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®  Liquid  jet  printing  apparatus. 

An  ink  jet  array  printer  (1)  has  at  least  one  row  of 
printing  guns  (3).  The  guns  deposit  drops  (9)  charged  for 
printing  in  line  sections  (23'  23"  23"'  23"")  which  together 
form  a  transverse  printing  line  (23).  Control  means  with 
detectors  (25)  are  provided  which  control  the  printed  drop 
placement  positions  in  the  direction  transversely  to  the 
direction  of  relative  motion  of  the  printer  (1)  and  the  printing 
surface  (13). 



This  i n v e n t i o n   r e l a t e s   to  ink  j e t   p r i n t e r s   and  m o r e  

p a r t i c u l a r l y   to  ink  j e t   a r r a y   p r i n t e r s .   The  term  " i n k "  

as  used   h e r e i n a f t e r   is  i n t e n d e d   to  embrace   o t h e r   p r i n t i n g  

l i q u i d s ,   such  as  l i q u i d   dyes ,   as  w e l l   as  l i q u i d   i n k .  

Ink  j e t   a r r a y   p r i n t e r s   e m p l o y i n g   one  or  more  r o w s  

of  ink  j e t   p r i n t i n g   guns  and  s e r v i n g   as  p a t t e r n   p r i n t e r s  

are  d e s c r i b e d ,   for   e x a m p l e ,   in  U n i t e d   Kingdom  s p e c i f i c a t i o n s  

Nos.  1354890  and  1432366  though   when  e m p l o y i n g   one  row 

only   of  ink  j e t   p r i n t i n g   guns ,   they   may  be  used  f o r  

c h a r a c t e r   or  f a c s i m i l e   p r i n t i n g .  

The  p r i n t i n g   a p p a r a t u s   d e s c r i b e d   in  the  s p e c i f i c a t i o n s  

r e f e r r e d   to  is  a d a p t e d   to  p r i n t   by  d e p o s i t i n g   s m a l l   d r o p s  

of  ink  in  a c c o r d a n c e   wi th   p r i n t i n g   i n f o r m a t i o n   on  a  s u r f a c e  

to  be  p r i n t e d   d u r i n g   movement  r e l a t i v e l y   to  the  a p p a r a t u s  

of  the  s u r f a c e ,   and  c o m p r i s e s   one  or  more  rows  of  ink  j e t  

p r i n t i n g   guns ,   each  gun  h a v i n g   means  fo r   s u p p l y i n g   p r i n t i n g  

i n k  u n d e r   p r e s s u r e   to  an  o r i f i c e ,   means  fo r   f o r m i n g  

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

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

means  for   a p p l y i n g   to  the  c h a r g e   e l e c t r o d e   means,   unde r   t h e  

c o n t r o l   of  the  p r i n t i n g   i n f o r m a t i o n ,   a  p e r i o d i c   v o l t a g e  

wave fo rm  whose  p e r i o d   is  s u f f i c i e n t   to  span  the  f o r m a t i o n   o f  

a  s e r i e s ,   h e r e i n a f t e r   r e f e r r e d   to  as  a  " r a s t e r "   o f  

c o n s e c u t i v e l y   formed  d r o p s ,   drop  d e f l e c t i o n   means  f o r  

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



t h r o u g h   which   the  d rops   pas s   t o w a r d s   the  p r i n t i n g   s u r f a c e  

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

d e p e n d a n t   upon  the  c h a r g e   l e v e l s   on  the   d rops   and  d r o p  

i n t e r c e p t i n g   means  fo r   c o l l e c t i n g   d rops   o t h e r   than   t h o s e  

d rops   c h a r g e d   f o r   p r i n t i n g   on  the  p r i n t i n g   s u r f a c e ,   t h e  

d rops   c h a r g e d   f o r   p r i n t i n g   in  the  p r i n t i n g   guns  d u r i n g  

e a c h   p e r i o d   of  the  v o l t a g e   wave fo rm  b e i n g   d e p o s i t e d   i n  

r e s p e c t i v e   l i n e   s e c t i o n s   formed  by  c o n t i g u o u s   d rops   w h i c h  

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

the   d i r e c t i o n   of  r e l a t i v e   movement ,   the   p r i n t e d   l i n e s   b e i n g  

formed  in  c o n t i g u i t y   s u c c e s s i v e l y   at  the   f r e q u e n c y   of  t h e  

v o l t a g e   wave fo rm  a p p l i e d   to  the  c h a r g e   e l e c t r o d e   m e a n s .  

I t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

an  i m p r o v e d   form  of  ink  j e t   a r r a y   p r i n t e r   of  the   k ind   s e t  

f o r t h .  

The  p r e s e n t   i n v e n t i o n   c o n s i s t s   in  an  ink  j e t   a r r a y  

p r i n t e r   which  is   c h a r a c t e r i s e d   in  t h a t   c o n t r o l   means  a r e  

p r o v i d e d   which   c o n t r o l   the   p r i n t e d   d rop   p l a c e m e n t   p o s i t i o n s  
the  d i r e c t i o n   o f  

in  the  d i r e c t i o n   t r a n s v e r s e   t o / r e l a t i v e   m o t i o n   of  the  p r i n t  

s u r f a c e   and  the  p r i n t e r .  

P r e f e r a b l y ,   the   c o n t r o l   means  are   a d a p t e d   to  d e r i v e  

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

of  the  l i n e   s e c t i o n   fo rmed   by  p r i n t e d   d r o p s  o f   e a c h  

p r i n t i n g   g u n .  



S u i t a b l y ,   the  c o n t r o l   means  i n c l u d e   d e t e c t o r s   a n d  

s e n s e   in  s e q u e n c e   fo r   each   p r i n t i n g   gun  at  a  s e l e c t e d  

l e v e l   r e l a t i v e l y   to  the  p r i n t i n g   s u r f a c e ,   the  e x t e n t   o f  

d e p a r t u r e   in  the  d i r e c t i o n   t r a n s v e r s e   to  the  d i r e c t i o n  

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

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

and  of  each   c o r r e s p o n d i n g   l ower   d e f l e c t e d   j e t s .  

In  one  form  of  the  i n v e n t i o n   the  p r i n t e r   is  a  

s h e e t   fed  p r i n t e r   and  the   d e t e c t o r s   are   l o c a t e d   b e l o w  

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

p l a c e m e n t   e r r o r   c o r r e c t i o n   t e s t s   can  t ake   p l a c e  

b e t w e e n   p r i n t i n g   of  s h e e t s .  

In  a n o t h e r   form  of  the  i n v e n t i o n   the  p r i n t e r   i s  

a  web  fed  p r i n t e r   and  the  d e t e c t o r s   are  l o c a t e d   a b o v e  

the  l e v e l   of  the   p r i n t i n g   s u r f a c e   and  d rop   i n t e r c e p t i n g  

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

t a k e s   p l a c e   in  i n t e r v a l s   b e t w e e n   p r i n t i n g .  

The  c o n t r o l   means  of  the   i n v e n t i o n   a d v a n t a g e o u s l y  

i n c l u d e   means  for   c o n t r o l l i n g   ink  s u p p l y   p r e s s u r e   t o  

the  p r i n t i n g   guns .   S u i t a b l y ,   the  ink  s u p p l y   p r e s s u r e  

is  c o n t r o l l e d   by  c o n t r o l l i n g   the  o u t l e t   p r e s s u r e   of  an  

ink  s u p p l y   pump.  



