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The present invention relates to a liquid container, a I|iquid supplying
apparatus, and a recordi ng apparatus fqQr supplying a liquid such as ink to
a pen or recording head as a recordrhg Section, for exanple, in an
efficient and stable nmanner, and to an ink jet cartridge. 15 DESCRI PTI ON OF
THE RELATED ART Ink jet recording apparatuses that forman inage on a
recordi ng nedlun1by applying ink that is a I|qU|d to the recordlng medi um
usi ng aLiIpgapd g : ITD SUE G S ARATHIS . | AMHI

head i ncl ude apparatus that form an i mge by eJectlng I nk mhlle nDV|ng a
recording head relative to a recoABPARAMIE um and apparatus that form an

i mage by ejecting ink while noving a recording nediumrelative to a fixed
recording head conversely. 25 Methods of supplying ink to a recording head

useg in such an ink jet BrA% GﬁjéﬁﬁDaB%arTa}}Euslll\I\r/]ﬁ{\I (% Na nethod referred to as

FIELD OF THE INVENTION

The present invention relates to a liquid container, a
liquid supplying apparatus, and a recording apparatus for
supplying a liquid such as ink to a pen or recording head as
a recording section, for example, in an efficient and stable

manner, and to an ink jet cartridge.

15 DESCRIPTION OF THE RELATED ART

Ink jet recording apparatuses that form an image on a
recording medium by applying ink that is a 1iquid to the recording
medium using a liquid consuming or using apparatus such as an
ink jet recording head include apparatus that form an image by
ejecting ink while moving a recording head relative to a
recording medium and apparatus that form an image by ejecting
ink while moving a recording medium relative to a £fixed recording
head conversely.

25 Methods of supplying ink to a recording head used in such
an ink jet recording apparatus include a method referred to as
on-carriage method in which an ink tank is integrally or.
separably mounted to a recording head that is carried by a
carriage to be moved back and forth (main scanning) and in which

30 ink is directly supplied from the ink tank to the recording head.



on-carriage nethod in which an ink tank is integrally or separably nounted
to a recording head that is carried by a carriage to be noved [22MARGHI2007
forth (main scanning) and in which 30 ink is directly supplied fromthe ink
tank to the recording head. 22 MARCH 2007 2 There is another nethod
referred to as tube supply method in~ #hich an ink tank is fixed in a region
of a recording apparatus other than a carriage as a body separate from a
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coupling 5 the ink tank and the recordi ng hea e tube. The
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to serve as an intermediate tank (sub-tank) between an ink tank
(main tank) and a recording head is mounted on the recording
head or a carriage and in which ink is directly supplied from
the second ink tank to the recording head.
According to those methods, an ink tank to supply ink to
a recording head directly is provided with a mechanism for
generating an adequate negative pressure in a range in which
the negative pressure is in equilibrium with a pressure in the
15 recording head to hold meniscuses formed at an ink ejecting
section thereof to prevent the ink from leaking from the ink
ejecting section satisfactorily and in which an ink ejecting
operation of the recording head can be performed.
In a negative pressure generating mechanism of this type,
a porous member such as a sponge that is impregnated with ink
to be held thereby is contained in an ink tank, and an adequate
negative pressure is generated by an ink holding capacity of
the same.
In another mechanism, a bag-shaped member formed from a
25 material such as rubber having an elastic force and generating
a tension in the direction of increasing the volume thereof is
charged with ink as it is, and the tension generated by the
bag-shaped member exerts a negative pressure to the in therein.

In still another mechanism, a bag-shaped member is formed

30 using a flexible film, and a spring for urging the £ilm in the



ej ecting section satisfactorily and in which an ink ejecting operation of
the recording head can be perforned. In a negative pressure genéde:MAREd 2007
mechani smof this type, a porous nenber such as a sponge that is

i npregnated with ink to be held the[epy_is contained in an ink tank, and an
adequate negative pressure is generated by an ink holding capacity of the
sane. | n another nechanism a bag-shaped nenber fornmed froma 25 materi al
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direction of increasing the volune thereof is charged with ink as it is,
and t hbohdesi dio gelher dh¢erhiot her bageshapedofiether sanee t Sfoagesgatate a
pressure to the in therein. In still another mechanism a bag-shaped nenber
i s forpegatdyveisprgsguiiesxi ble film and a spring for urging the filmin the
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head stably when the level of the negative pressure exceeds a
predetermined value. This results in a problem in that the ink
tank becomes unusable before the ink is completely used up.
For example, there is Japanese Patent Application
Publication No. 3-024900 (1991) which discloses a structure of
an ink tank of a type which is constituted by a flexible enclosed
bag-shaped member that directly contains ink therein and that
can be deformed according to the amount of contained ink and
15 in which a spring member is provided in the bag-shaped member .
Since the negative pressure is basically determined such that
. the spring force and a force resulting from the negative pressure
(or a difference between the atmospheric pressure and the
negative pressure) are balanced with each other, the negative
pressure in the bag-shaped member increases as the deformation
of the spring proceeds with the deformation of the bag-shaped
member as a result of ink consumption. This may result in a
problem in that the negative pressure increases beyond a proper
range in which an ink ejecting operation of the recording head
25 can be performed to prevent the formation adequate meniscuses
at the ink ejecting section of the recording head or in that
the ink can not be satisfactorily supplied to the recording head.
This also disallows the ink to be used completely.
Some ink tanks have a configuration in which ink is contained

30 in a bag-shaped member, and the material and shape of which are



head stably when the |l evel of the negative pressure exceeds a predeterm ned
value. This results in a problemin that the ink tank becomes @fNé&RGH2007
before the ink is conpletely used up. For exanple, there is Japanese Patent
Application Publication No. 3-024900_(1991) which discloses a structure of
an ink tank of a type which is constituted by a flexible encl osed

bag- shaped nenber that directly contains ink therein and that can be
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This also disallows the ink to be used conplete
with ink, and the volumetric efficiency of the ink tank is low
with respect to the entire space available therein. Such a
- bag-shaped member also has a problem in that its performance
of supplying ink to a recording head can be reduced and in that
it can make an ink ejecting operation of a recording head unstable
when ink is nearly used up because of a high negative pressure.
- Several mechanisms have been proposed as follows to prevent
15 magnitude of a negative pressure being too much greater than
the predetermined level.

For example, Japanese Patent Application Laid-open No.
7-125240 (1995) and Japanese Patent Application Laid-open No.
7-125241 (1995) have disclosed mechanisms in which a hydrophobic
film and a tubular vent port are provided in a tank, and a
spherical body is disposed in the tube to introduce air into
the tank when a negative pressure therein increases. That is,
those publications have disclosed mechanisms which have a
tubular vent port (boss) that establishes communication between

25 - the outside and inside of a container and in which spherical
body having an outer diameter smaller than an inner diameter
of the boss is attached to a plurality of projecting ribs provided
on an inner wall of the boss to form a substantially annular
orifice with the spherical body and the boss. The size of such

30 an orifice is chosen such that a small amount of ink is kept



Some i nk tanks have a configuration in which ink is contained 30 in a

bag- shaped nenber, and the material and shape of which are 22 NMARWAREHEFEPO7 4
appropriately selected to generate a negative pressure by the bag-shaped
menber itself and which becones flat with no space left therein when the
ink is conpletely used up, but thereaPe” limitations on the shape of such a
bag- shaped nenber. Therefore, 5 when such an ink tank is configured to be
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has disclosed a mechanism in which a plate-like member having
a hole and a plate having a protrusion are provided in a
face-to-face relationship in an ink bag constituted by a flexible
sheet with a spring member disposed between the plates and in
which the protrusion enters the hole when an internal negative
pressure exceeds a predetermined value to separate the plate
having the hole and the flexible sheet from each other, thereby
introducing air in the tank. In this mechanism, the plate having

15 the hole and the flexible sheet come into tight contact with

each other after air is introduced, and leakage of ink is
prevented by an ability for holding ink meniscuses or a liquid
seal formed between those elements.

However, those methods require a plurality of parts in a
region where air is introduced, and the structure of such a region
has therefore become complicated.

When a pressure in a container T having a certain amount
of air introduced therein becomes extremely high as a result
of an ambient change (a reduction of the atmospheric pressure

25 or a temperature rise) as shown in Fig. 1A, ink is pushed out
from the container as shown in Fig. 1B, which can result in
leakage of ink through an ink ejection port N or a vent hole
A when the container is used in an ink jet recording head. When

a liquid is contained in a bag-shaped member constituted by a

30 flexible sheet, although expected is a certain degree of -



7-125241 (1995) have discl osed nmechanisns in which a hydrophobig filn1ang a
tubul ar vent port are provided in a tank, and a spherical body ?MABFEHQQ d
in the tube to introduce air into the tank when a negative pressure therein
increases. That is, those publications have disclosed nechani snms which have
a tubular vent port (boss) that establishes comunication between 25 the
outside and inside of a container and in which spherical body having an
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plurality of projecting ribs provided on an inner wall of the boss to form
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size of such 30 an orifice is chosen such that a small anount of ink is kept
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is established by balancing a force originating from ink meniscus
formed in the region of the annular orifice and a negative
pressure provided by the spring. Although the mechanical
configuration is relatively simple, it is insufficient in
stability in maintaining the enclosed system. Specifically, a
problem arises in that contained ink can leak out because of
breakage of a liquid seal that is attributable to various
conditions such as a difference between air pressures inside

15 and outside the container, a reduction of the viscosity of ink
resulting from an increase in the temperature of ink, a shock
or drop that occurs when the ink tank is handled alone, and
acceleration that occurs during main scanning according to the
serial recording method, in particular. Further, a liquid seal
is vulnerable to humidity changes such as drying, which causes
variations in the operation of introducing air bubbles and
consequently reduces the capability of supplying ink to a
recording head and hence the quality of recording.

It is assumed that the above publications have disclosed

25 configurations in which an entrance maze serving as an overflow
container and ensuring a humidity gradient is provided
contiguously with a boss in order to prevent such problems, but
the configurations become complicated accordingly. Further,
since the other end of the channel in the form of a maze is always

30 in communication with the atmosphere, a certain degree of ink



face-to-face relationship in an ink bag constituted by a flexible sheet
with a spring menber di sposed between the plates and in which BhMARCH 2007
protrusion enters the hole when an internal negative pressure exceeds a
predeterm ned value to separate the plate having the hole and the flexible
sheet fromeach other, thereby introdlucing air in the tank. In this
mechani sm the plate having 15 the hole and the flexible sheet cone into

tight epapasatidd igaghavidiawiéer air is introduced, and | eakage of ink
is prevented by an ability for holding ink neniscuses or a liquid seal
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parts in a region where air is introduced, and the structure of such a
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constihdheddus a 30 flexi ble sheet, although expected is a certain degree of

Further, in those examples of the related art, there is
provided an opening section for directly introducing the
atmosphere into an ink tank. As a result, the quantity of gases
in the ink tank becomes relatively great in a region in the ink
tank where ink is nearly used up depending on the size and
position of the opening section, which can result in incomplete
holding of meniscuses at the ink ejection port or opening section

15 when the negative pressure is eliminated as a result of
introduction of the atmosphere and can therefore lead to leakage
of ink or incomplete introduction of the atmosphere.

In addition, breakage of a liquid seal can occur because
of various conditions such as a difference between air pressures
inside and outside the container, a temperature rise of drop,
a shock or drop that occurs when the ink tank is handled alone,
and acceleration that occurs during main scanning according to
the serial recording méthod, in particular. This results in a
problem in that air can be introduced or ink can leak out

25 conversely even when a pressure in the container has not reached
a predetermined value. Further, such conditions can vary
depending on the designs of the recording head and ink tank or
physical properties of ink, and a problem arises also in that
designing must be adequately carried out in accordance with the

30 shape and dimensions of the opening section and the basic



22 MARCH 2007 6 buffering effect that noderates an increase of a pressure
therein by accommpdating expansion of air which results in a pPre¥éRCH 2007
reduction, such an effect is limted. In the configuration disclosed in
Japanese Patent 5 Application Laid-opep No. 7-125240 (1995) or Japanese
Patent Application Laid-open No. 7-12%5241 (1995), an encl osed system is
establ i shed by bal ancing a force originating fromink nmeniscus fornmed in
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spring. Al though the nechanical  configuration iS relatively sinple, it is
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to the sgejtﬁﬂ{ggg_rgy&q,get hod, in particular. Further, a liquid seal is
| e 10 hum di

vul ner 851 y changes such as drying, which causes
Specifically, it is not easy to configure such a 1liquid seal

section as an element separate from an ink tank by making it
detachable from the ink tank, for example. In case that the
liquid seal section is provided as a separate element, a
complicated process or apparatus configuration will be required
when attaching the element to an ink tank directly or connecting
it to the ink tank indirectly through a tube in order to form
preferable meniscus in an annular section as described above

15 taking factors such as a difference between pressures inside
and outside the ink tank into consideration.

When the liquid seal section is provided in a position apart
from an ink tank with a tube interposed therebetween, the tube
must be filled with ink to form meniscus at the liquid seal
section. However, the ink in the tube will be returned to the
ink tank when air is introduced through the liquid seal section,
and a complicated process or configuration will be required to
refill the tube with ink thereafter as described above.

The technique disclosed in the Japanese Patent Application

25 Laid-open No. 6-183023 (1994) employs a structure in which air
is introduced through a microscopic gap between a thin plate-1like
member and a flexible sheet. This has resulted in another
problem in that a negative pressure becomes unstable when air
is introduced because the force for causing separation as

30 described is changed by a capillary force that is generated when



variations in the operation of introducing air bubbles and consequentl
reduces the capability of supplying ink to a recording head an&? MAREH 20f%
quality of recording. It is assuned that the above publications have

di scl osed 25 configurations in which gn_entrance maze serving as an
overflow container and ensuring a humdity gradient is provided
contiguously with a boss in order to prevent such problens, but the

conf i gar dtiiqunisd bembeescahd igaped accordingly. Further, since the other end
of the channel in the formof a nmaze is always 30 in communication with the
at nospher e, Fartberai induier tef provizie arcH odentbutfepdng fundtsion,
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99585 of the flexible member itself when the pressure of a gas (air)
in the container increases as a result of a temperature rise.
However, since a material having low rigidity used as such
a flexible member has a small thickness and exhibits high
permeability against gases in general, it is likely to allow
a gas to penetrate into a container because of an osmotic pressure
of the gas. This has resulted in the possibility of insufficient
performance of the buffering function when a liquid is kept in
15 the container for a long time because a gas (air) can penetrate
into the container in a quantity that cannot be handled by the
buffering function for absorbing expansion of the gas in the
container. Therefore, it has been necessary to use a quite
expensive material having a metal deposited thereon as the

material of the flexible member in order to achieve low rigidity

and a reduction in gas permeability at the same time.
SUMMARY OF THE INVENTION

25 From the above, the inventors first found that it is
undesirable to eliminate a negative pressure in a liquid
container by introducing air into the container and that it is
important to return the pressure to a predetermined negative
pressure value. Further, the inventors consider that an

30 appropriate amount of air must be introduced for this purpose.



in the ink tank becones relatively great in a region in the ink tank where
ink is nearly used up depending on the size and position of th@2MARGHRPO7
section, which can result in inconplete holding of neniscuses at the ink

ej ection port or opening section 15 when the negative pressure is elimnated
as a result of introduction of the ati¥osphere and can therefore lead to

| eakage of ink or inconplete introduction of the atnosphere. In addition,
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against a flow of ink. Therefore, the stabilization of a
negative pressure in an ink tank is an important factor and,
more specifically, it is important to keep the negative pressure
in a predetermined range. For this purpose, a part for
introducing air must operate with reliability.

It is also important to allow a liquid to be contained in
a container in a proper state by reducing opportunities when
those members are subjected to an osmotic pressure of a gas to

15 reduce penetration of the gas into the container and to allow
the contained liquid to be supplied with stability.

The invention has been made taking the above-described
problems into consideration and achieves at least one of the
following aims.

In a configuration of a containing portion of a 1liquid (e.g.,
ink) to be supplied to the outside (e.g., a recording head) having
a section for generating a required negative pressure and an
air introducing section for keeping the negative pressure within
a proper range by allowing air to be introduced into the

25 containing section in accordance with an increase in a negative
pressure therein as a result of the supply of the liquid, the
invention makes it possible to prevent the liquid from leaking
out though the air introducing section in any environment of
use and storage and to maintain stable negative pressure

30 characteristics regardless of the phase of consumption of the



configuration of the negative pressure generating nmechani sm dependi ng on
each node of use. The above ink tank utilizing a |iquid seal fo?ZMﬂBPgdﬂeTng
air creates problens such as a reduction of freedomin designing 5 a
recordi ng apparatus in addition to pngjgns i nherent in it as described
above. Specifically, it is not easy to configure such a liquid seal section
as an el enent separate froman ink tank by nmaking it detachable fromthe
ink tamkqufi®r. exanple. In case that the liquid seal section is provided as
a separate elenent, a conplicated process or apparatus configuration wll
be requir edrha@hkénventtdcn mydhidekeaeit g dirconkainelr diswext lgs cain ink
connecting it to the ink tank indirectly through a tube in order to form
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to avoid wasteful consumption of the liquid eventually, and the

invention also provides a liquid-consuming apparatus (such as

an ink jet recording apparatus) utilizing the liquid container.

The invention provides an ink tank having a negative
pressure adjusting mechanism with which problems inherent in
ink tanks as described above utilizing a 1liquid seal can be solved
and with which freedom in designing a recording apparatus can

15 be improved, an ink jet recording head, an ink jet cartridge
having the ink jet recording head and the ink tank as integral
parts thereof, and an ink jet recording apparatus.

The invention provides a liquid container with a simple
structure which absorbs changes in a negative pressure therein
as a result of consumption of a liquid to stabilize the negative
pressure, which prevents leakage of the liquid through a liquid
supply port even at an abrupt ambient change, and which can be
manufactured at a low cost, and the invention provides a
liquid-ejection recording apparatus utilizing the liquid

25 container.

The invention provides a liquid container a part of which
is constituted by a flexible member and a member having high
gas permeability, in which a liquid can be properly contained
by reducing opportunities when those members are subjected to

30 an osmotic pressure of a gas to reduce penetration of the gas



refill the tube with ink thereafter as descri bed above. The technique
di scl osed in the Japanese Patent Application 25 Laid-open No. Ggﬁ;ﬁﬁﬂgm”
(1994) enploys a structure in which air is introduced through a m croscopic
gap between a thin plate-like nenber %nd a flexible sheet. This has
resulted in another problemin that” d négative pressure becomes unstable
when air is introduced because the force for causing separation as 30
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2007 9 a liquid enters the gap. Further, in order to provide a sufficient
buf f er sagpilural iwhth stmbﬂk&tyhathbainwéﬂtmehyammmrp:mdidinguhthat is
easy to deformis used as the flexible nenber for noderating an internal 5
pr essurecordingnappazatms subiliningl lbthe nsamesi ng t he vol unetric capacity
of the contalner t hrough the deformation of the flexible nenber itself when
the pressurBn&f argé;saﬁaep)t of thenin¥grtdion, thesedsmravidada diiaeids
tenperature rise. However,, since a material having lowrigidity used as such
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cont ai ner because © pr essu

a liquid supply portion provided with the containing portion
and forming a liquid supply port for supplying liquid contained
in the containing portion to the outside;

a one-way valve arranged on the containing portion for
allowing an introduction of gas into the containing space from
outside, and preventing a leakage of liquid and gas to the
outside; and

a mechanism having a function for keeping or expanding a

15 capacity of the containing space, wherein

the one-way valve controls a negative pressure in the
containing space caused by consumption of 1liquid in the
containing portion.

Here, the mechanism may include a movable member equipped
with at least a part of the containing portion displaceably or
deformably, and an urging means for urging the movable member
in a direction a capacity of the containing space increases.

Further, the containing portion may have a deformable
flexible member in a part thereof as the movable member and is

25 configured so that liquid is present inside the flexible member
contacting with the outside space.

There is provided a liquid using apparatus connectable with
the liquid container according to the first aspect and using

liquid supplied from the containing space.

30 Further, there is provided a recording apparatus comprising



of the gas. This has resulted in the possibility of insufficient

performance of the buffering function when a liquid is kept in 28MARCH 2007
container for a long tine because a gas (air) can penetrate into the
container in a quantity that cannot be _handled by the buffering function
for absorbi ng expansion of the gas in e container. Therefore, it has been
necessary to use a quite expensive material having a netal deposited

t her eopedind esinGt €hbah igluild &ad 4 g @bgaﬂ‘a&w HaVHgea Eéen&alhuveriow
rigidity and a reduction’in gas perneability at the same tine.” SUMVARY OF
THE | NGENTeQY b frg ohe A ef afroper forenimy entrecotfdiay watthd inkatsugplsed
undesirable to elimnate a negative pressure in a liquid container by

i nt r oddgiony the Liguidheawbainasr wivich heontains iindpoasathet dirguidn t he
pressure to_a _predeterm ned negatjve pressure value. Further, the jnventors
consi der thﬁFlﬁﬁ Syprihnoprihe ke oahd pEovLdgdr apuinkpdetnhegdu Car 1ok deRi s
purpose. 22 MARCH 2007 - 10 In particular, when a liquid container is used
as an CPLHFRIGS, directly supplying into to an ink jet recording head,

e 1o pRTARA ASUPRLY Bt oot e dfall o and Tn @ stable
a liquid container, according to the first aspect, for
containing ink as the liquid to be supplied to the ink jet head.
In a second aspect of the invention, there is provided a
liquid supplying method for supplying liquid to the outside from
a containing portion defining a containing space for liquid
through a supply port formed on the containing portion,
comprising the steps of:
providing a one—way valve for allowing an introduction of
15 gas into the containing space from outside, and preventing a
leakage of liquid and gas to the outside;
providing a mechanism having a function for keeping or
expanding a capacity of the containing space, and;
controlling a negative pressure in the containing space
caused by consumption of liquid in the containing portion by
the one-way valve.
In a third aspect of the invention, ‘there isprovided a liquid
supply apparatus, comprising:
a containing portion which defines a containing space for
25 liquid and includes a liquid supply portion for forming a liquid
supply port for supplying contained liquid to the outside and
a gas introduction portion for introducing gas from outside into
the containing space;
a mechanism having a function for keeping or expanding a

30 capacity of the containing space; and



5 quality. For this purpose, it is strongly desired to keep a tially
constant resistance in an ink supply channel against a flow of ifﬁ;h%ﬂ 208‘}
Therefore, the stabilization of a negative pressure in an ink tank is an

i mportant factor and, nore specifically, it is inportant to keep the
negative pressure in a predeterm ned range. For this purpose, a part for

I ntroducing air nust operate with reliability. It is also inportant to allow
a liquid toabeneeway vedve) havingt ai gas intaodugpingshamnbelry moarhicahle
opportunities when those nenbers are subjected to an osnotic pressure of a
gas tooms thedgas pthérostuainion phrtgan iinowhhehcoritmi the state whedey the
contained liquid to be supplied with stability. The_invention has been nade
t aki ngthgegapolRLEREUGHIQR MAMREE S MR kefh It dhegagdniaqduekign

I f th f ol i [ . fi ' f i N [
|55t 80 o " ERERMAR T of e SR 2L LR, RoSIOR hE%RET L O
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alr |1 ntroducl ng sSectron or keepl ng e egat lve ressure In a proper
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accordance With an Tncrease in a negative pressure therein as a result of

t he suppllyweofoirheohtguvild.irntda negative pressure in the containing space
caused by consumption of liquid in the containing portion.

There is provided an ink tank for the liquid supply apparatus
according to the third aspect, comprising:

the containing portion for containing ink as the liquid;
and

a mechanism having a function for keeping or expanding a
capacity of the containing space.

15 Further, there is provided an ink jet recording apparatus
for performing a recording by ejecting ink onto a recording
medium by using this ink tank and a recording head for ejecting
ink supplied by the ink tank, comprising:

a holder for mounting the ink tank;

a one-way valve for allowing communication of fluid flowing
into one direction and preventing communication of fluid toward
the other direction; and

a flow path being connected with the one-way valve and being
open and closed thereby; wherein

25 the holder having a member communicating with the flow path
and the ink tank having a mounting portion capable of detachably
mounting the member of the holder, whereby gas is introduceable
thereinto through the one-way valve and the member of the holder.

There is provided an ink jet cartridge, comprising:

30 an ink tank for constituting the liquid supply apparatus



i nvention makes it possible to prevent the liquid fromleaking out though
the air introducing section in any environment of use and stor&@MAﬁﬁU1W87
mai ntai n stabl e negative pressure 30 characteristics regardl ess of the phase
of consunption of the 22 MARCH 2007 _ - éq: liquid. The invention provides a
| iquid container (such as an ink tan in which introduction of outside air
for maintaining a constant negative pressure in the |iquid container is

per f or gedordiid e ¥het tRieaUaspetit tHel PnR Nk her id§ thRYdontea i £agur €
with higher relrability and in which | eakage of a liquid through a liquid

suppl ypparttiars fiore\oonteali @vrg hhkaasabhepl iqobide andc hamgehami ssw diak imagt ef ul
consunption of the liquid eventually, and the invention also provides a

li qui dacbueafilon fpgakeepdinGoshexpandingla cepaaicty ¢ifh§heppgardiak)ing
utilizi n% the | i qU| d container. The invention provides an ink tank having a
negat i ¥& ARMe adj usting nechani smwith which problens inherent in ink

Wi th fegﬁ‘?s;ﬁ{#ﬁeg’ NG eac, BoBr s Shnh, PR SlpREefoerim o, 1Ak ni
j et regard ng feagn andofﬂmacseah@ 9t ha¥ha A ikt haRE BELAG head

and the S Integra
formed integral with the ink tank.

Further, there is provided an ink jet recording apparatus
for performing a recording by ejecting ink onto a recording
medium by using this ink jet cartridge, comprising:

a holder for mounting the ink jet cartridge;

a one-way valve for allowing communication of fluid flowing
into one direction and preventing communication of fluid toward
the other direction; and

15 | a flow path being connected with the one-way valve and being
open and closed thereby; wherein

the holder having a member communicating with the flow path
and the ink tank of the ink jet cartridge having a mounting
portion capable of detachably mounting the member of the holder,
whereby gas is introduceable thereinto through the one-way valve
and the member of the holder.

In a fourth aspect of the invention, there is provided a
one-way valve for, mounted on a containing portion which defines
a containing space for liquid, allowing an introduction of gas

25 from outside to the containing space and preventing a leakage
of liquid and gas from the containing space to the outside, the
one-way valve comprising:

a hollow gas introduction member for inserting into the
containing space;

30 a valve chamber communicated with the gas introduction



parts thereof, and an ink jet recording apparatus. The invention provides_ a
liquid container with a sinple structure which absorbs changes?2? fIARCH 2007
negative pressure therein as a result of consunption of a liquid to
stabilize the negative pressure, whjq prevents | eakage of the liquid
through a liquid supply port even at "an abrupt anbi ent change, and which
can be nmnufactured at a | ow cost, and the invention provides a

l'i qui dmeimder ARd' 8§ PL AN @@@fﬁw@dﬂﬂim Wwha dH 8 1licks An?dne@ddidEeionThe
invention provides a liquid container a part of which is constituted by a

fl exi bbé madheframdoatsedesy dmdi ng high gas perneability, in which a
l'iquid can be properly contained by reducing opportunities when those
menber s ar eaBudPpering/cd GULRG RemMber cwblébsmSepﬁﬂva-% wicth dtheavalve
penetration of the gas 22 MARCH 2007 . - into the container, and from

whi ch CHEMRGE FHTORGIR the dsge%trbgn.%e ARERERGMITEHon 1 GhREedi on
o158, DRAPRP oshECREY VA FER L St 114 Bleb IR W chBat 44 e
cont ai B&%Mé'ﬁﬂtﬂ%‘ PHY GoifR4 AN SpPEE bbBondS1 Y 8ss than the
predetermined value.
In a fifth aspect of the invention, there is provided a 1iquid
container, comprising:
a liquid containing chamber having a movabie member defining
a containing space of liquid at least in part thereof and being
deformable according to a supply of the liquid to the outside,
and having a liquid supply port for supplying liquid contained
therein; and
15 a valve chamber communicating with the containing space and
having a one-way valve which allows an introduction of gas into
the containing space form outside and prevents a leakage of
liquid and gas to the outside from the containing space; wherein
the liquid containing chamber includes an elastic member
for generating an urging force F1l in the direction increasing
a content of the containing space, and an urging means for
receiving the urging force Fl1 to urge the movable member with
an area S1 against the direction;
the valve chamber includes a valve controlling member for
25 generating an urging force F2 in order to control an opening
operation of the on-way valve, and a closing means for receiving
the urging force F2 to close the one-way valve by an act of the
urging force F2 with an area S2; and
the one-way valve is configured to be open in order to

30 introduce air from outside, assuming that the pressure resulted



a liquid supply portion provided wwth the containing portion and formng a
liquid supply port for supplying liquid contained in the contaRhMARCHROOT on
to the outside; a one-way val ve arranged on the containing portion for
allowing an introduction of gas into the containing space from outside, and
preventing a | eakage of liquid and gad?to the outside; and a mechani sm
havi ng a function for keeping or expanding a 15 capacity of the containing

space, e PRI €48 rﬁéﬁigeﬁg"\gfy £ &arqr%ﬁ% FArhda %‘Sﬁggt#é{nﬁ?ﬁé%ﬁ&%g Bolxton

cont ai nNi'ng space cause consu cont I g "porti on.
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part of the containing portion displaceably or deformably, and an urging
means the valvvescchamber\vwhen tiRsllciquid ids greskin tinathepeoniindicdting

contai ni ng space increases. Further, the containing portion may have a
def or npbic&ion ds BMe thebkeightabpiweerhé&heomend sics andalithe uppieamasit i s
25 configured so that liquid is present inside the flexible nmenber
corft acPEndnki dm the santatnipgcspanteds s Fhwidrysityi gfi §hesildguid
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an absolute value of the negative pressure PV = - (F1/S1) + hxpxg

+ PM acting on the valve chamber satisfies

|pv| > |F2]|/S2.

Here, the valve chamber may be configured to have a
communication with the containing space at a portion of the
liquid containing chamber which retains the introduced gas, and
‘when the following formula

|F1]|/S1 > |F2]|/S2

15 1is satisfied, the one-way valve is open to introduce air from
outside.

In a sixth aspect of the invention, there is provided a 1iquid
container, comprising:

a movable member which defines a containing space for liquid
and is displaceable according to supply of the liquid;

a liquid supply port for supplying the contained liquid to
the outside; and

a one-way valve having a port capable of introducing gas
into the containing space and a sealing member for sealing the

25 port; wherein

the one-way valve is opened to introduce the gas when a
capacity of the containing space starts to decrease due to a
displacement of the movable member according to supply of the

liquid and becomes lower than the predetermined value.

30 In a seventh aspect of the invention, there is provided a



liquid supplied fromthe containing space. 30 Further, there is ?FOVId ed a
recordi ng apparatus conprising 22 MARCH 2007 - 13 neans using MARCHAPE
usi ng apparatus having a configuration of recording head for perfornlng a
recording with ink supplied fromthe g quid container which contains ink as
the liquid. Still further, there is prOV|ded an ink jet head cartridge 5
conprising: an ink jet head for ejecting ink; and a |iquid container,

accor diiguid Contfainérangeihg ol iguad @'ufbpslgyi pEresfolieshipplivin® thee
supplied to the ink jet head. 1In a second aspect of the invention, there is
provi deond diingd dligppdyitey thee hodtsddes igapd yangallivguich ambeire eguigipked f r om
a contalnlng portion defining a containing space for I|qU|d through a
suppl yWp&h & NfRvay Yaéveodos mhowhngi 8p indgrpiuet hgnt IQ@ gagHsipko
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liquid container being generally sealed except for the liquid
supply port and the one-way valve, comprising:
a negative pressure generating means for applying negative
pressure to the liquid supply from the liquid supply port; and
a negative pressure controlling means for controlling the
negative pressure by introducing the gas, wherein
the negative pressure controlling means has a function to
prevent a discharge caused by an operation tempting to discharge
liquid and gas to the outside therefrom.
15 In a eighth aspect of the invention, there is provided a
liquid container, comprising:
a movable member which defines a containing space for liquid
and is displaceable in accordance with a supply of the liquid;
a liquid supply port for supplying the contained liquid to
the outside;
an opening capable of introduction of gas into the
containing space; and
a valve bodj for sealing the opening; wherein,
the containing space is configured to maintain the capacity
25 thereof about the predetermined value regardless of a supply
of the liquid and an introduction of the gas, after the capacity
of the containing space starts to decrease according to the
supply of the liquid from the state where the containing space
is generally filled with the liquid to be lower than the

30 predetermined value which causes an introduction of gas.



controlling a negative pressure in the containing space caused by
consunption of liquid in the containing portion by the one-way2¥dAREH 2007 a
third aspect of the invention, there is provided a liquid supply apparatus,
conprising: a containing portion which defines a containing space for 25
liquid and includes a liquid supply povtion for forming a liquid supply
port for supplying contained liquid to the outside and a gas introduction

por i on 1 OrhBLLOSGPG, B85 BOTL U €8 1Y prthfa 001 GBI CBR e 1R, |

mechani sm having nction or “ex capacity o

cont ai RgihedPaFLthakhe?d 1 28Rtaindf adcBrerity V& HAyNJHIDLA HAS
I ntroduci ng nenber nountable on the gas introduction portion in which, in

the st #iEthete eifhtihradpécodycin@rainbeiquidmiupeyieat Eidie tlas

i ntroduction portion, an introduction of the gas is allowed through the gas

5 i nt r acsundtaiomipgr spaceanids ausedkage of |iquid and gas fromthe containing

space to the outside is prevented, and the one-way valve for controlling a

negative prBysthenntheredm ananleda £eeendagbgpparalins Wil bizEingui d

'n theefiTGﬂ{1r%%&%%&hgg'according to any one of the fifth to eighth
aspects in which an ink as a recording agent is contained, and
performing a recording with ink supplied from the containing
space.

