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Description 

[0001]  This  invention  relates  to  inkjet  printers  and, 
more  particularly,  to  a  technique  for  refilling  inkjet  print 
cartridges  with  ink  and  to  an  ink  valve  having  a  releasa-  s 
ble  tip  for  a  print  cartridge  recharge  system. 
[0002]  A  popular  type  of  inkjet  printer  contains  a  scan- 
ning  carriage  for  supporting  one  or  more  disposable 
print  cartridges.  Each  disposable  print  cartridge  con- 
tains  a  supply  of  ink  in  an  ink  reservoir,  a  printhead,  and  10 
ink  channels  which  lead  from  the  ink  reservoir  to  ink 
ejection  chambers  formed  on  the  printhead.  An  ink  ejec- 
tion  element,  such  as  a  heater  resistor  or  a  piezoelectric 
element,  is  located  within  each  ink  ejection  chamber. 
The  ink  ejection  elements  are  selectively  fired,  causing  is 
a  droplet  of  ink  to  be  ejected  through  a  nozzle  overlying 
each  activated  ink  ejection  chamber  so  as  to  print  a  pat- 
tern  of  dots  on  the  medium.  When  such  printing  takes 
place  at  300  dots  per  inch  (dpi)  or  greater,  the  individual 
dots  are  indistinguishable  from  one  another  and  high  20 
quality  characters  and  images  are  printed. 
[0003]  Once  the  initial  supply  of  ink  in  the  ink  reservoir 
is  depleted,  the  print  cartridge  is  disposed  of  and  a  new 
print  cartridge  is  inserted  in  its  place.  The  printhead, 
however,  has  a  usable  life  which  outlasts  the  ink  supply.  25 
Methods  have  been  proposed  to  refill  these  single-use- 
only  print  cartridges,  but  such  refilling  techniques 
require  penetration  into  the  print  cartridge  body  in  a 
manner  not  intended  by  the  manufacturer  and  typically 
require  the  user  to  manually  inject  the  ink  into  the  print  30 
cartridge.  Penetration  into  the  cartridge  body  typically 
opens  the  print  cartridge  ink  bag  to  the  atmosphere,  and 
any  back  pressure  within  the  ink  bag  is  lost.  Additionally, 
the  quality  of  the  refill  ink  is  usually  lower  than  the  qual- 
ity  of  the  original  ink.  As  a  result,  such  refilling  frequently  35 
results  in  ink  drooling  from  the  nozzles,  a  messy  transfer 
of  ink  from  the  refill  kit  to  the  print  cartridge  reservoir,  air 
pockets  forming  in  the  ink  channels,  poor  quality  print- 
ing  resulting  from  the  ink  being  incompatible  with  the 
high  speed  printing  system,  and  an  overall  reduction  in  40 
quality  of  the  printed  image. 
[0004]  What  is  needed  is  an  improved  structure  and 
method  for  recharging  the  ink  supply  in  an  inkjet  print 
cartridge  which  is  not  subject  to  any  of  the  above-men- 
tioned  drawbacks  of  the  existing  systems.  45 
[0005]  CH-A-681  365  discloses  a  system  for  use  with 
a  print  cartridge  having  an  ink  fill  hole  in  fluid  communi- 
cation  with  an  ink  chamber  within  said  print  cartridge 
comprising:  an  ink  reservoir  for  containing  ink  to  refill 
said  ink  chamber;  a  hollow  needle  having  receiving  so 
opening  for  receiving  ink  from  said  ink  reservoir  and 
having  a  first  end,  said  hollow  needle  having  a  transfer- 
ring  opening  for  transferring  ink  to  said  ink  chamber  in 
said  print  cartridge.  The  needle  can  be  engaged  with 
the  closure  element  of  a  printer  cartridge.  The  disclo-  55 
sure  of  this  document  corresponds  generally  to  the 
introductory  part  of  claim  1  . 
[0006]  Ink  printing  systems  in  accordance  with  the 

present  invention  include  a  print  cartridge,  having  an  ink 
reservoir  and  an  ink  fill  hole,  and  an  ink  refill  system  for 
engaging  the  print  cartridge's  ink  fill  hole  and  transfer- 
ring  ink  to  the  ink  reservoir. 
[0007]  According  to  a  first  aspect  of  the  present  inven- 
tion,  there  is  provided  a  system  for  use  with  a  print  car- 
tridge  having  an  ink  fill  hole  in  fluid  communication  with 
an  ink  chamber  within  said  print  cartridge  comprising: 

an  ink  reservoir  for  containing  ink  to  refill  said  ink 
chamber; 
a  hollow  needle  having  a  receiving  opening  for 
receiving  ink  from  said  ink  reservoir  and  having  a 
first  end,  said  hollow  needle  having  a  transferring 
opening  for  transferring  ink  to  said  ink  chamber  in 
said  print  cartridge; 
a  releasable  valve  tip  configured  to  be  secured  to 
said  first  end  of  said  hollow  needle  and  readily 
releasable  from  said  first  end,  characterised  in  that 
said  valve  tip  has  an  outer  surface  shape  such  that 
said  valve  tip  can  be  pushed  completely  through 
said  ink  fill  hole  for  refilling  said  ink  chamber  via 
said  hollow  needle,  said  outer  surface  shape  of  said 
valve  tip  also  being  such  that  said  valve  tip  seats 
within  said  ink  fill  hole  and  seals  said  ink  fill  hole 
when  said  valve  tip  is  pulled  back  into  said  ink  fill 
hole  when  withdrawing  said  hollow  needle  from 
said  ink  fill  hole. 

[0008]  According  to  a  second  aspect  of  the  present 
invention,  there  is  provided  a  method  for  recharging  a 
print  cartridge  comprising  the  steps  of: 

inserting  a  first  end  of  a  hollow  needle  through  an 
ink  fill  hole  in  a  print  cartridge  and  into  an  ink  cham- 
ber  within  said  print  cartridge,  an  opening  in  said 
hollow  needle  communicating  with  ink  within  an  ink 
reservoir,  said  first  end  of  said  hollow  needle  being 
releasably  connected  to  a  valve  tip  such  that  said 
valve  tip  is  also  inserted  through  said  ink  fill  hole 
and  into  said  ink  chamber; 
transferring  ink  from  said  ink  reservoir,  through  said 
opening;  and 
into  said  ink  chamber  within  said  print  cartridge; 
withdrawing  said  hollow  needle  from  said  ink  cham- 
ber  until  said  valve  tip  seats  within  said  ink  fill  hole 
to  seal  said  ink  chamber;  and 
disengaging  said  first  end  of  said  hollow  needle 
from  said  valve  tip. 

[0009]  In  a  preferred  embodiment,  the  ink  reservoir  in 
the  print  cartridge  consists  of  a  spring-loaded  collapsi- 
ble  ink  bag, 
where  the  spring  urges  the  sides  of  the  ink  bag  apart 
and  thus  maintains  a  negative  pressure  within  the  ink 
bag  relative  to  ambient  pressure.  This  negative  pres- 
sure  prevents  ink  drooling  from  the  nozzles.  As  the  ink 
is  depleted  during  use  of  the  print  cartridge,  the  ink  bag 
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progressively  collapses  and  overcomes  the  spring 
force. 
[0010]  An  ink  fill  hole  extends  through  the  print  car- 
tridge  body  and  into  the  ink  bag.  This  ink  fill  hole  is  used 
by  the  manufacturer  when  initially  filling  the  ink  bag  with  5 
ink.  The  ink  fill  hole  has  a  stopper  blocking  the  hole  to 
prevent  ink  leakage  through  the  hole. 
[0011]  An  ink  refill  system  containing  a  supply  of  ink 
has  a  male  valve,  resembling  a  hollow  needle,  which  is 
inserted  through  the  ink  fill  hole  and  pushes  the  stopper  n 
into  the  ink  bag.  The  male  valve  creates  an  airtight  fluid 
communication  path  between  the  ink  bag  and  the  ink 
supply  in  the  ink  refill  system. 
[001  2]  The  negative  pressure  within  the  print  cartridge 
ink  bag  then  draws  the  ink  from  the  ink  refill  system  into  n 
the  ink  bag  until  the  ink  bag  is  substantially  full.  The  ink 
refill  system  is  then  removed  from  the  print  cartridge. 
The  male  valve  of  the  ink  refill  system  has  a  releasable 
tip  which  is  pulled  into  the  ink  fill  hole  to  seal  the  ink  fill 
hole.  The  tip  is  then  released  from  the  male  valve  such  2t 
as  by  unscrewing  the  male  valve  from  the  tip.  Thus,  the 
negative  pressure  in  the  ink  bag  is  maintained.  The  print 
cartridge  may  again  be  used  for  printing.  The  tip  can  be 
reused  for  subsequent  rechargings. 

