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©  Hydraulic  systems  for  ink  jet  printers. 
©  A  hydraulic  system,  suitably  an  ink  supply  system  for  an 
ink  jet  printer,  wherein  an  upstanding  tube  (59)  of  a  viscome- 
ter  (55)  is  connected  to  supply  line  for  liquid  and  a  ball  is 
movably  upwardly  and  downwardly  within  the  tube.  A  valve 
(57)  controls  a  flow  of  liquid  from  the  supply  line  to  the  tube 
(59).  Control  means  cause  the  valve  to  open  and  allow  liquid 
to  flow  into  the  tube  so  that  the  ball  (58)  is  moved  to  an  upper 
part  of  the  tube.  The  valve  is  then  closed  and  the  time  taken  for 

the  ball  to  fall  through  a  predetermined  distance  through 
liquid  within  the  tube  is  determined.  This  line  represents  the 
viscosity  of  the  liquid  within  the  system.  If  the  value  of  viscos- 
ity  determined  from  the  time  taken  for  the  ball  to  descend  is 
different  from  an  optimum  value,  the  control  means  operating 
a  charging  means  which  add  a  component  to  the  liquid  so  as 
to  move  the  viscosity  towards  the  optimum  value. 
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 A   hydraulic  system,  suitably  an  ink  supply  system  for  an 
ink  jet  printer,  wherein  an  upstanding  tube  (59)  of  a  viscome- 
ter  (55)  is  connected  to  supply  line  for  liquid  and  a  ball  is 
movably  upwardly  and  downwardly  within  the  tube.  A  valve 
(57)  controls  a  flow  of  liquid  from  the  supply  line  to  the  tube 
(59).  Control  means  cause  the  valve  to  open  and  allow  liquid 
to  flow  into  the  tube  so  that  the  ball  (58)  is  moved  to  an  upper 
part  of the  tube.  The  valve  is  then  closed  and  the  time  taken  for 

the  ball  to  fall  through  a  predetermined  distance  through 
liquid  within  the  tube  is  determined.  This  line  represents  the 
viscosity  of the  liquid  within  the  system. If the  value  of viscos- 
ity  determined  from  the  time  taken  for  the  ball to  descend  is 
differentfrom  an  optimum  value,the  control  means  operating 
a  charging  means  which  add  a  component to  the  liquid  so  as 
to  move  the  viscosity towards  the  optimum  value. 



This  i nven t ion   r e l a t e s   to  h y d r a u l i c   systems,   s u i t a b l y   to  i n k  

supply  systems  for  ink  j e t   p r i n t e r s .  

In  a  cont inuous   ink  j e t   p r i n t e r ,   i n k  i s   conveyed  from  a 

r e s e r v o i r   to  a  p r i n t   head  where  the  ink  is  forced  through  a  n o z z l e  

at  high  p r e s su re   and  broken  up  into  d r o p l e t s   by  an  u l t r a s o n i c   v i b r a t o r .  

Drop le t s   emerging  from  the  nozzle   are  charged  by  amounts  which  s u i t  

t h e i r   p r i n t   p o s i t i o n s   on  a  t a r g e t   and  the  charged  d r o p l e t s   a r e  t h e n  

d e f l e c t e d   on  to  the  t a r g e t  b y  a n   e l e c t r o s t a t i c   f i e l d .   Uncharged 

d r o p l e t s   are  r e tu rned   to  the  r e s e r v o i r .  

During  o p e r a t i o n   of  the  p r i n t e r ,   v o l a t i l e   so lven t s   are  l o s t  

from  the  ink  by  e v a p o r a t i o n   so  that   the  composi t ion   and  p h y s i c a l  

p r o p e r t i e s   of  the  ink  are  changed.  It  is  d e s i r a b l e   t h e r e f o r e   t h a t  

the  compos i t ion   of  the  ink  should  be  moni tored  and  that   any 

d e f i c i e n c y   in  the  p r o p o r t i o n   of  s o l v e n t s   should  be  made  good.  

Problems  a r i s i n g   from  loss  of  so lven t s   or  o ther   components  

a r i s e   in  other   h y d r a u l i c   s y s t e m s .  

According  to  the  p re sen t   i n v e n t i o n   there  is  provided  a 

h y d r a u l i c   system  compris ing  a  v i s come te r   which  inc ludes   an  u p s t a n d i n g  

tube  connected  to  a  supply  l ine   for  l i qu id   and  an  element  which  i s  

movable  upwardly  and  downwardly  wi th in   the  tube,  and  con t ro l   means 

which  are  adapted  to  con t ro l   the  flow  of  l iqu id   from  the  supply  l i n e  

to  the  tube,  the  element  being  moved  to  an  upper  p a r t . o f   the  t ube  



by  a  s u f f i c i e n t   upwards  flow  of  l i qu id   from  the  supply  l ine   and 

descend ing   through  the  l i qu id   when  the  upwards  flow  of  l i q u i d   i s  

t e r m i n a t e d ,   and  the  con t ro l   means  being  f u r t h e r   adapted  to  d e t e r m i n e  

the  time  taken  for  the  element  to  descend  through  a  p r e d e t e r m i n e d  

d i s t a n c e   through  l iqu id   wi th in   the  tube,  which  time  is  r e p r e s e n t a t i v e  

of  the  v i s c o s i t y   of  the  l i qu id   in  the  t u b e .  

