e r  

c y l i n d r i c a l   t u b e   82  i s   p o l a r i z e d   to   v i b r a t e   in  a  r a d i a l  

d i r e c t i o n   when  a  v o l t a g e   i s   a p p l i e d   t h e r e t o .   The  o p e r a t i n g  

f r e q u e n c y   a t   w h i c h   t h e   i n n e r   c y l i n d r i c a l   t u b e   81  and  t h e  

o u t e r   c y l i n d r i c a l   t u b e   82  i s   e l e c t r i c a l l y   e x c i t e d   i s   p r e f e r a b l y  

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

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

e m p l o y e d .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   one  of  t h e   t u b e s   81  



and  82  c o u l d   be  e l e c t r i c a l l y   e x c i t e d   at  i s   r e s o n a n t   f r e q u e n c y  

and  t h e   o t h e r   o'f  t h e   t u b e s   81  and  82  h a v i n g   i t s   o p e r a t i n g  

f r e q u e n c y   m a t c h e d   t h e r e w i t h .  

The  o u t e r   c y l i n d r i c a l   t u b e   82  has   i t s   o u t e r   s u r f a c e   1 0 2  

m e t a l l i z e d   so  t h a t   t h e   o u t e r   c y l i n d r i c a l   t u b e   82  can  b e  

e l e c t r i c a l l y   c o n n e c t e d   t h r o u g h   a  l e a d   105  to  an  AC  s o u r c e  

106  of  p o w e r .   The  i n n e r   c y l i n d r i c a l   t u b e   81  has   i t s   i n n e r  

c y l i n d r i c a l   s u r f a c e   107  m e t a l l i z e d   so  t h a t   t h e   i n n e r   c y l i n -  

d r i c a l   t u b e   81  can  be  e l e c t r i c a l l y   c o n n e c t e d   t h r o u g h   a  l e a d  

108  and  a  p h a s e   i n v e r t e r   109  to  t h e   AC  s o u r c e   106  of  p o w e r .  
The  l e a d   108  p a s s e s   t h r o u g h   a  p a s s a g e   110  in  t h e   e n t r y   e n d  

p l a t e   8 5 .  

A c c o r d i n g l y ,   when  t h e   AC  s o u r c e   106  of  p o w e r   i s   e n e r g i z e d  

at  a  f r e q u e n c y ,   w h i c h   i s   p r e f e r a b l y   e q u a l   to   or   b e l o w   t h e  

m a t c h e d   r e s o n a n t   f r e q u e n c y   of  t h e   i n n e r   c y l i n d r i c a l   t u b e   81  

and  t h e   o u t e r   c y l i n d r i c a l   t u b e   82,  each   of  t h e   i n n e r   c y l i n -  

d r i c a l   t u b e   81  and  t h e   o u t e r   c y l i n d r i c a l   t u b e   82  v i b r a t e s  

r a d i a l l y   w i t h   one  e x p a n d i n g   w h i l e   t he   o t h e r   i s   c o n t r a c t i n g .  

T h i s   c a u s e s   t h e   ink   s t r e a m s   38  p a s s i n g   t h r o u g h   e a c h   of  t h e  

o r i f i c e s   103  and  each   of  t h e   o r i f i c e s   104  to  be  b r o k e n   u p  

i n t o   t h e   d r o p l e t s   3 9 .  

R e f e r r i n g   to  FIG.  10,  t h e r e   i s   shown  a n o t h e r   form  o f  

t h e   ink   j e t   h e a d   80  in  w h i c h   t h e   o u t e r   c y l i n d r i c a l   t u b e   8 2  

is   r e p l a c e d   by  an  o u t e r   c y l i n d r i c a l   t u b e   115 ,   w h i c h   i s  

f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l .   The  r e m a i n d e r   of  t h e  

s t r u c t u r e   of  t h e   ink   j e t   h e a d   80  of  FIG.  10  i s   t h e   same  a s  

shown  in  FIGS.   7 - 9 .  

The  o u t e r   c y l i n d r i c a l   t u b e   115  has  f i r s t   f l a t   p o r t i o n  

116  f o r m e d   in  i t s   o u t e r   c y l i n d r i c a l   s u r f a c e   117  and  e x t e n d i n g  

f o r   s u b s t a n t i a l l y   t h e   same  l e n g t h   as  t he   d i s t a n c e   b e t w e e n  

t h e   e x t r e m e   e d g e s   of  t h e   o u t e r m o s t  f l a t   p o r t i o n s   101  of  F I G .  



7.  The  o u t e r   c y l i n d r i c a l   t u b e   115  has   a  s e c o n d   f l a t   p o r t i o n  

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

p o r t i o n   116 ,   f o r m e d   in  i t s   o u t e r   c y l i n d r i c a l   s u r f a c e   1 1 7 .  

The  s e c o n d   f l a t   p o r t i o n   118  e x t e n d s   f o r   t h e   same  l e n g t h   a s  

t h e   f i r s t   f l a t   p o r t i o n   1 1 6 .  

A  n o z z l e   p l a t e   119,   w h i c h   i s   p r e f e r a b l y   s i l i c o n ,   i s  

m o u n t e d   on  t h e   f i r s t   f l a t   p o r t i o n   116,   and  a  n o z z l e   p l a t e  

120,   w h i c h   i s   p r e f e r a b l y   s i l i c o n ,   i s   m o u n t e d   on  t he   s e c o n d  

f l a t   p o r t i o n   118.   The  n o z z l e   p l a t e   119  has   a  p l u r a l i t y   o f  

l o n g i t u d i n a l l y   s p a c e d   n o z z l e s   121  t h e r e i n   w i t h   each   of  t h e  

n o z z l e s   121  c o m m u n i c a t i n g   w i t h   t h e   i nk   c a v i t y   83  t h r o u g h   a n  

o r i f i c e   122  in  t h e   o u t e r   c y l i n d r i c a l   t u b e   115.   Each  of  t h e  

o r i f i c e s   122  e x t e n d s   t h r o u g h   t h e   o u t e r   c y l i n d r i c a l   t u b e   1 1 5  

to  t h e   i n k   c a v i t y   8 3 .  

The  n o z z l e s   p l a t e   120  has   a  p l u r a l i t y   of   l o n g i t u d i n a l l y  

s p a c e d   n o z z l e s   123  t h e r e i n   w i t h   e a c h   of  t h e   n o z z l e s   1 2 3  

c o m m u n i c a t i n g   w i t h   t h e   i nk   c a v i t y   83  t h r o u g h   an  o r i f i c e   1 2 4  

in  t h e   o u t e r   c y l i n d r i c a l   t u b e   115.   Each  of  t h e   o r i f i c e s   1 2 4  

e x t e n d s   t h r o u g h   t h e   o u t e r   c y l i n d r i c a l   t u b e   115  to  t h e   i n k  

c a v i t y   8 3 .  

A c c o r d i n g l y ,   e a c h   of  t h e   n o z z l e s   121  has   one  of  t h e  

s t r e a m s   38  p a s s   t h e r e t h r o u g h ,   and  e a c h   of  t h e   n o z z l e s   1 2 3  

has   one  of  t h e   s t r e a m s   38  p a s s   t h e r e t h r o u g h .   T h e r e f o r e ,  

when  t h e   i n n e r   c y l i n d r i c a l   t u b e   81  and  t he   o u t e r   c y l i n d r i c a l  

t u b e   115  v i b r a t e   r a d i a l l y   in  t h e   same  m a n n e r   as  d e s c r i b e d  

f o r   t h e   i n n e r   c y l i n d r i c a l   t u b e   81  and  t h e   o u t e r   c y l i n d r i c a l  

t u b e   82  of  FIG.   7,  t h e   s t r e a m s   38  a r e   b r o k e n   up  i n t o   t h e  

d r o p l e t s   39  and  a p p l i e d   to  two  s e p a r a t e   r e c o r d i n g   m e d i u m s .  

R e f e r r i n g   to   FIG.  11,  t h e r e   i s   shown  a n o t h e r   form  o f  

t h e   ink   j e t   h e a d   80  in  w h i c h   t h e   o u t e r   c y l i n d r i c a l   t u b e   8 2  



i s   r e p l a c e d   by  an  o u t e r   c y l i n d r i c a l   t u b e   125,   w h i c h   i s  

fo rmed   of  a  p i e z o e l e c t r i c   m a t e r i a l .   The  r e m a i n d e r   of  t h e  

s t r u c t u r e   of  t h e   ink   j e t   head   80  of  FIG.  11  i s   t h e   same  a s  

shown  in  FIGS.   7 - 9 .  

The  o u t e r   c y l i n d r i c a l   t u b e   125  has   a  p l u r a l i t y   of  f i r s t .  

f l a t   p o r t i o n s   126  f o r m e d   in  i t s   o u t e r   s u r f a c e   127  in  t h e  

same  m a n n e r   as  t h e   f l a t   p o r t i o n s   101  on  t h e   o u t e r   c y l i n d r i c a l  

t u b e   82  of  FIG.  7.  A  p l u r a l i t y   of  s e c o n d   f l a t   p o r t i o n s   1 2 8  

i s   f o r m e d   in  t h e   o u t e r   c y l i n d r i c a l   s u r f a c e   127  of  t h e   o u t e r  

c y l i n d r i c a l   t u b e   125  and  d i a m e t r i c a l l y   o p p o s i t e   to  t h e   f . r s t  

f l a t   p o r t i o n s   126 .   Each  of  t h e   s e c o n d   f l a t   p o r t i o n s   128  i s  

f o r m e d   at   t h e   same  l o n g i t u d i n a l   p o s i t i o n   as  one  of  t h e  

d i a m e t r i c a l l y   d i s p o s e d   f i r s t   f l a t   p o r t i o n s   1 2 6 .  

Each  of  t h e   f i r s t   f l a t   p o r t i o n s   126  has   a  f i r s t   o r i f i c e  

129  and  a  s e c o n d   o r i f i c e   130  f o r m e d   t h e r e i n   w i t h   e a c h   of  t h e  

o r i f i c e s   129  and  130  p r o v i d i n g   c o m m u n i c a t i o n   f rom  t h e   i n k  

c a v i t y   83  to  t h e   e x t e r i o r   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   1 2 5 .  

Thus ,   t h e   o r i f i c e s   129  form  a  f i r s t   a r r a y   of  n o z z l e s ,   a n d  

t he   o r i f i c e s   130  form  a  s e c o n d   a r r a y   of  n o z z l e s .  

Each  of  t h e   s e c o n d   f l a t   p o r t i o n s   128  has   a  f i r s t   o r i f i c e  

131  and  a  s e c o n d   o r i c i c e   132  f o r m e d   t h e r e i n   w i t h   e a c h   of  t h e  

o r i f i c e s   131  and  132  e x t e n d i n g   t h r o u g h   t h e   o u t e r   c y l i n d r i c a l  

t u b e   125  to  p r o v i d e   c o m m u n i c a t i o n   f rom  t he   ink   c a v i t y   83  t o  

t h e   e x t e r i o r   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   125.   The  o r i f i c e s  

131  fo rms   a  f i r s t   a r r a y   of  n o z z l e s   on  t h e   o p p o s i t e   s i d e   o f  

t he   o u t e r   c y l i n d r i c a l   t u b e   125  f rom  t h e   o r i f i c e s   129  a n d  

130.   The  o r i f i c e s   132  form  a  s e c o n d   a r r a y   of  n o z z l e s ,   w h i c h  

is  o f f s e t   f rom  t h e   f i r s t   a r r a y   of  n o z z l e s   f o r m e d   by  t h e  

o r i f i c e s   131.   A c c o r d i n g l y ,   t h i s   a r r a n g e m e n t   can  be  u t i l i z e d  

w i t h   two  s e p a r a t e   r e c o r d i n g   m e d i u m s   w i t h   two  rows  of  t h e   i n k  

d r o p l e t s   39  b e i n g   a p p l i e d   to  e a c h   of  t h e   r e c o r d i n g   m e d i u m s .  



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

82  of  F IGS.   7-9  c o u l d   be  f o r m e d   w i t h   t h e   f l a t   p o r t i o n s   1 0 1  

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

f o r m a t i o n   of  t h e   f i r s t   f l a t   p o r t i o n   116  on  t h e   o u t e r   c y l i n -  

d r i c a l   t u b e   115  of  FIG.  10  so  as  to   have   a  n o z z l e   p l a t e   w i t h  

a  s i n g l e   row  of  n o z z l e s   m o u n t e d   t h e r e o n .   S i m i l a r l y ,   t h e  

o u t e r   c y l i n d r i c a l   t u b e   125  of  FIG.  11  c o u l d   have   e a c h   of  t h e  

l o n g i t u d i n a l l y   s p a c e d   f l a t   p o r t i o n s   126  and  128  c o n t i n u o u s  

so  as  to   h a v e   a  n o z z l e   p l a t e   m o u n t e d   on  e a c h   in  t h e   s a m e  

m a n n e r   as  shown  in  FIG.  10.  I t   a l s o   s h o u l d   be  u n d e r s t o o d  

t h a t   t h e   o u t e r   c y l i n d r i c a l   t u b e   115  of  FIG.  10  c o u l d   h a v e  a  

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

t h e   s i n g l e   f l a t   p o r t i o n   116  and  a  p l u r a l i t y   of  l o n g i t u d i n a l l y  

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

118  in  t h e   same  m a n n e r   as  t h e   f l a t   p o r t i o n s   101  a r e   f o r m e d  

in  t h e   o u t e r   c y l i n d r i c a l   t u b e   82  of  FIGS,   7-9  and  be  u t i l i z e d  

w i t h o u t   t h e   n o z z l e   p l a t e s   119  and  1 2 0 .  

