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LIQUID SUPPLY METHOD, SYSTEM,

INK CONTAINER, CARTRIDGE AND
REPLENISHING CONTAINER AND

HEAD CARTRIDGE USAELE WITH SYSTEM

FIELD OF THE INVENTION AND RELATED ART
The presen£ invention relates to a liquid
supply method and a liguid supply system using a
negative pressure ta suﬁply liquid to an outside, and
10 more particularly to a ligquid supply method usable
with a liquid ejection recording apparatus which
effects printing on recording material using a
recording head to which liguid is supplied, a liquid
supply system, an exchatige liquid accommodating
15 container and head cartridge usable with such a
system.
Conventionally, a liquid supply method using
a negative pressure for supplying liquid to the
outside is known in an ink jet recording apparatus
20 Field, wherein for example an ink container for
permitting supply of lijuid to an ink ejection head
with a negative pressure, and wherein the ink
container is made integral with the recording head
((haad'cartridge). The ﬁead cartridge is classified
25 into a type wherein the recording head and the ink
container (ink accommoddting portidn) are normally

integral, and a type wherein the récording means and
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the ink accommodating portion are separate, which are
both separable relative to the recording device,'and
are made inteqral when they are used.

In such a liquid supply system, the easiest
way of producing the negative pressure is to use
capillary force of a porous material. The ink
container of this tyﬁe is provided with a porous
material such as sponge which is accommodated
preferably under compression and which occupies the
entirety of the inside of the container, and with an
air vent for permitting smcoth ink supply by
introduction of the air during the printing. However,
this type involves a problem that ink accommodation
efficiency per unit voltage is low since the porous
member is used to retain the ink. EP0580433 which has
been assigned to the assignee of this application has
proposed an ink container including a negative
pressure producing material chamber, an ink
accommodating chamber (reservoir) and a fluid
communication part therebetween, wherein the ink
accommodating chamber is substantially hermetically
sealed, and the negative pressure praducing material
chamber is open to the ambience. EP0581531 also
proposes a structure wherein the above~described o is
exchangeable.

Such an ink container is advantageous in that

alr is permitted go 'into the ink accommodating chamber
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with discharge of the ink from the ink accommcdating
chamber 1nto-the negative pressure producing material
chamber (air-liguid exchanging operation), so that ink
can be gsupplied to the outside with a substantially
constant negative pregsure during the air-liquid
exchanging operation. _

EP0738605 which has been assigned to the
assignee of this application proposes a liquid
accommodating container including a casing having a
substantially prism configuration, and a liquid
accommodating portion which is deformable with .
discharge of the liquid therefrom said accommodating
portion having an outer shape similar or equivalent to
an inner shape of the casing, wherein in each side of
the prism-like shape, the thickness at the corner
portions'of the side is smaller than the central
portion thereof. In the liguid accommodating
container, the accommodating porticn deforms or
contracts with the discharge of the liquid (without
air-liquid exchange) so that liquid is supplied with
the negative pressure. This container is advantageous
in that position of the ink container is not limited
as compared with an ink containing ‘bladder which is
conventional. Additionally, since the ink is diractly
retained (substantially without use of porous

material), the ink accommodation efficiency is high.
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SUMMARY OF THE INVENTION

The ink container of the type having the
negative prassure prodﬁcing material chamber and the
ink accommodating chamber has a fixed accommodation
space. In order tao discharge the ink therefrom into
the negative pressure producing material chamber, air-
liquid exchange is used, by which the air is
introduced into the ink accommodating chamber.
Therefore, when the ink is supplied out into the
negative pressure producing material chamber, the
corresponding amount of the air is introduced, so that
ink accommodating chambéi contains both of the air and
the ink. The air maf expands due to the ambient
condition change (temperature variation during 24
hours) with the result that ink is 'discharged into the
negative pressure producing material chamber from the
ink accommodating chamber. Therefore, a buffer space
has to be provided in the negative pressure producing
member or material in consideration of a practically
maximim volume determined by the expansion and the
resulting amount of ink motion in various conditioﬁs.
In the conventional air-liquid exchanging operation,
the ink discharge from the ink accommeodating chamber
into the negative pressure producirig material chamber
is directly interrelated with the introduction of the
air through the communicating portion, and therefore,

when a large amount of the ipnk is discharged from the
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negative pressure producing material chamber to the
outside (1iqﬁid ejecting head) in a short period of
time. the ink supply from the ink accommodating
chamber intc the negative pressure producing material
chamber with the air-liquid exchanging operation is
unlikely to follow the abrupt ink consumption.

Accordingly, it is a principal object of the
present invention fo provide a liquid supply method, a
liquid supply system, an ink container and an ink jet
cartridge wherein the ink is contained in the negative
pressure producing material chamber and the ink
accommodating chamber (reservoir) and wherein the
volume of the buffer space required by the negative
pressﬁre producing material chamber can be reduced
even in view of varidus conditions, can be reduced,
and the ink supply is carried out with a stable
negative pressure during use of the ink in the ink
accommodating chamber while permitting large expansion
of the air introduced by the air-liquid exchange.

It is another object of thz present invention
to provide a liquid supply system and a liquid
container usable with the system wlhierein the ink
accommodating chamber (liquid accommodating container)
is exchangeable in addition to or independently of the
first object. .

It is a further object of the present

invention to provide a related devices such as a head
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cartridge related with the liquid supply method and
the liquid sﬁpply system. The inventors have analyzed
in detall the ink accommodating chamber containing the
air in an ink container having the negative pressure

5 producing material chamber, the ink accommodating
chamber and the communication port therebetween. The
supply of the ink from the ink accommodating chamber
into the negative pressure producing material chamber
occurs in interrelation with the introduction of the

10 air.

The expansion of the air in the ink
accommodating chamber is unavoidable, but the
inventors have considered allowing the expansion of
the air in the ink accommodating chamber. |

15 It is a further object of the present
invention to provide a According to an aspect of the
present invention, there is provided a liquid supply
method comprising a step of preparing a negative
pressure producing material chamber, including a

20 liquid supply portion for permittiné supply of the
liquid to an outside and an air vent for fluid
communication with ambience, for accommodating a
negative pressure producing member for retaining the
liquid; a step of preparing a liquid containing

25 chamber having a liquid containing portion for

accommodating the liquid. said liquid containing

portion forming a substantially sealed space except
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for fluid communication with the negative pressure
producing maferial chamber; a first liquid supply step
of permitting supply of the liquid to the outside by
permitting movemant of the liquid into said negative
pressure producing material chamber from said liguid
containing portion without introduction of the air
into the liquid containing chamber with a negative
pressure while permitting decrease of a volume of said
liquid containing portion; a second liquid supply
step, after said first liquid supply step., of
permitting supply of the liquid to the outside by
peraitting movemant of‘the liquid into said negative
prassure producing material chamber from said liquid
containing portion with introduction of the air into
the liquid containing portion.

According to this method, the liquid
containing portion deforms while maintaining a balance
in the negative pressure with the negative pressure
preducing member. Therefore, even if the air egpands
in the liquid containing portion due to the amhient
condition change, the liquid contaihing portion
restores its shape upon an abrupt changs so that

influence of the change can be decreéased. If the

change is not abrupt, tha influence of the expansion

can bé decreased by both of the negative pressure
producing member and the liquid coﬁfaining portion

while the balance is eventually maintained with the
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negative pressure producing member. Therefore, the
voltage of tﬁe buffer space in the negative pressure
producing material chamber can be reduced even in view
of various use condition.

In the second liquid supply process, the air
is introduced into the liquid containing portion, so
that liguid in the liguid containing portion is used
up substantially without an unusable remaining amount
ink, and the negative pressure diffefence between at
the time of the start of the liquid discharge from the
liquid containing portion and at the time of the end
thereof, can be smaller than that when the liquid
containing portion alone is used as a negative
pressure producing container. As compared with the
conventional type ink container having the negative
pressure producing material chamber, the ink
accommodating chamber and the communication port
therebetweaen, the allowance to the air expansion is
larger. Even if a large amount of the ink is consumed
in a short period of time, the liquid supply from the
liquid containing portion into the negative pressure
producing material chamber is smooth since the liquid
containing portion is defarmable. Therefore, the ink
supply is stabilized when the ink in the liquid
containing portion is consumed. Aécording to another

aspect of the present invention, there is provided a

liguid supply system, using a liquid supply container
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including a liquid containing portion for
accommodatin§ liguid in a sealed space; a negative
pressure producing material container, which
accommodating container is detachably mountable
relative to the liquid supply container and which is
capable of effecting air-liquid exchange wherein air
is introduced into said liguid contéining portion, and
the liquid is discharged through a communicating
portion communicating with said liquid accommodating
portion; the improvement comprising: said ligquid
containing portion of said liquid supply container is
capable of producing a negative pressure while
deforming; and wherein when the liquid supply
container is mounted to said negative pressure
producing'material chamber, the liquid is permitted to
move from said liquid containing portion into said
negative pressure praoducing material chamber.
According to this system, even if the
accomnodating container for the negative prassure
producing material does not contain the liquid in the
neighborhood of the communicating éortion to the
liqui& accommodating container, the liquid can be
moved from the ligquid accommodating container into the
negative pressure producing member using the capillary
force in the negative pressure producing material
chamber upon the mounting of the liquid accemmodating

container to the nedative pressure producing material
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chamber, so that liquid in the exchanged liquid
accommodatiné container can be assuredly used by the
simple mounting, irrespective of the liquid retainiang
state of the negative pressure producing member
adjacent the connecting portion. Thus, a practical
liquid supply system with stabilized liquid supply can
be provided.

By movement in a part of the -liquid in the
liquid containing portion into the negative pressure
producing material container upon the connection, the
liquid containing portion is deforﬁed, and therefore,
influence of the expansion of the air in the liquid
containing portion due to the ambient condition change
can be eased. The present invention provides an ink
container-and an ink jet cartridge usable with the
l1iquid supply method and the ligquid supply system.

More particularly. according to a further
aspect of the present invention, there is provided a
ligquid container, comprising a negative pressure
producing material chamber, including a liquid supply
portion for permitting supply of the liquid to an
outside and an air vent for fluid communication with
ambience, for accommodating a negative piessure
producing member for'retaining the ligquid; a ligquid
containing chamber having a liquid containing portion

for accommodating the liquid, said liquid containing

portion forming a sﬁbstantially sealaed space except
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for fluid communication with the negative pressure
producing maferial chamber; wherein said liquid
containing portion deforms with discharge of the
liquid therefrom while producing a negative pressure.
The ink jet cartridge provided by the present
invention comprises the above-described ink container
and a recording head for effecting recording by
ejecting the liquid tc the outside. Further, the

present invention provides an exchange liquid

accommodating container usable with the liquid supply

system.

More particularly, there is provided a liquid
accommodating container detachably mountable relative
+0 a negative pressure producing material container,
having a iiquid supply portion for supplying ligquid to
an outside and an air vent for fluid communication
with ambiencé, for accommodating a negative pressure
producing member for retaining the ligquid, comprising
a liquid containing portion for accommodating the
ligquid, which forms a substantially sealed space
except for fluid communication with the negative
pressure producing material chamber; and sealing means
for Sealin§ said communicating portion rélative to
said negative pressure producing material chamber.

Furthermore, there is provided a liquid

accommodating container detachably mountable relative

to_a negative pressure producing mdaterial container,
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having a liquid supply portion for supplying liquid to
an outside aﬁd an air vent for fluid communication
with ambience, for accommodating a negative pressure
producing member for retaining the liquid, comprising
a liquid containing .portion for accommodating the
liquid, which forms .a substantially sealed space
except for fluid communication with the negative
pressure producing material chamber; and a casing
having an inner shape equivalent or similar to an
outer shape of said liquid containing portiom and
having an air vent for introducing the ambience;
sealing means for sealing said communicating portion
relative to said negative pressure producing material
chamber.

The present invention is suitably applicable
to a head cartridge used in an ink jet recording
field.

More particularly, there is provided a head
cartridge comprising a recording head for ejecting the
liquid; a negative pressure producing material
chamber, including a liquid supply portion for
permitting supply of the liquid to said recording head
and an air vent for fluid comminicdtion with ambience,
for accommodating a'negative pressure producing membar
for retaining the liquid; a liquid containing chamber
having a liquid containing portion for accommodating

the liquid, said liquid containing portion forming a
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substantially sealed space except for Ffluid
communicatioﬁ with the negative pressure producing
material chamber; and wherein said liquid containing
portion deforms with discharge of the liquid therefrom

5 while producing a negative pressure; wherein said
recording head and said negative pressure producing
material chamber are integral with each other.

A further aspect of the present invention

provides a further method. More particularly, it

10 provides a liquid supply methad comprising a step of
preparing a negative pressure producing material
chamber, including a liquid supply portion for
permitting supply of the liquid to an outside and an
air vent for fluid communication with ambience, for

15 accommodafing a negative pressure producing member for
retaining the liquid; a step of preparing a ligquid
containing chamber having a liquid containing portion
for accommodating the liquid, said liéuid containing
portién forming a substantially sealed space except

20 for fluid communication with the negative praessure
producing material chamber; a step of moving the
liquid from said liquid containing portion into said
negative pressure producing material chamber without.
introduction of air into said liguid containing

25 chamber with a negative pressure while permitting
decrease of a volume of said liquid containing

portion.
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According to this method, the liguid in the
liquid containing portion is usable without
introduction of the air into the liquid containing
portion, and therefore, even if the limitation to the
inside valume of the liquid containing chamber is
eased, change of the ambience is accommodatable.

In this specification, the negative pressure
producing material container and the liquid
accommodating container are gene:aily used where they
are separable from each other, and the negative
pressure producing material chamber and the liquid
containing chamber are used when they are separable or
not separable.

The region not filled with the liquid
adjacent the air vent of the first chamber means a
part the negative pregsure praducing member not filled.
with the ink as well as the space not having the
negative pressure producing member (buffer portion).