Moreover, there is provided an ink jet cartridge,
comprising;

a liquid container according to any one of the fifth to eighth
aspects in which an ink as a recording agent is contained; and

a recording head capable of ejecting ink from an ink ejection

15 port, the recording head being joined with the containing space
and the ink being supplied from the containing space.

In the above, an ink as the liquid may contain pigment as
a color material.

Incidentally, in the present specification, the wording
"recording” means not only a condition of forming significant
information such as characters and drawings, but also a condition
of forming images, designs, patterns and the like on printing
medium widely or a condition of processing the printing media,
regardless of significance or unmeaning or of being actualized

25 1in such manner that a man can be perceptive through visual
perception.

Further, the wording "printing medium” means not only a
paper used in a conventional printing apparatus but also

everything capable of accepting inks, such as fabrics, plastic

30 films, metal plates, glasses, ceramics, wood and leathers, and



There is provided an ink tank for the liquid supply apparatus according to
the third aspect, conprising: the containing portion for contaiﬁ?Mﬁﬂ 9
the liquid; and a nechanism having a function for keeping or expanding a
capacity of the containing space. 15_gHther, there is provided an ink jet
recordi ng apparatus for performng a recording by ejecting ink onto a
recording mnediumby using this ink tank and a recording head for ejecting

ink suppl the Hy11BRingK Wwank, becdDsbstegresehtledeby 8" swedt " ngr tdiemp Di
tank; a one-way valve for allow ng communication of fluid flowng into one
di rect byn "graperéventi ng comuni cation of fluid toward the other direction
and a flow path being connected with the one-way valve and being open and
cl osed ther b};llv\/lﬁélﬁ-‘gihﬁQE the wWerddnghadindyg £hewdbdrbeoknternre vgdwinh t he

Lo Pt el A0Sebro! ARAT 9 G PUTLLEG ROt capell e ol def acoably
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suppl Y ndRRATANUSuid to be used for forming images, designs, patterns

and the like, processing the printing medium or processing inks

(for exémple , coagulation or encapsulation of coloring materials

in the inks to be applied to the printing media).

The above and other objects, effects, features and
advantages of the present invention will become more apparent
from the following description of embodiments thereof taken in

conjunction with the accompanying drawings.
15 BREIF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are illustrations for explaining problems
with a liquid container according to the related art into which
outside air is introduced to moderate an increase of a negative
pressure that occurs as a result of consumption of a liquid (ink);

Fig. 2 is a schematic sectional view of a configuration of
an ink tank and a recording head in a first embodiment of a basic
configuration according to the invention;

Figs. 3A and 3B are sectional views for explaining

25 operations of a one-way valve in Fig. 2;

Figs. 4A, 4B, and 4C are sectional views for explaining an
operation of the ink tank in Fig. 2;

Fig. 5 is an illustration for explaining a relationship
between the amount of supplying ink and changes in a pressure

30 in a containing space S when the ink tank in Fig. 2 is used;



22 MARCH 2007 - 15 according to the third aspect, the ink tank having the
containing portion for containing ink as the liquid and a nech&%M@ﬁPHgWPﬁg
a function for keeping or expanding a capacity of the containing space; and
5 an recording head for ejecting ink sypplied fromthe ink tank through a
conmmuni cating path, the recording head being forned integral with the ink
tank. Further, there is provided an ink jet recordi ng apparatus for

perform ng pjgecer dsnd BeciRsiaDovisly €B8kOexk 1%3ﬂ{ﬂh?9an”8 eHatonIS6AY
this ink jet cartridge, conprising: a holder for nmounting the ink jet

cartri the, imloneamkyinalfigg fo2; al |l ow ng communi cation of fluid flowng into
one direction and preventing comuni cation of fluid toward the other
direction; Bhg-1% asfacschamptic sg¢aivioral cdiewt 0ft Acconfigiratior @fid
being open _and cl osed thereby; wherein the hol der having a nenber
communPBatitly YRk %HeQWﬁﬁF?%@hemQﬁQ%Wﬂﬂtiﬂﬁ BaaSHC t FRREARUTALXQR ri dge

403 R PRE S ESRTP. Srflorielaganly mount ng,the rerber of the

Fig. 8 is a schematic sectional view of a configuration of
an ink tank in a third embodiment of a basic configuration
according to the present invention;

Fig. 9 is a perspective view of a configuration of an ink
tank in a fourth embodiment of a basic configuration according
to the present invention;

Figs. 10A, 10B, and 10C are illustrations of steps of forming
a tank sheet of the ink tank shown in Fig. 9;

Fig. 11A is an illustration of a step of manufacturing a

15 spring unit of the ink tank in Fig. 9, and Fig. 11B is an
illustration of a step of manufacturing a spring/sheet unit of
the ink tank in Fig. 9;

Figs. 12A and 12B illustrate steps of manufacturing a
spring/sheet/frame unit of the ink tank in Fig. 9;

Fig. 13 is an illustration of a step of combining the
spring/sheet unit and the spring/sheet/frame unit of the ink
tank in Fig. 9;

Figs. 14A and 14B are sectional views of major parts at the
combining step in Fig. 13;

25 Fig. 15 is a sectional view of an ink tank containing unit
configured by using the ink tank in Fig. 9;

Fig. 16 is a sectional view of an ink tank containing unit
configured by using a plurality of the ink tanks in Fig. 9;

Fig. 17 is a perspective view showing an example of an ink

30 jet recording apparatus to which the present invention is



and the nenber of the holder. In a fourth aspect of the invention, there is
provided a one-way valve for, nounted on a containing portion RAMARCHZONeS
a containing space for liquid, allow ng an introduction of gas 25 from
outside to the containing space and preventing a | eakage of liquid and gas
fromthe containing space to the outsi‘fe,” the one-way val ve conprising: a
hol | ow gas i ntroduction nenber for inserting into the containing space; 30

a valv rggﬁ onmuni cated with the gas introduction 22 MARCH 2007 - 16
nenberggﬁgghaV|%%’an openi ng portion which allows an introduction of gas

from out si dej ganflg afs @PEBhRHY 1S ISHEESREL WhbGNebP dXPVaiadnY hheihgtval ve
chanber and urged in the direction the opening portion’is closed, 5 whereby

bei ng asdampledfde epuiplireg OPENEAY ipK ttanki f at lherwagurralwid hiand ha
cont ai ni ng space becones |ess than the predetermned value. In a fifth
aspect rgfcardingvbeadgn, there is provided a liquid container, conprising:
a liquid containing chanber having a novabl e nmenber definin
5 Fig. 19 is a schematic sectional view for explaining a second
example for coupling of an ink tank, a one-way valve, and a
recording head;
Fig. 20 is a schematic sectional view for explaining a third
example for coupling of an ink tank, a one-way valve, and a
recording head:
Figs. 21A to 21C is illustrations for explaining a control
of a negative pressure in the ink tank shown in Fig. 20 as a
result of the supply of the ink,
Fig. 22 is a schematic sectional view for explaining a fourth
15 example for coupling of an ink tank, a one-way valve, and a
recording head;
Fig. 23 is a schematic sectional view for explaining a fifth
example for coupling of an ink tank, a one-way valve, and a
recording head;
Fig. 24 is a schematic sectional view for explaining a sixth
example for coupling of an ink tank, a one-way valve, and a
recording head:
Fig. 25 is a schematic sectional view for explaining a
seventh example for coupling of an ink tank, a one-way valve,
25 and a recording head;
Figs. 26A and 26B show two examples of mechanism for
attaching an ink tank and recording head;
Figs. 27A to 27C are schematic sectional views for

explaining a configuration and an operation of a first embodiment

30 of an ink supplying device having a one-way valve in another



a containing space of liquid at least in part thereof and being deformable
according to a supply of the liquid to the outside, and havi ng2aMAR&H; 2907
supply port for supplying liquid contained therein; and 15 a val ve chanber
comuni cating with the containing space and having a one-way val ve which
allows an introduction of gas into t cont ai ni ng space form outside and
prevents a | eakage of liquid and gas to the outside fromthe containing

space; aWhRic ot henb ?Etiéi;ér%‘ti‘h{}bﬂ&i%migi. noladesh spi gGast isx fearbge  for
generating an urging Torce FI in the direction increasing a content of the

cont ai thegsamecén whdchnan gpepiiRasedtoion riasgeiinthgodtheingarimdspleerel to
urge the novable nenber with an area Si against the direction; the valve
chanbedsi sealdds Bigal2/2B shmawihgiangtatebef the sapte gomerditda hglurbef grag
force F2 in order to control an opening operation of the on-way val ve, and
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\assunigg Eﬂ%tsﬁﬁg Ph&aRYER Eﬁ%ugiﬁ%é%%é%g«iﬁgggaucinﬁyopening section
is opened to introduce air;

Figs. 28A to 28D are schematic sectional views for
explaining a configuration and an operation of a second example
of an ink supplying device having a one-way valve in the other
aspect of the present invention; Fig. 28A showing a state of
the same in which an opening section for introducing atmosphere
is sealed; Fig. 28B showing a state of the same immediately before
separation of the atmosphere introducing opening section as a

15 result of contraction of an ink tank; Fig. 28C showing a state
of the same in which the atmosphere introducing opening section
is opened to introduce air; Fig. 28D showing a configuration
of a sealing member;

Fig. 29 is a schematic sectional view for explaining a
configuration of a third embodiment of an ink supplying device
having a one-way valve in the other aspect of the invention;

Fig. 30 is a schematic sectional view for explaining a
configuration of a fourth embodiment of an ink supplying device
having a one-way valve in the other aspect of the invention;

25 Fig. 31 is a schematic sectional view for explaining a
configuration of a fifth embodiment of an ink supplying device
having a one-way valve in the other aspect of the invention;

Fig. 32 is a schematic sectional view for explaining a
configuration of a sixth embodiment of an ink supplying device

30 having a one-way valve in the other aspect of the invention;



fromthe nmeniscus of the liquid fornmed in a comunicating portion which
makes a comuni cati on between the containing space and the val $&MARSHIFAP7
when the liquid is present in the comunicating portion is PM the height
between the nmeniscus and the uppernost,,5_of ink in the containing space is
h, the density of the liquid is p, ané t he acceleration of gravitation is
g, respectively; an absolute value of the negative pressure PV = - (F1l/Sl)
+ hxpxg + Plgac@ndgisnatsehemats e hwebtionall sfies #8Y explinHig Eer e,
t he val ve chanber may be configured to have a comunication with the

cont ai examphbacefas sopdrigunationhef |thei inkotaainifocesingeonva chas
retains the introduced gas, and when the following fornmula IFII/SI >
JF21/ sPermeat i@Ri sfied, the one-way valve is open to introduce air from
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Fig. 35 illustrates an osmotic pressure of a gas in the ink
tank in Fig. 33;

Fig. 36 is a schematic sectional view for explaining an
example of another configuration of the ink tank focusing on
a gas transmission.

Fig. 37 is a schematic sectional view showing an example
of an ink container which is a liquid container used in still
another embodiment of the invention and onto which an ink jet
recording head is integrally mounted;

15 Figs. 38A to 38E are illustrations for explaining operations
of the ink container shown in Fig. 37;

Fig.39 is an illustration showing a relationship between
a negative pressure in an ink containing space of the ink
container shown in Fig. 37 and the amount of remaining ink;

Fig. 40 is a schematic sectional view showing another
example of an ink container which is a liquid container used
in still another embodiment of the invention and onto which an
ink jet recording head is integrally mounted;

Fig. 41 is an illustration showing how a volumetric capacity

25 of an ink containing space changes in accordance with the amount
of extracted liquid (ink) in order to explain a function of a
buffer area for preventing pressure fluctuations formed by the
ink container shown in Fig. 37;

Figs. 42A and 42B are schematic sectional views for

30 explaining an example of a configuration and an operation of



a one-way val ve having a port capable of introducing gas into

contai ni ng space and a sealing nenber for sealing the 25 port; zﬁﬂéﬁgﬁﬁopﬁe
one-way valve is opened to introduce the gas when a capacity of the
cont ai ni ng space starts to decrease due to a displacenent of the novable
menber according to supply of the Fi&&id and becones | ower than the
predeterm ned value. 30 In a seventh aspect of the invention, there is

provi dgd ot hedr NMEEUZRRAL 01218anI iﬁ!{' GO fh 88T 1RAWHYLCR & Bi”e‘%e&‘&ﬁ’ié port

for supplying the contained liquid to the outside and a val ve chanber
equi pppaffer harveaneswEormdde for allowing an introduction of gas into the
contai ni ng space fromoutside and preventing a | eakage of 5 liquid and gas
fromthe cofigsni #32smrod 43Bt hereonchienatiike sddtyiuonat ontiawsrEdrei ng
general |y seal ed except for the_ Iiquid supplg port and the one-way val ve,

A
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Fig. 44 is an illustration for explaining design parameters

for the configuration in Fig. 42A; and

Fig. 45 is a schematic sectional view showing a state of
the configuration in Fig. 42A in which ink has been extracted
from a supply port to nearly use up the same.

Fig. 46A to 46F are schematic sectional views for explaining
an example of a cohfiguration and an operation of an ink tank
to be considered in order to have a design condition thereof

15 generalize.

Fig. 47 illustrates a relationship between a negative
pressure in an ink tank shown in Fig. 46A and the amount of
remaining ink;

Fig. 48 illustrates a relationship between a negative
pressure in a modified configuration of an ink tank shown in
Fig. 46A and the amount of remaining ink;

Figs. 49A and 49B each illustrates an example of a
configuration Qf an ink tank different from the configuration
shown Fig. 46A and a relationship between a negative pressure

25 therein and the amount of remaining ink; and

Figs. 50A and 50B each illustrates an example of an ink tank
of another configuration shown in Fig. 46A and a relationship
between a negative pressure therein and the amount of remaining
ink.

30



prevent a discharge caused by an operation tenpting to discharge and
gas to the outside therefrom 15 In a eighth aspect of the |nveﬁ%M6ﬁ H@Hg?e
is provided a |iquid container, conprising: a novable menber which defines
a containing space for liquid and i s.di spl aceable in accordance with a
supply of the liquid; a liquid supply port for supplying the contained
liquid to the outside; an opening capable of introduction of gas into the

contai ni ng SPRYATIAND BESERYPTION OO THEAPREFHRREDPEMBODIMENTSI N, the
contai ning space is configured to maintain the capacity 25 thereof about

the predeterm ned value regardless of a supply of the liquid and an
introduction of the gas, after the capacity of the containing space starts
to decreaseT}aécDIGSﬁgtt énMﬁélthQIpmyl fnevwidbe dpsaribed dpe dettaiel whHeklR t he
cont ai ni n ace is enerall filled wwth the liquid to be | ower than the
30 pred&t Palﬁg 9Ses an introduction of gas. 22 MARCH 2007 -
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recording apparatus w111 be described below. Specifically, a
liquid container contains ink to be supplied to an ink jet
recording head, and the term "ink” may therefore be substituted
for the term "liquid”. Specifically, the present invention is
effective for an ink containing color material. More
specifically, the present invention is preferable for an ink
containing pigment to ensure more excellent ink supply
characteristic.

1. Embodiments of Basic Configuration
15 1.1 First Embodiment of Basic Configuration

Figs. 2 to 6 illustrate a first embodiment of a basic
configuration of the invention.

In Fig. 2, reference numeral 10 represents a cartridge type
ink tank (also referred to as "ink cartridge”) in which ink can
be contained, and reference numeral 20 represents a recording
head that can eject ink supplied from the ink tank 10. The
recording head 20 is not limited to any particular method of
ejecting ink and, for example, thermal energy generated by an
electrothermal conversion body may be used as energy for ejecting

25 ink. In this case, film boiling of ink may be caused by heat
generated by the eletcrothermal transducer, and ink may be
ejected through an ink ejection port by foaming energy at that
time. The ink tank 10 and the recording head 20 in the present
embodiment may be separably or inseparably coupled to configure

30 an ink jet cartridge that can be mounted to and detached from



fifth to eighth aspects, wherein liquid supplied fromthe containing space
is used. 5 Further, there is provided a recording apparat us uti??%ﬁﬁ%” 07

| iquid container according to any one of the fifth to eighth aspects in
which an ink as a recording agent is G ntai ned, and performng a recording
with ink supplied fromthe containing” space. Mreover, there is provided an
ink jet cartridge, conprising; a liquid container according to any one of

the fiahhihk §eghtbcoasiiaty apparlitol .anTheceEore | eERedE A tadRIYe it3ype
contai ned; and a recording head capable of ejecting ink froman ink

ej ect i bnklBanpkrliQ orhtheameoidjngdzeladda hpaybecithdepanten ttlgnrepliagedpace
and the ink being supplied fromthe containing space._|In the above, an_ink
as theWithunavwmRpesorRhitheilgleietagarirddas asasfhele nayhrefexnlacedn the
pr esent % ecification, the wording "recording" neans not only a condition
of fortth§ &i&Hhi9*€ant information such as characters and draw ngs, but

rihting e S font Hh 8o BRERR 5 55r “BPoiBEY Bt a8y b g
regardh gs§nOtnel 4RK {17 UABRELRI POV i MHoRabYR! neffber 11 in
the ink tank 10 is exposed to the atmosphere at an atmosphere
communication port 12 to be put under a pressure equal to the
atmospheric pressure. An outer casing 13 of the ink tank 10
serves as a shell for protecting the movable member 11 from an
external force. The movable member 11 of the present embodiment

is constituted by a deformable flexible £film (sheet member) whose
configuration in a central section thereof is regulated by a
plate 14 and which has a trapezoidal side configuration. Aswill

15 Dbe described later, the movable member 11 is deformed in

accordance with changes in the amount of ink in the containing
space S and fluctuations of a pressure in the same. 1In such cases,

the peripheral section of the movable member 11 is expanded and
contracted or deformed in a good balance, and the central section

of the moveable member 11 moves up and down with a substantially
horizontal attitude or orientation thereof maintained. Since
the movable member 11 is thus smoothly deformed (moved), the
deformation will cause no shock, and there will be no abnormal
pressure fluctuation attributable to shock in the containing

256 space S.

In the ink containing space S, there is provided a spring

member 40 in the form of a compression spring for exerting a
force that expands the movable member 11 outward through the
plate 14 to generate a negative pressure within a range in which

30 an ink ejecting operation of the recording head can be performed



25 in such manner that a man can be perceptive through visual erception
Further, the wording "printing mediunt neans not only a paper E%UARFH‘@°7
conventional printing apparatus but also everything capable of accepting

i nks, such as fabrics, plastic 30 filng, netal plates, glasses, ceramcs,
wood and | eathers, and 22 MARCH 2007 - 20 in the following, wll be also
represented by a "sheet” or sinply by "paper"”. Still further, the wording
"i nk" shoelghillei hii @mpwetadann abd i ©Rdf 6€nhe 189 g Imenss sudeffioriniedratf t he
above "printing" 5 and thus the ink, by being applied on the printing

nedi a, aghdhk epeatang pord ob tiee ummbidingoneadg | Fages? skewgns stmteerns
and the |ike, processing the printing nedi um or proceSS|n% i nks (for

exanpl 4D WBAGH hhecﬁp@taéﬁéa@sﬁegftulm &t iesweshantdediwtalin qhﬂergﬁa@s to
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The recording head 20 is equipped with hollow needles 21

and 22 that can be stuck into rubber plugs 17 and 18. The hollow
needle 21 is stuck into the rubber plug 17 to form a supply channel
L1 for supplying the ink in the containing space S to the
recording head 20. A filter 23 is provided in the supply channel
L1. Reference numeral 24 represents a sealing member such as
a rubber that is in tight contact with the rubber plug 17. The
other hollow needle 22 is stuck into the rubber plug 18 to form
a communication channel L2 for exposing the containing space

15 S to the atmosphere. A one-way valve 30 that is schematically
shown in Fig. 2 is provided in the communication channel L2.
Reference numeral 25 represents a sealing member such as a rubber
that is in tight contact with the rubber plug 18. The rubber
plugs 17 and 18 may be formed with slits 17A and 18A to allow
the hollow needles 21 and 22 to be stuck easily. When the hollow
needles 21 and 22 are not stuck into the élits 17A and 18A, the
slits are closed by an elastic force of the rubber plugs 17 and
18. An ink supply port 15 and a communication port 16 are formed
at the bottom of the ink tank 10, and they are closed by the

25 rubber plugs 17 and 18. Therefore, the ink containing space S
is completely sealed when the hollow needles 21 and 22 are not
stuck and is substantially sealed when the needles are stuck
except for the ink supply port 15 and the communication port
16.

30 The schematically illustrated one-way valve shown in



Figs. 1A and 1B are illustrations for explaining problens wth a liquid
contai ner according to the related art into which outside air 28 MARGHRIG¢ed
to noderate an increase of a negative pressure that occurs as a result of
consunption of a liquid (ink) ; Fig. 2 is a schematic sectional view of a
configuration of an ink tank and a Tetbrding head in a first enbodi ment of
a basic configuration according to the invention; Figs. 3A and 3B are
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Fi gs. are sectrona or ~expl-ai ni'ng eration of the

i Nkt arjaive Firfthé £i§lres 48 At indidd 86 s opbeh iR s¥atid18r3a @l gs i AGShi p
bet ween t he anount of “supplying 1nk and changeS in a pressure 30 in a
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Fig. 6 is a sectional view for explaining an operation of the ink tank in
Fig. 2omg-giay valyesciianipelicaddy @mlaboee afrea twpihé gooasiidlerdd an i nk
tank in a second enbodi ment of a basic configuration 5 according to the
pre8entlikfmh$eon; Fig. 8 is a schematic sectional view of a configuration

of
Figs. 3A and 3B illustrate an example of a specific

configuration and an operation of the one-way valve 30 according
to the present invention when applied to the configuration shown
in Fig. 2. It is a matter of course that such configuration in
performing the operation can be utilized in the similar manner
to the other examples which will be explained hereinafter.
In Fig. 3A, the one-way valve 30 of the present embodiment
has a configuration to be connected to the ink tank 10 through
a hollow needle (tube) 22 having direct communication with the
15 tank. Such valve herein is configured as a diaphragm valve
utilizing a diaphragm 31. Specifically, the diaphragm 31 is
formed with an opening section 31A at a fixed position in a
face-to-face relationship with a sealing member 32 provided with
a housing 36 in a fixed manner. The opening 31A is normally
sealed with the sealing member 32. The diaphragm 31 is urged
by a spring member 33 downward in Fig. 3A through a support plate
34 explained later. The opening 36A having a communication with
the atmosphere is provided on the housing 36 that constitutes
a valve chamber R in which the diaphragm 31 and the spring member
25 33 are provided, and the sealing member 32 is fixed in a position
in a face-to-face relationship with the opening 31A. When the
opening section 31A is pressed against the sealing member 32
as shown in Fig. 3A, the opening section 31A is closed to block
the communication channel L2 between the valve chamber R and

30 the atmosphere. The support plate 34 is in tight contact with



an ink tank in a third enbodi mrent of a basic configuration according to the
present invention; Fig. 9 is a perspective view of a confi gurat POMABLHZROT nk
tank in a fourth enbodi ment of a basic configuration according to the
present invention; Figs. 10A, 10B, and, 10C are illustrations of steps of
formng a tank sheet of the ink tank ¥hown in Fig. 95 Fig. 11Ais an
illustration of a step of manufacturing a 15 spring unit of the ink tank in

Fig. 9tnendikighrddf 31 &hd ihadyShhaldpdhMigasiheRdtrd@phohashny it the
spri ng/sheetl u%lt % the ink tank i nplghg % Figs. 12A and 12B illustrate

st eps obemEmy saction A g wed/Shedid fersdrab Libshmehtt b€ commuavilcatiéng. 9;
Fig. 13 is an illustration of a step of conbining the spring/sheet unit and
the spbefyesiestye vadveughamblen Raandihe dank tanki 30 threugh. the hahbow4B

are sectlonal views_of major parts at the conbining ste%@ln FI% 13; 25
Fig. 15eedle &bkl r@FB\Jdt&f it 3 presenceoffairkndnutine iddnf %ﬂﬂf‘e Oby

cortt ai TRy S e E B ARLARE K9 LEhRg R Tl SRPEIIar b rRE: AEsk thERg. o
(o] a e TnkK™t g. 9;
position within the hollow needle. Therefore, the valve chamber
R has the same internal pressure as that in the ink containing
space S.
When ink is supplied from the ink tank 10 to the recording

head 20 to reduce the amount of ink in the containing space S,
the pressure in the containing space S (inner pressure) decreases
(the negative pressure increases) accordingly. When the
pressure in the containing space S becomes equal to or less than
a predetermined value (equal to or more than the predetermined

15 negative pressure), the opening section 31A gets away from the
sealing member 32 to have a communication with atmosphere. That
is, the air in the valve chamber R is supplied due to the reduction
of the pressure within the containing space S, resulting in an
increase of the negative pressure in the valve chamber R. When
the negative pressure in the valve chamber R reaches a
predetermined value, the diaphragm 31 and the support plate 34
move toward a side of the valve chamber R against the urging
force of the spring member 33 because a difference between the
pressures inside and atmosphere (outside the chamber R) excesses

25 the urging force of the spring member 33, resulting in a
separation of the opening section 31A from the sealing member
32. As a result thereof, the opening section 31A opens to
introduce outside air under a pressure higher than that in the
valve chamber R into the valve chamber R. Such introduction of

30 outside air moderates the pressure in the valve chamber R and



Fig. 17 is a perspective view showi ng an exanple of an ink 30 jet ogﬁ g
apparatus to which the present invention is 22 MARCH 2007 - Zzﬁﬁﬁﬁﬁ S?
Fig. 18 is a schematic sectional view for explaining a first exanple for
coupling of an ink tank, a one-way vagﬁ . and a recording head; 5 Fig. 19
is a schematic sectional view for expl™ai ning a second exanple f or coupl ing
of an ink tank, a one-way valve, and a recording head; Fig. 20 is a

schemathe éénthadhdng/ 5pWckos , exid &Hd 69 e ity sdctaxanpia {srtwon@loweal an
ink tank, a one-way valve, and a recording head; Figs. 21A to 21Cis

i |1 ust agaiondy dhexpraingnfoxceowifr dhe cﬂp:aimggaemberprBéssurU@ ito tihel $ nk
tank shown in Fig. 20 as a result of the supply of the ink, q: 22 is a
schenaPPénéfectﬁl'tﬁlaPr‘?ﬁ@Wr\eorlne%ﬁl%l‘ﬁ@hﬁeachéﬂi%eﬁ- R scbsafpheamortc difptng of
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a ofie- &@ép\iaalé/eq'neﬁgdo§ the diaphragm 31 toward the seal member 32 to
establish a tight contact therebetween in order to keep the
predetermined negative pressure.

Such an function of opening and closing the one-way valve
30 keeps the pressure in the valve chamber R and the ink
containing space S at the predetermined pressure (a pressure
smaller than that of the atmosphere).

The valve chamber R and the ink containing space S are in
communication with each other through thé hollow needle 22, and
an opening 22A at the end of the hollow needle 22 is in contact

15 with ink, which results in the formation of meniscuses 22B, an
interface formed between the ink and the air that projects toward
the ink containing space S, at the opening 22A.

When the negative pressure in the containing space S exceeds
the predetermined value due to a supply of ink into the recording
head 20, a pressure difference occurs between the interior of
the containing space S and the valve chamber R. At the instant
when the pressure difference exceeds ameniscus holding capacity,
air is introduced into the containing space S to eliminate the
pressure difference. Next, according to a continuous reduction

25 of the pressure within the containing space S, the diaphragm
31 is displaced upward in Figs. 3A and 3B by the pressure while
compressing the spring member 33, which opens the opening section
31A to introduce air into the valve chamber R. This moderates
the negative pressure in the valve chamber R and produces a

30 pressure difference between the interior of the containing space



recording head; Fig. 24 is a schematic sectional view for explaining a sixth
exanple for coupling of an ink tank, a one-way valve, and a re8dMARGH 290Ad;
Fig. 25 is a schematic sectional view for explaining a seventh exanple for
coupling of an ink tank, a one-way valve, 25 and a recording head; Figs.
26A and 26B show two exanpl es of nmecha&fi smfor attaching an ink tank and
recordi ng head; Figs. 27A to 27C are schematic sectional views for

expl ai g ?ﬂdatﬁgnsfzéﬂ%a&h%b%’idRaQtQE’ﬁéaé L8 Pimd f hglﬁ aggbg/&%eo%&?f N

i nk supplying device having a one-way valve rn ano 3

aspect pedKe thie el ddieds 0N thd Bpehih$ PN A& &hel ahd 6f th8hSEIBwWi N
whi ch an opening section for introducing atnosphere 1is sealed; Fig. 27B

show nmeedlat22otot be darrodueddatieityo bgier eontepaigospalkcd 8. at nosphere
i nt roduci ng opening section as a 5 result of contraction of an ink tank;
Fig. 27C shdw hheainssaat vherheopembngrsentdon Bd Aatmopenedi e ratattng
O o Snsopodust 10n of air, turbulence may occar in the air fiow .
In the present example, however, since the valve chamber R and
the ink containing space S are in communication with each other
through the hollow needle 22 and the opening 22A at the end of
the hollow needle 22 has a configuration to allow meniscuses
to be formed, there will be no flow of a great amount of ink
into the valve chamber R.

Even when ink enters the valve chamber R as a result of an
ambient change or a swing of the apparatus during transportation,
since the ink is returned to the containing space S as a result

15 of the operation of introducing air to adjust the negative
pressure in the ink containing chamber S, the ink tank 10 and
the one-way valve 30 eventually return to preferable states.

Taking the above operation into consideration, it is
preferable to determine an opening dimension a of the opening
22A at the end of the hollow needle 22 such that the meniscus
holding capacity will be smaller than the force to open the
opening section 31A into the valve chamber R. For example, the
opening preferably has a circular configuration with an opening
diameter of 5 mm or less and more preferably has a circular

25 configuration with an opening diameter of 1 mm or less. A length
L of the hollow needle 22 is preferably such a dimension that
ink is unlikely to reach the valve chamber R even when it is
moved toward the valve chamber R by turbulence in the air flow

as described above, the dimension precisely being 0.5 mm or more

30 and more preferably being 5 mm or more, for example.



explaining a configuration and an operation of a second exanple of an ink
suppl yi ng devi ce having a one-way valve in the other aspect of 22/ARGH2M0A
i nvention; Fig. 28A showing a state of the sane in which an opening section
for introducing atnosphere is sealeg;3FLg. 28B showing a state of the sane
I mmedi ately before separation of the nosphere i ntroduci ng openi ng section
as a 15 result of contraction of an ink tank; Fig. 28C showng a state of

the same insﬁ/ehcébﬁbﬁg&&w}@é Qrid g9 #ech ddafR At S ARHdeIN cond iGPENed t 0
i ntroduce air; Fig. 28D showi ng a configuration of a sealing nenber; Fig.

29 i s atiwwenehan sendidriains iciv the agphalniuse of cdnd i gppatiadusfswachhi rd
enbodi nent of an ink supplying device having a one-way valve in the other
aspect asf at$eihgvefittiheapparatosi dunisghtnansposdiat bomland an fambient
explaining a configuration _of a fourth_ enbodi ment of an ink supplying

devi ce Chiigeg andid REPWILS YerY RreferabispRerformance Widit ixsigang Fig.

31 s sghematjc, section view for, explaining a, confjguratiqn of. a fifth
orbbai BOnCRA ShAPRR IRy | PonAaRtiYe Ros s aEeods il ehran B ot her
aspectfgbgfﬁiﬁ§v§gghpn; Fig. 32 is a schematic sectional view for
expl ai ning a configuration of a sixth enbodi nent of an ink supplying device

30 having ag@es ¥a¥niHd andcllds it FuRsPeshs U £ te ioherapivalve 30,
the interiors of the valve chamber R and the ink containing space
S are kept at a constant pressure.
Figs. 4A, 4B, and 4C illustrate an ink supplying operation
of the ink tank 10 that is coupled with the recording head 20.
Fig. 4A shows a state of the ink tank 10 that is reached
when a small amount of ink is consumed from an initial state
(Fig. 2) in which the containing space S is fully charged with
15 ink. Fig. 4B shows a state in which the movable member 11 has
been displaced downward (in the direction of compressing the
spring member 40) as a result of ink consumption. The movable
member 11 is at its maximum downward free displacement in the
state shown in Fig. 4B, and the flexible film as the movable
member 11 is tensioned and also subjected to a load from the
spring member 40 when the ink is further consumed, which
increased the negative pressure in the containing space S. When
the negative pressure in the containing space S exceeds a
predetermined air introducing pressure, the one-way valve 30
25 opens as described above to introduce outside air into the
containing space S as shown in Fig. 4C. Therefore, the pressure
in the containing space S is not decreased below the
predetermined pressure, and a constant pressure is maintained
in the containing space S. As a result, ink is supplied to the

30 recording head 20 with stability to allow a recording operation



22 MARCH 2007 - 24 Fig. 33 is a schematic sectional view for explaining an
exanpl e of a configuration of the ink tank focusing on a gas p&eMARGHRP07
Figs. 34A, 34B, and 34C illustrate states of use of the ink 5 tank in Fig.
33; Fig. 35 illustrates an osnotic pressure of a gas in the ink tank in
Fig. 33; Fig. 36 is a schematic sectionhal view for explaining an exanple of
anot her configuration of the ink tank focusing on a gas transm ssion. Fig.