The  i n v e n t i o n  w i l l   now  be  d e s c r i b e d   by  way  o f  

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

in  w h i c h : -  

F i g u r e   1  is  a  somewhat   d i a g r a m m a t i c   f r a g m e n t a r y  

e l e v a t i o n   to  an  e n l a r g e d   s c a l e   and  p a r t l y  

in  s e c t i o n ,   of  a  s h e e t   f ed ,   ink  j e t   a r r a y  

p r i n t e r   a c c o r d i n g   to  the   i n v e n t i o n ,  

F i g u r e   2  is  a  d i a g r a m m a t i c   s e c t i o n a l   p l a n   v i e w  

t a k e n   a p p r o x i m a t e l y   at   the  l e v e l   I I  -   I I  

of  F i g u r e   1  i l l u s t r a t i n g   c e r t a i n   d e t a i l s  

.on ly   of  the   p r i n t e r   of  F i g u r e   1 ,  

F i g u r e   3  i s   a  view  s i m i l a r   to  F i g u r e   1  showing   a  

web  fed  ink  j e t   a r r a y   p r i n t e r   a c c o r d i n g  

to  the  i n v e n t i o n ,  

F i g u r e   4  is  a  somewhat   d i a g r a m m a t i c   p l a n   view  t a k e n  

a p p r o x i m a t e l y   at   the   l e v e l   I V  -   IV  o f  

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

of  the  p r i n t e r   of  F i g u r e   3 .  

F i g u r e   5  is   a  b l o c k   d i a g r a m   of  e l e c t r o n i c   c i r c u i t r y  

c o n t r o l l i n g   the   o p e r a t i o n   of  the  p r i n t e r s  

of  F i g u r e s   1  to  4 .  

In  the  d r a w i n g s   l i k e   p a r t s   have  been  a c c o r d e d   t h e  

same  r e f e r e n c e   n u m e r a l s .  

R e f e r r i n g   f i r s t   to  F i g u r e s   1  and  2,  an  ink  j e t   a r r a y  

p r i n t e r   1 . c o m p r i s e s   a  row  of  p r i n t i n g   guns  3  which  e a c h  

have  means  for   s u p p l y i n g   ink  u n d e r   p r e s s u r e   to  an  o r i f i c e  



(not   shown)  from  which  the  ink  i s s u e s   as  a  d o w n w a r d l y  

d i r e c t e d   s t r e a m   5  which  at   the  l e v e l   of  c h a r g e  

e l e c t r o d e s   7  b r e a k s   up  i n t o   r e g u l a r l y   s p a c e d   d rops   9 .  

T h e  c h a r g e  e l e c t r o d e s   7  are   s u p p l i e d   unde r   the  c o n t r o l  

of  p r i n t i n g   i n f o r m a t i o n   wi th   a  p e r i o d i c   w a v e f o r m  

c o m p r i s i n g   one  or  more  s e q u e n c e s   of  d i f f e r e n t   v o l t a g e  

l e v e l s .   The  p e r i o d   of  the  wave fo rm  spans   the  f o r m a t i o n  

of  a  s e r i e s   or  r a s t e r   of  d rops   c h a r g i n g   the  d rops   a s  

d e t e r m i n e d   by  the  v o l t a g e   l e v e l s   p r e v a i l i n g   at  t h e  

c h a r g e   e l e c t r o d e s   7  as  the  d rops   s e p a r a t e   in  the  s t r e a m s   5 .  

The  c h a r g e d   d r o p s   9  d e s c e n d   b e t w e e n   a  p a i r   of  d e f l e c t i o n  

p l a t e s   11  where  t hey   are  s u b j e c t e d   to  a  c o n s t a n t   t r a n s v e r s e  

e l e c t r o s t a t i c   f i e l d   in  which  the  d rops   are   d e f l e c t e d   to  a n  

e x t e n t   d e p e n d e n t   upon  the  l e v e l s   of  c h a r g e   which  they   c a r r y .  

The  d rops   c h a r g e d   fo r   p r i n t i n g   are   d e p o s i t e d   on  a  p r i n t i n g  

s u r f a c e   13  which  in  the  case   of  the  p r i n t e r   of  F i g u r e s   1 

and  2  is  t h a t   of  a  s h e e t   15  of  a  s h e e t   fed  m a c h i n e ,   w h i l s t ,  

in  the  case   of  the  p r i n t e r   of  F i g u r e s   3  and  4,  the  s u r f a c e   13 

is   t h a t   of  a  web  17  of  a  web  fed  m a c h i n e .   The  a r row  19 

i n d i c a t e s   the  d i r e c t i o n   of  m o t i o n   of  the  p r i n t i n g   s u r f a c e   13 

t h r o u g h   the  p r i n t e r .  

Between   the  d e f l e c t i o n   p l a t e s   11  and  the   p r i n t i n g  

s u r f a c e   13  is  l o c a t e d   a  t r a n s v e r s e l y   e x t e n d i n g   row  of  d r o p  

i n t e r c e p t i o n   g u t t e r s   21  in  which  are  c o l l e c t e d   u n p r i n t e d  

d r o p s .   U n p r i n t e d   d r o p s   may  be  u n c h a r g e d   d rops   which  a r i s e  

on  s t a r t   up  or  s h u t   down  of  the  p r i n t e r .   These  a r e  

d e p o s i t e d   in  the  g u t t e r   21  i m m e d i a t e l y   be low  the   c h a r g e  



e l e c t r o d e   7  t h r o u g h   which  t hey   p a s s .   Drops  in  the   p r i n t i n g  

r a s t e r s   which   are  no t   i n t e n d e d   fo r   p r i n t i n g   are   a l s o   g i v e n  

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

same  g u t t e r   21  be low  the  c h a r g e   e l e c t r o d e .   The  d r o p s  

c o l l e c t e d   in  the  g u t t e r s   21  a re   r e c i r c u l a t e d   t h r o u g h   a  

p ipe   22  which  e x t e n d s   from  the  body  of  the  g u t t e r s .  

The  p r i n t i n g   r a s t e r   d rops   which  are   c h a r g e d   f o r  

p r i n t i n g   are   d e p o s i t e d   at   p r i n t   p o s i t i o n s   in  l i n e   s e c t i o n s  

23'  2311  2 3 " '   and  2 3 " "   of  a  p r i n t e d   l i n e   23  (in  t h e  

p l a n e   of  F i g u r e   1  and  F i g u r e   5) ,   t h e r e   b e i n g   one  such  l i n e  

p r i n t e d   f o r   each   p e r i o d   of  the  v o l t a g e   wave fo rm  a p p l i e d  

to  the  c h a r g e . e l e c t r o d e s   7.  The  d r o p s   c h a r g e d   f o r   p r i n t i n g  

form  s p o t s   on  the  p r i n t i n g   s u r f a c e   and  s p o t s   in  a d j a c e n t  

p r i n t   p o s i t i o n s   in  the  l i n e   s e c t i o n s   and  the  p r i n t   l i n e s  

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

of ,   t y p i c a l l y ,   one  q u a r t e r   of  a  s p o t   p i t c h   in  o r d e r   t o  

p r e s e n t   a c c e p t a b l e   p r i n t i n g   q u a l i t y .  