These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration of the following
description of the preferred embodiments of the present
invention taken in conjunction with the accompanying

drawings.

BRIEF DESCRIETION QF THE DRAWINGS

Figure 1 is a schematic illustration of an
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ink container applicable with a liquid supply system
according to-a first embodiment of the present
invention, wherein (a) is a perspective view thereof,
and (b) is a sectional view thereof.

Figure 2 is a schematic illustration of an
ink accommodating chamber and an accommodating chamber
for a negative pressure producing material when they
are connected.

Figuare 3 is a schematic illustration for

'illustrating a first ink supply state in the ink

container shown in Figure 1.

Figure 4 is a schematic illustration for
illustrating a second ink supply state (air-liquid
exchanging state) in the ink container shown in Figure
1.

Figure 5 is a schematic illustration
illustrating a change in the container when the liquid
is discharged after the second ink supply state shown
in Figure 1.

Figure 6 is an illustratién showing a
relation between the amount of ink discharge and the
negative static pressure at an ink supply in the ink
container shown in Figure 1.

Figure 7, (a) is a detailed i1llustration of a
negative pressure curve shown in Figure 6; (b) shows a

change of an amount of ink discharge from an ink

accommodating portidn and an amount of introduced air
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into the ink accommodating portion with time when the
air is continﬁously discharged.

Figure 8 is a detail illustration of an A
region shown in Figure 7.

5 Figure 9 is an illustration of operation of
an ink container as regards the A region shown in
Figure 7.

Figure 10 is a detail illustration as to B
region shown in Figure 7.
10 Figure 11 is an illustration of operation of
an ink container as to B region shown in Figure 7.
Figure 12 illustrates operation during
exchange of the ink accommodating chamber.
Figure 13 is an illustration of a mechanism

15 of stabilized liquid retention when an ambient
condition is changed in the ink cortainer shown in
Figure 1.

Figure 14 is an illustration of an amount of
ink discharging when the pressure in the ink container

20 shown in Figure 1 is reduced., wherein (a) is an
illustration of a relation between a volume of an
initial space of the ink accommodating chamber before
the pressure reduction and an amount of ink
discharging upon pressure reduction, and (b) show an

25 amount of ink discharge from the ink accommodating
portion and a change, with time, of the vﬁlume of the

ink accommodating portion when the ambience pressure
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of the container is changed from ambient pressure to P
atm. (0<P<1$ {pressure~-reduced state).

Figure 15 is a schematic illustration of an
ink container usable with the liquid supply system of
the present invention according to a second
embodiment, wherain (a) is a perspective view thereof,
and (b) is a sectional view thereof.

Figure 16 is a schematic illustration of an
ink container usable with a liquid supply system
according to a third smbodiment.

Figure 17 is a schematic illustration of a
modified example of an ink container usable with a
liquid supply system of the present invention.

Figure 18 is a schematic illustration of
pressing the ink accommodating portion.

Figure 19 is a schematic sectional view of a
modified example of an ink container usable with the
liquid supply system of the present invention.

Figure 20 is a schematic sectional view of a
modified example of an ink container usable with a
liquid supply systeﬁ of the present invention.

Figure 21 is a schematic illustration of an
example of an ink jet recording apparatus usable with

a liqguid supply system of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the accompanying drawings, the
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embodiments of the present invention will be
described. Iﬁ the following descriptions, ink is
taken as an examplé 0f the liquid usable with the
liquid supply method and the liquid supply system
according to the present invention, but the present
invention is not limited to the ink but is usable with
processing liquid té be applied on the recording
material in the ink jet recording field, for example.
{First embodiment)

Figure 1 is-a schematic illustration of an
ink container applicable with a liquid supply system
according to a first embodiment of the present
invention, wherein (a) is a perspective view thereof,
and (b) is a sectional view thereof.

The ink container 1 comprises an
accommodating chamber for the negative pressure
producing material 10 and an ink accommodating chamber
50, and the ink accommodating chamber 50 is separable
from the negative pressure producing material chamber
10 through a communication tube(air-liquid exchange
passage) 14. The négative pressure producing
material chamber 10 a casing member 11 having an ink
supply port 12 for supplying the ink (or processing
liquid or the like) into an outside means such as a
recording head 60 for effecting recording by ejecfing

liquid through an ejection outlet 61, a negative

______pressure producing member or material 13 of porous
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member or material such as polyurethane foam
accommodated fherein, and a communication tube(air-
liquid exchange passage) 14, contacted to the negative
pressure generating member, for introducing liquid
from the second chamber. The casing 11 comprises an
ambience introducing groove 17, on an inside of the
commuinication tube, for promoting air-liquid exchange
whieh will be described hereinafter, an air vent 15
for fluid communication between the ambience and the
negative pressure praoducing member accommodated
therein, and there is provided a buffer partion 16 in
the form of a rib projected from the inner surface of
the casing adjacent the air vent 15: In the
emhodiment, the air—liquid exchange passage 14 is
contacted to the negative pressure producing member
13, and tne end thereof communicates with the air
introducing groove 17, so that smooth liquid supplying
operation which will be described hereinafter is
accomplished.

On the other hand, the ink accommodating
chamber 50 comprises a casing member(outer wall) 51
constituting a chamber, and ink accommodating portion
53, constituted by a wall{inner wall) 54 having an
inner surface similar to or equivalent to the inner
surface of the casing member, for accommodating the
ink therein, an ink digcharging outlet 52

commnnicating with the air-liquid exchange passage 14
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of the accommodating chamber for the negative pressure
producing maﬁerial, for discharging the liquid from
the liquid containing portion 53 into the negative
pressure producing material chamber. In thig
embodiment, an unshown seal member such as an O-ring
is pravided at a connecting portion between the ink
dischérging outlet 52 and the air-ligquid exchange
passage 14, by which the ink leakage and the
introduction of the ambience through the connecting
portion, is prevented. The seal member is
gatisfactory if it is provided at one of the ink
accommadating chamber and the ﬁegative praessure
producing material chamber, or it may be provided at
each of them to enhance the sealing property. It may
be provided independently of the ink accommodating
chamber and the negative pressure producing material
chamber, and it may be engaged with the connecting
portions of them upon necessity. The inner wall 54
has a flexibility, and the ink_accommodating portion
53 is deformable with the discharge of the ink
accommodated therein. The inner wall 54 has a welded
pbrtion(pinch—off.portion) 56, and the inner wall is
supported on the outer wall with engagement
therebetween at the'weldeﬁ portion. . Thz outer wall
is provided with an ambience communication port 55 to
permit introduction 6f the ambience to between the

inner wall and the outer wall.
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In Figure 1 and the subsequent cross-
sectional Fiéures, the hatched portion indicates the
region of the negative pressure producing member
retaining the ink. The cross-hatched portion
indicates the ink contained in the gpace such as the
ink accommodating portion, the air introducing graove
and the air-liquid exchange passagé. The ink
accommodating chamber of this embodiment is defined by
6 flat surfaces which constitute a substantially
rectangular parallelopiped configuration, to which a
cylindrical ink discharging outlet 52 is added in ths
form of a curved surface, and the maximum area side of
the rec#angular pardallelopiped configuration is
indirectly shown in Figure 1. The thickness of the
internal wall surface 53 is thinner in the portion
constituting the apex portions, which will be called
corner portions (inciuding the rounded corner with
small radius of curvature) than the central region of
each of the sides of the rectangulér parallelopiped
shape, and the thickness gradually decreases from ﬁhe
central region of each of the sides toward the corner
portions, and the cdnfiguration is convex inwardly of
the ink accommodating portion. The direction is the
same as the direction of deformation of the sides, so
that deformation is promoted, as will be described

hereinafter.

Each of the corner portions of the inner wall
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is constituted by three sides, so that strength of the
entirety of tﬁe corner portions of the inner wall is
greater than that of the central regions. Ag seen
from an extension of the sides, since the thickness of
the corner portions is smaller than of the central
region, movement of the sides are permitted. It is
desirable that portions constituting the corner
portions of the inner walls have substantially
equivalent thicknessges. Since Fiéure 1 is relatively
schematic, there is a space bhetween the outer wall 51
of the ink accommodating chamber arid the inner wall 52
thereof, but they may be contacted to each other ar
spaced from each other, if they are separable.

The ink accommodating chamber of the ink
container hay be of an exchangeable structure relative
to the negative pressure producing material chamber.
Referring to Figure 2, the description will be made as
to the states 0f the respective chambers when the ink
accommodating chamber is connected to the negative
pressure producing material chamber. Figure 2 shaws
an example of changeé of each of the chambers in a
connecting operation betwaen the ink accommedating
chamber and the negétive pressure producing material
chamber of the ink container shown in Figure 1, suffix
1 indicates that Figure is a sectional view in the
same direction as with Figure 1, (b), and suffix 2

indicates that Figure is a sectiaonal view (A-A) of the
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liquid containing chamber shown in Figure 1, (b).
Figuie 2(al), (a2) show the states of the
negative pressure producing material chamber and the
ink accommodating chamber before the connection
therebetween., The ink discharging outlet 52 of the
ligquid containing chamber 50 is provided with a
sealing means 57 (for example film) for preventing
discharge of the ink accommodated in the ink
accommodating portion, so that ink accommodating
portion of the liquid containing chamber is maintained
sealed against the atmosphere. The inner wall 54
constituting the ink accommodating portion is faormed
such that it is extended along the inner surface
configuration of the casing(outer wall) 51 and that
ccrner'poftion of the inner wall is close to the
cornér portion of the outer wall. ' This state is
called here " initial state". The ink accommodating
porti;n may contain an amount of the ink which is
slightly smaller than the maximum capacity thereof.
since then the ink is more assuredly prevented from
leaking out due to the temperature change and/or
pressure change, when the sealing means is unsealed.
In view of the standpoint of ambient condition change,
the amount of the air accommodated in the ink
accommodating portion before the connection ta the
negative pressure producing material chamber, is

desirably very small. In order to decrease the
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amount of alr accommodated in the ink accommodating

portion, a liquid injection method may be used, as

.disclosed in Japanese Laid-open Patent Application No.

HEI- 10-175311.

On the other hand, in Figure 2(al). the
negative pressure producing member of the negative
pressure producing material chamber retains the ink in
a part thereof. In Figure 2(al), the interface of the
ink accommodated in the negative pressurs producing
member is that in the case of it being lower than the
air introducing groove, and the air introducing groove
is in fluid communication with the ambience through
the negative pressure producing member.

Here, the amount of the ink accommodated in
the negative pressufe producing meémber is dependent on
the amount of the ink accommodated in the negative
pressure producing member when the ink accommodating
chamber is exchanged, which will be described
hereinafter, and therefore, it may be different
slightly, and it is not inevitable that ink is
retained in the uniform state as shown in the Figure.
The air introducing groove and the air-ligquid exchange
passage are not required to be filled with the ligquid,
and may contain the ‘air as shown in Figure 2(al). As
shown in Figure 2(bl) and (b2), the ink accommodating
chamber is connection to the negative pressure

producing material chamber. At this time, the ink
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mgves as shown by an arrow in Figuare 2(bl) until the
pressures in-the negative pressure producing material
chamber and the ink accommodating chamber becomes
equal to each other, and as shown in Figures 2, (cl)
and 2(c2), the balanced state is established with the
pressure at the ink supply port 12 being negative.
This state is called " state at start of use". The
detailed disclosure will be made as to the ink
movement until the balanced state is reached. As
shown in Figure 2(bl). when the air-liquid exchange
passage 14 of the negative pressure producing material
chamber is inserted inta the ink discharge port of the
ink accommodating chamber, the sealing means 57 is
unsealed. The connecting portion is sealed by the
above-described seal means at this time, so that ink
does not leak through the connecting portion, or the
ambienﬁe is directly introduced into the ink
accommodating chamber through the connecting portionm,
and therefore, the ink accommodating portion is in a
substantially hermetically sealed state except for the
air-liquid eachange passage 14. 'fhen, the ink in the
ink accommodating portion 53 flows into the air-~liquid
exchange passage 14, 'and an ink path is established
between the negative pressure producing material -
chamber and the negative pressure producing member 13.
When the ink path is established,' the ink movement

from the ink accommodating portion to the negativé
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pressure producing member is started as shown in
Figure 2(bl) Sy the capillary force of' the negative
pressure producing member, by which the interface
(level of liquid) of the negative pressure producing
member. rises. The inner wall 54 tends to deform £rom
the central portion of the major side (maximum area
side) in a direction of decrease of the volume of the
ink accommodating portion 53. Here, the outer wall
51 functions to retard displacement of the cormer
portions of the inner wall 54, and therefore, the ink
accommodating portion reaceives the force due to the
ink consumption and rebounding force toward the
initial state (Figure 2(al), (a2)), so that negative
pressure is generated in accordance with the degree Qf
deformation without abrupt change. The space between
the inner wall and the outer wall is in £fluid
communication with the ambience through the ambience
communication port 55, so that air is introduced into
between the inner wall 54 and the outer wall 51 in
accordance with the deformation.

Even if the air is present in tﬁe air-liquid
exchange passage 14 in Figure 2(al), the ink in the
ink accommodating portion is contacted to the negative
pressure producing member by which an ink path is
formed, and therefore, the ink accommodating portion

deforms with the discharge of the ink, so that air

easily moves into the ink accommodating portion 53.
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As regards the ink introduction into the air
introducing éroove. the ink is supplied thereinto when
the capillary force of the air introducing groove is
larger than the negative pressure generated by the ink
accommodating portion, as in this embodiment. After
the start of the ink movement, the ink is supplied
into the negative pressure producing member, and then,
as shown in Figure 2, (cl), the ink is filled up to
above the top end portion of the ambience introduction
groové, so that fluid commnication of the ambience
introduction groove with the ambience is shut. Then,
the ink accommodating chamber receives and discharges
the ink and the air only through the negative pressure
producing material chamber, so that ink further maoves
so that negative static pressure in the air-ligquid
exchange passage of the ink accommodating chamber and
the negative static pressure in the air-iiguid
exchange passage of the negative pressure producing
material chamber.

