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Container for liquid to be ejected

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a liquid
acéommodating container for liquid ejection, more
particularly to a ligquid accommodating container

suitable to contain liquid ink or processing liquid

. usable with an ink jet recording apparatus.

Generally, an ink container is provided with
an ink sﬁpply port for supplying the ink to an ink jet
head and an air vent for introducing the volume of the
air corresponding to the.-ink consumption into the ink
container. |

In such an ink container having two openings,

it is desired that ink can be supplied stably to the

'bink jet head without discontinuity of the ink, that

leakage of the ink is prevented under changes of the
ambient condition when the recording operation is not
carried out, and that leakage of the ink upon the
unsealing at tﬁe time of exchange of the ink container
can be assuredly prevented.

A patent application which has been assigned
to the assignee of this application, proposes an ink
accommodating container having a substantially
hermetically sealed space for accommodating the liquid
such as ink and a negative pressure producing chamber

provided with a negétive pressure producing member
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adjacent thereto to meet the desires.

The patent application is Japanese Laid-open
Patent Application No. HEI- 7-125232, U. S. Patent
No. 5, 509, 140, Japanese Laid-open Patent
Application No. HEI- 7-68778 or the like.

For example, Japanese Laid-open Patent
Application No. HEI- 7-125232 proposes that
compression distribution is produced in the negative
pressure producing member by insertion of the ink
supply tube at a lateral side of the container so that
ink in the sealing space is properly consumed.

Japanese Laid-gpén Patent Application No.
HEI- 7-125232 discloses'an ink container comprising a
negative pressure produéing member accommodating
chamber provided with an air vent and accommodating a
negative pressure producing member, and a liquid
containing chamber for directly accommodating the ink
to be supplied to the negative pressure producing
member accommodating chamber and in fluid
communication with the negative pressure producing
member accommodating chamber only through a small
communicating portion provided at a position away from
the air vent, by which the ﬁegative pressure property
is stabilized, and the usage efficiency of the ink is
increased. U. S. Patent No. 5,'509,.140 discloses
as an inner structure of the ink accommodating

container having a gas-liquid exchange promoting
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structure by which the gas-liguid exchange can occur-
quickly, and the stabilized negative pressure zone is
assured at an early stage.

Japanese Laid-open Patent Application No.
HEI- 7-68778 discloses a container wherein the ink
supply is effected at a bottom portion of the ink
accommodating container, and ﬁherein the invention
disclosed in said U. §S. Patent No. 5, 509, 140 is
used, and a recess as temporary stagnation is formed
in the bottom portion.

These inventions are employed in-
commercialized productsgpf the assignee of this
application. On the ofher hand, Japanese Utility
Model Application No. SHO- 57-16385 discloses a bird-
feed(chicken-feed) type ink supply which is diffefent
from the inventions discussed above.

Recently, the demand for the ink jet
recording apparatus is increasing, and the desire for
the high speed and high quality recording is also
increasing.

The use frequéncy of the ink jet recording
apparatus increases, with the result of the increase
of the consumption amount of the ink, and therefore,
the ink container has to be exchanged more often,
which is cumbersome for the user. Accordingly, an
ink container having a large capacity is desired to

reduce the exchange frequency of the ink container.
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From the standpoint of high quality image, it
is desirable to use ink having a large surface tension
since then feathering of the ink on the recording
material can be avoided.

The present invention is intended to providé
a further improvement of a liguid container.

In the case that size of the container is
large, the variation of the compressed state'of the
negative pressure producing member per se is large,
with the possible result of the low yield.

On the other hand, a structure shown in
Figure 2 is known, wherg}h g member having a capillary
force which is higher tﬁan that of the absorbing
material disposed between the absorbing material and
the supply port. An air vent C is formed in the
upper wall B of the container A, énd an ink supply
port E is formed in the bottom wall D. An open cell
member F is accommodated therein (single chamber).

The entirety of the press-contact member G is within
the container A, and it covers the ink supply port E.

The press-contact member is of a porous
member having a density higher than that of the porous
member or of a fiber bundle member or thé like(press-
contact member), and is pressed by a supply tube for
supplying the liquid to the recording means such as a
liquid ejection recording head. In order to permit

this, press-contact member has a certain length in the
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pressing direction of the supply tube.

In this case, the porous member is pressed as
shown in Figure 22.

Japanese Laid-open Patent Applicétion No.
HEI- 7-68778 discloses an ink container having a
press~contact member and an ink supply port faced
downward.