P r e f e r a b l y ,   means  are  provided  for  charg ing   the  l i qu id   i n  

the  system  with  a  component  which  causes  a  change  in  the  v i s c o s i t y  

t h e r e o f ,   the  con t ro l   means  being  arranged  to  e f f e c t   a  c o m p a r i s o n  

between  a  des i red   v i s c o s i t y   and  the  v i s c o s i t y   r e p r e s e n t e d   by  t h e  

said  time  taken  for  the  element  to  descend  through  the  l i qu id   and 

to  g e n e r a t e   a  con t ro l   s ignal   for  a c t i v a t i n g   the  charg ing   means  i f  

the  comparison  r evea l s   a  d i f f e r e n c e   between  the  two  v i s c o s i t i e s ,  

whereby  the  l i qu id   is  charged  with  the  said  component  and  t h e  

d i f f e r e n c e   between  the  two  v i s c o s i t i e s   is  r e d u c e d .  

The  i nven t ion   wi l l   now  be  d e s c r i b e d ,   by  way  of  example ,  

with  r e f e r e n c e   to  the  accompanying  drawings,   in  w h i c h : -  

F igure .1   is  a  schematic   drawing  of  an  ink  j e t   p r i n t e r  

i n c l u d i n g   an  ink  system  according  to  the  i n v e n t i o n ;  

Figure  2  is  a  v i s come te r   included  in  the  system  of  Figure  1; 

Figure  3  is  a  block  diagram  of  an  e l e c t r i c a l   c o n t r o l  

c i r c u i t   a s s o c i a t e d   with  the  p r i n t e r   of  Figure  1;  and 

Figures  4A  to  4D  are  graphs  r e l a t i n g   to  the  o p e r a t i o n   o f  

the  p r i n t e r   of  Figure  1. 



R e f e r r i n g   to  Figure  1  of  the  drawings ,   an  ink  s y s t e m  

accord ing   to  the  i n v e n t i o n   is  designed  to  c o n v e y  i n k   between  a  r e s e r -  

vo i r   1  and  a  p r i n t   head  3  of  an  ink  j e t   p r i n t e r .   Included  in  t h e  

head  3  is  an  ink  c o n t a i n e r   5  having  an  i n l e t   7'  at  an  upper  end  t h e r e o f ,  

an  o u t l e t   o r i f i c e   9  at  a  lower  end,  and  a  bleed  o u t l e t   11.  A  v i b r a t o r  

13,  connected  to  a  p i e z o e l e c t r i c   t r a n s d u c e r   (not  shown),  e x t e n d s  

downwardly  into  the  c o n t a i n e r   5.  As  h e r e i n a f t e r   d e s c r i b e d ,   ink  in  t h e  

c o n t a i n e r   5  is  s u b j e c t e d   to  a  p re s su re   which  fo rces   a  j e t   of  i n k  

through  the  o r i f i c e   9.  V ib ra t ion   of  the  v i b r a t o r   13  ensures   tha t   t h e  

j e t   breaks  up  into  d r o p l e t s   of  uniform  s i ze .   Below  the  c o n t a i n e r   5 

there  is  an  e l e c t r o d e   15  for  charging  d r o p l e t s   by  an  amount  w h i c h  

s u i t s   t he i r   p r i n t , p o s i t i o n s   on  a  t a r g e t   and  a  pa i r   of  e l e c t r o d e s   17 

for  d e f l e c t i n g   charged  d r o p l e t s   on  to  the  t a r g e t   (not  shown).  The 

charge  appl ied  to  each  d r o p l e t ,   and  hence  the  l o c a t i o n   at  which  i t  

s t r i k e s   the  t a r g e t ,   depends  of  course  upon  the  i n s t a n t a e n o u s   m a g n i t u d e  

of  the  p o t e n t i a l   app l ied   to  the  e l e c t r o d e   15.  This  p o t e n t i a l   i s  

de termined  by  an  output   from  a  p r in t   m i c r o p r o c e s s o r   (not  shown).  A 

g u t t e r   19  is  provided  for  c o l l e c t i n g   uncharged  d r o p l e t s ,   which  are  n o t  

d e f l e c t e d   on  to  the  t a r g e t .  