In the state shown in Figure 2(cl), the
negative pressure in the negative pfessure producing
material chamber when the communication of the
ambience introduction groove with the ambience is
shut, is larger than the negative pressure in the ink
accommodating chamber, a further ink movement occurs
from the ink accommodating chamber into the negative

pressure producing material chamber until the negative
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pressures of them becomes equal, by which the amount
of the ink rétained in the negative pressure producing
member in the negative pressure producing material
chamber increases.

As described in the foregoing, the movement
of the ink from the ink accommodeting chamber to the
negative pressure producing material chamber when the
ink accommodating chamber and the ﬁegative pressure
produéing material chamber are connected, is carried
out without introduction of the air into the ink
accommodating chamber through the negative pressure
producing member. ‘The negative static pressures in
the respective chambers in the balanced state, is
properly selected so that ink does not leak out of a
liquid'ejéction recording means(unshown) such as a
recording head connected to the ink supply port.
depending on the nature of the liquid ejection
recording means connected thereto (Figure § a) by one
skilled in the art. The lower limit of the amount of
the ink which is movable from the ink accommodating
portion, is the amount of the ink when the ink supply
is carried aqut into the negative pressure producing
member up to the upper limit level of the aiz
introducing groove {air-liquid interface negative
pressﬁre producing member which will be described

hereinafter), and the upper limit is the amount up to

tha eamplete ink filling into the negative pressure
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producing member. The amount of the ink moving to
the negative.pressure producing member on the basis af
the amounts of the upper limit and the lower limit of |
the ink in consideration of the variatiaon of the
amount of the ink retained in the negative pressure
préducing member before the connection. By doipg so,
the material and the thickness of the ink
dccommodating portion can be properly selected for the
negati%e pressure préducing member-on the basis of the
negative pressure value a in the balanced state.

Since the amount of ‘the ink retained in the negative
pressure producing member before the connection is not
constant, a part of .the negative pressure producing
member may remain unsupplied with the ink even if the
balanced state is reached as shown in Figure 2(cl) and
Figure 2(c2). Such a part can be used as a buffer
region which functions together with the buffer
portion, when the temperature and/or the pressure
varies, which will be described hereinafter.

On the contrary, if there is a liability that
pressura of the ink supply port when the balanced
state is reached, is positive due to the amount
variation, the suction recovery is carried out by
suction recovery meansg, which will be described
hereinafter and which is provided imn the main assembly
of the liquid ejection recording device, is used to

discharge a small amount of the ink.
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The establishment of the ink path in the air-
liquid exchaﬁge passage upon the connecting operation,
may be effected using a mechanical impéct given at the
time of the'connecting action. For example, the ink
accommodating portion is pressurized by for example
pressing the casing of the ink accommodating portion.
as shown in Figure 18. Alternatively, the ink
accommodating portion is placed under a slight
negative pressure state, and by the ink accommodating
portion being brought into fluid communication with
the ambience through the air introducing groove upon
the connection, the air in the air-liquid exchange
passage is promoted to move into the ink accommodating
portion using deformation of the ink accommodatin§
portion by the variation of the pressure. With such
use of the impact, a part of the air in the passage
may move into the ink accommodating portion, depending
on the configuration of the air-liquid exchange
passage and/or the presence or absence of the air in
the passage before the conmection, but such a slight
movemént of the air into the ink accommodating portion
is permissible.

Referring to Figures 3-6, the description
will be made as to an axample of states of the ink
container when the liguid is consumed by the recording
head connected to the ink container in the state at

start of use shown in Figures 2, (cl), (c2). Figures
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3-5 show an example of the changes of thelink
acccmmodatin§ chamber and tlie negative pressure
producing material chamber with the consumption of the
liquid from the ink container, in the order of Figure
3. (a)~(c), Figure 4, (a)-(c) and Figure 5, (a}-(c¢),
wherein suffix 1 indicates the sectional plane which
is the same as that of Figure 1, (b); suffix 2

indicates the sectidnal plane A-A of the liguid

' containing chamber in Figure 1, (b). Figure 6

illustrates a relation between the ink discharge
amount of the ink container shown in Figure 1 and the
negative pressure of the ink supply port, wherein the
abscissa represents an ink discharge amount from the
ink supply port ta the outside, and the ordinate is a
negative pressure(negative static pressure) of the ink
supply port. In Figure &, the change of the negative
pressﬁre shown in Figures 2-5 is indicated by arrow.
In this embodiment, the ink supply operation
can be understood in the three modes, more
particularly, before the start of air-liquid
exchanging operation shown in Figure 3, during
{mainly) air-liquid éxchanging operation shown in
Figure 4 and after air-liquid exchanging operation
shown in Figure 5. In the following, the respective
operations are described in detail using the Figures.

(1) Before air-liquid exchanging operation

"+ In Figure 3(al), (a2), the ink container is
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mounted to the recording head. 1In the state at start
of use, the négative static pressure in the air-liquid
exchange passage of the ink accommodating chamber and
the negative static pressure in the air-liquid
exchange passage aof the negative pressure producing
materisl chamber are equal ta each other. 1In the case
of the ink accommodating chamber which is of a n
exchangeable type as shown in Figure 1, when the ink
accommodating chamber is exchanged after the ink is
used up to the state shown in Figure 2(al) (the detail
will be described hereinafter referring to Figure 6),
the ink accommodating portion is slightly deformed
inwardiy, as described hereinbeforé.

When the ink consumption is started through
the ink sdpply port 12 to the recording head 60, both
of the ink contained in the ink accommodating portion
and the negative preésure producing member are
consumed while the bazlance is maintained between the
increasing negative static pressures in the ink
accommodating portion and the negative pressure
producing member, as shown in Figure 3(bl), (b2}.

This is called " first ink supply state ".

In this state, the liguid level in the
negative pressure producing member in the negative
presgure praducing material chamber lowers with the
consuﬁption of the ink through the ink supply port,

and the central portions of the ink accommodating
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portion stably deforms inwardly.

In fhe sides adjacent to the major sides
(maximum area sides) in this embodiment, the portion
not having the pinch-off portion starts deformation
and separates from the outer wall earlier than the
portion having the pinch-off portion 104, in order to
reach the balance in the negative pressure betwsen the
ink accommodating portion and the negative pressure
producing member. Here, the pinch-off portion 56
functions in effect as one of deformation limiting
portions against the inner wall 54. Thus, opéosite
major sides of the ink accommodating portion deform
substantially simultaneously with the discharge of the
ink, so that stabilized deformation is accomplished.

This first ink supply state contintues until
the air is introduced to the ink accommodating portion
through the air-liguid exchange passage as shown in
Figure 3(cl), (c2). The negative static pressure
change relative to the amount of the ink discharge
through the ink supply port from the state of Figure
3(al), (aZ) to the state of Figure 3(ecl), (c2), is
such that it is substantially proportional to the
amount of the ink discharge, and the negative static
pressure gradually riges, as indicated by A in Figure
6.

The example has been described in brief, and

further detail will be.described heéreinafter.
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(2) During air-liquid exchanging operation
Wheﬁ the ink is further discharged, the

introduction of the air into the ink accommodating
portion starts as shown in Figure 3(cl)., (c2). This

S 1is called " air-liquid exchange state" or " second ink
supply state". In this state, as shown in Figure
4(al), (a2) and Figure 4(bl), (b2), the liqﬁid level
of the negative pressure producing member is
substantially constant(air-liquid interface) at the

10 top end portion of the air introduéing groove, With
the consumption of the ink by the recording head, the
air is supplied from the air vent 15 thfough the air
introducing groove 17 and the air-liquid exchange
passage 14 into the ink accommodating chamber in

15 accordance with the consumption amount of the ink,
with which the ink is supplied into the negative
pressure producing member of the negative pressure
producing material chamber through the air-liquid
exchange passage. On the other haand, the ink

20 accommodating portion maintains the negative pressure
balance by the deformation thereof, so that air is
introduced with the discharge of the ink, and
maintains the configuration upon the air-liquid
exchange.

25 Therefore, the change of the negative static
pressure relative to the amount of the ink discharge

thrangh the ink supply port in the air-liquid exchange
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state, substantially does not occur (subsfantially
constant negétive static pressure) as indicated by B
in Figqure 6, thus supplying the ink to the liquid
ejection recording means with stability. However,
Figure 6 is schematic, and the negative pressure is
not strictly constant in the air-liquid exchange
region. In the ink container of the present
invention, the ink accommodating chamber per se can be
contributable to the generation of the negative
pressure by the deformation of the ink accommodafing
portion. When the ink is discharged continuously in
the air-liguid exchange state, a time difference may
frequently occur between the discharge of the liquid
from the ink accommodating portion and the
introduction of the air through the air-liquid
exchange path, as will be described hereinafter. The
time difference can.be a cause of the negative
pressure variation, which however is tolerable in the
case of the ink jet recording apparatus.

When the air-ligquid excharige path has a
degree’ of length as in this embodiment, the bubble of
the air-liquid exchange stagnates in the air-liguid
exchange path, and the bubble moves into the ink
accommodating portion when the amount thereof reaches
a certain level, depending on the kind of the ink.
This is also a cause of the negative pressure

variation upon the movement of the bubble, but the
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variation is tolerable when the liquid container is
used with an-ink jet recording apparatus. This is
also the air-liquid exchange state.

When the bubbles tend to stagnate in the air-
liguid exchange path, the air-liquid exchange path may
be temporarily kept'plugged by the bubble even if the
ink level in the ink accommodating portion lowers
beyond the top end portion of the air-liquid exchange
path as shown in Figure 4(cl), (c2). In this state,
if, for example, the bubble despairs, and the ink
accommodating portion becomes temporarily in complete
fluid communication with the ambience, the ink
accommodating portion deforms more toward the initial
state than in the air-liquid exchange state shown in
Figure 4(bl)and 4(b2). But, when it is plugged by
the bubble, the ink is moved from the ink
accommodating portion into the negative pressure
producing material chamber in place of feeding of a
new bubble into the air-liquid exchange path, as if
the air-liquid exchange state were carried out.
Therefore, the state of Figure 4(cl), (c2) is included
in the air-liquid exchange state in the present
invention if the neéative pressure in the ink
contaiher is substantially within a range of the
negative pressure of the other part of Figure 4.

In the foregoing, the air-liquid exchanging

operation of the ink container hasg been described. but

This Sheet Has Been Replaced

R

1]



10

15

20

25

-37-

in the case of the deformable ink accommodating
chamber as 15 this invention, the operation during the
air-ligquid exchange is not limited to the above:

In the conventional non-deformable ink
accommodating chamber, the ink is supplied into the
negative pressure producing member immediately with
the introduction of the ambience irnto the ink
accommadating chamber. When the ink accommodating
chamber is deformable, the ink may be supplied into
the negative pressuré producing member without the
introduction of the ambience into the ink
accommodating chamber. On the contrary, the ink may
not be supplied into the negative piessure producing
member immediately after the introduction of the
ambience into the ink accommodating chamber with the
consumption of the ink. This depend on the negative
pressure balance between the displacement of the ink
accommodating chamber and the negative pressure
producing material chamber. Further detailed
description will be made as to this, hereinafter, but
it should be noted that timing of the air-liquid
exchanging operation may be different from that in the
conventional ink container, and by the time difference
between the ink discharge from the "ink accommodating
portion and the intréduction of thé air into the ink

accommodating portion upon the air-liquid exchange,

the sfable ink supply is more reliéble because of the
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buffer effect and the timing deviation even upon
external facfors such as abrupt ink consumption,
ambient condition change, vibration.
(3) After air-ligquid exchanging operation

When the ink is further discharged through
the ink supply port. the ink level in the ink
accommbdating portion becomes lower than the upper end
of the air introducing groove, so that ink
accommodating portion becomes in complete fluid
communication with the air-liquid exchange path, as
shown in Figure 5(al), (a2). At this time, the ink
accommodating portion deforms more toward the initial
state than in the air-liquid exchange state by the
communication with the ambience. ‘However, even if
the inside pressure becomes the ambient pressure, the
configuration does not completely restores, and it is
in a sligﬁtly defarmed state. In this embodiment,
the air-liquid exchange path has a large diameter, and
therefore, a small amount of the ink remaining in the
ink accohmodating portion is absorbed by the negative
pressure producing member with the result of rising of
the liquid level in the negative pressure producing
member, S0 that negdtive pressure témporarily lowers.
Thereafter, the air-liguid exchange path is sealed by
the ink in the negative pressure producing material,
the ink is consumed similarly to the air-liquid

exchanging operation described hereinbefore.
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When the liquid level in the negative
pressure prodﬁcing member slightly lowers beyond the
top end of the air introducing groove, the pressure in
the ink accommodating chamber is described as becoming
the atmospheric pressure immediately, but this is an
example of the action in the embodiment of the present
invention. Further detailed description will be made
hereinafter.

When the ink is substantially completely
consumed from the ink accommodating portion, the ink
remaining in the negativae pressure producing material
chamber is consumed as shown in Figure 5(cl), (c2).
Normally, when the ink container is placed on a
carriage, the ink in the ink accommodating chamber is
completelj absorbed 'in the negative pressure producing
member due to the vibration during the carriage
scannihg. But, it is preferable that ink accommodating
chamber is inclinedly mounted such that supply port
takes a lower position with respect to the direction
of gravity. The change of the negative pressure
relative to the amount of the ink discharge through
the ink supply port in the state after the air-liquid
exchanging operation, is such that negative pressure
increases in proportion to the amount of the ink
discharge, as indicated by C in Figure 6. Aftér this

state is reached, even if the ink accommodating

chamber is demounted, the ink leskage is not liable
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through the air-liquid exchange passage 14 or the ink
discharging éutlet 52, and therefore, the ink
accommodating chamber is demounted, and a new ink
accommodating chamber is prepared as shown in Fiqure
2(al), (a2). Even when the ink is further consumed
beyond the state shown in Figure 5(cl), (c2) so that
negative pressure producing member adjacent the air-
liquid exchange path does not retain the ink, the
negative pressure producing member adjacent the air-
liquid exchange path which is an ink supply path can
be filled with the ink with certainty, since when the
ink path is established by the exchanging operation
described in the foregoing, the ink accommodating
portion deforms with the discharge of the ink.

in the foregoing, the liqﬁid supplying
operafion of the ink container in this embodiment
(Figure 1) has been described.