In  the  p r i n t i n g   guns  3,  d rops   9  which   are   s e l e c t e d  

f o r   p r i n t i n g   in  any  r a s t e r   a re   d e p o s i t e d   in  l i n e   s e c t i o n s  

b e t w e e n   e x t r e m e   l o c a t i o n s   12'  and  1 4 ' ,   12 "  and  1 4 "  ,  

1 2  " '   and  1 4  " '   e t c . ,   on  the   p r i n t i n g   s u r f a c e .   A  t y p i c a l  

r a s t e r   used  is   d e s c r i b e d   in  our  c o - p e n d i n g   a p p l i c a t i o n  

N o . .   Also   d e s c r i b e d   in  t h i s   c o - p e n d i n g  

a p p l i c a t i o n   are   me thods   of  a l l o w i n g   fo r   p a t t e r n   r e l a t e d  

e r r o r s   c a u s e d   by  d rop   i n t e r a c t i o n .  



A  v a r i e t y   of  f a c t o r s   a f f e c t s  t h e   a c c u r a c y   of  d r o p  

p l a c e m e n t   bo th   in  and  t r a n s v e r s e   to  the  d i r e c t i o n   o f  

p r i n t i n g   s u r f a c e   movement  t h r o u g h   the  p r i n t e r .   The  

c o n t r o l   of  drop  p l a c e m e n t   p o s i t i o n   in  the  d i r e c t i o n   o f  

p r i n t i n g   s u r f a c e   m o t i o n   is  the  s u b j e c t   of  our  c o - p e n d i n g  

a p p l i c a t i o n   No.  Here  c o n c e r n   is  c o n f i n e d   t o  

the  c o n t r o l   of  d rop   p l a c e m e n t   p o s i t i o n   in  a  d i r e c t i o n  

t r a n s v e r s e   to  the  d i r e c t i o n   of  m o t i o n   of  the  p r i n t i n g  

s u r f a c e .  

A p a r t   from  i n a c c u r a c i e s   of  drop  p l a c e m e n t   c a u s e d  

by  d rop   i n t e r a c t i o n ,   the   p r i n t i n g   a c c u r a c y   of  the  d r o p s  

p r i n t e d   in  each  l i n e   s e c t i o n   b e t w e e n   the  l o c a t i o n s   1 2 '  

and  1 4 ' ,  1 2  "   and  1 4 ' '   e t c . ,   a l s o   d e p e n d s   on  the   a c c u r a c y  

of  a  v a r i e t y   of  o t h e r   f a c t o r s .   If   p r i n t i n g   a c c u r a c y   w e r e  

to  be  m a i n t a i n e d   on  an  open  loop  b a s i s ,   i . e .   w i t h o u t  

d e t e c t i o n   and  feed   back  of  e r r o r s   to  e f f e c t   c o r r e c t i o n ,  

a  h igh   l e v e l   of  m a n u f a c t u r i n g   a c c u r a c y   would  be  r e q u i r e d .  

The  p r i n t i n g   gun  p a r a m e t e r s   t h a t   would  be  s i g n i f i c a n t   w o u l d  

i n c l u d e   t r a n s v e r s e   a l i g n m e n t   of  j e t s   a t   s t a r t   u p ,  

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

s p a c i n g .   O t h e r   p a r a m e t e r s   such  as  the  ink  j e t   a l i g n m e n t  

and  v e l o c i t y   or  the  d e f l e c t i o n   v o l t a g e   b e t w e e n   t h e  

d e f l e c t o r   p l a t e s   11  would  need  to  be  m a i n t a i n e d   d u r i n g  

p r i n t e r   o p e r a t i o n .   Such  a c c u r a c y   and  c o n t r o l   would  b e  

c o s t l y   to  a c h i e v e   and  fo r   t h i s   r e a s o n   c l o s e d   loop  c o n t r o l  

of  each  p r i n t i n g   gun  j e t   at  each   end  of  the  r e l e v a n t   l i n e  

s e c t i o n   is  e m p l o y e d .   I t   w i l l   be  r e a l i s e d   t h a t   i f   t h e  



p r i n t e d   d rops   a t   the  a d j a c e n t   ends   of  l i n e   s e c t i o n s   a r e  

not   a c c u r a t e l y   p l a c e d   on  the  p r i n t i n g   s u r f a c e ,   the   p r i n t e d  

p a t t e r n   is   ap t   to  have  an  i r r e g u l a r   a p p e a r a n c e   of  l i g h t  

and  dark   s t r i a t i o n s   e x t e n d i n g   in  the   d i r e c t i o n   of  m o t i o n  

b e t w e e n   l i n e   s e c t i o n s .  

A p a r t   from  t r a n s v e r s e   m i s a l i g n m e n t   of  n o z z l e s   m o s t  

of  the   t r a n s v e r s e   drop  p l a c e m e n t   e r r o r s   a p p e a r   as  a  

change   in  the  a m p l i t u d e   of  d rop   d e f l e c t i o n .   Were  t h e  

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

r e q u i r e d   to  d e f l e c t   a  drop  s t r e a m   to  the  e x t r e m i t i e s  

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

case   a  m e a s u r e   of  the  r a t i o   of  c h a r g i n g   v o l t a g e   t o  

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

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

of  t h e  r a s t e r   v o l t a g e   w a v e f o r m .   Also   the  d i f f e r e n c e   o f  

the  two  m e a s u r e s   c o u l d   p r o v i d e   an  o f f s e t   which  c o u l d   b e  

added  to  each  r a s t e r   c h a r g i n g   v o l t a g e   to  remove  the   e f f e c t  

of  t r a n s v e r s e   m i s a l i g n m e n t   of  the   j e t   5.  F o r t u n a t e l y ,   f o r  

s m a l l   e r r o r s ,   the  a p p r o x i m a t i o n   to  a  l i n e a r   s y s t e m   w o r k s  

s u f f i c i e n t l y   w e l l   p a r t i c u l a r l y   s i n c e   the  drop  p l a c e m e n t  

e r r o r s  a r e   g r e a t e s t   away  from  the   m e a s u r e d   p o i n t s   and  t h e  

m e a s u r e d   p o i n t s   can  be  p r i n t e d   a t   the   maximum  and  m in imum 

d e f l e c t e d   p o i n t s   where  the  p r i n t e d   l i n e   s e c t i o n s   o f  

a d j a c e n t   p r i n t i n g   guns  3  m e e t .  



In  the  s h e e t   fed  p r i n t e r   of  F i g u r e s   1  and  2,  t h e  

d e f l e c t i o n   e r r o r s   are  s e n s e d   at  the  ends   12'  and  1 4 ' ,  

12 "  and  14 " ,   12 " '   and  1 4  " '   of  the  l i n e   s e c t i o n s  

by  d e t e c t o r   25  which  c o m p r i s e s   a  f i v e   l a y e r e d   s a n d w i c h  

of  which  the  m i d d l e   l a y e r   27  c o n s i s t s   of  two  rows  o f  

- i n d u c e d   c h a r g e   d e t e c t o r   e l e c t r o d e s   29,  31,  row  29  o f  

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

row  31  c o m p r i s e s   a l t e r n a t i n g   e l e c t r o d e s   R  and  S.  The  

l a y e r   27  is  l o c a t e d   at  a  l e v e l   where  in  the  a b s e n c e   o f  

the  s h e e t   15,  drop  12'  and  1 4 ' ,  1 2  "   and  14 "  e t c .   w o u l d  

c o i n c i d e .   The  e l e c t r o d e s ?   are  s p a c e d   from  e l e c t r o d e s Q  

by  c o n s t a n t   s p a c i n g s   and  are  s p a c e d   from  the  e l e c t r o d e s  