2t 
Fig.  1  is  a  perspective  view  of  a  print  cartridge 
incorporating  an  ink  fill  hole. 
Fig.  2  is  a  perspective  view  of  the  print  cartridge  of 
Fig.  1  after  assembly  and  prior  to  side  covers  being 
connected.  3< 
Fig.  3  is  a  cross-sectional  view  of  the  print  cartridge 
of  Fig.  2  taken  along  line  3-3  in  Fig.  2. 
Fig.  4  is  a  cross-sectional  view  of  the  print  cartridge 
of  Fig.  2  taken  along  line  4-4  in  Fig.  2. 
Fig.  5  is  a  cross-sectional  view  of  the  print  cartridge  3i 
of  Fig.  1  taken  along  line  5-5  in  Fig.  1  illustrating  the 
initial  filling  of  the  print  cartridge  with  ink. 
Figs.  6  and  7  illustrate  the  insertion  of  a  steel  ball  in 
the  ink  fill  hole  for  sealing  the  fill  hole. 
Fig.  8  is  a  side  view  of  the  valve  portion  of  an  ink  4t 
refill  system  for  recharging  the  print  cartridge  of  Fig. 
1. 
Fig.  9  is  an  exploded  view  of  the  ink  refill  system  of 
Fig.  8. 
Fig.  10  is  a  perspective  exploded  view  of  the  ink  4t 
refill  system  of  Fig.  8. 
Fig.  1  1  is  a  cross-sectional  view  along  line  5-5  in 
Fig.  1  showing  the  insertion  of  a  valve  into  the  inkf  ill 
hole  of  the  print  cartridge  of  Fig.  1  . 
Figs.  12,13  and  1  4  illustrate  the  techniques  used  to  st 
recharge  the  print  cartridge  of  Fig.  1  and  to  reseal 
the  negative  pressure  ink  bag  within  the  print  car- 
tridge. 
Fig.  15  illustrates  another  design  for  the  valve  tip. 
Figs.  16,  17,  18,  and  19  illustrate  an  embodiment  of  5i 
a  syringe-type  ink  refill  system  for  use  with  the  print 
cartridge  of  Fig.  1  . 
Fig.  20  is  a  cross-sectional  view  of  another  embod- 

iment  ink  refill  system. 
Fig.  21  is  a  cross-sectional  view  of  the  print  car- 
tridge  of  Fig.  1  along  line  20-20  in  Fig.  1  while  being 
recharged  by  the  ink  refill  system  of  Fig.  20. 
Fig.  22  is  a  cross-sectional  view  of  the  print  car- 
tridge  of  Fig.  1  along  line  20-20  in  Fig.  1  illustrating 
the  recharging  of  the  print  cartridge  using  a  valve 
connected  to  a  flaccid  bag  containing  ink  and  using 
a  rotatable  print  cartridge  support. 
Figs.  23  and  24  are  cross-sectional  views  of  the 
print  cartridge  of  Fig.  1  along  line  20-20  in  Fig.  1 
illustrating  the  recharging  of  the  print  cartridge 
using  a  valve  connected  to  a  compressible  bellows. 
Fig.  25  is  a  cross-sectional  view  of  a  print  cartridge 
illustrating  the  recharging  of  the  print  cartridge 
through  an  ink  fill  hole  which  is  accessible  when  the 
print  cartridge  is  installed  in  a  printer. 
Fig.  26  is  a  partial  cut-away  view  of  a  guide  sleeve 
and  support  for  the  ink  refill  system  valve  when  con- 
nected  to  the  print  cartridge. 

Description  of  Print  Cartridge  10 

[0013]  Fig.  1  shows  one  perspective  view  of  a  print 
cartridge  10  used  in  the  preferred  embodiment.  Ele- 
ments  labeled  with  the  same  numerals  in  other  figures 
are  identical.  The  outer  frame  12  of  print  cartridge  10  is 
formed  of  molded  engineering  plastic,  such  as  the 
material  marketed  under  the  registered  trademark 
"NORYL"  by  General  Electric  Company.  Side  covers  14 
may  be  formed  of  metal  or  plastic.  Datums  16,17  and 
1  8  affect  the  position  of  print  cartridge  1  0  when  installed 
in  a  carriage  in  an  inkjet  printer.  Datums  16,  17  and  18 
are  machined  after  the  nozzle  member  20  has  been 
installed  on  print  cartridge  10  to  ensure  that  all  four  print 
cartridges  1  0  (black  and  three  primary  color  cartridges) 
installed  in  the  same  carriage  have  their  respective  noz- 
zles  aligned  with  each  other.  Additional  detail  regarding 
the  formation  of  datums  1  6,  1  7  and  1  8  can  be  found  in 
U.S.  Patent  No.  5,408,746,  entitled  "Datum  Formation 
for  Improved  Alignment  of  Multiple  Nozzle  Members  in  a 
Printer." 
[0014]  In  the  preferred  embodiment,  nozzle  member 
20  consists  of  a  strip  of  flexible  tape  22  having  nozzles 
24  formed  in  the  tape  22  using  laser  ablation.  One 
method  for  forming  such  nozzles  24  is  described  in  U.S. 
Patent  No.  5,305,015,  entitled  "Laser  Ablated  Nozzle 
Member  for  Inkjet  Printhead,"  by  Christopher  Schantz  et 
al. 
[001  5]  Plastic  tabs  26  are  used  to  prevent  a  particular 
print  cartridge  1  0  from  being  inserted  into  the  wrong  slot 
in  the  carriage.  Tabs  26  are  different  for  the  black,  cyan, 
magenta,  and  yellow  print  cartridges. 
[001  6]  A  fill  hole  28  is  provided  for  initially  filling  the  ink 
reservoir  in  print  cartridge  1  0  by  the  manufacturer.  This 
hole  28  is  later  sealed  with  a  steel  ball,  which  was  previ- 
ously  intended  to  be  permanent.  Such  filling  will  be 
described  later. 
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[0017]  A  handle  30  facilitates  insertion  of  print  car- 
tridge  10  into,  and  removal  of  print  cartridge  10  from,  the 
carriage. 
[0018]  Fig.  2  is  a  view  of  print  cartridge  10  of  Fig.  1 
without  side  covers  1  4.  Figs.  3  and  4  are  cross-sections  s 
of  print  cartridge  10  taken  along  line  3-3  and  4-4, 
respectively,  in  Fig.  2. 
[0019]  Fig.  2  shows  the  collapsible  ink  bag  32,  which 
provides  a  negative  internal  pressure  relative  to  atmos- 
pheric  pressure.  The  construction  of  ink  bag  32  is  as  fol-  10 
lows. 
[0020]  A  plastic  inner  frame  34  (Fig.  3)  is  provided 
which  generally  has  the  same  contours  as  the  rigid 
outer  frame  12.  Inner  frame  34  is  preferably  formed  of  a 
plastic  which  is  more  flexible  than  that  used  to  form  is 
outer  frame  1  2  and  has  a  lower  melting  temperature.  A 
suitable  plastic  material  is  a  soft  polyolefin  alloy.  In  the 
preferred  embodiment,  outer  frame  1  2  is  used  as  a  por- 
tion  of  the  mold  when  forming  inner  frame  34.  Additional 
detail  regarding  the  formation  of  frame  1  2  and  frame  34  20 
is  found  in  European  Patent  Application  0604712, 
[0021  ]  A  bow  spring  36  (Fig.  4)  is  provided,  which  may 
be  cut  from  a  strip  of  metal  such  as  stainless  steel.  The 
apexes  of  the  bight  portions  of  bow  spring  36  are  spot 
welded  or  laser  welded  to  a  central  portion  of  rigid  metal  25 
side  plates  38  and  39.  A  pair  of  flexible  ink  bag  sidewalls 
40  and  42  (Fig.  4),  formed  of  a  plastic  such  as  ethylene 
vinyl  acetate  (EVA)  or  Mylar,  have  their  peripheral  por- 
tions  heat  welded  to  the  edges  of  inner  frame  34  to  pro- 
vide  a  fluid  seal  and  have  their  central  portions  heat  30 
welded  to  Side  plates  38  and  39.  The  preferred  side- 
walls  40  and  42  are  formed  of  a  flexible  nine-layer  mate- 
rial  described  in  U.S.  Patent  No.  5,450,1  12. 
[0022]  The  ink  bag  sidewalls  40  and  42  now  oppose 
side  plates  38  and  39  so  as  to  pretension  bow  spring  36.  35 
Bow  spring  36  now  acts  as  a  pressure  regulator  to  pro- 
vide  a  relatively  constant  outward  force  on  the  ink  bag 
sidewalls  40  and  42  to  provide  a  negative  pressure  on 
the  order  of  -0.1  psi  within  ink  bag  32  (equivalent  to  a 
relative  pressure  of  about  -3  inches  of  water).  An  40 
acceptable  negative  pressure  is  in  the  range  of  approx- 
imately  -1  to  -7  inches  of  water,  with  the  preferred  range 
being  -3  to  -5  inches  of  water. 
[0023]  The  actual  negative  pressure  required  of  ink 
bag  32  is  based  on  various  factors,  including  the  nozzle  45 
orifice  architecture,  the  geometry  of  print  cartridge  10 
(including  the  outer  expansion  limits  of  ink  bag  32  as 
determined  by  the  thickness  of  print  cartridge  10),  and 
the  horizontal/vertical  orientation  of  print  cartridge  10 
when  mounted  in  a  printing  position  in  a  carriage.  so 
[0024]  As  ink  is  withdrawn  from  print  cartridge  10,  ink 
bag  32  will  collapse. 
[0025]  Edge  guards  46  and  48  (Fig.  4)  may  optionally 
be  bonded  to  the  surface  of  metal  side  plates  38  and  39 
to  prevent  the  metal  edges  of  plates  38  and  39  from  55 
contacting  and  tearing  the  ink  bag  sidewalls  40  and  42. 
Each  edge  guard  may  be  a  thin  plastic  cover  layer  adhe- 
sively  secured  to  the  outer  face  of  side  plates  38  and  39 