R e f e r r i n g   to  FIGS.   12  and  13,  t h e r e   i s   shown  an  ink   j e t  

h e a d   140,   w h i c h   has   a  s i m i l a r   c o n s t r u c t i o n   to  t h a t   of  t h e  

i n k   j e t   h e a d   80  e x c e p t   t h a t   t h e   o u t e r   c y l i n d r i c a l   t u b e   82  o f  

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

t u b e   141 ,   w h i c h   i s   no t   f o r m e d   of  p i e z o e l e c t r i c   m a t e r i a l   b u t  

of  m e t a l ,   f o r   e x a m p l e .   The  o u t e r   c y l i n d r i c a l   t u b e   141  has   a  

n o z z l e   p l a t e   142,   w h i c h   i s   p r e f e r a b l y   s i l i c o n ,   m o u n t e d  

t h e r e o n   t h r o u g h   f o r m i n g   a  f l a t   p o r t i o n   143  in  o u t e r   c y l i n -  

d r i c a l   s u r f a c e   144  of  t h e   o u t e r   c y l i n d r i c a l   t u b e   1 4 1 .  

The  n o z z l e   p l a t e   142  has  a  f i r s t   row  of  l o n g i t u d i n a l l y  

s p a c e d   n o z z l e s   145  f o r m i n g   a  f i r s t   a r r a y   of  n o z z l e s   and  a  

s e c o n d   row  of  l o n g i t u d i n a l l y   s p a c e d   n o z z l e s   146  f o r m i n g   a  

s e c o n d   a r r a y   of  n o z z l e s .   T h u s ,   t h e   two  a r r a y s   of  t h e   n o z z l e s  

in  t h e   n o z z l e s   p l a t e   142  a re   o f f s e t   f rom  e a c h   o t h e r .  



Each   of  t h e   n o z z l e s   145  in  t h e   n o z z l e   p l a t e   142  c o m m u n i -  

c a t e s   t h r o u g h   an  o r i f i c e   147,   which   e x t e n d s   t h r o u g h   t h e  

o u t e r   c y l i n d r i c a l   t u b e   141 ,   w i t h   t he   ink   c a v i t y   83.  Each  o f  

t h e   n o z z l e s   146  c o m m u n i c a t e s   t h r o u g h   an  o r i f i c e   148,   w h i c h  

e x t e n d s   t h r o u g h   t h e   o u t e r   c y l i n d r i c a l   t u b e   141,   w i t h   t h e   i n k  

c a v i t y   8 3 .  

In  t h e   same  m a n n e r   as  in  FIG.  7,  t h e   i n n e r   c y l i n d r i c a l  

t u b e   81  has   i t s   i n n e r   s u r f a c e   107  m e t a l l i z e d   and  c o n n e c t e d  

by  t h e   l e a d   106  to  an  AC  s o u r c e   149  of  p o w e r .   A c c o r d i n g l y ,  

when  t h e   AC  s o u r c e   149  of  power   is   e n e r g i z e d   at  a  f r e q u e r c y ,  

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

of  t h e   i n n e r   c y l i n d r i c a l   t u b e   81,  t h e   i n n e r   c y l i n d r i c a l   t u b e  

81  v i b r a t e s   r a d i a l l y .   T h i s   c a u s e s   e a c h   of  t h e   ink   s t r e a n s  

38  p a s s i n g   t h r o u g h   t h e   n o z z l e s   145  and  146  to  be  b r o k e n   u p  
i n t o   t h e   d r o p l e t s   39  to  p r o v i d e   two  rows  of  t h e   d r o p l e t s   39  

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

R e f e r r i n g   to   FIG.  14,  t h e r e   i s   shown  a n o t h e r   a r r a n g e m e n t  

of  t h e   ink   j e t   h e a d   140  in  w h i c h   t he   o u t e r   c y l i n d r i c a l   t u b e  

141  i s   r e p l a c e d   by  an  o u t e r  c y l i n d r i c a l   t u b e   150,   w h i c h   i s  

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

j e t   h e a d   140  of  FIG.  14  i s   t h e   same  as  shown  in  FIGS.   12  a n d  

1 3 .  

The  o u t e r   c y l i n d r i c a l   t u b e   150  has   a  f i r s t   row  of  l o n g -  

i t u n i a l l y   s p a c e d   o r i f i c e s   151,   w h i c h   f u n c t i o n   as  n o z z l e s ,  

e x t e n d i n g   t h e r e t h r o u g h   to   p r o v i d e   c o m m u n i c a t i o n   f rom  t h e   i n k  

c a v i t y   83  to  t h e   e x t e r i o r   of  t he   o u t e r   c y l i n d r i c a l   t u b e   1 5 0 .  

The  o u t e r   c y l i n d r i c a l   t u b e   150  has  a  s e c o n d   row  of  l o n g i t u d i n a l l y  

s p a c e d   o r i f i c e s   152,   w h i c h   a re   d i a m e t r i c a l l y   d i s p o s e d   to  t h e  

o r i f i c e s   151  and  f u n c t i o n   as  n o z z l e s ,   e x t e n d i n g   t h r o u g h   t h e  

o u t e r   c y l i n d r i c a l   t u b e   150  to  p r o v i d e   c o m m u n i c a t i o n   f rom  t h e  

ink   c a v i t y   83  to  t h e   e x t e r i o r   of  t h e   o u t e r   c y l i n d r i c a l   t u b e  

1 5 0 .  



When  t h e   i n n e r   c y l i n d r i c a l   t u b e   81  i s   e l e c t r i c a l l y  

e x c i t e d   f rom  t h e   AC  s o u r c e   149  of  p o w e r ,   t h e   s t r e a m s   38  

p a s s i n g   t h r o u g h   t h e   o r i f i c e s   151  b r e a k   up  i n t o   t h e   d r o p l e t s  

39  and  t h e   s t r e a m s   38  e x c i t i n g   t h r o u g h   t h e   o r i f i c e s   1 5 2  

b r e a k   up  i n t o   t h e   d r o p l e t s .   T h u s ,   t h e   ink   j e t   h ead   140  o f  

F I G .   14  can  be  u t i l i z e d   w i t h   two  s e p a r a t e   r e c o r d i n g   m e d i u m s  

w i t h   one  of   t h e   r e c o r d i n g   medium  r e c e i v i n g   t h e   d r o p l e t s   39  

f rom  t h e   o r i f i c e s   151  and  t h e   o t h e r   of  t h e   r e c o r d i n g   m e d i u m s  

r e c e i v i n g   t h e   d r o p l e t s   39  f rom  the   o r i f i c e s   1 5 2 .  

R e f e r r i n g   to   FIG.   15,  t h e r e   i s   shown  a n o t h e r   a r r a n g e m e n t  

of  t h e   i n k   j e t   h e a d   140  in  w h i c h   an  o u t e r   c y l i n d r i c a l   t u b e  

155  of  m e t a l   i s   u t i l i z e d   in  p l a c e   of  t h e   o u t e r   c y l i n d r i c a l  

t u b e   141.   The  r e m a i n d e r   of  t h e   s t r u c t u r e   of  t h e   ink   j e t   h e a d  

140  of  FIG.  15  i s   t h e   same  as  shown  in  FIGS.   12  and  1 3 .  

The  o u t e r   c y l i n d r i c a l   t u b e   1 5 5  h a s   a  p l u r a l i t y   of  f i r s t  

f l a t   p o r t i o n s   156 ,   w h i c h   a r e   l o n g i t u d i n a l l y   s p a c e d ,   f o r m e d  

in  i t s   o u t e r   c y l i n d r i c a l   s u r f a c e   157  in  t h e   same  m a n n e r   a s  

t h e   f l a t   p o r t i o n s   101  a r e   f o r m e d   in  t h e   o u t e r   c y l i n d r i c a l  

t u b e   82  in  FIG.  7.  Each   of  t h e   f i r s t   f l a t   p o r t i o n s   156  h a s  

a  f i r s t   o r i f i c e   158 ,   w h i c h   e x t e n d s   t h r o u g h   t h e   o u t e r   c y l i n -  

d r i c a l   t u b e   155  to   t h e   i nk   c a v i t y   83,  p r o v i d i n g   c o m m u n i c a t i o n  

f rom  t h e   i n k   c a v i t y   83  to   t h e   e x t e r i o r   of  t h e   o u t e r   c y l i n -  

d r i c a l   t u b e   155.   Each   of  t h e   f i r s t   f l a t   p o r t i o n s   156  h a s  

a  s e c o n d   o r i f i c e   159,   w h i c h   e x t e n d s   t h r o u g h   t h e   o u t e r  

c y l i n d r i c a l   t u b e   155  to   t h e   ink   c a v i t y   83,  to   p r o v i d e   c o m m u n i -  

c a t i o n   f rom  t h e   ink   c a v i t y   83  to  t h e   e x t e r i o r   of  t h e   o u t e r  

c y l i n d r i c a l   t u b e   155.   T h u s ,   t h e   f i r s t   o r i f i c e s   158  f rom  a  

f i r s t   a r r a y   of  n o z z l e s   and  t h e   s e c o n d   o r i f i c e s   159  fo rm  a  

s e c o n d   a r r a y   of  n o z z l e s   w i t h   t he   two  a r r a y s   of  n o z z l e s   b e i n g  

o f f s e t   f r om  e a c h   o t h e r .  

The  o u t e r   c y l i n d r i c a l   t u b e   155  has   a  p l u r a l i t y   of  s e c o n d  

f l a t   p o r t i o n s   160 ,   w h i c h   a r e   l o n g i t u d i n a l l y   s p a c e d ,   f o r m e d  



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

156.   Each  of  t h e   s e c o n d   f l a t   p o r t i o n s   160  has   a  f i r s t  

o r i f i c e   161,   w h i c h   e x t e n d s   t h r o u g h   t he   o u t e r   c y l i n d r i c a l  

t u l e   155  to  p r o v i d e   c o m m u n i c a t i o n   f rom  t he   ink  c a v i t y   83  t o  

t h e   e x t e r i o r   of  t h e   oouver  c c y l i n e r i c a l   t u b e   155,   and  a  s e c o n d  

o r i f i c e   162,   w h i c h   e x t e n d s   t h r o u g h   t h e   o u t e r   c y l i n d r i c a l  

t u b e   155  to  p r o v i d e   c o m m u n i c a t i o n   f rom  t he   ink  c a v i t y   83  t o  

t h e   e x t e r i o r   of  t h e   o u t e r   c y l i n d r i c a l   t u b e   155.   T h u s ,   t h e  

row  of  t h e   f i r s t   o r i f i c e s   161  f o r m s   a  f i r s t   a r r a y   of  n o z z l e s  

and  t h e   row  of  t h e   s e c o n d   o r i f i c e s   162  f o r m s   a  s e c o n d   a r r a y  

of  n o z z l e s   w i t h   t he   two  a r r a y s   b e i n g   o f f s e t   f rom  e a c h   o t h e r .  

F u r t h e r m o r e ,   t h e   two  a r r a y s   of  n o z z l e s   in  t h e   f i r s r t  

f l a t   p o r t i o n s   156  a re   u s e d   w i t h   a  f i r s t   r e c o r d i n g   medium,  a n d  

t h e   two  a r r a y s   of  n o z z l e s   in  t h e   s e c o n d   f l a t   p o r t i o n s   1 6 0  

a r e   u s e d   w i t h   a  s e c o n d   r e c o r d i n g   med ium.   T h u s ,   e a c h   of  t h e  

r e c o r d i n g   med iums   has  two  o f f s e t   rows  of  t h e   d r o p l e t s   39  

d i r e c t e d   t h e r e t o   when  t h e   i n n e r   c y l i n d r i c a l   t u b e   81  i s  

v i b r a t e d   r a d i a l l y .  

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

141  of  FIGS.   12  and  13  c o u l d   h a v e  a   p l u r a l i t y   of  l o n g i t u d i n a l l y  

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

p o r t i o n   143  in  t h e   same  m a n n e r   as  t h e   f l a t   p o r t i o n s   156  a r e  

l o n g i t u d i n a l l y   s p a c e d   in  t h e   o u t e r   c y l i n d r i c a l   t u b e   155  a n d  

be  u t i l i z e d   w i t h o u t   t h e   n o z z l e   p l a t e   142.   I t   a l s o   s h o u l d   b e  

u n d e r s t o o d   t h a t   t h e   o u t e r   c y l i n d r i c a l   t u b e   150  of  FIG.  14 

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

so  as  to  have   a  n o z z l e   p l a t e   m o u n t e d   on  each   f l a t   p o r t i o n   i n  

t h e   same  m a n n e r   as  shown  in  FIG.  13.  L i k e w i s e ,   e a c h   of  t h e  

l o n g i t u d i n a l l y   s p a c e d   f l a t   p o r t i o n s   156  and  160  in  t h e   o u t e r  

c y l i n d r i c a l   t u b e   155  of  FIG.  15  c o u l d   be  c o n t i n u o u s   so  as  t o  

have   a  n o z z l e   p l a t e   m o u n t e d   t h e r e o n   in  t h e   same  m a n n e r   a s  

shown  in  FIG.  1 3 .  