Japanese Laid-open Patent Application No.
HEI- 5-104735 discloses ink container having a press-
contact member. With this structure, the press-
contact member is disposed suqh that part thereof is
projected outwardly of gpe ink container, and
therefore, the entering'or pressing degree relative to
the negative pressure pfoducing member (absorbing
material) is smaller than the foregoing embodiment.
Therefore, influence to the communicating portion by
the pressing of the press-contact member to the
negative pressure producing member is not so large as
the previous example.

The present invention is directed to a

further improvement.

SUMMARY OF THE INVENTION

chordingly, it is a principal object of the
present invention to provide a liquid accommodating
container wherein stabilized negative pressure

condition can be maintained, and the liquid in the
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substantially sealed space can be supplied out
efficiently.

It is another object of the present invention
to provide a liquid supply system using a stabilized
state of a gas-liquid exchange structure.

It is a further object of the present
invention to provide a relation under which a common
structure is usable for the containers having
different liquid supply amounts per unit time.

In this specification, " capillary force"
means a height h(cmAg) of a liquid surface in a
capillary tube from a pE%determined liguid surfacg
when the capillary tube“is placed in ligquid having the
predetermined liquid surface; and " negative pressure®
is a liquid internal pressure (-hcmAg) at the
predetermined liquid surface position. In this
specification, " ink " means liquid ink used in the
ink jet recording apparatus and also the liquid for
processing the ink in the.recording.

According to an_aspect of the present
invention, there is provided a container for
containing liquid to be ejected, comprising: a
negative pressure producing member accommodating '
chamber for accommodating a negative pressure
producing member, said negative pressure producing
member accommodating chamber being provided with an

air vent for fluid communication with ambience and a
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liquid supply portion for supplying the liquid to a
ligquid ejecting head; a liquid containing chamber
substantially hermetically sealed except for a fluid
communication path through which said liquid
containing chamber is in fluid communication with said
négative pressure producing member accommodating
chamber; a partition for separating said negative
pressure producing member accommodating chamber and
said liquid containihg chamber, said partition being
provided with an ambience introduction path for
introducing the ambiénce into said liquid containing
chamber from said negat%ye pressure producing member
accommodating chamber, éaid ambience introduction path
forming a capillary forcé generating portion; wherein
the capillary force produced by said capillary force
generating'portion satisfies the following: |

H<hgHs-Hp~8h

where h is a capillary force defined by
dividing the capillary force generated by the
capillary force generating portion by the density $
of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of h is
length), that is, h=8Pc/¢g, where &Pc is the
generated capillary force; H is a potential head
difference between the capillary force generating
portion and the liquid ejecting head plane including

the ejection outlets; Hs is a capillary force defined
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by dividing the capillary force generated by the
negative pressure producing member by the density ¢
of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of H is
length), that is, Hs=6Ps/¢g, where 6Ps is the
capillary force of the négative pressure producing
member; Hp is a potential head difference between the
gas-liquid interface in the negative pressure
producing member and the capillary force generating
portion; &8h is head loss defined by dividing a
pressure loss between the fluid communication path and
the liquid supply openingfthrough the negative
pressure producing membef by the density ¢
multiplied by the gravitétional acceleration g (the
dimension of 8h is length), that is,
6h=6Pe/$g, where &§Pe is the pressure loss).
According to another aspect of the present
invention, there is provided a container for
containing liquid to be ejected, comprising: a
negative pressure producing member accommodating
chamber for accommodating a negative pressure
producing member, said negative pressure producing
member accommodating chamber being provided with an
air vent for fluid communication with ambience and a
liquid supply portion for supplying the liquid to a
liquid'ejecting head; a liquid containing chamber

substantially hermetically sealed except for a fluid
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communication path through which said liquid
containing chamber is in fluid communication with said
negative pressure producing member accommodating
chamber; a partition for separating said negative
pressure producing member accommodating chamber and
said liquid coﬁtaining chamber,; said partition being
provided with an ambience introduction path for
introducing the ambience into said liquid containing
chamber from said negative pressure producing member
accommodating chamber, said ambience introduction path
forming a capillary force generating portion:;

wherein the ca%}llary force produced by said
capillary force generating portion satisfies the
following:

H+hm<h<Hs-Hp-&h

where h is a capillary force defined by
dividing the capillary force generated by the
capillary force generating portion by the density ¢
of the liquid to be ejected multiplied by the
éfévitational acceleration g (the dimension of h is
length), that is, h=&Pc/¢g, where 6Pc is the
generated capiilary force; H is a potential head
difference between the capillary force generating
portion and the liquid ejecting head plane including
the ejection outlets; Hs is é capillary force defined
by dividing the capillary force genérated by the

negative pressure producing member by the density ¢
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of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of H is
length), that is, Hs=6Ps/¢g, where 6Ps is the
capillary force of the negative pressure producing
member; Hp is a potential head difference between the
gas-liquid interface in the negative pressure
producing member and the capillary force generating
portion; &8h is head loss defined by dividing a
pressure loss between the fluid communication path and
the liquid supply opening through the negative
pressure producing member by the density ¢

multipiied by the graviE?tional acceleration g (the
dimension of-6h is 1engfh), that is,

sh=6Pe/¢g, where 8Pe is the pressure loss),

wherein hm is a design margin capillary force divided
by the density ¢ multiplied by the gravitational
acceleration g (dimension is length), that is,
hm=6Pm/¢g, where 6Pm is a design margin

capillary force.

According to further aspect of the present
invention, there is provided a container for
containing liguid to be ejected, comprising: a
negative pressure producing member accommodating
chamber for accommodating a negative pressure
producing member, said negative préssure producing
member accommodating chamber being provided with an

air vent for fluid communication with ambience and a
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liquid supply portion for supplying the liquid to a
liquid ejecting head; a liquid containing chamber
substantially hermetically sealed except for a fluid
communication path through which said liquid
containing chamber is in fluid communication with said
negative pressure producing member accommodating
chamber; a partition for separating said negative
pressure producing member accommodating chamber and
said liquid containing chamber, wherein said partition
is provided with a capillary force generating portion
therein; a press—-contact member in said ligquid supply
opening provided at a bgﬁfom side of said negative
pressure producing membér accommodating chamber, and
an upper end surface of the press-contact member is
contacted to said negative pressure producing member;
wherein a distance 1; from said fluid communication
path to a portion of said press-contact member which
is closest to said fluid communication path satisfies:

1;< (Hs-Hpa-h) /8h

where h is a capillary force adjacent the
fluid communication path defined by dividing the
pressure by the density ¢ of the liquid to be
ejected multiplied by the gravitational acceleration g
(the dimension of h is length), that is,
h=6Pca/¢g, where &6Pca is the pressure adjacent
the fluid communication path; Hs is a capillary force

defined by dividing the capillary force generated by
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the negative pressure producing member by the density
¢ of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension'of Hs is
length), that is, Hs=6Ps/¢g, where 8Ps is the
capillary force of the negative pressure producing
member; Hp is a potential head difference between the
gas-liquid interface in the negative pressure
producing member and the neighborhood of the fluid
communication path; 8h is head loss defined by
aividing a pressure loss between the fluid
communication path and the liquid supply opening
through the negative prﬁféure producing member by the
density ¢ multiplied by the gravitational
acceleration g (the dimehsion of 8h is length),

that is, 6h=8Pe/¢g, where &Pe is the

pressure loss).

According to further aspect of the present
invention, there is provided a container for
containing liquid to be ejected, comprising: a
negative pressure producing member accommodating
chamber for accommodating a negative pressure
producing member, said negative pressure producing
member accommodating chamber being provided with an
air vent for fluid communication with ambience and a
liquid supply portion for supplying the liquid to a
liquid ejecting head; a liquid containing chamber

substantially hermetically sealed except for a fluid
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communication path through which said liquid
containing chamber is in fluid communication with said
negative pressure producing member accommodating
chamber; a partition for separating said negative
pressure producing member accommodating chamber and
said liquid containing chamber, said partition being
provided with an ambience introduction path for
providing a capillary force generating portion in said
partition wall and for introducing ambience into said
iiquid containing chamber from said negative pressure
producing member accommodating chamber; a press-
contact member in said %;Quid supply opening provided
at a bottom side of said negative pressure producing
member accommodating chémber, and an upper end surface
of the press-contact member is contacted to said
negative pressure producing member; wherein a
distancel; from said fluid communication path to a
portion of said press-contact member which is closest
to said fluid communication path;

13< (Hs-Hp-h) /&h

where h is a capillary force adjacent the
fluid communication path defined by dividing the
pressure by the density ¢ of the liquid to be
ejected multiplied by the gravitational acceleration g
{the dimension of h is length), that is,
h=6Pc/¢g, where &§Pc is the pressure adjacent

the fluid communication path; Hs is a capillary force



10

15

20

25

-14-

defined by dividing the capillary force generated by
the negative pressure producing member by the density
¢ of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of Hs is
length), that is, Hs=6Ps/¢g, where 6Ps is the
capillary force of the negative pressure producing
member; Hp is a potential head difference between the
gas—liQuid interface in the negative pressure
producing member and the neighborhood of the fluid
communication path; &h is head loss defined by
dividing a pressure loss between the fluid
communication path and gpe liquid supply opening
through the negative préssure producing member by the
density ¢ multiplied by the gravitational
acceleration g (the dimension of 8h is length),

that is, 8h=6Pe/¢g, where 8Pe is the

pressure loss).