R  by  a  gap  33  which  is   i n c l i n e d   wi th   r e s p e c t   to  t h e  

d i r e c t i o n   t r a n s v e r s e   to  the  d i r e c t i o n   of  t r a v e l   of  t h e  

p r i n t   s u r f a c e   13.  S i m i l a r l y   the  e l e c t r o d e s   Q  and  S  a r e  

s p a c e d   by  a  gap  35  e q u a l   in  m a g n i t u d e   in  the  d i r e c t i o n  

of  t r a v e l   of  the   s u r f a c e   13  to  the  gap  33  and  i n c l i n e d   t o  

the  d i r e c t i o n   t r a n s v e r s e   to  the  d i r e c t i o n   of  t r a v e l   b y  

the  same  a n g l e ,   the  gaps  33  and  35  however   b e i n g   i n c l i n e d  

in  o p p o s i t e   s e n s e s   to  the  d i r e c t i o n   of  t r a v e l .   The  

a n g l i n g   of  the   gaps  33  and  35  of  the   d e t e c t o r   e l e c t r o d e s   P ,  

R  and  Q,  S  is   r e q u i r e d   fo r   d e t e c t i n g   a l i g n m e n t   e r r o r s   i n  

the  d i r e c t i o n   19  of  p r i n t   s u r f a c e   t r a v e l   as  d e s c r i b e d   i n  

c o - p e n d i n g   a p p l i c a t i o n   No.  For  the  t e s t s   to  b e  

d e s c r i b e d   h e r e i n a f t e r   the  e l e c t r o d e   p a i r s   P,  R  and  Q,  S 

are  e f f e c t i v e l y   c o n n e c t e d   and  the  j e t   l o c a t i o n s   are   m e a s u r e d  

r e l a t i v e   to  the  c e n t r e   l i n e   of  the  gap  b e t w e e n   the  e l e c t r o d e  

p a i r s .  



On  o p p o s i t e   s i d e s   of  the   e l e c t r o d e s   P,  Q,  R  and  S 

are  r e s p e c t i v e   i n s u l a t i n g   l a y e r s   37  which   on  the  s i d e s  

t h e r e o f   r emo te   from  the  e l e c t r o d e s   P,  Q,  R  and  S  a r e  

covered   by  r e s p e c t i v e   e a r t h e d   c o n d u c t i v e   l a y e r s   39  w h i c h  

s e r v e   to  s c r e e n   the  e l e c t r o d e s   P,  Q,  R  and  S  f r o m  

e l e c t r i c a l   n o i s e .   Below  the  d e t e c t o r s   25  is   l o c a t e d  

a  d rop   c o l l e c t i o n   g u t t e r   41  which  c o l l e c t s   f o r  

r e c i r c u l a t i o n   v i a   a  p ipe   42  d rops   which  d u r i n g   the  j e t  

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

the   p a i r s   P,  R  and   Q,  S  of  d e t e c t o r   e l e c t r o d e s .  

R e f e r r i n g   now  to  F i g u r e   5,  d u r i n g   p r i n t i n g ,   p a t t e r n  

d a t a   i n d i c a t i n g   p r i n t / n o   p r i n t   i n f o r m a t i o n   is   fed   f r o m  

p a t t e r n   s t o r e   44  to  m u l t i l i n e   s t o r e s   4 3 ' ,   43 "  e t c .  

of  each   p r i n t i n g   gun  3  i n t o   the  s i n g l e   b i t   l o c a t i o n s  

s p e c i f i e d   by  the  W r i t e   A d d r e s s   G e n e r a t o r   45  fed   b y  

m u l t i p l e x e r   47.  The  W r i t e   A d d r e s s   G e n e r a t o r   45  s e r v e s  

the   dua l   p u r p o s e   of  r e - a r r a n g i n g   the   p a t t e r n   d a t a   i n t o  

g r o u p s   so  t h a t   the   d a t a   is   s t o r e d   in  a p p r o x i m a t e   drop  c h a r g i n g  

o r d e r   and  i t  a l s o   a l l o w s   a  v a r i a b l e   d e l a y   to  be  i n t r o d u c e d  

in  the  p r i n t i n g   of  the   p a t t e r n   by  v a r y i n g   the   s e p a r a t i o n  

b e t w e e n   w r i t e   a d d r e s s e s   and  r e a d   a d d r e s s e s ,   as  g e n e r a t e d  

by  the  Read  A d d r e s s   G e n e r a t o r   77.  Data   from  the   m u l t i l i n e  

s t o r e s   i s   fed  to  p r i n t   v o l t a g e   g e n e r a t o r s   4 9 ' ,  4 9 ' ' ,  

49'  '  '   in  which  the   v o l t a g e s   to  be  a p p l i e d   t o  t h e   r e s p e c t i v e  
e l e c t r o d e s  

charge  / f o r m e d   in  the   d i f f e r e n t   p r i n t i n g   guns  are   g e n e r a t e d .  



These  v o l t a g e s   are  fed  to  the  a p p r o p r i a t e   d i g i t a l   t o  

a n a l o g u e   c o n v e r t e r s   5 1 ' ,  5 1  "  ,  5 1  " '   which  app ly   t h e  

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

e l e c t r o d e s   7 .  

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

fed  p r i n t e r   are  d e s i g n a t e d   6 2 ' ,  6 2  "  ,  6 2  " '   e t c .   in  t h e  

case   of  the   lower   d e f l e c t e d   j e t s   and  6 4 ' ,   64 "  6 4 " '   e t c .  

in  the  case   of  the  h i g h e r   d e f l e c t e d   j e t s .   The  j e t s   6 4 ' ,  

64 "  e t c .   are  each  m o n i t o r e d   u n d e r   the  c o n t r o l   o f  

C o n t r o l l e r   53  d u r i n g   p e r i o d s   b e t w e e n   p r i n t i n g   s h e e t s   b y  

g e n e r a t i n g   a  b r i e f   b u r s t   of  d r o p s   which  are  c h a r g e d   by  a  

v o l t a g e   wave fo rm  s t o r e d   in  d i g i t a l   form  in  a  memory  i n  

T e s t   P a t t e r n   G e n e r a t o r   55.  Th is   v o l t a g e   w a v e f o r m ,   a p p l i e d  

to  the  c h a r g e   e l e c t r o d e   7  c o n c e r n e d   d i r e c t s   the  b u r s t   o f  

d rops   in  the  p a t h   of  the   r e l e v a n t   j e t   1 4 ' ,   14 "  e t c .   a n d  

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

e l e c t r o d e s   P,  R  and  Q,  S  b e f o r e   the  d r o p s . a r e   c o l l e c t e d  

in  the  g u t t e r   41.  The  i n d u c e d   v o l t a g e   s i g n a l s   from  P,  R 

and  Q,  S  are  compared   in  s i g n a l   c o m p a r a t o r   54.  I f   a  

l a r g e r   s i g n a l   is  i n d u c e d   by  the  d rops   on  the  e l e c t r o d e   p a i r  

P,  R  than  on  the  e l e c t r o d e   p a i r   Q,  S,  then   the  C o n t r o l l e r   53  

a d j u s t s   the   Tes t   P a t t e r n   G e n e r a t o r   55  and  the  t e s t   i s  

r e p e a t e d   wi th   a  s l i g h t l y   h i g h e r   v o l t a g e   a p p l i e d   to  t h e  

c h a r g e   e l e c t r o d e   7  c o n c e r n e d   from  the  Tes t   P a t t e r n   G e n e r a t o r .  