and  slightly  overlapping  the  edges. 
[0026]  A  mesh  filter  (not  shown)  is  also  provided  on 
inner  frame  34  within  ink  bag  32  to  filter  out  particles 
prior  to  the  ink  reaching  the  primary  ink  channel  50  (Fig. 
2)  formed  in  the  snout  portion  of  outer  frame  12.  A  print- 
head  assembly  52  (Fig.  3)  will  later  be  secured  to  the 
snout  portion  of  print  cartridge  10,  and  ink  channels  in 
the  printhead  assembly  52  will  lead  from  the  primary  ink 
channel  50  into  ink  ejection  chambers  on  the  printhead. 
[0027]  Ink  bag  32  is  thus  now  completely  sealed 
except  for  inkf  ill  hole  28  and  the  opening  for  the  primary 
ink  channel  50. 
[0028]  In  the  preferred  embodiment,  the  amount  of  ink 
remaining  in  ink  bag  32  is  ascertained  by  means  of  an 
ink  level  detector,  illustrated  in  Figs.  1  and  2,  formed  as 
follows.  A  first  paper  strip  54  of  a  solid  color,  such  as 
green,  is  secured  to  ink  bag  sidewall  42  via  an  adhesive. 
The  end  of  this  strip  54  is  then  bent  over  the  recessed 
edge  56  of  frame  12  and  lies  flat  against  recessed  sur- 
face  58  of  frame  1  2.  A  strip  60  of  a  different  color,  such 
as  black,  is  provided  with  a  window  62.  An  adhesive  on 
strip  60  is  then  secured  to  sidewall  40.  Strip  60  is  bent 
over  the  recessed  edge  64  of  frame  1  2  and  now  overlies 
strip  54  on  the  recessed  surface  58.  Once  the  side 
plates  14  (Fig.  1)  are  secured  to  print  cartridge  10,  a 
strip  66  (Fig.  1)  having  a  transparent  window  68,  which 
may  be  a  hole  or  a  clear  portion,  is  then  secured  over 
the  recessed  surface  58  by  adhesively  securing  strip  66 
to  the  respective  side  covers  1  4  on  print  cartridge  1  0.  As 
the  flexible  ink  bag  sidewalls  40  and  42  become  closer 
together  as  ink  is  depleted  from  ink  bag  32,  the  window 
62  in  strip  60  will  expose  less  and  less  of  the  color  of 
strip  54,  as  seen  through  window  68,  until  the  green 
color  of  strip  54  is  no  longer  exposed  through  window 
68  and  only  the  black  strip  60  appears  through  window 
68.  Print  cartridge  10  must  then  be  recharged  using  ink 
fill  hole  28  and  the  method  described  later. 
[0029]  Additional  information  regarding  the  construc- 
tion  of  the  spring-loaded  ink  bag  can  be  found  in  Euro- 
pean  Patent  Application  745482. 
[0030]  Other  suitable  negative  pressure  ink  reservoirs 
include  a  plastic  bellows,  an  ink  bag  have  an  external 
spring,  a  reservoir  having  an  external  pressure  regula- 
tor,  and  a  rigid  reservoir  whose  internal  pressure  is  reg- 
ulated  by  a  bubble  source. 
[0031  ]  The  preferred  printhead  assembly  52  (Fig.  3)  is 
described  in  U.S.  Patent  No.  5,278,584,  entitled  "Ink 
Delivery  System  for  an  Inkjet  Printhead,"  by  Brian  Keefe 
et  al.  Additional  information  regarding  this  particular 
printhead  structure  may  be  obtained  from  European 
Patent  Application  0705694. 
[0032]  Figs.  5-7  illustrate  the  preferred  method  of  ini- 
tially  filling  print  cartridge  10  with  ink  through  ink  fill  hole 
28,  best  shown  in  Fig.  1  .  Figs.  5-7  are  taken  along  line 
5-5  in  Fig.  1  and  show  outer  frame  12,  side  covers  14, 
inner  frame  34,  flexible  ink  bag  sidewalls  40  and  42,  and 
metal  side  plates  38  and  39.  In  a  first  step,  the  air  in  ink 
bag  32  is  replaced  with  C02  by  simply  injecting  C02 
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through  ink  fill  hole  28.  As  described  later,  the  C02 
helps  prevent  air  bubbles  from  forming  in  ink  bag  32 
after  filling  with  ink.  An  ink  delivery  pipe  70  is  then 
inserted  through  ink  fill  hole  28,  and  ink  72  is  pumped 
into  the  empty  ink  bag  32  until  the  ink  reaches  fill  hole  5 
28.  In  the  preferred  method,  pipe  70  is  inserted  to  near 
the  bottom  of  ink  bag  32  to  minimize  ink  splashing  and 
the  creation  of  foam. 
[0033]  Once  ink  bag  32  is  full,  a  stainless  steel  ball  74 
(Fig.  6)  is  pressed  into  ink  fill  hole  28  by  a  plunger  76  u 
until  ball  74  is  seated  and  firmly  secured  in  fill  hole  28, 
as  shown  in  Fig.  7.  Ball  74  now  seals  ink  fill  hole  28. 
[0034]  Print  cartridge  10  is  then  positioned  such  that 
its  snout  is  at  the  highest  point,  and  any  excess  air  is 
withdrawn  through  nozzles  24  (Fig.  1)  using  a  vacuum  n 
pump  sealed  with  respect  to  nozzles  24.  A  sufficient 
amount  of  ink  is  then  sucked  through  nozzles  24  to  cre- 
ate  the  initial  negative  pressure  in  ink  bag  32  equivalent 
to  about  -3  to  -4  inches  of  water.  Due  to  the  small  diam- 
eter  of  nozzles  24  and  the  narrow  width  of  the  various  2t 
ink  channels,  coupled  with  the  ink  viscosity,  the  negative 
pressure  within  ink  bag  32  does  not  draw  air  through 
nozzles  24.  In  the  preferred  embodiment,  the  capacity 
of  ink  bag  32  is  around  50  milliliters. 
[0035]  The  completed  print  cartridge  10  is  then  21 
inserted  into  a  sliding  carriage  in  an  inkjet  printer  and 
used  in  a  conventional  manner  until  ink  bag  32 
becomes  progressively  depleted,  starting  from  an 
expanded  state  to  a  compressed  state,  all  the  time 
maintaining  a  negative  pressure  in  ink  bag  32.  3< 
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[0036]  Preferred  devices  for  recharging  print  cartridge 
10  via  ink  fill  hole  28  (or  another  ink  fill  hole)  will  now  be  3t 
described. 
[0037]  The  various  ink  refill  systems  disclosed  herein 
have  a  male  valve  which  is  used  to  press  any  stopper 
initially  blocking  ink  fill  hole  28  into  ink  bag  32  while 
maintaining  an  airtight  fluid  seal  between  the  external  4t 
ink  reservoir  and  ink  bag  32.  The  ink  bag  32  is  then 
recharged.  When  the  ink  refill  system  is  withdrawn,  the 
original  stopper  or  a  new  stopper  releasably  secured  to 
the  tip  of  the  male  valve  is  automatically  pulled  back  into 
ink  fill  hole  28  to  seat  the  stopper  within  ink  fill  hole  28.  4! 
The  stopper  is  then  released  from  the  ink  refill  system. 
Various  embodiments  of  such  an  ink  refill  system  are 
described  below. 
[0038]  In  Fig.  8,  an  ink  refill  system  80  is  provided  with 
an  ink  reservoir  82  containing  ink.  This  reservoir  82  can  st 
take  virtually  any  form.  Ink  reservoir  82  is  in  fluid  com- 
munication  with  the  hollow  central  bore  84  of  a  male 
valve  86.  Although  the  central  bore  84  of  valve  86  would 
normally  be  obscured,  the  partial  outline  of  this  bore  84 
is  illustrated  in  Fig.  8.  st 
[0039]  A  rubber  sleeve  88  is  frictionally  fastened  over 
a  hole  formed  in  valve  86  which  extends  into  the  central 
bore  84.  This  hole  is  shown  as  hole  90  in  Fig.  9,  which 