R e f e r r i n g   to   FIGS.  16  and  17,  t h e r e   i s   shown  an  ink  j e t  

head   170,   w h i c h   i n c l u d e s   a  s e m i - c y l i n d r i c a l   e l e m e n t   171  of  a  

p i e z o e l e c t r i c   m a t e r i a l .   The  e l e m e n t   171  has  i t s   i n n e r   s e m i -  

c y l i n d r i c a l   s u r f a c e   172  r e s t i n g   on  a  s e m i - c y l i n d r i c a l  

p o r t i o n   173  of  a  s u p p o r t   174,   wh ich   i s   f o r m e d   of  a  s u i t a b l e  

e l e c t r i c a l l y   i n s u l a t i n g   m a t e r i a l   such   as  p l a s t i c ,   f o r   e x a m p l e .  

A  body  175,   wh ich   is   f o r m e d   of  m e t a l   or  p l a s t i c ,   f o r  

e x a m p l e ,   i s   s u p p o r t e d   on  the   s u p p o r t   174  and  s e c u r e d   t h e r e t o  

by  m o u n t i n g   s c r e w s   176.  The  body  175  has   a  s e m i - c y l i n d r i c a l  

r e c e s s   177  to  r e c e i v e   t he   s e m i - c y l i n d r i c a l   e l e m e n t   171  a n d  

t h e   s e m i - c y l i n d r i c a l   p o r t i o n   173  of  t h e   s u p p o r t   174  t h e r e i n  

w i t h   t h e   e l e m e n t   171  h a v i n g   i t s   o u t e r   s u r f a c e   178  s p a c e d  
f rom  t he   w a l l   of  t h e   r e c e s s   177  when  t h e   body  175  i s   s e c u r e d  

to  t h e   s u p p o r t   174  by  t h e   m o u n t i n g   s c r e w s   176.  A c c o r d i n g l y ,  

t h e   s p a c i n g   of  t h e   o u t e r   s u r f a c e   178  of  t he   s e m i - c y l i n d r i c a l  

e l e m e n t   171  t h e   same  d i s t a n c e   f rom  t h e   w a l l   of  t h e   r e c e s s  

177  p r o v i d e s   an  ink   c a v i t y   179  t h e r e b e t w e e n   w i t h   t h e   i n k  

c a v i t y   179  h a v i n g   t h e   same  t h i c k n e s s   at  any  p o s i t i o n .  

The  body   175  has  an  0 - r i n g   180  m o u n t e d   in  a  g r o o v e   1 8 1  

t h e r e i n .   The  g r o o v e   181  s u r r o u n d s   t h e   r e c e s s   177  of  t h e  

body  175  and  f o r m s   a  s e a l   w i t h   t h e   s u p p o r t   174  to  s e a l   t h e  

ink   c a v i t y   1 7 9 .  

The  ink  c a v i t y   179  has   p r e s s u r i z e d ,   c o n d u c t i v e   i n k  

s u p p l i e d   t h e r e t o   t h r o u g h   a  p a s s a g e   182  in  a  p l u g   183  and  a  

p a s s a g e   184  in  t h e   s u p p o r t   174  f rom  a  p r e s s u r i z e d   s o u r c e   i n  

t h e   m a n n e r   p r e v i o u s l y   d e s c r i b e d   r e l a t i v e   to  t h e   ink   j e t   h e a d  

10  of  FIG.  1.  When  f l u s h i n g   is   d e s i r e d ,   t he   ink   f l o w s   f r o m  

t h e   ink  c a v i t y   179  t h r o u g h   a  p a s s a g e   ( n o t   shown)   in  t h e  

s u p p o r t   174  and  a  p a s s a g e   ( n o t   shown)   in  a  c o n n e c t i n g   p l u g  

187  in  t h e   m a n n e r   d e s c r i b e d   r e l a t i v e   to  t he   i nk   j e t   head   1 0 .  

The  ink  i s   g r o u n d e d   in  any  s u i t a b l e   m a n n e r .  



The  body  175  has   a  n o z z l e   p l a t e   188,   which   is   p r e f e r a b l y  

f o r m e d   of  s i l i c o n   b o n d e d   t h e r e t o   The  n o z z l e   p l a t e   188  h a s  

a  f i r s t   row  of  l o n g i t u d i n a l l y   s p a c e d   n o z z l e s   189  t h e r e i n   tc .  

form  a  f i r s t   a r r a y   of  n o z z l e s   and  a  s e c o n d   row  of  l o n g -  

i t u d i n a l l y   s p a c e d   n o z z l e s   190  t h e r e i n   to  f o r m  a   s e c o n d   a r r a y  

of  n o z z l e s   o f f s e t   f rom  the   f i r s t   a r r a y   of  n o z z l e s .  

Each  of  t h e   n o z z l e s   189  c o m m u n i c a t e s   w i t h   t he   i n k  

c a v i t y   179  t h r o u g h   an  o r i f i c e   191,   w h i c h   e x t e n d s   t h r o u g h   t h e  

body  175  to  t h e   ink   c a v i t y   179,   in  t h e   body  175.  Each  c f  

t h e   n o z z l e s   190  c o m m u n i c a t e s   w i t h   t h e   ink   c a v i t y   179  t h r o u g h  

an  o r i f i c e   192 ,   w h i c h   e x t e n d s   t h r o u g h   t h e   body  175  to   t h e  

i nk   c a v i t y   179.   The  a x i s   of  e a c h   of  t h e   o r i f i c e s   191  a r d  

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

i t u d i n a l   a x i s   of  t h e   s e m i - c y l i n d r i c a l   e l e m e n t   1 7 1 .  

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

171  i s   f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l .   I t   is   p o l a r i z e d  

so  t h a t   i t   v i b r a t e s   in  a  r a d i a l   d i r e c t i o n   when  a  v o l t a g e   i s  

a p p l i e d   t h e r e t o .   The  o p e r a t i n g   f r e q u e n c y   at  wh ich   t h e   s e m i -  

c y l i n d r i c a l   e l e m e n t   171  is   e l e c t r i c a l l y   e x c i t e d   i s   p r e f e r a b l y  

b e l o w   i t s   r e s o n a n t   f r e q u e n c y   b u t   i t   c o u l d   be  at  i t s   r e s o n a n t  

f r e q u e n c y .  

The  s e m i - c y l i n d r i c a l   e l e m e n t   171  has  t he   i n n e r   s e m i -  

c y l i n d r i c a l   s u r f a c e   172  m e t a l l i z e d   so  t h a t   t he   s e m i - c y l i n d r i c a l  

e l e m e n t   171  can  be  c o n n e c t e d   t h r o u g h   a  l e a d   193,  w h i c h  

e x t e n d s   t h r o u g h   a  p a s s a g e   194  in  t h e   s u p p o r t   174,   to  an  AC 

s o u r c e   195  of  p o w e r .   A c c o r d i n g l y ,   when  t he   AC  s o u r c e   195  o f  

p o w e r   is   e n e r g i z e d   at  a  f r e q u e n c y ,   w h i c h   is   p r e f e r a b l y   e q u a l  

to   or  b e l o w   t h e   r e s o n a n t   f r e q u e n c y   of  t h e   s e m i - c y l i n d r i c a l  

e l e m e n t   171,   t h e   s e m i - c y l i n d r i c a l   e l e m e n t   171  v i b r a t e s  

r a d i a l l y .   T h i s   c a u s e s   e a c h   of  t h e   s t r e a m s   38  p a s s i n g   t h r o u g h  

one  of  t h e   n o z z l e s   189  and  190  to  be  b r o k e n   up  i n t o   t h e  

d r o p l e t s   3 9 .  



R e f e r r i n g   to  FIG.  18,  t h e r e   i s   shown  an  i nk   j e t   h e a d  

200.   The  ink   j e t   h e a d   200  i n c l u d e s   an  o u t e r   p l a n a r   e l e m e n t  

201,   w h i c h   i s   f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l ,   and  a n  

i n n e r   b l o c k   202 ,   w h i c h   can  be  f o r m e d   of  m e t a l ,  f o r   e x a m p l e .  

T h e  o u t e r   e l e m e n t   201  i s   s e c u r e d   to  t h e   i n n e r   b l o c k   202  b y  

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

An  ink   c a v i t y   203  i s   f o r m e d   b e t w e e n   t h e   o u t e r   e l e m e n t  

201  and  t h e   i n n e r   b l o c k   202  w i t h i n   t h e   i n n e r   b l o c k   202 .   T h e  

d i s t a n c e   b e t w e e n   an  i n n e r   s u r f a c e   204  of  t h e   o u t e r   e l e m e n t  

201  and  an  i n n e r   s u r f a c e   205  of  t h e   i n n e r   b l o c k   202  i s  

s u b s t a n t i a l l y   c o n s t a n t   t h r o u g h o u t   t he   l e n g t h   of  t h e   i n k  

c a v i t y   2 0 3 .  

The  i n k   c a v i t y   203  has   p r e s s u r i z e d ,   c o n d u c t i v e   i n k  

s u p p l i e d   t h e r e t o   t h r o u g h   a  p a s s a g e   206  in  t h e   i n n e r   b l o c k  

202  f rom  a  s u i t a b l e   p r e s s u r i z e d   s o u r c e   in  t h e   same  m a n n e r   a s  

d i s c u s s e d   w i t h   r e s p e c t   to   t h e   i nk   j e t   h e a d   10.  W h e n e v e r   i t  

i s   d e s i r e d   to   f l u s h   t h e   ink   c a v i t y   203,   t h e   ink   f l o w s   f r o m  

t h e   i nk   c a v i t y   203  t h r o u g h   a  p a s s a g e   207  in  t h e  i n n e r   b l o c k  

202  to   an  i nk   r e s e r v o i r   or  t h e   l i k e   as  d i s c u s s e d   w i t h   r e s p e c t  

to   t h e   i nk   j e t   h e a d   10.  The  i n k   i s   g r o u n d e d   in  any  s u i t a b l e  

m a n n e r .  

The  o u t e r   e l e m e n t   201  has   a  p l u r a l i t y   of  l o n g i t u d i n a l l y  

s p a c e d   f l a t   p o r t i o n s   210  in  i t s   o u t e r   s u r f a c e   211 .   Each   o f  

t h e   f l a t   p o r t i o n s   210  has   an  o r i f i c e   212 ,   w h i c h   f u n c t i o n s   a s  

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

e l e m e n t   201  to   p r o v i d e   c o m m u n i c a t i o n   f rom  t h e   i n k   c a v i t y   2 0 3  

to   t h e   e x t e r i o r   of  t h e   o u t e r   e l e m e n t   201.   The  a x i s   of  e a c h  

of  t h e   o r i f i c e s   212  i s   s u b s t a n t i a l l y   p e r p e n d i c u l a r   to   t h e  

l o n g i t u d i n a l   a x i s   of  t h e   o u t e r   e l e m e n t   2 0 1 .  

As  p r e v i o u s l y   m e n t i o n e d ,   t h e   o u t e r   e l e m e n t   201  i s  

f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l .   I t   i s   p o l a r i z e d   so  t h a t  



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

a x i s   of  e a c h   of  t h e   o r i f i c e s   212  when  a  v o l t a g e   is   a p p l i e d  

t h e r e t o .   The  o p e r a t i n g   f r e q u e n c y   at  wh ich   t he   o u t e r   e l e m e n t  

201  is   e l e c t r i c a l l y   e x c i t e d   i s   p r e f e r a b l y   b e l o w   i t s   r e s o n a n t  

f r e q u e n c y   bu t   i t   c o u l d   be  at  i t s   r e s o n a n t   f r e q u e n c y .  

The  o u t e r   e l e m e n t   201  has   i t s   o u t e r  s u r f a c e   211  m e t a l l i z e d  

so  t h a t   t h e   o u t e r   e l e m e n t   201  can  be  c o n n e c t e d   t h r o u g h   a  

l e a d   213  to  an  AC  s o u r c e   214  o f  p o w e r .   A c c o r d i n g l y ,  . w h e n  

t he   AC  s o u r c e   214  of  p o w e r   i s   e n e r g i z e d   at  a  f r e q u e n c y ,  

wh ich   is   p r e f e r a b l y   e q u a l   to  or  b e l o w   t he   r e s o n a n t   f r e q u e n c y  

of  t h e   o u t e r   e l e m e n t   201 ,   t h e   o u t e r   e l e m e n t   201  v i b r a t e s   i n  

and  ou t   r e l a t i v e   to  i t s   t h i c k n e s s   and  s u b s t a n t i a l l y   p a r a l l e l  

to  t h e   a x e s   of  t h e   o r i f i c e s   212 .   T h i s   c a u s e s   e a c h   of  t h e  

ink   s t r e a m s   38  p a s s i n g   t h r o u g h   t h e   o r i f i c e s   212  to  b r e a k   u p  
i n t o   t h e   d r o p l e t s   39  in  t h e   m a n n e r   p r e v i o u s l y   d e s c r i b e d  

r e l a t i v e   to  t h e   ink   j e t   h e a d   1 0 .  

