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of an ink-jet pen. In this instance, ambient air pressure decreases as the
aircraft gains altitude Technical Field
and is depressurized. As ambient air pressure de- creases, a
correspondingly greater amount of back This invention pertains to
mechanisms for reg-   5   pressure is needed to keep ink from  leaking
ulating the fluid pressure within the ink reservoir of  through the print
head. Accordingly, the level of an ink -jet pen.
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- 10  voir is subjected to what
may be termed "oper- Ink-jet printing generally involves the controlled
ational effects". One significant operational effect delivery of ink drops
from an ink-jet pen reservoir  occurs as the print head is activated to
eject ink to a printing surface. One type of ink-jet printing,  drops. The
consequent depletion of Ink from the known as drop-on-demand printing,
employs a pen    reservoir increases (makes more positive) the res- that
has a print head that Is responsive to control  is  ervoir back pressure.
Without regulation of this signals for ejecting drops of ink from the Ink
reser-  back pressure increase, the ink-jet pen will even- voir.
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. bubble or
piezoelectric pressure wave. A thermal  20   Past efforts to regulate
ink-jet reservoir back bubble type print head includes a thin-film resistor
pressure in response to environmental changes that is heated to cause
sudden vaporization of a   and operational effects have included mechanisms
small portion of the ink. The rapid expansion of the  that may be
collectively referred to as accumula- ink vapor forces a small amount of
ink through a   tors. Examples of accumulators are described in print head
orifice.                            25  EP-A-0 375 383. Piezoelectric
pressure wave type print heads       Generally, prior accumulators comprise
an use a piezoelectric element that is responsive to a  elastomeric bladder
or cup-like mechanism  that control signal for abruptly compressing a
volume of  defines a volume that is in fluid communication ink in the print
head to thereby produce a pressure  with the ink-jet pen reservoir volume.
The accu- wave that forces the ink drops through the orifice.    30
mulators are designed to move between a mini- Although conventional
drop-on-demand print      mum volume position and a maximum volume po-
heads are effective for ejecting or "pumping" ink  sition in response to
changes in the level of the drops from a pen reservoir, they do not include
any  back pressure within the reservoir. Accumulator mechanism  for
preventing ink from  permeating     movement changes the overall volume of
the reser- through the print head when the print head is  35  voir to
regulate back pressure level changes so inactive. Accordingly,
drop-on-demand techniques   that the back pressure remains within an
operating require that the fluid in the ink reservoir must be  range that
is suitable for preventing ink leakage stored in a manner that provides a
slight back     while permitting the print head to continue ejecting
pressure at the print head to prevent ink leakage   ink drops. from the pen
whenever the print head is inactive.  40  For example, as the difference
between am- As used herein, the term "back pressure" means     bient
pressure and the back pressure within the the partial vacuum  within the
pen reservoir that  pen decreases as a result of ambient air pressure
resists the flow of ink through the print head. Back  drop, the accumulator
moves to increase the reser- pressure is considered in the positive sense
so that  voir volume to thereby increase the back pressure an increase in
back pressure represents an in-  45  to a level, within the range discussed
above, that crease in the partial vacuum. Accordingly, back    prevents ink
leakage. Put another way, the in- pressure is measured in positive terms,
such as    creased volume attributable to accumulator move- water column
height.                               ment prevents a decrease in the
difference be- The back pressure at the print head must be at  tween
ambient air pressure and back pressure that all times strong enough for
preventing ink leakage.  50  would otherwise occur if the reservoir were
con- The back pressure, however, must not be so strong  strained to a fixed
volume as ambient air pressure that the print head is unable to overcome
the back  decreased. pressure to eject ink drops. Moreover, the ink-jet
Accumulators also move to decrease the reser- pen must be designed to
operate despite envi-      voir volume whenever environmental changes or
ronmental changes that cause fluctuations in the   55  operational effects
(for example, ink depletion oc- back pressure.
curring during operation of the pen) cause an in- A severe environmental
change that affects      crease in the back pressure. The decreased vol-
reservoir back pressure occurs during air transport  ume attributable to
accumulator movement reduces 2  



3                 EP 0 437 363 B1                    4 the back pressure to
a level within the operating  minimal. It is desirable to remove  as little
range, thereby permitting the print head to continue  "drawdown" ink as
possible in order to establish ejecting ink.
the minimum back pressure since the withdrawal of Accumulators are usually
equipped with inter-  ink for this purpose reduces the amount of ink that
nal or external resilient mechanisms that continu-   5   can be used for
printing. ously urge the accumulators toward a position for      Prior
accumulators, being formed of moldable increasing the volume of the
reservoir. The effect  elastomers, generally allow significant volumes of
of the resilient mechanisms is to retain a sufficient  air to diffuse
through their walls. Correspondingly, minimum back pressure within the
reservoir (to     larger drawdown volumes were required in prior prevent
ink leakage) even as the accumulator  10  accumulators so that the addition
of air into the moves to increase or decrease the reservoir vol-
reservoir by diffusion did not cause the accumula- ume.
tors to expand to their maximum volume. It can be Prior accumulator designs
suffer from at least  appreciated that the reservoir back pressure is lost
two deficiencies. First, the working volume of the  when the accumulators
attain their maximum vol- accumulator (that is, the maximum reservoir vol-
15  ume. ume increase or decrease that is provided by the       DE-A-2 742
633 discloses an accumulator for accumulator) was limited in size.
Specifically, the  an ink pen which includes an expandable and con- working
volume of the accumulator was limited to   tractable bag, mounting means
for mounting the the maximum size of the bladder or similar struc-  bag
within a fluid volume of a particular size so that ture that could be
housed within the ink-jet pen.  20  expansion of the bag decreases the size
of the Accordingly, the environmental operating range of  fluid volume, the
bag including an opening so that prior pens, which range may be quantified
as the   the interior of the bag is In fluid communication maximum ambient
pressure drop the pen could        with ambient air outside the fluid
volume. sustain without leakage, was limited by the size of    The
invention is characterised in that a spring, the working volume of the
accumulator.        25  disposed within the fluid volume, has a first
portion One prior approach to overcoming the working   that assumes a
curved relaxed state, and the bag volume size limitation just described
lead to the  is adjacent to one side of the curved first portion, inclusion
of a catch basin within the ink-jet pen.  so that the bag is substantially
fully contracted The catch basin provides a volume for receiving    when
the spring is in a relaxed state. through an overflow orifice ink that is
forced out of  30  An embodiment of the invention provides an the reservoir
as ambient pressure continues to     accumulator working volume that is
sufficient for drop after the accumulator moves into its maximum  operating
the pen notwithstanding extreme envi- volume position. The continued drop
in ambient     ronmental changes and operational effects on the pressure
eventually eliminates the difference be-  back pressure within a reservoir.
tween ambient pressure and the back pressure  35       The embodiment of
the invention is also con- within the reservoir. Eventually, a low-level
positive  structed to provide a working volume of a size pressure develops
within the reservoir. The low-   large enough to eliminate the need for a
catch level positive pressure forces the ink through the  basin or similar
overflow mechanism. Accordingly, overflow orifice into the catch basin. The
inclusion  the amount of ink available for printing is maxi- of the
overflow orifice and catch basin is intended   40   mized with this
embodiment of the invention. to prevent the positive pressure in the
reservoir      The embodiment of the invention is also con- from rising to
a level that would permit ink to leak  figured so that the relationship
between the reser- out of the inactive print head.                    voir
back pressure and the movement of the accu- Use of catch basins is
undesirable because      mulator is such that very little drawdown ink must
they employ space within the ink-jet pen assembly  45  be removed to
establish the minimum back pres- that could otherwise be used as ink
reservoir      sure within the reservoir. Consequently, the amount space.