In  the  p r e s e n t   s y s t e m ,  t h e   r e s e r v o i r   1  is  p r o v i d e d  w i t h   a 

c a r t r i d g e   21  c o n t a i n i n g   ink  for  r e p l e n i s h i n g   the  ink  s tored   w i th in   t h e  

r e s e r v o i r .   Also  mounted  on  the  r e s e r v o i r   1  is  a  make-up  c a r t r i d g e  

23  c o n t a i n i n g   s o l v e n t s   for  adding  to  ink  w i th in   the  system,  as  

h e r e i n a f t e r   d e s c r i b e d .  

A  double  ended  pump  25  serves   to  pump  ink  from  the  r e s e r -  

voir   1  to  the  p r i n t   head  3  and  to  r e tu rn   unused  ink  from  the  head  to  



the  r e s e r v e d .   The  pump  25  inc ludes   a  f i r s t   gear  pump  27,  which  i s  

connected  in to   the  high  p ressure   side  of  the  system,  and  a  s e c o n d  

pump  29,  which  is  on  the  suc t ion   s ide.   Rotary  p a r t s   of  the  pumps  27 

and  29  are  coupled  to  r e s p e c t i v e   opposed  s h a f t s   of  a  motor  31 .  

The  pump  27,  which  is  a  gear  pump  of  the  s u c t i o n   shoe  t y p e ,  

has  an  i n l e t   connected  to  the  r e s e r v o i r   1  and  an  o u t l e t   connec ted   t o  

the  head  3  via  a  f i l t e r   damper  33,  a  p r e s s u r e   r e g u l a t o r   35  and  a  j e t  

run  so leno id   valve  37.  The  f i l t e r   damper  33  serves   both  to  f i l t e r   i n k  

from  the  r e s e r v o i r   1  and  to  dampen  c y c l i c a l   v a r i a t i o n s   in  the  r a t e   o f  

flow  of  ink  from  the  pump  27.  The  p r e s s u r e   r e g u l a t o r   35  m a i n t a i n s   t he  

p r e s s u r e   of  i n k  s u p p l i e d  t o  t h e   head  3  at  a  p r e d e t e r m i n e d   va lue .   A 

v i sua l   i n d i c a t i o n  o f   th is   p ressure   is  provided  by  a  p r e s s u r e   gauge  39.  

To  e n s u r e  t h a t   the  p r e s su re   of  ink  does  not  r i s e   above  60  pounds  p e r  

square  inch,  a  p r e s su re   r e l i e f   valve  41  connects   the  output   of  the  pump 

27  to  the  r e s e r v o i r   1  by  means  h e r e i n a f t e r   d e s c r i b e d .  

A  bleed  l ine   43  is  provided  for  r e t u r n i n g   a  mix tu re   of  i n k  

and  air   from  the  c o n t a i n e r s   of  the  head  3  to  the  r e s e r v o i r   1  a t   t h e  

beginning  of  a  p r i n t i n g   o p e r a t i o n .   Connected  into  the  l ine   43  is  a 

bleed  so l eno id   valve  45 .  

On  the  s u c t i o n  s i d e   o f  t h e   system,  the  pump  29  has  an  i n l e t  

connected  to  the  g u t t e r   19  via  a  g u t t e r   f i l t e r   47  and  an  o u t l e t  

connected  d i r e c t l y   to  the  r e s e r v o i r   1.  The  pump  29  is  a  gear  pump  o f  

the  cav i ty   p l a t e   t y p e .  

To  ensure  that   the  pump  29  a p p l i e s   s u f f i c i e n t   s u c t i o n   t o  

the  head  3  and  is  adequa te ly   l u b r i c a t e d ,   the  i n l e t   to  the  pump  i s  

connected  to  the  o u t l e t   of  the  pump  27  via  a  bleed  l ine   49  and  t h e  



p r e s s u r e   r e l i e f   valve  41.  Included  in  the  l ine   49  is  a  bleed  c o n t r o l  

o r i f i c e   51  which  is  p r e se t   to  allow  a  p r e d e t e r m i n e d   flow  of  ink  to  t h e  

pump  29.  The  j u n c t i o n   between  the  bleed  l i ne   49  and  the  valve  41  i s  

connected  to  the  r e s e r v o i r   1  by  a  f u r t h e r   p r e s s u r e   r e l i e f   valve  53,  

which  opens  if  the  p r e s su re   of  ink  in  the  l ine   49  exceeds  1  pound 

per  square  i n c h .  

Opera t ion   of  the  motor   31  and  the  va lves   37  and  45  i s  

c o n t r o l l e d   by  a  main  m i c r o p r o c e s s o r   (not  shown)  which  is  l inked  t o  

the  p r i n t   m i c r o p r o c e s s o r .  