R e f e r r i n g   now  to  FIGS.   19  and  20,  t h e r e   i s   shown  an  i n k  

j e t   head   210  of  t h e   p r e s e n t   i n v e n t i o n .   The  head   210  i n c l u d e s  

a  n o z z l e   m o u n t i n g   p l a t e   211  and  a  back   p l a t e  2 1 2   w i t h   a  

g a s k e t   213  t h e r e b e t w e e n .   The  n o z z l e   m o u n t i n g   p l a t e   211 ,   t h e  

back   p l a t e   212 ,   and  t h e   g a s k e t   213  a r e   h e l d   t o g e t h e r   b y  

s c r e w s   2 1 4 .  

An  e n t r y   end  p l a t e   215  i s   s e c u r e d   to  one  end  of  t h e  

n o z z l e   m o u n t i n g   p l a t e   211  and  t h e   back   p l a t e   212  by  s u i t a b l e  

means   such   as  s c r e w s   ( n o t   s h o w n ) ,   f o r   e x a m p l e .   An  e x i t   e n d  

p l a t e   217 ,   w h i c h   is   f o r m e d   of  an  e l e c t r i c a l l y   i n s u l a t i n g  

m a t e r i a l ,   i s   s e c u r e d   to  t h e   o t h e r   end  of  each   of  t h e   n o z z l e  

m o u n t i n g   p l a t e   11  and  t h e   back   p l a t e   212  by  s u i t a b l e   m e a n s  

such   as  s c r e w s   ( n o t   s h o w n ) ,   f o r   e x a m p l e .  



A  r i g h t   c i r c u l a r   c y l i n d r i c a l   t u b e   2 1 9 - i s   d i s p o s e d  

w i t h i n   an  ink   c a v i t y   220,   w h i c h   i s   a  l o n g i t u d i n a l   p a s s a g e ,  

in  t h e   n o z z l e   m o u n t i n g   p l a t e   211  and  t h e   b a c k   p l a t e   2 1 2 .  

The  t u b e   219  h a s   one  end  s u p p o r t e d   w i t h i n   an  e n t r y   end  p l u g  

222  and  i t s   o t h e r   end  s u p p o r t e d   w i t h i n   an  e x i t   end  p l u g   2 2 3 ,  

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

Each  of  t h e   p l u g s   222  and  223  i s   s u p p o r t e d   b e t w e e n   t h e  

n o z z l e   m o u n t i n g   p l a t e   11  and  t h e   b a c k   p l a t e   2 1 2 .  

The  t u b e   219  f i t s   w i t h i n   a  c i r c u l a r   r e c e s s   226  ( s e e  

FIG.   25)  in  a  s p h e r i c a l   end  s u r f a c e   of  t h e   p l u g   222  and  a  

c i r c u l a r   r e c e s s   227  ( s e e   FIG.   24)  in  a  s p h e r i c a l   end  s u r f a c e  

of  t h e   p l u g   223 .   A  r u b b e r   b o o t   or  g a s k e t   228  ( s e e   FIG.   2 0 )  

h o l d s   one  end  of  t h e   t u b e   219  w i t h i n   t h e   r e c e s s   226  in  t h e  

p l u g   222,   and  a  r u b b e r   b o o t   or  g a s k e t   229  h o l d s   t h e   o t h e r  

end  of  t h e   t u b e   219  w i t h i n   t h e   r e c e s s   227  in   t h e   p l u g   2 2 3 .  

The  t u b e   219  i s   f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l   a n d  

p o l a r i z e d   so  t h a t   i t   v i b r a t e s   in   a  r a d i a l   d i r e c t i o n   when  a  

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

w h i c h   t h e   t u b e   219  i s   e l e c t r i c a l l y   e x c i t e d   i s   t h e   f r e q u e n c y  

at   w h i c h   t h e   d r o p l e t s   a re   to  be  p r o d u c e d .  

An  e l e c t r o d e   230  e x t e n d s   t h r o u g h   a  p a s s a g e   231  in  t h e  

end  p l a t e   217  and  a  p a s s a g e   232  in   t h e   p l u g   223.   The  e l e c t r o d e  

230  i s   e l e c t r i c a l l y   c o n n e c t e d   to   t h e   i n n e r   c y l i n d r i c a l  

s u r f a c e   of  t h e   t u b e   219  so  t h a t   t h e   t u b e   219  i s   e l e c t r i c a l l y  

c o n n e c t e d   to  an  AC  s o u r c e   233  of  p o w e r .  

The  ink   c a v i t y   220  has   p r e s s u r i z e d ,   c o n d u c t i v e   i n k  

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

p l u g   234  ( s e e   FIG.  19)  and  a  p a s s a g e   235  ( s e e   FIG.   23)  in  t h e  

end  p l a t e   215  to  an  a n n u l a r   p a s s a g e   or  c a v i t y   236 ,   w h i c h  

c o m m u n i c a t e s   w i t h   a  p l u r a l i t y   of  p a s s a g e s   237  ( s e e   FIG.  2 0 )  



t he   p l u g   222 .   As  shown  in  FIG,  25,  t h e r e   a r e   f o u r   of  t h e  

p a s s a g e s   237  e q u a l l y   a n g u l a r l y   s p a c e d   a b o u t   t he   c i r c u m f e r e n c e  

of  t he   p l u g   222.   T h u s ,   t h e   p r e s s u r i z e d   ink   i s   e a s i l y   s u p p l i e d  

to  t he   ink   c a v i t y   2 2 0 .  

W h e n e v e r   i t   i s   d e s i r e d   to   f l u s h   t he   ink   c a v i t y   220 ,   h e  

p r e s s u r i z e d   ink   f l o w s   f rom  t he   ink  c a v i t y   220  t h r o u g h  a  

p l u r a l i t y   of  p a s s a g e s   38  in  t h e   p l u g   223.   As  shown  i n  F I C .  

24  t h e r e   a re   f o u r   of  t h e   p a s s a g e s   238  e q u a l l y   a n g u l a r l y  

s p a c e d   a b o u t   t h e   c i r c u m f e r e n c e   of  the   p l u g   2 2 3 .  

The  p a s s a g e s   238  c o m m u n i c a t e   w i t h   an  a n n u l a r   p a s s a g e   o r  

c a v i t y   239  in  t h e   end  p l a t e   217 .   The  a n n u l a r   p a s s a g e   o r  

c a v i t y   239  c o m m u n i c a t e s   t h r o u g h   a  p a s s a g e   240  ( s e e   FIG.  2 2 )  

in  t h e   end  p l a t e   217  and  a  c o n n e c t i n g   p l u g   241  to  an  i n k  

r e s e r v o i r   or  t h e   l i k e   c o n n e c t e d   to  t he   s u c t i o n   s i d e   of  t h e  

pump.  T h i s   f l o w   p a t h   f rom  t h e   i nk   c a v i t y   220  ( s e e   FIG.  2 0 )  

i s   n o r m a l l y   b l o c k e d .  

An  0 - r i n g   2 4 2  i s   m o u n t e d   in  an  a n n u l a r   g r o o v e   in  t h e  

e n t r y   end  p l a t e   215  and  in  s u r r o u n d i n g   r e l a t i o n   to  t h e  

a n n u l a r   p a s s a g e   or  c a v i t y   236 .   T h i s   p r e v e n t s   l e a k a g e .  

The  e x i t   end  p l a t e   217  has   a  f i r s t   O - r i n g   243  d i s p o s e d  

in  an  a n n u l a r   g r o o v e   t h e r e i n   and  in  s u r r o u n d i n g   r e l a t i o n   t o  

t h e   a n n u l a r   p a s s a g e   or  c a v i t y   239  in  t he   same  m a n n e r   as  t h e  

0 - r i n g   242  in  t h e   e n t r y   end  p l a t e   215  s u r r o u n d s   t h e   a n n u l a r  

p a s s a g e   or  c a v i t y   236 .   The  e x i t   end  p l a t e   217  has   a  s e c o n d  

O - r i n g   244  m o u n t e d   in  an  a n n u l a r   g r o o v e   t h e r e i n   and  i n  

s u r r o u n d i n g   r e l a t i o n   to  t h e   p a s s a g e   231  in  w h i c h   t he   e l e c t r o d e  

230  i s   d i s p o s e d .   Each  of  t h e   O - r i n g s   243  and  244  p r e v e n t s  

l e a k a g e .  

The  n o z z l e   m o u n t i n g   p l a t e   211  has   a  f o c u s i n g   c a v i t y   2 4 5  

( s e e   FIG.  21)  t h e r e i n   c o m m u n i c a t i n g   w i t h   t h e   i n k   c a v i t y   2 2 0 .  

The  f o c u s i n g   c a v i t y   245  i n c r e a s e s   t he   e f f i c i e n c y .  



The  n o z z l e   m o u n t i n g   p l a t e   211  h a s   a  r e l a t i v e l y   t h i n  

w a l l   246  ( s e e   FIG.  20)  at  t h e   end   of  t he   f o c u s i n g   c a v i t y   2 4 5  

w i t h   a  p l u r a l i t y   of  p a s s a g e s   247  f o r m e d   t h e r e i n .   Each  o f  

t h e   p a s s a g e s   247  i s   a l i g n e d   w i t h   a  n o z z l e   2 4 8  i n   a  v e r y   t h i n  

n o z z l e   p l a t e   249 ,   w h i c h   i s   s e c u r e d   to   t h e   n o z z l e   m o u n t i n g  

p l a t e   211  by  s u i t a b l e   means   s u c h   as  an  e p o x y ,   f o r   e x a m p l e .  

T h u s ,   an  a r r a y   of  t he   n o z z l e s   248  i s   f o r m e d   w i t h   e a c h   of  t h e  

n o z z l e s   248  h a v i n g   i t s   a x i s   a l i g n e d   w i t h   t he   a x i s   of  one  o f  

t h e   p a s s a g e s   2 4 7 .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   w a l l   246  i s   s u b s t a n t i a l l y  

t h i c k e r   t h a n   t h e   n o z z l e   p l a t e   249  b u t   i s   no t   so  shown  in  t h e  

d r a w i n g s   f o r   c l a r i t y   p u r p o s e s .   As  an  e x a m p l e ,   t h e   w a l l   2 4 6  

c o u l d   h a v e   a  t h i c k n e s s   of  t w e n t y   m i l s   and  t h e   n o z z l e   p l a t e  

249  c o u l d   have   a  t h i c k n e s s   of  one  m i l .  

The  a x i s   of  e a c h   of  t h e   n o z z l e s   248  i s   d i s p o s e d   s u b s t a n -  

t i a l l y   p e r p e n d i c u l a r   to  t h e   l o n g i t u d i n a l  a x i s   of  t h e   t u b e   2 1 9  

and  t h e   l o n g i t u d i n a l   a x i s   of  t h e   i n k   c a v i t y   220.   The  l o n g -  

i t u d i n a l   a x i s   of  t h e   i n k   c a v i t y   220  i s   p r e f e r a b l y   c o a x i a l  

w i t h   t h e   l o n g i t u d i n a l   a x i s   of  t h e   t u b e   219  a l t h o u g h   t h e y  

c o u l d   be  p a r a l l e l .  

A c c o r d i n g l y ,   when  t h e   AC  s o u r c e   233  of  power   i s   e n e r g i z e d  

at   t h e   o p e r a t i n g   f r e q u e n c y   of  t h e   t u b e   219,   t h e   t u b e   2 1 9  

v i b r a t e s   r a d i a l l y .   T h i s   c a u s e s   e a c h   of  t h e   ink   s t r e a m s  

p a s s i n g   t h r o u g h   t h e   n o z z l e s   248  to   be  b r o k e n   up  i n t o   d r o p l e t s  

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

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

s p a c i n g   t h e r e b e t w e e n .  

The  i nk   c a v i t y   220  i s   p r e f e r a b l y   f o r m e d   so  t h a t   t h e  

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

t h e   t u b e   219  is   to   be  o p e r a t e d .   T h i s   i s   t h e   o p e r a t i n g  

f r e q u e n c y   of  t h e   AC  s o u r c e   233  of  p o w e r   a p p l i e d   to  t h e   t u b e  



219.   T h e r e f o r e ,   i t   i s   n e c e s s a r y   f o r   t h e   s p a c i n g   b e t w e e n  

o u t e r   s u r f a c e   250  of  t h e   t u b e   219  and  i n n e r   s u r f a c e   251  o f  

t h e   ink  c a v i t y   220  to  be  s e l e c t e d   so  t h a t   t h e   ink   c a v i t y   2 2 0  

i s   at  t he   r e s o n a n t   f r e q u e n c y   at  w h i c h   t h e   t u b e   219  i s   v i b r a t e d .  

