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  The  head  comprises  a  tube  (24)  for  ejecting  ink  through  a 
nozzle  (54),  when  a  transducer  (36)  is  operated.  The  tube  (24) 
is  connected  to  an  ink  reservoir  (31)  by  a  flexible  tube  (30), 
which  is  longer  than  the  distance  between  the  tube  (24)  and 
the  reservoir  (31).  The  tube  (30)  is  wound  on  a  drum  (130)  in 
an  arrangement  which  optimises  the  utilisation  of  space  by 
the  tube  (30). 

When  the  head  comprises  more  than  one  ink  ejecting 

tube  (24),  each  having  a  respective,  ink  conducting  tube  (30), 
each  tube  may  be  wound  around  the  drum  (1301  for  one  and 
a  half  turns  between  diametrically  opposite  positions  on  the 
circumference  of  the  drum,  so  that  each  half  turn  of  the  drum 
left  free  by  one  tube  (30)  is  occupied  by  the  first  half  turn  of 
an  adjacent  tube  (30).  This  arrangement  minimises  the  axial 
length  of  the  drum  occupied  by  the  tubes  (30). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  ink  j e t   p r i n t i n g   head  c o m p r i s -  

ing  a  tube  for  e j e c t i n g   ink,  the  ink  e j e c t i n g   tube  being  p r o v i d e d  

with  a  t r a n s d u c e r   s e l e c t i v e l y   operab le   for  e x p e l l i n g   a  drop  of  i n k  

through  a  c o r r e s p o n d i n g   nozz le ,   the  ink  e j e c t i n g   tube  being  s e c u r e d  

to  a  s u p p o r t i n g   s t r u c t u r e   and  connected  by  an  ink  conduct ing   t u b e  

to  an  ink  r e s e r v o i r   c a r r i e d   by  the  s t r u c t u r e ,   the  ink  c o n d u c t i n g  

tube  being  made  of  a  f l e x i b l e   m a t e r i a l .  

This  a p p l i c a t i o n   is  a  d i v i s i o n a l   a p p l i c a t i o n   d iv ided   from  European  

Pa t en t   A p p l i c a t i o n   No.  82  303776.7,  P u b l i c a t i o n   No.  0  072  110. 

An  ink  j e t   p r i n t i n g   head,  as  mentioned  above  is  known  from  t h e  

U.S.  Pa t en t   No.  3 ,832 ,579 ,   in  which  the  e j e c t i n g   tube  is  c o n n e c t e d  

to  an  ink  r e s e r v o i r   through  a  f l e x i b l e   tube  of  p r ede t e rmined   l e n g t h ,  

to  e l i m i n a t e   r e f l e c t i o n   phenomena  in  the  e j e c t i n g   tube.   The  s u g -  

ges ted  l eng th   of  the  f l e x i b l e   tube  is  10  cm,  and  so  the  tube  o c c u -  

pies   c o n s i d e r a b l e   space.   This  problem  would  be  worse  in  a  head  

having  a  p l u r a l i t y   of  ink  e j e c t i n g   tubes  and  a  c o r r e s p o n d i n g  

p l u r a l i t y   of  ink  conduc t ing   t u b e s .  

The  ob j ec t   of  the  i n v e n t i o n   is  to  provide  an  ink  j e t   p r i n t i n g  

head  which  reduces  the  problem  of  exces s ive   space  being  o c c u p i e d  

by  the  f l e x i b l e   tube  connec t ing   the  e j e c t i n g   tube  to  the  ink  t a n k .  

The  p r i n t i n g   head  accord ing   to  the  p r e s e n t   i n v e n t i o n   is  c h a r a c t e r -  

ized  in  the  manner  set  fo r th   in  claim  1. 

One  embodiment  of  the  i n v e n t i o n   wi l l   now  be  d e s c r i b e d   in  more  d e t a i l ,  

by  way  of  example,  with  r e f e r e n c e   to  the  accompanying  drawings,   i n  

wh ich .  

Fig.  1  is  a  d iagrammat ic   p e r s p e c t i v e   view  of  an  ink  je t   d o t  

p r i n t e r   accord ing   to  the  i n v e n t i o n ;  

Fig.  2  is  a  plan  view,  p a r t l y   in  s e c t i o n ,   of  a  head  used  on 

the  p r i n t e r   of  Fig.  1; 

Fig.  3  is  a  s ide  view,  p a r t l y   in  s e c t i o n   of  the  head  o f  

Fig.  2;  

Fig.  4  is  a  f r o n t   view,  p a r t l y   in  s e c t i o n ,   of  the  head  o f  

Fig.  2;  

Fig.  5  is  a  block  diagram  of  a  d r i v i n g   log ic   c i r c u i t   o f  



the  p r i n t e r   of  Fig.  1;  

Fig.  6  is  a  d iagrammatic   r e p r e s e n t a t i o n  o f   the  p r i n t i n g  

p rocess   ob ta ined   with  the  c i r c u i t   of  Fig.  5 ;  

Fig.  7  is  a  p a r t i a l   s e c t i o n   of  a  modi f ied   form  of  the  h e a d  

of  Fig.  2.  

Re fe r r i ng   to  Fig.  1,  the  p r i n t e r   S  comprises   a  head  1 

mounted  on  a  c a r r i a g e   10  moved  along  guides  12  by  an  e l e c t r i c  

motor  13  by  means  of  a  cable  14.  The  head  1  is  formed  by  a  r i g i d  

s t r u c t u r e   2  (Figs.  2  and  3)  c o n s i s t i n g   of  a  f r o n t   p l a t e   3  and  a  r e a r  

p l a t e   5  which  are  p a r a l l e l   to  one  ano the r   and  kept  spaced  a p a r t   b y  

two  s ide  members  7 , 9 .  

