
1                 EP 0 493 978 B1                    2 Description
pressure decreases as the aircraft gains altitude and is depressurized. As
ambient air pressure de- TECHNICAL FIELD
creases, a correspondingly greater amount of back pressure is needed to
keep ink from  leaking This invention pertains to systems for deliver-   5
through the print head. Accordingly, the level of ing ink from ink-jet
pens.                         back pressure within the pen must be
regulated during times of ambient pressure drop. BACKGROUND INFORMATION
The back pressure within an ink-jet pen reser- voir is also subjected to
what may be termed Ink-jet printing generally involves the controlled   10
"operational effects." One significant operational delivery of ink drops
from an ink-jet pen reservoir  effect occurs as the print head is activated
to eject to a printing surface. One type of Ink-jet printing,  ink drops.
The consequent depletion of ink from known as drop-on-demand printing,
employs a pen    the reservoir increases (makes more negative) the that has
a print head and ink reservoir. The print  reservoir back pressure. Without
regulation of this head is responsive to control signals for ejecting   15
back pressure increase, the Ink-jet pen will even- drops of ink from the
ink reservoir.               tually fail because the print head will be
unable to Drop-on-demand type print heads typically use   overcome the
increased back pressure to eject ink one of two mechanisms for ejecting
drops: thermal  drops. Such failure wastes ink whenever the failure bubble
or piezoelectric pressure wave. A thermal   occurs before all of the
useable ink within the bubble type print head includes a thin-film resistor
20  reservoir has been ejected. that is heated to cause sudden vaporization
of a      Past efforts to regulate ink-jet reservoir back small portion of
the ink. The rapid expansion of the  pressure in response to environmental
changes ink vapor forces a small amount of ink through a   and operational
effects have included mechanisms print head orifice.
that may be collectively referred to as accumula- Piezoelectric pressure
wave type print heads   25  tors. Examples of accumulators are described In
use a piezoelectric element that is responsive to a  U.S. Patent
Application No. 07/289,876, entitled control signal for abruptly
compressing a volume of  METHOD AND APPARATUS FOR EXTENDING ink in the
print head to produce a pressure wave   THE ENVIRONMENTAL RANGE OF AN INK
JET that forces the ink drops through the orifice.      PRINT CARTRIDGE
(published as US-A-4 992 802 Although conventional drop-on-demand print  30
on  12/02/91; c.f. EP-A-0 375 383 published heads are effective for
ejecting or "pumping" ink  27/06/90). drops from a pen reservoir, they do
not include any    Generally, prior accumulators comprise a mov- mechanism
for preventing ink from  permeating     able cup-like mechanism that
defines an accumula- through the print head when the print head is      tor
volume that is in fluid communication with the inactive. Accordingly,
drop-on-demand techniques   35  ink-jet pen reservoir volume. The
accumulators are require the fluid in the ink reservoir to be stored in
designed to move between a minimum volume a manner that provides a slight
back pressure at   position and a maximum volume position In re- the print
head to prevent ink leakage from the pen  sponse to changes in the level of
the back pres- whenever the print head is inactive. As used here-  sure
within the reservoir. Accumulator movement in, the term  "back pressure"
means the partial  40  changes the overall volume of the reservoir to
vacuum within the pen reservoir that resists the   regulate back pressure
level changes so that the flow of ink through the print head. Back pressure
is  back pressure remains within an operating range considered in the
positive sense so that an in-    that is suitable for preventing ink
leakage while crease in back pressure represents an increase in  permitting
the print head to continue ejecting ink the partial vacuum. Accordingly,
back pressure is  45  drops. measured in positive terms, such as centimeter
For example, as the difference between am- (cm) of water column height.
bient pressure and the back pressure within the The back pressure at the
print head must be at  pen decreases as a result of ambient air pressure
all times strong enough for preventing ink leakage  drop, the accumulator
moves to increase the reser- through the print head. The back pressure,
how-   so  voir volume, thereby to increase the back pressure ever, must
not be so strong that the print head is  to a level (within the operating
range mentioned unable to overcome the back pressure to eject ink  above)
that prevents ink leakage. Put another way, drops. Moreover, the ink-jet
pen must be designed  the increased volume attributable to accumulator to
operate despite environmental changes that      movement prevents a
reduction in the difference cause fluctuations in the back pressure.
