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(54)  Lid  heater  for  a  continuous  ink-jet  printer 

(57)  Ink  concentration  changes  in  continuous  inkjet 
printing  systems  have  been  minimized  by  reducing 
evaporation  rates.  This  has  the  effect  of  also  minimizing 
airflow  through  the  catcher.  The  reduced  catcher  flow  is 
not  capable  of  completely  removing  air  around  the  jets 
when  the  eyelid  is  closed,  so  this  air  becomes  saturated 
with  water  vapor  due  to  localized  evaporation  from  ink 

drops.  This,  in  turn,  causes  the  air  temperature  to  ap- 
proach  the  ink  temperature,  which  is  greater  than  the 
eyelid  seal  temperature.  The  saturated  air  condenses 
on  the  eyelid  and,  overtime,  the  condensate  fills  the  vol- 
ume  and  drips  out  of  the  eyelid,  or  causes  shorts  to  the 
high  voltage  electrode.  The  formation  of  condensate  on 
the  eyelid  is  eliminated  by  providing  a  heater  element 
formed  into  the  eyelid. 
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Description 

Technical  Field 

The  present  invention  relates  to  continuous  ink  jet 
printing  and,  more  particularly,  to  a  heater  element 
formed  into  the  eyelid  of  a  continuous  ink  jet  printhead. 

Background  Art 

Inkjet  printing  systems  are  known  in  which  a  print- 
head  defines  one  or  more  rows  of  orifices  which  receive 
an  electrically  conductive  recording  fluid  from  a  pressu- 
rized  fluid  supply  manifold  and  eject  the  fluid  in  rows  of 
parallel  streams.  Printers  using  such  printheads  accom- 
plish  graphic  reproduction  by  selectively  charging  and 
deflecting  the  drops  in  each  of  the  streams  and  depos- 
iting  at  least  some  of  the  drops  on  a  print  receiving  me- 
dium,  while  others  of  the  drops  strike  a  drop  catcher  de- 
vice. 

When  the  ink  jet  printhead  is  not  in  operation, 
means  must  be  provided  to  seal  the  printhead  so  that 
ink  does  not  dry  in  the  catcher  face  area,  or  weep  from 
the  jets  and  soil  the  apparatus  or  adjacent  work  surfac- 
es.  It  is  desirable,  therefore,  to  attach  an  eyelid  device 
to  a  printhead.  The  eyelid  contains  and  directs  the  fluid 
flow  through  the  catcher  during  the  startup  sequence  of 
the  continuous  ink  jet  printer.  The  startup  sequence  es- 
tablishes  the  jets,  dries  the  high  voltage  electrodes,  and 
turns  on  charging  voltage. 

The  eyelid  diverts  the  flow  of  ink  from  a  resonator 
back  into  the  printhead  while  the  printer  is  running  but 
not  printing.  The  eyelid  can  be  opened  any  time  after 
the  charging  voltage  is  applied.  Typically,  the  eyelid  re- 
mains  closed  while  waiting  for  other  printers  to  come  on 
line,  the  paper  to  be  loaded,  during  operator  breaks,  and 
other  interruptions  of  a  normal  production  run.  The  eye- 
lid  stays  closed  to  protect  documents  or  equipment  be- 
low  the  printhead  in  the  case  of  crooked  jets  or  other 
printhead  errors  which  are  not  detected  automatically. 

Current  printhead  design  has  been  optimized  to  re- 
duce  evaporation  rates  in  order  to  minimize  ink  concen- 
tration  changes  in  the  system.  The  optimization  reduces 
the  airflow  through  the  catcher  to  a  minimum.  The  re- 
duced  catcher  flow  does  not  completely  remove  air  in 
the  region  around  the  jets  when  the  eyelid  is  closed,  so 
this  air  becomes  saturated  with  water  vapor  due  to  lo- 
calized  evaporation  from  ink  drops.  The  air  temperature 
approaches  the  ink  temperature,  which  is  5  to  10°C 
above  the  eyelid  seal  temperature.  The  saturated  air 
then  condenses  on  the  eyelid.  Over  time,  the  conden- 
sate  will  fill  the  volume  and  drip  out  of  the  eyelid,  or 
cause  shorts  to  the  high  voltage  electrode. 

Attempts  to  solve  this  eyelid  condensate  problem 
by  increasing  the  airflow  and/or  decreasing  the  ink  tem- 
perature  have  been  unsuccessful,  due  to  airflow  limita- 
tions  of  the  catcher. 

It  is  seen  then  that  there  exists  a  need  for  a  means 

for  eliminating  the  formation  of  condensate  on  the  eyelid 
of  a  continuous  ink  jet  printhead. 