The  head  1  can  p r i n t   in  both  d i r e c t i o n s   along  a  p r i n t i n g  

l i ne   L  (Fig.  1)  on  a  c a r r i e r   15  passed   around  a  p l a t e n   16.  A 

s y n c h r o n i z i n g   device  17  of  known  type,   c o n s t i t u t e d ,   for  example ,  

by  a  s t robe   disc  18,  keyed  on  the  s h a f t   of  the  motor  13,  and  a  

p h o t o e l e c t r i c   t r an sduce r   20,  is  used  to  gene ra t e   s t robe   s i g n a l s   f o r  

s y n c h r o n i z i n g   the  p r i n t i n g   with  the  movement  of  the  h e a d .  

More  p a r t i c u l a r l y ,   as  is   known,  the  t iming  device  17 

g e n e r a t e s   the  clock  s i g n a l s   as  a  f unc t i on   of  the  p o s i t i o n   of  t h e  

head  along  the  p r i n t i n g   l ine   L  and,  t h e r e f o r e ,   the  clock  s i g n a l s  

are  independen t   of  the  speed  of  the  head  i t s e l f .   By  way  of  example ,  

i t   is  assumed  tha t   the  s y n c h r o n i z i n g   device  17  g e n e r a t e s   f o r t y - t w o  

clock  pu l ses   while  the  head  1  s h i f t s   by  a  d i s t a n c e   equal   to  the  p i t c h  

p  (Fig.  4)  between  two  a d j a c e n t   n o z z l e s .  

In  each  of  the  p l a t e s   3  and  5  t he re   is  formed  a  row  of  h o l e s  

22,  for  example  twenty  ho les ,   which  is  i n c l i n e d   with  r e s p e c t   to  t h e  

d i r e c t i o n   of  the  movement  of  the  c a r r i a g e   10,  each  hole  in  the  p l a t e  

3  being  a l i gned   with  the  c o r r e s p o n d i n g   hole  in  the  p l a t e   5.  The 

holes   22  are  e q u i d i s t a n t   by  the  p i t c h   "p",  measured  in  t h e  

d i r e c t i o n   of  the  movement  of  the  c a r r i a g e   10.  Into  each  p a i r   o f  

c o r r e s p o n d i n g   holes  22  there   are  i n t r o d u c e d   c y l i n d r i c a l   tubes  24 

adap ted   to  conta in   ink  which  is  to  be  e x p e l l e d   in  the  form  of  d r o p s  

by  a  known  t echn ique ,   as  w i l l   be  d e s c r i b e d   h e r e i n a f t e r .   All  t h e  

tubes  24  l i e   in  a  plane  having  the  course  F ' - F '   i n d i c a t e d  b y   a  

c h a i n - d o t t e d   l ine   in  Fig.  4  and  the  i n c l i n a t i o n   of  which  is  such  

t h a t   the  d i s t a n c e   between  the  f i r s t   and  the  l a s t   hole  of  the  row, 
measured  p e r p e n d i c u l a r l y   to  the  d i r e c t i o n   of  the  movement  of  t h e  

c a r r i a g e   10,  is  equal  t o  t h e   maximum  he igh t   of  the  c h a r a c t e r s  



p r i n t e d   on  the  paper  15.  The  tubes  24  are  f i rmly   f ixed   in  the  h o l e s  

22  of  the  p l a t e s   3  and  5  by  cementing  w i th  a   r e s i n ,   for  example  an 

epoxy  r e s i n ,   in  such  manner  t h a t   the  f ron t   end  26  t h e r e o f   is  p o s i t -  

ioned  l eve l   with  the  ou t e r   su r face   27  of  the  p l a t e   3 .  

The  tubes  24  p r o j e c t   from  the  rear   p l a t e   5  by  a  c e r t a i n  

length   to  permi t   t h e i r   connec t ion   by  means  of  the  tubes  30  t o  

an  a u x i l i a r y   ink  r e s e r v o i r   31  connected  in  turn  by  means  of  a 

f l e x i b l e   tube  32  to  a  main  r e s e r v o i r   not  i l l u s t r a t e d   in  t h e  

drawings.   The  a u x i l i a r y   r e s e r v o i r   31  is  f ixed   a t   the  rear   of  t h e  

c a r r i a g e   10  on  a  wall  33  of  a  p a r a l l e l e p i p e d a l   c o n t a i n e r   34  f o r  

p r o t e c t i n g   the  tubes  30.  

Ins ide   the  c o n t a i n e r   34,  the  tubes  30,  which  are  o f  

f l e x i b l e   m a t e r i a l ,   are  suppor ted   by  a  c y l i n d r i c a l   drum  130  f i x e d  

to  the  side  wal ls   132  of  the  c o n t a i n e r   34  by  means  of  a  shaf t   133 

coax ia l   with  the  drum  130.  Each  f l e x i b l e   tube  30  is  wound  a round 

the  ou te r   su r f ace   of  the  drum  130  for  one  and  a  h a l f   t u rns ,   inasmuch 

as  i t   begins   and  ends,  r e s p e c t i v e l y ,   in  two  d i a m e t r i c a l l y   o p p o s i t e  

p o s i t i o n s   with  r e spec t   to  the  drum  30. 