55  between ambient air pressure and back pressure A severe environmental
change that affects      that would otherwise occur if the reservoir were
reservoir back pressure occurs during air transport  constrained to a fixed
volume as ambient air pres- of an ink-jet pen. In this instance, ambient
air   sure decreased. 2    



3                 EP 0 493 978 B1                     4 Accumulators also
move to decrease the reser-   flow orifice into the catch basin. The
inclusion of voir volume whenever environmental changes or      the
overflow orifice and catch basin is intended to operational effects (for
example, ink depletion oc-  prevent the positive pressure in the reservoir
from curring during operation of the pen) cause an in-    rising to a level
that would force ink out of the crease in the back pressure. The decreased
vol-   5   inactive print head. ume attributable to accumulator movement
reduces       Use of catch basins is undesirable because the back pressure
to a level within the operating  such basins require space within the
ink-jet pen range, thereby permitting the print head to continue  assembly
that could otherwise be used as ink ejecting ink.
reservoir space. Moreover, it is difficult to design Past accumulators have
been used with de-  10  the pen so that ink is forced through an overflow
vices known as bubble generators. Bubble gener-    orifice but not through
the print head. ators permit air bubbles to enter the ink reservoir once
the accumulator has moved to the minimum       SUMMARY OF THE INVENTION
volume position (that is, once the accumulator is unable to further reduce
the back pressure within  is  This invention is directed to an ink delivery
the reservoir) and the back pressure continues to  system that combines a
flexible-bladder ink reser- rise as the print head continues to eject ink
from  voir with a bubble generator for controlling back the reservoir. The
effect of the air bubbles deliv-  pressure within the reservoir while
providing sub- ered by the bubble generator is to keep the reser-
stantially complete delivery of the ink within the voir back pressure from
increasing to a level that  20  reservoir. The delivery system of the
present in- would cause failure of the print head.             vention
provides a simplified construction and Accumulators are usually equipped
with inter-   eliminates the need for many space-depleting sup- nal or
external resilient mechanisms that continu-  port mechanisms. Moreover, the
volumetric effi- ously urge the accumulators toward a position for  ciency
of the pen is enhanced because no catch increasing the volume of the
reservoir. The effect  25  basin is required. of the resilient mechanisms
is to retain a sufficient  The system of the present invention particu-
minimum  back pressure within the reservoir (to    larly comprises a pen
body that has base and a prevent ink leakage) even as the accumulator
housing attached to the base. A deformable blad- moves to increase or
decrease the reservoir vol-   der is located inside the housing and has an
open ume.                                           30  end sealed to base
of the pen. The interior of the Prior accumulators were constructed as dis-
bladder and the upper surface of the base define crete components that were
mounted to support      the reservoir volume for storing ink. The system
mechanisms carried within the pen body. To pro-    includes a print head
for ejecting ink from the vide the pen with the greatest volumetric
efficiency,  reservoir volume. As the back pressure within res- the working
volume of the accumulator (that is, the   35  ervoir volume increases as
ink is ejected, the de- maximum reservoir volume increase or decrease
formable bladder collapses to reduce the reservoir that is provided by the
accumulator) was limited in  volume and thereby prevent the back pressure
size so that the accumulator and associated sup-   from reaching a level
sufficient to cause failure of port mechanisms displaced as little
reservoir vol-  the pen. ume as possible. Accordingly, the environmental
40    As the print head continues to operate, the operating range of prior
pens, which range may be   bladder reaches a fully collapsed position and
is quantified as the maximum ambient pressure drop    thereafter no longer
able to limit the back pressure. the pen could sustain without leakage, was
limited  In this instance, a bubble generator that is mounted by the size
of the working volume of the accumula-  to the base of the pen begins to
deliver air bubbles tor.                                           45  into
the reservoir volume to prevent the back pres- One prior approach to
overcoming the working    sure within the reservoir volume from reaching
the volume size limitation just described lead to the  level that would
cause the print head to fail. inclusion of a catch basin within the ink-jet
pen.    In addition to its function as a collapsible reser- The catch basin
provides a volume for receiving    voir bladder, the bladder is expandable,
via its through an overflow orifice ink that. is forced out of  50
internal resilience, in order to increase to reservoir the reservoir as
ambient pressure continues to     volume for the purpose of regulating the
back drop after the accumulator moves into its maximum  pressure therein in
the event an a environmental volume position. The continued drop in ambient
effect, such as a drop in ambient air pressure, pressure eventually
eliminates the difference be-   necessitates an increase in reservoir back
pres- tween ambient pressure and the back pressure  55  sure. within the
reservoir so that a low-level positive pressure develops within the
reservoir. The low- level positive pressure forces ink through the over- 3
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THE DRAWINGS                      The reservoir bladder 24 and base 28
define a reservoir volume 25 that stores ink that is gradually Fig. 1 is a
perspective view of a preferred ink  ejected from the pen by a print head
26, such as a delivery system for an ink-jet pen.