Thus, in the example of the ink consuming
operation, when the ink accommodating chamber is
connected with the negative pressure producing
material chamber, the ink mgves until the pressures of
negative pressure producing material chamber and the
ink accommadating chamber becomes d@qual so that state
at start of use is established. When the ink
consumptiaon by the liquid ejection recording means is
started thereafter, the ink is consumed both from the

ink accommodating portion and the negative pressure
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producing member while the rising negative static
pPressures are:balanced therebetween. Thereafter, the
air-liquid exchange state occurs wherein the ink is
discharged with a substantially constant negative
pressure while the air-liquid interface of the
negative pressure producing member is maintained by
the introduction of the air into the ink accommodating
portion, and finally, the ink remaining in the
negative pressure producing material chamber is
consumed.

Thus, there is a step in which the ink is
used from the ink accommodating portion without the
introduction of the ambience into the ink
accommodating portion, so that limitation to the
inside'voiume of the liquid accommodating container in
the ink supply process (first ink supply state) is
only by the air introduced into the ink accommodating
portion in the connection. As a result, the
limitation to the inside volume of the ink
accommodating chamber can be reduced without influence
to the accommodation of the ambient condition change.

In the structure of the present invention,
the air-liquid exchanging operation can be effacted at
different timing from that in the air-liquid exchange
of the prior art, the ink supply is possible in other

than normal state.

According to the present invention, the ink
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can be substantially completely consumed from the ink
accomﬁodating chamber, and in addition, the air-liquid
exchange passage may contain the air when the ink
container is exchanged, and the ink accommodating
chamber can be exchanged irrespective of the amcunt of
the ink retained in the negative pressure producing
member. Therefore, the ink accommodating chamber is
easily exchangeable without use of the remaining
amOunf detecting mechanisnm.

As shown in Figure 6, in order that negative
pressure rises in proportion to the amount of the ink
discharge (A), and thereafter, it is substantially
constant (B), and then, the negative pressure rises in
proportion to the ink discharge amougt (C), it is
desirable that ambience introduction occurs, that is,
the state shifts from A to B before opposing parallel
sides of the ink accommodating portion are brought
into contact. This is because the ratio of the
negative pressure change relative to the amount of the
ink discharge in the. ink accommodating chamber is
different between before and after the oppasing
maximum area sides are contacted.

With respect to the first embodiment, the ink
supply performance of the ink container has be
checked. A negativé pressure producing member having
a pore size of approx 60 / inch is placed in the

negative pressure producing material chamber having
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inner dimensions of 48mm x 46mm x 10mm approx, and the
alir-liquid ekchange path is in the form of a hollow
pipe having an inner diameter of approx 7mm. The
negative pressure producing material chamber is
connected to an ink accommodating chamber including an
outer wall of shock resistant polystyrene (HIPS) resin
material having a mazximum thickness of approx lmm and
an inner wall of high dansity polyethylene (HDPE)
resin material having a maximum thickness of approx
150pm and having a volume 3pprox 30cm3. Then, the ink
is sncked out through the ink supply port of the
negative pressure producing material chamber. It has
been confirmed that ink is consumed with the negative
pressure property similar to the those shown in Figure
6. The hegative static pressure during the ink
gtabilized supply pericd (B in Figure 6) was approx -
110mmAg.. The change of the negative static pressure
relative to the amdﬁnt of the ink discharge was as
shown in Figure 7. By changing the material,
thickness of the inner wall of the ink accommodating
portion and/or the capillary force generated by the
negative pressure pioducing member, the following has
been found.

Figure 7 shows details of an actual .example
of the negative pressure curve of Figure 6, and (1),
(2). (3) in the Figure corresponds to the (1), (2),

(3) in the foregoing disclosure of the operations.
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Figure B shows a detail of an example of A region in
Figure 7; Figure 9 illustrates the operation of the
ink containar in the A region in Figure 7 in the order
of (a)-(c); Figure 10 shows an example of B region in
Figure 7; Figure 11 shows the operation of the ink
container in the B region in Figure 7 in the order of
(a)-{(c). In Figures 9 and 11, suffix 1 indicates a
sectional viaew along the same line as with Figure 1,
(b), and suffix 2 indicates a sectional view taken
along a line A-A of the liquid containing chamber in
Figure 1, (b). For better understanding, the
deformation or the like of the ink accommodating
chamber is mare or less exaggerated.

(1) region (1) in (1)

This region (before air-liquid exchanging
operation) is disclosed in the following three
patterns. The patterns are within the present
invention, and are dependent on the capillary force of
the negative pressure producing member, the thickness,
material or the like of the ink accommodating chamber
portion and the balance.

(First partern in region (1) in Figure 7)

This pattern occurs generally when the ink
accommodating chamber father than the negative
pressure préducing member is ruling in the negative
pressure control. More particularly, when the

thickrness of the ink accommodating chamber portion is
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relatively thick, or when the rigidity of the inner
wall of the ink accommodeting chamber portion is
ralatively high, this pattern tends to occur.

In the ink discharge from the initial state,
the ink is discharged from the negative pressure
producing member. This is because the resisting force
against the discharge of the ink from the negative
pressure producing member is smaller than the
registing force against the discharge of the ink from
the ink accommodating chamber. After the ink is first
discharged from the negative pressure producing
member, the ink is discharged from the respective
chambers while balance is maintained therebetween.
When the ink is discharged from the ink accommodating
chamber, {he inner wall is deformed inwardly,

(Second pattern in region (1) in Figure 7)

This pattern tends to occur when the negative
pressure producing member rather than the ink
accommodating chamber is ruling in the negative
pressure control, contrary to the case of the first
pattern. More particularly, this case tends to occur
when the inner wall of the ink accommodating chamber
is relatively thin, or when the rigidity of the inner
wall is small.

In the discharge of the ink in the initial
state, the ink is first discharged from the ink

arceommodating chamber. This is because the resisting
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force against the discharge of the ink from the ink
accommodating.chamber is smaller than the resisting
farce against the discharge of the ink from the
negative pressure producing memher; Thereafter, the
ink is discharged from the negative pressure producing

member and the ink accommodating chamber while balance

is maintained therebetwean.

(Third pattern in region {1) in Figure 7)

In this pattern tends to occur when the
negative pressure producing member and the ink
accommodating ‘chamber portion are similarly ruling .
with respact to the negative pressure control. 1In
this case, in the ink discharge in the initial atate,
the ink is discharged from the negative pressure
producing member and the ink accommodating chamber
while balance is maintained therebetween. With the
balance maintained, the sir-liquid exchange state
which will be described hereinafter starts.

(2) region (2) in Figure 7

The description will be made as to air-liquid
exchanging operation region. This region is divided
into two patterns. For the purpose of detailed
description, the negative pressure curve in the region
(2) in Fiqure 7 is enlarged.

(First pattern of region (2) in Figure 7)
This pattern occurs generally when the ink

accommodating chamber rather than the negative
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prassure producing member is ruling in the negative
pressure control. More particularly, when the
thickness of the ink accommodating chamber portion is
relatively thick, or when the rigidify of the inner
wall of the ink accommodating chamber portion is
relatively high, this pattern tends to occur.

In the air-liquid exchanging operation
region, the ambience is introduced from the negative
pressure producing materlial chamber into the ink
accommodating chamber (Figure 8a region) This is to
balance the negative pressures. By the introduction
of the ink into the ink accommodating chamber, the
inner wall of the ink accommodating chamber slightly
deforms outwardly, as shown in Figure 9a. By the
introduction of the air, the ink is supplied into the
negatiﬁe pressure producing material chamber from the
ink accommodating chamber, so that liquid level in the
negative pressure producing material chamber slightly
rises. (Figure 9a->b)

By the further discharge 6f the ink from the
head, the ink is first discharged from the negative
pressure producing member in this example. By this,
the liquid level in the negative pressure producing
material chamber lowers as shown in the Figure.
(Figure 8b region) ((Figure 9b)

after this state, the ink becones dischaiged

from both of the neéative Pressure producing member
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and the ink accommodating chamber while the balance is
maintained tﬁerebetween. By this, the liquid level in
the negative pressure producing member lowers further,
and the inner wall of the ink accommodating chamber
deforms inwardly (Figuré ﬁ ragion ¢) .(Figure 9C).

After continuance of this state, the ambience
is introduced into the ink accommodating chamber
through the ambience introduction path, and Figure 7
region occurs.

(Second pattern in region (2) Figure 7)

This pattern tends to occur when the negative
pressure producing member rather than the ink
accommodating chamber is ruling in the negative
pressure control, contrary to the case of the first
pattern. 'More particularly, this case tends to occur
when the inner wall of the ink accommodating chamber
is relatively thin, or when the rigidity of the inner
wall is small.

As described in hereinbefore, the ambience is
introduced into the ink accommodating chamber from the
negative pressure producing materidl chamber in the
air-liquid exchanging operation region (region a in
Figure 10). By the introduction of the ink into the
ink accommodating chamber, the innei wall of the imnk
accommodating chamber slightly deforms outwardly, as
shown in Figure lla. By the introduction of the air,

the ink is supplied into the negative pressure
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producing material chamber from the ink accommodating
chamber, so that liquid level in the negative pressure
producing material chamber slightly rises. (Figure
10a->b)

By the further ink discharge from the head,
the ink is mainly discharged from the ink
accommodating chamber in this pattern. In this case,
the negative pressure does not change greatly and
therefore gradually increases because of the thickness
and the rigidity of the ink accommodating chamber.

By the discharge of the ink, the inner wall of the ink
accommodating chamber gradually deforms inwardly
(region b in Figure 10), In this region, the ink is
hardly discharged from the negative pressure producing
member, aﬁd therefore, the liquid level of the
negative pressure producing member hardly changes.

In region b, when the ink is further
discharged, the ink 'is discharged from both of the
negative pressure producing member and the ink
accommodating chamber while the balance is maintained
therebetween (region c of Figure 10). 1In this region,
as described in the faoregaing, the ligquid level of the
negative pressure producing member lowers, and the
inner wall of the ink accommodating chamber deforms
inwardly (region c of Figure 10) (Figure llc). After

this state continues, the ambience is introduced into

the ink accommodating chamber through the ambience
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introduction path, so that state of Figure 10a occurs.
(3) region (3) in Figure 7

Finally, region (3) in Figure 7 after the
air-liquid exchange region will be described. After
the air-liquid sxchange ends, that is, most of the ink
in the ink accommodating chamber is discharged, the
ink is discharged only from the negative pressure
producing member. This region is divided into the
following two patterns.
(First pattern of region (3) in Figure 7)

. In this example, the desc¢ription will be made
as to the case where the pressure in the ink
accommodating chamber becomes substantially the
ambient pressure after the air-liguid exchange region.

After the end of the air-liquid exchange, the
ink in the ink accommodating chaamber is hardly
digcharged. In the state after the end of the air-
ligquid exchange, a meniscus is generally formed in the
air vent path, the fluid communication path between
the negative pressure producing material chamber and
the ink accommodating chamber or in the negative
pressﬁre producing member. Howaver, when the liquid
level in the negative pressure producing member lowers
beyond the top end portion of the ambience _
introduction path, the meniscus is broken by the
carriage vibration or the like. By this, the ink

accommodating chamber is brought into a fluid
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communication with the ambience through the air vent
path. Thus, fhe pressure in the ink accommodating
chawber becomes substantially ambient pressure. Then,
the inner wall of the ink accommodating chambher having
been deformed inwardly tends to restore by the
elasticity of itself, However, generally, it does not
return completely to the initial state. This is
because, yielding occurs when the inner wall deforms
inwardly beyond a certain degree by the discharge of
the ink fram the ink accommodating chamber, in may
cases. Then, the ink accommodating chamber does not
completely restore even if the pressure therein
becomes ambient pressure.

Thus, after the pressure of the ink
accommodating chamber becomes the atmospheric
pressure, and the inner wall restores, the liquid
level in the negative pressure producing member lowers
by the discharge of the ink in the negative pressure
producing member. Thus, the negative pressure
increases substantially proportionally.

(Second pattern in region (3) in Figure 7)

In this pattern, even if the liquid level in
the negative pressure producing member lowers beyond
the top end portion of the ambience introduction path,
the ink accommodating chamber maintains the negative
pressure state. As described hereinbefore, the inside

of the ink accommodating chamber is isolated from the

L
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ambience by the meniscus in the ambience introduction
path, the fluid communication path and/or the negative

pressure producing member. With this state

, maintained, the ink is consumed, and the liquid level
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in the negative pressure producing member continues to
lower, as the case ﬁay be. By this, the ink is
consumed from the négative pressure producing member,
while the inner wall of the ink accommodating chamber
is kept deformed inwardly.

'Héwever, the meniscus may be broken by the
carriage vibration, ambient condition change, or
another cause during the ink consumption, by which the
pressure in the ink accommodating chamber becomes
atwospheric. If thig occurs, the innesr wall of the
ink accomﬁoﬂating chémber restores substantially the
initial configuration. As dascribed in the foregoing.
in the air-liquid ekchanging operation in the
structure of this invention, the pressure variation
(amplitude y and period) during the air-liquid
exchange is relatively larger than a conventional ink
container system using air-liquid exchange.