is  an  exploded  view  of  ink  refill  system  80. 
[0040]  A  separate  valve  tip  92  is  connected  to  valve  86 
by  a  screw  thread  94  (Fig.  9)  mating  with  internal 
threads  in  tip  92  or  by  other  releasable  securing  means. 
In  one  embodiment,  interlocking  fins  are  used  instead  of 
threads  to  allow  a  release  with  only  one-quarter  turn. 
Suitable  snap  type  couplings  are  also  contemplated. 
Any  suitable  method  of  releasably  securing  tip  92  to  the 
end  of  valve  86  to  allow  tip  92  to  be  attached  and  then 
detached  is  contemplated  by  this  invention. 
[0041  ]  Valve  86  and  tip  92  may  be  metal  or  plastic. 
The  preferred  length  of  valve  86  is  on  the  order  of  one 
inch,  but  other  lengths  would  also  be  suitable.  The  out- 
side  diameter  of  valve  86  should  be  slightly  greater  than 
the  diameter  of  fill  hole  28.  In  one  embodiment,  the 
diameter  of  valve  86  is  about  0.18  inch. 
[0042]  Fig.  1  0  is  a  perspective  view  of  the  parts  mak- 
ing  up  the  valve  portion  of  ink  refill  system  80. 
[0043]  Figs.  11-14  illustrate  the  method  of  using  ink 
refill  system  80  to  recharge  the  depleted  ink  bag  32  in 
print  cartridge  10. 
[0044]  In  Fig.  1  1  ,  which  is  a  cross-sectional  view  along 
line  5-5  in  Fig.  1  ,  ink  refill  system  80  is  brought  together 
with  print  cartridge  10  so  that  tip  92  provides  a  force  on 
steel  ball  74  initially  seated  in  ink  fill  hole  28.  This  force 
pushes  ball  74  through  hole  28  and  into  ink  bag  32.  The 
movement  of  valve  86  is  shown  by  arrow  94  in  Fig.  1  1  . 
Since  inner  frame  34  is  formed  of  a  relatively  soft  plas- 
tic,  the  walls  of  hole  28  deform  to  allow  tip  92  to  pass 
through  hole  28. 
[0045]  A  further  pushing  of  ink  refill  system  80  against 
print  cartridge  10  causes  sleeve  88  to  slide  up  valve  86, 
as  shown  in  Fig.  12,  so  that  hole  90  in  valve  86  is  now  in 
fluid  communication  with  ink  bag  32.  The  outer  diameter 
of  valve  86  is  such  that  it  forms  a  tight  seal  with  respect 
to  ink  fill  hole  28. 
[0046]  The  negative  pressure  internal  to  ink  bag  32 
now  automatically  draws  ink  95  through  hole  90  from 
the  external  ink  reservoir  into  ink  bag  32  until  either  ink 
bag  32  is  completely  full  or  an  equilibrium  exists 
between  the  negative  pressure  in  ink  bag  32  and  any 
negative  pressure  within  the  external  ink  reservoir  82 
(Fig.  8).  If  there  is  no  positive  pressure  provided  by  ink 
refill  system  80,  ink  bag  32  will  not  become  overfilled  so 
that  ink  drooling  from  nozzles  24  (Fig.  1)  is  prevented. 
[0047]  As  shown  in  Fig.  13,  valve  86  is  then  pulled 
away  from  print  cartridge  10,  as  shown  by  arrow  96,  so 
as  to  seat  valve  tip  92  within  ink  fill  hole  28.  Ink  refill  sys- 
tem  80  is  then  turned  counter-clockwise  so  as  to 
release  valve  86  from  tip  92.  The  friction  created 
between  tip  92  and  the  resilient  frame  34  defining  ink  fill 
hole  28  prevents  tip  92  from  turning. 
[0048]  As  shown  in  Fig.  14,  ink  refill  system  80  has 
been  completely  removed  leaving  only  valve  tip  92  com- 
pletely  sealing  ink  fill  hole  28.  For  a  next  recharge  of 
print  cartridge  1  0,  the  user  may  simply  thread  the  end  of 
valve  86  into  the  inner  threads  of  valve  tip  92  and  again 
recharge  ink  bag  32,  as  shown  in  Fig.  12.  Alternatively, 
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a  new  ink  refill  system  already  containing  tip  92  may  be 
inserted  through  ink  fill  hole  28  and  push  the  old  tip  92 
into  ink  bag  32,  similar  to  pushing  ball  74  into  ink  bag 
32.  Thus,  the  same  valve  tip  92  may  be  reused  many 
times  or  a  new  valve  tip  92  may  be  used  while  pushing  5 
the  old  valve  tip  into  ink  bag  32.  Hence,  ink  refill  system 
80  in  Fig.  8  may  contain  a  supply  of  ink  for  either  one 
recharge  or  a  number  of  recharges  of  print  cartridge  10. 
[0049]  If  ink  refill  system  80  contains  a  number  of 
recharges,  rubber  sleeve  88  may  be  spring-mounted  10 
onto  valve  86  so  as  to  automatically  cover  hole  90  as 
the  ink  refill  system  80  is  removed  from  print  cartridge 
10. 
[0050]  The  print  cartridge  10,  as  provided  by  the  man- 
ufacturer,  may  have  a  valve  tip  92  initially  blocking  fill  15 
hole  28  instead  of  using  a  steel  ball  74.  In  such  a  case, 
the  ink  refill  system  does  not  need  to  be  provided  with 
its  own  valve  tip  92. 
[0051]  In  one  embodiment,  the  external  ink  reservoir 
82  includes  a  flaccid  bag  containing  ink  and  having  no  20 
air  within  the  flaccid  bag.  The  amount  of  ink  in  the  flac- 
cid  bag  is  less  than  the  capacity  of  ink  bag  32  so  that  the 
flaccid  bag  will  be  completely  depleted  prior  to  ink  bag 
32  being  completely  full.  Thus,  a  negative  pressure  will 
remain  in  ink  bag  32,  and  there  will  be  no  leakage  from  25 
hole  90  when  ink  refill  system  80  is  removed  from  print 
cartridge  10. 
[0052]  Fig.  1  5  is  a  cross-sectional  view  along  line  5-5 
in  Fig.  1  showing  a  different  form  of  valve  tip  102  to  illus- 
trate  that  there  are  many  suitable  shapes  of  valve  tips  30 
which  may  be  used  with  any  of  the  ink  refill  systems 
described  herein. 
[0053]  Thus,  an  ink  refill  system  has  been  described 
for  creating  a  resealable  airtight  fluid  communication 
path  between  ink  bag  32  in  print  cartridge  1  0  and  the  35 
external  ink  supply  connected  to  the  ink  refill  system 
valve  86.  The  concepts  described  with  respect  to  Figs. 
8-14  may  be  utilized  in  a  number  of  embodiments  of  ink 
refill  systems  described  below. 
[0054]  A  second  embodiment  ink  refill  system  106  is  40 
shown  in  Fig.  16  which  contains  two  full  ink  recharges 
for  print  cartridge  10.  A  reusable  valve  tip  92  is  shown 
mechanically  coupled  to  valve  86.  A  spring-loaded  rub- 
ber  sleeve  88  blocks  hole  90  (obscured  by  sleeve  88 
and  shown  in  dashed  outline).  Spring  100  is  shown.  45 
[0055]  When  recharging  print  cartridge  1  0,  valve  86  is 
inserted  into  ink  fill  hole  28  in  print  cartridge  10  in  the 
manner  described  with  respect  to  Fig.  11.  It  is  assumed 
that  the  original  steel  ball  74  is  blocking  ink  fill  hole  28. 
The  two  recharges  of  ink  within  ink  refill  system  1  06  are  so 
shown  as  first  shot  108  and  second  shot  1  10.  A  plunger 
112  has  a  seal  1  14  which  slidably  engages  the  sides  of 
the  ink  reservoir  116. 
[0056]  In  Fig.  17,  valve  86  is  inserted  through  ink  fill 
hole  28  to  dislodge  steel  ball  74  and  create  an  airtight  55 
fluid  communication  path  between  the  ink  in  ink  bag  32 
and  the  ink  in  ink  reservoir  116  via  hole  90  formed  in 
valve  86.  Although  a  negative  pressure  in  ink  bag  32 