conventional thermal-bubble type, that is mounted Fig. 2 is a side cross
sectional view taken   5   to the base 28 of the pen body 22. along line
2-2 of Fig. 1.                              The reservoir bladder 24 is
generally elliptical Fig. 2a is an enlarged sectional view showing a  in
cross section (Fig. 3) having a continuous preferred technique of attaching
the flexible blad-  sidewall 52 and an integrally-formed hemi-ellipsol- der
to the base of the pen.                        dal cap 54. Preferably, the
bladder 24 is formed of Fig. 3 is a cross sectional view taken along line
10  material that has substantial resistance to air per- 3-3 of Fig. 1.
meability and is chemically non-reactive with the Fig. 4 is a cross
sectional view taken along line  components of the ink that Is stored in
the reservoir 4-4 of Fig. 1.                                     volume 25.
To this end, it is preferred that the Fig. 5 is an enlarged sectional view
of one     bladder 24 be formed of a butyl, nitrile, or neo- preferred
bubble generator usable with the present  15  prene rubber. invention.
In a preferred embodiment, the bladder wall 52 Fig. 6 is a graph showing
the relationship be-  is between 1000 and 1500 microns (u) thick and tween
the back pressure in the pen reservoir and   the bladder is sized to
contain about 40.0 cubic the amount of ink ejected from the pen.
centimeters (cc) of ink. The reservoir bladder 24 20  collapses as ink is
ejected by the print head 26. DETAILED DESCRIPTION
The reservoir bladder 24 is sized so that the man- ner in which the
reservoir bladder 24 collapses is Referring to Figs. 1 through 5, an
ink-jet pen  most effective for allowing removal of substantially 20
includes an ink delivery system formed in ac-   all of the ink in the
reservoir. In this regard, the cordance with the present invention. The pen
20   25  reservoir bladder 24 is sized so that the cap 54 of comprises a
pen body 22 within which is mounted    the bladder 24 is near, but not
deformed by, the a flexible bladder 24 that serves as a reservoir for  top
wall 32 of the pen housing 30, and the long ink.
sides 56 of the bladder sidewall 52 (Figs. 3 and 4) More particularly, the
pen body 22 includes a   are slightly deformed inwardly by the sidewall 38,
five-sided housing 30 that is generally rectangular  30  40 of the housing
30 whenever the bladder 24 is in in top section (Fig. 3) and end section
(Fig. 4), and  the fully expanded position (solid lines in Figs. 3
approximately square in side section (Fig. 2). The  and 4). The deformation
of the sides 56 provides a housing 30 is formed of lightweight, rigid
material,  slight inward reaction force that causes the long such as
plastic, and includes a top wall 32, oppos-  sides 56 at the bladder to
collapse inwardly ing end walls 34, 36, and opposing sidewalls 38,  35
(dashed lines in Figs. 3 and 4) as the back pres- 40.
sure within the reservoir bladder 24 increases as The bottom edge 42 of the
housing 30 is        ink is ejected by the print head 26. attached, as by
heat-welding, to the flat base 28 of   The reservoir volume is initially
filled with ink the pen 20. In this regard, the base 28 includes   that is
conveyed through an ink hole 62 formed along its periphery a recess 44 into
which the   40  through the base 28. That hole 62 is later sealed bottom
edge 42 of the housing 30 snugly fits for   with a plug 64. welding thereto
(Fig. 2a).                             As best shown in Fig. 2, the base 28
of the pen Above the recess 44, the base 28 is further     20 includes a
well 58 that is in fluid communication recessed to define a gap 46 into
which fits the    with the reservoir volume 25. The bottom of the open end
48 of the reservoir bladder 24. Prefer-  45  well 58 is in fluid
communication with a chamber ably, the base 28 is constructed to have one
or    60 that leads to the print head 26. Operation of the more (three
shown in Fig. 2a) sealing ribs 50,     print head 26 generates capillarity
in the print head which protrude from the base 28 into the gap 46 to  to
draw ink into the chamber 60 and keep the pinch the open end 48 of the
reservoir bladder 24  chamber filled for supplying ink to the print head.
against the bottom inside surface of the housing   50  As mentioned
earlier, ink-jet pens require 30. Consequently, the ribs 50 provide a
fluid-tight  mechanisms for preventing ink from permeating seal between the
end 48 of the bladder 24 and the  through the print head when the print
head Is pen base 28.                                       inactive.