In  use  of  the  p resen t   system,  it  is  impor tan t   to  r e p l a c e  

v o l a t i l e   s o l v e n t s   l o s t   from  the  ink  by  e v a p o r a t i o n   in  the  head  3 .  

Such  loss  of  s o l v e n t s   is  de tec ted   by  d e t e c t i n g   changes  in  t h e  

v i s c o s i t y   of  the  ink,  which  va r i e s   with  changes  in  compos i t ion .   Means 

are  then  provided  for  adding  fresh  s o l v e n t s   as  n e c e s s a r y .  

R e f e r r i n g   now  to  Figures  1  and  2,  a  v i s come te r   55  has  i t s  

i n l e t   connected  to  the  bleed  l ine   49  by  a  normal ly   closed  s o l e n o i d  

valve  57  and  i t s   o u t l e t   d i r e c t l y   connected  to  the  r e s e r v o i r   1.  The 

v i s c o m e t e r   55  i nc ludes   a  s t a i n l e s s   s t e e l   ba l l   58  which  is  movab le  

upwardly  and  downwardly  wi th in   an  u p s t a n d i n g   tube  59  of  ground  g l a s s .  

At  an  upper  end  of  the  tube  59  there  is  a  f l a r e d   p o r t i o n   61,  w h i l s t  

a  seat   63  for  the  ba l l   57  is  provided  near  to  a  lower  end  of  the  t u b e .  

A  ba l l   d e t e c t o r   coil   65  surrounds  a  s e c t i o n   of  the  tube  59  i m m e d i a t e l y  

above  the  seat   63.  

The  ink  make  up  c a r t r i d g e   23,  r e f e r r e d   to  above,  c o n t a i n s  

s o l v e n t s   which  are  added  to  the  ink  when  a  loss   of  s o l v e n t s   i s  

de t ec t ed   by  the  v i s come te r   55.  Solvents   from  the  c a r t r i d g e   23  a r e  

supp l ied   to  the  l ine   between  the  pump  29  and  the  g u t t e r   19  v i a  a  



normal ly   c losed   make-up  s o l e n o i d   valve  67.  

Assoc i a t ed   with  the  v i s come te r   55  and  the  va lve   67  is  an  

e l e c t r i c a l   c o n t r o l   c i r c u i t ,   shown  in  Figure  3  of  the  d r a w i n g s .  

The  con t ro l   c i r c u i t   of  Figure  3  i n c l u d e s   a  s i n g l e   c h i p  

mic rocompute r   69  having  inputs   which  are  supp l i ed   with  d a t a  

r e p r e s e n t i n g   the  c u r r e n t   and  des i r ed   v i s c o s i t i e s   of  ink  in  the  s y s t e m  

and  o u t p u t s   which  supply  c o n t r o l   s i g n a l s   for  removing  any  d i s c r e p a n c y  

between  c u r r e n t   and  d e s i r e d   v i s c o s i t i e s .   Thus,  a  f i r s t   input   to  t h e  

mic rocompu te r   69  is  connected   to  a  c a r t r i d g e   memory  device   71  w h i c h  

s t o r e s   data  r e l a t i n g   to  v a r i o u s   kinds  of  ink  and  the  v i s c o s i t i e s  

t h e r e o f   for  optimum  p r i n t i n g   r e s u l t s .   A  second  input   to  the  m i c r o -  

computer  is  connected  to  a  sensor   73,  whose  input   is  connec ted   t o  

the  ba l l   d e t e c t o r   coi l   65,  r e f e r r e d   to  above.  F u r t h e r   i npu t s   a r e  

connec ted   to  a  t empera tu re   sensor   75  and  a s s o c i a t e d   a n a l o g u e / d i g i t a l  

c o n v e r t e r   77  and  to  a  t imer  79.  Outputs  from  the  m i c r o c o m p u t e r   69  a r e  

connec ted   to  the  make-up  so l eno id   valve  67  and  to  the  s o l e n o i d   v a l v e  

57,  r e s p e c t i v e l y .  

The  microcomputer   69  is  programmed  to  a c t i v a t e   the  v i s c o -  

meter   55,  to  i n t e r p r e t   data  r e l a t i n g   to  v i s c o s i t y   and  a s s o c i a t e d  

p a r a m e t e r s   appl ied   to  the  inputs   t h e r e o f ,   and  to  p rov ide   c o n t r o l  

s i g n a l s   for  a c t u a t i n g   the  make-up  so l eno id   valve  67,  as  h e r e i n a f t e r  

d e s c r i b e d .  

In  using  the  p r e s e n t   system,  the  s o l e n o i d   va lve s   57  and  67 

are  normal ly   closed  and  the  j e t   run  so leno id   va lve   37  is  n o r m a l l y  

open.  I n i t i a l l y ,   the  bleed  so leno id   valve  45  is  a lso   o p e n .  