The reason for this is that inner wall of the
ink accommodating chamber is deforméd inwardly by the
ink discharge before the air-liquid exchange, as
described with regioﬁ (1) of Figure 7. Therefore, the

inner wall of the ink accommodating chamber is always

biased toward outsidé by the elastic force.
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Therefore, during the air-liquid exchange, the amount
of the air infroduced into the ink accommodating
chamber may be larger in many cases than a
predetermined level in order to ease the pressure
difference between the negative pressure producing
member and the ink accommodating chamber portion. By
this, the amount of the iﬁk discharged into the
negative pressure producing material chamber from the
ink accommodating chamber tends to be larger. 1In the
conventional system wherein the ink reservoir (ink
accommodating chamber) does not deform, the ink is
discharged into the negative pressure producing
material chamber immediately upaon introduction of a
predetermined amount‘of the air..

In a golid image mode prirting operation, for
example, a large amount of the ink is ejected. In
response, the ink is abruptly discharged from the
containér. Even if this occurs, according to the
present invention, the ink supply does not stop
because of the above-described larger amount of ink
discharge in the air-liquid exchange. In the present
invention, the ink is discharged while the ink
accommbdating chambér is deformed inwardly, a

buffering effect is significant against external

factors such as vibration thereof due to the carriage

movement or ambient condition change.

Referring to Figure 7, (b), further
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description will be made as to the operation during
the ink consﬁmption, from another standpoint.

In the example of Figure 7, (b), the abscissa
represents time, and the ordinate represents an amount
of ink discharge from the ink accommodating portion
and an amount of air introduced into the ink
accommodating portion. The amount of ink supply to
the ink jet head is constant, here.

The so0lid line (1) is the amount of the ink
discharge from the ink accommodating portion, and the
ink accommodating portion is the amount of air
introduction into the ink accommodating portion.

From t=0 to t=tl, the air-liquid exchange is
not yet started (Figure 7, (a)). 1In this region, the
ink is discharged from the head from the negative
pressure producing member and the ink accommodating
portion, while the fressure balance is maintained

between them. The discharge patterns are as described

above.

The duration from t=tl to t=t2 corresponds to
the air-liquid exchange region (B region) of Figure 7,
(a). In this region, the air-liguid exchange occurs
on the basis of the'hagative prassure balance as
desacribed above. As indicated by the solid line (1)
in Figure 7, (b), the ink is dischatrged from the ink
accommodating portion in accordance with the

introduction of the air into the ink accommodating
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portion (stepped portion of the solid line (2)). At
this time, the fact is not that amount of the ink
which 18 equal to the amount of the air introduced
into the ink accommodating portion, is immediately
discharged from the ink accommodating portion. But, a
predetermined period after the introduction of the
air, the amount of the ink which is equal to the final
total amount of the air is discharged. As will be
understood from the Figure, there 1s timing deviation
as contrasted to the operation of the conventional ink
container in which the ink accommodating portion does
not deform. The operation is repeated in the air-
liquid exchange region. At a certain point of time,
the amount of the air in the ink acéomhodating portion
and the amount of the ink fherein is reversed. After
t=t2, the action enters the region (c region). that
is, the region after the air-liquid'exchange, as shown
in Figure 7, (a). 1In this region, the pressure in the
ink accommodating p&rtion becomes substantially equal
ta the ambient pressurs. (however, the ambient
pressure state is not reached depanding ton the
situation, as described in the foregoing) the inner
wall of the ink accommodating portion restores the
initial position by the elastic forée. But, by the
so—called yilelding, it does not restore to the

completely initial state. Therefore, the final air

introduction amount Ve into the ink accommodating’
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portion is smaller than the initial volume (V>Vc). In
the region, the ink in the ink accommodating portion
is used up. Referring to Figure 12, the description
will be made as to the case wherein the ink
accommodating chamber portion is exchanged in each of
the regions of the ink consumption.

(a) Exchange of ink container before air-liguid
exchange (Figure l2a)

Before the start of the air-liquid exchange,
the pressures are balanced between the negative
pressure producing member and the ink accommodating
chamber, while the ink is consumed. In this state,
the négative pressure itself is increasing
substantially in préportion to the consumption. The
ink level in the negative pressure producing member is
above the top end of the ambience introduction path.
When the 1ink accommodating chamber is exchanged in
this state, the negative pressure in the ink
accommodating chamber is low in the initial stage,
even to the extent that pressure is positive in some
cases. Therefore, if a fresh ink accommodating chamber
is mounted, the ink is supplied from the ink
accommedating chamber into the negative pressure
producing member with the result that liquid level in
the negative pressure producing material chamber
rises, and the rising stops when the balance is

reached therebetween. 1In this case, the upper portion
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of the negative pressure producing member functions as
a buffer region, sc that even if the liquid level
rises, the ink does not leak through the air vent. By
the mounting of the ink accommodating chamber, the
negative pressure decreases even to the extent to
positive, as the case may be, but the proper negative
pressure is provided by initial recovery after the
container mounting. Thereafter, the ink is consumed
with the consumption pattern described in the
forgoing.

. with the liquid supply syétem of the present
invention, even if the negative pressure producing
member is not filled with the ink édjacent the air-
ligquid exchange path of the negative pressure
producing material chamber, the ink in the ink
accommodating portion can be moved into the negative
pressure producing member, if an ink path is formed
from the ink accommodating portion to the negative
pressure producing material chamber, by the capillary
force of the negative pressure producing material
chamber. Therefore, the ink in the ink accommodating
chamber can he assuredly used when it is mounted,
irrespective of the retaining state of the ink in the
negative pressure producing member adjacent the
connecting portion.

(b) Exchange of ink container during éir—liquid

exchange(Figure 12b)
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in the air-liquid exchanging operation, the
liquid levellof the negative pressure producing member
is generally stably at the top end portion of the
ambience introduction path, and the inner wall of the
ink accommodating chamber is kept deformed.

When the ink accommodating chamber is
demounted in this state, and a fresh ink accommodating
chamber is mounted, the ink is supplied from the ink
accommodating chamber into the negative pressure
producing member with the result that liquid level in
the negative pressure producing member rises. More
particularly, the liquid level rises beyond the
ambience introduction path. By this, the inner wall
of the ink accommodating chamber displaces inwardly,
and the container is brought into a slightly negative
pressure state.

When the ink is consumed after the liquid
level is stabilized, the ink is consumed in accordance
with the consumption pattern ((1) -1- (1) -3). When
the predetermined negative pressure is reached the
air-liquid exchange occurs.

(c) Exchange of ink container after air-liquid
exchange (Figure 1l2c)

after the end of the air-liquid exchange, the
liquid level of the negative pressure producing member
is lower than the top end of the ambience introduction

path, and the pressure in the ink accommodating
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chamber is atmospheric with the inner wall takes
substantially.the initial position, or the pressure
therein is negative with the inner wall bzing kept
deformed. When the ink accommodating chamber is
exchanged with this state, the ink in the ink
accommodating chamber is supplied into the negative
pressure producing member, and the liquid level in the
negative pressure producing member risss. Generally,
it rises beyond the top end of the ambience
introduction path, but balance may be reached when the
liquid level is below the top end, By the ink
discharge, the inner wall of the ink accommodating
chamber deforms inwardly, and the pressure therein
becomes substantially negative.

. When the ligquid level rises beyond the
ambience introduction path, the operation enters the
air-liquid exchanging operation region after the
above-daescribed consumptian process. When balance is
reached while the liquid level is below the top end of
the ambience introduction path, the air¥1iquid
exchanging operation starts immediately.

As described in the foregoing, the stable
negative pressure can be provided even when the ink
accommodating chamber is exchanged in any of the
consuhption proceas (a)-(e), so that assured ink
supply operation is possible.

According to the ink container of tha present
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invention, a small negative pressure variation can be
accommodated Sy the ink accommodating portion, and in
addition, even if the ink accommodating portion
contains the air as in the second ink supply state, it
can accommodate the change of the ambience differently
from the conventiocnal method. Referring to Figures
13 and 14, the description will be made as to a
mechanism of stabilized liquid ietaining when the
ambient condition is changed with respect to the ink
container of Figqure 1. Figure 13 illustrates a
function, as a buffering absorbing material, of a
portion of the negative pressure producing member
which is ahave the air introducing groove, and a
buffer function of the ink accommodating portion, and
shows cnahges of the ink container from the state
(air-liquid exchange state) shown in Figure 4, (al),
(a2) when the air in the ink accommodating chamber is
expanded due to the rise of the ambient temperature 6r
the reduction of the atmospheric pressure. In this
Figure, suffix 1 indicates that it is a sectional view

taken along the similar plane as in Figure 1, (b); and

suffix 2 indicates that it i1is a sectional view taken

along a line A-A of the liguid containing chamber
shown in Figure 1, {b]). Upon pressure reduction of

the ambient pressure (or rising of the ambient

temperature)}, the air in the ink accommodating chamber

expapds. As shown in Figure 13(bl), (b2), the wall
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surface(l) constituting the ink accommodating portion
and the 1iqui6 level(2) are pressed so that inside
volume of the ink accommodating portion increases, and
a part of the ink discharges into the negative
pressure producing material chamber from the ink
accommodating portion through the air-liquid exchange
passage. Since the inside volume of the ink
accommodating portion increases, the amount of the ink
flowing into the negative pressure producing member
{which results in the rise of the liquid level in the
negative pressare producing member shown by (3) in
Figure 13(cl)) is significantly smaller than when the
ink accommodating portion is non-deformable. When
the pressure change is abrupt, the amount of the ink
flowing out through the air-liquid exchange passage
eases the negative pressure i the ink accommodating
portion, and increases the inside vglume of the ink
accommodating portion, and therefore, at the initial
stage of the change, the resisting force of the wall
surface provided by easing the inward deformation of
the ink accommodating portion and the resisting force
againsf the injection into the negative pressure °
generating member, are ruling.

The flow resistance against this injection is
larger than the resistance against the restoration of
the ink accommodating portion, so that when the air

expands, the inside volume of the ink accommodating
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portion increases, as shown in Figure 13(al), (a2).
When the increase of the volume due to tha axpansion
of the air is larger than the upper limit of this
increase, the ink flows out into the negative pressure
producing material chamber from the ink accommodating
portion through the air-liquid exchange passage, as
shown in Figure 13(bl), (b2). Thus, the walls of the
ink accommodating portion function as a buffer against
ambient condition changes, so that ﬁovement of the ink
in the negative pressure producing member is slow, and
therefore, the negative pressure property at the ink
supply port is stahilized.

In this embodiment, the ink discharged into
the negative pressure producing material chamber is
retained by the negative pressure producing member.

In this case, as shown in Figure 13(cl), (c2), the
amount of the ink in the negative pressure producing
material chamber temporarily increases with the result
of rising of the air-ligqguid interface, and therefore,
similarly to the initial stage of the use, the ink
pressure becomes temporarily slightly positive as
compared with the pressure in the stable period, but
the influence to the ejection propetty of the liquid
ejection recording means such as a recording head is
practically small enough. When the amhient pressure
returns to the level before the pressure reduction

(latT.) or when the temperature returns to the initial
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temperature), the ink diécharged from the ink
accommodating portion and retained in. the negative
pressure producing member due to the ambience change
returns to the ink accommodating portion, and the
volume of the ink accommodating portion returns, too.

Referring to Figure 14, s (a) and (b), the
description will be made as ta operatioan when the
stable state shown in Figure 13, (dl), (d2) is reached
under the changed pressure after the initial operation
after the pressure change.

This case is characterized by the change of
the interface of the ink retained in the negative
pressure producing member so that balance is
maintained againgt the changes of not only the amount
of the ink discharged from the ink accommodating
portion but also the nsgative pressure due to the
volume change of the ink accommodation per se As
regards the relation between the amount of the ini
absorption of the negative pressure producing member
and the ink accommodating chamber in the present
invention, from the standpoint of prevention of the
ink leakage through the air vent upon the pressure
reduction and temperature change, the maximum ink
absorption amount of the negative ﬁressure producing
material chamber is determined in consideration of the
ink discharge amount from the ink accommodating

chamber under the worst condition and the amount of
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the ink to bé retained in the negative pressure
producing matérial chamber during the ink supply from
the ink accommodatihg chamber, and the thus determined
volume of the negative pressure producing member is
contained in the negative pressure producing material
chamber.

Figure 14, (a) shows a volume of the initial
space (volume of the air) of the ink accommodating
chamber when the ink accommodating portion does not
deform at all against the expansion of the air
(abscigsa (X)) vs the amount of the ink discharge when
the pressure is reduced to Patm. (0<P<l) (ordinate
(Y)) (broken line (1)).

As will be understood from the graph, the
amount of.the ink discharge 6V is approximately
expressed as follows, where P is the pressure upon the
pressure reduction ((0<P<1l), a is a ratio of the
initial air amount in the ink accommodating chamber
((0<agl), and VB is a volume of the ink accommodating
portion.