Moreover, it is difficult to design the pen so  of ink available for
printing is only marginally re- that ink is forced through the overflow
orifice but  duced because of drawdown. not through the print head.
The bag and spring can be configured so that A second deficiency in prior
accumulator de-  so  the bag expansion and contraction affects the res-
signs pertains to a feature known as drawdown.     ervoir volume in a
manner that maintains the reser- Drawdown is the amount of ink volume that
must     voir back pressure with an acceptable operating be withdrawn from
a filled ink-jet pen in order to  range despite extreme variations in the
ambient air establish within the reservoir a minimum back pres-  pressure.
sure to ensure ink does not leak through the print  55  An embodiment of
the invention will now be head. This minimum back pressure is typically
described with reference to the accompanying established at the time the
pen is filled with ink,  drawings, in which: that is, at the time the air
volume in the reservoir is 



3    5                 EP 0 437 363 B1                    6 FIG. 1 is a
front cross section of an ink-jet pen  pen reservoir volume by an amount
(that is, the that includes an accumulator embodying the in-   working
volume of the accumulator) necessary to vention shown in the contracted or
minimum       prevent the 26% drop in the ambient pressure from volume
position.                                   effecting a corresponding drop
in the reservoir FIG. 2 is a front cross section of an ink jet pen   5
back pressure. As discussed earlier, the reservoir that includes the
accumulator embodying the      volume increase attributable to the
accumulator invention shown in the expanded or maximum       maintains the
back pressure at a level that prohibits volume position.
ink from leaking through the print head of the pen. FIG. 3 is an enlarged
cross section of the upper    The size of the reservoir volume increase
nec- portion of the accumulator, showing the accu-  10  essary to
compensate for any ambient pressure mulator in the minimum volume position.
drop is related to the amount of air that is in the FIG. 4 is an enlarged
cross section of the upper  reservoir at the time the ambient pressure de-
portion of the accumulator, showing the accu-    creases. Consequently, the
largest amount of res- mulator in the maximum volume position.
ervoir volume change that must be provided by an FIG. 5 is an enlarged
cross section of a portion   15  accumulator will occur in instances where
the of the accumulator showing the assembly of       greatest amount of air
is in the pen, that is, when some of the accumulator components.
the pen is nearly empty of ink. In short, the working FIG. 6 is a side
cross section of an ink-jet pen  volume Vac of the accumulator must be
greater that includes the accumulator embodying the     than or equal to
the volume increase of air within invention.
20  the reservoir as a nearly empty pen is subjected to FIG. 7 is an
exploded perspective view of the   the extreme pressure decrease just
described. In accumulator components.                          equation
form: FIG. 8 is a perspective view of the spring com- ponent of the
accumulator after it is shaped into    [err](PO / P) - Vr  [1 its
undeflected position.                   25 FIG. 9 is a cross sectional view
taken along line   Where Vr is the reservoir volume determined 9-9 of FIG.
2.                                   with the accumulator displacing its
maximum vol- FIG. 10 is a graph showing the relationship      ume from the
reservoir volume, and where Po Is between  the  reservoir back  pressure
and      the initial ambient (cabin) air pressure at sea level, changes in
the ink volume within the reservoir.    30  and P is the minimum pressure
level to which the FIG. 11 is a cross section of a portion of an
aircraft cabin is pressurized after the aircraft be- alternative embodiment
of the accumulator of     comes airborne. the present invention.
The amount of ink remaining in the nearly empty pen reservoir is not
subtracted from the Detailed Description                          35
volume Vr in equation 1 above. Consequently, the accumulator working volume
Vac calculated in An accumulator embodying the invention is       equation
1 is slightly larger than that actually re- configured to have a working
volume (that is, the  quired. Nevertheless, it is preferable to have the
maximum reservoir volume increase or decrease      accumulator working
volume sized slightly larger that is provided by the accumulator) that can
regu-  40  than that calculated in order to compensate for late back
pressure within an ink-jet pen reservoir  variations in the accumulator
production process despite extreme changes in ambient air pressure.   and
for any air diffusion through the accumulator as In this regard, the most
severe pressure change    discussed more fully below. affecting ink-jet
pens normally occurs when the        The relationship among the reservoir
volume pens are transported by air. During such transport,  45  V,
pressures Po, and P, and the accumulator work- the pens are disposed within
an aircraft cabin,    ing volume Vac, may be expressed in terms of which,
at its greatest altitude, is pressurized to a  deliverable ink Vd.
Deliverable Ink Vd is the amount level that is substantially below
atmospheric pres-  of ink stored in a pen that is ready for printing. The
sure at sea level. Consequently, the working vol-  greatest quantity of
deliverable ink is available ume of the present accumulator is established
to  50   when the pen is filled with ink and the accumulator compensate for
the ambient (i.e., cabin) pressure  is in its minimum volume position, or:
drop affecting the pens. For example, the air pressure within an air-    Vd
= Vr + Vac  [2] borne aircraft may be about 26% lower than the air pressure
at sea level. Consequently, the air pres-  55  or: sure within the aircraft
will drop about 26% after 



the aircraft leaves the ground. The accumulator of  Vr = Vd - Vac  [3] the
present invention is movable to increase the 4    7                 EP 0
437 363 B1                        8 Substituting equation 3 into equation 1
and     a spring 44. The bag 42 and spring 44 are fastened solving for Vac
yields:                            to a fitment 46 that has an upwardly
projecting boss 48. The boss 48 is sealed to a cylindrically [err]
5   top of the cap 40. It can be appreciated that the quantity in par-
The bag 42 is fastened to the fitment 46 so entheses in equation 4 is the
fractional value of the  that the interior of the bag is in fluid
communication relative air pressure increase occurring within the  with the
lower end 90 of a central duct 50 that reservoir as a result of the ambient
pressure drop  passes through the boss 48. The fitment 46 is Po - P
experienced by the pen. Accordingly, under  10   mounted to the cap 40 of
the pen 22 with the duct the extreme condition noted above, whereby the
50 arranged so that the upper end 51 of the duct is ambient pressure drop
is about 26%, equation 4     in fluid communication with ambient air.
Accord- shows that the working volume of the accumulator   ingly, the
interior of the bag 42 is in fluid commu- must be 26% of the volume of the
deliverable ink   nication with ambient air. in the pen. For example, a pen
having a 40 cc   16     With the accumulator 20 in place, the reservoir
volume of deliverable ink would require an accu-   24 is filled with ink
through a sealable port 43. A mulator having a working volume of 10.4 cc in
slight back pressure (hereinafter referred to as the order to withstand a
26%  ambient air pressure     minimum back pressure) is established within
the drop without leaking.                              pen reservoir 24.