A c c o r d i n g l y ,   when  the  motor  31  is  f i r s t   e n e r g i s e d ,   ink  from 

the  r e s e r v o i r   1  is  pumped  to  the  c o n t a i n e r   5  in  the  head  3  via  t he  

f i l t e r   damper  3 3 ,  t h e   p r e s s u r e   r e g u l a t o r   35  and  the  j e t   run  s o l e n o i d  

valve  37.  The  p r e s s u r e   app l ied   to  ink  wi th in   the  c o n t a i n e r   5  f o r c e s  

a  j e t   of  ink  downwardly  via  the  o r i f i c e   9  to  the  g u t t e r   19.  A  m i x t u r e  

of  ink  and  a i r   is  r e t u rned   to  the  r e s e r v o i r   1  via  the  bleed  o u t l e t   11 

of  the  c o n t a i n e r   5,  the  bleed  l ine   43  and  the  bleed  so leno id   valve  45.  

When  a l l   of  the  a i r   has  been  exhausted   from  the  c o n t a i n e r   5,  the  b l e e d  

so leno id   valve  45  is  c l o s e d .  

P r i n t i n g   can  now  be  commenced  by  e n e r g i s i n g   the  p i e z o e l e c -  

t r i c   t r a n s d u c e r   so  that   the  v i b r a t o r   13  causes  the  j e t   of  ink  from 

the  o r i f i c e   7  to ,be  broken  up  into  d r o p l e t s   of  uniform  s i z e . a n d   by 

e n e r g i s i n g   the  charg ing   e l e c t r o d e   15  and  the  d e f l e c t i n g   e l e c t r o d e s   17. 

With  the  motor  31  e n e r g i s e d ,   ink  at  an  i n i t i a l   p r e s s u r e   o f  

1  p . s . i .   is  s u p p l i e d   from  the  o u t l e t   of  the  pump  27  to  the  i n l e t   to  t h e  

pump  29  via  the  p r e s s u r e   r e l i e f   valve  41,  the  bleed  l ine   49  and  t h e  

bleed  con t ro l   o r i f i c e   51.  This  supply  of  ink  seals   i n t e r n a l   c l e a r -  

ances  wi th in   the  pump  29.  Accord ing ly ,   the  e f f i c i e n c y   of  the  pump  29 

as  an  air   pump  is  i n c r e a s e d ,   a  h igher   suc t ion   is  app l i ed   to  t h e  

g u t t e r   19,  and  a  mixture   of  a i r   and  unused  l i qu id   is  drawn  from  the  

g u t t e r .   As  de sc r i bed   above,  the  o r i f i c e   51  is  p r e - s e t   to  allow  a 

p rede t e rmined   flow  of  ink  along  the  bleed  l ine  49,  th is   p r e d e t e r m i n e d  

flow  being  s u f f i c i e n t   to  ensure  that   the  pump  29  is  a d e q u a t e l y  

l u b r i c a t e d .  

Once  every  15  minutes   during  ope ra t ion   of  the  s y s t e m ,  

the  microcomputer   69  i n i t i a t e s   a  check  on  the  v i s c o s i t y   of  ink  i n  



the  system.  As  a  f i r s t   s tage  in  the  check,  a  s igna l   from  thë  m i c r o -  

computer  69  is  appl ied  to  the  so leno id   valve  57,  caus ing   the  valve  to  

open  and  to  allow  ink  to  flow  from  the  bleed  l ine   49  to  the  v i s c o -  

meter  55.  Ink  flows  upwardly  through  the  tube  59  of  the  v i s c o m e t e r  

55,  f o rc ing   the  s tee l   ba l l   58  upwardly  into  the  f l a r ed   po r t ion   61 

at  the  top  of  the  tube.  The  ba l l   remains  in  the  f l a r e d   po r t i on   61,  

suppor ted  by  the  upwards   flow  of  ink,  wh i l s t   ink  con t inues   to  f l o w  

upwardly  past   the  ba l l   and  then  outwardly  from  the  tube  59  to  t h e  

r e s e r v o i r   1.  The  presence  of  the  f l a r e d   p o r t i o n   61  means  there  i s  

s u f f i c i e n t   space  for  any  so l id   p a r t i c l e s   in  the  ink  to  pass  be tween  

the  wall  of  the  tube  59  and  to  r e t u r n   to  the  r e s e r v o i r   1. 

Approximately  one  minute  a f t e r   the  so leno id   valve  57  h a s  

been  opened,  the  microcomputer   69  a c t i v a t e s   the  timer  79  and  at  t h e  

same  time  app l ies   a  f u r t h e r   s igna l   to  the  valve  57,  causing  the  v a l v e  

to  c lose .   With  the  upwards  flow  of  ink  t e r m i n a t e d ,   the  bal l   58 

descends  slowly  wi th in   the  tube  59  at  a  ra te   dependent   upon  t h e  

v i s c o s i t y   of  ink  in  the  tube.  When  the  ba l l   58  has  moved  downwardly 

through  a  p rede te rmined   d i s t a n c e ,   i t   en te r s   the  ba l l   d e t e c t o r   coi l   65. 