Accordingly, a back pressure is estab- It is contemplated that any of a
variety of     lished within the reservoir volume 25 at the time techniques
may be used for attaching the bladder  55  the reservoir bladder 24 is
filled with ink. To this end 48 to the pen base 28 to achieve the
fluid-tight  end, a small amount of ink is removed from the seal just
described.                               filled pen and sealed by, for
example, syphoning a small amount of ink through the print head. Re- 4    



7                 EP 0 493 978 B1                     8 moval of the ink
develops within the reservoir a   back pressure within the reservoir volume
is limited back pressure that is sufficient to keep ink from  to that
maximum  level C just mentioned. More leaking from the reservoir as the
print head 26    particularly, the bubble generator 70 in a preferred
remains inactive.                                  embodiment comprises a
small-diameter orifice 72 Fig. 6 is a graph showing the relationship be-
5   (for clarity, shown greatly enlarged in the figures) tween the changes
in the reservoir back pressure   that extends completely through the base
28 of the (ordinate) as in the ink volume (abscissa) within the  pen 20.
The diameter of the bubble generator reservoir 25 is depleted during pen
operation. The  orifice 72 is small enough so that the surface origin of
the graph represents a filled reservoir that  tension of the ink within the
reservoir 25 is great has yet to have removed from it an amount of ink  10
enough to prevent the ink from leaking through the sufficient for
generating a back pressure within the  orifice out of the pen 20. Moreover,
the diameter of reservoir volume 25. Point A on the graph repre-   the
orifice 72 Is small enough (for example, 200 u) sents the back pressure
after a small amount (for  so that ambient air will not move through the
bub- example, 2 cc) of ink has been removed from the    ble generator 70
into the ink-covered bottom of the reservoir. As noted, this minimum back
pressure  is  reservoir 25 in the absence of sufficient back pres- (for
example, 2.5 cm water column) developed as a  sure developed within the
reservoir volume 25. In result of this ink volume depletion is sufficient
for  this regard, air bubbles are introduced directly into keeping the ink
from permeating through the print  the reservoir volume 25 through the
bubble gener- head 26 when the pen 30 is inactive.               ator 70
whenever the reservoir back pressure As the print head 26 operates to eject
ink from   20  reaches the maximum level C discussed above. the reservoir
volume 25, the consequent reduction      The introduction of air bubbles
into the reser- in ink volume in the reservoir increases the back  voir 25
increases the fluid volume therein, hence pressure. The reservoir bladder
24 begins to col-  reducing the back pressure to a level (point D in lapse
under the influence of the back pressure     Fig. 6) of about 10.0 cm water
column. At this level increase. The housing 30 includes one or more  25
D, the bubble generator 70 halts the introduction of holes 33 to allow
ambient air to move between the  air bubbles as the capillarity of the
orifice 72 over- bladder and housing so that no partial vacuum      comes
the (reduced) reservoir back pressure to develops therebetween to impede
collapse of the    draw a small amount of reservoir ink therein to bladder.
"seal" the orifice. As the print head 26 thereafter The collapse of the
bladder 24 reduces the   30  continues to eject ink from the reservoir 25,
there- reservoir volume 25 thereby regulating (that is,   by decreasing the
reservoir volume, the back pres- limiting) the back pressure so that the
back pres-  sure again reaches the level corresponding to C in sure does
not exceed a level that would cause the  Fig. 6 that is sufficient to draw
air through the print head 26 to fail to eject ink. In a preferred  bubble
generator 70 to again reduce the back embodiment, the bladder 24 is
constructed to col-  35  pressure to a level corresponding to D in Fig. 6.
lapse by an amount that reduces the reservoir      This increase and
decrease cycle of the back pres- volume to approximately 50 percent of the
original  sure continues until substantially all of the ink Is reservoir
volume. The bladder, however, includes   removed from the reservoir 25, at
which point (E in sufficient internal resilience to later expand, if nec-
Fig. 6) ambient air is drawn into the reservoir essary, to increase the
reservoir volume as de-  40  volume 25 and the back pressure drops to
ambient scribed more fully below.                          (point F in Fig.