According to an aspect of the present
invention, when the liquid is filled, the liquid
containing chamber contains only the liqﬁid, and in
the negative pressure producing member in the negative
pressure producing member accommodating chamber, the
ligquid is contained up to a predetermined height(gas-
liquid interface position). With the consumption of
the liquid through the liquid supply opening, the gas-
liquid interface lowers. When the gas-liquid interface

reaches the upper end of the ambience introduction
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path, having a capillary force generating portion, for
introducing the ambience into the liquid containing
chamber from_the'negative pressure producing member
accommodating chamber, the ambience is introduced into
the ambience introduction path. Then, the ambience
enters the liquid containing chamber through the fluid
communication path against the capillary force
provided by the capillary force generating portion
constituted in the ambience introduction path. Then,
the liquid in the liquid containing chamber is
supplied into the negative pressure producing member
accommodating chamber(g?s;liquid exchange). As a
result, the liquid is aéain filled into the capillary
force generating portioﬂ of the ambience introduction
path, and capillary force is produced to stop the
liquid suéply from the liquid containing chamber.

In most of the part of the liquid consumption
duration, the gas-liquid exchange is repeated, and the
generated negative pressure in the negative pressure
producing member is determined by the capillary force
of the capillary force generating portion of the
ambience introduction path. Therefore, by properly
selecting the capillary force, the generated negative
pressure can be controlled constant, and therefore,

the negative pressure property is stabilized.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1 is a schematic perspective view
showing an ink container and an integral head type
container case according to an embodiment of the
present invention, wherein (A) shows a state before
the mounting, and (B) shows a state after the
mounting.

Figure 2 is a sectional view showing an ink
container according to an embodiment of the present
invention.

Figure 3 is a perspective view showing a
major part of the ink container of Figure 2.

Figure 4 is a §g¢tiona1 view showing a major
part of an ink containef according to a further
embodiment of the preseﬁt invention.

Figure 5 is a schematic sectional view
illustrating an operation of an ink container
according to a present invention.

Figure 6 is a graph showing a change of the
generated negative pressure at the plane including the
ejection outlets of the ink jet head relative to ink
consumption, in an ink container according to an
embodiment of the present invention.

Figure 7 is a schematic sectional view(A) of
a major part of the ink container of Figure 2, and a
schematic front view(B) of a partition.

Figure 8 is a schematic sectional view(A) of

a container according to a further embodiment of the
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present invention, and a schematic front view(B) of a
partition according to a further embodiment.

Figure 9 is a schematic sectional view(A)
showing a container according to a further embodiment
of the present invention, and a schematic front
view(B) of a partition.

Figure 10 is a schematic perspective view(A)
of a partition according to a further embodiment of
the present invention, and a schematic sectional
view(B) thereof, and a schematic front view(C)
thereof.

. Figure 11 is aéschematic perspective view(a)
of a partition accordiné to a further embodiment of
the present invention, a front view{(B) thereof,
schematic sectional view(C).thereof, and a schematic
sectional view(D) of a partition according to a
further embodiment.

Figure 12 is a schematic sectional view of a
partition of various embodiments having capillary
force'generating portions (A) - (E).

Figure 13 is a perspective view of an ink
container according to a further embodiment of the
present invention.

Figure 14 is a sectional view of an ink
container according to a further embodiment of the
present invention, wherein capillary force Hs of the

absorbing material is illustrated.



10

15

20

25

-18-

Figure 15 is a sectional view of an ink
container according to a further embodiment of the
present invention, wherein a static head difference Hp
between the capillary force generating portion and the
gas-liquid interface LL in the absorbing material and
a pressure loss 8h of the absorbing material upon
the gas-liquid exchange, are illustrated.

Figure 16 is a sectional view of an ink
container according to a further embodiment of the
present invention, wherein static head difference Hp
between a capillary force generating portion and a
gas-liquid interface LL%;h another absorbing material
and a pressure l1oss &h 6f the absorbing material
upon the gas-liquid exchange, are illustrated.