Movement  of  the  ba l l   58  through  the  coi l   65  is  sensed  by  the  s e n s o r  

73,  which  app l i es   an  input   s igna l   to  the  microcomputer   69. 

Within  the  microcomputer   69,  a  computa t ion   of  the  v i s c o s i t y  

of  the  ink  is  made  from  data  r e p r e s e n t i n g   the  time  between  t h e  

c los ing   of  solenoid  valve  57  and  the  a r r i v a l   of  the  bal l   58  at  t h e  

coi l   65,  data  r e p r e s e n t i n g   the  ambient  t empera ture   or  the  t e m p e r a t u r e  

of  the  ink,  suppl ied  by  the  t empera tu re   sensor  75  and  the  ana logue  

d i g i t a l   conve r t e r   77,  and  data  s tored  in  the  memory  device  71  and 



r e p r e s e n t i n g   the  r e l a t i o n s h i p   between  the  v i s c o s i t y   of  the  i n k ,  

the  time  taken  for  the  bal l   58  to  descend  through  the  tube  59  and 

the  ambient  t e m p e r a t u r e .  

A  comparison  is  then  made  between  the  computed  v i s c o s i t y  

and  data  r e p r e s e n t i n g   the  optimum  v i s c o s i t y ,   also  s tored  in  t h e  

memory  device  71.  

Assuming  there   is  a  d i f f e r e n c e   between  the  computed  and 

optimum  v i s c o s i t i e s ,   an  output   s igna l   is  appl ied  from  the  m i c r o -  

computer  69  to  the  so lenoid   valve  67.  The  valve  67  is  then  opened 

for  a  p rede te rmined   i n t e r v a l   of  time  and  a  p rede te rmined   volume  o f  

so lven ts   flows  from  the  make-up  c a r t r i d g e   23  to  the  l ine   c o n n e c t i n g  

the  pump  29  to  the  g u t t e r   19. 

A  s i m i l a r   computat ion  of  v i s c o s i t y   is  made  at  i n t e r v a l s   o f  

15  minutes.   Each  time  there  is  a  d i s c r e p a n c y   between  the  computed 

and  optimum  v i s c o s i t i e s ,   a  f resh   volume  of  so lven t s   is  suppl ied   f rom 

the  make-up  c a r t r i d g e   23.  If  the  computed  v i s c o s i t y   equals  t h e  

optimum  v i s c o s i t y ,   the  so leno id   valve  67  remains  closed  so  that   no 

so lven ts   are  added.  

One  ink  s u i t a b l e   for  use  in  the  ink  j e t   p r i n t e r   of  F i g u r e s  

1  to  3  is  known  as  "Coates  Black  MEK". 

As  shown  in  Figure  4A,  th is   ink  has  a  v i s c o s i t y   which 

va r i e s   l i n e a r l y   with  t empera tu re   between  200C  and  450C,  the  v i s c o s i t y  

f a l l i n g   from  approx imate ly   3.8  c .p.   at  a  t empera ture   of  200C  t o  

approximate ly   2.0  c.p.  at  45°C.  There  is  also  a  l i n e a r   r e l a t i o n s h i p  

between  the  v i s c o s i t y   of  this   ink  and  the  time  taken  for  the  bal l   t o  

f a l l   through  the  p rede te rmined   d i s t a n c e   wi th in   the  tube  59  of  t he  

v iscometer   59,  as  shown  in  the  graph  forming  Figure  4B. 



Refe r r ing   now  to  Figure   4C,  the  p r i n t e r   of  Figures   1  to  3 

was  f i r s t   opera ted  over  a  pe r iod   of  12  hours  with  the  m i c r o c o m p u t e r  

69  d i s c o n n e c t e d   from  the  so l eno id   valve  57.  This  meant  that   t h e  

valve  57  remained  closed  so  tha t   there  was  no  checking  of  t h e  

v i s c o s i t y   of  ink  in  the  sys tem and  no  supply  of  f resh   s o l v e n t s  

from  the  make-up  c a r t r i d g e   23.  As  shown  in  F igure   4C,  the  v i s c o s i t y  

i n c r e a s e d   at  a  f a i r l y   c o n s t a n t   ra te   th roughout   the  12  hour  p e r i o d ,  

s t a r t i n g   at  approximate ly   3.85  c .p . and   ending  at  a p p r o x i m a t e l y  

4.65  c . p .  