37 is acHeipdtfotREll 882He%iPEFNOWHEréFoLEaMANC ink tJKK %\Fﬂ@%atﬁér
which is a liquid container used in still another enbodi nent of the

I nvent iabowarddeste ibid cemf i giratiion egD1li be passFesredt €oralihe nount ed;

15 Figs. 38A to 38E are illustrations for explaining operations of the ink
cont ai edfif stbenti and daquategappliicahnion| oft tdwe prevenitndgrnvent konenshi p
between a negative pressure in an ink containing space of the ink

cont ai ner skEd@h ih shews3a ZedakkonsBiipt Petwasm ﬁﬁﬁgw&nti of ipks a

SChgmtsiuCppsfféciioﬂglin\g etvi’les hf%n%a%&mﬂ? rthe present embodiment of the
invention and changes in the pressure in the containing space

S. In a configuration as disclosed in the above-cited Japanese
Patent Application Laid-open No. 7-125240 (1995) or Japanese
Patent Application Laid-open No. 7-125241 (1995) in which an
enclosed system is established by balancing a force originating
from ink meniscus (a liquid seal) formed in the region of an
annular orifice and a negative pressure provided by a spring,
the introduction and blocking of air is performed with poor
response and a pressure in a tank fluctuates significantly for

15 reasons including the fact that the configuration involves an
operation of breaking and re-forming the liquid seal before and
after the introduction of air in response to an increase in the
negative pressure and the fact that the ink level in the tank

is unstable. On the contrary, in the present embodiment of the
invention, the introduction (Fig. 4C) and blocking (Fig. 4B)

of air is quickly and stably performed to maintain a stable
negative pressure or stable supply of ink in a wide range until
ink is used up as shown in Fig. 5. When air residing in the
containing space S is expanded as a result of a decrease in the

25 outside air pressure or an increase in the ambient temperature,
the movable member 11 is displaced upward as shown in Fig. 6.
That is, the movable member 11 is displaced upward according
to the expansion of air in the containing space S to absorb a
pressure change resulting from the expansion of air. Further,

30 the spring member 40 exerts a load in the direction of urging



exanpl e of an ink container which is a liquid container used in still

anot her embodi nent of the invention and onto which an ink jet réMARGH®PO7
head is integrally nmounted; Fig. 41 is an illustration showi ng how a

vol unetric capacity 25 of an ink cont3 | ni ng space changes in accordance
with the amobunt of extracted liquid (1°nk) in order to explain a function of
a buffer area for preventing pressure fluctuations fornmed by the ink

cont ai fgle MBYADHld menbes i1 Nipifard2A RAbrgBantepebeiid G & ehdr¥Rbryi ews

for 30 explaining an exanple of a configuration and an operation of 22 MARCH
2007 reldiabinpntaintrabnddninttiné contakndogt apaee Sn wWAscah e sukt erimke
buffer area is fornmed; Figs. 43A and 43B are schematic sectional views for
expl ai eangbasuphbed o thecvarogpding beasthd0anibthatabbhidy to parform

anot her enbodi nent of an .ink container in which a preferable buffer area is
fornmed? Eegording grematiqn ;2fodesdTakpl fHhi FOWBsiigh kd amdPer $hS or the
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containing space S expands as shown in Fig. 6, which prevents
ink in the ink tank 10 from leaking out.

In order to allow an increase in the volume of air introduced
into the containing space S, the amount of an increase in the
volumetric capacity of the space (Vs) as a result of deformation
(upward displacement) of the movable member is preferably
determined equal to or greater than the amount of an increase
of introduced air (AVi).

Since the level of ink in the ink tank 10 is decreased in

15 accordance with the amount of ink consumed in (extracted or
supplied from) the ink tank 10 by introducing outside air into
the ink tank 10 through the one-way valve 30 as described above,
the ink in the ink tank 10 can be substantially completely
extracted through the supply port 15. In addition, since the
one-way valve 30 prevents the ink or air (£luid) in the ink tank
10 from being extracted or leaked to the outside, the ink in
the ink tank 10 will not leak out through the communication port
16 regardless of the attitude or orientation of the ink tank
10 in use. Therefore, there is no particular restriction on the

25 attitude of the ink tank 10 in use.

The one-way valve 30 is not limited to the configuration
utilizing a diaphragm described in the present example, and
various configurations may be employed including a configuration
similar to that of a general check-valve in which a valve body

30 is pressed against a valve seat by an urging force of a spring



froma supply port to nearly use up the sane. Fig. 46A to 46F are schematic
sectional views for explaining an exanple of a configuration addMARCH 2007
operation of an ink tank to be considered in order to have a design
condition thereof 15 generalize. Fig. 47 illustrates a relationship between
a negative pressure in an ink tank SHOWA in Fig. 46A and the anount of

remai ning ink; Fig. 48 iIIustrates a relationship between a negative
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Fig. 46A and a relationship between a negative pressure 25 therein and the

anount thfe dekaitankg ihko ahe BugsiddAamdd & B Pawhint restuct sn anf exhampl e
of an ink tank of another confi%ur ation shown in Fig. 46A and a
rel ati dgas ) invee vided dnkefankyd Opfaemthe mueshdend Epecassurithat ink

remai ni n I nk. 30,22 MARCH 2007 - 26 .
5 exists outside the one-way valve 30 (under the diaphragm 31 in

Fig. 3B, for example) i.e., outside the ink tank 10 corresponding
to the configuration thereof, the one-way valve 30 allows the
external ink to be introduced into the ink tank 10.
The position of the communication port 16 of the ink tank

10 is not limited to the bottom of the ink tank 10, and it may
be in any position of the tank. For example, the communication
port 16 may be provided in a top or side section of the ink tank
10 where air introduced into the containing space S is located.
1.2 Second Embodiment of Basic Configuration

15 Fig. 7 illustrates a second embodiment of the basic
configuration of the invention. In the illustrated
configuration, a spring member 42 in the form of a tension spring
is provided outside an ink containing space S, the spring member
42 exerting a force that expands a movable member 11 outward
to generate a negative pressure within a range in which an ink
ejecting operation of a recording head can be performed in
equilibrium with an ability to hold meniscuses formed at an ink
ejecting section of the recording head.

That is, the function of the spring member 42 is

25 substantially the same as the function of the spring member 40
of the first embodiment. However, since the present embodiment
has a configuration in which the spring member 42 is not in direct
contact with ink, the spring member itself has a long shelf life
and improved stability, and freedom in selecting an ink material

30 increases.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invg@%&gp Wil |
now be described in detail with reference to the drawings. 5 VAf 2007
enbodi ments of the invention applied to an ink jet recording apparatus wll

be descri bed bel ow. Specifically, a Iiquid container contains ink to be
supplied to an ink jet recording head’ and the term "ink" may therefore be
substituted for the term"liquid'. Specifically, the present invention is

effectivg 196138 EHbS@IHENR B TUSLcBLRE Yurdbisn specifically, the

present invention is preferable for an in contal ning pignent to ensure

nmore excel | ghtilienkheuppryt ehdodcinfintShas alconfiefir@bionoinBaAsieh the
Configuration 15 1.1 First Enbodi nent of Basic Configuration Figs. 2 to 6
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Fig. 2, reference nuneral 10 represents a cartridge type ink tank (also

r ef er r SPTRING MemMbr degy rhequni ttadvipy cﬁpxmknsahheb@eﬁgmm Elgwible
reference nuneral 20 regresent a recording head that can eject ink
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provided with a property of being displaced in the direction
of increasihg the volumetric capacity of the containing space
S to have the flexible film itself serve as a spring member as
an urging unit.

Fig. 8 shows an embodiment of such a configuration in which
a movable member 11' is formed using a flexible film having
appropriate spring properties to achieve a function
substantially similar to that of the spring member 40 in the

15 first embodiment. The present embodiment is advantageous in
that ink containing efficiency is improved and in that the
manufacturing cost of an ink tank is reduces because no special
spring member is disposed.

An ink tank having such a flexible film may be obtained by
forming an ink tank outer wall and an ink containing inner wall
that can be deformed such that it is separated from the outer
wall simultaneously at the same step using a direct blow forming,
as disclosed in Japanese Patent Application Laid-open No.
9-267483 (1997), for example.

25 For example, such an ink tank may be used in a case in which
a negative pressure can be maintained in a range that is somewhat
appropriate for a recording head in consideration to a water
head difference attributable to the positional relationship
between the ink tank and the recording head and the magnitude

30 of a negative pressure generated at the recording head and in



el ectrot hermal conversion body may be used as energy for ejecting 25 ink. In
this case, filmboiling of ink may be caused by heat gener at ed 2BWAREH 2007
el etcrothermal transducer, and ink may be ejected through an ink ejection
port by foam ng energy at that tinme. The ink tank 10 and the recordi ng head
20 in the present enbodiment nay be s¥parably or inseparably coupled to
configure 30 an ink jet cartridge that can be nounted to and detached from
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one. 5 An ink containing space Sis defined by a novable nenber 11 in the
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used.

Fig. 9 is a perspective view of an ink tank 127 with such
a configuration, the tank having an enclosed structure in which
top and bottom spring/sheet units 114 are mounted to openings
at the top and bottom of a square frame 115. As will be described
later, the spring/sheet unit 114 is constituted by a spring unit
112 including a spring 107 and a pressure plate 109 and a flexible
tank sheet (flexible member) 106. The frame 115 is formed with

15 an ink supply port 15 and a communication port 16.

Figs. 10A to 14B illustrate a method of manufacturing such
an ink tank 127.

First, Figs. 10A, 10B, and 10C are illustrations of steps
of forming the flexible tank sheet 106 with a convex shape.

A sheet material 101 for forming the tank sheet 106 is formed
from a raw material into a sheet having a large size, and the
sheet material 101 is an important factor of the performance
of the ink tank. The sheet material 101 has low permeability
against gases and ink components, flexibility, and durability

25 against repeated deformation. Such preferable materials

include PP, PE, PVDC, EVOH, nylon, and composite materials with
deposited aluminum, silica or the like. It is also possible to
use suchmaterials by laminating them. In particular, excellent
ink tank performance can be achieved by laminating PP or PE that

30 has high chemical resistance and PVDC, EVOH that exhibits high



pl ate 14 and which has a trapezoidal side configuration. As will 15 be
described later, the novabl e member 11 is deforned in accor dané&MARCH 2007
changes in the anobunt of ink in the containing space S and fluctuations of
a pressure in the same. In such cases,, the peripheral section of the

novabl e menber 11 is expanded and contracted or deformed in a good bal ance,
and the central section of the noveable nenber 11 noves up and down with a
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t he novabl e menber 11 is thus snoothly defornmed (noved), the deformation
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attributable to shock in the containing 25 space S. In the ink containing
space 8m tled0i pmptakivgdsafimeass) andedhsrabidl ihyt hntooconsfide nwbpenssi on
spring for exerting a force that expands the novabl e nenber 11 outward
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mechanism (not shown). The sheet material 101 is absorbed by
the vacuum hole 104 and formed into a convex shape that is
compliant with the convex portion 103 by heat from the forming
die 102. After being formed into the convex shape as shown in
Fig. 10B, the sheet material 101 is cut into a tank sheet 106
having a predetermined size as shown in Fig. 10C. The size is
only required to be suitable for manufacturing apparatus at
subsequent steps and may be set in accordance with the volume

15 of the ink tank 127 for containing ink.

Fig. 11A is an illustration of a step of manufacturing the
spring unit 112 used for generating a negative pressure in the
ink tank 127. A spring 107 that is formed in a semicircular
configuration in advance is mounted on a spring receiving jig
108, and a pressure plate 109 is attached to the same from above
through spot welding using a welding electrode 111. A thermal
adhesive 110 is applied to the pressure plate 109. A springunit
112 is constituted by the spring 107 and the pressure plate 109.

Fig. 11B is an illustration of a step of mounting a spring

25 unit 112 to the tank sheet 106. The springunit 112 is positioned
on an inner surface of the tank sheet 106 placed on a receiving
jig (not shown). The thermal adhesive 110 is heated using a heat
head 113 to bond the spring unit 112 and the tank sheet 106 to

form a spring/sheet unit 114.

30 Fig. 12A is an illustration of a step of welding the



with ink, and the spring nenber 40 is conpressed to generate 5 an adequate
negative pressure in the ink tank even in this state. The reco?ﬁMﬁ&Cﬂé’QW 20
i's equi pped with hollow needles 21 and 22 that can be stuck into rubber
plugs 17 and 18. The hollow needle 21 is stuck into the rubber plug 17 to
forma supply channel L1 for supplyi ﬁ‘ﬁ the ink in the containing space Sto
t he recordi ng head 20. A filter 23 is provided in the supply channel L1.
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of the frame 115 and a circumferential edge of the tank sheet
106 of the spring/sheet unit 114 in the figure. Since the sheet
absorbing jig 117 sets the top circumferential edge of the frame
115 in Fig. 12A and the circumferential edge of the tank sheet
106 of the spring/sheet unit 114 in a uniform face-to-face
relationship, the bonding surfaces are quite uniformly thermally
welded and sealed. Therefore, the sheet absorbing jig 117 is

15 important for thermal welding in order to provide uniform

sealing.

Fig. 12B is an illustration of a step of cutting off a part
of the tank sheet 106 protruding from the frame 115 with a cutter
(not shown). A spring/sheet/frame unit 119 is completed by
cutting off the part of the tank sheet 106 protruding from the
frame 115.

Fig. 13, Fig. 14A, and Fig. 14B are illustrations of steps
of thermally welding another spring/sheet unit 114 fabricated
through the above-described steps to such a spring/sheet/frame

25 unit 119.

As shown in Fig. 13, the spring/sheet/frame unit 119 is
mounted on a receiving jig (not shown), and the periphery of
the spring/sheet/frame unit 119 is surrounded by an absorbing
jig 120 whose position is defined relative to the receiving jig.

30 The receiving jig is in surface contact with an outer planar



I's conpletely seal ed when the holl ow needl es 21 and 22 are not _stuck and is
substantially seal ed when the needl es are stuck except for t he?? NI@RQUF?BPKI
port 15 and the conmunication port 16. 30 The schematically illustrated
one-way val ve shown in 22 MARCH 2007 - 29 figures shows its function
synbolically. The states of the val veétlin the figures do not indicate an
opening state or a closing state of the valve as they are. O her figures
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when applied to the configuration shown in Fig. 2. It is a matter of course
t hat samd A& gl icthéen speihg/mhrept hmbbelddi ba absorbad idnddielad t he
simlar manner to the other exanples which will be explained hereinafter.
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configuration to be copnected to the ink tank 10 throygh a holl ow needle

(tube) 185 ARRLRPHI AR TRERMALRIoIGi 14l the 1oyerad Taht 2nde W/8in is

confi gui e 1398 of RRY 88Pi¥Y 197 of the spring/sheet unit 114 and ends

107A and 107B of the spring 107 of the spring/sheet/frame unit
119 substantially simultaneously. The ends 1i07A of the springs
107 have a convex shape, and the other ends 107B have a concave
shape, which causes them to fit each other respectively an a
self-alignment basis. A single spring member is formed by
combining those springs 107 as a pair of spring member forming
bodies.
The holding jig 121 is further lowered to compress the pair
15 of springs 107 as shown in Fig. 14A. In doing so, the holding
jig 121 widely presses the top planar section 106A of the
spring/sheet unit 114 in Fig. 13, i.e., a top flat region of
the tank sheet 106 that is formed in a convex configuration.
As a result, the position of the planar section 106A of the tank
sheet 106 is regulated, and the spring/sheet unit 114 approaches
the unit 119 and the jig 120 located below the same while being
kept in parallel with them. Therefore, as shown in Fig. 14B,
the circumferential edge of the tank sheet 106 of the spring
sheet unit 114 is absorbed and held at the vacuum hole 120A in
25 contact with a surface of the absorbing jig 120, and it is also
put in a uniform face-to-face relationship with the welding
surface (the top joint surface in the same figure) of the frame
115. In this state, annular joint surfaces of the top
circumferential edge of the frame 115 of the spring/sheet/frame

30 unit 119 and the tank sheet 106 of the spring/sheet unit 114



utilizing a diaphragm 31. Specifically, the diaphragm31 is fornmed with an
openi ng section 31A at a fixed position in a face-to-face rel af? YARRHZORT t h
a sealing nenber 32 provided with a housing 36 in a fixed manner. The
opening 31Ais normally sealed with the sealing nmenber 32. The di aphragm 31
Is urged by a spring nenber 33 downnd®d “i n Fi g. 3A through a support plate
34 explained |ater. The opening 36A having a communication with the

at nos ' hde ousi| seanst i S vl chanber R
PRGL ﬂﬁedlﬁg%%!rlgg%e%’hécf'eﬁ Hﬁbﬂg_ootqméf'?i%?ﬁ%%t dd€Shedd f”l&\ée

in which the _ 131 and the spring ne 3 are provi e_d', and the
seal i ng menBor cdhpredded tRed pRAX toPNsprinyd a0®7 twhidee A4t i onship

with the opening 31A. Wen the opening section 31A is pressed agai nst the
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bl ock the communi cati on channel L2 between the valve chanmber R and 30 the
at nosp@nk sheetdfifoof thet uppen unit dilghansbithgeplanar 2R DOOX -
30 _the diaphragm 31 and_has an openi ng 34A corresponding to the_ . opening
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needl e .32 +@n Ok & 1Y€ thereof can be produced on a mass production
basis with stability. Since the pair of springs 107 are
symmetrically and uniformly compressed and deformed in Figs.
14A and 14B, there will be no force that can incline the
spring/sheet unit 114, which makes it possible to produce ink
tanks 127 having high parallelism between the planar sections
106A of the pair of tank sheets 106 thereof with higher stability.
Further, since the pair of springs 107 are symmetrically and
15 uniformly compressed and deformed in Figs. 14A and 14B, the
interval between the planar sections 106A of the pair of tank
sheets 106 in a face-to-face relationship changes with higher
parallelism maintained, which consequently makes it possible
to supply ink with stability. Further, the ink tank 127 has high
sealing property, pressure resistance, and durability because
no force acts to incline the planar section 106A of the flexible
tank sheet 106.
Thereafter, the part of the tank sheet 106 protruding from
the frame 115 is cut off to complete the ink tank 127 as shown
25 in Fig. 10. The interior of the ink tank 127 has an enclosed
structure that is in communication with the outside only through
the ink supply port 15 and the communication port 16.
Fig. 15 is a sectional view of the ink tank containing chamber

130 having the ink tank manufactured through the above processes.

30 Ink can be reserved in the ink tank 127, and the ink is



position within the hollow needle. Therefore, the val ve chanber
sane internal pressure as that in the ink containing space S. %@ﬁRCE’kzopg
supplied fromthe ink tank 10 to the recording head 20 to reduce the anpunt
of ink in the containing space S, the pressure in the containing space

Si nner pressure) decreases (the negat"f:{je’ pressure increases) accordingly.
When the pressure in the containing space S becones equal to or |ess than
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127. Air can be introduced into the ink tank 127 through the
communication port 16 in a similar manner with the above
embodiments. The ink tank containing chamber 130 having the
generally enclosed structure formed by the 1lid 132 is in
communication with the outside only through a small hole 142.

An ink tank containing chamber 130 may be constructed in
which a single ink tank 127 is contained or in which a plurality

15 of ink tanks 127 are contained.

Fig. 16 shows such a structure in which a plurality of ink
tanks 127 are contained. The ink tanks 127 are mounted to an
ink tank mounting section 131 using welding or bonding.
Thereafter, a 1id 132 is mounted to an opening of the ink tank
containing chamber 130 using welding or bonding to form a
semi-enclosed space in the ink tank containing chamber 130.
1.5 Example of Structure of Ink jet Printing Apparatus

Fig. 17 is a perspective view of an example of an ink jet
recording apparatus as a liquid-consuming apparatus to which

25 the invention can be applied.

Such a recording apparatus is a serial type ink jet printing
apparatus. In the recording apparatus 50 of the present
embodiment, a carriage 53 is guided by guide shafts 51 and 52
such that it can be moved in main scanning directions indicated

30 by the arrow A. The carriage 53 is moved back and forth in the



I ntroduce outside air under a pressure higher than that in the valve
chamber R into the valve chanber R Such introduction of 30 out $##AREGH 2007
noderates the pressure in the valve chanber R and 22 MARCH 2007 - 31 the
cont ai ning space S, and the opening section 31Ais then closed again by the
urging force of the spring member 337 49 to this point, the pressure in the
val ve chanber Rrises near to that of the atnosphere. The urging force of
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and it may form an ink jet cartridge in combination with the
ink jet recording head. Paper P as arecordingmediumis inserted
into an insertion hole 55 provided at a forward end of the
apparatus and is then transported in a sub-scanning direction
indicated by the arrow B by a feed roller 56 after its
transpbrting direction is inverted. The recording apparatus 50
sequentially forms images on the paper P by repeating a recording
operation for ejecting ink toward a printing area on the paper

15 P while moving the recording head 20 in the main scanning
direction and a transporting operation for transporting the
paper P in the sub-scanning direction a distance equivalent to
a recording width.

The ink jet recording head 20 may utilize thermal energy
generated by an electrothermal transducer element as energy for
ejecting ink. In this case, film boiling of ink is caused by
the heat generated by the electrothermal transducer element,
and ink is ejected from an ink ejection port by foaming energy
generated at that time. The method of ejecting ink from the ink

256 jet recording head is not limited to such a method utilizing
an electrothermal transducer element and, for example, a method
may be employed in which ink is ejected utilizing a piezoelectric
element.

At the left end of the moving range of the carriage 53 in

30 Fig. 17, there is provided a recovery system unit (recovery



When the negative pressure in the containing space S exceeds the

predet erm ned val ue due to a supply of ink into the recording REAMARGH 2007
pressure difference occurs between the interior of the containing space S
and the valve chanber R At the instant_ when the pressure difference
exceeds a neni scus hol di ng capacity, - Wris introduced into the cont ai ni ng
space Sto elimnate the pressure difference. Next, according to a
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di aphragm 31 is displaced upward in Figs. 3A and 3B by thé pressure ile
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a preferable ink ejecting condition of the ink jet recording
head by introducing a negative pressure in the cap covering the
ink ejection portion to absorb and discharge ink through the
ink ejection ports. Further, a recovery process for maintaining
a preferable ink ejecting condition of the ink jet recording
head by ejecting ink towards the cap (also referred to as
“"ejection recovery process”) may be performed.
15 In the recording apparatus of the present embodiment, ink
is supplied to the ink jet recording head 20 from the ink tank
10 carried by the carriage 53 along with the ink jet recording
head 20.
1.6 Modification
At least a part of the inner wall of the containing space
S of the ink tank 10 may be constituted by a movable member 11
such as a flexible film that can be deformed and, alternatively,
the entire inner wall may be constituted by such a member. In
such a case, a step of coupling the movable member 11 on an
25 exterior casing 13 can be omitted so that the number of parts
to be used can be reduced, which contributes to produce a good
effect in reducing manufacturing cost. Instead of providing
such a deformable member, a member that is displaced in
accordance with the volumetric capacity of the containing space

30 S may be provided in a part of the wall.



t hrough the hol |l ow needl e 22 and the opening 22A at the end of the holl ow
needl e 22 has a configuration to allow neniscuses to be fornedz22MaRGH 2007
be no flow of a great amount of ink into the valve chanber R Even when ink
enters the valve chanber R as a result of an anbient change or a sw ng of

t he apparatus during transportation,- ¥nce the ink is returned to the
containing space S as a result 15 of the operation of introducing air to
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or separably integrated with a recording head and scanned in
a main direction has been described in the above embodiments,
the invention may be applied to an ink tank that is provided
separately from a recording head and that is provided with a
unit for supplying ink to the recording head through a tube and
generating a required negative pressure.
2. Embodiments of Connection of Ink Tank, One-way Valve,

15 and Recording Head

While it is possible to configure an ink jet cartridge that
can be attached to and detached from an ink jet recording
apparatus by coupling a recording head 20.and a one-way valve
30 with an ink tank 10 such that they can not be separated from
each other, configurations are possible in which both or either
of the recording head and one-way valve is separable.

In this section, a description will be made on several
embodiments of modes of coupling an ink tank, a one-way valve,
and a recording head.

25 2.1 First Embodiment of Mode of Coupling of Ink Tank, One-way
Valve, and Recording Head

Fig. 18 shows a configuration in which an ink tank 10 and
a recording head 20 are coupled such that they cannot be separated
from each other and in which the ink tank 10 and a one-way valve

30 30 are separably coupled. In the present example, it is possible



30 and nore preferably being 5 mmor nore, for exanple. 22 MARCH 2007 - 33
Such configurations are quite advantageous under conditions ot RéMAREEH2007
conditions of the actual use of the apparatus such as a swing of the
apparatus during transportation and an _anbi ent change, and it provides very
preferable performance with regard 5 t4 the stability of a negative pressure
inrelation to the recording head. Such opening and cl osi ng functi ons of
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containing Space S are kept at a constant pressure. Figs. 4A, 4B, and 4C
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with the recording head 20. Fig. 4A shows a state of the ink tank 10 that
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(Fig. 2) in which the containing space Sis fully charged with 15 ink. Fig.
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can be reduced, accordingly. Further, in the case where the same
ink tank 10 is used for a different recording head or recording
apparatus, or in the case where an using method differs in using
the same recording head, the optimum negative pressure value
applied to the recording head may differ in each case. However,
even with the same ink tank 10, the negative pressure value can
freely set only by replacing the one-way valve 30, which
contributes to produce a distinctively versatile system.

15 2.2 Second Embodiment of Mode of Coupling Ink Tank, One-way Valve,
and Recording Head

Fig. 19 shows a configuration in which an ink tank 10 and
a one-way valve 30 are coupled such that they cannot be separated
from each other and in which the ink tank 10 and a recording
head 20 are separably coupled. In the present embodiment, it
is possible to replace the combination of the ink tank 10 and
the one-way valve 30, the recording head 20 alone, or the
resultant ink jet cartridge as a whole with new one. A filter
23 may be provided in the ink tank 10.

25 In such a configuration, no specific part is required for
enabling a separation between the ink tank 10 and the one-way
valve 30. Thus, as a whole, it is effective to achieve a cost
reduction in manufacturing.

Alternatively, the ink tank 10 and the recording head 20

30 may be separably coupled, and the ink tank 10 and the one-way



menber 11 is tensioned and al so subjected to a load fromthe spring nenber
40 when the ink is further consuned, which increased the negat Wé’"%%‘b%ﬂﬁe
in the containing space S. Wien the negative pressure in the containing
space S exceeds a predetermned air introducing pressure, the one-way valve
30 25 opens as described above to int *8diice outside air into the containi ng
space S as shown in Fig. 4C. Therefore, the pressure in the containing
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pressure is maintained 1h the containing space S. As a result, 1nk is
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t ank hewiengratheralbeveo datonebwd tdomiewywores | ol thibecpsef,etihed fficktehe
efficient and adequate application of the present invention. Fig. 5 shows a
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protecting the one-way valve, which is comparably a precision

part, while distributing the ink tank 10, resulting in realizing
a distribution with a simple packaging of the ink tank.

2.3 Third Embodiment of Mode of Coupling Ink Tank, One-way Valve,
and Recording Head

Fig. 20 is a sectional view showing a third embodiment of
a mode for coupling an ink tank, a one-way valve, and a recording
head.

15 In the present embodiment, a one-way valve 20 is provided
integrally with a recording head chip (hereinafter also simply
referred to as "recording head”) as illustrated. An ink tank
is detachably mounted to the one-way valve 30 that is provided
integrally with the recording head 20.

The one-way valve 30 is provided in a part of a holder 22
for holding the recording head 20, and a hollow joint needle
238 is mounted to the valve, the needle being in communication
with the channel opened and closed or blocked by the valve. The
one~-way valve 30 is primarily constituted by a movable member

25 231 having a sealing elastic body 233 mounted on an end thereof
and a spring 232 for urging the movable member 231 to operate
in the direction of closing the valve. Specifically, when the
movable member 231 is urged downward in the figure by the spring
232 in accordance with a diffeience between pressures acting

30 on both sides thereof (both sides of the same in the vertical



encl osed systemis established by balancing a force originating fromink
meni scus (a liquid seal) formed in the region of an annul ar or 2R MARCGEHPOZ
negative pressure provided by a spring, the introduction and bl ocking of
air is perfornmed with poor response and a pressure in a tank fluctuates
significantly for 15 reasons includihd“iﬁe fact that the configuration

I nvol ves an operation of breaking and re-formng the |iquid seal before and
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While a needle valve is illustrated as the one-way valve
by way of example, a diaphragm valve as described above may
obviously be used. This equally applies to a fourth and later
embodiments of modes of connecting an ink tank, a one~way valve,
and a recording head.

A joint needle 228 for supplying ink is also provided on
the recording head holder 22. A hollow in this needle is in

15 communication with an ink channel 227 having a filter 225 of
the recording head 20. The recording head 20 has a plurality
of ink ejection ports (not shown). An electrothermal transducer
element (not shown) for generating bubble in ink by generating
thermal energy is provided in an ink path (not shown) in
communication with each of the ejection ports. 1Ink is supplied
from the ink tank to the ink paths through the ink channel 227.

Briefly speaking, an ink tank 10 has a flexible movable
member 11 that forms a part of an ink containing section thereof
and a spring 215 for urging the movable member 11 upward in the

25 figure. This configuration makes it possible to generate a
negative pressure in a proper range for forming adequate
meniscuses at ink ejecting ports of a recording head 20 as will
be described later with reference to Figs. 21A, 21B, and 21C.
Specifically, a space above the movable member 11 in the ink

30 tank 10 is covered by an outer casing 13, and an atmosphere



- 35 the novable nmenber 11 upward. A constant pressure is therefore
reliably maintained in the containing space S. As a result, ink 228#Rq5L2007
supplied to the recording head 20 with stability to perform a recording
operation as desired. As shown in Fig. 3A the 5 one-way valve 30 renains
closed or bl ocked even when air in the® containi ng space S expands as shown
in Fig. 6, which prevents ink in the ink tank 10 from |l eaking out. In order
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space S, the anobunt of an increase in the unetric capacity of the space
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decreased in 15 accordance with the anmount of ink consuned in (extracted or
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in a central section thereof is regulated by a pressure plate
14 and which is deformable in a peripheral section thereof. That
is, the urging force of the spring 215 can be transmitted to
a relatively large area of the flexible film with the pressure
plate 14. The movable member 11 has a convex configuration in
the central section and a trapezoidal side configuration. As
apparent from the above, the movable member 11 can be deformed
in accordance with a change in the amount of ink in the containing
15 space thereof and fluctuations of a pressure in the same. In
such cases, the peripheral section of the movable member 11 is
expanded and contracted or deformed in a good balance, and the
central section of the moveable member 11 moves up and down with
a substantially horizontal attitude thereof maintained. Since
the movable member 11 is thus smoothly deformed (moved), the
deformation will cause no shock, and it is therefore possible
to prevent occurrence of abnormal pressure fluctuations
attributable to shock in the containing space. Even when there
is a relatively great change in the pressure or temperature of
25 outside air, it can be absorbed by the displacement of the movable
member as described above.
Rubber plugs 18 and 17 to be connected the joint needle 238
of the one-way valve 30 and the joint needle 228 for supplying
ink respectively are provided at the bottom of the ink tank 10.

30 As a result, the ink containing section becomes a completely



the ink tank 10 will not |eak out through the comrunication port 16

regardl ess of the attitude or orientation of the ink tank 10 i A2 }N<é&CH 2007
Therefore, there is no particular restriction on the 25 attitude of the ink
tank 10 in use. The one-way valve 30 is not limted to the configuration
utilizing a diaphragm described in thé”pfesent exanpl e, and various
configurations may be enployed including a configuration simlar to that of
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As described above, the use of the one-way valve for the
introduction of the atmosphere makes it possible to introduce
the atmosphere from the outside preferably unlike the
above-described example of the related art utilizing a liquid
seal in which problems can occur including leakage of contained
ink due to breakage of the liquid seal attributable to various
conditions such as an extremely great difference between air
pressures inside and outside the container and a shock or drop

15 that occurs during the handling of the ink tank. In order to
form meniscus at the liquid seal in the example of the related
art properly, the annular orifice must be designed in accordance
of specifications such as the capacity of the ink tank in which
the liquid seal is used. It is therefore impracticable to use
liquid seal units of one type in various ink tanks for general
purposes. On the contrary, a one-way valve can be used for ink
tanks of a relatively wide range of specifications because it
does not involve formation of meniscus, although it depends on
the elastic modulus of the spring used.

25 As described above, for example, when an ink tank and a
one-way valve are connected, ink meniscuses are formed at the
region of the joint needles in most cases depending on the
pressure at that time without any particular process for forming
ink meniscuses even if the one-way valve is provided separately

30 from the ink tank, which allows the valve to operate properly



port 16 may be provided in a top or side section of the ink tank 10 where
air introduced into the containing space Sis located. 1.2 Sec@RMMARCH 2007
Enbodi ment of Basic Configuration 15 Fig. 7 illustrates a second enbodi nent
of the basic configuration of the invention. In the illustrated
configuration, a spring nenber 42 in t¥e formof a tension spring is

provi ded outside an ink containing space 5, the spring nenber 42 exerting a

force thpirsaPeads asim¥ablae JRIDRaylyaavieaidest AoteRY & €e 2anguative
pressure within a range in which an"ink ejecting operation of a recording
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formed at an ink ejecting section of the recording head. That is, the
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function of the spring nmenber 40 of the first enbodi ment. However, since
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not .in direct. contact wth ink, the spring nenber itself has a |ong shelf
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to the pqsition where the valve is disposed as déscried above,
the holder 22 holding the recording head 20 and the one-way valve
30 may be fixed on a carriage of the ink jet recording apparatus
shown in Fig. 17 or may constitute a part of the carriage. That
is, an ink jet recording apparatus can be configured with a
capability of replacing an ink tank alone by using a recording
head that has sufficient durability with respect to an actual
period of use of the apparatus, or by using ink that allows the

15 performance of the record_ing to be maintained for such a period.
As a result, the running cost of the apparatus can be
substantially limited to the cost required for tank replacement
except for the recording medium such as paper.