Figure 17 is a schematic illustration of a
parameter in an embodiment of present invention.

Figure 18 is a schematic illustration of a
parameter in an embodiment of the present invention.

Figure 19 is a sectional view of a major part

of a liguid container for liquid ejection according to

a further embodiment of the present invention.

Figure 20 is a sectional view of a major part
of a liQuid container for liquid ejection according to
a further embodiment of the present invention.

Figure 21 is a sectional view of showing a
liquid container for liquid to be ejected according to

a further embodiment of the present invention.
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Figure 22 is a sectional view of a
conventional liquid container for liquid ejection.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to_the accompanying drawings, the
embodiments of the present invention will be
described.

Referring to Figures 1 and 2, the description
will be made as'to a first embodiment of the present
invention.

An ink container 10 as a liquid accommodating
container for liquid ejection according to this
embodiment, is rectangu%?r parallelopiped shape, and
has an upper wall 10U pfovided with an air vent 12 for
fluid communication betwéen the inside of the ink
containerignd the ambience.

The air vent 12 has a diameter of lmm approx.
usually, when it is formed by injection molding.

Since the evaporation of the ink is a kind of
scattering phenomenon, and therefore, it increases in
proportional to scattering passing, and decreases
proportionally to 2power of the scattering distance.
As shown in Figure 13, (A) and(B), a groove extending
to the portion of the air vent 12 is formed in the
upper wall 10U, and the groove is zigzag-shaped or
labyrinth groove to function as an air venting groove
11.

A film member(unshown) is mounted on the
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upper wall 10U of the ink container 10 by welding, by
adhesive material or by adhesive material to cover the
long complicated air venting groove 11, by which a
long complicated air venting passage is constituted.
By doing so, the evaporation amount of the ink can be
reduced to 1/1000-1/10000 as compared with directly
opening the air vent 12 to the ambience. Figure 13,
{B) shows an outer appearance of a container for black
ink for exaﬁple which is large in amount of
consumption.

A part of the film member is extended beyond
the end surface of the E?k container 10 to function as
a picking portion. Thé picking portion is provided
with a mark indicatipg that it is a picking portion.
The film.member.ié provided with a partial cut to
assist removal at a portion off the air venting groove
11, and by cutting the film member along the partial
cut, an end of the air venting groove 11 is exposed or
unsealed to permit fluid communication with the
ambience, thus opening the air vent 12. In Figure 1,
only the air vent 12 is shown in the wall 10U for
simplicity.

The lower wall 10B of the ink container 10 is
provided with an ink supply cylinder L4 including an
ink supply port as a liquid supply opening for
delivery of the liquid, in the form of a projected

cylindrical portion. In the distribution process of
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the commercial container, the air vent 12 is sealed by
film or the like, and the ink supply cylinder 14 is
sealed by an ink supply port sealing member such as a
cap. Designated by 16 is a lever member integrally
molded with the ink container 10 at the outside
thereof, and is elastically deformable. It is
provided with a projection for locking at a middle
portion thereof.

Designated by 20 is a container case integral
with the printing head and receives the ink container
10. The lower portion of the container case 20 is
provided with an integ;?} color ink jet head 22. The
color ink jet head 22 ié provided with a plurality of
ejection outlets which are faced downward (surface
having the ejection outlets having the plurality of
ejection outlets). |

The ink container 10, taking the position
shown in Figure 1, (A), is placed into integral head
type container case 20, such that ink supply cylinder
14 is brought into engagement with an unshown ink
supply cylinder receiving portion of the color ink jet
head 22 and such that ink passage cylinder of the
color ink jet head 22 enters the ink supply cylinder
14. Then, the locking projection 16A of the lever
member 16 is ehgaged'with an engaging portion formed
at a predetermined position of the integral head type

container case 20, so that regular mounting state



-22-

shown in Figure 1, (B) is established. The integral
head type container case 20 to which the ink container
10 is mounted, is carried on a carriage of the ink jet
recording apparatus so thgt print-enabled state is
established. With thié state, a predetermined static
head difference H is provided between the bottom
portion of the ink container 10 and the plane
including the ejection outlets of the printing head.

Referring to Figure 2, the description will
be made as to inner structures common to all
embodiments of the ink container 10.