If   the  v o l t a g e   i n d u c e d   on  P,  R  is  s t i l l   g r e a t e r   than   t h a t   o n  

Q,  S,  the   t e s t   is   a g a i n   r e p e a t e d   wi th   a  h i g h e r   v o l t a g e  

s u p p l i e d   to  the  e l e c t r o d e   7  from  G e n e r a t o r   55.  As  soon  a s  



the   d e f l e c t i o n   on  Q;  S  e x c e e d s   t h a t   on  P,  R,  the   d e f l e c t i o n  

of  the   j e t   has  p a s s e d   t h r o u g h   the  n u l l   p o i n t   i . e .   the  p o i n t  
mere   the  induced  voltages  on  P,  R  and  Q,  S  are  equal,   co r re spond ing  
to  the  locat ion  of  the  centre  l ine  between  the  e l ec t rode   p a i r s .  A  

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

j e t   t h r o u g h   the  n u l l   p o i n t   i s   s t o r e d   by  the   c o n t r o l l e r   i n  

the   memory  5 6 .  

I f   the  i n i t i a l   i n d u c e d   v o l t a g e   on  P,  R  and  Q,  S 

was  l e s s   t h a n  t h a t   on  the   C o n t r o l l e r   53  a  s i g n a l   from  t h e  

c o m p a r a t o r   54  would  cause   a  v o l t a g e   p a t t e r n   of  l o w e r  

v o l t a g e   to  be  s u p p l i e d   by  the   Tes t   P a t t e r n   G e n e r a t o r   55 

to  the  e l e c t r o d e   7.  I f   t he   i n d u c e d   v o l t a g e   on  P,  R 

r e m a i n e d   l ower   t h a n   t h a t   on  Q,  S  a g a i n   the  T e s t   P a t t e r n  

G e n e r a t o r   would  be  c a u s e d   to  s u p p l y   a  s t i l l   l ower   v o l t a g e  

wave fo rm  to  the   e l e c t r o d e   7  and  the  p r o c e d u r e   would   c o n t i n u e  

in  s t e p s   u n t i l   the   n u l l   p o i n t   was  p a s s e d   and  a  v o l t a g e  

i n d i c a t i n g   t h a t   e v e n t   would   be  s t o r e d   in  the  memory  5 6 .  

The  t e s t   is   c a r r i e d   ou t   on  each  the   j e t s 1 4 ' ,   1 4  "  ,  
-  h i g h e r   t r a n s v e r s e  

1 4 " ' ,   1 4 " "   to  the  end  t h a t   a  s e r i e s   o f / c o r r e c t i o n  

v o l t a g e s   is   s t o r e d   in  the  memory  which  is  u p d a t e d   a t  

s u i t a b l e   i n t e r v a l s   and  at  t i m e s   b e t w e e n   p r i n t i n g   of  s h e e t s .  

The  l ower   d e f l e c t e d   j e t s   6 4 ' ,  6 4  "  ,  6 4  " '   e t c .   a r e  

a l s o   m o n i t o r e d   a d o p t i n g   the   same  p r o c e d u r e   as  d e s c r i b e d  
lower   t r a n s v e r s e  

f o r   the  h i g h e r   d e f l e c t e d   j e t s   and  a  s e t   o f / c o r r e c t i o n  

v o l t a g e s   a p p r o p r i a t e   to  the  lower   d e f l e c t i o n   j e t s   is   t h u s  
t o g e t h e r  a l s o   s t o r e d   in  the   memory  and  u p d a t e d / w i t h  t h e   v o l t a g e  

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

the  r e s p e c t i v e   p r i n t i n g   guns  3 .  



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

of  the  c o r r e s p o n d i n g   l i n e   s e c t i o n   are   compared   each  w i t h  
a  reference  value  which  is  the  p refer red   value  for  the  def lec ted   r a s t e r  
and  the  d i f f e rences   sometimes  r e fe r red   to  as  "of fse ts"   are  l i n e a r l y  

p r o p o r t i o n e d   and  a p p l i e d   to  each  v o l t a g e   in  the  p r i n t  
49',  49"  e t c .  

voltage  generator   /  In  t h i s   way  a  c o n t i n u a l   check  is  k e p t  

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

s e c t i o n   and  b e t w e e n   l i n e   s e c t i o n s   of  a d j a c e n t   p r i n t i n g  

guns  3.  The  check  r o u t i n e   is  t y p i c a l l y   c a r r i e d   out  e v e r y  

few  m i n u t e s   in  a  s h e e t   fed  a r r a y   p r i n t e r   i n c o r p o r a t i n g  

f i f t y   s i x   guns  s p a n n i n g   a  w i d t h   200mm  of  p r i n t i n g  

s u r f a c e   1 3 .  

R e f e r r i n g   now  to  F i g u r e s   3  and  4  in  which  a  web 

fed  p r i n t e r   is  i l l u s t r a t e d ,   the   d e t e c t o r s   25  are  a g a i n  

made  of  a  c e n t r a l   d e t e c t o r   e l e c t r o d e s   71  d e s i g n a t e d   X  a n d  

Y  b e t w e e n   l a y e r s   73  of  i n s u l a t i o n ,   the  l a t t e r   b e i n g  

c o v e r e d   by  c o n d u c t i v e   e a r t h e d   l a y e r s   75  which  s c r e e n  

t h e  e l e c t r o d e s   71  from  e l e c t r i c a l   n o i s e .   O p p o s i t e   t h e  

e l e c t r o d e s   71  and  s p a c e d   t h e r e f r o m   by  a  gap  74  is  a n  

e a r t h e d   b l o c k   76.  The  g u t t e r s   21  l i e   v e r t i c a l l y   b e l o w  

the  gap  74,  but  above  the  web  17,  so  that   the  t e s t   drops  are  c o l l e c t e d .  

The  d e t e c t o r s   25  are  used   bo th   for   d e f l e c t i o n  

c o r r e c t i o n   in  the  d i r e c t i o n   of  t r a v e l   of  the  web  17,  a s  

d e s c r i b e d   in  c o - p e n d i n g   a p p l i c a t i o n   No.  , 

and  fo r   c o r r e c t i o n   in  a  d i r e c t i o n   t r a n s v e r s e l y   to  t h e  

d i r e c t i o n   of  m o t i o n   of  the  web  17  which  is  the   p r e s e n t  

c o n c e r n .   T e s t i n g   to  e v a l u a t e   the  m a g n i t u d e   of  t h i s   l a t t e r  



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

J e t s   7 7 ' ,  7 7 ' ' ,   7 7  " ' ,  7 7  " "   in  the  p r i n t i n g   gun  a r e  

employed   fo r   the  t e s t   to  t h e  m o s t   d e f l e c t e d   j e t s   w h i c h  

t ake   p l a c e   on  one  gun  at   a  t i m e .   The  j e t s   77'  77 "  7 7  " '  

and  7 7  " "   are   d i r e c t e d   to  the  g u t t e r   21  of  the   r e s p e c t i v e  

a d j a c e n t   p r i n t i n g   guns ,   the  g u t t e r s   b e i n g   l a r g e   enough  t o  

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

Cha rged   d r o p s   in  t h e i r   p a t h s   each  i n d u c e   v o l t a g e s   on  a  p a i r  

of  the   e l e c t r o d e s   X  and  Y  and  the  d e f l e c t i o n   w h i c h  

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

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

m e a s u r e d   s u c c e s s i v e l y   fo r   each   p r i n t i n g   gun  3  and  s t o r e d  

as  a  d i g i t a l   v o l t a g e   in  the   memory  56  by  use  of  the  T e s t  

P a t t e r n   G e n e r a t o r   p r o c e d u r e   d e s c r i b e d   in  r e l a t i o n   t o  

F i g u r e s   1  and  2 .  