(1) When Oga<P

The amount of the air in the ink
accommodating chamber expanded by the pressure
reduction, is large when the amount of the remainder
is small, so that large amaunt of the ink is

discharged, and therefore, the amount of the ink
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initial air:
= ((1-p)/p) x a x Vg....(1)
(2) When Pgagl

The amount of discharge cannot be larger than
the amount of the ink in the ink accommodating
chamber, it depends on the amount of the ink
accommodated initially:

&6V= (l-a) x Vg....(2)

Therefore, the estimation of the ink
discharge amount from the ink accommodating chamber
under the worst condition is such that when the
maximum pressure reduction condition of the ambient
pressure is 0.7atm., the maximum amount of the ink
discharging from the ink accommodating chamber occurs
when the volume VB Of the ink in the ink accommodating
chamber remains in the ink accommodating chamber. If
the ink below the bottom end of the ink chamber wall
is also absorbed by the compressed absorbing material
in the negative pressure producing material chamber,
then all the ink (30% of VB) remaining in the bottom
end portion m is considered as leaking out. In the
present invention, however, the ink accommodating
portion deforms in response to the expansion of the
air, so that inside volume of the ink accommodating
portion after the expansion is largér than the inside

volume of the ink accommodating portion before the
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pressure producipg material chamber changes so as to
maintain the Salance against the variation of the
negative pressure due to the deformation of the ink
accommodating portion. In the stable state, the
negative pressure balance with the negative pressure
producing member in which the negative pressure is
reduced is kept by the ink from the ink accommodating
portion (the negative pressure in the ink supply port
in the negative pressure producing material chamber is
0). When the reduced pressure is P {0<P<l); a ratio
of the amocunt of the initial air in the ink
accommodating chamber shown in Figure 13(al), (a2) is
a (0<a<l); a volume of the ink accommodating portion
before the expansion, shown in Figure 13(al), (a2) is
VB; a volume of the ink accommodating portion at the
initial state (or tlie state in which the outer surface
of the inner wall is closely contacted to the inner
surface of the outer wall) is V; the volume of the ink
accommodating portion in éhe stable state is VQ
(r=V/V¥g (x>1), r' =VQ/VB ({1<r'gr), then the amount &V
of the ink discharge is approximately:
(3) When 0O<a<Px r'

In this case, the ink accommodating peortion
expands.and discharge the ink. Since the ink
discharge amount S8V from the ink accommadating portion

is a difference between the amount of the volume

change of the air in the ink accommodating portion and
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the amount of expansion of the ink accommodating
portion undef the balanced state,

8V = ((1-p)/p) x a x Vg

- (r'-1) x Vg....(3)

Thus, the ink discharge amount is smaller by
the amount of expansion in the ink accommodating
partion. The amount of expansion of the ink
accommodating portiaon (r' -1) VB has a relation with
the negative pressure generated by the negative
prassure producing member, and the negative pressure
of the negative pressure producing member has a
relation with the amount of ink discharge of the ink

accommodating portion. An example of the relations

- will be described. The amounts of the ink in the ink

accommodating portion before the pressure variation
and in the stable state will be considered. In Figure
13(dl), (d42), it is assumed that negative pressure
producing member is a capillary force generating
member having uniform caplllary farce generation
elements (no local unevenness) each of which is in the
form of tubes having a bottom surface area S, and that
liquid lavel in the stable state shown in Figure
13(dl), (d2) rises by &h from the state before the
ambient condition chénge shown in Figure lj(al). (a2).

§V=8 x 6h....{(4)

At this time, the negative pressure generated

at the ink supply port of the negative pressure
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producing member is changed by 80 from that before the
pressure variation toward the positive pressure
direction.

8Q= &h....(5)

On the other hand, the difference between the
negative pressures in the ink accommodating portion
batween before the pressure variation and in the
stable state is equal to &) since the negative
pressure balance is kept with the negative prassure
producing member. The relation between the
difference in the negative pressure and the amount of
volume variation is dependent on the coﬁfiguratioﬁ of
the ink accommodating portion, but they are generally

proportional, before the opposite maximuom area sides

are contacted together. The proportional constant is
k (k>0).
60 = k x (Vg - Vp)
=k x (r'-1) x Vg ....(6)
From equations 4 to 6
6V = S x k x (r'-1) x Vg ....(7)
Frxom equations 3 to 7
8V =((S x 8)/(1+8xk)) x ((1-p)/p) x a x Vpy
= (1/(1+b)) 2 ({(1-p)/p) x a x Vg ......(8)
When the opposite maximum area sides of the
ink éccommodating pdrtion are contacted to each other

before the pressure Qariation, the relation between

the volume of the ink accommodating portion and the
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generated negative pressure is different depending on
whether they ére contacted or not. Therefore, the
relation between the initial space volume of the ink
accommodating chamber before the pressure reduction
and the ink discharging amount is not linear as
represented by equation 8, but has an inflection
point. When the cross-sectional areas of the
negative pressure producing members are different
depending on the heights, or when the densities of the
capillary force generation elements are not uniform,
the respective factors are taken.into account. In
equation 3, when V<0, then V=0. In other words, the
movement of the ink does not occur through the air-
liquid exchange passage (communicating portion) in
this state, and only the expansion of the inside
volume of the ink accommodating ;ottion Qccurs.

(4) Wﬁen P x r' gagl

The amount of discharge cannot be larger than
the amount of the ink in the ink accommodating
chamber, it depends on the amount of the ink
accommodated initially:

&V = (1-a) x Vg ..... (9)

Figure 14, (a) shows a volume of the initial
space of the ink accommodating chamber (volume of the
air) before the pressure reduction abscissa (X) vs an
ink discharge amount in the stahle state when the

pressure is reduced to Patm. (0<P<l) ordinate (Y)
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{solid line (2)). Under the above-described
condition, thé ink discharge amount has an inclination
which is less steep by 1/ (1+b} (0<b = 1/(S x k))., as
shown by the solid line in Figure 14, (a).

As will be understood frum the broken line
(1) and the solid line (2) in Figure 14, (a), the
estimation of the ink discharging amount from the ink
accomnodating chamber under the worst condition, can
be made smaller then when the ink accommodating
portion does not deform at all in response to the
expansion of the air. This phenomenbn applies upon
the temperature change of the ink container, and
therefore, the discharging amount is emaller during
the pressure reduction even if the temperature rises
approx 50.deg.

As described in the foregoing, according to
the ink container of the present invention, the
expansion of the air in the ink accommodating chamber
due to the change of the ambience condition, c¢an be
accommodated not only by the negative pressure
producing material chamber but also by the ink
accommodating chamber having the buffer effect
provided by the increase aof the volume of the ink
accommodating chamber per se until the outer periphery
of the ink accommadating portion becomes substantially
equal to the inner periphery of the casing. Thus, the

ink accommodation capacity of the ink accommddating
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chamber can be significantly increased while accepting
the ambient éondition change.

Figure 14, (b) schematically shows the volume
of the ink accommodating portion and the ink discharge
amoﬁnt from the ink accommodating portion, with time,
when the ambience of the container is changed from the
atmospheric pressure (t=0) to Patm. (0O<P<l) (pressure-
reduced state) wherein the volume of the air at the
initial stage is VAL, In Figure 14, (b), the
abscissa represents time (t), and the ordinate is a
volume of the ink accommodating portion and the amount
of the ink discharge from the ink accommedating
portion, wherein change, with time, of the amount of
the ink discharge from the ink accommodating portion
is indicated by, and the solid line (1), and the
change, with time, of the volume of the ink
accommodating portion is indicated by the solid line
(2). 'In Figure 14, (b), the states of the ink
container corresponding to t=ta, t=tb, t=tc, t=td are
shown in Figure 13 (a), (b), (ﬁ), (d), respectively. |

As shown in Figure 14, (b), upon abrupt
ambienca change, thé ink accommodating chamber can
accommodate the expansiocn of the air, befgore the
stable'state wherein the negative pressures are
balanced between the negative pressure producing

material chamber and the ink accommodating chamber, 1s

finally reached. Therefore, the ink discharge timing
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(from the ink accommodating chamber to the negative
prassure praducing material chamber) can be delayed
upon an abrupt ambient condition change.

Therefore, according to the ink supplying
system of the present invention, even under the
various use condition, the tolerance for the air
expansion of the air introduced by the air-liquid
exchange is enhanced, and the ink supply is
accomplished with stabilization negative pressure
during the use of the ink accommodating chamber.
According to the ‘ink supplying system of the present
invention, tﬂe volume ratic between the negative
pressure producing material chamber and the ink
accommodating chamber can be determined relatively
freely by'properly selecting the material of the ink
accommodating portion and the negative prassure
producing member, even to the extent of 1:2 or larger
with practicality. UWhen the buffer effect of the ink
accommodating chamber is important, the deformation of
the ink accommodating pertion in the air-liquid
exchanga state from the state at start of use is
increased within the range of the elastic deformation.

For the purpose of effective buffer effect of
the ink accommodating portion, it is desirable that
amount of the air in the ink accommodating portion
when the deformation of the ink accommodating portion

is small, namely, that amount of the air in the ink
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accommodating portion of the function in the ink
accommodatiﬁg portion before the air-liquid exchange
state after the connection, is small.

In the foregoing, first embodiment has been
described. Another embodiment will be described., In
the following embodiments and in the foregoing |

embodiment, various elements can be combined.

(Second embodiment)

Figure 15 is a schematic illustration of an
ink container according to a second embodiment to
which fhe liquid supply system of the present
invention is applicable, wherein (a) is a perspective
view, (b) is 2 sectional view. In this embodiment, a
communicatiqn tube(air-liquid exchange passage) 114 is
projected upwardly in the vertical direction from a
side opposed to the bottom surface of the negative
pressure producing material chamber 110, and a liquid
plenum 118 is provided at a negative pressure
producing material chamber side end of the
communication tube in place of contact with the
negative pressure producing member, and the casing of
the negative pressure producing material chamber 110

is provided with a guiding member 111A for guiding the

ink accommodating chamber 150. Theée are different

from first embodiment. Lateral sides of the ink

accommodating chamber 150 are provided with regpective
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projected portions 150B, and correspondingly, the
guiding membei 111A is provided with recesses 111B.

In the other respacts, the structure is similar tao
that of the container according to Embodiment 1. A
negative pressure producing material chamber 110 holds
a negative pressure producing member 113 in a casing
111, and is provided with an ink supply port 112, an
air vent 115, a buffer portion 116 and an air
introducing groove 117. The ink accommodating chamber
150 has an ink accommodating portion 153 constituted
by the inner wall 154 having an outer surface
carrespanding to the inner shape of the casing(outer
wall) 151. It has air vent 155, a pinch-off portion
156 and an ink discharging outlet 152 sealed by
sealing méans 157 such as a film. Tha ink discharge
port 152 is provided with an O-ring 160 as a seal
member, and when the negafive pressure producing
material chamber and the ink accommodating chamber are
connected to each other, the connecting portion is
seal thereby.

By the provision of the communication tube
extended from a side opposite to the bottom surface of
the negative pressure producing mate?ial chamber, the
ink accommodating chamber can be easily mounted to or
demounted from the negative pressure producing
material chamber in a direction perpendicular to the

battom' surface of the negative pressure producing
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material chamber. At this time, the positioning
between the iﬁk discharge port of the ink
accommodating chamber and the communication tube of
the negative pressure producing matecial chamber can
be easily effected by a guiding member 111A.
Therefore, when the sealing means 157 'is unsealed, the
communication tube is free of additional force, thus
permitting assured connection. The container is fixed
by engagement between a projected portion 150B
provided in the ink accommodating chamber and a recess
111B provided in the guiding member 111A, and the seal
of the connecting portion is assured together with the
O-ring. A cut-away portion 111C provided in the’
guiding member is used whgn the ink accommodating
chamber is dismounted.

In this embodiment, the liquid plenum is not
inevitable by using L-shaped communication tube, for
example. As regards the liquid plenum, the volume is
preferably as small as poassible, since then the amount
of the air moving into the ink accommodating chamber
upon the connection can be reduced. 1If it is
necessary to use a liquid plenum héving a large size,
the liquid plenum mdy be provided with a liquid
detecting mechanism (for example, two electrodes are
digposed in the liquid plenum, and the resistance

value between the electrodes is measured). (third

embodiment)
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Figure 16, (a) is a schematic illustration of
an ink contaiﬁer according to a third embodiment,
usable with the liquid supply system according to the
present invention.

In this embodiment,_an integral head
cartridge 300 is constituted by liquid ejection
portions 301 capable of ejecting different liquids
(yellow (Y), magenta (M) and cyan (C) inks in this
embodiment) and negative pressure producing material
chambers 410, 510, 610 accommodating the liquids,
wherein the ink accommodating chambers 450, S50, 650
are detachably mountable relative toc the head
cartridge 300,

In this embodiment, in order to assure the
connection between the ink accommodating chambers and
the associated negative pressure producing material
chambers, the head cartridge 300 is provided with a
holder portiom 302 which coverings a part of outer
surfaces of the ink accommodating chambers. The ink
accommodating chambers are provided with latch levers
459, 559, 659 having locking claws. A guiding member
is provided with engaging holes 303a, 303b, 303c
correspon@ing to the locking claws, Therefore, the
connecting state is maintained assuredly. The
respective liquid containers 450, 550, 650 have
substantially the same configurations, and by

prgyi;ion of identification label (unshown) for
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preventing erroneous mounting, the correct mounting is
assured. The holder configurations may be different
depending on the colors to prevent the erroneous |
mounting. In this case, the volumes may be made
different taking the use frequencies of the colors
into account. As a modified example of the
embodiment, the negative pressure producing material
chambers 410, 510, 610 may be made separable relative
to the liquid ejection portion, as shown in Figure 186,
(b). 'In this case, only one black (Bk) may be
provided on the ink accommodating chamber. By the
integral configuration as in this embodiment, the
erroneous mounting of the container can be prevented.

In this embodiment and the modified example
thereof, fhe liquids may be other than the Y, M and C
inks, and the number and combination of the
accommodated liquid containers (for example, only
black (Bk) container is a single container, and'Y, M,
C containers constitute an integral container).

(other embodiments)

Other embodiments and modifications will be
described. The following embodiments are applicable
to each of the above-described embodiments.

(Stiucture of the ink accommodating chamber)

Additional description will be made as to the

structure of the ink accommodating chamber in each of

the embodiments described abaove.
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When the ink accommodating chamber is
detachably moﬁntable relative to the negative pressure
producing member, a sealing means is provided at the
commuanicating portion between the ink accommodating
chamber and the negative pressure producing material
chamber to prevent leakage of the ink from the ink
accommodating portion before the connection and to
prevent leakage of the liquid and/or the air through
the communicating portion upon connecfion. In this
embodiment, the sealing means is in the form of a
film-like, but it may be ball-like. Alternativeiy,
the air-liquid exchange passage may be provided by a
hollow needle, and the sealing means is a rubber plug.