The minimum back pressure is It is noteworthy that although the ambient
pres-  20  the minimum amount of back pressure necessary sure decrease Po -
P was discussed above with      to keep ink from leaking through the print
head 36 respect to air transport of pens, it can be appre-  when the print
head is inactive. ciated that the air within the reservoir can expand    As
the pen 22 is used for printing, the air and contract due to temperature
changes as well    pressure within the reservoir 24 decreases (hence, as
ambient pressure changes. For example, a pen   25  the back pressure
increases) as ink is depleted. subjected to high temperatures will incur an
expan-  During printing, the bag 42 expands as a result of sion of the air
in its reservoir, and one skilled in the  the back pressure increase. The
bag expansion art can derive the quantitative analogy between    decreases
the volume of the reservoir 24 to main- pressure and temperature
excursions. It is be-     tain the reservoir back pressure within a range
lieved, however, that the ambient pressure de-  so  such that the print
head 36 is able to continue crease associated with air transport of pens
pro-  ejecting ink from the reservoir 24. If the ambient vides the most
severe ambient pressure change      pressure should thereafter decrease
(for example, experienced by the pens. Accordingly, the accu-    during air
transport of the pen), the bag 42 will mulator of the present invention is
designed to    contract to increase the reservoir volume so that compensate
for such a change.                 35  the back pressure within the
reservoir 24, relative With reference to FIGS. 1-9, an accumulator 20  to
ambient, does not drop to a level that permits formed in accordance with
the present invention    ink to leak from the print head 36. provides an
accumulator working volume Vac that        Expansion of the bag 42 deflects
the spring 44. effectively compensates for severe environmental  The
elasticity of the spring 44 tends to contract the changes or operational
effects on the back pres-  40  bag 42. The spring 44 and bag 42 are
configured sure within an ink-jet pen reservoir. More particu-  and
arranged to define a back pressure and bag larly, the accumulator 20 is
configured to fit into an  volume relationship that maintains the reservoir
ink-jet pen 22 that includes a reservoir 24 having  back pressure within an
operating range that Is rigid side walls 26, 28, 30, 32 that are configured
to  suitable for preventing ink leakage, while permitting hold a quantity
of ink. A well 34 is formed in the   45  the print head 36 to continue
ejecting ink drops. bottom of the reservoir 24 near one side of wall 30.
Moreover, the accumulator 20 is configured so that A thermal-bubble type
print head 36 is fit into the  the maximum volume of the bag 42, that is,
the bottom wall 38 of the reservoir 24 for ejecting ink  working volume Vac
of the accumulator, is large drops from the reservoir 24. The configuration
of  enough to maintain the reservoir back pressure the reservoir walls and
print head may be substan-  50   within the operating range mentioned
above, de- tially as provided in the pen component of an ink-  spite severe
fluctuations in the pressure of the jet printer manufactured by
Hewlett-Packard Com-   ambient air. pany of Palo Alto, California, under
the trademark     Turning now to the particulars of the accumula- DeskJet.
tor 20 formed in accordance with the present in- The accumulator 20 is
attached to a cap 40   55  vention, the preferred embodiment of the accu- 



that is sealed to the top of the side walls 26, 28,  mulator spring 44
comprises a strip of metal, such 30, 32 of the reservoir 24. The
accumulator 20     as stainless steel, having a thickness of approxi-
includes an expandable bag 42 that is mounted to   mately 75 microns (err)
and a yield strength greater    9                EP 0 437 363 B1
10 than 5,600 Kg/[err] The spring 44 may be stamped   One sheet, the first
sheet 76, has an opening 80 for or etched from a flat sheet (FIG. 7) and
shaped into  permitting the passage of air into and out of the -the relaxed
or undeflected configuration shown in  space between the edge-sealed first
sheet 76 and FIG 8.                                          second sheet
77. The sheets 76, 77 are shaped The relaxed configuration of the spring 44
in-   5   slightly larger (i.e., in width and length) than the cludes a
flat base 52 having a round main aperture  spring 44. Moreover, the portion
79 of the edge 78 54 formed therethrough. The spring 44 is bent at  of each
sheet that is near the tapered part of the each edge 56, 58 of the base 52.
A pair of elon-  spring 44 is shaped into a smooth curve. gated slots 60
are formed in the spring 44 at each    Preferably, the first and second
sheets 76, 77 base edge 56, 58 to facilitate bending of the spring  10  are
formed of a material that can be heat-welded 44 at the base edges 56, 58.
(as at the edges 78) and that is substantially im- The spring 44 is formed
to have curved legs    permeable to air. Heat-weldable bag material Is 62.
One leg 62 extends downwardly from each       preferred because such
material permits an effi- edge 56, 58 of the base 52. In a preferred
embodi-  cient method for forming the bag 42 and for attach- ment, the legs
62 are approximately 5.7 cm long.  15  ing the bag 42 to the spring 44 and
fitment 46, as The length of the legs 62 of the spring 44 are such  will be
described more fully below. that each end 68 of a leg 62 is very near the
Material that is substantially impermeable to air bottom wall 38 of the
reservoir 24.               if preferred as bag material so that the back
pres- Each spring leg 62 is formed to have a radius  sure within the pen
reservoir 24 is not reduced by of curvature of approximately 2.5 cm. Each
leg 62   20  air that passes into the bag 42 through opening 80 has a
convex surface 64 facing inwardly toward the  and then diffuses through the
walls of the bag convex surface 64 of the other leg 62.            sheets
76, 77 into the reservoir 24. The spring 44 is sized to be substantially as
In view of the above, a preferred embodiment wide as the space between side
walls 30 and 32    of the sheets 76, 77 that make up the bag 42 (FIG. 6) of
the pen reservoir 24. In a preferred   25  comprises a thin "barrier" film
of material such as embodiment, the legs 62 are approximately 2.5 cm
ethylene vinyl alcohol (EVOH) covered with thin wide.
outer layers of polyethylene. The EVOH film is As best seen in FIGS. 6 and
8, the spring 44 is  preferably about 12 [err] thick. The polyethylene lay-
relatively narrower in the region of the base 52.  ers are between 15 [err]
and 50 [err] thick. This shape of the spring 44 allows the accumulator  30
The EVOH film provides the desired low-air- 20 to fit within an ink-jet pen
22 that Includes a cap  permeability property. It is contemplated, however,
40 with a sloping front side 66 (FIG. 6). More   that the barrier film for
preventing diffusion of air particularly, the legs 62 of the spring 44 are
ta-  through the bag 42 may be formed of a variety of pered in width from
each base edge 56, 58 to a    materials such as PVDC (SARAN), nylon,
polyester location between the base edge and the end 68 of  35  or metal
foils, or combinations of such materials. each leg 62. The spring width
increases in the       The polyethylene outer layers of the sheets 76,
direction of the leg end 68. It is contemplated that  77 provide the
desired heat-weldable property. The a spring 44 having legs 62 of constant
width would  use of polyethylene as outer bag layers is also also be
suitable. It is preferred, however, that the  advantageous because that
material generally in- width of the spring 44 be shaped to fit across  40
cludes no cure accelerators or plasticizers that substantially the entire
width of the reservoir 24 so  might leach into and thereby contaminate the
ink that the bag 42 that is attached to the spring 44 will  within the
reservoir 24. have the greatest width possible given the con-      Before
the bag 42 is formed by edge-welding straints of the reservoir side walls
and cap configu-  the sheets 76, 77, two elements are placed be- ration.