provides  a  force  to  draw  ink  1  1  7  from  ink  reservoir  1  1  6, 
pressing  plunger  112  downward  accelerates  this  trans- 
fer  of  ink  into  ink  bag  32.  Plunger  1  1  2  is  pressed  into  ink 
reservoir  116  until  the  bottom  portion  of  seal  1  14  aligns 
with  a  particular  grid  marking  1  18  on  the  side  of  ink  res- 
ervoir  1  16.  At  this  time,  ink  bag  32  is  substantially  full. 
[0057]  To  ensure  a  minimum  back  pressure  in  ink  bag 
32,  plunger  1  12  is  then  pulled  out  of  ink  reservoir  116  a 
predetermined  amount  to  match  another  grid  marking 
120  so  as  to  pull  a  predetermined  volume  of  ink  out  of 
ink  bag  32  to  ensure  a  minimum  negative  pressure 
within  ink  bag  32. 
[0058]  As  shown  in  Fig.  18,  ink  refill  system  106  is 
then  partially  pulled  out  of  ink  fill  hole  28  until  valve  tip 
92  seats  within  ink  fill  hole  28.  The  spring-loaded  sleeve 
88  again  covers  hole  90  to  prevent  ink  leakage.  Ink  refill 
system  106  is  then  turned  in  a  counter-clockwise  direc- 
tion  to  decouple  the  end  of  valve  86  from  valve  tip  92. 
Preferably,  the  screw  threads  94  (Fig.  1  9)  coupling  valve 
86  to  valve  tip  92  require  three  turns  or  less  to  decouple 
tip  92  from  valve  86. 
[0059]  Fig.  19  shows  ink  refill  system  106  now  com- 
pletely  removed  from  print  cartridge  10  and  valve  tip  92 
remaining  in  ink  fill  hole  28.  As  seen,  the  second  shot 
1  10  remains  in  ink  refill  system  106  for  a  next  recharge 
of  print  cartridge  10  using  the  same  valve  tip  92. 
[0060]  Incorporating  fins  or  other  types  of  gripping 
mechanisms  on  the  surface  of  valve  tip  92  may  be  used 
to  provide  additional  friction  between  valve  tip  92  and 
the  resilient  plastic  frame  34  defining  ink  fill  hole  28.  Ink 
refill  system  106  may  be  provided  with  three  or  more 
charges  in  alternative  embodiments. 
[0061  ]  In  all  embodiments,  care  must  be  taken  to  pre- 
vent  any  air  ingestion  into  ink  bag  32  and  to  prevent 
overfilling  of  ink  bag  32. 
[0062]  Fig.  20  is  a  cross-sectional  view  of  the  valve 
portion  of  another  ink  refill  system  121  where  a  supply 
of  ink  is  connected  via  a  tube  122  at  a  substantially  90° 
angle  with  respect  to  the  male  valve  123.  In  this  embod- 
iment,  no  plunger  is  used  to  accelerate  ink  from  the  ink 
supply  into  the  ink  bag  32,  but  a  plunger  124  of  a  small 
size  is  used  to  insert  valve  123  into  print  cartridge  10.  A 
body  125  provides  a  seal  around  valve  123. 
[0063]  Ink  refill  system  1  21  is  then  placed  on  print  car- 
tridge  10  so  that  valve  tip  92  is  inserted  into  the  ink  fill 
hole  28.  If  another  tip  92  resided  in  ink  fill  hole  28  from 
a  previous  recharge  of  print  cartridge  10,  then  the 
threaded  end  of  valve  123  would  be  inserted  into  the  tip 
92,  and  plunger  124  would  be  turned  in  a  clockwise 
direction  to  mechanically  couple  the  end  of  male  valve 
123  into  the  end  of  tip  92. 
[0064]  In  Fig.  21  ,  plunger  1  24  is  pressed  down  so  that 
hole  90  in  valve  86  is  now  located  in  ink  bag  32  and 
upper  hole  128  communicates  with  pipe  122.  The  nega- 
tive  pressure  in  ink  bag  32  then  draws  ink  129  from  the 
external  ink  reservoir  through  pipe  122,  through  hole 
128,  and  out  of  hole  90  into  ink  bag  32  until  the  external 
ink  reservoir  has  been  emptied  or  the  negative  pressure 
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in  ink  bag  32  is  at  equilibrium  with  any  internal  pressure 
in  the  external  ink  reservoir. 
[0065]  Plunger  124  is  then  lifted  to  seat  valve  tip  92 
within  ink  fill  hole  28  and  turned  in  a  counter-clockwise 
direction  to  release  the  ink  refill  system  121  from  the  s 
valve  tip  92. 
[0066]  Figs.  22-24  are  cross-sectional  views  illustrat- 
ing  external  ink  reservoirs  which  may  be  used  with  any 
of  the  valve  embodiments  previously  described. 
[0067]  In  Fig.  22,  a  flaccid  bag  1  44  containing  a  supply  10 
of  ink  is  housed  in  a  rigid  base  1  46.  Valve  86,  previously 
described,  has  its  central  bore  in  fluid  communication 
with  the  ink  within  flaccid  bag  144. 
[0068]  A  rotatable  support  148  rests  on  top  of  base 
146  and  receives  print  cartridge  10  so  that  print  car-  is 
tridge  10  is  in  a  predetermined  optimal  position  with 
respect  to  valve  86.  Tabs  26  on  print  cartridge  10, 
described  with  respect  to  Fig.  1  ,  slide  between  slots  150 
on  support  148  to  ensure  that  the  black,  yellow, 
magenta,  or  cyan  print  cartridges  (each  having  a  unique  20 
combination  of  tabs  26)  receive  the  proper  color  ink. 
Hence,  refill  systems  for  each  color  ink  would  have  a  dif- 
ferent  arrangement  of  slots  150. 
[0069]  Once  print  cartridge  10  is  properly  placed 
within  support  1  48,  support  1  48  and  print  cartridge  1  0  25 
are  rotated  in  a  clockwise  direction  to  engage  valve  tip 
92  with  the  end  of  valve  86,  assuming  valve  tip  92  was 
already  seated  within  inkfill  hole  28  in  print  cartridge  10. 
[0070]  Print  cartridge  1  0  is  then  further  pushed  down 
on  base  1  46  to  cause  valve  tip  92  to  unseat  from  ink  fill  30 
hole  28  and  to  cause  hole  90  to  then  be  located  within 
ink  bag  32.  This  may  be  done  by  providing  a  gap 
between  the  bottom  of  support  1  48  and  the  top  of  base 
146  with  a  spring  urging  support  148  a  first  distance 
away  from  base  146.  When  support  148  is  pressed  35 
against  the  top  of  base  146,  a  latch  (or  other  engaging 
means)  then  engages  base  146  and  support  148  to 
maintain  this  recharge  position  until  recharging  is  com- 
plete.  The  negative  pressure  within  ink  bag  32  in  print 
cartridge  10  draws  ink  from  flaccid  bag  144  until  flaccid  40 
bag  144  is  empty  or  an  equilibrium  is  achieved  between 
the  negative  pressure  in  ink  bag  32  and  the  downward 
pressure  of  the  ink  within  the  ink  column  below  print  car- 
tridge  10.  Thus,  a  minimum  negative  pressure  will 
remain  within  ink  bag  32.  45 
[0071]  After  recharging,  the  latch  is  triggered  so  that 
valve  tip  92  is  again  seated  within  fill  hole  28.  Print  car- 
tridge  10  and  support  148  are  then  rotated  counter- 
clockwise  to  mechanically  decoupled  valve  tip  92  from 
the  ink  refill  system.  so 
[0072]  Fig.  23  is  a  cross-sectional  view  illustrating  an 
ink  refill  system  where  the  external  ink  reservoir  con- 
sists  of  a  bellows  154  having  either  an  internal  spring  or 
a  corrugated  exterior  which  urges  the  bellows  1  54  to  be 
in  an  extended  state.  Thus,  bellows  154  has  a  negative  55 
internal  pressure.  A  rigid  base  155  supports  bellows 
154  and  valve  86. 
[0073]  Valve  86  and  valve  tip  92  are  inserted  into  ink 
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fill  hole  28  as  shown  in  Fig.  24  and  described  with 
respect  to  the  other  embodiments.  The  negative  pres- 
sure  within  ink  bag  32  in  print  cartridge  10  then  draws 
ink  from  bellows  154  and  through  hole  90  until  the  neg- 
ative  pressures  in  ink  bag  32  and  in  bellows  154  are 
equal,  at  which  time  the  transfer  of  ink  automatically 
ceases.  Base  155  may  be  used  to  support  print  car- 
tridge  10  during  the  recharging  process.  The  optimum 
negative  pressure  in  bellows  154  depends  upon  the 
intended  position  of  bellows  154  with  respect  to  print 
cartridge  10  during  refilling.  For  example,  if  bellows  154 
is  intended  to  be  above  print  cartridge  1  0  while  recharg- 
ing,  bellows  154  must  be  provided  with  a  greater  nega- 
tive  internal  pressure  than  if  bellows  154  were  to  be 
located  below  print  cartridge  10  during  recharging. 
[0074]  Fig.  24  illustrates  the  compressed  bellows  154 
after  recharging.  In  the  preferred  embodiment,  the 
amount  of  ink  in  bellows  1  54  is  on  the  order  of  40  cubic 
centimeters,  and  the  depth  of  bellows  154  is  on  the 
order  of  two  centimeters. 
[0075]  If  the  amount  of  ink  in  bellows  1  54  is  less  than 
the  capacity  of  ink  bag  32,  bellows  1  54  may  be  manually 
compressed  without  fear  that  ink  bag  32  will  become 
overfilled. 
[0076]  Fig.  25  is  a  cross-sectional  view  illustrating 
recharging  of  print  cartridge  10  using  ink  refill  system 
106,  described  with  respect  to  Fig.  16,  where  the  inkfill 
hole  28  is  located  at  a  different  location  on  print  car- 
tridge  10.  This  inkfill  hole  may  be  in  addition  to  the  ink 
fill  hole  described  with  respect  to  Fig.  1  .  When  print  car- 
tridge  10  is  installed  in  a  conventional  carriage,  the  loca- 
tion  of  ink  fill  hole  28  in  Fig.  1  is  blocked  by  the  ink 
printer  and  the  carriage  so  that  print  cartridge  1  0  would 
have  to  be  removed  from  the  ink  printer  for  recharging. 
If  an  ink  fill  hole  28  were  located  in  handle  30  or  along 
the  back  or  top  of  print  cartridge  10,  inkfill  hole  28  would 
then  be  accessible  while  print  cartridge  10  was  installed 
in  a  carriage.  Print  cartridge  10  can  then  be  recharged 
without  removing  print  cartridge  10  from  the  carriage. 
Such  recharging  may  take  place  either  continuously, 
intermittently,  or  when  ink  bag  32  is  substantially 
depleted  of  ink. 
[0077]  The  ink  refill  technique  shown  in  Fig.  25  is  iden- 
tical  to  that  shown  in  Figs.  16-18,  and  the  description 
will  not  be  repeated.  Identical  numerals  in  the  figures 
refer  to  identical  structures. 
[0078]  Numerous  structures  may  be  used  in  conjunc- 
tion  with  the  ink  recharge  techniques  described  herein 
to  ensure  that  the  male  valve  86  is  substantially  perpen- 
dicular  with  respect  to  ink  fill  hole  28.  This  ensures  an 
airtight  seal  and  prevents  breaking  or  bending  of  the 
male  valve  86.  Other  designs  may  ensure  that  the  valve 
86  system  is  mechanically  coupled  to  the  valve  tip  92 
prior  to  the  valve  tip  92  being  pushed  into  ink  bag  32. 
[0079]  Fig.  26  is  a  cut-away  view  of  valve  86  engaging 
a  guide  sleeve  160  which  has  a  support  portion  162 
resting  on  print  cartridge  10  to  ensure  that  sleeve  160  is 
substantially  perpendicular  to  inkfill  hole  28.  Knobs  164 
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extending  from  valve  86  are  blocked  by  stops  on  sleeve 
160  when  valve  86  is  forced  downward  unless  valve  86 
is  turned  one-quarter  turn  to  engage  valve  tip  92. 
Numerous  other  embodiments  for  such  a  guide  means 
and  inadvertent  decorking  mechanism  may  be  devised.  5 
Support  portion  162  may  also  contain  slots  for  interact- 
ing  with  tabs  26  (Fig.  1)  on  print  cartridge  10  to  ensure 
that  the  correct  ink  refill  system  is  connected  to  the 
proper  print  cartridge  10. 