The ink accommodating chamber of each of the
above-described embodiments are manufactured by a
direct blow manufacturing method. The casing(outer
wall) and the ink adéommodating portion(inner wall)
which are separable from each other, are provided by
uniformly expanding a cylindrical parison to a
substantially a priém-like mold by air blow. In an
alternative structure, a metal spring or the like may
be provided in a flexible bladder, so that negative
pressure is generated in accordance with ink
discharge.

However, by using blow molding, the ink
accommodating portion having an outer surface

configuration similar to or equivalent to the inner
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surface configuration of the casing can be easily

manufactured, and in addition, the negative pressure

'level generated can be easily selected by changing the

material and the thickness of the inner wall
constituting the ink accommodating portion. By using
thermoplastic resin material for the outer wall, the
ink accommodating chamber can be racyclable. By using
the blow molding, the ink container shown in Figure 17
can be easily manufactured for the integral type
container as has been described with third embodiment.
Figure 17 is a perspective view of an example of an
ink accommodation caontainer with plural ink
accommodating chambers, wherein (b) is a sectional
view taken along an A-A in Figure 17, (a)}. The ink
accommodafion container 750 has a plurality.of ink
accommodating portiong 753a, 753b, 753c¢ for retaining
the inks, and ink discharge ports 752a, 752b, 752c
sealed by the sealing means 757a, 757b, 757c can be
connected. In the ink accommcdation container 750
shown in Figure 17, the sizes of the ink accommodating
portions are different. By the difference, the
accommodation capacities can be made different
depending on the use frequencies cf the liquids. The
description will be made as to the structure of the
outer wall and the inner wall,

In each of the above-described embodiments,

the ink accommodating chamber is manufactured by the
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blow molding, and therefore, the thickness is smaller

in the corner-porticns than in the central portions of
the sides. Similarly, the thickness of the outer wall
is smaller in the corner portions than in the central

portions of the sides.

As a result, the inner wall acquires the
outer shape which is the same as the inner shape of
the outer wall. The outer surface of the inner wall
extends along the thickness distribution of the outer
wall, and therefore, it is convex toward the ink
accommodating portion constituted by the inner wall.
The inner surface of the inner wall has the above-
described thickness ‘distribution, and therefore, it is
further convex toward the ink accommodating portion.
These strﬁctures Tesult in the above-described
function in the maximum area sides, and therefore, the
convex shape is desirable at least in the maximum area
sides, thedegree of convexity of the intermal wall
surface may be nct more than 2mm, and that of the
outer surface of fhé inner wall may be not more than
lmm. The convex shape may be within a measurement
error range in a small area sides. Thus, the convex
shapes determine the priority of deformation of the
sides.

The structure of the outer wall will be
described. The above-described outer wall has a

function of 1imitiné the deformation of the inner wall
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at the corner portions. For this function, it can
maintain the configuration thereof against the
deformation of the inner wall, and it covers the
outside of the corner portions (corner portion
enclosing member). The outer wall or the inner wall
may be covered by plastic resin material, metal or
thick paper. The duter wall may cover the whole
surface, or only the corner portions have a surface
structures, which are connected each other with metal
rods or with a mesh structure.

If the ink is disconnected between the
neighborhood of the air-liquid exchange path of the
negative pressure producing member and the
neighborhood of the ink supply port for some reason or
another when the ink accommodating chamber is
exchanged in the case of the exchangeable ink
accomnodating chamber, the ink in the ink
accommodating chamber can be forced into the negative
pressure producing material chamber by temporarily
presseé the outer wall which is elastically deformable
manually, as shown in Figure 18, by which the ink can
be made continuous. The pressing refreshing process
may be effected automatically rathér than manually.
Means £or the pressing can be provided in the
recording device. When the structure is such that
part of the inner wall is exposed, the exposed portion

of the inner wall can be pressed.
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In this embediment, the ink accommodating
portion has a-prism-like shape, but the shape is not
limiting. It may be any, if it is deformable with the
ink discharge and is capable of generating the
negative pressure despite the deformation.

It is preferable that one-to-ome relation
between the deformation of the ink accommodating
portion and the negative pressure at the ink discharge
port can be maintained, even if the deformation and
the restoration of the ink accommodating portion are
repeated. This can be accomplished by deforming the
ink accommodating portion within fhe elastic
deformation range.

In this embodiment, even if the pressure at
the ink discharge portion becomes zero after the air-
liquid exchanging operation, the ink accommodating
portion is still kept deformed slightly. So, even if
the deformation of the ink accommodating portion is
not elastic in a paft, it is usable if the other part
deforms elastically.

. When the ratio of the change of the negative
pressure due to the deformation of the ink discharge
abruptly changes (for example, by the daformed
portions being abutted to each other), it is desirable
that above-described first ink supply state is
completed and the above-described second ink supply

state is started before the abrupt change, even if the
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elasticity still exist even after the change. The
material for the use in the liquid accommodating
container may be any if the inner wall and the outer
wall are separable, and each or one of the inner wall
and the outer wall may be of multi-layered structure
of a plurality of materials. A higher elasticity
material is usable for the inner wall than when the
ink accommodating chamber alone is used as an
accommodating container. Therefore, as compared with
the case when the ink accommodating chamber alone is
used as a negative pressure producing container, a
thicker inner wall or a more rigid haterial are usable
for the replenishing ink chamber for ink jet printing,
thus expanding the latitude of material selection.
Increase of the thickness of the irner wall is
effective to lower the gas permeability of the ink
accommodating chamber. The decrease of the gas
permeability is preferable since the expansion and/or
the ink leakage of the ink accommodating chamber can
be prevented when the ink accommodating chamber is
transported or kept unused. In conéideration of the
influence to the ink accommodated inside, the
preferable material of the inner wall is for example
polyethylena resin material, polypropylene resin
material or the like. In the foregoing embodiments
and examples, fhe inner wall and the outer wall have a

singlé layer structure, but the inner wall and/or the
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outer wall may be of a multi-layer structure.
Particularly, in the present invention, as compared
with the case when the ink accommodating chamber alone
is used as a negative pressure producing container, a
thicker inner wall or 2 more rigid material are usable
for the replenishing ink chamber for ink jet printing,
thus expanding the latitude of material selection, the
number of combinations of the materials for the inner
wall is larger.

(Structure of the negative pressure producing material
chamber)

Additional description will be made as the
structure of the negative pressure producing material
chanber in each of the embodiments.

The negative pressure producing member .
accommodated in the negative pressure producing
material chamber (accommodating container for the
negative pressure producing material) may be a porous
member or material such as polyurethane foam, felt-
like materiai of fibers, heat-molded mass of fibers or
the like. The air-ligquid exchange
passage(communicating portion) has been described as
being tube like, but it may be any if the air-liquid
exchange is not obstructed in the air-liquid exchange
state.

In each of the embodiments, the air -

introducing groove is formed on the inner surface of
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the casing, but it is not inevitable as shown in
Figure 19. Figure 19 is a sectional view of a
container according to the first embodiment, but the
air introducing groove may be omitted in the other
embodiments. In this embodiment, the liquid level is
generally maintained at a lower position during the
air-liquid exchanging operation. In this case, when a
large amount of the ink is discharged, in the above-
described solid mode printing, the liability of
occurrence of the ink discontinuance is higher than
when the air introducing groove is provided.

However, when the ink accommodating chamber is
deformable, the discharge amount of the ink diiring the
air-liquid exchange, is large so that liability of
occurrencé of the ink discontinuance is lower. By
the provision of the air introducing groove for
promoting the air-liquid exchange, the air-liquid
interface can be easily formed, so that ink supply is

further stabilized. 1In other words, the liquid

"supplying operation to the outside such as the

recording head is stabilized. The air-liguid
interface is further stabilized by taking intoc account
the connection betweén the negative pressure producing
member; and the ink accommodating portion under
various conditions such as the first supply state and

the second supply state.

In each of the foregoing examples, a space
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(buffer portion) not having the negative pressure
producing memher is provided adjacent the top portion,
but this space may be replaced with the negative
pressure producing member not containing the liquid
under the normal conditions. By the provision of the
negative pressure producing member not retaining the
liquid in the buffer space, the ink moved to the
negative pressure producing material chamber due to
the ambient condition change can be retained.

(Ink cbntainer)

In each of the foregoing embodiments,'the ink
accommodating chamber has been described as being
detachably mountable relative to the negative pressure
producing material chamber, but as shown in Figure 20,
the two cﬁambers may be always integral. 1In the case
that after the chambers are molded through different
molding methods (for example, injection molding for
the negative pressure producing material chamber, and
blow molding for the ink accommodating chamber), they
are welded or bonded (integral), the communicating
portion is desirably sealed by a sealing member such
as O-ring 538, similarly to the ahove-described
embodiments s0 as to prevent ink leakage from the
communicating portion where the two chambers are

connected.

The liquid supplfing operation in the ink

container shown in Figure 20 at the start of the use,
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is already at the stage after the completion of the
above-described state at start of use. The
advantageous effects of the foregoing embodiments can
be used in the other supply operation stages.

(Liquid supplying operation and ink supplying system)

An additional description will be made as to
the liquid supplying operation and the ink supplying
system. As regards the ink supply operation in the
ink container {ink supplying system) in each of the
foregoing embodiments, the operations proceed from the
initial state where the ink accommodating chamber and
the negative pressure praoducing material chamber are
not connected, the state at start of use (upon
connection therebetween), the first and second ink
supply stétes. They are one example of liquid
supﬁlying operation in the ink supplying system of the
present invention, and the following operations, for
example, may occur depending on the structuras of the
ink accommodating chamber and the negative pressure.
producing material chamber and/ér the liquid discharge
condition.

In a first modified example, with an ink
supplying system without the air-liquid exchange state
namely the second ink supply state, there is a process
of using the ink from the ink accoﬁmodating portion

without the introduction of the ambience into the ink

__acesmqgodating portion, and therefore, as regards the
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limit of the inside volume of the liquid accommodating
container, the air introduced into the ink
accommodating portion upon the connection has only to
be considered., Thus, even if the limit to the inside
volume of the ink accommodating chamber is eased. the
ambient conditian change can be accommodated. This is
advanfageous. However, when the usage efficiency of
the ink accommodating portion is considered, the ink
in the ink accommodating portion can he'moré easily
consumed when the air-liquid exchange state occurs
after the first ink supply state, as in each of the .
foregoing embodiments.

As regards the second madified example, the
liquid level of the negative pressure producing
material Ehamber before the connec¢tion is higher than
the air-liquid interface as the case may be in the
state shown in Figure 2(al), (a2). 1In this case,
amonig the motions of the ink toward the state at start
of use disclosed referring to Figure 2(bl), (b2), the
unidirectional ink movement due to the capillary force
into the negative pressure produciﬂg material chamber.

In a third modified example, the consumption
speed of the ink is extremely high in the stats shown
in Figure 3(bl), (b2), for example. In this case, the
negative pressures of them are not always balancéd,
but the ink in the negative pressure praducing

material chamber is first consumed until the
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difference of the negative pressures of them, and when
the difference of the negative pressures becomes
larger than a predetermined level, the ink moves from
the ink accommbdating chamber into the negative

5 pressure producing material chamber. Such modified
examples are within the sprit of the present invention
with the ink supply operation and the detail.
(Liquid ejection recording device)

The description will be made as to an ink jet

10 recording apparatus for effecting recording with the
ink container according to an embodiment of the
present invention, shown in Figqure 1. Figure 21 is a
schemafic view of an ink jet recording apparatus
carrying the ink container according to an embodiment

15 of the présent invention. In Figure 21, a head unit
{unshown) and an ink container 100 are detachably
mounted on the main assembly of the ink jet recording
apparatus by positionin§ means (unshown) of a carriage
4520 and a2 comnecting plate 5300 rotatable about an

20 axis. The forward and backward rotation of thé
driving motor 5130 are transmitted to the lead screw
5040 through the drive transmission gears 5110, 5080
to rotate it. The carriage 4520 has a pin (unshown)
engagéﬂ with the spiral groove 5050 of the lead screw

25 5040. With th;s structure, the carriage 4520 is
reciprocated in a longitudinal direction of the

apparétus.
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Designated by 5020 is a cap for caping a
front side of each of the recording heads of the
recording head unit, and is used for suction recovery
for the recording head through an opening in the cap
by unshown suction means. The cap 5020 is nwooved by
driving force transmitted through the gear 5080 or the
like to cover the ink ejection outlets of each of the
recording heads. Adjacent the cap 5020, there is
provided a cleaning blade which is supported for
vertical movement. The blade is not limited to the
one disclosed, but any known cleaning blade is usable.

The capping, cleaning and suction recovery
are actuated by the lead screw 5050 when the carriage
4520 moves to the home position at the respective
posifions; Any other means is usable for this purpose.
The deéscription will be made as to advantages when the
ink container of the present invention is carried on
such a3’ reciprocable carriage.

The ink acéammédating chamber of the ink
container of the present invention is deformable, and
therafore, the motion of the ink caused by the
scanning of the carriage can be accommedated by the
deformation of the ink accommodating portion. In
order to prevent the negative pressure variation
against the scanning of the carriage, it is desirable
that a part of the corner portions of the ink

acggmmbdating portion is not separated from the inner
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surface of the casing or‘that it is close thersto,
even if they are separated. In the case aof an ink
accommodating portion having opposite maximum area
sides as in this embodiment, when the container is
carried on the carrisge such that maximum area sides
are sybstantially perpendicular to the scanning moving
direction, the ink motion easing effect is
particularly significant.