45  tween the sheets. One element, hereinafter referred Four access holes
71 are formed in the spring  to as a "release patch" 82, comprises a thin
(ap- base 52. One hole 71 is located near each corner   proximately 25
[err] sheet of material, such as poly- of the base 52. Moreover, a pair of
spaced apart  ester, having a melting point that is substantially access
holes 72 are formed through the spring legs  higher than the melting point
of the polyethylene 62 beneath and near each base edge 56, 58. Four  so
outer layers of the bag sheets 76, 77. The release other spaced apart
access holes 74 are formed     patch 82 is generally circular shaped and
posi- through the ends 68 of each spring leg 62. The    tioned beneath the
opening 80 in the bag 42. access holes 71, 72, 74 provide means for attach-
Preferably, the release patch 82 includes an adhe- ing the bag 42 to the
spring 44, as described more  sive on one side for securing the patch 82 to
the 



fully below.                                 55  second sheet 77 of the bag
42. The release patch The bag 42 of the present invention is prefer-  82
provides a mechanism for facilitating attachment ably formed of two thin
flexible sheets 76, 77 (FIG.  of the bag 42 to the fitment 46, as described
more 7) that are sealed together at their outer edges 78.  fully below.
11               EP0437363B1                      12 The second element
that is disposed within the  spring base 52 fits snugly around the
outermost bag 42 is a narrow strip, hereinafter referred to as a  rim 88.
The effect of this fit is to provide a registra- breather strip 84, of
perforated polyethylene ma-  tion mechanism for centering the spring
aperture terial having a maximum thickness of approximate-  54 beneath the
duct 50 in the fitment 46. Moreover, ly 375 [err]such as that manufactured
by Ethyl   5   the spring base 52 also includes an alignment hole VisQueen
Film  Products under the trademark       89 formed therethrough that mates
with a downwar- VISPORE. The breather strip 84 provides a mecha-  dly
projecting pin (not shown) in the fitment base nism for facilitating
movement of air into and out of  plate 86. The mating alignment hole 89 and
pin the bag 42, as described more fully below.        provide a
supplemental registration mechanism to The spring 44 and the bag 42 are
attached to  10  ensure that the spring 44 is properly positioned the
underside of the fitment 46. More particularly,  relative to the fitment
46. the fitment 46 is formed of polyethylene having a    The bag 42 is
fastened to the fitment 46 and higher melting point than the polyethylene
outer  spring 44 in a manner that urges the bag into a layers of the bag
sheets 76, 77 and Includes a   contracted or minimum volume state. The
preferred generally flat base plate 86 having an upwardly  is  means for
fastening the bag 42 includes heat- projecting boss 48. The boss 48 is
generally cylin-  welding the bag 42 to the fitment through the drically
shaped and has a chamfered upper end     access holes 71, 72 at the base 52
of the spring 49. The boss 48 includes an internal duct 50 that  44, and
securing each end 92 of the bag 42 to a extends completely through the
boss.             corresponding end 68 of a spring leg 62. The fitment base
plate 86 includes two concen-  20  More particularly, the underside of the
fitment tric annular mounting rims 88 that are Integrally  base plate 86
includes four downwardly extending formed with the base plate 86 to
protrude down-   posts 93, each post 93 being shaped and arranged wardly
therefrom through the main aperture 54 in  to fit through an aligned access
hole 71 in the the base 52 of the spring 44. The mounting rims  corner of
the spring base 52. The posts 93 pierce 88, which surround the lower end 90
of the duct 50  25  the bag sheets 76, 77 as a heated platen (not are
employed for fastening the bag 42 to the     shown) is pressed against the
bag sheets 76, 77. fitment 46. To this end, the portion of the first bag
The platen then spreads and flattens the ends of sheet 76 that surrounds
the bag opening 80 is    the posts 93 to effectively form a rivet to attach
the pressed through the main aperture 54 in the spring  bag sheets 76, 77
to the fitment base plate 86. 44 to bear upon the mounting rims 88. A
heated   so  This operation is performed while the bag 42 is chuck (not
shown) is pressed against the second   substantially completely contracted.
sheet 77 of the bag 42 immediately beneath the       Each of two opposing
ends of the fitment base mounting rims 88. Heat from the chuck is trans-
plate 86 is formed to have an extension 94 that is ferred from the second
sheet 77 via the release  attached to the base plate 86 by two spaced apart
patch 82 to the interface of the mounting rims 88  35  hinges 95. The
hinges 95 are thinner (approxi- and the first sheet 76. The mounting rims
88,    mately 250 [err] than the base plate 86 and fold which, as part of
the fitment are formed of polyeth-  around the associated edges 56, 58 of
the spring ylene having a higher melting point than the bag,  base 52 so
that each extension 94 covers a pair of are heated to until the rims 88 and
the first sheet  access holes 72 formed beneath and near each 76 flow
together to form a weld. Upon cooling, the  40  edge 56, 58. Each extension
94 includes on its rims 88 bond with the first layer 76 to form an air-
underside an outwardly projecting pair of posts 96. tight seal.
Each of the posts 96 is sized and arranged to fit With the bag 42 sealed to
the fitment 46 as   through an associated access hole 72. With the just
described, the only path for air into and out of  posts 96 extending
through the access holes 72, the bag 42 is through the duct 50 in the
fitment  45  both sheets 76, 77 of the bag 42 are pressed boss 48.
against the pairs of posts 96 at each edge 56, 58. It can be appreciated
that the release patch 82,  The posts 96 are then heat riveted to the
contact- in addition to transferring heat from the chuck to  ing bag sheets
76, 77 in a manner as previously the interface of the first sheet 76 and
mounting  described. rims 88, separates the first and second sheets 76,  50
Within the space between each pair of hinges 77 in the region where the
heated chuck is applied.  95, a pair of protrusions 98 are formed in the
Accordingly, the release patch 82 prevents the two  fitment base plate 86
to extend downwardly bag sheets 76, 77 from becoming bonded together
through the slots 60 in the spring. One protrusion 



at the mounting rims 88.                         98 extends through one
slot 60. The protrusions 98 Preferably, the outermost mounting rim 88 of
55  help to keep the fitment base plate 86 properly the fitment 46 Is sized
to have a diameter that is  aligned over the base 52 of the spring 44. It
is just slightly less than the diameter of the main  contemplated, however,
that the projecting posts aperture 54 in the spring 44. Accordingly, the
93, 96 will provide adequate alignment of the bag 7    13                EP
0 437 363 B1                  14 42 and spring 44 in the absence of
protrusions 98.  upper level of the back pressure operating range is The
breather strip 84 within the bag 42 is    that level (for example, 11.5 cm
water column) aligned between adjacent access holes 72 in the   above which
the print head 36 would be unable to spring and extends completely around
each bent   "pump" against for ejecting ink drops. FIG. 10 edge 56, 58 of
the spring 44. Accordingly, the   5   illustrates a graph showing the
relationship between breather strip 84 facilitates air movement through
reservoir back pressure P changes (ordinate) and the bag even though the
bag is tightly fastened to  changes in the fluid volume V (abscissa) of the
the edges 56, 58 of the spring base 52 at the    reservoir. The origin O of
the graph of FIG. 10 access holes 72. Moreover, the breather strip 84
represents a filled reservoir volume with no back ensures that the bag 42
will expand (i.e., the sheets  10  pressure. Also depicted in FIG. 10 is
the accumula- 76, 77 will move apart) despite condensation within  tor
working volume V,, that is available for main- the bag, which condensation
would tend to stick  taining the back pressure within the reservoir (or,
the sheets 76, 77 together.                      more precisely, at the
print head 36) within the The ends 92 of the bag 42 are wrapped around
operating range between the minimum and maxi- the ends 68 of the spring
legs 62 so that each   15  mum back pressure levels shown In the graph.