10 
Conclusion 

[0080]  While  particular  embodiments  of  the  present 
invention  have  been  shown  and  described,  it  will  be 
obvious  to  those  skilled  in  the  art  that  changes  and  15 
modifications  may  be  made  without  departing  from  this 
invention  in  its  broader  aspects  as  defined  in  the 
appended  claims.  For  example,  although  a  negative 
pressure  ink  bag  32  is  described,  a  negative  pressure 
ink  bag  32  may  not  be  necessary.  The  ink  bag  32  in  print  20 
cartridge  1  0  will  be  refilled  as  long  as  the  refill  ink  supply 
is  at  a  pressure  greater  than  the  pressure  in  the  ink  bag. 
Such  a  pressure  differential  may  be  obtained  by  raising 
the  external  ink  supply  above  the  print  cartridge  or  pro- 
viding  the  external  ink  supply  with  an  internal  positive  25 
pressure.  The  external  ink  reservoir  may  take  any  form 
and  may  be  a  flaccid  bag  or  a  rigid  vessel  which  may  be 
vented  or  nonvented.  Positive  or  negative  pressure  may 
be  achieved  using  a  spring  bag,  a  bellows,  a  balloon,  a 
syringe,  a  pressure  regulator  in  series  with  the  external  30 
ink  reservoir  and  the  print  cartridge,  or  any  other  known 
technique. 

Claims 
35 

1.  A  system  for  use  with  a  print  cartridge  (10)  having 
an  ink  fill  hole  (28)  in  fluid  communication  with  an 
ink  chamber  (32)  within  said  print  cartridge  com- 
prising: 

40 
an  ink  reservoir  (82)  for  containing  ink  to  refill 
said  ink  chamber  (32); 
a  hollow  needle  (86)  having  a  receiving  open- 
ing  (84)  for  receiving  ink  from  said  ink  reservoir 
and  having  a  first  end,  said  hollow  needle  hav-  45 
ing  a  transferring  opening  for  transferring  ink  to 
said  ink  chamber  (32)  in  said  print  cartridge; 
a  releasable  valve  tip  (92)  configured  to  be 
secured  to  said  first  end  of  said  hollow  needle 
and  readily  releasable  from  said  first  end,  char-  so 
acterised  in  that  said  valve  tip  has  an  outer  sur- 
face  shape  such  that  said  valve  tip  can  be 
pushed  completely  through  said  inkfill  hole  for 
refilling  said  ink  chamber  (32)  via  said  hollow 
needle,  said  outer  surface  shape  of  said  valve  55 
tip  also  being  such  that  said  valve  tip  seats 
within  said  ink  fill  hole  and  seals  said  ink  fill 
hole  when  said  valve  tip  is  pulled  back  into  said 

inkfill  hole  when  withdrawing  said  hollow  nee- 
dle  from  said  inkfill  hole. 

2.  The  system  of  Claim  1  wherein  said  first  end  of  said 
hollow  needle  (86)  has  a  first  engaging  means  (94) 
for  coupling  to  a  second  engaging  means  on  said 
valve  tip  (92)  for  allowing  securing  said  valve  tip  to 
said  first  end  and  releasing  said  valve  tip  from  said 
first  end. 

3.  The  system  of  Claim  2  wherein  said  first  engaging 
means  (94)  is  a  first  screw  thread  and  said  second 
engaging  means  is  a  second  screw  thread. 

4.  The  system  of  Claim  1  wherein  a  diameter  of  said 
hollow  needle  (86)  is  such  that  said  hollow  needle 
creates  an  airtight  seal  around  a  periphery  of  said 
ink  fill  hole  (28)  of  said  print  cartridge  (10)  when 
inserted  through  said  inkfill  hole. 

5.  The  system  of  Claim  1  wherein  said  valve  tip  (92) 
has  a  recessed  portion  in  its  outer  surface  which  is 
engaged  by  a  periphery  of  said  ink  fill  hole  (28), 
when  said  valve  tip  is  seated  within  said  inkfill  hole, 
to  form  an  airtight  seal  of  said  inkfill  hole. 