Moreover,  for  the  purpose  of  minimizing  the  space  o c c u p i e d  

by  the  tubes  30  in  the  ax ia l   d i r e c t i o n   on  the  drum  130,  t h e  

f l e x i b l e   tubes  30  are  wound  around  i t   a l t e r n a t e l y   in  o p p o s i t e  

d i r e c t i o n s ,   whereby  each  ha l f   turn  of  the  winding  c o i l   l e f t   f r e e  

by  one  of  the  tubes  30  is  occupied  by  the  f i r s t   h a l f   turn  of  t h e  

a d j a c e n t   t u b e .  

In  t h i s   way,  for  each  p a i r   of  tubes  30  only  three   turns  a r e  

used  on  the  drum  130,  occupying,   tha t   i s ,   a  space  in  the  a x i a l  

d i r e c t i o n   equal  to  th ree   d iameters   of  the  tubes  30,  so  that   a  t o t a l  

of  t h i r t y   turns   are  n e c e s s a r y   in  a l l   for  the  twenty  tubes  30. 

In  a d d i t i o n   to  o p t i m i z i n g   the  u t i l i z a t i o n   of  the  space  i n  

the  c o n t a i n e r   34,  t h i s   a r rangement   of  the  tubes   30  serves   to  p r e v e n t  

knocks  between  the  tubes  30  caused  by  the  fo rces   of  i n e r t i a   g e n e r a t e d  

by  the  movement  of  the  c a r r i a g e   10  (Fig.  1)  at  the  s tops  and  s t a r t s  

of  the  c a r r i a g e .  

The  tubes  24  may  be  of  chemica l ly   i n e r t   m a t e r i a l   such  a s ,  

for  example,  g lass   or  ceramic,   but  they  may  a l so   be  of  metal,   f o r  

example  s t a i n l e s s   s t e e l   or  n i c k e l .   On  the  tubes  24  (Fig.  3 ) ,  

p i e z o e l e c t r i c   t r a n s d u c e r s   36  in  the  form  of  s l e e v e s   are  cemented 

approx ima te ly   ha l f   way  along  the  tubes ,   the  t r a n s d u c e r s   being  a d a p t e d  



to  c o n t r a c t   r a d i a l l y   under  the  e f f e c t   of  an  e l e c t r i c   vo l t age   p u l s e  

a p p l i e d   to  them. 

To  th is   end,  the  inner   and  outer   s u r f a c e s   of  the  s l e e v e s  

36  are  covered  by  two  e l e c t r o d e s   37  and  38,  r e s p e c t i v e l y ,   t h e  

e l e c t r o d e   37  being  b rough t   over  onto  the  ou te r   s u r f a c e   of  the  s l e e v e  

to  f a c i l i t a t e   e l e c t r i c a l   connec t ion .   A  p r i n t e d   c i r c u i t   board  40  

is  l o c a t e d   between  the  p l a t e s   3  and  5  and  is  t r a v e r s e d   by  the  s l e e v e s  

36.  The  e l e c t r o d e s   37  and  38  are  so lde red   to  c o r r e s p o n d i n g   t r a c k s  

43  and  44  lying  on  the  faces   45  and  46,  r e s p e c t i v e l y ,   of : the  b o a r d  

40  (Fig.  4).  The  p l a t e   40  p r o j e c t s   at  the  bottom  from  the  h e a d  

(Figs.   3,  4)  to  permi t   e l e c t r i c a l   connec t ion   by  means  of  a  c o n n e c t o r  

not  shown  in  the  d r a w i n g s .  

Ins ide   the  s t r u c t u r e   2  there   is  cas t   a  r e s i n   p o l y m e r i z a b l e  

at  room  temperature   and  of  low  sh r inkage ,   for  example  an  epoxy 

r e s i n ,   to  form  a  s i ng l e   block  48  enc los ing   a l l   the  tubes  24  and  t h e  

c o r r e s p o n d i n g   s leeves   36. 

When  hardening   has  taken  p lace ,   the  block  of  r e s in   48 

e s t a b l i s h e s   a  r i g id   and  con t inuous   connect ion   between  the  p l a t e s  

3  and  5,  p r e v e n t i n g   the  v i b r a t i o n s   of  each  tube  be ing   t r a n s m i t t e d  

through  the  p l a t e s   to  the  a d j a c e n t   tubes.   Moreover,  the  block  o f  

r e s i n   48  c o n s t i t u t e s   a  r e l i a b l e   p r o t e c t i o n   for  the  ex t remely   f r a g i l e  

tubes  24  aga in s t   p o s s i b l e   knocks  or  s h o c k s .  

Mounted  removably  a g a i n s t   the  ou te r   face  27  of  the  f r o n t  

p l a t e   3  by  means  of  screws  50  is  a  lamina  51  with  a  t h i c k n e s s   l e s s  

than  t h a t   of  the  p l a t e   3  and  in  which  there   are  formed  twenty  n o z z l e s  

UO  . . . . . . .   U19,  each  of  which  is  d i sposed   in  p e r f e c t   a l ignment   w i t h  

r e s p e c t   to  the  co r r e spond ing   tube  24.  The  a l i gnmen t   of  t h e  

nozz les   U  with  the  r e s p e c t i v e   tubes  24  is  ensured   by  l o c a t i n g   p i n s  

52  f ixed   to  the  p l a t e   3  and  engaged  in  holes   53  in  the  lamina  51 .  

In  t h i s   way,  the  lamina  51  can  be  s epa ra t ed   e a s i l y   from  the  p l a t e   3 

to  pe rmi t   c lean ing   of  the  nozz les   in  the  event   of  any  of  them 

becoming  blocked  because  of  drying  of  the  p r i n t i n g   ink.  Each  n o z z l e  

U  is  formed  by  an  o r i f i c e   54  of  c y l i n d r i c a l   form  of  a  d i a m e t e r  

between  50  and  90  pm,  and  a  c o n i c a l l y   f l a r e d   por t ion .  56   c o n n e c t i n g  

the  o r i f i c e   54  with  the  inner   d iameter   of  the  tubes  24,  which  is  o f  

the  o rder   of  0.8mm. 