portion of the bag that is between the edges 56, 58  As the print head 36
operates to eject Ink and the leg ends 68 is pulled firmly against the
drops from the reservoir 24, the consequent reduc- convex surface 64 of
each leg 62 (FIG. 1). The   tion in ink volume in the reservoir increases
the ends 92 of the bag 42 cover the access holes 74 in  back pressure. If
this increase were not regulated, the leg ends so that when heat is applied
to the   20  the back pressure in the reservoir 24 would rapidly bag 42 at
the access holes 74, the bag 42 will weld  increase (dashed line in Fig.
10), beyond the maxi- to itself within the holes 74 to secure the bag ends
mum back pressure, and the print head 36 would 92 to the spring leg ends
68.                    become inoperative. With the present accumulator The
periphery 55 of the fitment boss 48 is    20, however, the back pressure
increase above the sealed to the sleeve 47 in the reservoir cap 40 so  25
minimum level tends to expand the bag 42. More that no air can pass between
the fitment 46 and the  particularly, as the back pressure rises, the rela-
cap 40. The cap 40 is then sealed to the reservoir  tively higher pressure
ambient air is drawn through side walls with the accumulator 20 suspended
in-  the duct 50 in the fitment 46 and into the opening side the reservoir
24. The reservoir 24 is then filled  80 in the bag 42. As the bag 42
expands, the first with ink, as described earlier.              30  sheet
76 of the bag presses against the spring legs As noted earlier, the filled
pen 22 is provided  62 so that those legs 62 are deflected out of the with
a minimum back pressure. Calculated at the  relaxed, curved configuration
(FIG. 1) into a reverse print head 36, the minimum back pressure should
bowed configuration (FIG. 2). be, for example, 2.5 cm water column.
Accordingly,   The elasticity of the spring legs 62, which the minimum back
pressure is established by re-  35  tends to contract the bag 42 against
the convex moving some ink from the filled and sealed reser-  surfaces 64,
is substantially overcome by the ex- voir. The fluid volume removed to
establish the  panslon of the bag 42 that is caused by the in- minimum
back pressure is referred to as the     crease (over minimum) of the back
pressure within drawdown volume Vdd.                             the
reservoir 24. The volume decrease in the reser- It is noteworthy that the
bag 42, which is se-  40  voir 24 that is attributable to the expansion of
the curely held against the spring 44, will not expand  bag 42 maintains
the back pressure beneath the appreciably as the drawdown volume Vdd is re-
maximum back pressure discussed above. moved. Accordingly, the back
pressure attributable  In a preferred embodiment, the bag 42 ex- to the
removal of the drawdown volume will rise  pands to its maximum volume
condition as ink is rapidly (See line O-A in the graph of FIG. 10) as  45
printed out of the pen. During this expansion the the drawdown volume Vdd
is removed because the   bag 42 maintains the back pressure beneath the
accumulator bag 42 does not appreciably expand   maximum back pressure
level. At the point when to fill the space (hence, lower the back pressure)
the bag 42 of the preferred embodiment has ex- corresponding to the
drawdown volume Vdd.It has  panded to its maximum volume condition, about
been found that with an accumulator formed in  so  30% of the pen's ink has
been printed out. Any accordance with the present invention, a very small
further printing will cause a further increase in back 



amount of drawdown volume (for example, less     pressure, which may be
relieved by the introduc- than 5% of the reservoir capacity) is required to
tion of ambient air into the reservoir 24. To this bring the back pressure
up to the minimum level  end, the pen 22 includes a bubble generator 102
mentioned above.                            55  formed in the bottom wall
38 of the reservoir 24. The minimum back pressure level establishes   The
bubble generator 102 may comprise a small the low end of the back pressure
operating range  orifice 104 extending from a recess 106 in the referred to
above. The maximum back pressure or  reservoir bottom wall 38. 8    15
EP 0 437 363 B1                       16 The orifice 104 of the bubble
generator 102 is  the accumulator bag 142 may be pleated as shown sized,
for example, about 200 [err] in diameter, so  in the cross-sectional view
of FIG. 11. The pleated that any air bubbles will move through the air/ink
bag 142 will provide a significant amount of accu- interface at the orifice
104 and into the reservoir air  mulator working volume because it will
expand to a space only in instances where the back pressure   5   maximum
volume that is substantially larger than begins to rise above the maximum
back pressure    the unpleated bag 42, and still be contrastable level
(FIG. 10). As air bubbles from the bubble   against the convex surfaces 64
of the spring legs generator 102 enter the reservoir 24, the back    62 to
a minimum volume that is substantially equal pressure will drop to a level
just below the maxi-  to that of an unpleated bag 42. mum level so that the
print head 36 is able to  10   With respect to the use of the pleated bag
142, continue ejecting ink drops.                      it is preferred to
attach thin webs 108 of film As noted earlier, the greatest change in the
material between the inner folded edges 110 of the reservoir back pressure
will occur as a nearly emp-  bag pleats. The webs 108 are placed at closely
ty pen is subjected to a significant ambient air  placed Intervals along
the length of the bag 142 pressure decrease, such as would occur during air
is  and serve to keep the pleats from inverting under shipment of the pen.
In such an instance, as the  the influence of the back pressure within the
reser- ambient air pressure begins to drop, the pressure  voir.
Consequently, the webs 108 ensure that the in the bag 42 also drops. As the
pressure drops,  pleated bag will return to the flat minimum volume the bag
42, which just prior to the ambient air   position as the back pressure in
the reservoir de- pressure drop is expanded to its maximum volume   20
creases. (See FIG. 2 and point B in FIG. 10), collapses to    Another
technique for increasing the accumula- increase the reservoir volume and
thereby keep the  tor working volume may include the use of a bag back
pressure from dropping to a level so low that  that is relatively longer
than the earlier described ink may leak from the print head 36. Moreover,
the  bag 42 and which, after being attached to the elastic recovery of the
spring legs 62 in returning   25  spring leg ends 68 as described earlier
is folded toward the undeflected state as the bag 42 col-   back over the
portion of the bag overlying the lapses ensures that the bag will be
contracted to its  convex surfaces 64 of the spring legs 62. The minimum
volume configuration (FIG. 1) so that the  outermost end of the longer bag
is then heat- entire amount of the accumulator working volume   welded to
the posts 96 in the fitment extensions Vac is employed for increasing the
reservoir vol-  30  94. With this embodiment, additional breather strips
ume.                                              84 would be included
within the bag to be wrapped In the preferred embodiment, it has been found
around the spring ends 68 between the access that an accumulator 20 formed
as described above  holes 74 in those ends 68 so that air may flow will
provide a working volume large enough to     through the entire length of
the bag. compensate (for example, by contracting from its  35  Having
described and illustrated the principles maximum to minimum volume level as
just de-       of the invention with reference to preferred embodi-
scribed) for ambient air pressure changes of up to  ments and alternatives,
it should be apparent that approximately 30%. As noted earlier, the most
se-  the invention can be further modified in arrange- vere ambient air
pressure change experienced by a  ment and detail without departing from
such princi- pen would likely be in the range of approximately  40  ples.