An ink tank in an initial state that is newly put in use
is completely charged with ink, and the spring 215 is fully
expanded in an allowable range, in which state a minimum negative
pressure or, conversely, a slightly positive pressure is
normally considered to exist in the ink containing chamber.
However, a high negative pressure may exist when it is mounted

25 because of ambient conditions and the state of transportation.
In the event that the joint needle 228 of the recording head
20 enters the containing space of an ink tank 10 prior to the
joint needle 238 of the one-way valve 30, a great negative
pressure in the excess of an ability for holding ink meniscuses

30 formed at the ink ejection ports of the recording head may act



VWhile the first enbodi nent has a configuration in which the spring nenber
is provided to generate a negative pressure, the spring menber 22#iARSE 2007
omtted by forming the deformable flexible 5 filmto serve as a novabl e
menber using a material having spring %groperties. Specifically, the
flexible filmmay be a material provitted with a property of being di splaced
in the direction of increasing the volunetric capacity of the containing
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I n Japying1 EREEY moRRIt &Rl | Aok d10P8R W¥der to omit such a process
and to suppress ink consumption, a configuration is preferably
employed in which the joint needle 238 of the one-way valve 30
enters the containing space prior to the joint needle 228 of
the recording head 20. Specifically, that is a configuration
in which the joint needle 238 of the one-way valve 30 is made
longer than the joint needle 228 of the recording head 30 when
the joint holes 239 and 229 are provided at the ends of the joint

15 needles 238 and 228, respectively. 1In such a configuration, the

supply channel in the recording head 20 is formed after the joint
needle 238 of the one-way valve 30 enters the containing space
to provide a proper negative pressure through the introduction
of air through the one-way valve 30.

Figs. 21A, 21B, and 21C illustrate adjustment of a negative
pressure in an ink tank associated with an operation of supplying
ink from the ink tank that is specifically the ink tank 10 shown
in Fig. 20.

Fig. 21A shows a state that is reached when a small amount

25 of ink is consumed from an initial state of the ink tank 10 in
which the ink containing space is fully charged with ink. Such
ink consumption results in a decrease in the pressure in the
containing space in accordance with the space corresponding to
the volume of the consumed ink, and the movable member 11 is

30 displaced downward accordingly. The displacement of the



9-267483 (1997), for exanple. 25 For exanple, such an ink tank may be used
in a case in which a negative pressure can be naintained in a Faﬁﬁﬁ‘ S
somewhat appropriate for a recording head in consideration to a water head
difference attributable to the positional relationship between the ink tank
and the recording head and the nagnifdﬁ%'SO of a negative pressure generated
at the recording head and in 22 MARCH 2007 - 38 which no problem occurs
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pressugadgfggrig% @Edaanébﬁfwwéapressure corresponding to the amount
of ink at that time.

Fig. 21B shows a state in which further consumption of ink
has further displaced the movable member 11 downward to cause
the movable member 11 to reach the maximum downward free
displacement. That is, when ink is consumed further in this
state, tension acts between the flexible film as the movable
member and the section holding the same to prevent displacement
of the movable member 11.

15 When ink is further consumed in this state, a negative
pressure is generated which is in accordance with the sum of
the elastic force of the spring 215 and the tension (only the
tension changes with the amount of ink). When the negative
pressure exceeds a predetermined value in such a process, the
movable member 231 of the one—way valve 30 is displaced upward
against the elastic force of the spring 232 because of a
relationship between the negative pressure and the atmospheric
pressure to open the valve, and outside air is thus introduced
into the containing space through the hole 239 in the joint needle

25 238. The negative pressure is thus kept at a proper value to
supply ink properly during a subsequent ink ejecting operation
of the recording head in accordance with the operation, which
makes it possible to substantially use up the entire ink in the
ink tank 10.

30 As described above, the pressure in the containing space



tank sheet (flexible nmenber) 106. The frame 115 is formed with 15 an ink
supply port 15 and a communication port 16. Figs. 10A to 14B il |24 MARH:2097
met hod of manufacturing such an ink tank 127. First, Figs. 10A, 10B, and

10C are illustrations of steps of formng the flexible tank sheet 106 with
a convex shape. A sheet materi al 101 ¥or formng the tank sheet 106 is

formed froma raw material into a sheet having a |l arge size, and the sheet

mat eri gli 1504 otS qaRddiY oW AHO prdad HerMehber Preeud , Witidhmdieak. The

sheet material 101 has | ow perneability against gases and ink conponents,
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materials include PP, PE, PVDC, EVOH, nylon, and conposite materials with
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materials by lamnating them In particular, excellent ink tank perfornmance
can beS3PR QI binkakPnihienFegording hpad 20 1 PeERoEmed &Qcardingance
and_PVDC, EVOCH that hibits high 22 MARCH 2007 - 39 perfornmance in
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result of a reduction in the pressure of the outside air or an
increase in the ambient temperature, the movable member 11 is
displaced upward. That is, the movable member 11 absorbs a
pressure change resulting from the expansion of air by being
displaced upward in accordance with the expansion of the air
in the containing space. Therefore, the pressure in the
containing space will not increase beyond a predetermined value,
and a predetermined pressure is always maintained in the

15 containing space with improved reliability. Further, the
one-way valve 30 remains closed to prevent the ink in the ink
tank 10 from leaking out even when air in the containing space
thus expands.

Since the one-way valve 30 prevents leakage of the ink or
air in the ink tank 10 to the outside, the ink in the ink tank
10 will not leak out through the communication port 16 regardless
of the attitude or orientation of the ink tank 10 in use.
Therefore, no particular limit is put on the attitude of the
ink tank 10 in use.

25 2.4 Fourth Embodiment of Mode of Coupling Ink Tank, One-way
Valve, and Recording Head

Fig. 22 is a sectional view showing a fourth embodiment of
a mode for coupling an ink tank, a one-way valve, and a recording

head.

30 In the present embodiment, an ink tank, a recording head,



As shown in Fig. 10A, such a sheet material 101 is fornmed 5 into a _convex

shape using a formng die 102 having a convex portion 103, a v&@éMARG L7

104, and a tenperature adjusting nmechanism (not shown). The sheet materi al

101 is absorbed by the vacuum hole 104 and fornmed into a convex shape that
is conpliant with the convex portion 203 by heat fromthe forming die 102.
After being fornmed into the convex shape as shown in Fig. 10B, the sheet
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the recording head 20 are respectively inserted into rubber plugs
18 and 17 of the ink tank 10 when the ink tank 10 is mounted.
The one-way valve of the present embodiment is also provided
separately from the ink tank, which obviously provides
advantages similar to the advantages described in the above
embodiment and which provides another advantage as described
below with respect to the position in which it is disposed. That
15 1is, a one-way valve having a life longer than the life of a
recording head is used as the one-way valve of the present
embodiment. Thus, the valve can be used even after the recording
head is replaced with new one, and it can therefore be used for
a period that is substantially the same as the life of a recording
apparatus. As a result, the running cost of the apparatus can
be reduced for the one-way valve.
2.5 Fifth Embodiment of Mode of Coupling Ink Tank, One-way Valve,
and Recording Head |
Fig. 23 is a sectional view showing a fifth embodiment of
25 a mode for coupling an ink tank, a one-way valve, and a recording
head.
In the present embodiment, an ink tank and a recording head
are formed integrally with each other and are separate from a
one-way valve. As shown in the figure, an ink tank 10 and a

30 recording head 20 are formed integrally with each other.



on an inner surface of the tank sheet 106 placed on a receiving jig (not
shown). The thermal adhesive 110 is heated using a heat head 123MARQHHAP7
the spring unit 112 and the tank sheet 106 to forma spring/sheet unit 114.
30 Fig. 12Ais an illustration of a stgp of welding the 22 MARCH 2007 - 40
spring/ sheet unit 114 to the frane 11%. The frame 115 is secured to a
frame receiving jig 116. After the flane 115 is positioned and placed on
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is inserted into a rubber plug 18 of the ink tank 10 when the
ink tank 10 is mounted.

The one-way valve of the present embodiment is also provided
separately from the ink tank, which obviously provides
advantages similar to the advantages described in the above
embodiment and which provides another advantage as described
below with respect to the position in which it is disposed. For
example, when special ink is used which can affect the durability

15 of a recording head or ink tank, it is desirable td replace the
recording head at the same time when the ink tank is replaced
because of the consumption of the ink. On the contrary, the
one-way valve may be fixed on a carriage of the ink jet recording
apparatus or may constitute a part of the carriage just as in
the case of the holder 22 in the embodiment according to Fig.
20. That is, a one-way valve having a 1life longer than the life
of the recording head is used as the one-way valve of the present
embodiment. Thus, the valve can be used even after the recording
head is replaced with new one, and it can therefore be used for

25 a period that is substantially the same as the life of the
recording apparatus. As a result, the running cost of the
apparatus can be reduced for the one-way valve.

2.6 Sixth Embodiment of Mode of Coupling Ink Tank, One-way Valve,
and Recording Head

30 Fig. 24 is a sectional view showing a sixth embodiment of



sealing. Fig. 12Bis an illustration of a step of cutting off a gart of the
tank sheet 106 protruding fromthe frane 115 with a cutter (no@ 200
spring/sheet/franme unit 119 is conpleted by cutting off the part of the
tank sheet 106 protruding fromthe frgme 115. Fig. 13, Fig. 14A, and Fig.
14B are illustrations of steps of thermally wel ding another spring/sheet
unit 114 fabricated through the above-described steps to such a

spri nglasmeae/ f62/@oupding dnlifk YenkhWdrnd-Wwag valbve | @R iregoremigfrane
unit 119 is mounted on a receiving jig (not shown), and the periphery of

t he sphieagl sheet/franme unit 119 is surrounded by an absorbing jig 120 whose
position is defined relative to the receiving jig. 30 The receiving jig is
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the tank sheet 106 of the spring/sheet/frame_,unit 119 to hold the pl anar
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107A apparatus; a joint needle 238 and the valve 30 are connected
with a tube 235; and the joint needle 238 is fixed to a holder
22D in the form of a carriage. On the contrary, an ink tank 10
and a recording head 20 are formed integrally with each other,
and the resultant integral unit is mounted in the holder 22D.
The joint needle 238 fixed to the holder 22D is inserted into
a rubber plug 18 of the ink tank 10 when the unit is mounted.
The one-way valve of the present embodiment is also provided
separately from the ink tank, which obviously provides
15 advantages similar to the advantages described in the embodiment
according to Fig. 20 and which provides another advantage as
described below with respect to the position in which it is
disposed. For example, when a one-way valve is used which has
high precision and consequently has a relatively large size,
it can increase the size of a recording apparatus when provided
on a carriage because the space occupied by the valve increases
the size of the carriage itself. On the contrary, a valve having
high precision can be used without increasing the size of an
apparatus by providing the one-way valve in a predetermined
25 position that allows efficient utilization of the space in the
apparatus.
While the present embodiment utilizing a tube relates to
an example in which an ink tank and a recording head are integral
with each other, it will be apparent from the above description

30 that the embodiment utilizing a tube is not limited to such cases



and 107B of the spring 107 of the spring/sheet unit 114 and ends 107A and
107B of the spring 107 of the spring/sheet/frane unit 119 substzamardH 3007
si mul t aneously. The ends 107A of the springs 107 have a convex shape, and
the other ends 107B have a concave shape, which causes themto fit each -
ot her respectively an a self-alignme®® basis. A single spring nenber is

formed by conbining those springs 107 as a pair of spring nenber form ng
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l.e., atop regl the tank s t© 106 t 'S med In a

convexzmrancytmtiﬁnwhl_/asm atlﬁé?uhke ideppestéi @uerﬁfeﬂtlf@ pl anar section 106A
of the tank sheet 106 is regulated, and the spring/sheet unit 114
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kept in parallel with them Therefore, as shown in Fig. 14B, the
ci reunVadars i aﬂln@dgéc@frdmtﬁﬂﬂdsheet 106 of the spring sheet unit 114 is
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figure
As shown in the figure, a buffer tank 236 is provided on

the way of a channel constituted by tubes 235A and 235B connecting
a one-way valve 30 and a joint needle 238. The purpose is to
prevent ink that has entered the tube 235A through the joint
needle 238 because of a relatively significant change in the
ambience of the ink tank or a shock to the apparatus from reaching
the one-way valve 30, thereby preventing the operation of the
15 one-way valve 30 from being adversely affected by the ink.
Specifically, even if ink enters the tube 235A through the joint
needle 238, the ink is accumulated in the buffer tank 236, and
it is possible to prevent the ink from entering the tube 235B
“that is directly connected to the one-way valve 30. While Fig.
25 shows a state in which a lower end of the tube 235A is immersed
in ink accumulated in the buffer tank 236, the ink in the buffer
tank is returned to the ink tank 10 in accordance with the
relationship between pressures inside and outside the ink tank
10 when outside air is introduced'through the one-way valve 30.
25 While a movable member 11 is configured such that it can
be displaced to absorb any abrupt increase in the pressure in
the ink tank 10 as described above, the buffering configuration
of the present embodiment confronts cases in which ink can enter
the tubes because of pressure changes or vibrations of ink that

30 can not be absorbed by such displacement.



115. In this state, annular joint surfaces of the top circunferential edge
of the frame 115 of the spring/sheet/frame 30 unit 119 and the 2RMARGH2WT
106 of the spring/sheet unit 114 22 MARCH 2007 42 are thermally welded to
each other with a heat head 122. By conpressing the pair of springs 107
while thus nmaintaining parallelismbe¢®een the planar section 106A of the
tank sheet 106 of the upper unit 114 and the planar section 106A 5 of the

bt oot vhe MR {0 EPEC ot dg "k Al S ‘RéchEd It J6HR Phitcor can
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springs 107 are symetrically and uniftor conpressed 4 eformed I n

Figs. névneifiglal itere€aik! brbedvof@iag hdd Gy d8stiridddeabove.
spring/ sheet unit 114, which nmakes it possible to produce ink tanks 127

havi ng hi ghFhiay.al26A i shiowst aceonfthgurtanibon sori moan thiGoA axidt fiexpaigr aof
tank sheets 106 thereof with higher stability. Further, since the pair of
sprpngsini7tank d¥maaeording ied tie vembodimendongphewbedadiigef 8Pred in
Figs. 14A and, 14B, the_.interval between the planar sectiaons 106A of the
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a top end of an ink tank 10 to fix the ink tank.

Fig. 26B shows a configuration for mounting and fixing an
ink tank 10 according to the embodiment shown in Fig. 23 in which
clicks 23 provided on top ends of a holder 22C engage a groove
10a formed in the vicinity of a top end of an ink tank 10 to
fix the ink tank.

2.9 Modification
A configuration is also possible in which the atmosphere
15 is introduced into an ink tank by force through a one-way valve
to pressurize the same, and it also makes it possible to keep
the pressure in the ink tank in a proper range.

In this connection, at least a part of an inner wall of a
containing space in an ink tank may be constituted by a movable
member such as a flexible film, and the inner wall as a whole
may alternatively be constituted by an unmovable rigid member.
3. Other Embodiments of Ink Tank Utilizing One-way Valve

While an atmosphere communication section or one-way valve
is disposed at a side section of an ink tank that is connected

25 to a recording head in the above embodiments, the position of
those elements is not limited to the embodiments, and they may
be provided in any appropriate position. Embodiments will be
described below in which an atmosphere communication section
is provided on a movable member of an ink tank and in which a

30 mechanism serving as a one-way valve is disposed in a container



paral | el i sm mai nt ai ned, which consequently makes it possible to supply ink
with stability. Further, the ink tank 127 has high sealing prop@MARCH 2007
pressure resistance, and durability because no force acts to incline the
pl anar section 106A of the flexible tank sheet 10.6. Thereafter, the part
of the tank sheet 106 protruding from®tHe frame 115 is cut off to conpl ete
the ink tank 127 as shown 25 in Fig. 10. The interior of the ink tank 127

has an 0S6H+ 8 MYCtH 1 fRak ahk I N communi cation with the outside only
t hrough the ?nk supply port %g and the comuni cation port 16. Fig. 15 is a

secti o)1 VFewstd Ergodilenank contai ni ng chanber 130 having the ink tank
manuf actured through the above processes. 30 Ink can be reserved in the ink
tank 127, aRdgishe 27T, i 27B2 MANCI2 2008how 43 fisrspl embodimernte Ak snjgply
port 15 of the ink tank 127 to a supply channel 136 through a filter 137
and i s tandp 1%7tﬁ£rthﬁuﬂweéﬁntoth9&&m@m§hi§ sybstantiaddwddrel s8me; s
bonded to . the head chjp 133 of the present enhodinent {o forman ink.,jet 5
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in Fig. 16. The ink tank of the present embodiment is different
from the configuration in Fig. 9 in that an atmosphere
introducing opening 2 is provided such that it extends through
a tank sheet section 106 and a pressure plate 109 instead of
providing a communication port 16 on the same side of a frame
115 where an ink supply port 15 is located. In the illustrated
embodiment, a container 130 is shown as containing a single ink
tank, and the interior of a containing space of the same is
15 exposed to the atmosphere through an atmosphere communication

port 3.

Fig. 27A shows an expanded state of the ink tank 127 that
is reached by filling the ink tank 127 with ink 7. The ink 7
is supplied to a supply channel 136 through a filter 137 and
is further supplied to a heater board 134 that is provided at
a head chip 133 as an ink-consuming section.

Referring to Fig. 27A, the atmosphere introducing opening
2 is formed at a section where the tank sheet section 106 and
the pressure plate 109 constituting the ink tank 127 are coupled.

25 The atmosphere introducing opening 2 is closed by a sealing

rubber 1 serving as a sealing member mounted to a tank containing
chamber 130 in a position associated with the atmosphere
introducing opening 2. In consideration to the fact that the
circumference of the atmosphere introducing opening 2 must have

30 planarity and any deviation from the relative positional



127. Air can be introduced into the ink tank 127 through the canmunication
port 16 in a simlar manner with the above enbodi nents. The i niR2MEARCH 2007
cont ai ni ng chanber 130 having the generally enclosed structure forned by
the lid 132 is in conmunication with e outside only through a small hole
142. An ink tank containing chanber 130 may be constructed in which a
single ink tank 127 is contained or in which a plurality 15 of ink tanks

127 ar ¢eqié PbASHi pFivd tvide g heHe S9N Bask’ UQhUGRd eivdi §8ad iRig! mAlbh &rof
i-nk tanks 127 are contai ned. The ink tanks 127 are nounted to an ink tank

mount i g ataatitout dBleusbngontirdiaigion donexkpgnsitherodaftitesr . tank imudB82bes
nounted to an opening of the ink tank containing chanber 130 using wel di ng
or bondvaidedfwhenatheecatmospharel igpbreduging opdaingk2 cositelosed eWanber
130. 1.5 Exanple of Structure of Ink jet Printing Apparatus Fig. 17 is a
per spedii® §8a iR P IrEPP Rk shp I @ PLES FHKE; Bi-atﬁelzg?cﬁ*ﬁga gt e nembgr
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di rect iqi®ormat §8he8ue to contraction or expansion of the ink tank 127.
In the present embodiment, a plate-like member constituted by
SUS304 is used as the pressure plate 109.

The atmosphere introducing opening 2 is a hole which extends
through the section where the tank sheet 106 and the pressure
plate 109 are coupled to establish communication between the
inside and outside of the ink tank 127, and it is required to
be sized such that ink meniscus can be formed and such that air

15 can be introduced at this section when it is spaced from the
sealing rubber 1 or when the sealed state is canceled.
Specifically, it preferably has a size ranging from about 0.01
mm to 2 mm in terms of the diameter. An appropriate size may
be chosen in consideration to the physical properties such as
surface tension and viscosity of the ink to be used and the
rigidity and elasticity of the tank sheet 106. The shape of the
atmosphere introducing opening 2 is not limited to the circular
configuration, and elliptic or polygonal shapes having the above
area may be employed without any particular restriction.

25 Referring to the sealing rubber 1 that is tightly fitted to the
atmosphere introducing opening 2, a member such as a rubber,
elastomer, or elastic resin is preferably used because it must
completely seal the atmosphere introducing opening 2 when put
in contact with the same. When the ink tank 127 is expanded,

30 the sealingrubber 1l is compressed to some degree by the expansion.



30 by the arrow A The carriage 53 is noved back and forth in the 22 MARCH
2007 44 main scanning direction by a carriage notor and a dri FRMARG 207
transm ssi on nmechani smsuch as a belt for transmtting a driving force of
the sane notor. The carriage 53 carrieg an ink jet recording head 20 (not
shown in Fig. 17) and an ink tank (ink %'bontainer) 10 for supplying ink to
the ink jet recording head. The ink tank 10 has a structure simlar to the
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the ink jet recording head. Paper Pas a recording mediumis inserted into
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transported in a sub-scanning direction indicated by the arrow B by a feed
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r ecor difiRFcepeesiilddngrfEpRc theg GAMPESELANa Oft i the ngeaddabrybReBager 15

D0 e el "8, 2 e b eSS g, SrLAgTaond @
di rect Ui fndio! 8368 SOUNAL °IL AOqndy SU£LESnY! €6M 1005 d b PLobeRe di N0
the region around the atmosphere introducing opening 2 where
the sealing rubber 1 and the tank sheet 106 are put in tight
contact as occasions demand, which advantageously improves
sealing properties. -

A description will now be made on an operation that is
performed when the amount of ink in the ink tank 127 is reduced
as a result of ink consumption. Fig. 27B illustrates
contraction of the ink tank 127 as a result of a reduction of

15 the internal volume of the same that proceeds with the
consumption of ink. The contraction occurs as a result of a
reduction in the volume of the ink in the ink tank, and the
pressure plates 109 as movable members move in the directions
indicated by the arrows Al and A2 accordingly. The region of
a spring 107 is pushed in the same directions as a result of
the movement of the pressure plates 109, and a repellent force
of the spring acts on the ink as a negative pressure accordingly.
Therefore, the negative pressure to the ink gradually increases
as the contraction of the ink tank 127 proceeds.

25 Further, the force compressing the sealing rubber 1 is
gradually reduced as the contraction of the ink tank 127 thus
proceeds, and the elasticity of the rubber returns the rubber
to a predetermined initial size. Fig. 27B shows a state of the
sealing rubber 1 immediately before the rubber is separated from

30 the atmosphere introducing opening 2 in which the rubber has



generated by an el ectrothermal transducer elenent as energy for ejectin
ink. Inthis case, filmboiling of ink is caused by the heat géf (§§
the el ectrothermal transducer elenment, and ink is ejected froman ink

ej ection port by foam ng energy generated at that time. The nethod of
ejecting ink fromthe ink 25 jet redbﬁ&iﬁg head is not limted to such a
nmethod utilizing an electrothermal transducer elenent and, for exanple, a
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process unit) 58 that faces a surface of the ink jet printing head carried
by t hesamer sigeéeh3thkeseadinignkubpent Lnis pot icompreeesédr, neénd dheirginger y

systemunit 58 is equipped with a cap capable of capping the ink ejection
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negatiye pressure into the cap, and the unit can perfornms recovery process
(aI%o Xeferred to as "suction recovery process”) for maintaining a
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127 is tempted to contract, the urging force of the ink tank
127 acting on the sealing rubber 1 substantially becomes zero,
and the sealing rubber 1 is instantaneously separated from the
atmosphere introducing opening 2 as shown in Fig. 27C. At that
instant, air 4 is introduced into the ink tank 127 through the
atmosphere introducing opening 2. The introduction of the air
4 increases the internal volume of the tank, and the tank sheet
106 is thereby expanded outward or in the directions indicated
15 by the arrows Bl and B2 again to put the atmosphere introducing
opening 2 in contact with the sealing rubber 1 again, which
instantaneously seals the opening to return it to the state shown
inFig. 27B. In the same state, the level 7a of the ink contained
in the tank is obviously lower than that in the state in Fig.
27A. The operations of entering the states in Figs. 27B and 27C
are repeated, which makes it possible to always keep the negative
pressure in the tank in a predetermined range even if the
consumption of ink proceeds. Air having substantially the same
volume as that of ink consumed through the ink jet head is
25 introduced into the ink tank. This makes it possible to replace
the ink in the ink tank with the introduced air completely and
to supply substantially the entire ink to the head, and the ink
in the tank can therefore be efficiently consumed.
Further, since the sealing rubber 1 is provided such that

30 it can expand and contract, any expansion of air in the ink tank



ink ejection portion to absorb and di scharge ink through the 1ink ejection
ports. Further, a recovery process for maintaining a preferablézM CH 2007
ej ecting condition of the ink jet recording head by ejecting ink towards
the cap (also referred to as "ejection recovery process”) may be perforned.
15 In the recording apparatus of the p ®sent enbodi ment, ink is supplied to
the ink jet recording head 20 fromthe ink tank 10 carried by the carriage
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keeps the negative pressure in the ink tank 127 unchanged and
improves the sealing between atmosphere introducing opening 2
and the sealing rubber 1, there will be no leakage of ink through
the atmosphere introducing opening 2.

The configuration of the present example to provide a
mechanism for functioning as a one-way valve within the container
which contains the ink tank enhances a reduction in size of the
ink tank and the one-way valve as a whole. A utilization of the

15 movable member provided in the ink tank will achieve a reduction
of the number of the parts to be used for the one-way valve and
a cost reduction in manufacturing the same.
3.2 Second Embodiment

Figs. 28A, 28B, and 28C shows an embodiment in which a sealing
member as shown in Figs. 27A, 27B, and 27C is used in a different
mode. In this case, a sealing member 311 that can be moved in
the direction of contraction of an ink tank 127 is provided
instead of the sealing rubber 1 in Figs. 27A, 27B, and 27C. As
shown in Fig. 28D, the sealing member 311 is constituted by two

25 discs 311A and 311C formed from a resin material and a shaft
311B connecting them. First, the disc 311A and the shaft 311B
are bonded together using a machine screw or adhesive, and the
bonded element is inserted through a hole 9 provided on a wall
of an ink containing chamber 130 from inside. At this time, a

30 coil spring 8 that is wound around the shaft 311B is interposed



- 46 Positions where the ink supply port 15 and the communication port 16
are to be formed may be set in the ink tank 10 in advance, and 22iMARCH2007
supply port 15 and the conmunication port 16 nmay be forned when the ink
tank 10 is used. What is required for 5 the ink tank 10 is to be able to
contain ink, and it is not necessartlé6r-equired to contain ink in advance.
Wi le a configuration of an ink tank that is inseparably or separably
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Tank, One-way Val ve, 5 and Recording Head Waile it 1s possible to
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ink jet recording apparatus by coupling a recording head 20 and a one-way
val Be dﬂ)uherinkl¢mﬁt&inﬁn@00h&ﬂb¢hal30heyThenspm&mgacﬁnsmamtdofrbhe each
other, configurations are possible in which both or either of the recording
head;yﬁpxﬁmsp@yngaﬂvés|§e§ep§r§bwglue lower than the spring constant

of a spring 107 in the ink tank. While the sealing member 311
of the present embodiment is formed from a resin material, this
is not limiting the invention. For example, it may be formed
from a metal material.

In the present example, since the coil spring 8 is used as
a member for generating a sealing force, more precise controlling
of the negative pressure can be achieved and thus better
durability is obtainable comparing to the case ensuring the

15 sealing ability by using the sealing rubber as shown in Fig.
27A to 27C.

An operation of an ink supplying device of the present
embodiment having the above-described configuration will now
be described.

Fig. 28A shows an expanded state of the ink tank 127. An
urging force from pressure plates 109 resulting from the
expansion of the ink tank 127 forces the sealing member 311 to
protrude outward from the ink containing chamber. At this time,
the coil spring 8 is contracted.

25 Subsequently, the state shown in Fig. 28B is entered as a
result of ink consumption. The ink tank 127 contracts in the
same manner as that described with reference to Figs. 27A, 27B,
and 27C, and the pressure plates 109 move in the directions
indicated by the arrows Al and A2. Concurrently, the sealing

30 member 311 follows the movement of the pressure plate 109 in



In this section, a description will be nade on several enbodinents of nodes
of coupling an ink tank, a one-way valve, and a recordi ng head.222ARGHL 2007
First Enbodi nent of Mdde of Coupling of Ink Tank, One-way Valve, and
Recording Head Fig. 18 shows a configuration in which an ink tank 10 and a
recordi ng head 20 are coupl ed such thad7 t-hey cannot be separated from each
other and in which the ink tank 10 and a one-way valve 30 30 are separably
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eventually abuts on an outer wall surface of the ink containing
chamber 130, which is the state shown in Fig. 28B. This state
is substantially the same as the state shown in Fig. 27B for
the above embodiment.

When ink consumption is continued further, the sealing
member 311 and the atmosphere introducing opening 2 are separated
from each other to cancel the sealing of the atmosphere
introducing opening 2. Then, air is immediately introduced

15 through the atmosphere introducing opening 2 as shown in Fig.
28C to increase the internal volume of the tank. As a result,
a tank sheet 106 expands outward or in the directions indicated
by the arrows Bl and B2, and the atmosphere introducing opening
2 is instantaneously sealed by the sealing member 311 again to
return to the state in Fig. 28B. 1In this state, the level of
the contained ink is obviously lower than that in the state shown
in Fig. 28A. The operations of entering the states in Figs. 28B
and 28C are repeated to make it possible to keep a negative
pressure in the tank in a predetermined range even if ink

25 consumption proceeds.

In order to improve the sealing between the atmosphere
introducing opening 2 and the sealing member 311, it is
advantageous to apply a rubber sheet on the surface of the disc
311A of the sealing member 311 that is put in contact with the

30 tank sheet 106 and to apply grease that is highly resistant to



even with the sane ink tank 10, the negative pressure value can freely set
only by replacing the one-way val ve 30, which contributes to pFBMft?&"éoo"
distinctively versatile system 15 2.2 Second Enbodi nent of Mdde of Coupling
I nk Tank, One-way Val ve, and Recording Head Fig. 19 shows a configuration
in which an ink tank 10 and a one-way valve 30 are coupl ed such that they
cannot be separated fromeach other and in which the ink tank 10 and a
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possible to replace the conmbination of the ink tank 10 and the one-way

val ve 3htidducengr dipehireqd220 alone, or the resultant ink jet cartridge
as a whole with new one. Afilter 23 may be provided in the ink tank 10. 25
I n sucl® .8 cBhiirguEmbodimaotspecific part is required for enabling a
separation between the ink tank 10 and the one-way valve 30. Thus, as a
whol e, it iEighf &% iShows aBheBRodinenrt ipewhdchthe sREIPGMFTVLded
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valve 30, (fyy ber REPALARNGEPAPL 61 bW ng JEHESW i ePPhY Hamd &s that in
Fig. 27A. In the present embodiment, an ink tank 127 is
contracted and expanded in the same manner as in the first
embodiment by a coil spring 5, and a sealing rubber 1 also
operates similarly, which makes it possible to keep a negative
pressure in the ink tank 127 in a predetermined range.