As  a l ready  ment ioned  b e f o r e ,  a   drop  of  ink  can  be  e x p e l l e d  

from  each  nozzle  U  by  the  e f f e c t   of  the  compress ion  exe r t ed   by  t h e  



c o r r e s p o n d i n g   t r a n s d u c e r   36  when  ene rg i zed   by  a  vo l tage   p u l s e .   A l l  

the  t r a n s d u c e r s   3 6  a r e  e l e c t r i c a l l y   connected  through  the  medium  o f  

the  p r i n t e d   c i r c u i t   board  40  and  a  20-wire  cable  45  i n d i c a t e d  

d i a g r a m m a t i c a l l y   in  Fig.  1  to  an  e n e r g i z i n g   un i t   58  of  known  type  and 

not  d e s c r i b e d   in  d e t a i l ,   which  is  able  to  ene rg ize   s e l e c t i v e l y   i n  

p a r a l l e l   any  or  a l l   of  the  twenty  t r a n s d u c e r s   36.  The  e n e r g i z i n g  

un i t   58  r e c e i v e s   in  p a r a l l e l   on  a  bus  55  a  s t r i n g   of  twenty  b i t s  

c o r r e s p o n d i n g   to  the  dots  which  are  to  be  p r i n t e d   s i m u l t a n e o u s l y  

by  the  twenty  nozz les   U.  The  p r i n t i n g   b i t s   are  p roces sed   by  a  

d r i v i n g   l o g i c   c i r c u i t   60  i l l u s t r a t e d   in  Fig.  5,  which  comprises   a  

r e a d / w r i t e   memory  62  with  1024  address   l o c a t i o n s .  

The  memory  62  is  connected   through  a  bus  64  to  a  l a t c h  

66  for  temporary   s to rage   of  the  memory  addresses   which  a r r i v e   on  a  

bus  68  from  an  address   m u l t i p l e x e r   70  driven  d i r e c t l y   by  a  

m i c r o p r o c e s s o r   con t ro l   uni t   72  through  a  bus  74.  An  adder  76 

execu tes   at  each  cycle  a  s h i f t   by  a  p r ede t e rmined   number  K of  p l a c e s  

to  pe rmi t   the  m u l t i p l e x e r   70  to  address   c o r r e c t l y   the  i n f o r m a t i o n  

s to red   in  the  memory  62,  in  accordance  with  a  p rocedure   d e s c r i b e d  

l a t e r   on .  

The  number  K  cor responds   to  the  number  of  dots  p r i n t a b l e  

in  the  p i t c h   "p"  between  two  ad j acen t   nozz les   and  can  assume 

p r e d e t e r m i n e d   va lues .   A  manual  e n t e r i n g   device  80,  for  example  

a  switch  with  a  p l u r a l i t y   of  s e c t i o n s ,   is  connected  to  the  adder  76 

through  the  medium  of  a  bus  77  and  enables   the  p r e d e t e r m i n e d   number 

K  to  be  forced   i n to   the  adder  76  in  known  manner .  

Through  a  bus  73,  the  c o n t r o l l e r   72  addresses   a  c h a r a c t e r  

g e n e r a t o r   82  which  conta ins   the  c h a r a c t e r s   to  be  p r i n t e d   in  columns 

of  dots  in  accordance  with  a  p r e d e t e r m i n e d   mat r ix .   The  c h a r a c t e r s  

to  be  p r i n t e d   are  e x t r a c t e d   from  a  l ine   memory  known  per  se  w h i c h  

is  connec ted   to  the  c o n t r o l l e r   72  and  not  shown  in  the  d r a w i n g s .  

The  g e n e r a t o r   82  is  connected  via  a  bus  83  to  the  memory  62  f o r  

s t o r i n g   in  s u c c e s s i o n   the  i n f o r m a t i o n   a p p e r t a i n i n g   to  the  columns 

of  dots  of  the  c h a r a c t e r s   to  be  p r i n t e d .  

The  memory  62  is  c o n s t i t u t e d   by  1024  address  l o c a t i o n s   o r  

p o s i t i o n s   PIO,  . . . . . . .   P i l l   . . . . . .   PI1024  with  c y c l i c   u p d a t i n g  

(Fig.  5).  In  each  address  p o s i t i o n   PIi  there   are  s t o r ed   the  t w e n t y  

b i t s   r e l a t i n g   to  the  dots  of  each  column  of  the  matr ix  of  t h e  

c h a r a c t e r ,   which  is  formed  in  the  p r e s e n t   case  by  twenty  rows 



LO,  L1,  · · · · ·  L 1 9   (Fig.  6)  ( there   being  twenty  nozz l e s )   a n d  a  

p r e d e t e r m i n e d   number  of  c o l u m n s , . f o r   example  f o r t y - e i g h t .   The 

memory  62  is  connected  through  a  bus  85  to  an  ou tpu t   m u l t i p l e x e r   86 

for  r ead ing   the  b i t s   c o r r e s p o n d i n g   to  the  twenty  nozz le s   of  t h e  

head  1.  The  m u l t i p l e x e r   86  is  dr iven  by  an  up/down  counter   90,  

a c c o r d i n g   to  the  d i r e c t i o n   of  p r i n t i n g ,   which  is  adapted  to  c o u n t  

c y c l i c a l l y   up  to  twenty,  for  s u c c e s s i v e l y   t r a n s f e r r i n g   the  b i t s   o f  

the  dots  to  be  p r i n t e d ,   which  are  read  out  of  the  memory  62,  by  

means  of  a  wi re   93  to  a  b i d i r e c t i o n a l / s h i f t   r e g i s t e r   94  h a v i n g  

twenty  l o c a t i o n s   and  of  the  s e r i a l   input   and  p a r a l l e l   ou tpu t   t y p e .  