The ink contai%?r 10 is in fluid
communication with the émbience through the air vent
12 at an'upper portion thereof, and is in fluid
communication with the ink supply pbrt at a lower
portion thereof. It comprises a negative pressure
producing member accommodating chamber 34 for
accommodating a liquid absorbing material 32 as a
negative pressure producing member and a liquid
containing chamber 36 substantially hermetically
sealed to accommodate the ligquid ink, the chambers
being separated by'a partition 38. The negative
pressure producing member accommodating chamber 34 and
the liquid containing chamber 36 are in fluid
communication only through a fluid communication path
40 formed in the partition 38 adjacent the bottom

portion of the ink container 10.
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The upper wall 10U of the ink container 10
defining the negative pressure producing member
accommodating chamber 34 is provided with a plurality
of integrally molded ribs 42 which extends inwardly to
contact the absorbing material 32 which is
accommodated in the negative pressure produciﬁg member
accommodating chamber 34 under a compressed state.
Thus, an air buffer chamber 44 is formed between the
wall 10U and the upper surface of the absorbing
material 32. The absorbing material 32 is formed by
heat-compressed urethane foam material, and is
accommodated in the neggﬁive pressure producing member
accommodating chamber 34 under the compressed state to
generate predetermined eapillary force as will be
described hereinafter. The absolute value of the
pore size of the absorbing material 32 for producing
the predetermined capillary force is different
depending upon materials of the ink to be used,
dimensions of the ink container 10, the position of
the plane including the ejection outlets of the ink
jet head 22 (static head difference H) or the like.
But, it is required to produce the capillary force
which is larger than the capillary force in the
capillary force generating groove or passage as a
capillary force generating portion which will be
described hereinafter, and therefore, the minimum

limit thereof is desirably approx. 50 / inch from this



10

15

20

25

-24-

standpoint.
In the ink supply cylinder 14 defining the
ink supply port 14A, a press-contact member 46 in the

form of a disk or a column. The press-contact member

46 per se is of polypropylene or felt for example, and

it is not readily deformable by external force. The
press—contact.member 46 is retained pressed in the
absorbing material 32 for local compression of the
absorbing material 32 thereby, when it is in the
stated shown in Figure 2 (not mounted in the container
case 20). The end of the ink supply cylinder 14 is
provided with a flange %}B contacted to the
neighborhood of the preés-contact member 46 to prevent
disengégement thereof td the outside.

The amount of pressing is preferably 1.0-
3.0mm when the ink passage cylinder of the color ink
jet head 22 is in the ink supply cylinder 14 and 0.5-
2.0mm when it is not therein. By this, the leakage
of the ink can be prevented when the ink container is
removed, while assuring the proper flow of the ink
when it is mounted.

Since the ink supply port portion is provided
with the press-contact member 46, which is pressed to
the absorbing material 32, the portion of the
absorbing material 32 contactéd to the press-contact
member 46 is deformed. Therefore, when the ink

supply port 14A becomes too close to the fluid
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communication path 40 which is a gas—iiquid exchange
opening, the influence of the strain due to the
deformation of the absorbing material 32 reaches the
gas-ligquid exchange opening, with the result that
manufacturing variation of the ink container
increases. In the worst case, no proper negative
pressure can be generated with the result of ink
leakage through the ink supply port 14A. On the
contrary, when the ink supply port 14A is too far from
the fluid communication path 40 which is the gas-
liquid exchange opening, the flow resistance from the
fluid communicatiqn pagp'40 to the ink supply port 14A
is too larger during tﬁe gas-liquid exchanging
operation which will be described hereinafter, with
the result that ink discontinuity (stop) may occur due.
to the larger pressure loss when the ink consumption
speed is high. Therefore, it is preferable that
distance between the fluid communication path 40 and
the end of the ink supply port 14A is 10-50mm approx.
The description will be made as to a relation
between the volumes of the negative pressure producing
member accommodating chamber 34 and the liquid
containing chamber 36. When a temperature changé or
a pressure change occurs during the use of the ink
container 10 namely when the air is present at an
upper portion of the liquid containing chamber 36, the

air in the upper portion of the liquid containing
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chamber 36 expands with the possible result of
discharge of the ink into the negative pressure
producing member accommodating chamber 34. The ink
thus discharged is absorbed by the absorbing material
32 in the negative pressure producing member
accommodating chamber 34. Therefore, the volume of
the absorbing material 32 is desirably determined so
as to have enough absorption capacity for the ink
discharged under all practical conditions.

| In the case of large capacity ink container,
the height of the absorbing material 32 is large (for
example, not less than é@mm), and therefore, the ink
has to be sucked up against the gravity, and the
absorption capacity is ﬁot simply determined by the
volume. When .the liquid level(gas-liquid interface)
of the ink in the absorbing material 32 is high, the
liquid level rising speed provided by the suction
power of the absorbing material 32 against the gravity
may not be enough with the result of leakage of the
ink through the ink supply port. In order to
suppress the liquid level rising speed, the bottom
surface area of the negative pressure producing member
accommodating chamber 34 is desirably large.