The  f o c u s i n g   c a v i t y   245  can  be  t u n e d   to   t h e   same  r e s o n a n t  

f r e q u e n c y   as  t h e   ink  c a v i t y   220 .   T h i s   i s   a c c o m p l i s h e d   b y  

v a r y i n g   t he   a n g l e   f o r   t he   f o c u s i n g   c a v i t y   245  and  e s p e c i a l l y  

i t s   d e p t h .  

I t   i s   w e l l   known  t h a t   t h e   l e n g t h   of  p e r t u r b a t i o n s   in  a  

l i q u i d   in  an  a n n u l a r   c a v i t y   i s   d e s c r i b e d   by  B e s s e l   f u n c t i o n s .  

If   t he   p r e s e n c e   of  t h e   f o c u s i n g   c a v i t y   245  i s   i g n o r e d ,   a  

good  a p p r o x i m a t i o n   f o r   t h e   r e s o n a n t   modes   of  t h e   a n n u l a r   i n k  

c a v i t y   220  i s   t h a t   t h e   d i f f e r e n c e   b e t w e e n   t h e   i n n e r   a n d  

o u t e r   r a d i i   of  t h e   c a v i t y   220  i s   a  m u l t i p l e   of  a  h a l f   w a v e  

l e n g t h   of  t h e   p e r t u r b a t i o n   at   a  r e s o n a n t   f r e q u e n c y   so  t h a t  

dr  =  n ( w / 2 )   w h e r e   d r  i s   t h e   d i f f e r e n c e   b e t w e e n   t he   i n n e r   a n d  

o u t e r   r a d i i   of  t h e   a n n u l a r   ink   c a v i t y   220 ,   n  i s   t he   r e s o n a n t  

f r e q u e n c y   mode,   and  w  i s   t h e   wave  l e n g t h   of  t he   p e r t u r b a t i o n  

or  p r e s s u r e   wave  in  t h e   c a v i t y .   The  wave  l e n g t h   w  i s   r e l a t e d  

to  t h e   r e s o n a n t   f r e q u e n c y ,   f ,   and  t h e   v e l o c i t y   of  s o u n d   i n  

t he   m a t e r i a l ,   c,  by  c  =  fw.  When  n  =  1,  t h e   l o w e s t   r e s o n a n t  

f r e q u e n c y   mode  o c c u r s   w i t h i n   t h e   a n n u l a r   i nk   c a v i t y   2 2 0 .  

As  an  e x a m p l e ,   f  =  100  kHz  and  c  =  6  x  104  i n / s e c  

( 1 . 5 2 4  x   105  c m / s e c )   when  t h e   l i q u i d   in  t h e   c a v i t y   i s   w a t e r  

( I n k   has   s u b s t a n t i a l l y   t h e   same  p r o p e r t i e s   as  w a t e r . ) .  

T h u s ,   i f   n  =  1  f o r   t h e   l o w e s t   mode,   t h e   c a v i t y   w i l l   r e s o n a t e  

d r  =   d r  =   w / 2  =   c / 2 f  =  6  x   2 10 x  1 0 5  =   0 . 3 "   ( 0 . 7 6 2   c m ) .  

T h e r e f o r e ,   a  d i f f e r e n c e   of  0 . 3 "   ( 0 . 7 6 2   cm)  b e t w e e n   t he   i n n e r  

and  o u t e r   r a d i i   of  t h e   a n n u l a r   ink   c a v i t y   220  w i l l   e n a b l e  

r e s o n a n c e   to   o c c u r   at  a  f r e q u e n c y   of  100  k H z .  



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

v i b r a t i o n s   to   be  a p p l i e d   to   t h e   i n k   s t r e a m ,   t he   d i f f e r e n c e  

b e t w e e n   t h e   r a d i u s   of  t h e   o u t e r   s u r f a c e   250  of  t h e   t u b e   2 1 9  

and  t h e   r a d i u s   of  t h e   i n n e r   s u r f a c e   251  of  t h e   c a v i t y   2 2 0  

can  be  s e l e c t e d .   T h e r e f o r e ,   t h e   i n k   c a v i t y   220  w i l l   r e s o n a t e  

at  t h e   d e s i r e d   f r e q u e n c y ,   and  t h i s   i s   t h e   f r e q u e n c y   a t  

w h i c h   t h e   AC  s o u r c e   233  of  p o w e r   i s   o p e r a t i n g .  

In  t h e   f o r m a t i o n   of  t h e   v i b r a t i o n s   in   t h e   r a d i a l   m o d e ,  

v i b r a t i o n s   a l s o   a r e   c r e a t e d   a l o n g   t h e   l e n g t h   of  t h e   t u b e   2 1 9 .  

T h e s e   a r e   c a u s e d   by  P o i s s o n ' s   r a t i o ,   w h i c h   i s   due  to  t h e  

f a c t   t h a t   a  v o l u m e   t e n d s   to  be  c o n s e r v e d   f o r   a  s o l i d   so  t h a t  

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

when  a n o t h e r   d i m e n s i o n   e x p a n d s .   I f   t h e   v i b r a t i o n s   of  t h e  

t u b e   219  in   i t s   l o n g i t u d i n a l   or  a x i a l   d i r e c t i o n   a r e   c o u p l e d  

i n t o   t h e   i n k   c a v i t y   220,   t he   d e s i r e d   u n i f o r m   p e r t u r b a t i o n s  

w i l l   no t   be  p r o d u c e d  a t   e a c h   of  t h e   n o z z l e s   2 4 8 .  

One  way  of  p r e v e n t i n g   p r o p o g a t i o n   of  l o n g i t u d i n a l   w a v e s  

in  t h e   i n k   c a v i t y   220  due  to  t h e   v i b r a t i o n s   of  t he   t u b e   2 1 9  

in  t h e   l o n g i t u d i n a l   or   a x i a l   d i r e c t i o n   i s   to   fo rm  e a c h   o f  

t h e   p l u g s   222  and  223  w i t h   a  s p h e r i c a l   end  s u r f a c e .   T h i s  

s p h e r i c a l   end  s u r f a c e   can  d e s t r o y   t h e   u n i f o r m   p h a s e   of  a n y  
r e f l e c t e d   wave  in  t h i s   l o n g i t u d i n a l   or  a x i a l   d i r e c t i o n   t o  

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

222  and  223  w i t h   s p h e r i c a l   end  s u r f a c e s ,   t h e   p l u g s   222  a n d  

223  c o u l d   be  f o r m e d   w i t h   an  a b s o r b i n g   s u r f a c e .  

A n o t h e r   means   of  p r e v e n t i n g   t h e   v i b r a t i o n s   in   t h e  

l o n g i t u d i n a l   d i r e c t i o n   w i t h i n   t h e   i nk   c a v i t y   220  i s   t o  

p r e v e n t   t h e   p r o d u c t i o n   of  s u c h   v i b r a t i o n s   by  t h e   t u b e   2 1 9 .  

T h i s   can  be  a c c o m p l i s h e d   by  f o r m i n g   t h e   t u b e   219  w i t h   a  

l e n g t h   much  s m a l l e r   t h a n   t h e   mean  d i a m e t e r   of  t h e   t u b e   2 1 9 .  

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



f r e q u e n c y   a l o n g  t h e  l e n g t h   of  t h e   t u b e   219  to  be  s u b s t a n t i a l l y  

g r e a t e r   t h a n   t h e   o p e r a t i n g   f r e q u e n c y   of  t h e   t u b e   219  in  i t s  

r a d i a l   m o d e .  

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

d i a m e t e r   of  t h e   t u b e   219  w h i l e   s t i l l   h a v i n g   t he   v i b r a t i o n s  

p r o d u c e d   o v e r   t h e   d e s i r e d   l e n g t h   of  t he   ink   c a v i t y   220,   t h e  

t u b e   219  c o u l d  b e  r e p l a c e d   by  a  r i g h t   c i r c u l a r   c y l i n d r i c a l  

t u b e   255  ( s e e   FIG.  2 6 ) ,   w h i c h   i s   f o r m e d   of  a  p l u r a l i t y   o f  

r i g h t   c i r c u l a r   c y l i n d r i c a l   s e g m e n t s   256  of  a  p i e z o e l e c t r i c  

m a t e r i a l   w i t h   a  v e r y   t h i n   r u b b e r   w a s h e r   257  b e t w e e n   e a c h  

p a i r   of  t h e   s e g m e n t s   256.   For   e x a m p l e ,   e a c h   of  t he   s e g m e n t s  

256  c o u l d   have   a  l e n g t h   of  f i f t y   m i l s ,   and  e a c h   of  t h e  

r u b b e r   w a s h e r s   257  c o u l d   have   a  l e n g t h   of  f i v e   to  t en   m i l s .  

T h i s   r e l a t i v e   t h i n n e s s   of  e a c h   of  t h e   r u b b e r   w a s h e r s   257  w i t h  

r e s p e c t   to  t h e   s e g m e n t s   256  r e s u l t s   in  t he   w a s h e r s   257  n o t  

a f f e c t i n g   u n i f o r m  b r e a k   up  b e c a u s e   t h e   n o z z l e s   248  a r e   t o o  

f a r   away  f rom  t h e   t u b e   2 5 5 .  

R e f e r r i n g   to   FIGS.   2 7 - 3 2 ,   t h e r e   i s   shown  an  ink  j e t  

h e a d   260  h a v i n g   a  main   body  261.   The  body  261  has  a  h o l l o w  

c y l i n d r i c a l   r e c e s s   or  c a v i t y   262 ,   w h i c h   i s   a  l o n g i t u d i n a l  

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

263,   264,   265,   and  266  ( s e e   FIG.   29)  e x t e n d i n g   f rom  t h e  

r e c e s s   or  c a v i t y   262  to  t h e   e x t e r i o r   of  t h e   body  2 6 1 .  

An  e n t r y   end  p l a t e   267  ( s e e   FIGS.   27  and  28)  i s   s e c u r e d  

to  one  end  of  t h e   body  261,   and  an  e x i t   end  p l a t e   268,   w h i c h  

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

to  t he   o t h e r   end  of  t h e   body  261 .   The  end  p l a t e s   267  and  2 6 8  

a r e   s e c u r e d   to   t h e   body  261  by  s u i t a b l e   means   such   as  s c r e w s  

( n o t   s h o w n ) ,   f o r   e x a m p l e .  

The  t u b e  2 1 9   i s   d i s p o s e d   w i t h i n   t h e   r e c e s s   or  c a v i t y   2 6 2  

in  t h e   body  261.   The  t u b e   219  has   one  end  s u p p o r t e d   w i t h i n  



in  c o n i c a l   s h a p e d   p l u g   275  and  i t s   o t h e r   end  s u p p o r t e d  

w i t h i n   a  c o n i c a l   s h a p e d   p l u g   276 ,   w h i c h   i s   f o r m e d   of  a n  

e l e c t r i c a l l y   i n s u l a t i n g   m a t e r i a l .   Each  of  t h e   p l u g s   2 7 5  

and  276  i s   s u p p o r t e d   w i t h i n   t h e   r e c e s s   or  c a v i t y   262  in  t h e  

body  2 6 1 .  

The  t u b e   219  f i t s   w i t h i n   a  c i r c u l a r   r e c e s s   277  in  t h e  

p l u g   275  and  a  c i r c u l a r   r e c e s s   278  in  t h e   p l u g   276.   A 

r u b b e r   b o o t   or  g a s k e t   279  h o l d s   one  end  of  t h e   t u b e   2 1 9  

w i t h i n   t h e   r e c e s s   277  in  t h e   p l u g   275 ,   and  a  r u b b e r   b o o t   o r  

g a s k e t   280  h o l d s   t he   o t h e r   end  of  t h e   t u b e   219  w i t h i n   t h e  

r e c e s s   278  in  t h e   p l u g   2 7 6 .  

The  e l e c t r o d e   230  e x t e n d s   t h r o u g h   a  p a s s a g e   282  i n  t h e  

end   p l a t e   268  and  a  p a s s a g e   283  in   t h e  p l u g   276.   The  e l e c t r o d e  

230  i s   e l e c t r i c a l l y   c o n n e c t e d   to   t h e   i n n e r   c y l i n d r i c a l  

s u r f a c e   of  t h e   t u b e   219  so  t h a t   t h e   t u b e   219  i s   e l e c t r i c a l l y  

c o n n e c t e d   to   t h e   AC  s o u r c e   233  of  p o w e r .  

E a c h   of  t h e   p a s s a g e s   263  ( s e e   FIG.   2 9 ) ,   264 ,   2 6 5 ,   and  2 6 6  

in  t h e   body   261  has   i t s   s m a l l e r   end  b l o c k e d   by  a  m e m b r a n e  

285 ,   286 ,   287 ,   and  288  r e s p e c t i v e l y .   The  m e m b r a n e   285  i s  

h e l d   a g a i n s t   t h e   s i d e   of  t h e   body   261  b y  a   b l o c k   289 ,   w h i c h  

i s   s e c u r e d   to   t h e   body  261  by  s u i t a b l e   means   s u c h   as  s c r e w s  

290 ,   f o r   e x a m p l e .   The  s c r e w s   290  a l s o   e x t e n d   t h r o u g h   t h e  

m e m b r a n e   285 .   The  b l o c k   289  h a s   a  f o c u s i n g   c a v i t y   291  t h e r e i n  

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

p a s s a g e   263  and  t h e   r e c e s s   or  c a v i t y   262  by  t h e   m e m b r a n e   2 8 5 .  