6). During the time the bladder 24 collapses as ink    In some applications
it may desirable to close is being ejected from the reservoir volume 25,
the  the bubble generator orifice whenever the pen is reservoir back
pressure increases at a very gradual  inverted while some reservoir ink
remains in the rate. The region of bladder collapse is depicted as   45
pen. Such inversion of the pen without closing the the volume between
points A and B in Fig. 6 Once  bubble generator orifice would likely remove
the the bladder 24 moves to its minimum or fully       ink/air interface in
the bubble generator, thereby collapsed position (dashed lines in Figs. 3
and 4),  permitting ambient air to enter the reservoir and the back
pressure increases somewhat sharply to a  eliminate all of the back
pressure within the pen. maximum level (C in Fig. 6) of about 11.0 cm water
so  Fig. 5 depicts another preferred embodiment of column. In the preferred
embodiment, the maxi-     a bubble generator 70' that includes a mechanism
mum back pressure level C is substantially lower   for closing the bubble
generator orifice 72' when- than the back pressure level (for example 30.0
cm  ever the pen is inverted. More particularly, the water column) that may
cause failure of a conven-  bubble generator 70' includes an orifice 72'
that tional print head 26. In accordance with the present  55  has a
reduced diameter portion 82 located near the invention, the ink delivery
system is provided with  base surface 29 that faces the reservoir volume
25. a bubble generator 70 (Fig. 2) that directs air    The bubble generator
70' also includes a number bubbles into the reservoir bladder 24 so that
the  of spaced apart ribs 86 that protrude into the orifice 5    
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bottom surface 31 of the base 28. The  Claims reduced-diameter portion 82
and ribs 86 contain within the mid-portion of the orifice 72 a check ball
1. An ink delivery system, comprising: 80. When the pen is in the upright
position (Fig. 5)       a pen body having a base (28) and a the ball 80
rests on the ribs 86 and permits air to   5  housing (30) attached to the
base; pass completely through the bubble generator 70'          a
deformable bladder (24) disposed inside whenever the back pressure reaches
the maximum         the housing and having an open end sealed to level
discussed earlier. Whenever the pen is in-       the base of the pen body,
the bladder and verted, the ball 80 moves to close the opening in      base
defining a reservoir volume (25) for con- the reduced-diameter portion 82
thereby preventing   10  taining ink: air from entering the reservoir 25.
print head means (26) connected to the As mentioned earlier, ink-jet pens
may be ex-       base for ejecting ink from the reservoir volume, posed to
environmental conditions that cause fluc-    the back pressure within the
reservoir volume tuation in the reservoir back pressure. For example,
increasing as ink is ejected therefrom; and an ambient air pressure
decrease could cause   15          bubble generator means (70) for
delivering leakage of the print head unless the back pressure     air
through the base and through the open end is increased to counter the
ambient pressure drop.     of the bladder and into the reservoir volume The
internal resilience of the reservoir bladder 24    whenever the back
pressure within the reser- of the present invention is sufficient the
expand the  voir volume increases to a first level. bladder (hence
increasing the reservoir volume and   20 back pressure) in response to such
environmental   2. The system  of claim  1 wherein the bubble effects. For
example, referring to Fig. 6, a preferred  generator means includes an
orifice formed bladder configuration in the fully collapsed position
through the base of the pen body. (point B Fig. 6) is expandable to
increase the reservoir volume by about 20 cc. Such a large   25  3. The
system of claim 1 wherein the bladder volumetric expansion will be
sufficient to accom-      includes a sidewall and integrally formed cap,
modate the most serve environmental effects nor-       the bladder being
shaped to substantially fill mally encountered by a pen. It can be
appreciated      the housing so that the bladder and base de- that this
large reservoir volume increase produced     fine the entire reservoir
volume. by the reservoir bladder will sufficiently regulate  30 the back
pressure without the need to incorporate a  4. The system of claim 3
wherein the bladder is catch basin in the pen. In short, the flexible
reser-  sized so that a portion of the bladder sidewall voir bladder 24
when used in conjunction with the      is deformed by the housing whenever
the res- bubble generator 70, provides a highly efficient ink   ervoir is
filled with ink. delivery system for the pen.                   35 While
having described and illustrated the prin-  5. The system of claim 1
wherein the bladder ciples of the invention with reference to preferred
includes a sidewall and integrally formed cap, embodiments and
alternatives, it should be appar-      the bladder being movable between an
ex- ent that the invention can be further modified in      panded position
that defines a maximum reser- arrangement and detail without departing from
such   40  voir volume and a collapsed position that de- principles. For
example, the configuration of the      fines a minimum reservoir volume, a
portion of housing can be made to substantially conform to        the
sidewall being deformed whenever the the bladder configuration while still
providing the    bladder is in the expanded position. preferred collapse
mode described earlier. More- over, a multitude of bladder configurations
(for ex-  45  6. An ink-containing pen comprising: ample, a capped
cylindrical configuration) may be          a base (28); employed, or the
bladder can be specially de-              a flexible reservoir bladder (24)
having an signed to correspond to the configuration of an        open end
attached to a surface of the base, existing housing of a pen that employs a
different    the bladder having a sidewall and an integrally ink delivery
system, so that the present system can   50  formed cap, the sidewall, cap
and surface of be substituted therefor.                               the
base defining a reservoir volume (25) for In view of the above it is to be
understood that    storing substantially all of the ink contained by the
present invention includes all such modifica-      the pen; and tions that
may come in the scope of the following          an orifice (70) formed in
the base to pro- claims.                             55
vide fluid communication between ambient air and the reservoir volume. 6
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* 72' near the bottom surface 31 of the base 28. The  Claims 



reduced-diameter portion 82 and ribs 86 contain within the mid-portion of
the orifice 72' a check ball  1. An ink delivery system, comprising: 80.