The  c o r r e c t i o n   v o l t a g e s   fo r   the  l e a s t   d e f l e c t e d   j e t s  

are   d e r i v e d   in  e i t h e r   of  two  ways.   At  the  b e g i n n i n g   o f  

a  p e r i o d   of  p r i n t i n g ,   fo r   e x a m p l e ,   a t   the   c o m m e n c e m e n t  

o f  d a i l y   o p e r a t i o n ,   the   a l i g n m e n t   of  the   j e t s   5  i s  

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

of  a  v o l t a g e   wave fo rm  s u p p l i e d   from  the  T e s t   P a t t e r n  

G e n e r a t o r   and  s e n d i n g   them  b e t w e e n   the  p l a t e s   11  w i th   t h e  

e l e c t r o s t a t i c   f i e l d   t h e r e o f   s w i t c h e d   o f f .   V o l t a g e s   a r e  

i n d u c e d   on  the  e l e c t r o d e s   X  and  Y  which   are   s e n s e d   a n d  

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

as  m e a s u r e d   in  c o - p e n d i n g   a p p l i c a t i o n   No.  , 

p r o v i d e s   an  i n d i c a t i o n   of  the   d i s p l a c e m e n t   of  the   j e t  



from  i t s   n o m i n a l   p o s i t i o n .   The  l o c a t i o n s   c o r r e s p o n d i n g  

to  the  v o l t a g e s   so  d e r i v e d   fo r   each   gun  are   c o n v e r t e d  

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

to  the  j e t   a l i g n m e n t   and  are   used  for   the  whole  o f  

-  the  p r i n t i n g   p e r i o d ,   e . g .   the  day,   b e t w e e n   t e s t s .  

The  s econd   way  of  d e r i v i n g   t h e s e   v o l t a g e s   is  t o  

a r r a n g e   t h a t   the  g u t t e r s   are  e x t e n d e d   to  l i e   ve ry   c l o s e  

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

12'  12 "  and  1 2  " '   e t c .   of  the  l e a s t   d e f l e c t e d   d r o p s .  

T y p i c a l l y   a  d e f l e c t i o n   v o l t a g e   of  80  v o l t s   is  n e e d e d   t o  

c h a r g e   t h e s e   d r o p s ,   and  i t   is   a r r a n g e d   t h a t   the  d r o p s  

h a v i n g   a  s l i g h t l y   lower   v o l t a g e   e . g .   60  v o l t s   are  c a u g h t  

by  the  g u t t e r .   The  gap  b e t w e e n   the  d e t e c t o r   e l e c t r o d e s  

X  and  Y  is  p l a c e d   a d j a c e n t   the  pa th   of  t h e s e   d rops   t o  

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

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

t h e  t e s t   d r o p s   which  g ive   a  n u l l   v o l t a g e   b e t w e e n   t h e  

e l e c t r o d e s   X  and  Y  a r e   now  o b t a i n e d .   The  v o l t a g e s  

r e p r e s e n < t i n g   t h i s   d i s p l a c e m e n t   fo r   each  gun  a r e  

m e a s u r e d   and  s t o r e d   in  the  memory  56  and  used   as  l o w e r  

t r a n s v e r s e   c o r r e c t i o n   v o l t a g e s   as  b e f o r e .  



The  r o u t i n e   d e s c r i b e d   bo th   fo r   the   s h e e t   fed  a n d  

web  fed  mach ine   f o r   s e t t i n g   and  m a i n t a i n i n g   the   c o n t e n t s  

of  the   memory  56  which  v i a   the   c o n t r o l l e r   53  a p p l i e s  

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

the   ends   of  the  l i n e   s e c t i o n s   2 3 ' ,   2 3 ' ' ,   2 3  " ' ,  

2 3  " "   and  l i n e a r l y   i n t e r p o l a t e d  c o r r e c t i o n   v o l t a g e s  

fo r   c h a r g e d   d r o p s   to  be  d e p o s i t e d   at   drop  p l a c e m e n t  

p o s i t i o n s   i n t e r m e d i a t e   the  ends  of  the   l i n e   s e c t i o n s ,  

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

o p e r a t i o n   of  the   p r i n t e r .   I t   e n a b l e s   each  r a s t e r   i n  

the  p r i n t e r   to  s e t t l e   down  r a p i d l y   and  a c c u r a t e l y   t o  

a  ' p r i n t   r e a d y '   s t a t u s   i m m e d i a t e l y   f o l l o w i n g   s t a r t - u p  

and  t o  m a i n t a i n   t h a t   s t a t u s   c o n s t a n t l y   fo r   i m m e d i a t e  

use .   However ,   the  r ange   of  a d j u s t m e n t   of  the  c o r r e c t i o n  

v o l t a g e s   is   l i m i t e d ,   b e c a u s e   i f   the   r e q u i r e d   c o r r e c t i o n s  

become  too  l a r g e   t hen   the  n o n - l i n e a r i t y   o f   the   s y s t e m  

becomes   a p p a r e n t   in  e r r o r s   c a u s e d   by  drop  i n t e r a c t i o n .  

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

b e t w e e n   the  guns;   d e f l e c t o r   p l a t e   s p a c i n g ,   s m a l l  

d i f f e r e n c e s   in  n o z z l e   s i z e s   or  a l i g n m e n t ,   s m a l l  

d i f f e r e n c e s   in  c h a r g e   e l e c t r o d e   gaps  or  c h a r g e   e l e c t r o d e  

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

in  the  p r i n t i n g   gun  w h i l s t   o p e r a t i n g /  s u c h   p a r a m e t e r s  

as  d rop   mass  or  v e l o c i t y .  



T e m p e r a t u r e   c h a n g e s   in  the  p r i n t e r ,   or  c h a n g e s   i n  

the  s o l v e n t   c o n c e n t r a t i o n   can  r e s u l t   in  c h a n g e s   in  t h e  

v i s c o s i t y   in  the  p r i n t i n g   i nk .   Such  c h a n g e s   can  b e  

c o n s i d e r a b l e ,   r e s u l t i n g   in  v a r i a t i o n s   of  a  f a c t o r   o f  

two  or  more  and  i t   has  been  found  n e c e s s a r y   to  use  an  

i n k   s u p p l y   pump(57,   see  F i g u r e   5)  whose  o u t p u t   p r e s s u r e  

is  v a r i a b l e .   A  p r o p e r t y   of  the   ink  j e t s   such  as  t h e  
or  d e f l e c t i o n   can  b e  

j e t   v e l o c i t y   /  m a i n t a i n e d   c o n s t a n t   by  a l t e r i n g   t h e  

o u t p u t   p r e s s u r e   of  the   pump  to  c o m p e n s a t e   fo r   v i s c o s i t y  
S u c h  

c h a n g e s . / a  p u m p   o u t p u t   p r e s s u r e   c o n t r o l   r e d u c e s   the   r a n g e  

of  uppe r   and  l ower   v o l t a g e   l e v e l s   n e e d e d   to  keep  d r o p s  

d e p o s i t e d   in  the  l i n e   s e c t i o n   of  each   p r i n t i n g   g u n ;  

however   the  c l o s e d   loop  s y s t e m   c o n t r o l l i n g   the   u p p e r   a n d  
c o n s t a n t l y  

lower   e x t r e m e   v o l t a g e   is  s t i l l   n e e d e d / t o   m a i n t a i n   t h e  

a c c u r a c y   w i t h i n   each  p r i n t i n g   gun  in  the  p r i n t e r   a s  

c o n t r o l   of  the   pump  a f f e c t s   a l l   the   p r i n t i n g   guns  l i k e w i s e .  