For example, a spring having only a single 26%. Accordingly, for ambient
air pressure de-    leg carrying a bag on its convex surface may creases of
30% or lower, the accumulator 20 of the  provide a sufficient accumulator
working volume. present invention provides sufficient working vol-
Moreover, an effective accumulator may include a ume to keep the back
pressure above the mini-     spring that is curved about its longitudinal
axis mum back pressure level. It can be appreciated,  45  instead of about
a lateral axis as described above. therefore, that unlike accumulators of
the past, the  Furthermore, the spring may be configured with present
accumulator 20 need not be supplemented   holes or slots that will affect
its elasticity and in with any overflow mechanisms, such as the over-
turn will modify the back pressure as the bag flow orifice and attached
catch basin mentioned   expands and forces the spring to uncurl. It is also



above. Moreover, the pen volume that would other-  50  contemplated that
the function of the spring in wise be necessary for a catch basin may
instead   contracting the bag and in minimizing drawdown be used to
increase the ink capacity of the pen.  volume may be accomplished by a
spring configu- In the event that a pen 22 may be subjected to  ration
having two layers with the bag contracted an ambient air pressure increase
of greater than  between those layers when the spring is in its about 26%,
it is contemplated that the bag 42 of  55  undeflected configuration. It Is
also possible that the accumulator 20 may be configured for provid-  the
bag may be formed so that one of the two bag ing a greater working volume
than described       layers has the elastic characteristics of the spring,
above. For example, an alternative embodiment of  thereby eliminating the
need for a discrete spring    17                EP 0 437 363 B1
18 component.                                         8  An apparatus
according to any of Claims 4 to 7 wherein the spring (44) is stainless
steel. Claims 9. An apparatus according to any of Claims 1 to 8 1. An
accumulator apparatus for regulating the   5     wherein the bag (42) is
formed of sheets ink reservoir fluid pressure of an ink jet pen,    (76,77)
of flexible material and is contractable the apparatus comprising:
into a generally flat configuration. an expandable and contractable bag
(42); mounting means (46) for mounting the bag    10. An apparatus
according to Claim 9 wherein the (42) within a fluid volume (24) of a
particular  10  bag sheets (76,77) are formed of heat-weldable size so that
expansion of the bag (42) de-         material. creases the size of the
fluid volume, the bag (42) including an opening so that the interior of
11. An apparatus according to Claim 10 wherein the bag is in fluid
communication with ambient     the bag sheets (76,77) include means for
ren- air outside the fluid volume (24);         15      dering the bag
sheets substantially Imperme- characterised in that a spring (44), disposed
able to air. within the fluid volume, has a first portion (62) that assumes
a curved relaxed state, and the    12. A method of making an accumulator
apparatus bag (42) is adjacent to one side (64) of the       for regulating
the ink reservoir fluid pressure of curved first portion, so that the bag
(42) is  20  an ink jet pen, the method comprising the substantially fully
contracted when the spring     steps of:- (44) is in a relaxed state.
attaching an expandable and contractable bag (42) to a spring (44) so that
when the 2. An apparatus according to Claim 1 wherein the      spring (44)
is in a relaxed state the bag (42) spring (44) is arranged so that the
expansion   25  will be substantially contracted; and of the bag deflects
the spring (44).                   configuring the bag (42) and spring (44)
so that the bag (42) will expand and deflect the 3. An apparatus according
to Claim 1 wherein the      spring (44) whenever the pressure difference
first portion (62) of the spring (44) has a con-   between the fluid inside
and outside of the bag vex surface (64) in its relaxed state and the   30
exceeds a predetermined minimum level. bag (42) is fastened to the convex
surface (64).                                          13. A method
according to Claim 12 wherein the configuring step includes the substep of
shap- 4. An apparatus according to Claim  2 or 3             ing the spring
(44) to have a curved portion wherein the spring (44) is metal and the bag
35  (62) when in a relaxed state. (42) is formed of flexible material
having a plastic outer surface.                         14. A method
according to Claim 13 wherein the attaching step includes the substep of
fasten- 5. An apparatus according to any one of Claims 2       ing the bag
(42) to the curved portion (62) of to 4 wherein the spring (44) has a flat
base   40  the spring (44). (52) connected to the first portion (62) of the
spring.                                        15. A method according to
any of Claims 12 to 14 wherein the spring (44) is metal and wherein 6. An
apparatus according to Claim 5 wherein the       the bag (42) has a plastic
outer surface, the spring (44) includes a second portion (62) con-  45
attaching step including the substep of forming nected to the base (52),
the second portion        access holes (71,72,74) In the spring (44) for
(62) assuming a curved relaxed state, the bag      providing locations for
attaching the bag (42) to (42) being fastened to one side (64) of the
the spring. 



second portion (62) and to one side of the base (52) of the spring (44).
so  16. A method according to any of Claims 12 to 15 wherein the
accumulator is to be disposed 7. An apparatus according to Claim 1 wherein
the       within a fluid volume (24) that may be sub- spring (44) includes
a second portion (62) that    jected to a decrease in pressure, the
configur- assumes a curved relaxed state, the bag being      ing step
including the step of sizing the bag to fastened to one side (64) of the
curved second   55  define a working volume that is equal to or portion.
greater than the change in the fluid volume attributable to the decrease in
pressure. 10    17                EP 0 437 363 B1                     18 *
C   L  M   S  * component.                                          8  An
apparatus according to any of Claims 4 to 7 wherein the spring (44) is
stainless steel. Claims 9. An apparatus according to any of Claims 1 to 8
1. An accumulator apparatus for regulating the   5     wherein the bag (42)
is formed of sheets ink reservoir fluid pressure of an ink jet pen,
(76,77) of flexible material and is contractable the apparatus comprising:
into a generally flat configuration. an expandable and contractable bag
(42); mounting means (46) for mounting the bag     10. An apparatus
according to Claim 9 wherein the (42) within a fluid volume (24) of a
particular   10  bag sheets (76,77) are formed of heat-weldable size so
that expansion of the bag (42) de-          material. creases the size of
the fluid volume, the bag (42) including an opening so that the interior of
11. An apparatus according to Claim 10 wherein the bag is in fluid
communication with ambient      the bag sheets (76,77) include means for
ren- air outside the fluid volume (24);         15       dering the bag
sheets substantially imperme- characterised in that a spring (44), disposed
able to air. within the fluid volume, has a first portion (62) that assumes
a curved relaxed state, and the    12. A method of making an accumulator
apparatus bag (42) is adjacent to one side (64) of the       for regulating
the ink reservoir fluid pressure of curved first portion, so that the bag
(42) is  20   an ink jet pen, the method comprising the substantially fully
contracted when the spring      steps of:- (44) is in a relaxed state.