In the present example, a coil spring is used for a spring
to be used in the ink tank 127. It is easy for the coil spring
to follow a displacement in the inclination direction of the

15 pressure plate 109. Even if a sealing face of the sealing rubber
1 and the pressure plate 109 are not in parallel, the pressure
plate 109 can be in a close contact with the sealing face of
the sealing rubber 1 with ease, thus enhancing a sealing ability.
3.4 Fourth Embodiment

Fig. 30 shows an embodiment in which a part of a tank sheet
is bonded to an inner wall of a tank containing chamber 130 and
in which an ink tank 227 is constituted by a tank sheet 206 which
contracts and expands only on one side thereof. Therefore, the
present embodiment involves only one pressure plate 109 to serve

25 as a movable member. Further, the spring provided in the ink
tank in this case is a conical coil spring 6. The tank sheet
206 contracts inward or in the direction indicated by the arrow
C as ink is consumed, and the pressure plate 109 simultaneously
moves inward in the tank to serve as a movable member also in

30 such a configuration.



repl ace each of the ink tank 10, the recording head 20, and the one-wa
val ve 30 alone with new one. In this case, the filter 23 may h&? +Héﬁ7in
the ink tank 10. 5 Since the ink tank 10 and the one-way val ve 30 are
configured in a separable manner to each other, care is not needed for
protecting the one-way val ve, which TSG%dhparably a precision part, while
distributing the ink tank 10, resulting in realizing a distribution with a

si mpl e packagl o sdsiie, | 8K btiosphdrdhibd e FBNbpRin e, 0 sCoupl | ng

| nk Tank, One-way Va and Recordi ng Head Fig. IS a sectional view
showi ngepahatdderhofi it oéalangpdaubvsrcoupld Mhrodaket @ik #hpoaghay

val ve, and a recording head. 15 In the present enbodi nent, a one-way val ve
20 i s prhowi dbtndosphiegny dinyrodubiag eapenling Redo cthe $hmecmaxiner abso
sinply referred to as "recording head") as illustrated. An ink tank 1is
det ach&inscrbbrfdedn dheref bretungbadireend . t hEhei dntimpduetionnadyradFy with
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volume of the ink tank 227 to put the atmosphere introducing
opening 2 and the sealing rubber 1 in tight contact with each
other again. Those operations are repeated to make it possible
to keep a negative pressure in the ink tank in a predetermined
range.
3.5 Fifth Embodiment
In Fig. 31, an atmosphere introducing opening 12 is provided
above an ink tank 127 having the same configuration as that in
15 the embodiment according to Figs. 27A, 27B, and 27C, and a sealing
rubber for closing the atmosphere introducing opening is a
sealing rubber 21 that has a conical configuration in a part
thereof to be put into contact with the atmosphere introducing
opening 12. Such a configuration provides the following
advantageé . First, since the atmosphere introducing opening 12
is located in an upper part, air introduced through the same
passes through ink when a great amount of ink is present in the
tank or when the level 7A of ink is higher than the atmosphere
introducing opening 12. Therefore, when the amount remaining
25 ink becomes small as a result of ink consumption, air introduced
through the air introducing opening 12 directly flows to a
section where air is accumulated without passing through the
ink. This makes it possible to prevent bubbling that otherwise

occurs when air bubbles pass through ink. The configuration of

30 the present embodiment is desirable especially when the amount



one-way valve 30 is primarily constituted by a novabl e nmenber 25 231 havi ng
a sealing elastic body 233 nounted on an end thereof and a spri22dgARCH tan7
urging the novabl e nenber 231 to operate in the direction of closing the
val ve. Specifically, when the novable menber 231 is urged downward in the
figure by the spring 232 in accordancedwi th a difference between pressures
acting 30 on both sides thereof (both sides of the sane in the vertical 22
MARCH 2

49 | di f ,.th | ic b 233
o O o e ik CEnRL1 %5 SMa ) pRBauaE etk AG oF ERkLBAS’
as anagrg&gﬁggg (Hggggga fgg Ifht hoaﬁ %@;\@&3 When the pressure
C

differen ur ges e novable upmar I'mthe figure and the force

i's greater i) ddifidall egnte@%a@ioﬁk@f%é n@eaianglt hayBwabl £ JET8GEs 231

operates upward to open the valve. Wile a needle valve is illustrated as

the onanoey wealyablleysweay iaig axteamplthat dchpévapley dhen dhelesmiodphezleove
may obviously be used. This equally applies to a fourth and | ater
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recording head. A joint needle 228 for supplying ink is also provided on
each other.
3.6 Sixth Embodiment
In Fig. 32, a pressure plate 309 and a coil spring 25 are
provided outside an ink tank 327 constituted by a tank sheet
306 a part of which is joined to an inner wall of a tank containing
chamber and only one side of which undergoes contraction and
expansion. The coil spring 25 is urged in the direction of
expanding the ink tank 327 or in the direction indicated by the
arrow F in the figure. The pressure plate 309 and the coil spring
15 25 may be joined using spot welding similar to the method
described with reference to Fig. 11A, and the pressure platé
309 and the tank sheet 306 may be joined using heat bonding
similar to the method described with reference to Fig. 11B. The
inner wall of the tank containing chamber 130 and the coil spring
25 may be joined using a known method such as bonding or fitting.
The tank sheet 306 constituting the ink tank 327 contracts inward
or in the direction indicated by the arrow E as ink is consumed,
and the pressure plate 309 simultaneously moves inward in the
tank to serve as a movable member also in this case. As aresult,
25 an atmosphere introducing opening 2 is separated from a sealing
rubber 1 to introduce air through the atmosphere introducing
opening 2 in the same manner as described in the embodiment
according to Fig. 27A. The introduction of air and an action

of the coil spring 25 cause the tank to expand outward or in

30 the direction indicated by the arrow F again, which results in



the recording head holder 22. A hollowin this needle is in 15

comuni cation with an ink channel 227 having a filter 225 of the&2MARGH2I
head 20. The recording head 20 has a plurality of ink ejection ports (not
shown). An el ectrothermal transducer g]enent (not shown) for generating
bubbl e in ink by generating thernal'eﬁ%fby I's provided in an ink path (not
shown) in comunication with each of the ejection ports. Ink is supplied
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speaki ng, an ink tank 10 has a flexi ble novable nenber 11 that forns a part
of an ithe cmasphegesdnttirpiudEngodpenitiga 2s phidn ¢ hal sdfak ing grabbelre 31
novabl e nmenber 11 upward in the 25 figure. This configuration nmakes it

possi blin toigehecoandact nelthi eachr ethere againpr cPeoseanpefationsnang
adequate nmeniscuses at ink ejecting ports of a recording head 20 as w ||
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a space, above the novabl e ggnben 11 in the ink 30 tank 10 is covered by an
out &r nga28 1@ Rredfbeymined Tap@Ry 2007 - 50 conmunication port
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as a shpA¥vihg§'a configuration in which a spring as an elastic member
is provided inside or outside an ink tank, depending on the
rigidity of a film to be used as a tank sheet, it is not essential
to provide an elastic member when the sheet can be contracted
and expanded by the rigidity of the film without providing the
spring. Further, when two pressure plates as movable members
are provided in positions where they face each other, an elastic
member is provided between them. However, this is not limiting

15 the invention, and an elastic member may be provided between

the mounting position of each movable member outside the sheet
and an inner wall of an ink containing chamber.

A sealing member constituted by a rubber or a shaft and a
spring that can be displaced in a predetermined range has been
referred to as the sealing member of each of the embodiments,
it is not essential that the sealing member is constituted by
a displaceable elastic member as long as it is configured
similarly to a one-way valve which can introduce air into an
ink tank as an ink containing section at a predetermined pressure

25 and which prevents fluid (ink and air) from being leakeded
through an atmosphere introducing opening even when the air in
the ink containing section is expanded. Specifically, a wall
of the ink tank containing chamber 130 described in each
embodiment may be used as the sealing member. When such a

30 configuration is used in which the sealing member is not



protecting the novable nenber 11 from an external force. The 5 novabl e
menber 11 of the present enbodiment is constituted by a defor meB8IMARGHZ305] o
film (sheet nmenber) whose configuration in a central section thereof is
regul ated by a pressure plate 14 and which is deformable in a peripheral
section thereof. That is, the urging force of the spring 215 can be
transmtted to a relatively large area of the flexible filmwth the
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the anobunt of ink in the containing 15 space thereof and fluctuations of a

pr essutbecansdecasmowable memberades;indenpeatpioespiiesecindrafucimgnovabl e
menber 11 is expanded and contracted or deforned in a good bal ance, and the
cent r alopsitingcan hendousddis Feanarse 110 v énhierhchipngewhen there
substantial]y horizontal attitude thereof maintained. Since the novable
menPer 11 %Lt MistBQ0d@NK- def ormed (noved), the deformation will cause no
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utilizing the elastic member as a sealing member, the sealing
member desirably has an elastic force that is smaller than the
elastic force of the elastic member for urging the movable member
because this makes it possible to increase the amount of ink
that can be initially charged when a pressure in the ink tank
is kept equal to or smaller than a predetermined value and to
allow the movable member to move a certain distance (buffering

15 space) when air is introduced into the tank.

While the atmosphere introducing opening may be provided
in any position of the region that constitutes the ink containing
section except for the ink supply port as a liquid supply port,
it is desirable to provide it on a movable member when the ink
containing section is also constituted by a rigid movable member
as in each of the above-described embodiments to allow more
stable introduction of air.

While configurations in which an ink in one color is
contained in a single ink tank have been described above, it

25 is obvious that a color ink jet print head can be configured
by arranging three or four ink tanks containing inks in different
colors in an ink tank containing chamber and by connecting
different groups of nozzles to the ink tanks, respectively. For
example, when a plurality of ink tanks are contained as shown

30 in Fig. 16, partitions may be provided between the ink tanks,



menber as described above. Rubber plugs 18 and 17 to be connected the joint
needl e 238 of the one-way valve 30 and the joint needl e 228 for2MARAHINRE
i nk respectively are provided at the bottomof the ink tank 10. 30 As a
result, the ink containing section becomes a conpletely 22 MARCH 2007 - 51
seal ed space to prevent |eakage of inK3wien the ink tank is left alone
w t hout being nounted in the holder 22. The operation of nounting the ink

tank 1Qdd riditodPdeb Sérve &Y 'difd-why P&ld&%é& NGe ! BRokAidéd NGEItRE 1O

the respective rubber plugs. As 5 a result of the lnsertion, air or 1nk can
be comparteptenghrough joint needle holes 239 and 229 of respective joint
needl es. As described above, the use of the one-way valve for the
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at nosphere fromthe outside preferably unlike the above-described exanple
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permeation of a gas through a film as described below.
4.1 Mechanism of Permeation of Gas

There are two major mechanisms of permeation of gas
molecules through a certain material. One is a mechanism of a
capillary, and the other is a mechanism of an activated and
diffused flow. The former is a mechanism in which a £low occurs
though a capillary such as a pin hole and which is different
from the mechanism solved by the present invention. On the

15 contrary, the latter is a mechanism that is a flow of gas
molecules during the permeation of the same through a plastic
film having substantially no hole and that is a mechanism to
play an important role in the present invention. Such a
mechanism for an activated and diffused flow will now be
described.

In the case of an activated and diffused flow, a gas in a
first region entei*s a second region through a film, as described
below.

First, molecules of the gas in the first region are condensed

25 on a surface of the film and are dissolved into the film. The
dissolving concentration is proportionate to a partial pressure
of the gas in the first region. Thereafter, the gas molecules
dissolved in the film are driven by a concentration gradient
in the film for diffusion toward the second region having a lower

30 concentration and are transpired from the £ilm after reaching



form nmeniscus at the liquid seal in the exanple of the related art

properly, the annular orifice nmust be designed in accordance of22 MARCH 2007
speci fications such as the capacity of the ink tank in which the liquid
seal is used. It is therefore inpracticable to use liquid seal units of one
type in various ink tanks for generat 7Hurposes. On the contrary, a one-way
val ve can be used for ink tanks of a relatively w de range of
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dependid¥e 8, t hee .pr ebbsii61at ibmatl difMBushibRQUtarYddsotpeilodr. process for
formng ink nmeniscuses even if the one-way valve is provided separately 30

fromthe i nForaekampleh théeoinavent e ieas dbeearmadeponpan asEnMRCHN2007
- 52 thereafter. Since a one-way val ve does not create any particular
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described, there is no |im}t on the position of the valve for introducing
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reconﬁéghggg%h%%%§a liquid container from a first region outside the
container to a second region in the container.
First, let us assume that a gas having a negative pressure
exists in the second region in the container. 1In this case, a
driving force to cause a gas to permeate from the first region
to the second region is the negative pressure in the container
and an osmotic pressure of the gas. Since liquid components
(e.g., moisture) in the second region are assumed to be
15 substantially saturated, there is a difference between
concentrations of the liquid components in the first and second
regions even when there is substantially no difference between
partial pressures of the oxygen molecules or nitrogen molecules
in the first region outside the container and the second region
in the container. Therefore, the osmotic pressure of the gas
is generated as a driving force to cause the gas to permeate
from the first region to the second region in order to reduce
the concentration of the liquid components in the second region.
As a result, the amount of oxygen molecules or nitrogen molecules
25 that permeate from the first region to the second region is
proportionate to a difference between pressures in the first
and second regions including the two pressures (the negative
pressure and the osmotic pressure), the surface area of fhe film,
and the duration of permeation and is inversely proportionate

30 to the thickness of the film, as will be described later.



Further; because of the freedomin designing wwth respect to the position
where the valve is disposed as descried above, the hol der 22 h&P&F o7
recordi ng head 20 and the one-way valve 30 nay be fixed on a carriage of
the ink jet recording apparatus shown_ in Fig. 17 or may constitute a part
of the carriage. That is, an ink jetr fecording apparatus can be configured
with a capability of replacing an ink tank al one by using a recording head
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an initial state that is newly put in use is conpletely charged with ink,
and t heoEpn actigakedf anidy disguerid € lowan Nornaddive oxpgenimohpcuhest at e
a m.ninmum negative pressure or, conversely, a_slightly positive pressure is
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side of the second region, the gas molecules can not be desorbed
from the filmbecause the second region in the liquid is saturated
with gas molecules. Therefore, the permeation of oxygen
molecules or nitrogen molecules is very strongly suppressed when
the second region is a liquid.

Therefore, what is to be considered to effectively prevent
permeation of a gas into a liquid container is a part of the

15 container that is located between a gaseous region in the
container and an atmospheric region outside the container.

In géneral, a mechanism of permeation of a gas through the
film is expressed by the following expression.

Q=G - Ap - S - t/T
where Q [g] represents the amount of the gas that moves; G
[g'm/atm-m?-s] represents a gas permeation coefficient specific
to a film material; Ap represents a pressure difference between
regions separated by the material; S [m?’] represents the surface
area of the film; T [m] represents the thickness of the film;

25 and t [s] represents elapsed time.

Among those parameters, Ap represents a pressure difference
between a region in a container and a region outside the container
(ambience) which has a magnitude that is the sum of an osmotic
pressure generated by a difference between the concentrations

30 of liquid components and a pressure difference generated by a



joint needle 238 of the one-way valve 30, a great negative pressure in the
excess of an ability for holding ink nmeniscuses 30 formed at th@2MARCH 2007
ej ection ports of the recording head may act 22 MARCH 2007 - 53 on the
recordi ng head 20 before air is introduced through the one-way valve 30 to
provi de an proper negative pressure,~wHi ch can cause ink to be sucked from
the recording head 20. In such a case, an operation may be perforned to
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consunption, a configuration is preferably enployed in“which the joint

needl e coix dinéhefeom IRaNBhyeodd . emteris tAef£auLAItithy Bedacedtiig to the
joint needle 228 of the recording head 20. Specifically, that is a

confi gpressurei diffieclende Apiin orddire t23&urfprdes operwmwatidnveoB80the nade
| onger than the joint needle 228 of the recordi ng head 30 when the |oint
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30 ent ('irtsignfsgargghnff@xfﬂi(éernember because the flexibility is reduced
as a result of an increase in rigidity.

It is therefore effective to reduce the surface area S of
the inner surface of the container in contact with a gas existing
in the container in order to suppress permeation of the gas into
the container. That is, by minimizing contact between the
flexible member or a member that is highly permeable for a gas
and the gas in the container, permeation of the gas into the

15 container through such members can be effectively prevented.
The preferable positioning of the movable member in the attitude
or orientation in use has been achieved based such finding.
4.2 Embodiment of Configuration

Fig. 33 is an illustration of a liquid container (ink tank)
configured based on the above findings.

A space (containing section) S1 for containing a liquid L
is formed by a rigid container main body 411 and a flexible sheet
(flexible member) 412 in a container 410. The sheet 412 is urged
downward in Fig. 33 or the direction of expanding the containing

25 space S by a spring 414 through a rigid pressure plate 413. As
a result, the containing section S1 is put under a predetermined
negative pressure. As shown in Fig. 33, in an unused state of
the container 410 in which the contained liquid L has not been
used at all, the sheet 412 is deformed downward in Fig. 33 to

30 maximize the containing space S1. The container 410 is used with



to provide a proper negative pressure through the introduction g%ﬁfr
t hrough the one-way valve 30. Figs. 21A, 21B, and 21C il ustrat & ¢t 100%¢

of a negative pressure in an ink tank associated with an operation of
supplying ink fromthe ink tank that is specifically the ink tank 10 shown
in Fig. 20. Fig. 21A shows a state that’ i's reached when a small amount 25
of ink is consuned froman initial state of the ink tank 10 in which the.
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results in a decrease in the pressure in the contalning space in accgr'dance

wi th thB3 spasetoroeepontia\heett da2valdineoeatele dowsvaed Lak.thand the
novabl e menber 11 is 30 di splaced downward accordingly. The di spl acenent of
t he 22 ARGtk 20070f- thé gmawdltye wheemethé lcontalineEedlild yisaused. That
di spl acenent of the spring 215, and the spring 215 generates an el astic

force i¥5. ather sheet vilh 1felecated cheviert §ham dihe amiddde @t ebbelibrium
AcBr QOB A B e SPACK S & by (1 ERCh G0 0 Sy B L EBr | ubn + Sawia
negati ve, o PEHEenee GIR°NY R dEE APHEL b8tk oF tHilcdd{Bining
space S1, and an atmosphere communication port 416 is provided
at the top of the main body 411. A space S2 is formed in the
container 410 under the sheet 412, and the space S2 is exposed
to the atmosphere at a communication port 417.

In the present embodiment, a one-way valve 430 is mounted
on the atmosphere communication port 416 provided at the top
of the main body 411, the one-way valve being an opening/closing
mechanism having a spring 421, a pressure receiving plate 422,

15 a flexible member 423, and a sealing member 424. The pressure
receiving plate 422 and the flexible member 423 are formed with
air holes 422A and 423A respectively, and the spring 421 urges
the flexible member 423 against the sealing member 424 through
the pressure receiving plate 422 to close the air holes 422A
and 423A as shown in Fig. 33. The opening/closing mechanism is
opened and closed by a pressure difference existing between the
interior of the containing space S1 and outside air.
Specifically, when a negative pressure in the contaiﬁin_g space
S1 has not reached a predetermined magnitude, the air holes 422A

25 and 423A are closed as shown in Fig. 33 to prevent the
introduction of outside air into the containing space S1. When
the negative pressure in the containing space S1 is equal to
or greater than the predetermined magnitude, the pressure
receiving plate 422 and the flexible member 423 are displaced

30 downward against the urging force of the spring 414 to open the



Fig. 21B shows a state in which further consunption of ink has further

di spl aced the novabl e menber 11 downward to cause the novabl e FRMARCH300
reach the maxi mum downward free displacenent. That is, when ink is consuned
further in this state, tension acts between the flexible filmas the

novabl e nenber and the section hol di ntf the sane to prevent displacenent of
t he novabl e nmenber 11. 15 When ink is further consuned in this state, a
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val ue in such a process, the novable nenber 231 of the one-way valve 30 is
di spl addce uptmosphaga ngittddueliagy iapdming dfié6t.he spring 232 because of a
rel ationship between the negative pressure and the atnospheric pressure to
open the vahgea HAguddt.sitie Regativepressusguivdthencontind viong Hpaag
space through the hole 239 in the joint needle 25 238. The negative pressure
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ink ejecting.operation _of_the.recording head.in accordance wth the
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In the o419 glace S1 can be easily and precisely set by changing
the strength of the spring 421.

More specifically, the function of the one-way valve 430
is as follows. The following description is on an assumption
that ink as the liquid L is contained in the containing space
S1 and is supplied to an ink jet recording head through the
extracting or supplying port 15. The recording head may utilize
thermal energy generated by an electrothermal transducer as

15 energy for ejecting ink. In this case, f£film boiling of ink may
be caused by heat generated by the electrothermal transducer,
and ink may be ejected from ink ejection ports by foaming energy
generated at that time.

When the containing space S1 is sufficiently filled with
ink as shown in Fig. 33, an expanding force (a reaction force
originating from compression) in accordance with the amount of
compression and displacement of the spring 414 in a compressed
state acts on the sheet 412 through the pressure plate 413. The
direction of the expanding force acts downward in Fig. 33 or

25 the expanding direction of the spring 414. At this time, a
pressure directed inwardly of the containing space S1 acts in
the containing space S1. Specifically, a pressure Pl in the
containing space S1 has a value with a negative sign (a negative

pressure) on an assumption that the atmospheric pressure is "0".

30 That is, the negative pressure Pl generated in the containing



30 As described above, the pressure in the containing space 22 NMARCH 2007 _ -
55 w Il not decrease bel ow the predeterm ned pressure, which e MARGH 2007
possi ble to al ways keep the negative pressure in the containing space in a
predeterm ned range and all ows stable supply of ink to the recording head
20 to performa recording 5 operation’%s desired. Wien air residing in the
contai ning section expands as a result of a reduction in the pressure of
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upward i n accordance with the expansion of the air in the containing space.
Ther ef pressteepPassilnes i actbeincdliiei congadpEary vépacaoSli,n@ assgabeyend a
predeterm ned value, and a predeterm ned pressure is always maintained in

t he 15 pxassunenglspadctai oh hepiswatsesldtalbink ©jectuingenozeies dnethey
valve 30 remains closed to prevent the ink in the ink tank 10 from| eaking
out SevaitGPERLRGr hapd hewhighaPriaierbacénk: firomeakingsiote the 4R way

valve BeréJ(r:gxgplt %oqu:aska eogg.dtepie c;nnktt?é recording head.

In such a state, the air holes 422A and 423A are closed by
the sealing member 424 in the valve chamber of the one-way valve.
The negative pressure Pl in the containing space S1 also acts
in the valve chamber through the communication port 416. The
expanding force of the spring 421 also acts in the valve chamber,
and the expanding force acts upward in Fig. 33 or in the expanding
direction of the spring 421. That is, the direction of a pressure
exerted by the spring 421 in the valve chamber is the same as

15 the éxpanding direction of the spring 421. A pressure P2 in the
valve chamber required to seal the air holes 422A and 423A with
the sealing member 424 is greater than the absolute value or
magnitude of negative pressure Pl. Specifically, the one-way
valve is kept in a sealed state by keeping a force originating
from the spring 421 and the flexible member 423 greater than
the negative pressure Pl against which it acts.

When ink is further ejected from the recording head to reduce
the amount of ink remaining in the containing space S1, the
negative pressure Pl in the containing space S1 increases

25 accordingly.

Specifically, as a result of a reduction in the amount of
ink remaining in the containing space S1, the internal volume
of the containing space S1 that is an enclosed space is also
substantially reduced, which causes the sheet 412 to be displaced

30 upward accordingly. The displacement of the sheet 412 is



air inthe ink tank 10 to the outside, the ink in the ink tank 10 will not
| eak out through the comunication port 16 regardless of the aftMAREH 2907
orientation of the ink tank 10 in use. Therefore, no particular limt is
put on the attitude of the ink tank 10 in use. 25 2.4 Fourth Enbodi nent of
Mbde of Coupling Ink Tank, One-way Va3%e, and Recording Head Fig. 22 is a
sectional view showing a fourth enbodi nent of a node for coupling an ink

tank, aadalfnlgﬁﬂ‘@ﬂiéa'ﬁ "ﬁ%‘oﬂre &fégﬁ%k ergga%gf t_%QeSE&eté”@uPé f&%e?@ﬂ?bﬁem’

an inkt a recordi ead, and a one-way valve are
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hel d by a hol der 22A on that is integral with a recording heed 20, and the
recor dipmpdmeasls @0 thermgpomptrassiemhofdéhe?3priingrdid ectkans aaxaincragase
provided 5 in an ink jet recording apparatus. This configuration is simlar
t o t he igbdike caspanddmg i foraet of jthieitsawed angBgdhis neswd-tgmyinaane 30
and_a joint needle 228 for supplying ink of _the recordi n% head 20 are

r esPectineFgasasdnt &he Megatipyer persuresPindmthe eABLAHDINGKSBBCEhen
t he inl§1t ank 10 i s nount ed.

The increasing negative pressure Pl in the containing space
S1 eventually balances the pressure P2 in the valve chamber of
the one-way valve. The on'e-way valve is kept in the sealed state
until that time. Thereafter, the negative pressure Pl further
increases, and the sealing member 424 becomes unable to seal
the air holes 422A and 423A depending on the pressure P2 in the
valve chamber. The sealing of the holes is canceled at that
instant.

15 As a result, the atmosphere flows in through the air holes
422A and 423A, and it is introduced into the containing space
S1 through the communication port 416. The introduction of the
atmosphere increases the volumetric capacity of the containing
space S1 that has been reduced and conversely decreases the
negative pressure Pl that has been increased, at the same time.
As a result of the reduction in the negative pressure P1l, the
air holes 422A and 423A of the one-way valve are sealed by the
sealing member 424 again.

Thereafter, the change in the negative pressure Pl becomes

25 very small, and the consumption of ink proceeds with a
substantially constant negative pressure value maintained. The
negative pressure Pl then increases again, and the negative
pressure Pl is reduced by canceling the sealing of the air holes
422A and 423A each time the sealing member 424 fails to seal

30 them depending on the pressure P2 in the valve chamber. The



The one-way val ve of the present enbodinent is also provided separately
fromthe ink tank, which obviously provides advantages sinilar 22MMARf 2007
advant ages described in the above enbodi nent and whi ch provi des anot her
advant age as described below with respect to the position in which it is
di sposed. That 15 is, a one-way valve &aving a life longer than the life of
a recording head is used as the one way valve of the present emnbodinent.
Thus e va be used. even ter the r r di,n head,is replaced with
new oniengaY: vedYe meRrars SRl et roperatian i haeh, g:lhs SRR
t he sa f ng
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cost of the apparatus can be re e one-
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Fig. 23 is a sectional view showing a fifth enbodi nent of 25 a node for
coupl i ithamberpk Slamhike anaindnindling, a astlablecatralt @gofheasjkcttiohhe present

enbodi nent, an ink tank and a recording head are forned integrally with
each ot her Thmsir eirscihe presenth embodiment vathe. nagadtiorn presauvre dr e,
an ink tank 10 and a 30 recording_head 20 are forned_ integrally w th_each
ot her . e wertpindng space S1 balances the force of the one-~way valve
to close the opening as a result of consumption of ink in the
containing chamber and, at the instant when the negative pressure
in the containing space S1 increases as a result of further
consumption of ink, the one-way valve opens the opening to
introduce the atmosphere into the containing space S1. The
introduction of the atmosphere increases the volumetric capacity
of the containing space S1 and simultaneously reduces the
negative pressure therein, which causes the one-way valve to
15 close the opening.

Figs. 34A, 34B, and 34C are illustrations for explaining
the abové—described situation of the container 410. The one-way
valve 430 is schematically shown in those illustrations.

As shown in Fig. 34A, the container 410 is used in an attitude
or orientation in which the sheet 412 is located downward in
the direction of the gravity. When the liquid L in the container
410 is supplied to the outside through the liquid supplying port
415, the sheet 412 is first deformed upward against the urging
force of the spring 414 in accordance with the amount of the

25 supplied liquid L as shown in Fig. 34B, and the volume of the
containing space S1 is decreased with the negative pressure kept
unchanged. In Fig. 34B, the sheet 412 is deformed upward to the
extremity, and a buffer area is provided in the form of such

a reduction in the volume of the containing space S1 that is

30 accompanied by the deformation of the sheet 412. The buffer area



- 57 Specifically, the ink tank 10 and the recording head 20 are connected
t hrough an ink channel 27 having a filter 225 therein. The uni t22#RGH 2997 ed
by the ink tank 10 and the recording head 20 integral with each other is
mounted in a holder 22C. A one-way 5 valve 30 is provided integrally with
the holder 22C. In this configuratiorf20only a joint needl e 238 of the
one-way valve 30 is inserted into a rubber plug 18 of the ink tank 10 when
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al so provi ded "~ separat sl'y provi des

advant aafst #1 ALhg’ spackns 128¥aBhpaes &8 13 ithRd det drifa €6HCo £ eReds eat and

whi ch provi des another advantage as described below wth respect to the
positi a2 n WwWiwdtuatisondi sose poessaxae, thdetonpadndng rdpaseusad
whi ch can affect the durability 15 of a recording head or ink tank, it is
desi r aize tattepbatatle toetbedimag rRupansione cfare gase (whian the the tank
I's replaced  because of the consunption of the ink. On the contrary, the
onedwarORtdEniBg FPAG&eRlon a carriage of the ink jet recording ~apparatus
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alife dongrt biR3i'd '4{f is introduced through the atmosphere
communication port 416 to replace the supplied liquid L without
any further deformation of the sheet 412 in which the buffer
area has been provided, as shown in Fig. 34C. That is, air is
introduced through the atmosphere communication port 416 as a
result of a reduction in the pressure in the containing space
S1 attributable to the supply of the liquid L to maintain the
negative pressure in the containing space Sl1.

15 Thus, the container 410 supplies the liquid L to the outside
from the unused state shown in Fig. 34A in which the liquid L
contained in the containing space S1 is not consumed at all until
the buffer area is provided as shown in Fig. 34B, the supplying
operation being accompanied by the deformation of the sheet 412.
Thereafter, the liquid L is supplied to the outside with air
introduced through the atmosphere communication port 416 as
shown in Fig. 34C. Thus, the liquid L in the containing space
S1 is supplied to the outside with stability under a
predetermined negative pressure.

25 Fig. 35 is an illustration of the container 410 in use in
which introduced air has been accumulated in an upper part of
the interior of the containing space S1. The concentration of
the vapor of the contained liquid in the air in the containing
space S is near saturation, and the vapor concentration is

30 greatly different from the vapor concentration of outside air.



of the recording head is used as the one-way valve of the present

enbodi nent. Thus, the val ve can be used even after the recordin&zMﬁﬁﬁF?%ﬂ
replaced with new one, and it can therefore be used for 25 a period that is
substantially the same as the life of the recording apparatus. As a result,
the running cost of the apparatus carBde reduced for the one-way valve. 2.6
Si xt h Enbodi nrent of Mdde of Coupling Ink Tank, One-way Valve, and Recording

Si xth_Embodi ment of Coupl Tank, ] rdi
2007 THefeeohencap PRGOS pYERBTO U Yy 40 A0R0RTRY dhpvé 10

recor digihe F&0Ed HStwEeWthé gl oRAndithe RheS€6H taikdh gepades sdiwherant

fromthe above-described three enbodinents in that a one-way 5 valve 30 is
fixed iaim psepeesentnahdosutsddeorair | eanddiang cxmet Acuprezsguretaoceedl e
238 and the valve 30 are connected wth a tube 235; and the joint needle
238 i s dni xde tea dn hoodyr 41220 cort@dorwitih theaaiiraga tbe wentmimingy, an
ink tank 10 and a recording head 20 are forned integrally wth each, other,
and®t h&RaceShte ahdey: hhepntsidengast e narnertactyee thpcontipinng:

needl e s2§’a80<fai§( fdasE Oirg fcgglcageﬁy2ggei grirg%vesr ti%dFiirg];t.o 35. Further, since
the containing space S1 has the negative pressure to prevent
the liquid L from leaking out, there is a pressuré difference
between the space and the outside. Such a pressure difference
between the inside and outside the containing space S1 generates
a force that can cause an outside gas to permeate into the
containing space S1. The amount of such permeation of the gas
is as expressed by the expression presented earlier in the
document.

15 In the present embodiment, since the region of the container
410 in contact with the gas (air) in the containing space S1
is the main body 411 that is rigid (inflexible), the permeation
of the outside gas into the containing space S1 can be prevented
by adopting a material having a low gas permeability (e.g., a
metal) as the material of the main body 411.

As thus described, the flexible sheet 412 is provided
downward in the direction of the gravity to prevent an osmotic
pressure of a gas from acting on the same, which makes it possible
to suppress the amount of a gas that permeates through the sheet

25 412 even when a flexible member having a high gas permeability
is used as the same. Thus, the buffering mechanism accompanied
by deformation of the sheet 412 can sufficiently work to absorb
fluctuations of the pressure in the containing space S1 even
when the 1liquid L is stored for a long time, and this consequently

30 makes it possible to prevent the leakage of the liquid L and



a rubber plug 18 of the ink tank 10 when the unit is nmounted. The one-wa

val ve of the present enbodinment is also provided separately fr @& MARCH 2007

t ank, which obviously provides 15 advantages simlar to the advantages
described in the enbodi nent according to Fig. 20 and whi ch provi des anot her
advantage as described below with réspéct to the position in which it is

di sposed. For exanple, when a one-way valve is used which has high

preci siyfle apHeaRBIRAGH tHehBdnt dB1&ET XEbY | arge size, it can increase the
size of a recording apparatus when provide on a carriage because the space

occupi efl. pyMble fiddateiomcr eases the size of the carriage itself. On the
contrary, a valve having high precision can be used w thout increasing the
size of an Idppsy atat dysentiadi khathea dnexdhleamember aprpdevéedeidndad 25
position that allows efficient utilization of the space in the apparatus.
Wi | e tHRepliégedd ganthibindusaction aft fbe rkigied containgunppad @

whi ch an ink tank and . a recordi_ng head, are integral . wth eacgh other,, it

wi | B beEpphaume tHihmisneossdbd edevhehdrhed it d GRAEAEBAPERLCHEAD 2i ng
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in gas permeability and in which a material having a high gas
permeability is located downward in the direction of the gravity
when the container is used. The liquid container according to
the invention may be used in a wide range as a container for
containing various liquids other than ink.

In stead of providing a flexible member made of a material
having higher gas permeability than that of the rigid
(inflexible) main body 411 downward in the direction of the

15 gravity in the attitude of the same in use, for example, as shown
in Fig. 36, a flexible member 412' having a multi-layer (e.g.,
double layer) structure configuration may be adopted to allow
ink to spread between the layers due to a capillary force or
to insulate regions inside and outside an ink tank with an ink
layer, thereby preventing a gas from entering the tank. This
makes it possible to relax limitations on the attitude or
orientation of an ink tank in use and to increase freedom in
designing an ink tank or recording apparatus. In addition, it
is possible to prevent a gas fromentering an ink tank effectively

25 even in transportation during which the ink tank can be in various
attitudes.

5. Ink Tank Design Conditions
5.1 Operating principle of One-way Valve of Another Embodiment
of the Invention

30 Fig. 37 shows a liquid container in another embodiment of



other and may be applied to the configurations shown in Figs. 20 and 22 in
which they are separate el enments. 2.7 Seventh Enbodi ment of Mod@2MARSHAAY ng
I nk Tank, One-way 5 Valve, and Recording Head Fig. 25 is an illustration of
a nodification of the enbodinent according to Fig. 24. As shown in the
figure, a buffer tank 236 is provided & - the way of a channel constituted
by tubes 235A and 235B connecting a one-way valve 30 and a joint needle

the | orpte SRRl dn, e S g QoptpdnalEh Rgaith il RS AEEGATRE
anbi engp 0 556 (RbreAMaPte? S9ARIY GdAErPBRARY Uss | * PBLLEIHGhehls

one-way valve 30, thereby preventing the operation of the 15 one-way val ve
30 frommssditadlyanéahyed theladdy (e ilkgui®peshtaialdry (hatnindftak
enters the tube 235A through the joint needle 238, the ink is accunul at ed

i n t he dlgd erefenked36o asd "iink icopbasnerd )t dprgemerailly icondtibbutederi ng
the tube 235B that is directly connected to the one-way valve 30. Wile
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pressurdiva iﬂ?é C}L%taé}digi@s&getﬁget‘wkcﬁglqgers are in communication with
each other through a communication channel 517. 1Ink to be
ejected from the recording head 520 is charged in the ink
containing chamber 510 and is supplied to the recording head
520.

The ejection of ink from the recording head 520 is not 1limited
to any particular method and, for example, thermal energy
generated by an electrothermal transducer may be used as energy

15 for ejecting ink. In this case, film boiling is caused in ink
by head generated by the electrothermal transducer, and ink may
be ejected through ink ejection ports by foaming energy at that
time.