As described in the section of (Structure of
ink accommodating chamber), the recording device may
be provided with pressing refreshing means 4510 for
pressing the inner wall through the outer wall of the
ink accommodating chamber. In this case, there may be
provided liquid presence or absence detecting means
5060 including light emitting means and receiving
means whereby light is passed through the ink
accommodating chamber and is received by the light
reflected to detect the presence or absence of the
ink, ejection failure detecting means(unshown) for
detecting ejection failure of the recording head and
contraol means{unshown), so that ink stop from the
neighborhood region of the air-liquid exchange path of
the negative pressure producing member to the
neighborhood region of the ink supply port using the
following sequence for example.

In the case that ink accommodating chamber is

exchanged, after the normal suction recovery process
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using the cap 5020, the ejection of the recording head
using the exéhanged ink accommodatihg chamber is
checked. If the ejection failure is detected, pressing
refreshing operation ié carried out using the pressing
refreshing means 4510 by which normal state is
restored. In the case that during the operation, the
ligquid presence or absence detection detecting means
may detect the presence of the ink in an ink
container, whereas the ejection failure detecting
means detects the ejection failure in the recording
head using the container, the normal suction recovery
pracess is carried out. If the ejection failure
continues even after the normal suction recovery
process, the pressing refreshing operatiom using the
pressing iefreshing means 4510 may be carried out. In
any case, the recording head corresponding to the ink
container subjected toc the pressurizing fecovery, is
covered by the cap, so that unintended ink leakage
through the recordiﬁg head is prevented. The liquid
presence or absence detection detecting means is not
limited to the above~described ogptical, but may be a
dot count type or anéther type, or combination
thereof. As described in the foregoing, the liquid
containing portion deforms such that balance is kept
with the negative pressure of the negative pressure

producing member, and therefore, even if the air in

the liquid containing portion expands due to the
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ambient condition change, the liquid containing
portion restores to toward the initial size and volume
if the change is abrupt, thus minimizing the influence -
of the ambience change. If the change in the ambience
is not abrupt, the influence of the expansion is

removed eventually both by the negative pressure

producing member and the liquid cofntaining portion

while the balance is maintained with the negative
pressure producing member. Therefore, the required
size of the buffer space in the negative pressure
producing material chamber can be reduced under
various using conditions.

In the secand liquid supply process, the air
is introduced 1into the liquid containing portion, so
that liquid in the liquid containing portion is used
up substantially without an unusably remaining amount
ink, and the negative pressure difference between at
the time of the start of the liquid discharge from the
liquid containing portion and at the time of the end
thereof, can be smaller than that when the liquid
containing portion glone is used as a negative
pressure producing container. As compared with the
conventional type ink container having the negative
pressure producing material chamber, the ink
accommodating chamber and the coﬁmunicatian port
therebetween, the allowance to the air expansion is

larger. Even if a large amount of the ink is consumed
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in a short perioed of time, the liquid supply from the
liquid containing portion into the negative pressure
producing material chamber is smooth since the liquid
coptaining portion is deformable. Therefora, the ink
supply is stabiliged when the ink in the liquid
containing portion is consumed. According to this
systeﬁ, even if the accommodating container for the
negative pressure producing material does not contain
the liquid in the neighborhood of the communicating
portion to the liquid accommodating container, the
liquid can be moved from the ligquid accommodating
container into the negative pressure producing member
using the capilllary force in the négative pressure
producing material chamber upon the mounting of the
liquid acéommodating container to the negative
pressure producing material chamber, so that liquid in
the exchanged liquid accommodating container can be
assuredly used by the simple mounting, irrespective af
the liquid retaining state of the negative pressure
producing member adjacent the connecting portion.
Thus, a practical liquid supply system with stabilized
liquid supply can be provided.

According to the present invention, the ink
can be used from the ink accommodating portion without
introducing the air into the ink accommodating

portion, an ink container and an ink supplying system

__with high ink accommodation efficiency, usage
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efficienecy ang with high immunity against ambient
condition change can be Provided. Therefore, the
size of the container can be downsized, and the
running cost can be Teduced,

5 While the invention has been described with
reference to the structures disclosed heréin, it is not
confined to the details set forth and this application
is intended to cover such modifications or changes as
may come within the burposes of the improvements or the

10 scope of the following elaims.
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WHAT IS CLAIMED IS:
1. A liquid supply method comprising:

a step of preparing a negative pressure
producing material chamber, including a liguid supply
portion for permitting supply of the liquid to an
outside and an air vent for fluid communication with
ambience, for accommodating a negative pressure
producing member for retaining the liguid;

a step of preparing a liquid containing -
chamber having a liquid comtaining portion for
accomiodating the liquid, said liquid containing
portion forming a sﬁbstantially sedled space axcept
for fluid communication with the negative pressure
producing material chamber; .

a first liquid supply step of permitting
supply of the liquid to the outside by permitting
movement of the liquid into said negative pressure
producing material chamber from said ligquid containing
éortion without introduction of the air into the
liquid comtaining chamber with a negative pressure
while permitting decrease of a volume of said liquid
containing portion;

2 second liquid supply step, after said first
liquid supply step, of permitting supply of the liguid
ta the ocutside by permitting movement of the liguid
into said negative pressure producing material chamber

from said liquid containing portion with introduction
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of the air inte the liquid containing portion.

2. An apparatus according to Claim 1, wherein
said second liquid supply step is carried out while
5 said liquid containing portion deforms within an

elastic deformation range.

3. A liquid supply system, using
a liquid supply container including a liquid
10 cantaining portion for accommodating ligquid in a
sealed space;

a negative pressure producing material
container, which accommodating container is detachably
mountable relative to the liquid supply container and

15 which is éapable of effecting air-liquid exchange
wherein ailr is introduced into said liquid containing
portion, and the liquid is discharged through a
communicating portion communicatiné with said liquid
accommodating portion;

20 the improvement comprising:

sald liquid containing portion of said liquid
supply container is capable of producing a negative
pressure while deforming; and

wherein when the liquid supply container is

25 mounted to said negative pressure producing material
chamber, the liquid is permitted to move from said

liquid containing portion into said negative pressure
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producing material chamber.

4. A system accarding to Claim 3, wherein said
negative pressure producing material container is in a
state that said air-liquid exchangeable is capable,
when the liquid supply container is mouﬁted to said

negative pressure producing material container.

5. A system according to Claim 3, wherein after
said ink supply container is mounted to said negative
pressure producing material chamber, supply of the
ligquid is permitted to the ocutside by permitting
movement of the liquid into said negative pressure
producing material chamber from said liquid containing
portion without introduction of the air into the
liquid containing chamber with a negative pressure
while permitting decrease of a volume of said liquid

containing portion.

6. A system accotding to Claim 3, wherein when
said ink supply container is mounted to said negative
pressure producing material container, saild liquid

containing portion is pressurized.

7. A system according to Claim 3, wherein a

liquid accumulating portion i provided at an end of

said communicating portion.
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8. A system according to Claim 3, wherein said
negative pressure producing material chamber is
provided with a guiding member for guiding mounting of

said liquid containing chamber.

9. A system according to Claim 3, further
comprising a seal member for substantially
hermetically sealing said liquid containing portion

except for said communicating portion.

10. A liquid container, comprising:

a negative pressure producing material
chamber, including a liquid supply portion for
permitting supply of the liquid to an outside.and an
air vent for fluidhcommunication with ambience, for
accommodating a negative pressure producing member for
retalining the liquid;

a liquid containing.chamber having a liquid
containing portion for aEcommodating the liquid, said
liquid containing portion forming a supbstantially
sealed space except far fluid communication with the
negative pressure producing material chamber;

wherein said liquid containing portion
deforms with discharge of the liquid therefrom while

producing a negative pressure.
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11. A container accarding to Claim 10, wherein
said negative pressure producing material chamber is
provided with a wall extending upwardly from said
communicating portion and an ambience introduction
path, extended from a position partly up the wall
toward said fluid communication path between said wall
and said negative pressure producing member. for
introducing the ambience into said liguid containing

chamber.

12. A container according to Claim 10, further
comprising a portion not filled with the liquid
adjacent said air vent of said negative pressure

producing material chamber.

13. An ink jet cartridge comprising

a recording head for ejecting the liquid to
an outside:

a negative pressure producing material
chawber, including a liquid supply portion for
permitting supply of the liquid to said recording head
and an air vent for fluid communicdtion with ambience,
for accommodating a negative pressure producing member
for retaining the ligquid;

a liquid containing chamber haviﬁg a liquid
containing portion for accommodating the liguid, said

liquid containing portion forming a substantially
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sealed space except for fluid communication with the

negative pressure producing material chamber: and
wherein said liquid containing portion

deforms with discharge of the liquid therefrom while

producing a negative pressure.

14. A liquid accommodating corntainer detachably
mountable relative to a negative pressure producing
material container, having a liquid supply portion for
supplying liquid to an outside and an air vent for
fluid communication with ambjence, far accommodating a
negative pressure producing member for retaining the
liquid, comprising:

a 1iquid containing portion for accommodating
the liquiﬁ, which forms a substantially sealed space
except for flulid communication with the negative
pressure producing material chamber; and

sealing means for sealing said communicating
portion relative to said negative pressure producing

material chamber.

15. A container according to élaim 14, wherein
said liquid containing portion is elastically

deformable.

16. A container according to Claim 14, wherein

said liquid containing portion is provided with a seal

e —
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member for providing a substantially sealed space

except for said communicating portion.

17. A liquid accommodating container detachably

(¥ ]

mountable relative to a negative pregsure producing
material container, having a liquid supply portiom for
supplying liquid to an outside and an air vent for
fluid communication with ambience, for accommodating a
negative pressure producing member for retaining the
10 ligquid, comprising:

a liquid containing portion for accommodating
the liguid, which forms a substantially sealed space
except for fluid coﬁmunication with.the negative
pressure producing material chamber; and

15 é casing having an inner shape equivalent or
similar to an outer shape of said liquid containing
portion and having an air vent for intreducing the
ambience;

sealing means for sealing éaid communicating

20 partion relative to said negative pressure producing

material chamber.

18. A container according to Claim 17, whersin
when said liquid accommodating container is mounted to
25 said negative pressure producing material
accommbdating container,. said sealing means is

unsealed by negative pressure producing member at said
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communicating portion.

19. A container according to Claim 17, wherein
said liquid containing portion is filled with the
liquid, and an internal pressure of liquid containing
portion is negative relative to an atmospheric
pressure before mounting to said nagative pressure

producing member.

20, A cantainer according to Claim 17, wherein
said liquid containing portion is provided with a geal
member for providing a substantially sealed space

except for said communicating portion.

21. A container according to Claim 17, wherein
said iiquid containing.portion is of substantially a
polygonal prism shape, and wherein each of walls
constituting sides of the priSm-like shape has a
thickness which is thinner at corner portions than at

central portions.

22. A container according to Claim 21, wherein &
slde of said prism-like shape not having a maiimum
area is provided with a pinch-off pgrtion where walls
wall constituting said liquid containing portion ares

integral and sandwiched by said casing.
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23. A container accordihg to Claim 21, wherein
said liquid containing portion has opposite sidas
which have a maximum surface area, and wherein air-
liquid exchange for permitting discharge of the liquid
by introduction of the air through the communicating
portion with said negative pressure praducing material
chanmber is started befors the maximum area sides are
contacted to each other due to discharge of the liquid

from said liquid containing portion.

24. A liquid accommodating container detachably
mountable relative to a plurality of negaltive pressure
producing material containers, each having a ligquid
supply portion for supplying liquid to an outside and
an air vent for fluid communication with ambience, for
accommodating a negative pressure producing member for
retaining the liquid, comprising:

a plurality of liquid containing portions for
accomnodating the ligquid, each of which each forms a
substantially sealed space except for flﬁid
communication with the negative pressure producing
material chamber; and

a casing.covering the plurality of liquid
containing portion and provided with an air vent for
introducing the ambience; and

sealing means for sealing said communicating

portion relative to said negative pressure producing
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material chamber.

25. A container according to Claim 24, wherein
said liquid containing portion is provided with a seal
member for providing a substantially sealed space

except for said communicating portion.

26. 2 head cartridge comprising

a recording head for ejecting the liquid;

a negative pressure producing material
chamber, including a liguid supply portion for
permitting supply of the liquid to said recording head
and an air vent for fluid communication with ambience,
For accommodating a negative pressure producing member
for retaiﬁing the liquid;

a liquid containing chamber having a liguid
containing portion for accommodating the liguid, said
liquid containing portion forming a substantially
sealed space except for fluid communication with the
negative pressure producing material chamber; énd

wherein said liquid containing portion
deforﬁé with discharge of tbe liquid therefrom while
producing a negative pressure.

wherein said recording head and said negative

pressure producing material chamber are integral with

each other.
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27. A head cartridge according to Claim 26,
wherein said ligquid containing chamber is detachably

mountable relative to said negative pressure producing

material chamber.

5
28. A head cartridge according to Claim 26,
further comprising a quiding member for guiding said
liquid containing chamber,

10 29. A head cartridge according to Claim 26,
wherein said liquid containing portidn is provided
with a seal member for providing a substantially
sealed space except for said communicating portion.

15 30. A head cartridge according to Claim 26,
wherein said head cartridge has a plurality of such
negative pressure producing material chambers, and has
a corresponding number of recording heads.

20 31. A liquid supply method comprising:

a step of preparing a negative pressure
producing material chamber, including a liquid supply
portion for permitting supply of the liguid to an
outside and an air vent for fluid communication with

25 ambience, for accomﬁbdating a negative praessure
producing member for retaining the liguid:;

a step of preparing a liquid containing

—_—
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chamber having a liquid containing portion for

accommodating the liquid, said liquiag containing

portion forming a substantially sealed space except

for fluid communication with the negative pressure
5 producing material chamber:

2 step of moving the liquid from said liquid
containing portion into said negative Pressure
‘producing material chamber without introduction of air
into said liquid containing chamber with a negative

10 pressure wh;le permitting decrease of a8 volume of said

liquig containing portion.
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