The  b l o c k   289  has   a  r e l a t i v e l y   t h i n  w a l l   292  ( s e e   F I G .  

28)  at  t h e   end  of  t h e   f o c u s i n g   c a v i t y   291  w i t h   a  p l u r a l i t y   o f  

p a s s a g e s   293  f o r m e d   t h e r e i n .   Each   of  t h e   p a s s a g e s   293  i s  

a l i g n e d   w i t h   a  n o z z l e   294  in  a  v e r y   t h i n   n o z z l e   p l a t e   2 9 5 ,  



w h i c h   i s   s e c u r e d   to  t h e   b l o c k   289  by  s u i t a b l e   means   s u c h   a s  

an  e p o x y ,  f o r   e x a m p l e .   T h u s ,   an  a r r a y   of  t he   n o z z l e s   2 9 4  

is   f o r m e d   w i t h   e a c h   of  t h e   n o z z l e s   294  h a v i n g   i t s   a x i s   a l i g n e d  
w i t h   t h e   a x i s   of  one  of  t h e   p a s s a g e s   293  in  t he   t h i n   w a l l   2 9 2  

of  t he   b l o c k   2 8 9 .  

I t   s h o u l d  b e   u n d e r s t o o d   t h a t   t h e   w a l l   292  i s   s u b s t a n -  

t i a l l y   t h i c k e r ,  t h a n   t h e   n o z z l e   p l a t e   295  bu t   is   no t   s o  

shown  in  t h e   d r a w i n g s   f o r   c l a r i t y   p u r p o s e s .   As  an  e x a m p l e ,  
t he   w a l l   292  c o u l d   have   a  t h i c k n e s s   of  t w e n t y   m i l s   and  t h e  

n o z z l e   p l a t e   295  c o u l d   have   a  t h i c k n e s s   of  one  m i l .  

The  m e m b r a n e s   2 8 6 - 2 8 8   ( s e e   FIG.  29)  a r e   r e t a i n e d   in   a  

s i m i l a r   m a n n e r   as  t h e   m e m b r a n e   285 .   A d d i t i o n a l l y ,   a  p l u r a l i t y  

of  s e p a r a t e   f o c u s i n g   c a v i t i e s   96,  97,  and  98  is   f o r m e d   i n  

b l o c k s   299,   300 ,   and  301,   r e s p e c t i v e l y ,   in  t he   same  m a n n e r  

as  t he   f o c u s i n g   c a v i t y   291  i s   f o r m e d   in  t he   b l o c k   2 8 9 .  

The  a x i s   of  e a c h   of  t h e   n o z z l e s   294  i s   d i s p o s e d   s u b -  

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

t u b e   219  and  t h e   l o n g i t u d i n a l   a x i s   of  t he   r e c e s s   or  c a v i t y  

262.   The  l o n g i t u d i n a l   a x i s   of  t h e   r e c e s s   or  c a v i t y   262  i s  

p r e f e r a b l y   c o a x i a l   w i t h   t h e   l o n g i t u d i n a l   a x i s   of  t he   t u b e   2 1 9  

a l t h o u g h   t h e y   c o u l d   be  p a r a l l e l .   I t   s h o u l d   be  u n d e r s t o o d  

t h a t   t he   n o z z l e s   in  t h e   n o z z l e   p l a t e s   302,   303,   and  3 0 4  

c o m m u n i c a t i n g   w i t h   e a c h   of  t h e   f o c u s i n g   c a v i t i e s   296,   2 9 7 ,  

and  298,   r e s p e c t i v e l y ,   have   t h e i r   a x e s   s i m i l a r l y   a r r a n g e d   a s  

t he   a x i s   of  e a c h   of  t h e   n o z z l e s   2 9 4 .  

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

291  t h r o u g h   a  p a s s a g e   305  ( s e e   FIG.  28)  in  t he   b l o c k   2 8 9 .  

W h e n e v e r   i t   i s   d e s i r e d   to  f l u s h   t he   ink   f rom  t h e   f o c u s i n g  

c a v i t y   291,   t h e   p r e s s u r i z e d   ink   f l o w s   f rom  t he   f o c u s i n g  

c a v i t y   291  t h r o u g h   a  p a s s a g e   306  in  t h e   b l o c k   289.   T h e  



The  p a s s a g e   306  is   b l o c k e d   e x c e p t   when  t h e r e   i s   f l u s h i n g   o f  

t h e   f o c u s i n g   c a v i t y   2 9 1 .  

Each  of  t h e   o t h e r   f o c u s i n g   c a v i t i e s   296  ( s e e   FIG.  2 9 ) ,  

297,   and  298  i s   s e p a r a t e l y   c o n n e c t e d   to   t h e   same  o r  a  

d i f f e r e n t   p r e s s u r i z e d   s o u r c e   of  i n k .   T h u s ,   e a c h   of  t h e  

f o c u s i n g   c a v i t i e s   291,   296,   297 ,   and  298  c o u l d   have   a  

d i f f e r e n t   c o l o u r   ink   t h e r e i n .  

W h i l e   t h e   m e m b r a n e s   2 8 5 - 2 8 8   p r e v e n t   t he   r e c e s s   o r  

c a v i t y   262  f rom  h a v i n g   l i q u i d   c o m m u n i c a t i o n   w i t h   t he   f o c u s i n g  

c a v i t i e s   291,   296,   297,   and  298,   t h e   m a t e r i a l   of  t h e   m e m b r a n e s  

2 8 5 - 2 8 8   is   s e l e c t e d   so  t h a t   p r e s s u r e   w a v e s   c r e a t e d   w i t h i n  

t h e   r e c e s s   or  c a v i t y   262  by  t h e   t u b e   219  a re   t r a n s m i t t e d   t o  

t he   f o c u s i n g   c a v i t i e s   291 ,   296 ,   297 ,   and  298.   A c c o r d i n g l y ,  

m e m b r a n e s   2 8 5 - 2 8 8   c o u l d   be  p o s i t i o n e d   a n y w h e r e   in  t h e   p a s s a g e s  

2 6 3 - 2 6 6 ,   r e s p e c t i v e l y ,   or  in   t h e   f o c u s i n g   c a v i t i e s   291,   2 9 6 ,  

297,   298,  r e s p e c t i v e l y ,   or  in  t h e   c a v i t y   262.   One  s u i t a b l e  

e x a m p l e   of  t h e   m a t e r i a l   of  t h e   m e m b r a n e s   2 8 5 - 2 8 8   is   M y l a r .  

The  r e c e s s   or  c a v i t y   262  in  t h e   body   261  has   a  l i q u i d  

t r a p p e d   t h e r e i n   to  be  r e s p o n s i v e   to   t h e   v i b r a t i o n s   p r o d u c e d  

by  e x c i t a t i o n   of  t he   t u b e   219 .   The  l i q u i d   can  be  s u p p l i e d  

t h r o u g h   a  c o n n e c t i n g   p l u g   307  ( s e e   F IG .   27)  in  t h e   end  p l a t e  

267  and  a  p a s s a g e   ( n o t   s h o w n )   in  t h e   end  p l a t e   267  a n d  

s i m i l a r   to  t h e   p a s s a g e   235  ( s e e   FIG.   23)  in  t he   end  p l a t e   2 1 5  

to  an  a n n u l a r   p a s s a g e   or  c a v i t y   308  ( s e e   FIG.  28)  in  t h e   e n d  

p l a t e   2 6 7 .  

The  a n n u l a r   c a v i t y   308  c o m m u n i c a t e s   w i t h   t he   r e c e s s   o r  

c a v i t y   262  t h r o u g h   a  p l u r a l i t y   of  p a s s a g e s   309  in  t h e   p l u g  

275.   As  shown  in  FIG.  28,  t h e r e   a r e   f o u r   of  t he   p a s s a g e s  

309  a n g u l a r l y   s p a c e d   a b o u t   t h e   p l u g   275 .   T h u s ,   t h e   l i q u i d  

i s   e a s i l y   s u p p l i e d   to  t h e   r e c e s s   or  c a v i t y   2 6 2 .  



W h e n e v e r   d e s i r e d ,   t h e   l i q u i d   in  t h e   r e c e s s   or  c a v i t y   2 6 2  

can  f l o w   t h e r e f r o m   t h r o u g h   a  p l u r a l i t y   of  p a s s a g e s   ( n o t   s h o w n )  

in  t h e   p l u g   276.   T h e r e   a r e   f o u r   of  t h e   p a s s a g e s   a n g u l a r l y  

s p a c e d   a b o u t   t h e   p l u g   276  in  t h e   same  m a n n e r   as  t he   f o u r  

p a s s a g e s   3 0 9  a r e   s p a c e d   a b o u t   t h e   p l u g   2 7 5 .  

The  p a s s a g e s   ( n o t   s h o w n )   in  t h e   p l u g   276  c o m m u n i c a t e  

w i t h   an  a n n u l a r   p a s s a g e   or  c a v i t y   311  in  t he   end  p l a t e   2 6 8 .  

The  a n n u l a r   p a s s a g e   or  c a v i t y   311  c o m m u n i c a t e s   t h r o u g h   a  

p a s s a g e   ( n o t   shown)   in  t h e   end  p l a t e   268  and  s i m i l a r   to  t h e  

p a s s a g e   240  ( s e e   FIG.  22)  in  t h e   e x i t   end  p l a t e   217  and  a  

c o n n e c t i n g   p l u g   312  ( s e e   FIG.  2 7 ) .   The  c o n n e c t i n g   p l u g s   3 0 7  

and  312  a re   b l o c k e d   e x c e p t   when  f l u s h i n g   of  t he   r e c e s s   o r  

c a v i t y   262  i s   d e s i r e d .  

The  e n t r y   end  p l a t e   267  has   a n  O - r i n g   313  ( s e e   F I G .  

28)  d i s p o s e d   in  an  a n n u l a r   g r o o v e   t h e r e i n   and  in  s u r r o u n d i n g  

r e l a t i o n   to  t he   a n n u l a r   p a s s a g e   or  c a v i t y   308.   T h i s   p r e v e n t s  

l e a k a g e .  

The  e x i t   end  p l a t e   268  has   a  f i r s t   0 - r i n g   314  d i s p o s e d  

in  an  a n n u l a r  g r o o v e   t h e r e i n   and  in  s u r r o u n d i n g   r e l a t i o n   t o  

t h e   a n n u l a r   p a s s a g e   or  c a v i t y   311  in  t h e   end  p l a t e  2 6 8   i n  

t he   same  m a n n e r   as  t he   0 - r i n g   313  in  t h e   end  p l a t e   2 6 7  

s u r r o u n d s   t he   a n n u l a r   p a s s a g e   or  c a v i t y   308.  The  end  p l a t e  

268  has   a  s e c o n d   0 - r i n g   315  m o u n t e d   in  an  a n n u l a r   g r o o v e  

t h e r e i n   and  in  s u r r o u n d i n g   r e l a t i o n   to  t h e   p a s s a g e   2 8 2  

t h r o u g h   w h i c h   t he   e l e c t r o d e   230  e x t e n d s .   Each  of  t he   0 -  

r i n g s   314  and  315  p r e v e n t s   l e a k a g e .  

As  shown  in  FIG.  29,  e a c h   of  t h e   p a s s a g e s   2 6 3 - 2 6 6   i s  

f o r m e d   to  c o o p e r a t e   w i t h   t h e   f o c u s i n g   c a v i t i e s   291,   296,   2 9 7 ,  

and  298,   r e s p e c t i v e l y ,   as  a  c o n t i n u a t i o n   t h e r e o f   so  t h a t  

the   d i s t a n c e   from  i n n e r   c y l i n d r i c a l   s u r f a c e   316,   w h i c h  

d e f i n e s  t h e   r e c e s s   or  c a v i t y   262,   of  t h e   body  261  to  t h e  



n o z z l e   p l a t e   295  i s   w 2 .  F u r t h e r m o r e ,   t h e   d i s t a n c e   f rom  t h e  

o u t e r   s u r f a c e   250  of  t h e   t u b e   219  to  t h e   i n n e r  c y l i n d r i c a l  

s u r f a c e   316  of  t h e   body   261  i s   2 .  