A movable member 511 that is a movable section is disposed
in a part of the ink containing chamber 510, and a space for
containing ink is defined between this section and an outer
casing 513. A space outside the ink containing space 510A as
viewed from the movable member 511 or a space on the right-
hand side of the movable member 511 in Fig. 37 is exposed to

25 the atmosphere through an atmosphere communication port 512 such
that it has a pressure equal to the atmospheric pressure.
Further, a substantially sealed space is formed in the ink
containing space 510A except for an ink supply port 518 provided
at the bottom thereof and the communication channel 517 between

30 the valve chamber 530 serving as a valve section and the space.



10 when outside air is introduced through the one-way valve 30. 25 Wiile a
movabl e member 11 is configured such that it can be displaced tZ MW BNy
abrupt increase in the pressure in the ink tank 10 as described above, the
buffering configuration of the present enbodi ment confronts cases in which
ink can enter the tubes because of pr&sure changes or vibrations of ink
that 30 can not be absorbed by such displacenent. 22 MARCH 2007 - 60 2.8
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schemati cal 'y show contigurations for nounting an recordi ng

head asafi@s&lcbedeARYE. asFhdsheBA SH@MSpRotet idihy 2t h8 Nmb¥ably! thémBeand
fixing an 5 ink tank 10 according to the enbodi nent shown in Fig. 20.
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end of an ink tank 10 to fix the ink tank. Fig. 26B shows a configuration

for nowembodimeatf is cgnetitukedapk daclefevmabig fdextidkebilmensherdwn in

Fig. 23 in which_ «clicks 23 provided on top ends of a hol der 22C engage a
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the im&é&ﬂfat%&9€$“2fé88£k%@ plate 514 that is a support member in
the form of a flat plate and which is deformable in a peripheral
section thereof. The movable member 511 has a convex
configuration in the central section and has a trapezoidal side
configuration. As will be described later, the movable member
511 is deformed in accordance with changes in the amount of ink
in the ink containing space 510A and fluctuations of a pressure
in the same. 1In suchcases, the peripheral section of the movable
member 511 is expanded and contracted or deformed in a good

15 balance, and the central section of the movable member 511

undergoes parallel displacement in the horizontal direction of
the figure with a substantially vertical attitude orientation
of the same maintained. Since the movable member 511 is thus
smoothly deformed (moved), the deformation will cause no shock,
and there will be no abnormal pressure fluctuation attributable
to shock in the ink containing space.

In the ink containing space 510A, there is provided a spring
member 515 in the form of a compression spring for exerting an
urging force that urges the movable member 511 to the right in

25 the figure through the support plate 514 to generate a negative
pressure within a range in which an ink ejecting operation of
the recording head can be performed in equilibrium with an
ability for holding meniscus formed at an ink ejecting section

of the recording head 520. Fig. 37 shows a state in which the

30 ink containing section 510A is substantially fully charged with



A configuration is also possible in which the atnosphere 15 is introduced
into an ink tank by force through a one-way valve to0 pressuri ze2tNvRGH2M7
and it also nakes it possible to keep the pressure in the ink tank in a
proper range. In this connection, at |least a part of an inner wall of a
contai ning space in an ink tank may beBtonstituted by a novable nmenber such
as a flexible film and the inner wall as a whole may alternatively be

consti tyhed Qﬁdagh%g{%\elxa%i AL TRPLr ¢ Bom egsc ggi g%g{esra%el gK Tank

Utilizi'ng Oné-wa Y| 'e”an “at mosphere co nicati on i'on 0or ~one-way
valve dde é@@sﬁégatti%éEgi\%é@&féoi‘noéhé‘“ihﬂkcbﬁ%im%{g' ﬁé’é”@%ﬁdin% to

a recording head inh the a e enbodi nents, the position of ose elenents is
not |irH#Esl §eatbe enbodi nments, and they may be provided in any appropriate
position. Enbodi nents will be described below in which an at nosphere
comuni cat i Thesesicaading pead 820 amd theydhilke cenbaindihdgrcharibéankland in
whi ch a 30 nechani sm serving as a one-way valve is disposed in a container

22 MAR@¥e00Quplegdl byt hkRseBhiRign® HUPPkYt dnbe RN previdedsn nthe Figs.

27A, 27B, and.27C.show a first enbqQdi nent. _An ink
recorglng head into the in?c containing chamber 510. This

establishes fluidic coupling between them to allow ink to be
supplied to the recording head 520. A sealing member 524 is
mounted around the supply tube 521 to ensure sealing between
the supply tube 521 and the ink containing chamber 510. A filter
523 is provided in the supply tube 521 to prevent any foreign
substance present in supplied ink from flowing into the recording
head 520.

The valve chamber 530 will now be described. The interior

15 of the valve chamber 530 is in communication with the ink

containing space 510A through the communication channel 517.
In the present embodiment, the communication channel 517 is
formed using a pipe made of stainless steel having an inner
diameter of 0.2 mm. Further, a sealing member 538 made of rubber
is mounted around the stainless steel pipe to improve sealing
around the communication channel.

In the valve chamber 530, there is provided a valve closing
plate 5'34 to serve as a valve closing member having an opening
section 536 that is an element of the one-way valve and a valve

25 sealing member 537 for sealing the opening section 536. The
valve closing plate 534 is bonded to a flexible sheet 531. The
opening section 536 extends through the valve closing plate 534
and the flexible sheet 531. A substantially sealing space is
maintained also in the valve chamber 530 except for the

30 communication channel 517 and the opening section 536. The



tank 127 of the present enbodinent is substantially the same 5 as that
shown in Fig. 9 in configuration and is contained in a contai ner22IlBRCHa007i S
substantially the same as that shown in Fig. 16. The ink tank of the
present enbodinent is different fromthe configuration in Fig. 9 in that an
at nosphere introducing opening 2 is-p8®vided such that it extends through
a tank sheet section 106 and a pressure plate 109 instead of providing a

port 157408 p80kh e’ R TTToaeE] Saanall R CbtalTLS GPoblaT Ry,
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the same 1s 15 posed to the atno ere through an atnbsphere comuni cati on

port 3.a IingesgdfeSéqwala%oe&WMﬁ@ﬁérgb phesgierd ankard utéatcaking
reached by filling the ink tank 127 with ink 7. The ink 7 is supplied to a

suppl y Shdauofethé3valrecciygambelr $80rallSG sexves ad ar shel 1sfipplpeot ¢otdanigeat er
board 134 that is provided at a head chip 133 as an ink-consum ng secti on.
Ref érrithet 6lexkgbler sheeb éﬁﬂmmeannexm% Bpraeng 2 is fornmed at a
section where the tank_ sheet section 106 and. the pressure £I ate_ 109

r
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openi ngr2 lgnck:ﬁsé%deob &x&5dd 1n% a central section that is bonded to

the valve closing plate. It has a convex configuration in the
central section and a substantially trapezoidal side
configuration. Such a configuration allows the valve closing
plate 534 to be smoothly moved up and down.

In the valve chamber 530, there is provided a valve
regulating spring 535 as a valve regulating member for regulating
an opening operation of the valve. The valve regulating spring

15 535 is somewhat compressed to urge the valve closing member 534
upward in the figure utilizing a reaction force against the
compression. The function of a valve is achieved by expanding
and compressing the valve regulating spring 535 to put the valve
sealing member 537 in tight contact with the opening section
536 and to separate them from each other, and a gas is only allowed
to be introduced into the valve chamber from the atmosphere
communication port 532 through the opening section 536 to provide
a one-way valve mechanism.

What is required for the valve sealing member 537 is to seal

25 the opening section 536 with reliability. Specifically, it is
required to have a configuration in which at least the part
thereof in contact with the opening section 536 securely seals
the opening, and there is no particular restriction on the
qudality of the material as long as tight contact can be achieved.

30 However, since such tight contact is achieved by the expanding



rubber 1 serving as a sealing nmenber nounted to a tank containing chanber
130 in a position associated with the atnosphere introduci ng op&MARCHE 20q7,
consideration to the fact that the <circunference of the atnosphere

i ntroduci ng opening 2 nmust have 30 planarity and any deviation fromthe
relative positional 22 MARCH 2007 - “68? telationship between the ink tank
127 and the sealing rubber 1 attributable to contraction or expansion of

the tan t ' re i odyei [ A
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formof a flat plate that is rigid enough to avoid deformation due to

contracéasilyr feipansthe dfleklidliekhietk 5827and theheafprveselosdmyppileatd, a
pl ate-1i ke menber constituted by SUS304 is used as the pressure plate 109.
The at nb3gieoeedhy thecaayioperf theexkpandinie fgree, dxtenda shhiokg@blee
section where the tank sheet 106 and the pressure plate 109 are coupled to
est abl | 8haSEHAMELRT A LbEVR RS HEUPPREI-de and outside of the ink tank 127
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the having the above configuration will now be described with
reference to Figs. 38A to 38E.

Fig. 38A shows a state of the same in which the ink containing
space is sufficiently filled with ink. 1In this state, since the
spring member 515 is compressed, an expanding force Fl (a
reaction force originating from the compression) in accordance
with the amount of displacement as a result of compression acts
on the movable member 511 through the support plate 514.

15 Referring to the direction of the expanding force F1l at this
time, it acts rightward in Fig. 38A or the expanding direction
of the spring member 515, and this direction is indicated by
a positive sign in the following description. At this time, a
pressure in the ink containing space 510A acts inwardly of the
chamber. That is, a pressure Pl acting in the ink containing
chamber 510A has a value with a negative sign (negative pressure)
according to the above rule for signs on an assumption that the
atmospheric pressure is "0". Therefore, when the surface area
of the support plate 514 to which the spring member 515 is bonded

25 is represented by S1, the negative pressure generated in the
ink containing space at this time can be expressed as follows:

Pl = -F1/S1 Expression 1
That is, the negative pressure generated in the ink containing
chamber is directed opposite to the direction of the force

30 provided by the spring member 515.



sealing rubber 1 or when the sealed state is canceled. Specificall It
preferably has a size ranging fromabout 0.01 mmto 2 nmin ter%@“%ﬁcwﬁg”
di aneter. An appropriate size may be chosen in consideration to the

physi cal properties such as surface tension and viscosity of the ink to be
used and the rigidity and elasticity 8 the tank sheet 106. The shape of
the atnosphere introducing opening 2 is not limted to the circular

configurati ‘@?L’mﬂé‘ochf‘é nleRfd €106 L#Péygﬂf}é' tﬁﬁépéétggi’liﬁ'e}?xé %l@%ﬁt%i‘hiﬁ ey

be enpl oyed w thout any “particular restriction. erring to the sedaling

rubber dpadatl the! hellitivd igrsssarehp1 atgespbdise oninedfistigeapati the?, a
menber such as a rubber, elastoner, or elastic resinis preferably used

becauseink enettingnmo et kéy Hedhd recarhisph&ead 6R00topngvenenlegkagehen
put in contact with the same. Wien the ink tank 127 is expanded, 30 the
seal i nge¥ e riom £hey ke eJed ting martapeeidedior theaecondinyg MeRCH
2007 -_63 That is, the sealing rubber 1 is conpressed froma predeterm ned
si z&@ of°4fe same in an unl oaded state (unconpressed state). Therefore, an

expanst on 0%l Rk AP dREaRHY 34SEEbA Bhs 1Y SAgEH B LT
at msphes g i A A PP ¥ % fe valve chamber 530. Referring to the
pressure in the valve chamber 530, the negative pressure Pl is
exerted through the communication channel 517 between the
chamber and the ink containing space 510A. The expanding force
of the valve regulating spring 535 acts in the valve chamber
530. Let us indicate the expanding force by "F2". Then, the
expanding force F2 acts upward in Fig. 38A or the expanding
direction of the valve regulating spring 535 and has the positive
15 sign. Let us indicate the surface area of the bonding surface
of the valve closing plate 534 to which the valve regulating
spring 535 is bonded by "S2". Then, the direction of the pressure
exerted by the valve regulating spring 535 in the valve chamber
530 as a force acting in the valve chamber coincides with the
expanding direction of the valve regulating spring 535 and
indicated by the positive sign. When the pressure is
represented by "P2", the following relationship exists.
P2 = F2/S2 Expression 2
In order for the opening section 536 to be sealed with the
25 valve sealing member 537, the pressure P2 and the negative
pressure Pl must satisfy a relationship expressed by:
-P1 < P2 Expression 3
Then, Expression 2 and Expression 3 derive the following
relationship:

30 - P1 < F2/S2 Expression 4



Further, grease that is highly resistant to ink is applied to the region
around the atnosphere introduci ng opening 2 where the sealing r3ZJBaRCH 28}Hq
the tank sheet 106 are put in tight contact as occasi ons denmand, which
advant ageously inproves sealing properties. A description will now be nade
on an operation that is perforned wieflthe anount of ink in the ink tank
127 is reduced as a result of ink consunption. Fig. 27B illustrates

cont r aGy t [ t Sy I I pn s af: t
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the ink tank, and the pressure plates 109 as novable nenbers nove in the
directiamd thedveadivas d&Yoshagaplaise Ab3dnacAdmy cagdinglty thEhenegatdweof a
spring 107 is pushed in the sane directions as a result of the novenent of
t he pr pBessupkeatiss g®atend tharepdhe chnteangd négahavepPnesS®REE-on t he
ink as a ne&ative gressure accordingly. Therefore, the negative pressure to

the % nk gradi¥g 1§I¢GELERs & %t%ﬁowoﬁ%aﬂw%nehaeia& %;@ngeeds
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the el agip&i t¥nQfth8enbYaRaL e prddbutdad Y ink containing space 510
increases accordingly.

Fig. 39 shows a relationship between the negative pressure
in the ink containing space 510A and the amount of ink remaining
therein or supplied therefrom. When ink consumption continues,
a change from the state in Fig. 38A to the state in Fig. 38B
occurs. The internal volume of the ink containing space 510A
that is a sealed space substantially decreases with the amount

15 of ink, which is accompanied by a leftward movement of the movable
member 511 in the figure. The support plate 514 also moves
leftward in accordance with the displacement of the movable
member 511, and the compression of the spring member 515 also
proceeds. The progress of the compression of the spring member
515 means an increase in the expanding force F1, and the negative
pressure Pl also increases from the point a to the point b in
Fig. 39 according to Expression 1.

When ink consumption further proceeds from the state in Fig.
38B, the movable member 511 is displaced leftward further to

25 enter the state in Fig. 38C. This further increases the negative
pressure in the ink container 510 to change to the point c¢ in
Fig. 39. In this state, the negative pressure in the ink
container 510 balances the force exerted by the valve regulating
member 534 in the valve chamber 530 to satisfy a relationship

30 expressed by:



to a predetermned initial size. Fig. 27B shows a state of the sealin
rubber 1 inmmediately before the rubber is separated from 30 the %8t 800z
i ntroduci ng opening 2 in which the rubber has 22 MARCH 2007 - 64 been
expanded to the extremty (the rubber has been returned to the
predetermned initial size) during the?process. In the sane state, the
sealing rubber 1 is not conpressed, and an urging force fromthe ink tank

127 starts actgng sealing rubber 5 1. Wen i ' hgr consuned
t hereafter, sfﬁbe t e}$%k tank 127 is tenpted to cggﬁéﬁﬁgiﬁﬁegurging force

of the ink atce the #FJrdFRYShhaLd predetianidedupal adt babhndecepees

zero, and the sealing rubber 1 is instantaneously separated fromthe

at nospheta&tée nbEodurittacopefi the? vaslwdosvaling gnedB&r A3 7t dhiewetdamty, air
4 is introduced into the ink tank 127 through the atnosphere introducing
openi ngtlze phes$ureodictherval vehcegulatiingapaitrg 586 hasenatl chahgesl of
the tank, and the tank sheet 106 is thereby expanded qutward or in the

di r 8ct WAt e EgtReint . pyhere ink songumphionriggarrtinuad theraakdedher e
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becomes unable to cause the valve sealing member 537 to seal
the opening section 536 in the valve chamber 530, which results
in a relationship expressed by:

- P1 > F2/S2 Expression 6
The relationship indicates the state shown in Fig. 38D and the
change in the negative pressure at the point d in Fig. 39. At
the instant when this relationship becomes true, the sealing
of the opening section 536 with the sealing member 537 is

15 canceled.

As a result, the atmosphere begins to flow in through the
opening section 536 as indicated by the arrow in Fig.v38D, and
it is further introduced into the ink containing space 510A
through the communication port 517. The introduction of the
atmosphere results in an increase in the volumetric capacity
of the ink containing space 510A that has been decreasing and
simultaneously results in a decrease in the negative pressure
that has been increasing, conversely. The decrease in the
negative pressure means a return from the state expressed by

25 Expression 6 to the state expressed by Expression 5, and the
opening section 536 and the valve sealing member 537 are put
in tight contact with each other again in the valve chamber 530.
This results in the state shown in Fig. 38E and a change in the
negative pressure from the point 4 to the point e in Fig. 39.

30 From the above description, the following relationship is



in Fig. 27B. In the same state, the level 7a of the ink contained 1in the
tank is obviously lower than that in the state in Fig. 27A The2d(paRCH ReATs
of entering the states in Figs. 27B and 27C are repeated, which nakes it
possi ble to al ways keep the negative pressure in the tank in a
predeterm ned range even if the consu®®tion of ink proceeds. Air having
substantially the sane volune as that of ink consunmed through the ink jet

1220, | 5401t PAERSBL AL FOShkBEchAln ko B baBRSS ) BBl
it gk BOCLRu401 D Hindentnotal Wit ydln LR IodgBlyge

provi degsh-&gstirehah thd ink 68 t@iRdity BphEOBI0IC hndatePP8sEuee @Fgaing i n
the ink tank 22 MARCH 2007 - 65 127 attributable to an increase in the

anbi entthe vana sea lning membexk inatke k2alve chahsise 2830 icart be gxpressedf
outside air is quickly absorbed by the expansion of the ink tank 127

t hr dughas tehged@t bomsbhipt he twgemgheomagnd tude sovii ke adetvteovalues 5
t he expansion of the inpk tank 127 is absorbed by the expanding and

cont r ac®¥ nghEpELSNEHELYE PRESSMHeS 2 +tBREAgh theicacthill RPS1tRe

negatlw&igég%igag.ln the ink tank 127 unchanged and

|[F1| 7 s1 > |F2| / s2 Expression 7

When ink is further consumed thereafter, the state in Fig.
38D and the state in Fig. 38E alternate; there are very small
changes in the negative pressure as shown at the point e and
later; and ink is consumed with the negative pressure kept at
a substantially constant value. That is, since the state inFig.
38D and the state in Fig. 38E are thus repeated even when ink

15 consumption is continued, there is no unnecessary increase in

the negative pressure in the ink containing space 510A after
a certain amount of ink is consumed, which makes it possible
to use up the ink in the ink containing space 510A while
maintaining a stable ejecting condition.
5.2 Parameter Setting

It is apparent from the above that each of the chambers can
be easily designed for a desired negative pressure because the
negative pressure is adjusted based on the balance between the
pressures in the ink containing space 510A and the valve chamber

25 530, respectively. Specifically, the spring expanding forces

F1 and F2 depend on the state of compression of the springs
disposed in the respective chambers, and the expanding forces
are determined by the spring constants and the distances of
displacement caused by the compression (the amounts of

30 displacement in the initial compressed state and the amounts



| nproves the sealing between atnosphere introducing opening 2 and the
sealing rubber 1, there will be no | eakage of ink through the a#34MARER2R07

i ntroduci ng opening 2. The configuration of the present exanple to provide a
mechani sm for functioning as a one-way valve within the container which
contains the ink tank enhances a reddcPfon in size of the ink tank and the
one-way valve as a whole. A utilization of the 15 novabl e nenber provided in

the inky¢ apke Wil 3 g,feiia ént pdpstl gp  of, khsnwmg;egg{eémpe{%sgg%a%uged

for the one-way va an a cost reduction In uring t

Second d&phetaf®Ntard O6he 2§Aou2ﬁ8,oﬂrdi§§@a%@m&1@,n fa8pdicERie1y) Whi ch a

sealing nenber as shown in Figs. 27A, 27B, and 27C is used in a different
node. |Théhefoaase,amy s@asimgdarmdgat 3¢é plreissaare beanobed abtaiheddibyect i on
of contraction of an ink tank 127 is provided instead of the sealing rubber
1 in Figppropriatrdy setbimy tthoserpanamgtens. 2ghe megativerpgressvae 311
Is constituted by two 25 discs 311A and 311C forned froma resiin nmaterj al

and %a sF@ahtbe3gapidghAddusied ey sefkdng the gurfanas argashelsRRG SAi1B
R AR T Rk RLSU AR g
cont ai niRg gB@ﬁgﬁS]é$b£BBg&QFgﬁ¢; At this tinme, a
A feature of the invention achieved in the above embodiment
is to provide guidelines for designing an ink container in which
the four parameters F1l, F2, S1, and S2 are appropriately
determined based on the relational expressions for them derived
as described above.
For example, a technique disclosed in U.S. Patent No.
6,186,620 solves the problems with the technique disclosed in
15 Japanese Patent Application Laid-open No. 7-125240 (1995) or
Japanese Patent Application Laid-open No. 7-125241 (1995)
described in the section of the related art, i.e., the problems
with a 1iquid seal. There is disclosed a configuration in which
a member in the form of a plug urged by a spring is provided
in a boss for introducing outside air to achieve mechanical
sealing. However, there is neither consideration nor
suggestion tp the above-described expressions. In this sense,
the above-cited invention still remains in the category of
substitution of a mechanical seal for a liquid seal and does
25 not provide guidelines for optimization of a design of an ink
container unlike the present invention.
An ink container can be adequately designed in accordance
with guidelines based on the principle of the invention that
the four parameters Fl, F2, S1, and S2 are appropriately

30 determined in relation to each other.



30 coil spring 8 that is wound around the shaft 311B is interposed 22 MARCH
2007 - 66 between the disc 311A and the wall of the ink contai22mgrchaodrer
130. Thereafter, the shaft 311B and the disc 311C are bonded together using
a machine screw or adhesive to formthe sealing menber 311, and the sealing
menber 311 is nounted on the wall 5 of9%¥he ink containing chanber 130. The
spring constant of the coil spring 8 is set at a value |lower than the

301 ot nerpreeaRimdeon RERERes T WAL Y hobl e ndby Gl FelR (SRR,
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menber If cin@engplelgidich s¢al ing force, nore precise controlling of the
negative pressure can be achieved and thus better durability is obtainable
conpari ng t Getthes ssure diva thghehepiingefidbrog Bbiofi thebyalsenmpdukatinkh ng
rubber as shown in Fig. 27A to 27C. An operation of an ink supplying device
of Phe speiREt538nhsdsubsitantdallyheoasdanttecanse substantiabhywnpl now

be descyj bed. i
displacement occurs on the same. Then, a wide range of values

of the parameter F1 can satisfy Expression 1 to prevent the
introduction of outside air when the active area S2 of the force
to seal the atmosphere introducing opening is small relative
to the active area S1 of the spring force to generate a negative
pressure or when S1/S2 is relatively large, and it is therefore
assumed that the spring member 515 can be designed with high
freedom to obtain an initial value of the parameter F1. However,
when the parameter F1 is designed with a high initial value,
15 the parameter F1 must be changed considerably to introduce
outside air by satisfying Expression 6, which results in a great
increase in the negative pressure in the ink containing space
510A. However, the negative pressure in the ink containing
space 510A must be an adequate value within a range in which
it is in equilibrium with an ability to hold meniscuses formed
at ink ejection ports to sufficiently prevent leakage of ink
from the ink ejecting section and in which an ink ejecting
operation of a recording head can be performed. Therefore, in
order to keep the parameter F1 in the adequate range until outside
26 air is introduced, the spring force F2 of the valve regulating
spring 535 must be relatively small, which results a risk that
the opening section 536 will be easily opened by a shock or
ambient change.
Such a problem can be avoided when the parameters S1 and

30 S2 are adequately determined. Specifically, there is no need



Fig. 28A shows an expanded state of the ink tank 127. An urging force from
pressure plates 109 resulting fromthe expansion of the ink tanMARCHZPWes
the sealing nmenber 311 to protrude outward fromthe ink containing chamber.
At this tinme, the coil spring 8 is contracted. 25 Subsequently, the state
shown in Fig. 28B is entered as a réstPt of ink consunption. The ink tank
127 contracts in the sane nmanner as that described with reference to Figs.

27A, 27Fpr i3¥Er-d&ingehé RindiPE D 8 dhan§e it hEPY8 rahdtter 1M BEGLREd
indicated by the arrows Al and A2. ConcurtTently, the sealing 30 nenber 311

f ol | owst dheamevaiiiit Dént Feopr es Bt £tel ehatlGhtisPleNARMprEYTion 67 td he
direction indicated by the arrow A2 due to the spring force of the coil

spri ng 8. sbatendhdt ssapisfitiesn Exprassiophér.e whithodocrmepseenfngedaom
kept seal ed by the disc 311A of the sealing nmenber 311. Since the sealing
nenber 3490j iy sehtingr khe ParanetarpFicand: ralgess itapageiblent® ng only
a di_stan uivalent to the | ength the shaft 311B, the disc 311C
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130, V\hé?ﬁ is the state shown in Fig. 28B. This state is substantially the
sane as é state shown in Fig. 27B for

The above discussion is merely an example, and it is obvious
that each portion must be appropriately designed taking various
conditions into consideration. However, this can be
accomplished by considering the four parameters in relation to
each other and can not be accomplished by simply considering
the relationship between the magnitudes of the parameters Pl
and P2 that determines whether to introduce outside air based
on éommon sense or intuition.

15 5.3 Operating Principle of One-way Valve in Still Another
Embodiment of the Invention.

In the above embodiment of the invention, the spring member
515 for generating a negative pressure in the ink containing
space 510A and the spring member 35 and the valve closing plate
534 for generating a force to seal the opening section 536 in
the valve chamber 530 are provided inside the respective chambers.
However, referring to modes of utilizing a force exerted by a
spring, it is possible to utilize not only a reaction force
generated during compression of the same but also a reaction

25 force generated when the spring is expanded. Therefore, each
of the springs may be disposed outside the respective chamber.

Fig. 40 shows an embodiment in which the disposing positions
of the springs for the ink containing chamber and the valve
chamber have been moved to the outside of the respective chambers.

30 In this configuration, when ink is sufficiently charged, a spring



t he above enbodi ment. When i nk consunption is continued further, the sealin
menber 311 and the atnobsphere introducing opening 2 are separat
ot her to cancel the sealing of the atnosphere introducing opening 2. Then,
air is immedi ately introduced 15 thr gugp t he at nosphere introduci ng opening
2 as shown in Fig. 28Cto increase the internal volune of the tank. As a
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result, a tank sheet 106 expands outward or in the directions indicated by
the ar mpbEE 5B Bhnadted o ahPERNEs Bt ANhAd¢UEhAMbYIEBIUN0isZs1Bght 1

i nstant aneously seal ed by the sealing nmenber 3I1 again to return to the
st at e iexpanded@Bantinatvakvetnégulatdrnesprinig 35% provideddinnk valve
obviously lower than that in the state showmn in Fig. 28A. The operations of

ent er i thameest 858 iis) similardy sdiglBtyaexpassteded to nake it possible

to keep a negative pressure in the tank in a predeternm ned range even jf
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y resistan
of the spring member 545 to displace the same. A negative

pressure is determined by the amount of displacement at this
time. The negative pressure that acts in the ink containing
space 540A in accordance with the displacement of the spring
member 545 at this time is generated by a force in the contracting
direction of the spring member 545, and a contracting force F1
in accordance with the amount of displacement as‘a result of
expansion of the spring member 545 (a reaction force originating
from the expansion which is assumed to have the negative sign)
acts on a movable member 541 through a support plate 544.
Therefore, the negative pressure at this time is expressed by
Expression 8 shown below according to the same rules for signs
as those in the above embodiment.

Pl = F1/81 Expression 8

In the valve chamber 555, since the valve regulating spring
555 that is provided between an outer casing 553 and a valve
closing plate 554 exerts a force in the contacting direction
of the same, a contracting force F2 in accordance with the amount
of displacement as a result of expansion of the valve regulating
spring 555 acts upward in the figure. A pressure in a movable
member 551 is expressed by Expression 9 shown below according
to the same rules for signs as those in the embodiment shown
in Fig. 37.

P2 = -F2/S2 Expression 9

P cpd TG 18 SR 09,204 3681 L0gL RINS SYe Lm0
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- 68 1ink around the region of the sane associated with the atnosphere

I ntroduci ng opening 2. 3.3 Third Enbodi nent Fig. 29 shows an emiFEdIARTH 2947
which the spring provided 5 in the ink tank 127 is changed froma plate
spring to a coil spring, the configurgtion bei ng otherw se the sane as that
in Fig. 27A. In the present enbodi nén 8 4an ink tank 127 is contracted and
expanded in the sane manner as in the first enbodinent by a coil spring 5,

and a seal i agdrdPSFel SR arPB%g?atiﬁ‘ﬁ Se®tidy B56M5 e APEESy1 th ROPaNL DS tO
keep a negative pressure in the ink Tank 127 in a predetermned range. In

the presealiagang@hbers$Piin theivglve clsanbéers50 of when a4 adiatisenshipt he

I nk tank 127. It is easy for the coil spring to follow a displacenent in

t he i ncéxpaessedibyectPbn<oP2t lexilbt $r etbhear €odllawingorekadriarfshipedki ng
face of the sealing rubber 1 and the pressure plate 109 are not in

paral | efatif€igbessure plate 109 can be in a close contact with the sealing

3 4%rourth EMbAY heht “ERES%0 shows an embodi ment 1n whi ch a part of a tank
sheet  ¢feRAPGH CofPablSE tWRN thePob8RE ngPREYLY I sTE TR +he%vade
sealing member 557 is canceled to introduce outside air from
an atmosphere communication port 52 through the opening section
556 as a result of progress of ink consumption, the following
relationship is satisfied.
-F1/S1 > -F2/S2 Expression 10
Only the directions of the forces exerted by the spring member
545 and the valve regulating spring 555 are different from those
in the embodiment in Fig. 37, and the directions of the negative
15 pressure in the ink containing space 540A and the pressure in
the valve chamber 550 are the same as those in the embodiment
in Fig. 37. Therefore, Expression 10 can be changed as follows:
\F1| / s1 > |F2| / S2 Expression 11
Therefore, the description of the embodiment in Fig. 37 similarly
holds true here for the operation of each section that occurs
as ink consumption proceeds, changes in the negative pressure,
and the balance between the pressures in the ink containing space
540A and the valve chamber 550.
When such a configuration is adopted, since each of the
25 springs is not put in contact with ink, there is no need for
considering deterioration of the springs attributable to contact
between members forming the springs and ink and elution and
mixing of foreign substances into ink. This also results in an
advantage in that freedom in selecting a material for forming

30 the springs is increased.



in which an ink tank 227 is constituted by a tank sheet 206 which contracts
and expands only on one side thereof. Therefore, the present erd@dARGHE007

i nvol ves only one pressure plate 109 to serve 25 as a novabl e nenber.
Further, the spring provided in the ink tank in this case is a conical coil
spring 6. The tank sheet 206 contract8%ihward or in the direction indicated
by the arrow C as ink is consuned, and the pressure plate 109

si mul t aneousys 'M{ | r : b rrﬁ@ger SO
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air through the atnosphere introducing opening 2 in the sane manner as
descri béilsposieie dutsidenthed madpedbevenichadnndirsn dft avilb baueasitlye tank
to expand outward or in the direction indicated by the arrow D again, which
r esul t sundezstiond dhnt ithe Henventiea cappbgmaddfievedi agcozddnmpta dhet

t he atnosphere introducing opening 2 and _the_sealing rubber 1 in tight
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the chamber.
5.4 Area for Buffering Ambient Change

In the configurations of the above embodiments in Figs. 37
and 40, ink consumption proceeds from an initial state in which
ink is sufficiently charged and, at the instant when the negative
pressure in the ink containing chamber is increased as a result
of further consumption of ink in a state in which the negative
pressure balances the force exerted by the valve regulating

15 member in the valve chamber, the atmosphere begins to flow in
through the opening section to be introduced into the ink
containing space. As a result of the introduction of the
atmosphere, the volumetric capacity of the ink containing space
conversely increases, and the negative pressure decreases to
close the opening section.

For example, in the embodiment in Fig. 37, ink consumption
proceeds from the initial state shown in Fig. 38A and, after
the state in Fig. 38C is entered, the state in Fig. 38D and the
state in Fig. 38E alternate in accordance with the progress of

25 ink consumption. That is, the internal volume of the ink
containing space 510A that is a sealed space substantially
decreases as the amount of ink decreases from the initial charged
state; the operation of introducing outside air is enabled after
the movable member 511 is displaced to the position on the

30 left-hand side of Fig. 37; and there will be substantially no



3.5 Fifth Enbodiment In Fig. 31, an atnosphere introducing opening 12 is
provi ded above an ink tank 127 having the same configuration as?%t CH 20071 5
t he enmbodi nent according to Figs. 27A, 27B, and 27C, and a sealing rubber
for closing the atnosphere introduci ngl opening is a sealing rubber 21 that
has a conical configuration in a part %her eof to be put into contact with

t he at nosphere introducing opening 12. Such a configuration provides the

foll ovidigangdveh! 8685 1nEbiHal VOFEmbes 2LHESPHRT 8 chidiafiich epaBRN 519l 2

is located Tn an upper part, air I ntroduce rough the sa passes through
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of ink is higher than the atnosphere introducing opening 12. Therefore,

when t hetaysunh theniviigin 26yi ok bheopesisednh meaeheds iy tdie i héftward
consunption, air introduced through the air introducing opening 12 directly
flows tdigplaeemest where air is accunul ated without passing through the

I nk.. This makes ji. possible tao preyent bubbling that otherw se . occurs when
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containing space 510A is defined and which includes the movable
section (movable member 511) that is displaced as ink is supplied
from the supply tube 521 and the valve chamber 530 which is
provided with the opening section 536 for allowing a gas to be
introduced into the containing space and the sealing member 537
that is a sealing member for sealing the same. The liquid
container has a configuration in which the volumetric capacity
of the containing space 510A decreases because of displacement

15 of the movable member as a result of ink consumption and in which
the opening section 536 is opened to introduce the gas when the
volumetric capacity becomes equal to or smaller than a
predetermined value (the state in Fig. 38C). The opening
section 536 is separated from the sealing member 537 when the
following relationship is satisfied after the state in Fig. 38C
is entered.
P - Pl > F2/S2 Expression 12
where F2 represents the urging force for sealing the opening
section 536 (the spring force of the valve regulating spring
25 535); S2 represents the surface area of the surface on which

the urging force acts (the surface area of the bonding surface
of the valve closing plate 534); Pl represents the pressure in
the containing space 510A; and P represents the ambient pressure
(atmospheric pressure) of the container.