In  a  f u r t h e r   p r o c e d u r e   of  the  i n v e n t i o n   the  u p p e r  

and  lower   d e f l e c t i o n   t e s t s   are  c a r r i e d   out   on  the  a d j a c e n t  

p r i n t i n g   gun  as  a l r e a d y   d e s c r i b e d .  

The  r e s u l t s   are  s t o r e d   in  the  memory  56.  The  

c o n t r o l l e r   53  s u b t r a c t s   the   r e p r e s e n t a t i o n   of  the   v o l t a g e  

found  on  the  low  d e f l e c t i o n   t e s t ,   from  t h a t   found  on  t h e  

h igh   d e f l e c t i o n   t e s t ,   t hus   r e m o v i n g   the  e f f e c t   of  t h e  

t r a n s v e r s e   e r r o r   due  to  n o z z l e   m i s a l i g n m e n t .  



The  c o n t r o l l e r   in  t he   p r i n t e r   a l s o   i n c l u d e s   a n  

A r i t h m e t i c   Uni t   58  in  which   the   r e s u l t s   of  t h e  

s u b t r a c t i o n   fo r   each   p r i n t i n g   gun  are   a v e r a g e d  

and  the  r e s u l t i n g   a v e r a g e   v a l u e   is   m a i n t a i n e d   e q u a l  

to  a  p r e - s e t   v a l u e .   I f   the   a v e r a g e   has  f o r   e x a m p l e  

become  h i g h e r   t h a n   the  s e t   v a l u e ,   i t   i n d i c a t e s   t h a t  

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

ink  d rop   v e l o c i t y   r e s u l t i n g   o s t e n s i b l y   from  a  r e d u c e d   i n k  

v i s c o s i t y .   As  a  c o n s e q u e n c e   the  pump  d e l i v e r y   p r e s s u r e  

must  be  r e d u c e d   t h e r e b y   to  r e d u c e   the  ink  drop  v e l o c i t y .  

S i m i l a r l y ,   i f  t h e   a v e r a g e   v o l t a g e   has  become  lower   t h a n  

the  s e t   v a l u e ,   i n d i c a t i n g   l ower   ink  d rop   v e l o c i t y   a n d  

h i g h e r   v i s c o s i t y   t hen   the  pump  d e l i v e r y   p r e s s u r e   i s  

i n c r e a s e d   to  c o r r e c t   the   c o n d i t i o n .   A  pump  d r i v e  

c i r c u i t , . 5 9 ,   i n c o r p o r a t i n g   a  d i g i t a l   f e e d - b a c k   c i r c u i t  

a d j u s t i n g   the   pump  p r e s s u r e   i s   p r e f e r a b l y   u s e d ,   and  t h e  

p r i n t e r   in  one  a r r a n g e m e n t   has  t ime   to  s e t t l e   down  a f t e r  

each   s t e p   a d j u s t i n g   the   pump,  to  r e s e t   the   h i g h e r   a n d  

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

a c c u r a t e   p r i n t i n g   b e f o r e   b e i n g   used   f o r   p r i n t i n g   a g a i n .  

A l t e r n a t i v e l y   the  p r e s s u r e   s t e p s   by  which  the  pump  i s  

a d j u s t e d   are   made  s m a l l   enough   fo r   the  a c c u r a c y   to  b e  

m a i n t a i n e d .  

The  a v e r a g e   v a l u e   is   used   to  c o n t r o l   the   pump 

b e c a u s e   in  an  a r r a y   p r i n t e r   i t   is   more  r e p r e s e n t a t i v e   o f  

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



guns  than   the   v a l u e   of  a n y  o n e   j e t .   However ,   e a c h  

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

a  maximum  v a l u e  -   r e l a t i v e   to  the  p r e s e t   v a l u e  -  

i n d i c a t i v e   of  a  low  speed   j e t   which  may  p o s s i b l y   be  d u e  

to  an  i n c i p i e n t   b l o c k e d   n o z z l e  -   the  p r i n t e r   is   s t o p p e d  

and  m a i n t e n a n c e   is  i n d i c a t e d .  

If   a  pump  d e l i v e r s   ink  a t   a  common  p r e s s u r e   t o  

s e v e r a l   p r i n t i n g   gun  m a n i f o l d s ,   the   a v e r a g e   v a l u e  

( d e r i v e d   by  the  a r i t h m e t i c   u n i t   58)  of  the   c h a r g e  

v o l t a g e   may  a l t e r n a t i v e l y   be  used  to  c o n t r o l   a  

r e s t r i c t i o n   in  the  e n t r y   p ipe   to  each  m a n i f o l d ,   w h i c h  

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



1.  An  ink  j e t   a r r a y   p r i n t e r   a d a p t e d   to  p r i n t   b y  

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

p r i n t i n g   i n f o r m a t i o n   on  a  s u r f a c e   to  be  p r i n t e d   d u r i n g  

movement   r e l a t i v e l y   to  the   a p p a r a t u s   of  the   s u r f a c e ,  

c o m p r i s i n g   one  or  more  rows  of  ink  j e t   p r i n t i n g   g u n s ,  

. each   gun  h a v i n g   means  fo r   s u p p l y i n g   p r i n t i n g   ink  u n d e r  

p r e s s u r e  t o   an  o r i f i c e ,   means  fo r   f o r m i n g   r e g u l a r l y  

s p a c e d   d rops   in  the  ink  s t r e a m   i s s u i n g   from  the  o r i f i c e ,  

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

f o r   a p p l y i n g   to  the   c h a r g e   e l e c t r o d e   means ,   u n d e r   t h e  

c o n t r o l   of  the   p r i n t i n g   i n f o r m a t i o n ,   a  p e r i o d i c   v o l t a g e  

wave fo rm  w h o s e  p e r i o d   is   s u f f i c i e n t   to  span  the  f o r m a t i o n  

of  a  " r a s t e r "   of  c o n s e c u t i v e l y   fo rmed   d r o p s ,   d r o p  

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

e l e c t r o s t a t i c   f i e l d   t h r o u g h   which  the  d r o p s   pas s   t o w a r d s  

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

c h a r g e d   d r o p s   to  an  e x t e n t   d e p e n d a n t   upon  t h e  c h a r g e  

l e v e l s   on  the  d r o p s   and  d rop   i n t e r c e p t i n g   means  f o r  

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

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

p r i n t i n g   in  the  p r i n t i n g   guns  d u r i n g   each  p e r i o d   of  t h e  

v o l t a g e   wavefo rm  b e i n g   d e p o s i t e d   in  r e s p e c t i v e   l i n e  

s e c t i o n s   formed  by  c o n t i g u o u s   d r o p s   which  s e c t i o n s  

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

d i r e c t i o n   of  r e l a t i v e   movement ,   the  p r i n t e d   l i n e s   b e i n g  

fo rmed   in  c o n t i g u i t y   s u c c e s s i v e l y   at   the  f r e q u e n c y   o f  

the   v o l t a g e   waveform  a p p l i e d   to  the  c h a r g e   e l e c t r o d e  



means ,   c h a r a c t e r i s e d   in  t h a t   c o n t r o l   means  (25,  54,  5 3 ,  

55,  56)  are  p r o v i d e d   which  c o n t r o l   the  p r i n t e d   d r o p  

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

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

and  the  p r i n t e r .  