The  count ing   d i r e c t i o n   of  the  counte r   90  and  the  s h i f t   r e g i s t e r   94 

is  s u p p l i e d   by  the  c o n t r o l l e r   72  on  a  wire  91  on  the  bas i s   of  t h e  

d e s i r e d   d i r e c t i o n   of  p r i n t i n g .   The  r e g i s t e r   94  is  connected  t h r o u g h  

the  bus  55  to  the  e n e r g i z i n g   un i t   58  (Fig.  1)  for  t r a n s f e r r i n g   a l l  

the  b i t s   cor responding   to  the  twenty  nozzles   U  t h e r e t o   in  p a r a l l e l   on 

the  b a s i s   of  an  enabl ing  s igna l   t r a n s m i t t e d   by  the  c o n t r o l l e r   72 ,  

in  synchronism  with  the  clock  s i g n a l   genera ted   by  the  s y n c h r o n i z i n g  

device   17  (Fig.  1).  Accord ing ly ,   as  a l ready   ment ioned,   while  t h e  

head  1  s h i f t s   by  one  p i t ch   "p",  there   wi l l   be  f o r t y - t w o   p r i n t i n g  

e n e r g i z a t i o n s .  

When  the  head  1  is  l oca ted   in  a  gener i c   p o s i t i o n   along  t h e  

p r i n t i n g   l i n e   L  (Figs.  1  and  6),  the  f i r s t   nozzle   UO  wi l l   p r i n t  

the  dot  P0  of  a  gener ic   column  of  dots  Ci  on  a  l i n e   LO,  the  s econd  

nozzle   w i l l   p r i n t   the  dot  P1  co r re spond ing   to  a  column  Ci-42  s h i f t e d  

by  f o r t y - t w o   p r i n t i n g   p o s i t i o n s   with  r e s p e c t   to  the  column  Ci,  a n d  

so  on,  the  nozzle  U18  wi l l   p r i n t   the  dot  P18  of  the  column  Ci -756  
and  f i n a l l y   the  nozzle  U19  wi l l   p r i n t   the  dot  P19  be long ing   to  t h e  

column  Ci-798'   tha t   is  s h i f t e d   back  with  r e s p e c t   to  the  d i r e c t i o n   o f  

movement  of  the  ca r r i age   10  by  798  p r i n t i n g   p o s i t i o n s   with  r e s p e c t  

to  the  f i r s t   column  C i .  
Taking  i t   tha t ,   before   beg innning   p r i n t i n g ,   the  memory  62 

is  comple te ly   erased,   the  c o n t r o l l e r   72,  a d d r e s s i n g   the  l o c a t i o n   P I 0  
of  the  memory  62  t h r o u g h  t h e   medium  of  the  m u l t i p l e x e r   70  and  t h e  

l a t ch   66,  w r i t e s   in  t ha t   l o c a t i o n   the  i n f o r m a t i o n   a p p e r t a i n i n g   t o  

the  column  Ci  prepared  by  the  c h a r a c t e r   g e n e r a t o r   82.  In  th i s   s t a g e ,  

the  coun te r   90  enables  the  ou tpu t   m u l t i p l e x e r   86  to  e x t r a c t   the  b i t  

c o r r e s p o n d i n g   to  the  f i r s t   nozzle   UO  from  the  address   p o s i t i o n   of  t h e  

f i r s t   column  of  dots  Ci  and  to  load  i t   in to   the  r e g i s t e r   94.  Then,  



assuming  K =  42,  tha t   is  equal  to  the  number  of  p r i n t i n g  

p o s i t i o n s   con ta ined   in  a  p i t c h   "p",  the  c o n t r o l l e r   72  causes  t h e  

l a t c h   66  to  change  over  via  the  address  m u l t i p l e x e r   70  to  a  memory 

l o c a t i o n   PI-42  set   back  by  42  p o s i t i o n s   with  r e s p e c t   to  the  p r e c e d i n g  

one  to  address   t h e r e i n   the  i n fo rma t ion   a p p e r t a i n i n g   to  the  column 

Ci-42  co r r e spond ing   to  the  second  nozzle  U1  and  p r e v i o u s l y   s t o r e d  

in  the  memory  62  in  a  s tage   s i m i l a r   to  t h a t   h e r e i n b e f o r e  

d e s c r i b e d .   The  s h i f t i n g   by  K-42  p o s i t i o n s   is  execu ted   by  t h e  

adder  72,  which  adds  the  number  K,  en te red   on  the  switch  80,  to  t h e  

s e r i a l   number  of  the  p r e c e d i n g   a d d r e s s .  