Re fe r r ing   now  to  Figure  4D,  the  p r i n t e r   was  then  o p e r a t e d  

over  a  second  12  hour  per iod  with  the  microcomputer   69  r e - c o n n e c t e d  

to  the  so lenoid   valve  57.  The  valve  57  was  t h e r e f o r e   opened  and 

the  v i s c o s i t y   checked  in  the  manner  de sc r ibed   above.  It  wi l l   be 

seen  from  Figure  4D  that   the  e f f e c t   of  p e r i o d i c a l l y   checking  t h e  

v i s c o s i t y   and  adding  fresh  s o l v e n t ,   when  n e c e s s a r y ,   is  to  r e s t r i c t  

v a r i a t i o n   in  the  v i s c o s i t y   and  va lues   between  3.9  and  4.0  c . p .  

I n   a  f u r t h e r   p r i n t i n g   o p e r a t i o n   c a r r i e d   out  by  the  above 

p r i n t e r   the  ambient  t empera tu re   was  280C  and  the  time  for  the  b a l l  

to  f a l l   through  the  p r ede t e rmined   d i s t a n c e ,   assuming  the  v i s c o s i t y  

was  at  i t s  op t imum  value,   was  72  sees.   In  p r a c t i c e ,   the  measured  

time  of  descent   was  74  sees.   Accord ing ly ,   a  charge  of  8  ccs  o f  

so lven t   was  added  to  the  ink  a f t e r   the  f i r s t   check  by  the  c o n t r o l  

means.  This  reduced  the  v i s c o s i t y   by  0.04  c .p.   and  reduced  the  b a l l  

descen t   time  to  73  secs,   as  measured  at  the  next  c h e c k .  

In  ope ra t ion   at  normal  running  t e m p e r a t u r e s   i t   was  found 

tha t   approx imate ly   16  ccs  out  of  a  t o t a l   volume  of  so lven t   of  1 . 7 5  



l i t r e s   were  los t   from  the  system  during  each  hour.  The  c o n t r o l  

means  de sc r ibed   above  compensate  by  adding  the  a p p r o p r i a t e   a d d i t i o n a l  

volumes  of  s o l v e n t .  



1.  A  hydrau l i c   system  compr is ing   a  v i s c o m e t e r   which  

i n c l u d e s   an  upstanding  tube  connected  to  a  supply  l ine   for  l i q u i d  

and  an  element  which  is  movable  upwardly  and  downwardly  wi thin   t h e  

tube,  and  con t ro l   means  which  are  adapted  to  c o n t r o l   the  flow  of  

l i q u i d   from  the  supply  l ine  to  the  tube,  the  element  being  moved  t o  

an  upper  par t   of  the  tube  by  a  s u f f i c i e n t   upwards  flow  of  l i q u i d  

from  the  supply  l ine  and  descending   through  the  l i q u i d   when  t h e  

upwards  flow  of  l iqu id   is  t e r m i n a t e d ,   and  the  c o n t r o l   means  b e i n g  

f u r t h e r - a d a p t e d   to  determine  the  time  taken  for  the  element  to  

descend  through  a  p rede te rmined   d i s t a n c e   through  l i q u i d   wi th in   t h e  

tube,  which  time  is  r e p r e s e n t a t i v e   of  the  v i s c o s i t y   of  the  l i q u i d  

in  the  t u b e .  

2.  A  system  as  claimed  in  claim  1,  wherein  the  tube  has  a 

c i r c u l a r   s ec t ion   and  the  element  is  a  b a l l .  

3.  A  system  as  claimed  in  any one  of  the  p reced ing   c l a i m s ,  

wherein   a  small  c lea rance   is  p rovided  between  the  element  and  a 

side  wall  of  a  lower  par t   of  the  tube  w h i l s t   there   is  s u f f i c i e n t  

space  for  so l id   p a r t i c l e s   in  the  l i qu id   to  pass  between  the  e lement  

and  a  side  wall  of  said  upper  par t   of  the  t u b e .  

4.  A  system  as  claimed  in  claim  1,  2  or  3,  wherein  the  c o n t r o l  

means  inc lude   a  coil   d isposed  c o a x i a l l y   of  the  tube,  means  f o r  

supply ing   an  e l e c t r i c a l   c u r r e n t   to  the  co i l ,   and  means  for  s e n s i n g  

a  change  in  the  said  cu r r en t   caused  by  a  movement  of  the  e lement  



downwardly  through  the  c o i l .  