2.  A  p r i n t e r   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   the  c o n t r o l   means  (25,  54,  53,  55,  56)  are  a d a p t e d   t o  

d e r i v e   c o r r e c t i o n   v o l t a g e s   for   drop  p l a c e m e n t   e r r o r s   a t  

the  ends   of  the  l i n e   s e c t i o n   fo rmed   by  p r i n t e d   d rops   o f  

each  p r i n t i n g   g u n .  

3.  A  p r i n t e r   as  c l a i m e d   in  c l a i m   2,  c h a r a c t e r i s e d   i n  

t h a t   the   c o n t r o l   means  (25,  54,  53,  55,  56)  are  a d a p t e d   t o  

d e r i v e   c o r r e c t i o n   v o l t a g e s   for   drop  p l a c e m e n t   e r r o r s   a t  

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

gun  by  l i n e a r l y   e v a l u a t i n g   such  c o r r e c t i o n   v o l t a g e s   i n  

r e l a t i o n   to  the  c o r r e c t i o n   v o l t a g e s   d e r i v e d   fo r   the  d r o p  

p l a c e m e n t   e r r o r s   at   the  ends   of  the   l i n e   s e c t i o n .  

4.  A  p r i n t e r   as  c l a i m e d   in  c l a i m   3,  c h a r a c t e r i s e d   i n  

t h a t   the  control   means  include  de tec tors   (25)  and  sense  in  sequence 

fo r   each   p r i n t i n g   gun  a t   a  s e l e c t e d   l e v e l   r e l a t i v e l y   to  t h e  

p r i n t i n g   s u r f a c e ,   the  e x t e n t   of  d e p a r t u r e   in  the  d i r e c t i o n  

t r a n s v e r s e   to  the  d i r e c t i o n   of  r e l a t i v e   m o t i o n   of  t h e  

p r i n t e r   (1)  and  p r i n t   s u r f a c e   (13)  from  a  c o r r e c t   p o s i t i o n  

of  the  higher  d e f l e c t e d   j e t s   (64'  64' '   6 4 ' ' '   64 '  '  '  '   7 7 '  

7 7 "   7 7 ' ' '   7 7 ' ' ' ' )   and  of each  c o r r e s p o n d i n g   l o w e r  

d e f l e c t e d   j e t s .  



5 .   A  p r i n t e r   as  c l a i m e d   in  c l a i m   4  and  in  which  t h e  

p r i n t e r   is  a  s h e e t   fed  p r i n t e r ,   c h a r a c t e r i s e d   in  t h a t  
of  the  p r i n t i n g   s u r f a c e  

the   d e t e c t o r s   (25)  are  l o c a t e d   be low  the  l e v e l /   so  t h a t  

drop  p l a c e m e n t   e r r o r   c o r r e c t i o n   t e s t s   can  t ake   p l a c e  

b e t w e e n   p r i n t i n g   of  s h e e t s .  

6 .   A  p r i n t e r   as  c l a i m e d   in  c l a i m   5,  c h a r a c t e r i s e d   i n  

t h a t   the   d e t e c t o r s   (25)  are   l o c a t e d   in  a  p l a n e   w h e r e  

the   most  and  l e a s t   d e f l e c t e d   d rops   of  a d j a c e n t   p r i n t i n g .  

guns  c o i n c i d e   i f   c o r r e c t l y   d i r e c t e d .  

7.  A  p r i n t e r   as  c l a i m e d   in  c l a i m   6,  c h a r a c t e r i s e d   i n  
i n c l u d e   d e t e c t o r s   (25)  a n d  

t h a t   the  c o n t r o l   means  / a r e   a d a p t e d   to  m e a s u r e   the  e x t e n t  

of  each   e r r o r   by  c o m p a r i n g   v o l t a g e s   i n d u c e d   by  the  m o s t  

and  l e a s t   d e f l e c t e d   j e t s   of  each   p r i n t i n g   gun  on  

r e s p e c t i v e   d e t e c t o r   e l e c t r o d e   p a i r s   (PR,  QS)  and  i n  

t h a t  m e a n s   (55)  e s t a b l i s h   the   s i g n a l   v o l t a g e   r e q u i r e d  

to  move,  as  the  case   may  b e ,  t h e  h i g h e r   or  the  l o w e r  

d e f l e c t e d   j e t   to  a  p o i n t   of  ze ro   i n d u c e d   v o l t a g e  

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

a n y  o n e   of  1  to  4 
8.  A  p r i n t e r   as  c l a i m e d   i n / c l a i m s   /  and  in  w h i c h  

the  p r i n t e r   is   a  web  fed  p r i n t e r ,   c h a r a c t e r i s e d   in  t h a t  

the  d e t e c t o r s   (25)  are  l o c a t e d   above  the   l e v e l   of  t h e  

p r i n t i n g   s u r f a c e   (13)  and  drop  i n t e r c e p t i n g   g u t t e r   (21)  

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

in  i n t e r v a l s   b e t w e e n   p r i n t i n g .  



9.  A  p r i n t e r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in  t h a t   the  c o n t r o l   means  i n c l u d e   m e a n s  

(58,  59)  fo r   c o n t r o l l i n g   ink  s u p p l y   p r e s s u r e   to  t h e  

p r i n t i n g   g u n s .  

10.  A  p r i n t e r   as  c l a i m e d   in  c l a i m   9  c h a r a c t e r i s e d  

in  t h a t   the  c o n t r o l   means  (58  and  59)  are  a d a p t e d   t o  

c o n t r o l   the   o u t l e t   p r e s s u r e   of  an  ink  s u p p l y   pump  ( 5 7 ) .  

11.  A  p r i n t e r   as  c l a i m e d   in  c l a i m   9  or  c l a i m   1 0 ,  

c h a r a c t e r i s e d   in  t h a t   c o n t r o l   means  i n c l u d e   a  c o n t r o l l e r  

(53)  which  is  a d a p t e d   to  s u b t r a c t   the   lower   from  t h e  

h i g h e r   v o l t a g e   c o r r e c t i o n s   s t o r e d   in  a  memory  56  and  a n  

a r i t h m e t i c   u n i t   is  p r o v i d e d   which  forms  an  a v e r a g e   v a l u e  

for   a l l   p r i n t i n g   g u n s / s a i d   s u b t r a c t e d   v a l u e s .  

12.  A  p r i n t e r   as  c l a i m e d   in  c l a i m   11,  c h a r a c t e r i s e d  

in  t h a t   the   c o n t r o l l e r   (53)  compares   the  a v e r a g e   v a l u e  

w i th   a  s e t   v a l u e   and  c a u s e s   the  ink  s u p p l y   p r e s s u r e   t o  

be  a d j u s t e d   in  d e p e n d e n c e   upon  the  d i f f e r e n c e   of  t h e  

compared   v a l u e s .  