The  counter   90  is  incremented   or  decremented  by  one  so  t h a t  

the  m u l t i p l e x e r   86  e x t r a c t s   the  b i t   co r re spond ing   to  the  s econd  

nozz le   U1.  This  procedure   w i l l   be  r epea ted   by  degrees   for  a l l   t h e  

twenty  nozzles   U.  More  p a r t i c u l a r l y ,   the  b i t   c o r r e s p o n d i n g   to  t h e  

t w e n t i e t h   nozzle   wil l   be  e x t r a c t e d   from  the  l a s t   address   l o c a t i o n  

PI798,  co r re spond ing   to  the  column  C i - 7 9 8 .  
In  the  end,  in  the  r e g i s t e r   94  there   w i l l   be  a r r a n g e d  

s e r i a l l y   in  columns  the  twenty  p r i n t i n g   b i t s   read  in  the  memory  6 2 ,  

which  r e p r e s e n t   the  complete  i n f o r m a t i o n   which  wi l l   be  sent  i n  

p a r a l l e l   to  the  e n e r g i z i n g   un i t   58  (Fig.  1)  for  p r i n t i n g .  

After   the  head  1  has  s h i f t e d   to  the  r i g h t   by  f o r t y - t w o  

p r i n t i n g   p o s i t i o n s ,   for  example,  the  second  nozzle   U1  has  b e e n  

brought   onto  the  column  Ci,  which  belonged  before   to  the  f i r s t  

nozzle   U0,  the  t h i r d   nozzle   U2  has  been  brought   onto  the  column  C i - 4 2 ,  
and  so  on,  and  the  l a s t   nozzle   U19  has  been  b rought   in to   v e r t i c a l  

a l ignment   on  the  p e n u l t i m a t e   column  C i - 7 5 6 .  
F i n a l l y ,   a f t e r   the  head  has  s h i f t e d   by  798  p r i n t i n g  

p o s i t i o n s ,   the  nozzle  U19  wi l l   be  in  v e r t i c a l   a l ignment   on  t h e  

column  Ci,  which  wi l l   be  p r i n t e d   completely   with  the  twenty  d o t s  

be long ing   to  i t .   Proceeding   in  a  s i m i l a r   manner,  a l l   the  columns 

of  dots  wi l l   be  p r i n t e d   in  t h i s  way   and  w i l l   form  a  complete  row  o f  

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

The  d r iv ing   c i r c u i t   of  Fig.  5  enables   the  s lope  of  t h e  

p r i n t e d   c h a r a c t e r s   to  be  va r i ed   in  one  d i r e c t i o n   or  the  o ther   w i t h  

r e s p e c t   to  the  v e r t i c a l   by  a  simple  o p e r a t i o n .   To  vary  the  s l o p e  

of  the  p r i n t e d   c h a r a c t e r s ,   i t   is  s u f f i c i e n t   to  vary  the  number  K 

forced   in to   the  adder  76 by  means  of  the  switch  80 .  



By  e n t e r i n g   a  number  K'  l e s s   than  K,  a  forward  slope  of  t h e  

c h a r a c t e r s   w i l l   be  o b t a i n e d ,   which  wi l l   be  al l   the  more  p ronounced  

the  more  K'  d i f f e r s   from  K.  On  the  o ther   hand,  in  s i m i l a r   manner ,  

a  backward  slope  of  the  c h a r a c t e r s   wi l l   be  o b t a i n e d   by  e n t e r i n g   a  

number  K"  g r e a t e r   than  K.  In  f a c t ,   l e t   us  suppose  t h a t   we  en t e r   a  

number  K'  =  41  by  means  of  the  switch  80.  In  t h i s   s i t u a t i o n ,   t h e  

m u l t i p l e x e r   86  wil l   read  the  i n f o r m a t i o n   of  the  column  of  d o t s  

c o r r e s p o n d i n g   to  the  second  nozz le   U1  in  an  address   l o c a t i o n   in  t h e  

memory  62  s h i f t e d   by  41  l o c a t i o n s ,   whereby  the  second  nozzle  U1  w i l l  

p r i n t   the  dots  in  p o s i t i o n s   advanced  by  one  s tep  with  r e s p e c t   to  t h e  

p r e c e d i n g   s t a t e .   In  a  s i m i l a r   manner,  a l l   the  o t h e r   nozz les   U2, 

U3,  . . .   U19  wi l l   p r i n t   t h e i r   dot  in  a  p o s i t i o n   advanced  r e s p e c t i v e l y  

by  one,  two,  . . . .   n ine t een   p r i n t i n g   p o s i t i o n s   with  r e s p e c t   to  t h e  

normal  s t a t e .   In  th is   way,  an  a l ignment   of  the  dots   of  e ach  

p r i n t e d   column  which  is  s loped  forward  wi l l   be  o b t a i n e d .   In  a  

comple t e ly   s i m i l a r   manner,  a  backward  s lope  of  the  columns  o f  

p r i n t e d   dots  wil l   be  ob ta ined   i f   K  is  taken  as  g r e a t e r   than  42 .  

The  p r i n t i n g   speed  can  be  c o n s i d e r a b l y   i n c r e a s e d   due  to  t h e  

c y c l i c   upda t ing   of  the  memory  62.  In  f ac t ,   as  a l r e a d y   d e s c r i b e d  

h e r e i n b e f o r e ,   the  i n f o r m a t i o n   r e l a t i n g   to  the  columns  of  dots  of  t h e  

c h a r a c t e r s   to  be  p r i n t e d   is  s t o r e d   in  the  memory  62  in  c y c l i c  

s u c c e s s i o n ;   s i m u l t a n e o u s l y ,   the  output   m u l t i p l e x e r   86  e x t r a c t s  

s u c c e s s i v e l y   from  each  column  j u s t   s to red   a  b i t   c o r r e s p o n d i n g   t o  

the  dot  to  be  p r i n t e d   by  means  of  each  of  the  twenty  nozz les   of  t h e  

head.  In  consequence,   due  to  the  s i m u l t a n e o u s n e s s   of  the  w r i t i n g  

and  read ing   of  the  i n f o r m a t i o n   in  the  memory  62,  the  speed  o f  

l oad ing   of  the  r e g i s t e r   94  by  the  m u l t i p l e x e r   86  is  c o n s i d e r a b l y  

i n c r e a s e d .   As  a  r e s u l t ,   the  p r i n t i n g   speed  of  the  nozz le s   can 

a l so   be  i n c r e a s e d   up  to  va lues   such  as  to  be  able  to  turn   t o  

account   the  maximum  f requency  of  r e p e t i t i o n   of  the  emiss ion  of  d rops  

of  ink  by  each  p i e z o e l e c t r i c   e l e m e n t .  