A c c o r d i n g l y ,   when  t h e   AC  s o u r c e   233  of  p o w e r   is   e n e r g i s e d  

at   t h e   o p e r a t i n g   f r e q u e n c y   of  t h e   t u b e   219 ,   t h e   t u b e   2 1 9  

v i b r a t e s   r a d i a l l y   in  t h e   same  m a n n e r   as  d e s c r i b e d   f o r   t h e  

e m b o d i m e n t   of  FIG.  19.  T h i s   c a u s e s   e a c h   of  t h e   ink   s t r e a m s  

p a s s i n g   t h r o u g h   the   n o z z l e s   294  ( s e e   FIG.   28)  and  e a c h   o f  

t h e   o t h e r   a r r a y s   of  n o z z l e s   to   be  b r o k e n   up  i n t o   d r o p l e t s   a t  

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

u n i f o r m   s i z e ,   and  t h e   d r o p l e t s   to  have   s u b s t a n t i a l l y   u n i f o r m  

s p a c i n g   t h e r e b e t w e e n .  

The  r e c e s s   or  c a v i t y   262  i s   p r e f e r a b l y   f o r m e d   so  t h a t  

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

w h i c h   the   t u b e   219  i s   to  be  o p e r a t e d .   T h i s   i s   t h e   o p e r a t i n g  

f r e q u e n c y   of  t he   AC  s o u r c e   233  of  p o w e r   a p p l i e d   to  t h e   t u b e  

219 .   T h e r e f o r e ,   i t   i s   n e c e s s a r y   f o r   t h e   s p a c i n g   b e t w e e n   t h e  

o u t e r   s u r f a c e   250  ( s e e   FIG.   29)  of  t h e   t u b e   219  and  t h e  

i n n e r   s u r f a c e   316  of  t h e   body   261  to  be  s e l e c t e d   so  t h a t  

t h e   r e c e s s   or  c a v i t y   262  i s   r e s o n a n t   at   t h e   f r e q u e n c y   a t  

w h i c h   t h e   t u b e   219  i s   v i b r a t e d .  

Each  of  t h e   f o c u s i n g   c a v i t i e s   291 ,   296,   297 ,   and  2 9 8 ,  

i n c l u d i n g   the   c o n n e c t i n g   p a s s a g e s   263 ,   264,   265,   and  2 6 6 ,  

r e s p e c t i v e l y ,   can  be  t u n e d   to   t h e   same  r e s o n a n t   f r e q u e n c y   a s  

t h e   r e c e s s   or  c a v i t y   262 .   T h i s   i s   a c c o m p l i s h e d   by  v a r y i n g  

t h e   a n g l e   f o r   e ach   of  t h e   f o c u s i n g   c a v i t i e s   and  e s p e c i a l l y  

t h e   d e p t h   of  e ach   of  t h e   f o c u s i n g   c a v i t i e s .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   m e m b r a n e s   2 8 5 - 2 8 8  

c o u l d   be  o m i t t e d   i f   d e s i r e d .   T h i s   w o u l d   o c c u r   w h e r e   t h e   i n k  

f rom  e a c h   of  t h e   a r r a y s   of  t h e   n o z z l e s   of  t h e   ink   head   2 6 0  

w o u l d   be  t h e   same  c o l o u r .   In  s u c h   an  a r r a n g e m e n t ,   t h e  



p a s s a g e s   305  ( s e e   FIG.  28)  and  306  in  t h e   b l o c k   289  a n d  

s i m i l a r   p a s s a g e s  i n   t h e   o t h e r   b l o c k s   2 9 9 - 3 0 1   ( s e e   FIG.  2 9 )  

w o u l d   be  e l i m i n a t e d .  

T h u s ,   t h e   i nk   wou ld   be  s u p p l i e d   t h r o u g h   t h e   c o n n e c t i n g  

p l u g   307  ( s e e   FIG.  27 ) ,   t he   c o n n e c t i n g   p a s s a g e   ( n o t   s h o w n )  

in  t h e   end  p l a t e   267,   t he   a n n u l a r   p a s s a g e   or  c a v i t y   308  ( s e e  

FIG.  28)  i n  t h e   end  p l a t e   267,   and  t h e   p a s s a g e s   309  ( s e e  

FIG.  28)  i n  t h e   p l u g   275  to  t he   r e c e s s   or  c a v i t y   262.   T h e  

f e e d i n g   f r o m   t h e   c o n n e c t i n g   p l u g   307  ( s e e   FIG.   27)  to   t h e  

p a s s a g e s   309  ( s e e   FIG.  29)  in  t h e   p l u g   275  w o u l d   be  in  t h e  

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

end  p l a t e   215  ( s e e   FIG.  20)  in  t h e   ink   j e t   h e a d   2 1 0 .  

W h e n e v e r   f l u s h i n g   of  t he   r e c e s s   or  c a v i t y   262  ( s e e   F I G .  

28)  i s   d e s i r e d ,   t h e   ink   wou ld   be  r e m o v e d   f rom  t h e   r e c e s s   o r  

c a v i t y   262  t h r o u g h   t h e   p a s s a g e s   ( n o t   s h o w n )   in  t he   p l u g   2 7 6 ,  

t h e   a n n u l a r   p a s s a g e   6r  c a v i t y   311  in   t h e   end  p l a t e   268,   t h e  

c o n n e c t i n g   p a s s a g e   ( n o t   shown)   in  t h e   end  p l a t e   268,   and  t h e  

c o n n e c t i n g   p l u g   312  ( s e e   FIG.  2 8 ) .  

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

t u b e   219  as  b e i n g   c y l i n d r i c a l ,   t h e   i n n e r   s u r f a c e   251  of  t h e  

c a v i t y   220  as  b e i n g   c y l i n d r i c a l ,   and  t he   i n n e r   s u r f a c e   3 1 6  

of  t h e   body   261  as  b e i n g   c y l i n d r i c a l ,   i t   s h o u l d   be  u n d e r s t o o d  

t h a t   s u c h   i s   no t   n e c e s s a r y   f o r   s a t i s f a c t o r y   o p e r a t i o n .   I t   i s  

o n l y   n e c e s s a r y   t h a t   t h e   o u t e r   s u r f a c e   of  t h e   i n n e r   t u b e   2 1 9  

and  t he   c o o p e r a t i n g   i n n e r   s u r f a c e   of  t h e   o u t e r   m e a n s ,   wh ich   i s  

d e f i n e d   by  t h e   n o z z l e   m o u n t i n g   p l a t e   271  and  t h e   back   p l a t e   2 1 2  

or  by  t h e   body   261,   be  of  s u b s t a n t i a l l y   t h e   same  s h a p e .   I t  

i s   o n l y   n e c e s s a r y   t h a t   t he   t u b e   219,   when  e l e c t r i c a l l y   e x c i t e d ,  

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

l o n g i t u d i n a l   a x e s   of  t he   t u b e   219  and  t h e   i n n e r   s u r f a c e   ( t h e  

s u r f a c e   251  or  316)   of  t he   o u t e r   m e a n s .  



W h i l e   o n l y   t h e   t u b e   219  has   been   d e s c r i b e d   as  b e i n g  

p i e z o e l e c t r i c ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   o u t e r   m e a n s ,  
w h i c h   i n c l u d e s   t h e   n o z z l e   m o u n t i n g   p l a t e   211  and  t h e   b a c k  

p l a t e   212  in  t h e   e m b o d i m e n t   o f  F I G .   1 7 ' a n d   t h e   b o d y  2 6 1   o f  

t h e   m o d i f i c a t i o n   of  FIG.  27,  c o u l d   be  f o r m e d   as  a  h o l l o w  

r i g h t   c i r c u l a r   c y l i n d r i c a l   t u b e   320  ( s e e   FIGS,   33  and  3 4 )  

and  of  a  p i e z o e l e c t r i c   m a t e r i a l .  

In  t h e   m o d i f i c a t i o n   of  FIGS.   33  and  34,  t h e   o u t e r   t u b e  

320  has   a  p o r t i o n   321  o f  i t s   o u t e r   c y l i n d r i c a l   s u r f a c e   3 2 2  

f l a t t e n d e d   to   fo rm  a  r e l a t i v e l y   t h i n   w a l l   323  in  t h e   o u t e r  

t u b e   320 .   An  a n n u l a r   ink   c a v i t y   324  i s   f o r m e d   b e t w e e n   t h e  

o u t e r   s u r f a c e   250  of  t h e   t u b e   219  and  i n n e r   c y l i n d r i c a l  

s u r f a c e   325  of  t h e   o u t e r   t u b e  3 2 0 .  

The  r e l a t i v e l y   t h i n   w a l l   323  has   a  p l u r a l i t y   of  p a s s a g e s  
326  f o r m e d   t h e r e i n   in  t h e   same  m a n n e r   as  t h e   r e l a t i v e l y   t h i n  

w a l l   246  ( s e e   FIG.  20)  has   t h e   p l u r a l i t y   of  p a s s a g e s   2 4 7  

f o r m e d   t h e r e i n .   Each  of  t he   p a s s a g e s   3126  ( s e e   FIG.   33)  i s  

a l i g n e d   w i t h   a  n o z z l e   327  in  a  v e r y   t h i n   n o z z l e   p l a t e   3 2 8 ,  

w h i c h   i s   s e c u r e d   to  t h e   f l a t t e n e d   p o r t i o n   321  of  t h e   o u t e r  

s u r f a c e   322  of  t h e   o u t e r   t u b e   320  by  s u i t a b l e   means   s u c h   a s  

an  e p o x y ,   f o r   e x a m p l e .   T h u s ,   an  a r r a y   of  t h e   n o z z l e s   3 2 7  

is   f o r m e d   w i t h   e a c h   of  t h e   n o z z l e s   327  h a v i n g   i t s   a x i s  

a l i g n e d   w i t h   t h e   a x i s   of  one  of  t h e   p a s s a g e s   3 2 6 .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   w a l l   323  i s   s u b s t a n -  

t i a l l y   t h i c k e r   t h a n   t h e   n o z z l e   p l a t e   328  b u t   i s   no t   s o  

shown  in  t h e   d r a w i n g s   f o r   c l a r i t y   p u r p o s e s .   As  an  e x a m p l e ,  

t he   w a l l   323  c o u l d   have   a  t h i c k n e s s   of  t w e n t y   m i l s   and  t h e  

n o z z l e   p l a t e   328  c o u l d   have   a  t h i c k n e s s   of  one  m i l .  

The  a x i s   of  e a c h   of  t h e   n o z z l e s   327  i s   d i s p o s e d   s u b -  

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



t u b e   219  and  t he   l o n g i t u d i n a l   a x i s   of  t he   ink  c a v i t y   3 2 4 .  

The  l o n g i t u d i n a l   a x i s   of  t he   ink  c a v i t y   324  is  p r e f e r a b l y  

c o a x i a l   w i t h   t h e   l o n g i t u d i n a l   a x i s   of  the   t u b e   219  a l t h o u g h  

t h e y   c o u l d   be  p a r a l l e l .  

In  t he   same  m a n n e r   as  t he   ink   c a v i t y   220  of  t he   m o d i -  

f i c a t i o n   of  FIGS.  1 9 - 2 6 ,   the   ink  c a v i t y   324  is   p r e f e r a b l y  

f o r m e d   so  t h a t   t h e   l i q u i d   c a v i t y   r e s o n a n c e   is   at  t he   d e s i r e d  

f r e q u e n c y   at  wh ich   t he   t u b e   219  is  o p e r a t e d .   T h i s   a l s o   i s  

t he   o p e r a t i n g   f r e q u e n c y   of  t he   o u t e r   t u b e   3 2 0 .  

The  r e m a i n d e r   of  t he   s t r u c t u r e   of  t he   m o d i f i c a t i o n   o f  

FIGS.   23  and  34  i s   t he   same  as  t h a t   shown  f o r   t he   e m b o d i m e n t  

of  FIGS.  1 9 - 2 6   e x c e p t   t h a t   t he   end  p l a t e s   215  and  217  a r e  

c i r c u l a r   in  c r o s s   s e c t i o n .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t he   o u t e r   s u r f a c e   322  o f  

t he   o u t e r   t u b e   320  c o u l d   have  a  p l u r a l i t y   of  t he   f l a t t e n e d  

p o r t i o n s   321  f o r m e d   t h e r e i n   in  a  p l u r a l i t y   of  p o s i t i o n s  

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

would   have   one  of  t he   n o z z l e   p l a t e s   328  t h e r e o n .  

Whi le   t he   p r e s e n t   i n v e n t i o n   has   shown  and  d e s c r i b e d  

t he   ink  c a v i t y   220,   f o r   e x a m p l e ,   to  be  r e s o n a n t   t h r o u g h o u t  

t he   e n t i r e   c r o s s   s e c t i o n a l   a r e a   of  t he   ink  c a v i t y   220,   i t  

s h o u l d   be  u n d e r s t o o d   t h a t   such   is   not   a  r e q u i s i t e   f o r  

s a t i s f a c t o r y   o p e r a t i o n .  

If  the   ink  c a v i t y   220  or  262  is   not   r e s o n a n t   at  t h e  

o p e r a t i n g   f r e q u e n c y ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   the   t u b e  

219  c o u l d   o p e r a t e   at  i t s   r e s o n a n t   f r e q u e n c y .   I t   s h o u l d   b e  

u n d e r s t o o d   t h a t   t he   r e s o n a n t   f r e q u e n c y   of  the   t u b e   219  c a n  

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

c o n s t a n t   and  i t s   mean  d i a m e t e r .   With  t he   f r e q u e n c y   c o n s t a n t  



v a r y i n g   in  a c c o r d a n c e   w i t h   t he   p i e z o e l e c t r i c   m a t e r i a l  o f   t h e  

t u b e   2  19,  s e l e c t i o n   of  a  s p e c i f i c   p i e z o e l e c t r i c   m a t e r i a l  

and  a  s p e c i f i c   mean  d i a m e t e r   of  t he   t u b e   219  d e t e r m i n e s   t h e  

f r e q u e n c y   at  w h i c h   t h e   AC  s o u r c e   233  of  p o w e r   i s   e x c i t e d .  