When the pen is in the upright position (Fig. 5)        a pen body having a
base (28) and a the ball 80 rests on the ribs 86 and permits air to   5
housing (30) attached to the base; pass completely through the bubble
generator 70'            a deformable bladder (24) disposed inside whenever
the back pressure reaches the maximum          the housing and having an
open end sealed to level discussed earlier. Whenever the pen is in-
the base of the pen body, the bladder and verted, the ball 80 moves to
close the opening in       base defining a reservoir volume (25) for con-
the reduced-diameter portion 82 thereby preventing   10  taining ink; air
from entering the reservoir 25.                         print head means
(26) connected to the As mentioned earlier, ink-jet pens may be ex-
base for ejecting ink from the reservoir volume, posed to environmental
conditions that cause fluc-      the back pressure within the reservoir
volume tuation in the reservoir back pressure. For example,    increasing
as ink is ejected therefrom; and an ambient air pressure decrease could
cause   15           bubble generator means (70) for delivering leakage of
the print head unless the back pressure      air through the base and
through the open end is increased to counter the ambient pressure drop.
of the bladder and into the reservoir volume The internal resilience of the
reservoir bladder 24     whenever the back pressure within the reser- of
the present invention is sufficient the expand the   voir volume increases
to a first level. bladder (hence increasing the reservoir volume and   20
back pressure) in response to such environmental    2. The system  of claim
1 wherein the bubble effects. For example, referring to Fig. 6, a preferred
generator means includes an orifice formed bladder configuration in the
fully collapsed position   through the base of the pen body. (point B Fig.
6) is expandable to increase the reservoir volume by about 20 cc. Such a
large   25   3  The system of claim 1 wherein the bladder volumetric
expansion will be sufficient to accom-       includes a sidewall and
integrally formed cap, modate the most serve environmental effects nor-
the bladder being shaped to substantially fill mally encountered by a pen.
It can be appreciated       the housing so that the bladder and base de-
that this large reservoir volume increase produced      fine the entire
reservoir volume. by the reservoir bladder will sufficiently regulate  30
the back pressure without the need to incorporate a  4. The system of claim
3 wherein the bladder is catch basin in the pen. In short, the flexible
reser-   sized so that a portion of the bladder sidewall voir bladder 24
when used in conjunction with the       is deformed by the housing whenever
the res- bubble generator 70, provides a highly efficient ink    ervoir is
filled with ink. delivery system for the pen.                   35 While
having described and illustrated the prin-  5. The system of claim 1
wherein the bladder ciples of the invention with reference to preferred
includes a sidewall and integrally formed cap, embodiments and
alternatives, it should be appar-       the bladder being movable between
an ex- ent that the invention can be further modified in       panded
position that defines a maximum reser- arrangement and detail without
departing from such   40  voir volume and a collapsed position that de-
principles. For example, the configuration of the       fines a minimum
reservoir volume, a portion of housing can be made to substantially conform
to         the sidewall being deformed whenever the the bladder
configuration while still providing the     bladder is in the expanded
position. preferred collapse mode described earlier. More- over, a
multitude of bladder configurations (for ex-  45  6. An ink-containing pen
comprising: ample, a capped cylindrical configuration) may be           a
base (28); employed, or the bladder can be specially de-               a
flexible reservoir bladder (24) having an signed to correspond to the
configuration of an         open end attached to a surface of the base,
existing housing of a pen that employs a different      the bladder having
a sidewall and an integrally ink delivery system, so that the present
system can   so  formed cap, the sidewall, cap and surface of be
substituted therefor.                                the base defining a
reservoir volume (25) for In view of the above it is to be understood that
storing substantially all of the ink contained by the present invention
includes all such modifica-       the pen; and tions that may come in the
scope of the following           an orifice (70) formed in the base to pro-
claims.                                        55       vide fluid
communication between ambient air and the reservoir volume. 6    11
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claim 6 further comprising a rigid      ausgebildete Abdeckung einschlieBt,
wobei die housing having walls enclosing the bladder and     Blase geformt
ist, um das Gehause im wesent- shaped so that the bladder sidewall and cap
lichen auszufOllen, so daB die Blase und die 



are adjacent to housing walls.                     Basis das gesamte
Speichervolumen definie- 5       ren. 8. The pen of claim 7 wherein the
bladder as- sumes a fully expanded position whenever the   4. Das System
gemaB Anspruch 3, bei dem die reservoir volume is filled with ink, the
housing   Blase groBenmailig derart ausgebildet ist, daB being shaped so
that a portion of the bladder      ein Abschnitt der Blasenseitenwand durch
das sidewall is deformed whenever the bladder is  io   Gehause deformiert
wird, wann immer der in the expanded position.