attaching an expandable and contractable bag (42) to a spring (44) so that
when the 2. An apparatus according to Claim 1 wherein the       spring (44)
is in a relaxed state the bag (42) spring (44) is arranged so that the
expansion   25  will be substantially contracted; and of the bag deflects
the spring (44).                   configuring the bag (42) and spring (44)
so that the bag (42) will expand and deflect the 3. An apparatus according
to Claim 1 wherein the       spring (44) whenever the pressure difference
first portion (62) of the spring (44) has a con-    between the fluid
inside and outside of the bag vex surface (64) in its relaxed state and the
30  exceeds a predetermined minimum level. bag (42) is fastened to the
convex surface (64).                                           13. A method
according to Claim 12 wherein the configuring step includes the substep of
shap- 4. An apparatus according to Claim  2 or 3             ing the spring
(44) to have a curved portion wherein the spring (44) is metal and the bag
35   (62) when in a relaxed state. (42) is formed of flexible material
having a plastic outer surface.                          14. A method
according to Claim 13 wherein the attaching step includes the substep of
fasten- 5. An apparatus according to any one of Claims 2       ing the bag
(42) to the curved portion (62) of to 4 wherein the spring (44) has a flat
base   40   the spring (44). (52) connected to the first portion (62) of
the spring.                                         15. A method according
to any of Claims 12 to 14 wherein the spring (44) is metal and wherein 6.
An apparatus according to Claim 5 wherein the       the bag (42) has a
plastic outer surface, the spring (44) includes a second portion (62) con-
45  attaching step including the substep of forming nected to the base
(52), the second portion         access holes (71,72,74) in the spring (44)
for 



(62) assuming a curved relaxed state, the bag       providing locations for
attaching the bag (42) to (42) being fastened to one side (64) of the
the spring. second portion (62) and to one side of the base (52) of the
spring (44).              50   16. A method according to any of Claims 12
to 15 wherein the accumulator is to be disposed 7. An apparatus according
to Claim 1 wherein the       within a fluid volume (24) that may be sub-
spring (44) includes a second portion (62) that     jected to a decrease in
pressure, the configur- assumes a curved relaxed state, the bag being
ing step including the step of sizing the bag to fastened to one side (64)
of the curved second   55  define a working volume that is equal to or
portion.                                            greater than the change
in the fluid volume attributable to the decrease in pressure. 10    19
EP 0 437 363 B1                           [err] PatentansprUche
einschlieBt, der einen gekrammten entspann- ten Zustand annimmt, wobel der
Sack an elner 1. Elne Akkumulatorvorrichtung zum Regulieren         Seite
(64) des gekrlmmten zweiten Abschnitts des Tintenbehalter-Fluiddrucks eines
Tinten-       befestigt ist. strahistifts, die folgende Merkmale aufweist:
5 elnen dehnbaren und kontrahierbaren Sack       8  Eine Vorrichtung gemaB
elnem bellebigen der (42);
Anspr~che 4 bis 7. bei der die Feder (44) aus eine Befestigungseinrichtung
(46) zum Befesti-    rostfreiem Stahl besteht. gen des Sacks (42) in einem
Fluidvolumen (24) einer bestimmten GroIe, so daB die Ausdeh-  10  9. Eine
Vorrichtung gemdB elnem der Ansprlche nung des Sacks (42) die Gr6oBe des
Fluidvolu-      1 bis B. bei der der Sack (42) aus Lagen (76, mens
verringert, wobei der Sack (42) eine Off-    77) elnes flexiblen Materials
gebildet ist und In nung einschlieBt, so daB das Innere des Sacks     eine
im aligemeinen flache Konfiguration kon- in einer fluidmaBigen Verbindung
mit der Urn-     trahlerbar ist. gebungsluft auBerhalb des Fluidvolumens
(24)  i5 steht;                                         10. Elne
Vorrichtung gemraB Anspruch 9, bei der dadurch gekennzeichnet, daB eine
Feder (44),       die Sacklagen (76, 77) aus einem wirmemaBig die in dem
Fluidvolumen angeordnet ist, einen      schweifbaren Material gebildet
sind. ersten Abschnitt 62 aufweist, der einen ge- krUmmten entspannten
Zustand annimmt, und   20  11. Eine Vorrichtung gemaS Anspruch 10, be! der
daB sich der Sack (42) benachbart zu einer         die Sacklagen (76, 77)
esne Einrichtung aufwei- Seite (64) des gekrUmmten ersten Abschnitts
sen, die die Sacklagen im wesentlichen luftun- befindet, so daB der Sack
(42) im wesentlichen     durchlassig macht. voll kontrahiert ist, wenn sich
die Feder (44) in elnem entspannten Zustand befindet.       25  12. Ein
Verfahren zum Herstellen einer Akkumula- torvorrichtung zum Regeln des
Tintenbehalter- 2. Eine Vorrichtung gemde Anspruch 1, bei der
Fluiddrucks eines Tintenstrahistifts, das folgen- die Feder (44) derart
angeordnet ist, daS die      de Schritte einschlielt: Ausdehnung des Sacks
die Feder (44) aus-           Befestigen eines dehnbaren und kontrahierba-
lenkt.                                    30       ren Sacks (42) an einer
Feder (44), so daB der Sack (42) im wesentlichen kontrahiert ist, wenn 3.
Eine Vorrichtung gema4B Anspruch 1, be! der        die Feder (44) in einem
entspannten Zustand der erste Abschnitt (62) der Feder (44) in ih-    ist;
und rem entspannten Zustand eine konvexe Ober-         Konfigurieren des
Sacks (42) und der Feder flache (64) aufweist und der Sack (42) an der  35
(44), so daB der Sack (42) sich ausdehnt und konvexen Oberflache (64)
befestigt ist.            die Feder (44) auslenkt, wann Immer der
Druckunterschied zwischen dem Fluid inner- 4. Eine Vorrichtung gemaB
Anspruch 2 oder 3,          halb und auBerhalb des Sacks einen vorbe- bei
der die Feder (44) aus Metall ist, und der    stimmten minimalen Pegel
Uberschreitet. Sack (42) aus elnem flexiblen Material mit ei-  40 ner
SuBeren KunststoffoberflRche gebildet ist.  13 Ein Verfahren gemaB Anspruch
12, be! dem der Schritt des Konfigurierens den Unterschritt 5. Eine
Vorrichtung gemaB einem der Anspr~che         des Formens der Feder (44)
einschlie~t, um 2 bis 4, bei der die Feder (44) eine flache        einen
gekrtmmten Abschnitt (62) aufzuweisen, Basis (52) aufweist, die mit dem
ersten Ab-  45   wenn sle in einem entspannten Zustand ist. 