Summary  of  the  Invention 
5 

This  need  is  met  by  the  integrated  eyelid  heater  el- 
ement  according  to  the  present  invention,  wherein  the 
surface  temperature  of  the  eyelid  seal  assembly  is  main- 
tained  above  the  local  ambient  air  temperature  to  elim- 

10  inate  the  formation  of  condensate. 
In  accordance  with  one  aspect  of  the  present  inven- 

tion,  an  eyelid  assembly  in  a  continuous  ink  jet  printhead 
comprises  an  eyelid  for  containing  and  directing  fluid 
flow  through  a  catcher  throat  and  a  heater  element 

is  formed  into  the  eyelid  to  prevent  condensate  on  the  eye- 
lid. 

Accordingly,  it  is  an  object  of  the  present  invention 
to  prevent  the  formation  of  condensate  on  the  surface 
of  a  printhead  eyelid.  It  is  a  further  object  of  the  present 

20  invention  to  integrate  a  heater  element  into  the  eyelid 
seal  assembly  to  maintain  the  surface  temperature  of 
the  eyelid  above  the  local  ambient  air  temperature.  Fi- 
nally,  it  is  an  advantage  of  the  present  invention  that  the 
heater  can  be  molded  into  the  eyelid  seal  to  minimize 

25  power  requirements. 
Other  objects  and  advantages  of  the  invention  will 

be  apparent  from  the  following  description,  the  accom- 
panying  drawings  and  the  appended  claims. 

Fig.  1  illustrates  the  printhead  portion  of  a  continu- 
ous  ink  jet  printing  system,  including  an  eyelid  and 
eyelid  heater,  in  accordance  with  the  present  inven- 

ts  tion;  and 
Fig.  2  shows  an  isometric  view  of  the  eyelid  and 
catcher  assembly  portion  of  the  printhead  of  Fig.  1  , 
to  illustrate  ink  flow  and  condensate  formation. 

40  Detailed  Description  of  the  Preferred  Embodiments 

Referring  to  the  drawings,  there  is  illustrated  in  Fig. 
1  an  eyelid  device  1  ,  required  for  a  continuous  flow  ink 
jet  printer.  The  eyelid  device  1  typically  comprises  an 

45  actuator  element  la  and  a  seal  element  1  b.  The  actuator 
la  opens  when  printing  begins  to  allow  print  drops  to  exit 
printhead  10.  The  eyelid  seal  1b  contains  and  directs 
the  fluid  flow  2d,  as  illustrated  in  Fig.  2,  through  catcher 
throat  2a  during  the  startup  sequence.  The  startup  se- 

so  quence  establishes  the  ink  jets  3  from  the  droplet  gen- 
erator  4,  dries  the  high  voltage  electrodes  2b,  and  turns 
on  a  charging  voltage.  The  eyelid  can  be  opened  any 
time  after  the  charging  voltage  is  applied.  Typically,  the 
eyelid  remains  closed  while  waiting  for  other  printers  to 

55  come  on  line,  the  paper  to  be  loaded,  during  operator 
breaks,  and  other  interruptions  of  a  normal  production 
run.  The  eyelid  stays  closed  to  protect  documents  or 
equipment  below  the  printhead  in  the  case  of  crooked 

20 

25 

30  Brief  Description  of  the  Drawings 
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jets  or  other  printhead  errors  which  are  not  detected  au- 
tomatically. 

Printhead  design  has  been  optimized  to  reduce 
evaporation  rates  in  order  to  minimize  ink  concentration 
changes  in  the  system.  However,  this  optimization  also 
has  the  effect  of  reducing  airflow  through  the  catcher  to 
a  minimum.  The  reduced  catcher  flow  is  not  capable  of 
completely  removing  air  in  region  5  around  the  jets  when 
the  eyelid  is  closed.  This  air  becomes  saturated  with  wa- 
ter  vapor  due  to  localized  evaporation  from  ink  drops, 
causing  the  air  temperature  to  approach  the  ink  temper- 
ature,  which  is  5  to  10°C  above  the  eyelid  seal  temper- 
ature.  The  saturated  air  condenses  on  the  eyelid,  par- 
ticularly  on  surface  1c  of  Fig.  2.  Over  time,  the  conden- 
sate  fills  the  volume  and  drips  out  of  the  eyelid,  or  caus- 
es  shorts  to  the  high  voltage  electrode. 