Speicher mit Tinte gefllt ist. 9. The pen of Claim 6 wherein the bladder
has an   5. Das System gemaB Anspruch 1, bei dem die elliptical cross
section.                          Blase eine Seltenwand und eine einstuckig
15      ausgeblldete Abdeckung einschllelt, wobel die 10. The pen of claim
6 wherein the orifice includes   Blase zwischen elner ausgedehnten
Position, closing means for closing the fluid communica-     die ein
maximales Speichervolumen definiert, tion whenever the pen is inverted.
und einer zusammengefallenen Position, die ein minimales Speichervolumen
definiert, be- 11. The pen of Claim 6 wherein the bladder and   20   wegbar
ist, wobei ein Abschnitt der Seitenwand orifice are configured so that the
bladder col-    deformiert ist, wann immer die Blase in der lapses to
reduce the reservoir volume by more      ausgedehnten Position ist. than
40% before the orifice provides fluid com- munication between ambient air
and the re-     6. Ein Tinte-enthaltender Stift mit folgenden serve volume.
25       Merkmalen: einer Basis (28); PatentansprUche
einer flexiblen Speicherblase (24) mit einem offenen Ende, das an einer
Oberflache der 1. Ein Tintenzufuhrsystem  mit folgenden Merk-        Basis
befestigt ist, wobel die Blase eine Sel- malen:
30      tenwand und eine einstickig ausgebildete Ab- einem Stiftkorper mit
einer Basis (28) und ei-     deckung aufweist, wobei die Seitenwand, die
nem Gehause (30), das an der Basis befestigt       Abdeckung und die
Oberflfche der Basis ein ist;
Spelchervolumen (25) definieren, um Im we- einer deformierbaren Blase (24),
die in dem        sentlichen die gesamte Tinte, die In dem Stift Gehause
angeordnet ist und ein offenes Ende   35   enthalten ist, zu speichern; und
aufweist, das abgedichtet an der Basis des         einer Offnung (70), die
in der Basis gebildet Stiftkorpers befestigt ist, wobei die Blase und
ist, um eine fluidmaBige Verbindung zwischen die Basis ein Speichervolumen
(25) zum Ent-        der Umgebungsluft und dem Speichervolumen halten von
Tinte definieren;                       zu schaffen. einer
Druckkopfeinrichtung (26), die mit der  40 Basis verbunden ist, um Tinte
aus dem Spei-    7. Der Stift gemaB Anspruch 6, der femer ein chervolumen
auszustolen, wobei der Gegen-          starres Gehause aufweist, das Wande
ein- druck in dem Speichervolumen zunimmt, wenn         schlieBt, die die
Blase einh~llen, und das der- Tinte aus demselben ausgestolen wird; und
art geformt ist, daB die Blasen-Seitenwand und einer
Blasengeneratoreinrichtung (70) zum Zu-  45  die -Abdeckung benachbart zu
den Gehause- flhren von Luft durch die Basis und durch das      wanden
sind. offenen Ende der Blase und in das Speicher- volumen, wann immer der
Gegendruck in dem      8. Der Stift gemaB Anspruch 7, bei dem die Bla-
Speichervolumen auf einen ersten Pegel an-         se eine vollstandig
ausgedehnte Position an- steigt.                                   50
nimmt, wann immer das Speichervolumen mit Tinte gef~lit ist, wobei das
Gehiuse derart 2. Das System gemaB Anspruch 1, bei dem die
geformt. ist, daB ein Abschnitt der Blasensei- Blasengeneratoreinrichtung
eine Offnung ein-      tenwand deformiert ist, wann immer die Blase
schlieBt, die durch die Basis des Stiftkorpers    in der ausgedehnten
Position ist. ausgebildet ist.                          55 9. Der Stift
gemaB Anspruch 6, bei dem die Bla- 3. Das System gemaB Anspruch 1, bei dem
die           se einen elliptischen Querschnitt aufweist. Blase eine
Seitenwand und eine einstlckig 7    13                EP 0 493 978 B1
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Anspruch 6, bei dem die Off-       dilat~e, qui d6finit le volume r6servoir
maxi- nung eine Verschlul3einrichtung zum Schlielen      mum et une
position effondr6e qui definit le der fluidmilBigen Verbindung einschlieBt,
wann     volume reservoir minimum, une partie de la 



@-'   immer der Stift umgedreht wird.                     paroi lat6rale
etant deformee lorsque la vessle 5       est dans la position dilatee. 11.