schnitt (62) der Feder verbunden ist. 14. Ein Verfahren gemfil Anspruch 13,
bei dem 6. Eine Vorrichtung gemaB Anspruch 5, bei der         der Schritt
des Befestigens den Unterschritt die Feder (44) einen zweiten Abschnitt
(62)        des Befestigens des Sacks (42) an dem ge- einschlieBt, der mit
der Basis (52) verbunden   50  krUlmmten AbschniKt (62) der Feder (44) ein-
ist, wobei der zweite Abschnitt (62) einen ge-    schlieft. krummten
entspannten Zustand annimmt, und wobei der Sack (42) an einer Seite (64)
des    15. Ein Verfahren gemaB einem  beliebigen der zweiten Abschnitts
(62) und an einer Seite der    Ansprflche (12 bis 14), be! dem die Feder
(44) Basis (52) der Feder (44) befestigt ist.  55      aus Metall ist, und
be! dem der Sack (42) eine Ausere Kunststoff-Oberflache aufweist, wobel 7.
Eine Vorrichtung gem.B Anspruch 1, bei der         der Schritt des
Befestigens den Unterschritt die Feder (44) einen zweiten Abschnitt (62)
des Bildens von Zugangsl6chern (71, 72, 74)    21                 EP 0 437
363 B1                   22      '        L      1111111   IsI 1    1 in
der Feder (44) einschlielt, um Stellen zum   6. Dispositif selon la
revendication 5, dans lequel Befestigen des Sacks (42) an der Feder vorzu-
le ressort (44) comprend une deuxieme partie sehen.
(62) reliee A la base (52), la deuxieme partie (62) prenant une forme
courbe a l'4tat d6ten- 6. Ein Verfahren gemiB einem  beliebigen der   s
du, la poche (42) 6tant fix6e A une face (64) de AnsprUche 12 bis 15, be!
dem der Akkumulator       la deuxieme partie (62) et a une face de la in
einem Fluidvolumen (24) angeordnet wird,        base (52) du ressort (44).
welches eine Druckabnahme erfahren kann, wobei der Schriff des
Konfigurierens den        7. Dispositif selon la revendication 1, dans
loquel Schritt des grdBenmgiigen Bemessens des   io       le ressort (44)
comprend une deuxieme partie Sacks einschileBt, um ein Arbeitsvolumen zu
(62) qui prend une forme courbe h I'etat deten- bestimmen, das gleich oder
grdBer der Ande-        du, la poche etant flxWe a une face (64) de la rung
des Fluidvolumens ist, die der Abnahme        deuxieme partie courbe. des
Drucks zuzuschreiben ist. 15   &  Dispositif selon une quelconque des
revendica- Revendicatbons                                         tions 4 a
7, dans lequel le ressort (44) est fait d'acier inoxydable. 1. Dispositif
accumulateur destlne a reguler la pression de fluide du reservoir d'encre
d'une   9. Dispositif selon une quelconque des revendica- plume a jet
d'encre, le dispositlf comprenant:   20  tions 1 a 8, dans lequel la poche
(42) est un poche expansible et contractable (42):      formee de foullles
(76, 77) d'une matibre flexi- des moyens de montage (46) servant a
ble et pout so contracter pour prendre une monter la poche (42) dans un
volume de fluide      configuration sensiblement plate. (24) d'une taille
particuliere de manilre quo la dilatation de la poche (42) reduise la
taille du   25  10. Dispositif selon la revendication 9, dans loquel volume
de fluide, la poche (42) pr~sentant une     les feuilles (76, 77) de la
poche sont formdes ouverture de maniere quo l'interieur de la po-     d'une
matibre pouvant etre soud6e a chaud. che soit on communication fluidique
avec l'air ambiant situ6 b I'ext6rieur du volume de fluide  11. Dispositif
selon la revendication 10, dans le- (24);
30      quel les fouilles (76, 77) de la poche compren- caracterise en ce
qu'un ressort (44), dispos6      nent des moyens servant A rendre les
feuilles dans le volume de fluide, possede une premib-      de la poche
sensiblement imperm6ables a re partie (62) qui prend une forme courbe a
I'air. J'Itat d~tendu et la poche (42) est adjacente a une face (64) de la
premibre partie courbe, de   35  12. Proced6 de fabrication d'un dispositif
accumu- sorte que la poche (42) est sensiblement entie-    lateur destine a
reguler la pression du fluide rement contract6e lorsque le ressort (44) est
du r6servoir d'encre d'une plume a jet d'encre, dans un 6tat d~tondu.
le proc6dd comprenant les phases consistant a 2. Dispositif selon la
revendication 1, dans lequel  40   fixer une poche expansible et
contractable le ressort (44) est agence de manibre quo la       (42) & un
ressort (44) de manibre quo, lorsque dilatation de la poche d6forme le
ressort (44).    le ressort (44) est dans un 6tat d6tendu, la poche (42)
soit sensiblement contractde; et 3  Dispositif selon la revendication 1,
dans lequel       conformer la poche (42) et le ressort (44) la premibre
partie (62) du ressort (44) a une   45  de telle manibre quo la poche (42)
so dilate et 



surface convexe (64) dans son 6tat detendu et      deforme le ressort (44)
chaque fois quo la la poche (42) est fix~e & la surface convexe
diff6rence de presslon entre le fluide situ6 a (64).
I'interieur de la poche et colul situM O    l'exte- dour de la poche excbde
un niveau minimum 4. Dispositif selon la revendication 2 ou 3. dans   so
predetermine. lequel le ressort (44) est metallique et la poche (42) est
formee d'une matibre flexible ayant    I3. Procede selon la revendication
12, dans lequel une surface exterieure plastique.                  Ia phase
de conformation comprend la phase partielle consistant a conformer le
ressort (44) 5. Dispositif selon une quelconque des revendica-  5S  de
maniere qu'il possede une partie courbe tions 2 & 4, dans loquel le ressort
(44) a une     (62) lorsqu'il est dans un 6tat d6tendu. base plate (52)
relide a la premiere partie (62) du ressort. 12    23                EP 0
437 363 B1                    24  -         11111 liii liis 11111 14.
Proc~d6 salon la revendication 13, dans lequel la phase de fixation
comprend la phase partiel- le consistant A fixer la poche (42) a la partie
\~'    courbe (62) du ressort (44). 5 15. Proc~dd selon une quelconque des
revendica- tions 12 a 14, dans loquel le ressort (44) est m6tallique et oO
la poche (42) possbde une surface ext6rieure plastique, la phase de fixa-
tion comprenant la phase partielle consistant a   10 former des trous
d'accbs (71, 72, 74) dans le ressort (44) pour cr~er des emplacements pour
fixer la poche (42) au ressort. 16. Proc~d6 solon une quelconque des
revendica-  15 tions 12 a 15, dans lequel l'accumulateur est dispose dans
un volume de fluide (24) qui pout Otre soumis a une diminution de pression,
la phase de conformation compronant la phase consistant A donner a la poche
une dimension   20 propre a d6finir un volume de travail qui est egal ou
superieur a la variation du volume de fluide qui pout Otre attribude a la
diminution de la pression. 25 30 35 yJ 40 45 50 55 13    