30 Therefore, even if there is a change in the ambience of the



a greater adverse effect in such an occasion. The conical configuration of
the sealing rubber 21 allows nore reliable sealing than that acisexROH007
when the atnosphere 5 introducing opening 2 is closed at planar features
abutting on each other. 3.6 Sixth Enbodinment In Fig. 32, a pressure plate
309 and a coil spring 25 are provi dedOdutside an ink tank 327 constituted
by a tank sheet 306 a part of which is joined to an inner wall of a tank
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pressure plate 309 and the tank sheet 306 may be joined using heat bondi ng
si m | arin othberéaige belewsenbethaerdispaeceanpdd ot fog. ahtB.thideinitiel wal |
of the tank containing chanber 130 and the coil spring 25 may be joined
usi iy Pasdboneofod e chovabendiemper.fiIni ofherTwordak shenad®o
constituting the ink tank 327 contracts inward or in the direction

i ndi cate@ubyaigdtabpfheEved ungtric caraekly fungtirasppre s fnnacesmo

st mul tafi?%uss |t¥1eq_pé/ grcia rb“c’)asr,gi{ﬂet pg moderate an increase in the pressure
as a result of the ambient change, thereby preventing leakage
of ink from the ejection ports effectively. Further, since the
flexible sheet 531 is pneumatically driven to displace by the
movable member 511, no leakage of ink will be caused by the
expansion of the ink containing space attributable to a change
in the ambience of the ink tank, e.g., a temperature rise of
pressure reduction.

15 | Since outside air is not introduced until a buffer area is
provided as a result of a reduction of the volumetric capacity
of the ink containing space attributable to supply of the liquid
from the initial charged state, no leakage of ink occurs even
if there is an abrupt change in the ambience or the container
is vibrated or dropped until that time. Further, the buffer area
is not provided in advance in the state in which ink has not
been used yet, the ink container can be compactly configured
with high volumetric efficiency. By making the surface area S2
of the surface on which the urging force F2 (the spring force

25 of the valve regulating spring 535) for sealing the opening
section 536 acts greater than the surface area of opening section
536 or the sealing surface of the sealing member 537, sufficient
sealing properties can be maintained. Furthermore, the above
configuration makes it possible to achieve those advantages with

30 a small number of components, and it is also possible to achieve



tank to serve as a novable nenber also in this case. As a result, 25 an

at nosphere introducing opening 2 is separated froma sealing rubb¥AREH2807
i ntroduce air through the atnosphere introducing opening 2 in the sane
manner as described in the enbodi nent . according to Fig. 27A. The
introduction of air and an action of Yfe-coil spring 25 cause the tank to
expand outward or in 30 the direction indicated by the arrow F again, which

resul t sgtgp2ed YARPd@Rion dé ﬁé' éﬂﬁbﬁgﬁ%x‘é‘bﬁﬁiﬁd?}fdfﬁb VRbUSBegfiride

ink tank 327 to put the at rmsp ere I ntroduci ng opening 2 and the seal i'ng

rubber gdcthiont 536t f6eniAtroudimputi®s &iviih alpase ofethel MoTvadle
repeated to make it possible to keep a negative pressure in the 5 ink tank

in a predmbems (tHerfihgriblki sheety5 8l drid thisova lebodiosemg platenbdd ) .

described as having a configuration in which a ring as an el astic nenber
| s provi ded A A&isRript bonsii arpwﬂne magle OE@Mm{lﬁgebﬁlph@aplaﬁg-lth tt@ad-’r a

| mto, be used asatank sheet IS not essential to_provide anllgJ tic
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el aSt'Ccontazl.ner in the embodiment in Fig. 37, it equally applies to

the ink container in the embodiment in Fig. 40.

Fig. 41 is an illustration showing how the volumetric
capacity of the ink containing space 510A changes in accordance
with amounts of supplied liquid (ink), amounts of extracted or
supplied ink being shown on the abscissa axis of the figure,
volumetric capacities being shown on the ordinate axis of the
figure. The thick slid line indicates changes in the volumetric

15 capacity of the ink containing space, and the broken line
indicates changes in the amount of air in the ink containing
space.

In the initial state in which ink has not been extracted
yet, the movable member 511 is in a displaced position on the
right-hand side in Fig. 38A, and the containing space has a:
maximum volumetric capacity (Vmax). The movable member 511 is
displaced from this state as a result of extraction of ink, and
the volumetric capacity monotonously decreases. In this state
(which corresponds to the state in Fig. 38B), since air has not

25 Dbeen introduced into the container yet, no leakage of ink occurs
even if there is a change in the ambience.

When the volumetric capacity decreases to reach a value Vair
or when a state corresponding to the state in Fig. 38D is reached,
the opening section 536 is opened to introduce air in an amount

30 in accordance with the amount of extracted ink, and the reduction



menber is provided between them However, this is not limting 15 the

I nvention, and an el astic nenber nay be provi ded between the no22MARGH 2007
position of each novabl e nenber outside the sheet and an inner wall of an
i nk contai ning chanber. A sealing nenber constituted by a rubber or a shaft
and a spring that can be displaced i nt03 predeterni ned range has been
referred to as the sealing nenber of each of the enbodinents, it is not

essenti t _the sealing er,. s nstituted by a displaceable elastic
menber %é f:g%gvé)gwe'glgoﬁg% r:'étc?' %f&r??;arl y to a one-way val ve which can
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predet er m ngrél%%gggrag'zgﬁgnd ?%ﬁigfe\%n@éﬁgladg% n an%ﬂaiilr X from bei ng
| eakedego1ietddlt JFaHIPEPIGF ethat 1O USOREa8RAN EHRMe ¥ SNoOANEt RN A N

the ink containing section is expanded. Specifically, a wall of the ink

t ank cdfhatnisg simeda vidimketricheapaci¢gcoqudviaddmeto (démehe -uvadgs t he
seal i ng nenber. Wien such a 30 configuration is used in which the sealing

mentder 18 poevidedhmeHabof fer 7@redi sppateakage iaf ik eesurshevemno if
provide a plurality _of nopvable . nenbers as seen in the first, second, .and

f our t h @kBob$ EEE0dpeesse Wik dite it the captrinerotpHétEficult

|ntrodu€(|)nge used up and the volumetric efficiency is reduced if no

air is introduced at this time, since the state in Fig. 38D and
the state in Fig. 38E alternate in accordance with the progress
of ink extraction through the above-described operations, the
ink can be effectively used up.

A description will now be made on how to set the volumetric
capacity Vair of the ink containing space.

The maximum amount of air introduced into the container

15 substantially equals the value Vair as apparent from Fig. 41.
The volume V of expansion of the maximum amount of air Vair as
a result of depressurization is expressed as follows:

V = (1/P*) x Vair Expression 13
where it is assumed that the atmospheric pressure in a
substantially normal state is 1 atm (absolute pressure) and that
the atmospheric pressure of the ambience in which the ink
container is actually located is P atm. When the value V is equal
to or smaller than the value Vmax, there will be no increase
of the pressure in the container, and the ink will not leak out.

25 Therefore, leakage of ink can be prevented by designing the valve
such that it opens the opening section 536 at the atmospheric
pressure of the ambience when the volumetric capacity reaches
a value Vair that satisfies relationships expressed by:

V = (1/P*) x Vair = Vmax Expression 14

30 Vair =< P* x Vmax Expression 15



openi ng can be noved in response to an anbi ent change when there 5 in air
in the tank. In the case of a liquid container according to the #h¥ARFHZA07
havi ng an el astic nenber for urging a novable nenber and wutilizing the

el astic nenber as a sealing nenber, the sealing nenber desirably has an
elastic force that is smaller than thet%il-astic force of the elastic menber
for urging the novabl e nenber because this nakes it possible to increase

t he anmount | c LaLtdzal | é:é‘lé\.g Wiy SYLL.d Ly t I nk
tank is keg{o%%}é?ﬁl?%redr aé}nrg(??gfrib%:ﬁ'gn ﬁaﬁr pre gtggr m nedﬂ\]/éé)lfgg g’r?&'e%%t g | ow
the novabtaaleahtyidricdP¥R wheeh aHe dirsk ap6Rthhneddiy HE Boaatkd e ai r
I's introduced into the tank. While the atnosphere introducing openi ng may be
provi deals foldwwsposhérenidf iheassgmned that chnst atmosplidieicnpressarai ng
section except for the ink supply port as a liquid supply port, it is
desirablRe aospbstartialdy maommabl etatebdrs whedtMiae i nk contai ning section
Is also constituted by a rigid novable nenber. as in each of the

above- descr iAW ERB8IL e MEESBURLSow nore  sPPHMPECRGEr oduction of air. Wiile

configurations in mhiﬁh an,ink in one cqior i cont ai ned g%.%:s'qgle I nk
tank have been descri ed 8e, it 25 | LSGpFoQFHPRITE BHEHTYNRS| et print
head can be configured without transportation
0.8 atm Use in ambience with very severe
temperature changes
0.7 atm Transportation by an airplane
0.6 atm Use at a high altitude of 4000

m or more (e.g., Bolivia and
Tibet)
Therefore, the atmospheric pressure P* may be put as 0.6 atm
15 1in order to satisfy all the conditions for use, for example.
An optimum configuration can be provided on an assumption that
P* = 0.9 atm when the container is used only at ordinary altitudes
and is not transported.
For example, such data indicate that the value Vair is 0.9
x Vmax or less for use only at ordinary altitudes and that the
volume to start introduction of air may be 90 % of the maximum
volumetric capacity. However, it is desirable to set the value
Vair at 0.8 x Vmax or less and the volume to start introduction
of air at 80 2 of the maximum volumetric capacity if consideration
25 1is to be paid to use in ambience with very severe temperature
changes. It is desirable to set the value Vair at 0.7 x Vmax
or less and the volume to start introduction of air at 70 % of
the maximum volumetric capacity if consideration is to be paid
to transportation by air or use on an airplane. It is desirable

30 to set the value Vair at 0.6 x Vmax or less and the volume to



by arranging three or four ink tanks containing inks in different colors in
an i nk tank containing chanber and by connecting different grougpsMAaRCH 2007
nozzles to the ink tanks, respectively. For exanple, when a plurality of

i nk tanks are contained as showmn 30 in Fig. 16, partitions May be provided
bet ween the ink tanks, 22 MARCH 2007- 10573 and nenbers to serve as one-way
val ves may be provided on the partitions. 4. Preferred Enbodi nents of
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are twoaRjieudeEdRNic08 ff okemBedi on of gas nol ecules through a certain
material. One is a mechanismof a capillary, and the other is a nmechani sm

of an activaimitcanthedréfuieed buffdihin§ocapacity depdrdssoni ambiietite
fl ow occurs though a capillary such as a pin hole and which is different
frorh t hasrighnardescribedd by héeopesseasy hoeimpooveChhehiénkscenhadming t he
latter is _a mechanismthat is a flow of gas
efficiency of the container and to prevent leakage of ink
effectively by designing it such that an optimum buffer volume
can be obtained in accordance with the ambience.
Expression 7 can be changed as follows according to the
Hooke's law where kl represent the spring constant of the spring
member 515 and X1 represents a quantity of displacement from
the initial state.
[kl x X1[ 7/ S1 > [F2| / S2 Expression 16
In the present embodiment, since deformation of the movable

15 member 511 is regulated by the spring member 515 through the
support plate 514, a change in the volume attributable to the
deformation of the movable member 511 is determined by
displacement of the spring member 515. That is, when the volume
of the container changes from Vmax to Vair, if a quantity of
displacement X1 satisfying Expression 16 also satisfies
expression 17 below, the valve is opened to introduce outside
air always after the spring member 515 is displaced by a quantity
of displacement Xair or more where Xair represents a quantity
of displacement of the spring member 515.

25 X1 > Xair Expression 17
Therefore, by configuring the valve regulating spring 535 and
the spring member 515 such that a relationship expressed by
Equation 18 is satisfied, no leakage of the liquid occurs because

the valve is opened due to an increase in the negative pressure

30 after a volume equal to or greater than a predetermined buffer



nol ecul es during the perneation of the same through a plastic film havin
substantially no hole and that is a nmechanismto play an irrport?rMA'?%'I*@O n
the present invention. Such a nechanismfor an activated and diffused fl ow
will now be described. In the case of, an activated and diffused flow, a gas
ina first region enters a second reg]i %n'through a film as described
below. First, nolecules of the gas in the first region are condensed 25 on
a surf age1ghet 18 mad& &rgi paB1dl §804 REUDE b R Afotmat16e tdi saervdrte
concentration is proportionate to a partial pressure of the gas in the
first regtsddeTladreafter, the gas nol ecules dissolved in the filmare
driven by a concentration gradient in the filmfor diffusion toward the
second regi drkhayiXaix|| dV\é5r13PO th&evitIS@tlon and ar eExpumessien l8om t he

filmafter reaching 22 MARCH - 74 a surface of the sape on the side
of the %eéoﬁBOFE&nroﬁimbﬂﬁa%me% Of HeoFBa tame Off Buffep ot ear APEUBRPARRE i | m
t hr 1t,lhree steps, i.e., dissolution, diffusion, and desorption. For

exa 2R€%5nvent i on has been made on an assunption 5 of a situation in

whi Ch rml eCUMES Qbn it at o 35£°5M99% ¥ container for forming a

preferable buffer area is not limited to configurations having
a valve chamber as in the above embodiments in Figs. 37 and 40,
and various configurations may be employed.

Fig. 42A is a schematic sectional view showing another
embodiment of such an ink container. A movable member 561
constituted by a flexible film (sheet member) that defines an
ink containing space is provided in an outer casing 563 of the
container, and the movable member 561 is urged by a spring member

15 565 through a support plate 564 such that the containing space
has a maximum volumetric capacity in a normal state. An opening
section 592 of an ink containing space 560A provided on the outer
casing 563 is sealed by a valve 590 that is a sealing unit urged
by a valve regulating spring 595.

Fig. 44B shows a state in which ink of a volume (Vmax - Vair)
has been extracted from a supply port 568 to reduce the volumetric
capacity of the containing space to a volume Vair. At this time,
as a result of deformation of the movable member 561, the support
plate 564 is put in contact with the valve 590 to displace the

25 wvalve 590 against the urging force of the valve regulating spring
595, thereby allowing the opening section 592 to be opened.
Specifically, a buffer area is provided which is the range from
the initial position of the movable member 561 indicated by the
broken line in the figure to the position of the same indicated

30 by the solid line at the instant when the support plate 564 comes



nitrogen perneate through a flexible material (film that constitutes a
liquid container froma first region outside the container to a2&MaBRY 2007
region in the container. First, let us assunme that a gas having a negative
pressure exists in the second region in the container. In this case, a
driving force to cause a gas to pernmeat® fromthe first region to the
second region is the negative pressure in the container and an osnotic

pressurgnph EBﬁt%g:stto 'megthVEQV@. entfy 6&85’ wtﬁgidsé,uf@ﬂeig}lppﬁrstecond

regi on are assune e 15 substantially saturated, ereis a erence
bet weenpl8e8C8Bl4 atomes htohedritict weFpORAY Svalvehg oo rsd anloweadid
regi ons even when there is substantially no difference between parti al

pr essurepenfinghseatyigen 502l tole opEnead tafipgen apreddtesrminetinbuffestinrgegi on
outside the container and the second region in the container. Therefore,

t he osnd@pacpitassis ePvPviiledgas is generated as a driving force to cause
the gas to perneate fromthe first region to the second regign in order to
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two pressures
introducing air into the ink containing space 560A. Fig. 43B

shows a state in which the support plate 564 and the valve 590
are separated from each other. Specifically, the introduction
of air as shown in Fig. 43A has moderated an internal negative
pressure to reduce the force that displaces the support plate
564 downward, which causes slight upward displacement of the
support plate 564 to separate the support plate 564 and the valve
15 590 from each other and causes thbe valve 590 to seal the opening
section 592 again due to the urging force of the valve regulating
spring 595. When ink is extracted again thereafter, the support
plate 564 and the valve 590 contact with each other as shown
in Fig. 42B to introduce air as shown in Fig. 43A. Since air
is gradually introduced as thus described, the ink in the ink
containing space 560A is gradually replaced by the air with a
predetermined negative pressure maintained, which makes it
possible to use up the ink and to moderate an increase in the
pressure as a result an ambient change, thereby preventing
25 leakage of ink from an ejection port effectively.

Since the valve 564 is mechanically driven to displace by
the support plate 564, no leakage of ink will be cause by
expansion of the ink containing chamber attributable to ambient
changes such as a temperature rise or pressure reduction.

30 An important feature of the present embodiment is that the



pressure and the osnotic pressure), the surface area of the film and the
duration of perneation and is inversely proportionate 30 to the 2hWARAHZ80Df
the film as will be described later. 22 MARCH 2007 75 Next, let us assume
that only a liquid exists in the secofd region. In this case, a significant
di fference occurs in the desorption mthanismthat is the third step of the
mechani sm of an activated and diffused flow Normally, oxygen nolecules 5
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perneati on of oxygen nolecules or nitrogen nolecules is very strongly
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considered to effectively prevent perneation of a gas into a liquid
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embodiment is similar to the above embodiments in that all
operations can be controlled by adequately designing four
parameters, i.e., the spring force of the spring member 565,
the spring force of the valve regulating member 595, the surface
area of the support plate 564, and the surface area of a
predetermined part of the valve 590. This results in a
significant advantage in that there is no need for making a change
in the configuration even if changes in physical properties of

15 1ink result in significant changes in the viscosity and contact

angle of the same.

A description will now be made on desighing of the four
parameters with reference to Fig. 44. Fig. 44 shows a state in
which the support plate 564 and the valve 590 contact with each
other to introduce air.

The support plate 564 is subjected-to a force that is the
sum of an upward urging force Fl provided by the spring member
565 and a downward total pressure P1 x S1 generated when a negative
pressure Pl acts on a surface area S1 of the support plate 564.

25 The valve 590 is subjected to a force that is the sum of an upward
urging force F2 provided by the valve regulating spring 595 and
an upward total pressure Pl x S2 generated when the negative
pressure Pl acts on a surface area S2 of the part of the valve

590 that covers the opening section 592.

30 What is required for the valve 590 to be opened is that the



filmis expressed by the following expression.. Q=G Ap S t/T where Q
[g] represents the anmount of the gas that noves; G [gnfatmBs] 22WMABEHR2D67 a
gas perneation coefficient specific to a filmnmaterial; Ap represents a
pressure difference between regions separated by the material; S [nR]
represents the surface area of the #i10g -T [m represents the thickness of
the film 25 and t [s] represents el apsed tine. Am)ng t hose paraneters, Ap

[ c0i on PRESPABY A CRYBPREE. FLHER cRER) SRAHCHE hoBea VAl (900 LRaeduat ne
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by a 225 MRREN200 4 5 diBS negative pressure in the container. A negative
pressure I's nai nta| ned 1n the container to prevent the liquid in the

contai ner frpmykegki ngFaut B2 4 spdkfficult to reducexphesdi@ssupe
difference Ap in order to suppress perneation of the 5 gas into the

contiai nRefearing reasthennelg@attive kpeesstimd datethait! roimkee: fi |l m M can
deteriorate the function of the filmwien it is used as a flexible nenber
because the B} exi bFLi tryF29 redBbd- S2) Expression 20
That is, the spring forces F1 and F2 and the surface areas Sl
and S2 of the support plate 564 and the valve 590 may be chosen
based on the negative pressure to be maintained when the valve
is opened to exchange air and the liquid. The volume Vair and
those parameters may be appropriately determined taking various
conditions into consideration just as in the above embodiments.
Fig. 45 shows a state in which ink has been nearly used up
as a result of extraction through the supply port 568. At this
15 time, the amount of air that has been introduced into the ink
containing space 560A substantially equals the volume Vair, the
volume of the deformation of the movable member 561 indicated
by hatching serves as a buffer to prevent ink from leaking out
even if there is expansion of the volume attributable to an
ambient change.
5.6 Generalization of Ink Tank Design Conditions
The embodiment in Fig. 37 has a configuration in which the
valve chamber 530 is located above the ink containing chamber
510 in which the ink containing space 510A of the ink tank is
25 defined in the attitude or orientation of the same in use.
However, the positional relationship between an ink containing
space and a valve chamber of an ink tank may be defined in various
ways, and it is desirable to design the ink tank such that the
one-way valve operates properly to maintain an adequate negative

30 pressure in the ink containing chamber in any case. A



as aresult of an increase inrigidity. It is therefore effective to reduce
the surface area S of the inner surface of the container in con2zaMARGHR2HO7a
gas existing in the container in order to suppress perneation of the gas
into the container. That is, by mnimzing contact between the flexible
menber or a nmenber that is highly pernkbbl-e for a gas and the gas in the
container, perneation of the gas into the 15 container through such nenbers

can be effectively preyvented. . The preferabl e positioning o he ,movabl e
renber SREERIRLITR HEL Toncst (s e fiEn o, ARiPHALL ad otb BB Bbd such
finding Y Eqent of. lguration Fig. 33-is an illustration of a
liquid 88%?&%#?%?%§Et gr?k)lnqg% 1?tél]red based on the above findings. A space

(containi ng Be§li HOA shoWw8'ak HRRITUME consB¥titka bg AR’ ¥RE E¥ndalirdlity
contai ner main body 411 and a flexible sheet (flexible nmenber) 412 in a

cont ai nehathber B0 Hweingld portrgtd foawsuwpplyindi ink3Booa rbeodidiaedi on
of expandi ng the containing 25 space S by a spring 414 through a rigid
pr essur bepldapaoyviiziedson atheshdttomhéhegreof nim@nattbhude of e wake a
predeterm ned negative pressure. As shown in Fig. 33, in an unused state of
the conthi Hee argl i Vikl¥a chamben £3Heavhighi dsLinasompunteatioearithal |,
the She%heé%%mies icrlleft ren?vdigj?r\{\fwrgfi thi g'ot%?c’)mt %hrough a communication
channel 617. The ink containing chamber 610 basically has
substantially the same configuration as that shown in Fig. 37
in which a movable member 611 constituted by a deformable
flexible film (sheet member) is disposed, the configuration of
the same in a central section being regulated by a support plate
614 that is a support member in the form of a flat plate, a
peripheral section of the same being deformable. In the ink
15 containing space, there is provided a spring member 615 in the
form of a compression spring that exerts an urging force for
urging the movable member 511 downward in the figure through
the support plate 614 to generate a negative pressure in a range
in which it is in equilibrium with an ability for holding
meniscuses formed at an ink ejecting section of a recording head
520 and in which an ink ejecting operation of the recording head
can be performed.
The valve chamber 630 is also substantially the same as that
shown in Fig. 37, and it is provided with a valve closing plate
25 634 to serve as a valve closing member having an opening section
that is an element of a one-way valve and a valve sealing member
637 for sealing the opening section, the valve closing plate
634 being bonded to the flexible sheet 631. In the valve chamber

630, there is provided a valve regulating spring 635 as a valve

30 regulating member for regulating an opening operation of the



30 maxi m ze the containing space S1. The container 410 is used with 22 MARCH
2007 77 the sheet 412 |ocated at the bottomthereof, as shown 4ZMARGH 20073
Therefore, the sheet 412 is |located downward in the direction of the
gravity when the container 410 is usedyjiThat is, the sheet 412 is |ocated

| ower than the mddle of the 5 containing space Si in the direction of the
gravity. Aliquid supplying hole 415 is provided at the bottom of the

cont ai vagvespace Sl1, and an at nosphere communi cation port 416 is provided
at the top of the nmain_ body 411. A space S2 is fornmed in the container 410
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flexi ble menber 423 are formed With air holes 42Z2A and 423A respectively,
and theppessngetds areRult bE LhRxcbhsufiption 4aad@bnensoéinlte sRdlicagdenber

424 through the pressure receiving plate 422 to close the air holes 422A
by reference numerals 60a to 60f in the figure correspond to
the states in Figs. 46A to 46F, respectively.

In the configuration in Fig. 46A, ink is present in the
communication channel 617, and meniscus is formed at the end
of the communication channel 617 on the side of the valve chamber
630 due to a capillary force of the communication channel 617.
Therefore, a pressure to hold the meniscus is also taken into
consideration when designing the ink tank.

15 It is assumed that in the initial state in which the ink
containing space is sufficiently filled with ink (Fig. 4634),
the spring member 615 exerts an expanding force F1 (a reaction
force originating from compression) in accordance with the
amount of displacement as a result of compression to the movable
member 611 through the support plate 614. Referring to the
direction of the expanding force F1 at this time, it acts upward
in Fig. 46A or in the expanding direction of the spring member
615, and the direction is indicated by the positive sign. A
pressure in the ink containing space at this time acts inwardly

25 of the chamber. Specifically, a pressure PT acting in the ink
containing space is a value having the negative sign (a negative
pressure) according to the above-mentioned rules for signs where
the atmospheric pressure is assumed to be "0". A negative
pressure that is generated in the position of the opening of

30 the communication channel 617 on the side of the ink containing



and 423A as shown in Fig. 33. The opening/closing nechanismis opened and
closed by a pressure difference existing between the interior o022 MARCH 2007
cont ai ning space Si and outside air. Specifically, when a negative pressure
in the containing space Si has not reached a predeterm ned magnitude, the
air holes 422A 25 and 423A are cl osed s “shown in Fi g. 33 to prevent the

I ntroduction of outside air into the containing space S1. Wien the negative

pr essurﬁ')ﬂn Sethe @mgat& étgﬁéﬁ%é e?:u?iéés%%l@bsf‘ fo19ouw ,e%grraé#%'ﬁ%ﬂ?ﬁg)g bl e

predet erm ned magnitu e press receiving plate

menber ¥e suefaicedlaitsd P thenvabpoadaipbatéhel1yr gonwHidlsethé speisiy i ng
414 to open the 22 MARCH 2007 - 78 air holes 422A and 423A. Thus, outside
ai r i s membedué6dd iid doonfledcont ai ni ng space Si through the air hol es 422A
and 423A and the atnosphere introducing opening 416. As a result, the
negative pr&ur e (Rl{Bd)contaidhithg<sPace 5 Si is Eereasiopr et er m ned
range. The magni tude of the _ negafive gressure for introducing qQutside air
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formed at the communication channel 617(m); p represents the
density of ink (kg/m®); and g represents acceleration of
gravitation (m/s?).

In this state, in the valve chamber 630, the opening section
is sealed by the valve sealing member 637. Referring to a
pressure in the valve chamber 630, the negative pressure PT acts
through the communication channel 617 located between the valve
chamber and the ink containing space, and a pressure PM

15 originating from an ability for holding the meniscus formed at
the communication channel 617 also acts. That is, the pressure
(negative pressure) in the valve chamber 630 is given by:

PV = PT + PM = -(F1/S1) + hxpxg + PM Expression 22
Incidentally, PM has either of positive and negative signs
according to the relationship between the negative pressures
of the ink containing chamber and the valve chamber. The value
thereof becomes '0’ when negative pressures are equivalent.

The expanding force of the valve regulating spring 635 also
acts in the valve chamber 630, and the expanding force which

25 1is represented here by "F2" acts rightward in the figure or in
the expanding direction of the valve regulating spring 635 and
has the positive sign. Let us indicate the surface area of the
bonding surface of the valve closing plate 634 to which the valve
regulating spring 635 is bonded by "S2". Then, the direction

30 of the pressure exerted by the valve regulating spring 635 in



Is as follows. The follow ng description is on an assunption that ink as
the liquid L is contained in the containing space Si and is SLmﬁﬂMQQC%Smgh
ink jet recording head through the extracting or supplying port 15. The
recording head may utilize thermal energy generated by an el ectrot hernma
transducer as 15 energy for ejecting imk. In this case, filmboiling of ink
may be caused by heat generated by the electrothernmal transducer, and ink

may be ehgciadvid YRambesl 8310 Uk PRTESrBy RRANAY £ACHe weDpeabf@nter hat

time. Wen the containing space S1 is sufficientTy filled wth 1ink as shown
i n Fig.ig3thansampaadi thef ekparn@ingatirestioncef algivalvegrégalbating
conpression) in accordance wth the anount of conpression and di spl acenent
of the spring 638 andaindipadsstdy that posditsivon sign sheBhedef are ondien he
pressure plate 413. The direction of the expanding force acts downward in
Fi g. 33the presgrurexpaneepgyedendd &y of Z'he ther f@g-mi!-ng\tr%hﬁ!’rlﬂﬂﬁi}lh
pressure directed inwardly of the containing space Si acts in the
conﬁhin?ﬁbs§§ace Si. Specifically, a pressure P1 in the containing space S

that the at AApRerPLStressure 15 0" 30 That 1. ¢ hebhBEas s ddbure p
generat ¢f bpakRer6LERENbPENTAGVEBER 197636 to be sealed with the valve
sealing member 637, the pressure P2 and the negative pressure
PV in the valve chamber must satisfy a relationship expressed
by:
-PV < P2 Expression 24
Then, Expressions 22 to 24 derive the following relationship:
PV = (F1/S1) - hxpxg - PM < F2/S2 Expression 25
That is, the one-way valve is kept sealed by maintaining a state
15 1in which the force provided by the valve regulating spring 635
and the valve closing plate 634 acting against the negative
pressure in the valve chamber is greater than the negative
pressure. In other words, the one-way valve is kept sealed by
maintaining a state in which the force provided by the valve
regulating spring 635 and the valve closing plate 634 acting
against the negative pressure is greater than the negative
pressure in the valve chamber determined by the negative pressure
in the ink containing chamber, the pressure corresponding to
the depth from the uppermost or level of ink in the ink containing
25 chamber to the position of the meniscus formed at the
communication channel 617, and the pressure originating from
the ability for holding the meniscus formed at the communication
channel 617.
The ejection of ink from the recording head proceeds to

30 reduce the amount of ink remaining in the ink containing space,



- 79 space Si acts in a direction that is opposite to the direction of the
force provided by the spring 414. Since the negative pressure F2NARSHZY7s
in the containing space S1, a negative pressure also acts on neni scuses at
ink ejecting nozzles in the 5 recordi head, which prevents ink from

| eaki ng out the ink ejection ports provided on the recording head. In such
a state, the air holes 422A and 423A are closed by the sealing nenber 424

in the ¥mdviehe heehet 10k pheserra\an tale/eénk EbataEgainyspaeesinerBasds t he
containing space Si also acts in the valve chanber through the

comuni @acovdipglty 416. The expanding force of the spring 421 also acts in
the val ve chanber, and the expanding force acts upward in Fi 33 or in the
expandi ng Fiectdoh andtikespefagenze nomaral, 6ipeiniFigt i 6% dndicgtsssure
exerted b the spring, 421 .in the val ve chanber |s the sane 15 t he

expandiﬁ'ﬁg bptec i cPhgl spliagpment gayiyadent pbo; g %?-98 Gf&ifber
o P R R e B
e oEohbiarti RSty WHoreasekoihd ek AL FL i iNaegte 0,
than tigceedald hdrRE§HLE VRl Ag8s StreMPVC i ttl@étealve chamber.

When the negative pressure in the ink containing chamber
increases further, air begins to move from the valve chamber
toward the ink containing chamber as shown in Fig. 46C, but the
one-way valve has not been opened in this state. Immediately
after air begins to move, the meniscus is instantaneously moved
toward the valve chamber by the capillary force of the
communication channel 617, but it is moved back to the ink

15 containing chamber by the negative pressure in the ink containing
chamber.

When the negative pressure increases further to satisfy a
relationship expressed by Expression 26 below, the one-way valve
is opened to allow air to be introduced into the ink containing
chamber, thereby moderating the negative pressure and moderating
displacement of the buffer area although only slightly. This
results in the state in Fig. 46D and the change in the negative
pressure at the point 614 in Fig. 47.

-PV = (F1/S1) - hxpxg - PM > F2/S2 Expression 26

25 The introduction of air decreases the negative pressure that
has been increasing. The decrease in the negative pressure
means a return form the state expressed by Expression 26 to the
state expressed by Expression 25.

While the valve closing plate 634 moves in the closing

30 direction again in the valve chamber 630 (Fig. 46E and the point



When ink is further ejected fromthe recording head to reduce the amunt of
ink remaining in the containing space S1, the negative pressure?PYARGH2AY
cont ai ni ng space Si increases 25 accordingly. Specifically, as a result of a

reduction in the anount of ink rena[ntgg in the containing space Si, the
I nternal volune of the containing spa Si that is an encl osed space is
al so substantially reduced, which causes the sheet 412 to be displaced 30

upvard geeoifli Palgy. 4The dindsgariveobrisihesin 4te | valveMiREMLEOA s - 80
acconpani ed by upward dlsplacenent of the pressure plate, which causes the
conpr essmail lefr titeas pthegvéldid copr bheeaighte spdegoEs Exprédei onnpresas on
of the spring 414 neans an increase in the expanding force of the sanme, and
thi s redahgs aisn adir 5.$ nthtreduiced he Thyperipgesedtsiarl amdt hbecwvatlateni ng
space Sl1. The increasing negative pressure Pl in the containing space_ S
event uafPRlERNG MaRbeFeb 37 cak6r eVentyal iy pytydntiondsighbf conkacdnaritedy
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menber 4pa REGAES, URRR! 85 hAR@d from the valve chamber to the ink
containing chamber until the negative pressure in the wvalve
chamber becomes substantially equal to the value on the right
side of Expression 22, and then the negative pressures in the
chambers are substantially equivalent.