Der Stift gemafl Anspruch 6, bei dem die Bla- se und die 6ffnung derart
konfiguriert sind,    6. Plume contenant de lencre, comprenant: daB die
Blase zusammenfillt, um das Spei-              une base (28); chervolumen
um mehr als 40% zu reduzieren,             une vessle reservoir souple (24)
ayant une bevor die Offnung eine fluidmIBige Verbin-  10     extr6mit6
ouverte fixee a une surface de la dung zwischen der Umgebungsluft und dem
base, la vessle ayant une parol latdrale et un Speichervolumen schafft.
chapeau venu de matibre avec cette parol, la paroi laterale, le chapeau et
la surface de la Revendlcatlons
base definissant un volume reservoir (25) des- is     tin6 a stocker a peu
pres la totallt6 de l'encre 1. Systeme debiteur d'encre, comprenant:
contenue dans la plume ; et un corps de plume ayant une base (28) et
un orifice (70) forme dans la base pour un botier (30) fixe A la base;
6tablir la communication entre l'air amblant et une vessie deformable (24)
dispos6e a           le volume r6servoir. _     I '    l'int6rieur du
boftier et ayant une extr6mite  20 ouverte qui est r6unie a joint Mtanche a
la base  7. Plume solon la revendication 6, comprenant en du corps de
plume, la vessie et la base defi-      outre un bottier rigide ayant des
parois qui nissant un volume reservoir (25) destine           enferment la
vessie et sont conformees de contenir de l'encre;
maniere que la paroi lat6rale et le chapeau de un moyen (26) formant tate
d'impression   25    la vessie soient adjacents aux parois du bot- coupI6 a
la base pour ejecter de l'encre du        tier. volume reservoir, la
contre-pression regnant dans le volume r6servoir croissant au fur et a  8.
Plume selon la revendication 7, dans laquelle mesure que l'encre en est
eject~e ; et             la vessie prend une position entierement dila- un
moyen generateur de bulles (70) desti-  30   t6e  lorsque le volume
r6servoir est rempli n6 a introduire de l'air dans le volume reser-
d'encre, le bolder 6tant conforme de maniere voir A travers la base et a
travers l'extremite    qu'une partie de la parol laterale de la vessie
ouverte de la vessie lorsque la contre-pression    soit deformee lorsque la
vessie est dans la r6gnant dans le volume reservoir atteint un
position dilat6e. premier niveau en croissant.               35 9. Plume
selon la revendication 6, dans laquelle 2. Systeme solon la revendication
1, dans lequel       la vessie a une section elliptique. le moyen
g6nerateur de bulles comprend un orifice forme ? travers la base du corps
de la  10. Plume selon la revendication 6, dans laquelle plume.
40       I orifice comprend des moyens obturateurs destines A former la
communication fluidique 3. Systbme selon la revendication 1, dans lequel
lorsque la plume est retournee. Ia vessie comprend une paroi laterale et un
chapeau venu de matibre avec cette paroi, la    11. Plume selon la
revendication 6, dans laquelle vessie etant conformee pour remplir
sensible-  45   la vessie et lForifice sont configures de manibre ment le
bother, de maniere que la vessie et la     que la vessie s'effondre pour
reduire le volume base definissent le volume r6servoir complet.
reservoir de plus de 40 % avant quo l'orifice n'6tablisse la communication
fluidique entre 4. Systeme selon la revendication 3, dans lequel
l'air ambiant et le volume reservoir. Ia vessie est de dimension appropriee
pour  5o qu'une partie de la paroi latbrale de la vessie soit deformee par
le boitier lorsque le reservoir est rempli d'encre. 5. Systeme selon la
revendication 1, dans loquel  55 la vessie comprond une paroi laterale et
un chapeau venu de matiere avec cette paroi, la vessie pouvant se deplacer
entre une position 8    