However, if the bottom surface area of the

negative pressure producing member accommodating
chamber 34 is made larger within a limited total

volume, the volume of the negative pressure producing
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member accommodating chamber 34 becomes large so that
volume of the liquid containing chamber 36 has to be
small, and therefore, the ink amount capacity
decreases.

On the other hand, the ink absorbing speed of
the absorbing material 32 is influenced by the surface
tension. When the surface tension I' of the liquid
is changed in the range of 30-50 (dyn/cm), it has been
found that volume ratio between the negative pressure
producing member accommodating chamber 34 and the
liquid containing chamber 36 is approx. 1: 1 to 5: 3
for the temperature chaégé of 5-35°C which is normal
condition, although it is dependent on the material of
the liquid. '

The size of the air buffer chamber 44 of the
negative pressure producing member accommodating
chamber 34 is desirably small from the standpoint of
the volume efficiency. However, thé capacity
desirably assures the prevention of the ejection of
the ink through the air vent 12 when the ink enters
the négative pressufe producing member accommodating
chamber 34 abruptly. From this standpoint, the volume
of the air buffer chamber 44 is desirably approx. 1/5-
1/8 of the volume of the negative pressure producing
member accommodating chamber 34.

The structure for controlling the negative

pressure generated by the absorbing material 32 as the
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negative pressure producing member will be described.

In a first example, as shown in Figure 10,
two parallel passages 61 are formed at a negative
pressure producing member accommodating chamber 34
side of the partition 38. The passages 61 are faced to
the absorbing material 32 as the négative preséure
producing member and form the capillary force
generating portion of the ambience introduction path
in fluid communication with the fluid communication
path 40 at the bottom portion thereof. The passage
61 forming the capillary force generating portion can
be deemed as capillary gnbes, which produces capillary
force, defined by the gfoove surfaces in the partition
38 and the side of the ébsorbing material 32, as will
be described hereinafter.

In a second example, as shown in Figure 11,
there are formed, at'the negative pressure producing
member accommodating chamber 34 side of the bottom
portion of the partition 38, first parallel passages
54 fﬁnctioning as ambience introduction path having an
open upper end contacted to the absorbing material 32
as the negative pressure producing member and second
parallel passages 64 in fluid communication with the
first passages 54 and in fluid communication with the
fluid communication path 40 at the bottom portion.’
The ambience introduction groove is constituted by the

first passage 54 and the second passage 64, and the
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second passage 64 has capillary force generating
portions. The lower ends of the second passages 64
forming the capillary force generating portions, as
shown in Figure 11, (D), may be continuous to the
groove 65 extended in the longitudinal direction of
the fluid communication path 40 at the top portion
thereof. By doing so, the passage is assuredly
formed even if the absorbing material 32 bulges into
the groove at the lower end of the second passage 64.
In this example, the first passage 54 is larger than
the second passage 64, and therefore, the ambience
introduction is_assured%fand the resistance upon the
gas-liquid exchange st&ft is reduced. The second
passage 64, as will be described hereinafter, can be
deemed as a capillary tube capable of producing the
capillary force, defined by the groove surfaces of the
partition 38 and the side of the absorbing material -
32. In Figure 11, (D), there is provided a taper to
promote passage of the air at the lower end of the
second passage 64.

In a third type, as shown in Figure 3, there
are formed, at the negative pressure producing member
accommodating chamber 34 side of the bottom portion of
the partition 38, three first parailel passages 50
each having an open end contacted to the absorbing
material 32 as the negative pressure producing member

and three second parallel passages 60 in fluid
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communication with the fluid communication path 40 at
the bottom end.

In this example, the first passages 50 and
the second passages 60 which constitute the capillary
force generating portion are formed in the bottom
surface of the recess 70 formed in the center portion,
in the lateral direction, of the partition 38. The
70 is formed by three surfaces 70A, 70B, 70B inclined
at small angle relative to the surface of the
partition 38 and a bottom surface 70C parallel to the
surface of the partition 38. The width of the fluid

communication path 40 i%rSubstantially equal to the
width of the recess 70.' The absorbing material 32
accommodated in the negétive pressure producing member
accommodating chamber 34 is press-~contacted to the
surface of the partition 38, the three surfaces 70A,
70B, 70B forming the recess 70 and the bottom surface
70C. The second passages 60 can be deemed as
capillary tubes capable of producing capillary force
and defined by the three surfaces in the partition 38
and the side of the absorbing material 32. In this
example, the first passages 50 and the second passages
60 are formed in the bottom surface of the recess 70,
and therefore, the ambience introduction is further
stabilized so that gas~liquid exchange is further

stabilized as compared with the other examples.