From the above description, the condition for the one-way
valve in the valve chamber 630 to be opened is as expressed by
Expression 27 below because the relationship among the negative
pressure in the ink containing space, the pressure originating

15 from the depth h, the meniscus holding pressure, and the pressure
for urging the valve sealing member in the wvalve chamber 630
can be expressed as a relationship among the magnitudes of the
absolute values of the respective pressures.

|PV| = (|F1|/S1) - hxpxg - PM > |F2|/S2

Expression 27
This is a general formula of a condition for designing the ink
tank such that the one-way valve can properly operate tomaintain
an adequate negative pressure in the ink containing chamber in
any case in accordance with various positional relationships

25 between the ink containing chamber and the valve chamber in the
ink tank. In the configuration shown in Fig. 46A, the
communication channel 617 between the ink containing chamber
and the valve chamber extends in the horizontal direction. The
Expression 27 can be applied to a configuration in which a

30 communication channel toward a valve chamber is bent upwardly



the air hol es 422A and 423A depending on the pressure P2 in the valve
chanber. The sealing of the holes is canceled at that instant. 25MARCH 2007
result, the atnosphere flows in through the air holes 422A and 423A, and it
is introduced into the containing spach ¢ Si through the conmunication port
416. The introduction of the at rmsphere i ncreases the volunetric capacity
of the containing space Si that has been reduced and conversely decreases

the negatisach’ ehelialRle tERambay b&t idkdmpied. byt tdleisgnactoiit o5 a
result of the reduction in the negatlve pressure P1, the air holes 422A and
423A ofthéeheightaydepthefazom segesiibjonhef saaahengsmﬁaeﬁonﬁédagdn rche
Thereafter, the change in the negative pressure Pl becomes 25 very snall,
and t heCQmmgunc@tatdrprofChaanprlocteced%hw inka lestebt bnt thel yirdoreenkaindqdi ve
pr essure val ue mai ntai ned. The negative pressure P1 then increases again,
and t he°R@ReTve pressure Pl is reduced by canceling the sealing of the air

depenai g ﬁ@%dle“éﬁﬁéﬁc@ézé?faé?ﬁesmrg@% hBey At PRty . ar

one- WayRéﬁh‘E?.Jn%Q%é BeEhe8l PRAR' @bheA i dfthdhSePe8AkA YE1ve Chamber
in Ink Tank

The above general condition will now be examined by applying
it to various configurations.

First, a case is considered in which the volumetric capacity
of the valve chamber 630 is large in a configuration
substantially similar to that shown in Fig. 46A. In this case,
in order for the one-way valve to be closed, while it is strongly
desired that the value " |F2|/S2 - |PV|" is great enough to deform

15 the edge of the valve sealing member, it is necessary to introduce
a great amount of air to decrease the negative pressure in the
valve chamber.

Fig. 48 is an illustration for explaining the change in the
negative pressure in this case, and the negative pressure at
the time of the introduction of air (solid line) is significantly
decreased compared to the change in the negative pressure in
the case shown in Fig. 46A (broken line). Although the one-
way valve is not left open until the pressure therein equals
to the atmospheric pressure (0) because the negative pressure

25 in the valve chamber becomes substantially equal to the negative
pressure in the ink containing chamber, it is strongly desired
to set the ratio between the volumetric capacities of the valve
chamber and the ink containing chamber appropriately in order
to prevent the pressure from decreasing below the initial value

30 to near the atmospheric pressure.



pressure P1 in the containing space Si in a predeterm ned range._ _ Therefore,
the recordi ng head can use up the ink in the containing chanber 2ZMARfH 2R07
mai ntai ning a stable state of ejection. 5 Thus, in the present enbodi nent,

t he negative pressure in the contaiphﬁg space Si bal ances the force of the
one-way valve to close the opening asa result of consunption of ink in the
cont ai ni ng chanber and, at the instant when the negative pressure in the

contai ni ng smage 55,1 GbleRnses 85 askefidd Thatutheerya BReSERRMbET ofsi Nk,
t he one-way val ve opens the opening to introduce the atnosphere into the

cont ai ncompipied ySiexpldwedi to rodeica tmosphelries, dthe s bivecpressundiein

vol unetric capacity of the containing space Si and sinmul taneously reduces

the nethei akpaontaitningr ghamher chheaudde tvrelvaeciwachesed is giyven ose
the opening. _Figs. 34A, 34B, and 34C are illustrations for explainin t he

above- d@8 cg?ﬂaéewﬁ + WRETH Of HeRresanisnthesvoluppteic. Gapacidy, o idhe s

h ticall h in.th Jdllustrati . JAs_sh hn _Fi 34A,
contta; AL ) hentt " heTRAang | he "R (e Er PR b P aR: Viheer 412
Co . . . . : _ lhawd L
the cort SPRer et thE vETRnElAEs | RlpBla iy S PhhEY A T e BB ) Vi ng
port 43dRamble sheet 412 is first deformed upward agai nst the urging

PT =« F1/S1 + PM Expression 28
Therefore, an average negative pressure of both chambers is as
follows when the one-way valve is closed.

(-F1/S1 + PM) x VT/(VT + VV)

That is, what is required is to set the ratio between the

volumetric capacities of the valve chamber and the ink containing

chamber such that the value becomes greater than the initial
15 negative pressure. |

A case will now be considered in which a valve chamber 730
is provided above an ink containing chamber 710 with a
communication channel 717 provided therebetween as shown in Fig.
49A. In this case, the speed of air moving in the communication
channel 717 is higher than the speed of air introduced through
an atmosphere communication port of the valve chamber 730. In
the configuration in Fig. 46A, since air that is a gas is
introduced into ink that is a liquid, the speed of air moving
in the communication channel 617 is lower than the speed of air

25 introduced through the atmosphere communication port of the
valve chamber 630.

When the above general formula is applied to the case shown
in Fig. 49A, since the height h and the pressure PM are both
‘0’, pressures in the ink containing chamber 710 and the valve

30 chamber 730 are always equal to each other on an assumption that



force of the spring 414 in accordance with the anmount of the 25 supplied
liquid L as shown in Fig. 34B, and the volume of the containi ng2&BABEHEP07 s
decreased with the negative pressure kept unchanged. In Fig. 34B, the sheet

412 is deforned upward to the extremfy, and a buffer area is provided in
the formof such a reduction in the vo]1 ume of the containing space Si that
I's 30 acconpani ed by the defornmation of the sheet 412. The buffer area 22

MARCH 20Rére83s isutitaneaafldly alsopbésgulreuaiosd | 8S adfr tilte #iessure in the
cont ai ni ng space Si acconpani ed by the deformation of the sheet 412.

Fl uct uatommundicathiomprekanneli X he contai ning space Si  are attributable to
thermal expansion of a gas (air) in the 5 containing space Si. Wen the

liquid L in Therebarsi. nas M@iﬁétﬁ@bﬁeﬁhgﬁﬂ#i@din% & igst 498, thiere s
Suppl | 4| PHEEE A2 bit Poa AR « Abr VHACH e ACOFSURES hbt ChE2 THP whi ch
e B hmp 220 pRRSP LA e SAOH 1 Fon 4G 0 T0BL hBgatiivd
Lo BRebRuR B GERY Sa HIEpRRTLA PUOH SR S(oTbic LIS Srie the
fluctuations of the negative pressure as a result of the opening
and closing of the one-way valve are small.
This case is similar to the case described in the above item
5.1, and designing may therefore be carried out taking the
relationship among the four parameters Fl1l, F2, Sl1, and S2 into
consideration.
A case will now be considered in which an ink containing
chamber 810 and a valve chamber 830 are connected through a
15 communication channel 817 having a large sectional area in a
configuration substantially similar to that in Fig. 46A.
When an atmosphere communication port of the valve chamber
830 is located lower than the communication channel 817 in the
vertical direction, the atmosphere communication port is always
in contact with ink, and a negative pressure is then to be
controlled using a meniscus holding force and spring forces.
In this case, there is a risk of leakage of ink as encountered
in the case of the above mentioned liquid seal.
When ink consumption proceeds thereafter to reduce the ink
25 level below the atmosphere communication port, negative pressure
control is carried out using only the spring forces because the
pressure PM is O.
In the case shown in Fig. 50A, since resistance to the
movement of air in the communication channel 817 is small, there

30 1is a small difference between negative pressures in the ink



negative pressure in the containing space Si. 15 Thus, the contai ner 410
supplies the liquid L to the outside fromthe unused state showff WAREHZ007
34A in which the liquid L contained in the containing space Si is not
consuned at all until the buffer ar931%§ provided as shown in Fig. 34B, the
supplying operation being acconpanie y the deformation of the sheet 412.
Thereafter, the liquid L is supplied to the outside with air introduced

thr OUghcbh‘ta@.. heH SmBEFTHAAC #HeOR,0Fé SRAmBR T ,SRWD f TuEtfatidhas Th_us
the liquid L in the containing space Si is supplled to the outside with

st abi | i theunedgyataiyes epeessureedsegatresaliy esSuthe dpening 3dndscadwsing
illustration of the container 410 in use in which introduced air has been
accunul afedthien aive vgpEr vpdivie gire t simal it eompanedt ke the dhangesjacdisr
The concentration of the vapor of _the conta| ned liquid in the_air in the

cont ai nPﬁgatéﬁé‘cé’@ﬁ%uﬁ%aF Eakgmadildie) 4 the G398r SkeWBeAty Ei%on 468 30
ly_dif.f tr.at f t 22 MARCH 2007
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communication is established between the air in both chambers,

which result in a state similar to that shown in Fig. 49A.
5.8 Observation on Effects of Vibration on Ink Tank

Since a negative pressure to be controlled by a one-way valve
is in a range as small as 0 to -200 mmAqg (about -200 Pa), pressure
fluctuations in the excess of the controllable negative pressure
may be caused by even slight movement of ink or air in the valve
attributable to vibration during transportation, which is

15 considered a possible cause of undesirable introduction of air
due to thus opened valve.

In this connection, the inventors examined the
configuration in Fig. 46A by applying vibration thereto and found
that the valve chamber was filled with ink with no air introduced
therein.

The result seems to originate from the following phenomena.

i) Vibration in the ink containing chamber causes air to
move from the valve chamber toward the ink containing chamber;

ii) a relative great negative pressure is instantaneously

25 generated in the valve chamber;

iii) the negative pressure generates a force that acts to
open the one-way valve;

iv) however, the pressure change attributable to vibration
occurs only instantaneously, and ink enters the valve chamber

30 from the ink containing chamber before the one-way valve is



on the main body 411 in contact with the air in the containing 5 space Sl1 to
allow the outside gas to perneate into the containing space S1 ZxMARAH@a0%Ed
by the arrows in Fig. 35. Further, since the containing space Si has the
negative pressure to prevent the liquid L fromleaking out, there is a
pressure difference between the spacel#hd the outside. Such a pressure
difference between the inside and outside the containing space Si generates

2, 1o oeoplled ¥ CAEROARAALH Lo 2RoHDANITPHE WA LIVe FRRLRMING FPace

Such per rrea I'on of gas IS as expresse

expresstnae RpaasAtE@gamBeld.er in the docunent. 15 In the present enbodi nent,
since the region of the container 410 in contact with the gas (air) in the

cont ai ni ng sppckhéi foree! thamiacbeodyoddpenhthe dre-ardy (vallvexiid dost| he
perneation of the outside gas into the containing space Si can be prevented
by adopandg theratalvel isavioly epépedgaanser neability (e.g., a netal) as the
material of the main body 411. As thus described, the flexible sheet 412 is
proi ded ddothhaklei abpne cﬂ’iﬁ%@$%nl’éfrﬁﬁéa§ﬁé1/ﬂr5k%b HheEalven CHOARNEE
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That is, the one-way valve is not opened even
though the negative pressure in the valve chamber increases
because ink enters before air is introduced. Therefore, in the
.case of the configuration in Fig. 46A, it is desirable to set
the sectional dimensions of the communication channel such that
the speed of ink entering the valve chamber due to the capillary
force of the communication channel exceeds the opening speed

15 of the one-way valve.

Even when the valve chamber is filled with ink, the ink
returns to the ink containing chamber with introduced air if
the one-way valve is actuated by an increase in the negative
pressure of the ink tank as a whole during use. In order for
the actuation mechanism of the one-way valve to more effectively
work, the atmosphere communication port of the valve chamber
is preferably located above the end of the communication channel
on the side of the valve chamber in the vertical direction in
the attitude or orientation in use.

25 An examination on the case of an extremely large valve
chamber provided results similar to those observed in the case
in Fig. 46A.

Next, the configuration in Fig. 49A was examined. In this
case, ink will not enter the valve chamber unlike the

30 above-described case. Even when there is a movement of ink in



I's used as the same. Thus, the buffering mechani sm acconpanied b
deformati on of the sheet 412 can sufficiently work to absorb fIH%?ﬁ%?WSW?
of the pressure in the containing space S1 even when the liquid L is stored
for a long tinme, and this consequently 30 nmakes it possible to prevent the

| eakage of the liquid L and 22 MARCH 2007 = - 84 the breakage of the
container 410. 4.3 Modification It is not essential that a flexible nenber

i s provigedihk d_dwcéiﬂﬂhg eplin i NJa S el At L Peelsstirdl ERAhGENSls and a
5 configuration is possible in which the Tiquid containing section is

consti tabsdrbedaby aial piresentruirertisd srdwé cliambekf andnan ahrgehamber
pernmeability and in which a material having a high gas perneability is

| ocat edindrevdink contiesiningchanber ,t bee pressyrenpbangecisononsidened
used. The liquid container according to the invention nmay be used in a wde
range a&Cah@¥yft sMadrl fHRE1UgRCE FhdRRreResWAYqYiddvet hdruFERBTI.nikt |45

b Tt rRE el Pt oSS (RREL TR YDl L5 ohs avan b ohomann 4
the direpkbaRofe Pp-AR GH ALYy dbddifo bl 1108 c0h itnS YP thd PR8edille
npl e;~as shown _
of air with the displacement of the buffering section.

That is, the buffer spring (the spring in the ink containing
chamber) can provide a higher pressure absorbing effect with
the amount of displacement unchanged by making the parameter
S1 greater than the parameter S2. In addition, the buffer spring
can be more easily displaced in response to a slight change in

. the load by making a parameter K2 greater than a parameter Kl1.

Next, the configuration in Fig. 50A was examined. 1In this

15 case, although ink easily enters the valve chamber, the ink that
has entered is then easily returned to the ink containing chamber
conversely, which can result in undesirable opening of the
one-way valve.

It is therefore strongly desired to set the dimensions of
the communication channel such that ink is held in the
communication channel by a meniscus holding force even when the
ink tank is inverted with the communication channel located
upward in the vertical direction. Specifically, what is
required is to make the meniscus holding force in the narrowést

25 portion of the communication channel greater than the gravity
of ink in a quantity equivalent to the volumetric capacity of
the communication channel.

An examination was carried out also on the case of a
communication channel having an extremely small sectional area.

30 In this case, the communication channel is always filled with



in Fig. 36, a flexible nenber 412" having a nulti-layer (e.g., double

| ayer) structure configuration may be adopted to allow ink to spdW¥ABCH 2007
between the |l ayers due to a capillary force or to insulate regions inside
and outside an ink tank with an ink _I?%fr_, t hereby preventing a gas from
entering the tank. This nakes it possible to relax limtations on the
attitude or orientation of an ink tank in use and to increase freedomin
desi gni hgkaevietk wisstk @rpressutdienghayge abosurkn ad ta gpresbures gheasgédl e
to prevent a gas fromentering an ink tank effectively 25 even in

t r anspoinaghoAndudantaknéngt phambern dheganobe tmanamibutntet theumslve.

I nk Tank_ Design Conditions 5.1 Operating principle of One-way_ Val ve of

Anot her ChaFbETentlowgVeRe FARSH itdie 38CERgLipn dneGRapismy Rl ERAt 8% in
anot her _enbodi.nent, of 22 MA
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hort nEBRBHANLEAN) crulhtll LSRN , henShooc b O] SUBIEL
5 by tVgopR¥HIESE the ondludik $aMNAI NiHRY LHagPebngly idedhied to make
a pressure originating from the meniscus holding force at the
narrowest portion of the communication channel smaller than
F2/52,
5.9 Modification
Instead of forming a part of an inner wall of a space that
constitutes an ink containing chamber of an ink container as
a movable member using a deformable flexible film as in the above
embodiments, the inner wall as a whole may be formed by such |
15 amember as long as an adequate buffer area is provided. Further,
instead of providing such a deformable member, a member that
is displaced in accordance with the volumetric capacity of a
containing space S may be provided in a part of the container.
6. Others
While the above description has referred to the application
of the invention to an ink tank for supplying ink to a recording
head, the invention may be applied to a supply section for
supplying ink to a pen as a recording section.
In addition to various recording apparatus as thus described,
25 the invention may be used in a wide range including apparatus
for supplying various liquids such as drinking water and liquid
flavoring materials and apparatus for supplying pharmaceuticals
in the medical field.

In addition to serial scan type apparatus as described above,

30 the invention may be applied to recording apparatus of various



an ink containing space 510A is defined and a val ve chanber 530, and the
interiors of the two chanbers are in communication with each ot BWARRHAIYH
a comuni cation channel 517. Ink to be ejected fromthe recording head 520
is charged in the ink containing chgnpg;_510 and is supplied to the
recordi ng head 520. The ejection of ink fromthe recording head 520 is not
limted to any particular nethod and, for exanple, thermal energy

gener at ¢gpby .anFelredxampre nakher dmsdicel ontyiabebes b aad evecgufigurs a
ejecting ink. In this case, filmboiling is caused in ink by head generated
by the sbecaddtarerimlltlinedtype recbrdikngagppesadjwstetilhzdngha diong

ej ection ports by foamng energy at that tinme. A novable menber 511 that is
a novabsézgéctnqqp:@lagsg@sa&j extendpag oyexn hehenrntddiani lengthheda 510,
and a space for containin%_ink I s_defined between this section and an outer

casi ng 5$SOTAINM R/t O tIF?eC‘i’ﬁﬂlBQnF‘ﬁd_rﬁ%' space 510A as viewed from
the grovabl e.'ﬁ?gibgfwg%l%ligfne a éP%ngggaﬁﬁ%sggnga?i%%g%ﬂ‘nggd w3

menber 511 in Kposed phere through an atnmosphere

CoITUTy S8 LBS, Bae B2 st bl pbbubRckld SO AISL 4D HERSpSaper
least one of the followings.

In a configuration having a unit for generating a required
negative pressure in a section containing a liquid (e.g. ink)
to be supplied to the outside (e.g., a recording head) and an
air introducing section for allowing air to be introduced in
accordance with an increase in the negative pressure in the
containing section as a result of the supply of the liquid to
keep the negative pressure in an adequate range, it is possible

15 to prevent leakage of the liquid such as ink from the air
introducing section in any ambience for use or storage and to
maintain stable negative pressure characteristics regardless
.0f the phase of the consumption of the liquid. Further, since
high volumetric efficiency is achieved and ink is supplied
smoothly in such a state; various advantages can be achieved
including stable printing quality and compact designs when used
in ink jet recording systems.

In order to adjust a pressure in an ink tank or liquid
container by introducing a gas, a one-way valve that allows gas

25 to flow in one direction and disallows fluid (liquid or gas)to
flow in the opposite direction may be provided separately from
the ink tank. It is therefore possible to determine the
disposing position of the one-way valve free from restrictions
placed by the position in which the ink tank is disposed.

30 As a result, it is possible to provide a negative pressure



cont ai ni ng space 510A except for an ink supply port 518 provided at_the
bottom t hereof and the comunication channel 517 between 30 the %WMHBCH 2007
chanber 530 serving as a valve section and the space. 22 MARCH 2007 - 86
The outer casing 513 defines the ink_cppfaining space 510A and also serves
as a shell for protecting the novable nenber 511 from an external force
The novabl e nmenber 511 of the present enbodinent is constituted by a

def or maglquksitaxidp| e Ehhmicahemdr Safe i )t aMioswiehnihgiclat £ peedona iaent r al
section thereof Iis regulated by a support plate 514 that is a support
menber desigmdrg@ramofink fjedt peéaording Wppdratugeicamdind eimpravesti pher al
section thereof. The novabl e nenmber 511 has a convex confiquration in the
central secti®h eeatpifed tdmy@may dindaltanlgecaropei guppiliied %ﬁé ap |inkegjet

descri bed |l ater, the npvable nenher 511 is deforned jn gccordance w}
Chanoeohead: et L ehLnReSREItie BrRsEBRe MR ahed Bogalnihe 1k

sectt ontBr UERE AR br i verBer BT Tamiin A Ral e bR S ot SY ey 1 n
a good Aachbaldifs t8nNd Mo A58 rAbmBeT, beoieaﬁﬁgngﬁblﬁﬂEHP%hI%l]even
under goes parallel displacenent 1n the horizontal “direction of the figure
Wi th a whHest &hlel Anlky téIK iedfardsidsde eseDtabfoshanges in the ambient

of the ink tank such as a temperature rise or pressure reduction.

According to the invention, the above advantages can be
achieved with a small number of components, and the atmosphere
can be stably introduced by providing the atmosphere introducing
opening in a part of the movable member.

This makes it possible to always achieve stable
characteristics of ejection of ink from an ink jet head and also

15 contributes to a reduction of the running cost because ink can
be efficiently used.

For example, by locating the flexible member or a member
having high gas permeability in a low position of the container
in use in the direction of the gravity, it is possible to contain
a liquid in a proper state because opportunities of application
of an osmotic pressure to those members are reduced to suppress
permeation of the gas into the container and to supply the
contained liquid with stability.

When a buffer area is provided as a result of deformation

25 of the flexible member, it is possible to reliably absorb
fluctuations of a pressure in the container as a result of a
temperature rise with the buffer area which allows a significant
reduction of the amount of a gas that permeates into the container,
which consequently makes it possible to prevent leakage of the

30 liquid or breakage of the container. In addition, the reduction



of the same nmintained. Since the novable menber 511 is thus snpoth|
defornmed (noved), the deformation will cause no shock, and ther%?%ﬁﬁ¥”ﬁgomo
abnormal pressure fluctuation attributable to shock in the ink containing
space. In the ink containing space 510{,-there is provided a spring menber
515 in the formof a conpression spring ?or exerting an urging force that
urges the novable nenber 511 to the right in 25 the figure through the
support ipnl ahe ZHount geficpaimneatigat ofe a py@ssalémdindties athenpedd fdirch
an ink ejecting operation of the recording head can be performed in

equi | i bpromidiing s gabialti bufferhakreiand akeingctbef @xpansionnofnkhg ect i ng
section of the recording head 520, Fig. 37 shows a state_ in which the 30
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container exceeds a predetermined value, a predetermined
negative pressure can be maintained in the container to allow
a liquid to be supplied stably. The opening/closing mechanism
may have a configuration utilizing a valve that is opened and
closed by a pressure difference.

By maintaining a stable negative pressure in the container
until ink in the container is substantially used up, it is
possible to supply the ink to the recording apparatus with

15 improved stability and to suppress the running cost by
eliminating waste of ink.

It is possible to supply a liquid (e.g., ink) in a liquid
container to the outside until it is used up with a negative
pressure in the container kept at a stable value without any
unnecessary increase. Since the introduction of air to moderate
the negative pressure in the liquid container can be carried
out at appropriate timing, any negative pressure can be easily
set as desired taking various conditions into consideration,
which allows setting of a stable negative pressure with high

25 reliability. Further, since the movable member for acting a
force to generate a negative pressure and the member for opening
and closing the opening for introducing air are controlled by
a member having an expanding/contracting force, it is possible
to absorb expansion of a gas introduced in the liquid container

30 attributable to changes in the ambience of the liquid container



supplied to the recordi ng head 520. A sealing nmenber 524 is nounted around
the supply tube 521 to ensure sealing between the supply tube 5224MAREH?2AR7
i nk containing chanber 510. A filter 523 is provided in the supply tube 521
to prevent any foreign substance pres in supplied ink fromflowng into
the recording head 520. The val ve chanber 530 will now be described. The
interior 15 of the valve chanber 530 is in conmunication with the ink

cont ai nsughs pacea SiéMpéhatugle titse oorupreaisunre chedoelt vy, whichhe present
enbodi nent, the conmuni cation channel 517 is formed using a pi pe nmade of

st ai nl eedimtisadtemvingeahrable leflkagecofothe liquwid Furdntside adal ity
menber 538 made of rubber is_nounted around the stainless steel_ pipe to

i npr ovelBEZRLIGNFe G on ki wheh theRfmhilsati SharagniBla DNredeterRined RAAIEML 530,
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sheet 531. substantially sealing space is maintained also in the valve
chanbermbderateepiny Prddwure increase as a result of an ambient change
and to reliably prevent leakage of the liquid from an extracting
section of the destination of the liquid (e.g., an ink ejecting
port of an ink jet recording head). This also eliminates
wasteful consumption of the 1iquid and contributes to a reduction
in the running cost.
Furthermore, the above advantages can be achieved with a
small number of components according to the invention.

15 In addition, when the invention is applied to an ink jet
recording head, stable ink ejecting characteristics can be
always achieved to stabilize and improve recording quality.

The present invention has been described in detail with
respect to preferred embodiments, and it will now be apparent
from the foregoing to those skilled in the art that changes and
modifications may be made without departing from the invention
in its broader aspect, and it is the intention, therefore, in
the apparent claims to cover all such changes and modifications
as fall within the true spirit of the invention.

25
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WHAT IS CLAIMED IS:
1. A liguid container comprising:

a containing portion defining a containing space for
ligquid;

a liguid supply portion provided with said
containing portion and forming a liquid supply port for
supplying liquid contained in said containing portion to
the outside;

a one-way valve arranged on said containing portion
for allowing an introduction of ambient air into said
containing space from outside, and preventing a leakage
of liquid and gas to the outside; and

a mechanism having a function for keeping or
expanding a capacity of said containing space,

wherein said one-way valve and said mechanism act
independently of each other to control a negative
pressure state of said containing space.

2. A liquid container as claimed in claim 1, wherein
said mechanism includes a movable member equipped with at
least a part of said containing portion displaceably or
deformably, and an urging means for urging said movable
member in a direction to increase a capacity of said
containing space.

3. A ligquid container as claimed in claim 2, wherein
said movable member has a film-like flexible member of
which a center section forms a projection extending
outward of said containing space.

4. A liquid container as claimed in claim 1, wherein
said one-way valve has a blocking member capable of
blocking a communication path leading to said containing
space and an urging member producing an urging force for
the blocking member, said communication path being open
against the urging face from said urging member if
pressure within said containing space becomes less than a
predetermined value.

5. A liquid supplying method for supplying liquid to
the outside from a <containing portion defining a
containing space for liquid through a supply port formed
on said containing portion, comprising the steps of:
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providing a one-way valve for allowing an
introduction of ambient air into said containing space
from outside, and preventing a leakage of liquid and gas
to the outside;

providing a mechanism having a function for keeping
or expanding a capacity of said containing space, and;

controlling a negative pressure state of said
containing space by independent action of said one-way
valve and said mechanism.

6. A liquid supplying method as claimed in claim 35,
wherein said mechanism includes a movable member equipped
with at 1least a part of said containing portion
displaceably or deformably, and an urging means for
urging said movable member in a direction to increase a
capacity of said containing space, and wherein said
containing space is maintained under a state of negative
pressure by said independent action of said movable
member and said urging means even 1f the content of
ambient air introduced into said <containing space
increases.

7. A liquid supplying method as claimed in claim 6,
wherein an  amount of capacity increased due to
deformation of said moving member is set to be more than
the increased amount of content of ambient air.

8. A liquid supply apparatus, comprising:

a containing portion which defines a containing
space for liquid and includes a liquid supply portion for
forming a 1liquid supply port for supplying contained
liquid to the outside and a gas introduction portion for
introducing ambient air from outside into said containing
space;

a mechanism having a function for keeping or
expanding a capacity of said containing space; and

a one-way valve having a gas introducing member
mountable on said gas introduction portion in which, in
the state where said gas introduction member is mounted
onto said gas introduction portion, an introduction of
the ambient air is allowed through said gas introduction
portion and a leakage of 1liquid and gas from said
containing space to the outside is prevented, and said
one-way valve and said mechanism act independently of
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each other to control a negative pressure state of said
containing space.

9. A liquid supply apparatus as claimed in claim 8,
wherein said mechanism includes a movable member equipped
with at least a part of said containing portion
displaceably or deformably, and an urging means for
urging said movable member in a direction to increase a
capacity of said containing space.

10. A liquid supply apparatus as claimed in claim 8,
wherein said containing portion is equipped with a
movable member on at least a part thereof, said movable
member being displaceable or deformable in accordance
with a supply of liquid to the outside; said gas
introduction portion comprises an opening arranged on
said movable member; and said one-way valve has a sealing
means for pressure-sealing said opening and for releasing
the pressure-seal by a displacement or deformation of
said movable member caused by supply of liquid from said
containing portion to the outside.

11. A one-way valve mountable on a containing portion
which defines a containing space for liquid, said one-way
valve for allowing an introduction of ambient air from
outside to said containing space and preventing a leakage
of liquid and gas from said containing space to the
outside, said one-way valve comprising:

a hollow gas introduction member for insertion into
said containing space;

a valve chamber communicated with said gas
introduction member and having an opening portion which
allows an introduction of ambient air from outside; and

an opening/closing member which is provided with
said valve chamber and urged in the direction of closing
said opening portion, whereby being activated to open
said opening portion if pressure within said containing
space becomes less than a predetermined value.

12. A liquid container, comprising:

a liquid containing chamber having a movable member
defining a containing space of liquid at least in part
thereof and being deformable according to a supply of the
liquid to the outside, and having a liquid supply port
for supplying liquid contained therein; and
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a valve chamber communicating with said containing
space and having a one-way valve which allows an
introduction of ambient air into said containing space
from outside and which prevents a leakage of liguid and
gas to the outside from said containing space;

wherein said liquid containing chamber includes an
elastic member for generating an urging force F1 in the
direction increasing a content of said containing space,
and an urging means for receiving the urging force Fl1 to
urge said movable member with an area S1 against said
direction;

wherein said wvalve chamber includes a valve
controlling member for generating an urging force F2 in
order to control an opening operation of said one-way
valve, and a closing means for receiving the urging force
F2 to close said one-way valve by an act of the urging
force F2 with an area S2; and

wherein said one-way valve is configured to be open
in order to introduce ambient air from outside, assuming
that the pressure resulted from the meniscus of the
ligquid formed in a communicating portion which makes a
communication between said containing space and said
valve chamber when the liquid 1is present 1in said
communicating portion is PM, the height between the
meniscus and the wuppermost of ink 1in said containing
space 1is h, the density of the 1liquid is 1, and the
acceleration of gravitation 1is g, ©respectively; an
absolute value of the negative pressure
PV=-(F1/S1)+h'r'g+PM acting on said valve chamber
satisfies

|pV|>|F2|/s2.

13. A liquid container as claimed in any one of claim
12, wherein said one-way valve includes a flexible sheet
having an opening for introduction of ambient air
partially thereon and a sealing member arranged on a
position opposite to the opening, said closing means has
a plate-like valve closing member with an opening
corresponding to said opening of said flexible sheet
being joined with said flexible sheet and for urging said
flexible sheet in a direction to close the opening by
said sealing member due to the urging force F2.
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14. A liquid container, comprising:

a movable member which defines a containing space
for liquid and is displaceable according to supply of the
liquid;

a liquid supply port for supplying the contained
liguid to the outside; and

a one-way valve having a port capable of introducing
ambient air into said containing space and a sealing
member for sealing said port; wherein

said one-way valve 1is opened to introduce ambient
air when a capacity of said containing space starts to
decrease due to a displacement of said movable member
according to supply of the liquid and becomes lower than
a predetermined value.

15. A liquid container as claimed in claim 14, wherein,
where an area of an acting face of the urging force for
sealing said port is 82, the urging force 1is F2, the
pressure within said containing space 1is Pl and the
ambient pressure is P, said one-way valve is opened when
the capacity becomes less than the predetermined value
and the following formula

P-P1>F2/S2
is satisfied.

16. A ligquid container as claimed in claim 15 wherein
the area S2 of the acting face of the urging force is
larger than an area of said port.

17. A liquid container having a liquid supply port for
supplying liquid from a containing space to the outside
and a valve chamber equipped with a one-way valve for
allowing an introduction of ambient air into said
containing space from outside and preventing a leakage of
liquid and gas from said containing space to the outside,
said liquid container being generally sealed except for
said liquid supply port and said one-way valve,
comprising:

a negative pressure generating means for applying
negative pressure to the liquid supply from said liquid
supply port; and
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a negative pressure controlling means for
controlling the negative pressure by introducing ambient
air,

wherein said negative pressure controlling means
acts independently from said negative pressure generating
means to prevent a discharge caused by an operation
tending to discharge liquid and gas from said containing
space to the outside.

18. A ligquid container, comprising:

a movable member which defines a containing space
for 1liquid and 1is displaceable 1in accordance with a
supply of the liquid;

a liguid supply port for supplying the contained
liquid to the outside;

an opening capable of introduction of ambient air
into said containing space; and

a valve body for sealing said opening;

wherein, said containing space 1is configured to
maintain the capacity thereof about a predetermined value
regardless of a supply of the liquid and an introduction
of ambient air, after the capacity of said containing
space starts to decrease according to the supply of the
ligquid from the state where said containing space is
generally filled with the liquid to be lower than the
predetermined value which causes an introduction of
ambient air.