Among  many  p o s s i b l e   m o d i f i c a t i o n s ,   we  mention  tha t   t h e  

number  K  s e l e c t e d   to  vary  the  s lope  of  the  c h a r a c t e r s   may  be  e n t e r e d  

d i r e c t l y   from  the  c o n t r o l l e r   72  i n s t e a d   of  through  the  switch  80 

(Fig.  5).  In  th is   case,   the  number  K  s e l e c t e d   is  fo rced   d i r e c t l y   by  

the  c o n t r o l l e r   72  into  the  adder  76  on  the  bas i s   of  p r e d e t e r m i n e d  

i n s t r u c t i o n s   p rocessed   by  the  c o n t r o l l e r   in  response  to  p r e d e t e r m i n e d  

commands  r ece ived   in  known- manner.  Consequent ly ,   the  e n t e r i n g  



device  So  in  Fig.  5  is  e l i m i n a t e d   and  the  bus  77  is  c o n n e c t e d  

between  the  c o n t r o l l e r   72  and  the   adder  76.  

Moreover,  in  o rde r   to  f a c i l i t a t e   the  o p e r a t i o n s   of  m o u n t i n g  

and  removal  of  the  head  of  Figs .   1  and  2,  the  tubes  24  can  b e  

cut  so  as  not  to  p r o j e c t   from  the  rear   p l a t e   5  (Fig.  7).  S m a l l  

p i ece s   of  tub ing   24'  p r o j e c t i n g   i n s i d e   the  c o n t a i n e r   34  are  c emen ted  

through  the  f r o n t   p l a t e   33'  of  the  c o n t a i n e r   34.  The  tubes  30 

are  f i t t e d   over  these  small   p i e ce s   24 ' .   In  th is   way,  the  c o n t a i n e r  

34  can  be  s e p a r a t e d   from  the  block  48  wi thou t   having  to  s l i p   t h e  

tubes  30  off   the  tubes  24.  The  p l a t e   33'  of  the  c o n t a i n e r   34  i s  

f ixed   r i g i d l y   by  means  of  screws  and  l o c a t i n g   p ins ,   not  shown  in  t h e  

drawing,   so  as  to  ensure   r e g i s t r a t i o n   between  the  tubes  24  and  2 4 ' .  



1.  An  ink  jet  p r i n t i n g   head  (1)  comprising  a  tube  (24)  f o r  

e j e c t i n g   ink,  the  ink  e l e c t i n g   tube  being  provided  with  a  t r a n s d u c e r  

(36)  s e l e c t i v e l y   operable   for  e x p e l l i n g   a  drop  of  ink  through  a 

c o r r e s p o n d i n g   nozzle  (U),  the  ink  e l e c t i n g   tube  (24)  being  s e c u r e d  

to  a  suppor t i ng   s t r u c t u r e   (2,  34)  and  connected  by  an  ink  c o n d u c t i n g  

tube  (30)  to  an  ink  r e s e r v o i r   (31)  c a r r i e d   by  the  s t r u c t u r e   (2,  3 4 ) ,  

the  ink  conduct ing  tube  (30)  being  made  of  a  f l e x i b l e   m a t e r i a l ,  

c h a r a c t e r i s e d   in  that   the  ink  conduct ing  tube  (30)  has  a  l e n g t h  

g r e a t e r   than  the  d i s t ance   between  the  ink  e j e c t i n g   tube  (24)  and  t h e  

r e s e r v o i r   (31) ,   and  by  a  winding  member  (130)  c a r r i e d   by  t h e  

s t r u c t u r e   (2,  34)  between  the  ink  e j e c t i n g   tube  (24)  and  t h e  

r e s e r v o i r   (31) ,   the  ink  conduct ing   tube  (24)  being  wound  on  t h e  

winding  member  (130)  in  an  ar rangement   which  op t im i se s   t h e  

u t i l i z a t i o n   of  s p a c e .  

2.  A  p r i n t i n g   head  accord ing   to  claim  1,  c h a r a c t e r i s e d   by 

compris ing  a  p l u r a l i t y   of  tubes  (24)  for  e j e c t i n g   ink,  each  i n k  

e l e c t i n g   tube  being  connected  to  the  r e s e r v o i r   by  a  r e s p e c t i v e   i n k  

conduct ing   tube  (30)  of  f l e x i b l e   m a t e r i a l ,   and  each  ink  e j e c t i n g  

tube  being  provided  with  a  r e s p e c t i v e   t r ansduce r   ( 3 6 ) .  

3.  A  p r i n t i n g   head  accord ing   to  claim  2,  c h a r a c t e r i s e d   in  t h a t  

the  winding  member  (130)  c o m p r i s e s  a   c y l i n d r i c a l   drum  f ixed  to  t he  

suppor t i ng   s t r u c t u r e   (2,  34),  each  ink  conduct ing  tube  (30)  b e i n g  

wound  around  the  drum  (130)  for  one  and  a  half   t u r n s ,   be tween  

d i a m e t r i c a l l y   oppos i te   p o s i t i o n s   on  the  c i r cumfe rence   of  the  drum. 