In  accordance  with  the  present  invention,  an  eyelid 
heater  6  is  provided  to  prevent  condensate  on  the  sur- 
face  of  the  eyelid,  particularly  surface  1c  of  the  eyelid, 
parallel  to  the  catcher  face,  which  has  ink  impacting  on 
it.  In  a  preferred  embodiment  of  the  present  invention, 
the  heater  6  comprises  a  flex  circuit  with  the  heater  el- 
ement  6b  located  in  the  face  of  the  flex  circuit;  a  flange 
on  the  upper  surface  which  extends  beyond  the  molded 
portion,  to  fix  the  flex  circuit  in  the  correct  position  in  the 
mold  cavity  during  the  molding  process;  and  electrical 
connections  6a. 

Eyelid  assembly  1  ,  comprising  actuator  la  and  eye- 
lid  seal  1b,  seal  the  printhead  10  when  the  printhead  is 
not  in  operation,  so  that  ink  does  not  dry  in  the  catcher 
face  area,  or  weep  from  the  jets.  The  seal  1  b  preferably 
comprises  a  silicone  rubber  eyelid  sea.  The  heater  ele- 
ment  6  is  integrated  into  the  eyelid  seal  1b  to  maintain 
the  surface  temperature  of  the  eyelid  above  the  local  air 
temperature  and  eliminate  the  formation  of  condensate 
on  the  eyelid  1  .  Molding  the  heater  element  into  the  eye- 
lid  seal  also  has  the  desirable  effect  of  minimizing  power 
requirements.  The  molding  reduces  the  power  require- 
ments  by  eliminating  the  energy  which  is  wasted  by 
heating  the  actuator  element.  The  actuator,  which  is  alu- 
minum,  conducts  heat  very  well,  as  aluminum  has  a  high 
thermal  conductivity;  whereas  the  seal,  which  is  silicone 
rubber,  does  not  conduct  heat  well,  as  silicone  rubber 
has  a  low  thermal  conductivity.  If  the  heater  6  is  placed 
external  to  the  silicone,  rather  than  molded  into  the  seal 
as  in  the  present  invention,  the  energy  must  pass 
through  the  interface  to  the  silicone,  and  through  the  sil- 
icone,  to  reach  the  face  that  needs  to  be  heated.  This 
increases  the  power  requirements  from  1  .5  Wtoa  range 
from  6  W  to  10  W. 

In  a  preferred  embodiment  of  the  present  invention, 
the  integral  eyelid  and  heater  assembly  also  comprises 
an  integral  connector  6a  to  allow  easy  removal  of  the 
eyelid  for  servicing. 

Industrial  Applicability  and  Advantages 

printing,  and  has  the  advantage  of  preventing  the  for- 
mation  of  condensate  on  the  surface  of  a  printhead  eye- 
lid.  It  is  a  further  advantage  of  the  present  invention  that 
it  integrates  a  heater  element  into  the  eyelid  seal  assem- 

5  bly  to  maintain  the  surface  temperature  of  the  eyelid 
above  the  local  ambient  air  temperature.  Finally,  it  is  an 
advantage  of  the  present  invention  that  the  heater  can 
be  molded  into  the  eyelid  seal  to  minimize  power  re- 
quirements. 

10  Having  described  the  invention  in  detail  and  by  ref- 
erence  to  the  preferred  embodiment  thereof,  it  will  be 
apparent  that  other  modifications  and  variations  are 
possible  without  departing  from  the  scope  of  the  inven- 
tion  defined  in  the  appended  claims. 

15 

Claims 

1.  An  eyelid  assembly  in  a  continuous  ink  jet  printhead 
20  comprises: 

an  eyelid  for  allowing  print  drops  to  exit  the 
printhead; 
an  eyelid  seal  associated  with  the  eyelid  for 

25  containing  and  directing  fluid  flow  through  a 
catcher  throat;  and 
a  heater  integral  with  the  eyelid  seal  to  prevent 
condensate  on  the  eyelid. 

30  2.  An  eyelid  assembly  as  claimed  in  claim  1  wherein 
the  eyelid  seal  comprises  a  silicone  rubber  eyelid 
seal. 

3.  An  eyelid  assembly  as  claimed  in  claim  1  wherein 
35  the  heater  comprises: 

a  flex  circuit  having  a  flex  circuit  face; 
a  heater  element  located  in  the  face  of  the  flex 
circuit; 

40  a  flange  to  fix  the  flex  circuit  in  position;  and 
electrical  connections. 

4.  An  eyelid  assembly  as  claimed  in  claim  3  wherein 
the  heater  element  maintains  temperature  of  the 

45  flex  circuit  face  at  approximately  five  degrees  Cel- 
sius  above  local  ambient  temperature. 

5.  An  eyelid  assembly  as  claimed  in  claim  3  wherein 
the  heater  element  is  molded  into  the  eyelid  seal. 

50 

55 

The  present  invention  is  useful  in  the  field  of  ink  jet 
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