6.  The  system  of  Claim  1  further  comprising  said  print 
cartridge  (10) 

7.  The  system  of  Claim  6  wherein  said  ink  chamber 
comprises  an  ink  bag  (32)  which  is  at  a  negative 
pressure  relative  to  the  atmosphere,  and  wherein 
said  hollow  needle  (86)  creates  an  airtight  seal 
around  a  periphery  of  said  ink  fill  hole  (28)  when 
inserted  through  said  ink  fill  hole  so  that  said  ink 
bag  becomes  recharged  with  ink  from  said  ink  res- 
ervoir  (82)  without  air  entering  said  ink  bag. 

8.  A  method  for  recharging  a  print  cartridge  compris- 
ing  the  steps  of: 

inserting  a  first  end  of  a  hollow  needle  (86) 
through  an  ink  fill  hole  (28)  in  a  print  cartridge 
(10)  and  into  an  ink  chamber  (32)  within  said 
print  cartridge,  an  opening  (90)  in  said  hollow 
needle  communicating  with  ink  within  an  ink 
reservoir  (82),  said  first  end  of  said  hollow  nee- 
dle  being  releasably  connected  to  a  valve  tip 
(92)  such  that  said  valve  tip  is  also  inserted 
through  said  ink  fill  hole  and  into  said  ink  cham- 
ber; 
transferring  ink  from  said  ink  reservoir,  through 
said  opening;  and  into  said  ink  chamber  within 
said  print  cartridge; 
withdrawing  said  hollow  needle  from  said  ink 
chamber  until  said  valve  tip  seats  within  said 
inkfill  hole  to  seal  said  ink  chamber:  and 
disengaging  said  first  end  of  said  hollow  needle 
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from  said  valve  tip. 

9.  The  method  of  Claim  8  wherein  said  step  of  disen- 
gaging  said  first  end  of  said  hollow  needle  (86)  from 
said  valve  tip  (92)  comprises  the  step  of  rotating  s 
said  hollow  needle  with  respect  to  said  valve  tip  to 
disengage  said  first  end  from  said  valve  tip. 

1  0.  The  method  of  Claim  8  further  comprising  the  steps 
of  engaging  said  first  end  of  said  hollow  needle  (86)  10 
with  said  valve  tip  (92)  while  said  valve  tip  is  seated 
within  said  ink  fill  hole  (28)  of  said  print  cartridge 
(10),  prior  to  inserting  said  first  end  of  said  hollow 
needle  through  said  inkfill  hole. 

15 
Patentanspruche 

1.  Ein  System  zur  Verwendung  mit  einer  Druckkas- 
sette  (10)  mit  einem  Tinteneinfullloch  (28),  das  sich 
in  einer  Fluidkommunikation  mit  einer  Tintenkam-  20 
mer  (32)  in  der  Druckkassette  befindet,  mit  folgen- 
den  Merkmalen: 

3.  Das  System  gemaB  Anspruch  2,  bei  dem  die  erste 
Ineingriffnahme-Einrichtung  (94)  ein  erstes  Schrau- 
bengewinde  und  die  zweite  Ineingriffnahme-Ein- 
richtung  ein  zweites  Schraubengewinde  ist. 

4.  Das  System  gemaB  Anspruch  1,  bei  dem  ein 
Durchmesser  der  Hohlnadel  (86)  derart  beschaffen 
ist,  daB  die  Hohlnadel  eine  luftdichte  Abdichtung 
urn  einen  Umfang  des  Tinteneinfullloches  (28)  der 
Druckkassette  (10)  erzeugt,  wenn  dieselbe  durch 
das  Tinteneinfullloch  eingefugt  wird. 

5.  Das  System  gemaB  Anspruch  1  ,  bei  dem  die  Ven- 
tilspitze  (92)  einen  mit  einer  Ausnehmung  versehe- 
nen  Abschnitt  in  ihrer  AuBenflache  aufweist,  der 
durch  eine  Umfang  des  Tinteneinfullloches  (28)  in 
Eingriff  genommen  ist,  wenn  die  Ventilspitze  in  dem 
Tinteneinfullloch  sitzt,  urn  eine  luftdichte  Abdich- 
tung  des  Tinteneinfulllochs  zu  bilden. 

6.  Das  System  gemaB  Anspruch  1,  das  ferner  die 
Druckkassette  (10)  aufweist. 

20 

einem  Tintenreservoir  (82)  zum  Enthalten  von 
Tinte,  urn  die  Tintenkammer  (32)  nachzufiillen;  25 

einer  Hohlnadel  (86)  mit  einer  Aufnahmeoff- 
nung  (84)  zum  Aufnehmen  von  Tinte  aus  dem 
Tintenreservoir  und  mit  einem  ersten  Ende, 
wobei  die  Hohlnadel  eine  Ubertragungsoff-  30 
nung  zum  Ubertragen  von  Tinte  zu  der  Tinten- 
kammer  (32)  in  der  Druckkassette  aufweist; 

einer  losbaren  Ventilspitze  (92),  die  konfiguriert 
ist,  urn  an  dem  ersten  Ende  der  Hohlnadel  35 
befestigt  zu  werden  und  urn  ohne  weiteres  von 
dem  ersten  Ende  losbar  zu  sein,  dadurch 
gekennzeichnet,  daB  die  Ventilspitze  eine 
AuBenflachenform  aufweist,  derart,  daB  die 
Ventilspitze  zum  Nachfullen  der  Tintenkammer  40 
(32)  uber  die  Hohlnadel  vollstandig  durch  das 
Tinteneinfullloch  gedriickt  werden  kann,  wobei 
die  AuBenflachenform  der  Ventilspitze  ferner 
derart  beschaffen  ist,  daB  die  Ventilspitze  in 
dem  Tinteneinfullloch  sitzt  und  das  Tintenein-  45 
fullloch  abdichtet,  wenn  die  Ventilspitze  beim 
Entnehmen  der  Hohlnadel  aus  dem  Tintenein- 
fullloch  in  das  Tinteneinfullloch  zuruckgezogen 
wird. 

50 
2.  Das  System  gemaB  Anspruch  1  ,  bei  dem  das  erste 

Ende  der  Hohlnadel  (86)  eine  erste  Ineingriff- 
nahme-Einrichtung  (94)  zum  Koppeln  mit  einer 
zweiten  Ineingriffnahme-Einrichtung  an  der  Ventil- 
spitze  (92)  aufweist,  urn  ein  Befestigen  der  Ventil-  55 
spitze  an  dem  ersten  Ende  und  ein  Losen  der 
Ventilspitze  von  dem  ersten  Ende  zu  ermoglichen. 

7.  Das  System  gemaB  Anspruch  6,  bei  dem  die  Tin- 
tenkammer  eine  Tintentasche  (32)  aufweist,  die 
einen  Unterdruck  relativ  zu  der  Atmosphare  auf- 
weist  und  bei  der  die  Hohlnadel  (86)  eine  luftdichte 
Abdichtung  urn  einen  Umfang  des  Tinteneinfull- 
lochs  (28)  erzeugt,  wenn  dieselbe  durch  das  Tin- 
teneinfullloch  eingefugt  ist,  so  daB  die  Tintentasche 
mit  Tinte  aus  dem  Tintenreservoir  (82)  nachgela- 
den  wird,  ohne  daB  Luft  in  die  Tintentasche  eintritt. 

8.  Ein  Verfahren  zum  Nachladen  einer  Druckkassette, 
mit  folgenden  Schritten: 

Einfiigen  eines  ersten  Endes  einer  Hohlnadel 
(86)  durch  ein  Tinteneinfullloch  (28)  in  einer 
Druckkassette  (10)  und  in  eine  Tintenkammer 
(32)  in  der  Druckkassette,  wobei  eine  Offnung 
(90)  in  der  Hohlnadel  mit  Tinte  in  einem  Tinten- 
reservoir  (82)  kommuniziert,  wobei  das  erste 
Ende  der  Hohlnadel  mit  einer  Ventilspitze  (92) 
losbar  verbunden  ist,  derart,  daB  die  Ventil- 
spitze  auch  durch  das  Tinteneinfullloch  und  in 
die  Tintenkammer  eingefugt  wird; 

Ubertragen  von  Tinte  von  dem  Tintenreservoir, 
durch  die  Offnung  und  in  die  Tintenkammer  in 
der  Druckkassette; 

Entnehmen  der  Hohlnadel  aus  der  Tintenkam- 
mer,  bis  die  Ventilspitze  in  dem  Tinteneinfull- 
loch  sitzt,  urn  die  Tintenkammer  abzudichten; 
und 

AuBereingriffbringen  des  ersten  Endes  der 
Hohlnadel  von  der  Ventilspitze. 
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9.  Das  Verfahren  gemaB  Anspruch  8,  bei  dem  der 
Schritt  des  AuBereingriffbringens  des  ersten  Endes 
der  Hohlnadel  (86)  von  der  Ventilspitze  (92)  den 
Schritt  des  Drehens  der  Hohlnadel  hinsichtlich  der 
Ventilspitze  aufweist,  urn  das  erste  Ende  von  der 
Ventilspitze  auBer  Eingriff  zu  bringen. 