5.  A  system  as  claimed  in  any one  of  the  preceding  c l a i m s ,  

f u r t h e r   compris ing  means  for  charging  the  l i qu id   in  the  system  w i t h  

a  component  which  causes  a  change  in  the  v i s c o s i t y   t h e r e o f ,   t he  

con t ro l   means  being  arranged  to  e f f e c t   a  comparison  between  a 

des i red   v i s c o s i t y   and  the  v i s c o s i t y   r e p r e s e n t e d   by  the  said  t ime 

taken  for  the  element  to  descend  through  the  l iqu id   and  to  g e n e r a t e  

a  con t ro l   s igna l   for  a c t i v a t i n g   the  charging  means  if  the  compar i son  

revea l s   a  d i f f e r e n c e   between  the  two  v i s c o s i t i e s ,   whereby  the  l i q u i d  

is  charged  with  the  said  component  and  the  d i f f e r e n c e   between  t h e  

two  v i s c o s i t i e s   is  r e d u c e d .  
• 

6.  A  system  as  claimed  in  claim  5,  wherein  the  con t ro l   means 

include  a  s tore   con ta in ing   data  r e l a t i n g   to  var ious   l i q u i d s   which  can 

be  used  in  the  system  and  the  v i s c o s i t y   of  each  l i qu id   which 

ensures  optimum  ope ra t ion   of  the  system,  and  means  for  e f f e c t i n g   a 

comparison  between  the  s tored  data  and  the  v i s c o s i t y   r e p r e s e n t e d   by 

the  said  time  taken  for  the  element  to  descend  through  the  p r e d e t e r -  

mined  d i s t a n c e .  

7.  A  system  as  claimed  in  claim  6,  wherein  the  con t ro l   means 

f u r t h e r   inc ludes   means  for  sensing  the  t empera ture   of  the  l i qu id   i n  

the  system  or  the  ambient  t empe ra tu r e ,   and  the  s tore   i n c l u d e s  

f u r t h e r   data  r e p r e s e n t i n g   the  v a r i a t i o n   of  the  v i s c o s i t y   of  each  o f  

said  l i q u i d s   with  t empera tu re ,   the  con t ro l   means  being  adapted  to  

e f f e c t   a  comparison  between  the  v i s c o s i t y   r e p r e s e n t e d   by  the  s a i d  



time  taken  for  the  element  to  descend  through  the  p r e d e t e r m i n e d  

d i s t a n c e   and  the  v i s c o s i t y   des i red   at  the  t empera tu re   sensed  by 

the  t empera tu re   sens ing   means.  

8.  An  ink  j e t   p r i n t e r   i nc lud ing   a  h y d r a u l i c   system  as  c l a i m e d  

in  any one  of  the  p receding   claims,   the  p r i n t e r   f u r t h e r   c o m p r i s i n g  

an  ink  r e s e r v o i r ,   a  p r i n t i n g   head,  a  pump  means  for  supply ing   i n k  

from  the  r e s e r v o i r   to  the  head  and  for  r e t u r n i n g   unused  ink  from  t h e  

head  to  the  r e s e r v o i r ,   the  v i scomete r   of  the  system  b e i n g  c o n n e c t e d  

in  a  supply  l ine   between  the  pump  means  and  the  head  or  be tween  

the  pump  means  and  the  r e s e r v o i r .  

9.  A  method  of  de te rmin ing   the  v i s c o s i t y   of  a  l i q u i d   in  a 

hydrau l i c   system,  compris ing  p rov id ing   a  flow  of  l i q u i d   along  a 

supply  l ine   in  the  system,  a l lowing  an  upwards  flow  of  l i qu id   from 

the  supply  l ine   into  an  ups tand ing   tube  of  a  v i s c o m e t e r   c o n n e c t e d  

to  the  supply  l i n e ,   whereby  an  element  wi th in   the  tube  is  moved  t o  

an  upper  par t   of  the  tube,  t e rmina t ing   the  upwards  flow  of  l i q u i d  

from  the  supply  l ine   so  that  the  element  descends  through  the  l i q u i d  

in  the  tube,  de t e rmin ing   the  time  taken  for  the  element  to  descend  

through  a  p r ede t e rmined   d i s t a n c e ,   and  computing  the  v i s c o s i t y   o f  

the  l i qu id   from  the  said  time  and  other   p a r a m e t e r s .  

10.  A  method  as  claimed  in  claim  10,  f u r t h e r   c o m p r i s i n g  

e f f e c t i n g   a  comparison  between  a  des i r ed   v i s c o s i t y   and  the  v i s c o s i t y  

r e p r e s e n t e d   by  the  said  time,  and,  if  the  comparison  r evea l s   a 

d i f f e r e n t   between  the  two  v i s c o s i t i e s ,   charging  the  l i q u i d   with  a 

component  which  causes  the  v i s c o s i t y   of  the  l i q u i d   to  move  towards  



the  des i red   v i s c o s i t y .  

11.  A  method  as  claimed  in  claim  10  or  11,  wherein  the  flow  o f  

l i q u i d   is  a  flow  of  ink  along  a  supply  l ine  in  an  ink  j e t   p r i n t e r .  
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