T h i s   i s   t h e   r e s o n a n t   o p e r a t i n g   f r e q u e n c y   of  t h e   t u b e   2 1 9 ,  

A d d i t i o n a l l y ,   i f   t h e   i nk   c a v i t y   324  i s   n o t   r e s o n a n t   a t  

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

t u b e s   219  and  320  c o u l d   o p e r a t e   at  t h e   same  r e s o n a n t   f r e q u e n c y .  

H o w e v e r ,   in  o r d e r   f o r   t h e   o u t e r   t u b e   320  to   be  r e s o n a n t   w i t h  

t h e   t u b e   219,   i t   w o u l d   have   to  be  f o r m e d   of  a  d i f f e r e n t  

p i e z o e l e c t r i c   m a t e r i a l   t h a n   t he   t u b e   2 1 9 .  

An  a d v a n t a g e   of  t h i s   i n v e n t i o n   i s   t h a t   an  e f f i c i e n t   i n k  

j e t   h e a d   i s   p r o d u c e d .   A n o t h e r   a d v a n t a g e   of  t h i s   i n v e n t i o n  

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

w i t h i n   any  c a v i t y   s u b j e c t e d   to   t h e   i n k .   A  f u r t h e r   a d v a n t a g e  

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

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

t h e   same  t i m e .   S t i l l   a n o t h e r   a d v a n t a g e   of  t h i s   i n v e n t i o n   i s  

t h a t   more   t h a n   one  c o l o r   of  ink   can  be  s u p p l i e d   f rom  a  

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

same  f r e q u e n c y .  

W h i l e   t h e   i n v e n t i o n   h a s   been   p a r t i c u l a r l y   shown  a n d  

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

i t   w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   in  t h e   a r t   t h a t   t h e  

f o r e g o i n g   and  o t h e r   c h a n g e s   in  form  and  d e t a i l s   may  be  m a d e  

t h e r e i n .  

The  p r e s e n t   s p e c i f i c a t i o n   c o n t a i n s   s u b j e c t   m a t t e r   i n  

common  w i t h   E u r o p e a n   p a t e n t   a p p l i c a t i o n   No.  ,  o f  

e v e n   d a t e ,   c l a i m i n g   p r i o r i t y   f rom  U .S .   p a t e n t   a p p l i c a t i o n  

S e r i a l   No.  9 5 8 , 9 1 6 ,   f i l e d   8  N o v e m b e r   1 9 7 8 .  



1.  A p p a r a t u s   f o r   p r o d u c i n g   a  p l u r a l i t y   of  s i m i l a r   s t r e a m s  

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

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

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

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

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

w i t h   an  e l o n g a t e d   a r r a y   of  l i q u i d   j e t   n o z z l e s ,   e a c h   n o z z l e  

h a v i n g   i t s   a x i s  p e r p e n d i c u l a r   to   t h e   l e n g t h   of  t h e   c h a m b e r ,  

s a i d   one  or  t h e   o t h e r   or  b o t h   of  t h e   c o m p o n e n t   p a r t s   b e i n g  

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

u n d e r   p r e s s u r e   can  be  s u p p l i e d   in  use   f rom  a  p r e s s u r e   l i q u i d  

s o u r c e   to   t h e  n o z z l e s   to  c a u s e   l i q u i d   j e t s   to  i s s u e   t h e r e f r o m ,  

and  e l e c t r i c a l l y . e n e r g i s a b l e   m e a n s   e f f e c t i v e   when  e n e r g i s e d  

to  s u b j e c t   t h e   p i e z o e l e c t r i c   m a t e r i a l   to  an  e l e c t r i c   f i e l d  

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

s e p a r a t i o n   of  t he   s a i d   two  s u r f a c e s   f l u c t u a t e s   p e r i o d i c a l l y  

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   l e n g t h   of  t h e   c h a m b e r  

t h e r e b y   c a u s i n g   p e r i o d i c   p r e s s u r e   waves   in  t h e   l i q u i d   in  t h e  

c h a m b e r   and  c a u s i n g   t he   j e t   to  b r e a k - u p   i n t o   s i m i l a r   s t r e a m s  

of  l i q u i d   d r o p l e t s .  

2.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  in  w h i c h   s a i d   o t h e r  

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

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

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

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

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

3.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   2,  in  w h i c h   s a i d   t u b u l a r  

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

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

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

t h e   e l e c t r i c   f i e l d . .  



4.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   2  or  3,  in  w h i c h   t h e  

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

t u b u l a r   member  i s   m o u n t e d   w i t h   i t s   a x i s   c o i n c i d e n t   w i t h   o r  

p a r a l l e l   to  t h e   a x i s   of  t h e   c a v i t y ,   and  in  wh ich   t h e   h o u s i n g  

i s   f o rmed   of  p i e z o - e l e c t r i c   m a t e r i a l ,   t h e   c o n s t r u c t i o n   a n d  

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

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

c y l i n d r i c a l   c a v i t y .  

5.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   2 ,  3   or  4,  in  w h i c h   t h e  

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

6.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   2,  3  or  4,  in  w h i c h   t h e  

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

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

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

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

7.  A p p a r a t u s   f o r   p r o d u c i n g   a  p l u r a l i t y   of  s i m i l a r   s t r e a m s  

of  ink  d r o p l e t s   i n c l u d i n g   an  ink   j e t   h e a d   c o m p r i s i n g   o u t e r  

means   h a v i n g   an  i n n e r   c y l i n d r i c a l   s u r f a c e ;   an  i n n e r   c y l i n -  

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

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

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

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

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

i n n e r   c y l i n d r i c a l   s u r f a c e   of  s a i d   o u t e r   means   or  c o a x i a l  

t h e r e w i t h ;   an  i n k   c a v i t y   f o r m e d   b e t w e e n   t h e   o u t e r  c y l i n d r i c a l  

s u r f a c e   of  s a i d   i n n e r   c y l i n d r i c a l   t u b e   and  t h e   i n n e r   c y l i n -  

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

ink   t h e r e i n ;   a  p l u r a l i t y  o f   a r r a y s   of  ink   j e t   n o z z l e s   c o m m u n i -  

c a t i n g   t h r o u g h   s a i d   o u t e r   means   w i t h   s a i d   ink   c a v i t y   a n d  

f rom  w h i c h   t h e   s t r e a m s   of  ink   d r o p l e t s   a r e   s u p p l i e d ,   s a i d  

p l u r a l i t y   of  a r r a y s   of  i nk   j e t   n o z z l e s   b e i n g   s p a c e d   f r o m  

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



s a i d   ink  j e t   n o z z l e s   h a v i n g   i t s   a x i s   s u b s t a n t i a l l y   p e r p e n -  

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

t u b e ;  a n d   at  l e a s t   one  of  s a i d   i n n e r   c y l i n d r i c a l   t u b e   a n d  

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

and  v i b r a t i n g   r a d i a l l y   when  e l e c t r i c a l l y   e x c i t e d   to  p r o d u c e  

v i b r a t i o n s   w i t h i n   t h e   ink   in  s a i d   ink   c a v i t y   so  t h a t   a  

s t r e a m   of  ink   d r o p l e t s   i s   s u p p l i e d   f rom  each   of  s a i d   ink  j e t  

n o z z l e s .  

8.  A p p a r a t u s  f o r   p r o d u c i n g   a  p l u r a l i t y   of  s i m i l a r   s t r e a m s  

of  ink  d r o p l e t s   i n c l u d i n g   an  ink   j e t   h ead   c o m p r i s i n g   o u t e r  

means   h a v i n g   an  i n n e r   c y l i n d r i c a l   s u r f a c e ;   an  i n n e r   c y l i n -  

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

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

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

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

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

i n n e r   c y l i n d r i c a l   s u r f a c e   of  s a i d   o u t e r   means   or  c o a x i a l   t h e r e w i t h ;  

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

of  s a i d   i n n e r   c y l i n d r i c a l   t u b e   and  t h e   i n n e r   c y l i n d r i c a l  

s u r f a c e   o f  s a i d   o u t e r   means   and  h a v i n g   p r e s s u r i z e d   i n k  

t h e r e i n ;   a  p l u r a l i t y   of  ink  j e t   n o z z l e s   c o m m u n i c a t i n g  

t h r o u g h   s a i d   o u t e r   means   w i t h   s a i d   i nk   c a v i t y   and  f rom  w h i c h  

t h e   s t r e a m s   of  i nk   d r o p l e t s   a r e   p r o d u c e d ;   e ach   of  s a i d   i n k  

j e t   n o z z l e s   h a v i n g   i t s   a x i s   s u b s t a n t i a l l y   p e r p e n d i c u l a r   t o  

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

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

.  m a t e r i a l   and  v i b r a t i n g   r a d i a l l y   when  e l e c t r i c a l l y   e x c i t e d   t o  

p r o d u c e   v i b r a t i o n s   w i t h i n   t he   ink   in  t h e   ink  c a v i t y   so  t h a t  

a  s t r e a m   of  ink  d r o p l e t s   i s   s u p p l i e d   f rom  any  of  s a i d   i n k  

j e t   n o z z l e s .  

9.  A p p a r a t u s   f o r   p r o d u c i n g   a  p l u r a l i t y   of  s i m i l a r   s t r e a m s  

of  ink   d r o p l e t s   i n c l u d i n g   an  i nk   j e t   h e a d   c o m p r i s i n g :   i n n e r  



means   and  o u t e r   means   s p a c e d   f rom  each   o t h e r ,   s a i d   i n n e r  

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

f rom  e a c h   o t h e r   at  a  s u b s t a n t i a l l y   c o n s t a n t   d i s t a n c e ;   an  i n k  

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

and  s a i d   o u t e r   m e a n s ,   s a i d   i nk   c a v i t y   h a v i n g   p r e s s u r i z e d   i n k  

t h e r e i n ;   a  p l u r a l i t y   of  ink   j e t   n o z z l e s   c o m m u n i c a t i n g  

t h r o u g h   s a i d   o u t e r   means   w i t h   s a i d   i nk   c a v i t y   and  f rom  w h i c h  

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

means   b e i n g   f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l   and  v i b r a t i n g  

when  e l e c t r i c a l l y   e x c i t e d   to   p r o d u c e   v i b r a t i o n s   w i t h i n   t h e  

ink   in  s a i d   ink  c a v i t y   so  t h a t   a  s t r e a m   of  ink  d r o p l e t s   i s  

s u p p l i e d   f rom  any  of  s a i d   ink   j e t   n o z z l e s .  

10.  A p p a r a t u s   f o r   p r o d u c i n g   a  p l u r a l i t y   of  s i m i l a r   s t r e a m s  

of  ink   d r o p l e t s   i n c l u d i n g   an  ink   j e t   head   c o m p r i s i n g   o u t e r  

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

p r o v i d i n g   an  i n n e r   s u r f a c e ;   an  i n n e r   c o m p o n e n t - m e a n s   d i s p o s e d  

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

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

of  s u b s t a n t i a l l y   t h e   same  s h a p e   as  t he   i n n e r   s u r f a c e   of  s a i d  

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

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

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

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

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

s a i d   o u t e r   c o m p o n e n t   means   or   c o a x i a l   t h e r e w i t h ;   an  i n k  

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

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

means   and  h a v i n g   p r e s s u r i z e d   ink  s u p p l i e d   t h e r e t o   in  u s e ;   a  

p l u r a l i t y   of  a r r a y s   of  ink   j e t   n o z z l e s   c o m m u n i c a t i n g   t h r o u g h  

s a i d   o u t e r   c o m p o n e n t   means   w i t h   s a i d   ink  c a v i t y   and  f r o m  

w h i c h   t h e   s t r e a m s   of  ink   d r o p l e t s   a re   s u p p l i e d ,   s a i d   p l u r a l i t y  

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

of  s a i d   o u t e r   c o m p o n e n t   m e a n s ;   e ach   of  s a i d   i n k  j e t   n o z z l e s  



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

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

one  of  s a i d   i n n e r   c o m p o n e n t   means   and  s a i d   o u t e r   c o m p o n e n t  

means   b e i n g   f o r m e d   of  a  p i e z o e l e c t r i c   m a t e r i a l   and  v i b r a t i n g  

r a d i a l l y   when  e l e c t r i c a l l y   e x c i t e d   to   p r o d u c e   v i b r a t i o i s   i n  

t h e   ink   w i t h i n   s a i d   ink   c a v i t y   so  t h a t   a  s t r e a m   of  i n k  

d r o p l e t s   i s   s u p p l i e d   f rom  e a c h   of  s a i d   ink   j e t   n o z z l e s .  
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