4.  A  p r i n t i n g   head  accord ing   to  claim  3,  c h a r a c t e r i s e d   in  t h a t  

the  ink  conduct ing  tubes  (30)  are  wound  around  the  drum  (130)  so  

that   each  hal f   turn  on  the  d rum- l e f t   free  by  one  of  the  i n k  

conduc t ing   tubes  is  occupied  by  the  f i r s t   half   turn  of  an  a d j a c e n t  

ink  conduct ing   tube,  whereby  the  axia l   length  of  the  drum  occup ied  

by  the  ink  conduct ing  tubes  is  m i n i m i s e d .  

5.  A  p r i n t i n g   head  accord ing   to  any  of  claims  2  to  4 ,  



c h a r a c t e r i s e d   in  that   the  s t r u c t u r e   (2,  34)  is  c a r r i e d   by  a  c a r r i a g e  

(10)  movable  with  r e spec t   to  a  p r i n t i n g   support  (16) ,   and  in  t h a t  

the  r e s e r v o i r   (31)  is  connected  through  a  f l e x i b l e   conduit   (32)  to  a 

s t a t i o n a r y   ink  t a n k .  

6.  A  p r i n t i n g   head  accord ing   to  claim  5,  wherein  the  ink  e j e c t i n g  

tubes  (24)  are  p a r a l l e l   to  one  another   and  l ie  in  a  plane  i n c l i n e d  

with  r e spec t   to  the  d i r e c t i o n   of  movement  of  the  c a r r i a g e   ( 1 0 ) ,  

c h a r a c t e r i s e d   in  that   the  s u p p o r t i n g   s t r u c t u r e   comprises  f ron t   and 

back  p a r a l l e l   spaced  p l a t e s   (3,  5),  the  ink  e j e c t i n g   tubes  ( 24 )  

being  p e r p e n d i c u l a r   to  and  f ixed  to  the  p l a t e s ,   the  p l a t e s   d e f i n i n g  

a  f i r s t   cav i ty   t he rebe tween ,   and  the  f i r s t   cavi ty  being  f i l l e d   w i t h  

a  po lymer i zab l e   res in   (4R)  ,   whereby  the  p la tes   (3,  5),  the  t u b e s  

(24)  and  the  res in   (4R)  form  a  s ing le   b l o c k .  

7.  A  p r i n t i n g   head  acco rd ing   to  claim  6,  c h a r a c t e r i s e d   in  t h a t  

each  ink  e l e c t i n g   tube  (24)  p r o j e c t s   beyond  the  back  p l a t e   and  i s  

connected  to  the  r e s e r v o i r   (31)  by  means  of  a  f l e x i b l e   i n k  

conduct ing  tube  (30)  secured  to  the  p r o i e c t i n g   end  of  the  tube,   t h e  

ink  conduct ing   tubes  (30)  being  supported  by  a  f ixed  c y l i n d r i c a l  

drum  (130)  mounted  on  the  s u p p o r t i n g   s t r u c t u r e   (2,  34)  with  the  i n k  

conduct ing   tubes  (30)  pass ing   around  the  drum  (130)  a l t e r n a t e l y   i n  

oppos i te   d i r e c t i o n s   for  one  and  a  half   turns  so  as  to  minimise  t h e  

ax ia l   length  of  the  drum  occupied  by  the  ink  conduct ing  t u b e s .  

R.  A  p r i n t i n g   head  accord ing   to  claim  6,  c h a r a c t e r i s e d   in  t h a t  

the  suppor t ing   s t r u c t u r e   (2,  34)  comprises  a  second  cav i ty   a d j a c e n t  

to  the  f i r s t   cav i ty ,   the  second  cav i ty   being  formed  in  a  c o n t a i n e r  

(34)  and  bounded  by  a  t h i rd   p l a t e   (33),   the  con t a ine r   (34)  b e i n g  

d i s engageab ly   a t t a c h a b l e   to  the  block  (3,  5,  24,  48)  in  a  p o s i t i o n  

in  which  the  th i rd   p l a t e   and  the  back  p la te   ( 5 )  a r e   ad jacen t   and 

t ubu l a r   connect ing   means  (24 ' )   mounted  on  the  t h i rd   p l a t e   a r e  

a l igned  with  the  ink  e j e c t i n g   tubes  (24),   the  t ubu la r   c o n n e c t i n g  

means  (24 ' )   each  having  an  end  p r o j e c t i n g   into  the  second  c a v i t y  

beyond  the  th i rd   p la te   (33 ' )   and  the  ink  conduct ing  tubes  (30)  be ing  

connected  to  the  said  p r o j e c t i n g   e n d s .  



9.  A  p r i n t i n g   head  accord ing   to  claim  6,  7  or  R,  c h a r a c t e r i s e d  

in  tha t   the  t r a n s d u c e r s   are  e l e c t r i c a l l y   connected  to  a  p r i n t e d  

c i r c u i t   element  (40)  d isposed  in  the  f i r s t   cavi ty   of  the  s t r u c t u r e  

and  p e r p e n d i c u l a r l y   to  the  ink  e j e c t i n g   tubes  (24) ,   the  element  b e i n g  

t r a v e r s e d   by  the  t r a n s d u c e r s   and  p r o j e c t i n g   from  the  r e s in   b l o c k ,  

whereby  the  t r ansduce r s   are  e l e c t r i c a l l y   a c c e s s i b l e   from  o u t s i d e .  
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