10.  Das  Verfahren  gemaB  Anspruch  8,  das  ferner  die 
Schritte  des  Ineingriffbringens  des  ersten  Endes 
der  Hohlnadel  (86)  mit  der  Ventilspitze  (92),  wah- 
rend  die  Ventilspitze  in  dem  Tinteneinfullloch  (28) 
der  Druckkassette  (1  0)  sitzt,  vor  dem  Einf  tigen  des 
ersten  Endes  der  Hohlnadel  durch  das  Tintenein- 
fullloch  aufweist. 

Revendications 

valve  sur  ladite  premiere  extremite  et  le  detache- 
ment  de  ladite  pointe  de  valve  depuis  ladite  pre- 
miere  extremite. 

5  3.  Systeme  selon  la  revendication  2,  dans  lequel  ledit 
premier  moyen  d'engagement  (94)  est  un  premier 
filetage  et  ledit  deuxieme  moyen  d'engagement  est 
un  deuxieme  filetage. 

10  4.  Systeme  selon  la  revendication  1,  dans  lequel  le 
diametre  de  ladite  aiguille  creuse  (86)  est  tel  que 
ladite  aiguille  creuse  cree  une  etancheite  a  I'air 
autour  de  la  peripherie  dudit  trou  de  remplissage 
d'encre  (28)  de  ladite  cartouche  d'impression  (10) 

15  lorsqu'elle  est  inseree  dans  ledit  trou  de  remplis- 
sage  d'encre. 

Systeme  a  utiliser  avec  une  cartouche  d'impression  5. 
(10)  ayant  Un  trou  de  remplissage  d'encre  (28)  en 
communication  f  luidique  avec  une  chambre  a  encre  20 
(32)  situee  a  I'interieur  de  ladite  cartouche 
d'impression,  comprenant  : 

♦  un  reservoir  a  encre  (82)  destine  a'  contenir  de 
I'encre  pour  remplir  ladite  chambre  a  encre  25 
(32);  6. 

♦  une  aiguille  creuse  (86)  ayant  une  ouverture 
receptrice  (84)  pour  recevoir  I'encre  dudit 
reservoir  a  encre  et  ayant  une  premiere  extre-  7. 
mite,  ladite  aiguille  creuse  ayant  une  ouverture  30 
de  transfert  pour  transferer  I'encre  vers  ladite 
chambre  a  encre  (32)  situee  dans  ladite  car- 
touche  d'impression; 

♦  une  pointe  de  valve  detachable  (92)  conf  iguree 
de  fagon  a  etre  fixee  a  ladite  premiere  extre-  35 
mite  de  ladite  aiguille  creuse  et  etre  facilement 
detachable  de  ladite  premiere  extremite,  carac- 
terise  en  ce  que  ladite  pointe  de  valve  a  une 
forme  de  surface  exterieure  telle  que  ladite 
pointe  de  valve  puisse  etre  poussee,  complete-  40 
ment  au  travers  dudit  trou  de  remplissage  8. 
d'encre  pour  remplir  ladite  chambre  a  encre 
(32)  par  I'intermediaire  de  ladite  aiguille 
creuse,  ladite  forme  de  surface  exterieure  de 
ladite  pointe  de  valve  etant  egalement  telle  que  45 
ladite  pointe  de  valve  se  loge  a  I'interieur  dudit 
trou  de  remplissage  d'encre  et  obture  ledit  trou 
de  remplissage  d'encre  lorsque  ladite  pointe  de 
valve  est  tiree  hors  dudit  trou  de  remplissage 
d'encre  lors  du  retrait  de  ladite  aiguille  creuse  so 
depuis  ledit  trou  de  remplissage  d'encre. 

Systeme  selon  la  revendication  1,  dans  lequel 
ladite  premiere  extremite  de  ladite  aiguille  creuse 
(86)  a  un  premier  moyen  d'engagement  (94)  lui  per-  55 
mettant  d'etre  accouplee  a  un  deuxieme  moyen 
d'engagement  amenage  sur  ladite  pointe  de  valve 
(92)  pour  permettre  la  fixation  de  ladite  pointe  de 

Systeme  seon  la  revendication  1  ,  dans  lequel  ladite 
pointe  de  valve  (92)  a,  dans  sa  surface  exterieure, 
une  partie  evidee  avec  laquelle  entre  en  prise  la 
peripherie  dudit  trou  de  remplissage  d'encre  (28), 
lorsque  ladite  pointe  de  valve  est  logee  a  I'interieur 
dudit  trou  de  remplissage  d'encre  pour  realiser  une 
etancheite  a  I'air  dudit  trou  de  remplissage  d'encre. 

Systeme  selon  la  revendication  1  ,  comprenant  en 
outre  ladite  cartouche  d'impression  (10). 

Systeme  selon  la  revendication  6,  dans  lequel 
ladite  chambre  d'encre  comprend  un  sachet  a 
encre  (32)  qui  se  trouve  a  une  pression  negative 
par  rapport  a  I'atmosphere,  et  dans  lequel  ladite 
aiguille  creuse  (86)  cree  une  etancheite  a  I'air 
autour  de  la  peripherie  dudit  trou  de  remplissage 
d'encre  (28)  lorsqu'elle  est  inseree  au  travers  dudit 
trou  de  remplissage  d'encre  de  telle  sorte  que  ledit 
sachet  a  encre  soit  recharge  avec  I'encre  provenant 
dudit  reservoir  a  encre  (82),  sans  que  de  I'air  pene- 
tre  dans  ledit  sachet  a  encre. 

Procede  de  rechargement  d'une  cartouche 
d'impression,  comprenant  les  etapes  qui  consistent 
a  : 

♦  inserer  une  premiere  extremite  d'une  aiguille 
creuse  (86)  au  travers  d'un  trou  de  remplissage 
d'encre  (28)  amenage  dans  une  cartouche 
d'impression  (1  0)  et  dans  une  chambre  a  encre 
(32)  situee  a  I'interieur  de  ladite  cartouche 
d'impression,  une  ouverture  (90)  amenagee 
dans  ladite  aiguille  creuse  communiquant  avec 
I'encre  se  trouvant  dans  un  reservoir  a  encre 
(82),  ladite  premiere  extremite  de  ladite  aiguille 
creuse  etant  raccordee  de  maniere  detachable 
a  une  pointe  de  valve  (92)  de  telle  sorte  que 
ladite  pointe  de  valve  soit  egalement  inseree 
au  travers  dudit  trou  de  remplissage  d'encre  et 
dans  ladite  chambre  a  encre  ; 

10 
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♦  transferer  I'encre  dudit  reservoir  a  encre,  au 
travers  de  ladite  ouverture,  et  dans  ladite 
chambre  a  encre  situee  dans  ladite  cartouche 
d'impression; 

♦  tirer  ladite  aiguille  creuse  hors  de  ladite  cham-  s 
bre  a  encre  jusqu'a  ce  que  ladite  pointe  de 
valve  soit  logee  a  I'interieur  dudit  trou  de  rem- 
plissage  pour  obturer  ladite-chambre  a  encre  ; 
et 

♦  desengager  la  premiere  extremite  de  ladite  10 
aiguille  creuse  d'avec  ladite  pointe  de  valve. 

9.  Procede  selon  la  revendication  8,  dans  lequel  ladite 
etape  de  desengagement  de  ladite  premiere  extre- 
mite  de  ladite  aiguille  creuse  (86)  d'avec  ladite  is 
pointe  de  valve  (92)  comprend  I'etape  qui  consiste 
a  faire  tourner  ladite  aiguille  creuse  par  rapport  a 
ladite  pointe  de  valve,  pour  desengager  ladite  pre- 
miere  extremite  d'avec  ladite  pointe  de  valve. 

20 
10.  Procede  selon  la  revendication  8,  comprenant  en 

outre  les  etapes  qui  consistent  a  engager  ladite 
premiere  extremite  de  ladite  aiguille  creuse  (86) 
avec  ladite  pointe  de  valve  (92)  tandis  que  ladite 
pointe  de  valve  est  logee  a  I'interieur  dudit  trou  de  25 
remplissage  d'encre  (28)  de  ladite  cartouche 
d'impression  (10),  avant  I'insertion  de  ladite  pre- 
miere  extremite  de  ladite  aiguille  creuse  au  travers 
dudit  trou  de  remplissage. 
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