Additionally, the structure of this example is
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effective to prevent stagnation of the air bubbles in
the fluid communication path 40.

Referring to Figure 12, various examples of
the cross-sectional configurations of the capillary
force generating groove will be described.

In the example shown in Figure 12, (A), the
path has a trapezoidal section having a width of the
opening W1, a width of the bottom portion W2, a
depth(height) D and an inclined surface'length(the
inclination angle of the inclined surface is 1.3°) d.
The circumferential length L is L=W1+W2+2d, and a
cross-sectional area S ;5 S=D (W1+2) /2.

In an example éhown in Figure 12, (B), it has
a rectangular section héving a width of the opening W,
a depth(height) D. The_circumferential length L is
L=2 (W+D), and the cross-sectional area S is S=DW.

- In an example shown in Figure 12, (C), it has
a semicircular section having a width of the orening
namely a diameter 2r. The circumferential length L is
L=r (2+n), and the cross-sectional area S is S=nr2/2.

In an example shown in Figure 12, (D), it has
a cross-section of a combination of a semicircular and
a rectangular. Figure 12, (E) shows an example of
triangular shape section. The circumferential lengths
and the cross-sectional areas thereof'are easily
obtained, and therefore, are omitted.

In these examples, the first and second
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passages are each in the form of a groove, but may be
a closed passage as shown in Figure 4. More
particularly, at the end portion of the partition 38,
there are provided an ambience introduction passage 56
as the first passage having an open end contacted to
the absorbing material 32 as the négative pressure
producing member and a capillary force generating
passage 66 as the second passage in fluid
communication with the ambience introduction passage
56 and in fluid communication with the fluid
communication path 40 at the bottom end. By doing
so, there is no need th?t capillary force generating
passage 66 is constitutéd by the absorbing material 32
covering the part of thé groove, and therefore, the
capillary force generation can be produced without
influence of the absorbing material 32.

Referring to Figures 14 and 16, the terms
will be described before describing the operation of
the ink container.

Figure 14 shows the state in which the liquid
containing chamber 36 is filled with the ink, wherein
the ink has a gas-liquid interface LL provided by the
capillary force of the absorbing material 32. The
capillary force of the absorbing material Hs which is
expressed by a capillary force of the absorbing
material divided by an ink density ¢ multiplied by

the gravitational acceleration g, thus having a
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dimension‘of length, is measured as a difference
between the level of the gas-liquid interface LL
before the gas-liquid exchange and the ambient
pressure position(level) in the liquid column
continuous thereto.

Figure 15 show the state after.the gas-liquid
exchange starts as a result of the consumption of the
ink, and Hp is a difference between the level of the
gas-liquid interface LL in the absorbing material 32
as the negative pressure producing member and the
capillary force generating portion 60a in the second
passage 60 formihg the ?apillary force generating
portion. In the exampie of Figure 15, a heat
compressed absorbing maferial 32 is used. The
absorbiné material 32 has been subjected to a uniform
heat compression, and then is inserted into the
negative pressure producing member accommbdating
chamber 34, and therefore, the distribution of the
compression ratio in the absorbing material 32 is
quite uniform. Therefore, the gas-liquid interface
LL in the absorbing material 32 is substantially
horizontal, although the horizontal ends are slightly
higher.

Figure 16 shows a state after the gas-liquid
exchange starts as a result of consumption of the ink.
In this example, a non-compressed absorbing material

32 is used. An absorbing material having a volume
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quite larger than the volume of the negative pressure
producing member accommodating chamber 34 is inserted
with approx. 4-4.5times compression(volume ratio), and
therefore, the compression ratio distribution tends to
be non-uniform. Therefore, the gas-liquid interface
LL has a saw~teeth-like, but generally, the gas-liquid
interface LL in the absorbing material 32 is concave-
down shape (low in the middle and high at the end
portions), as shown in the Figure. In this case, Hp
is a difference in height between the bottommost point
of the gas-liquid interface LL and the capillary force
generating portion 60a.fﬁ

In Figures 15 énd 16, &h is a head losé
expreésed by a pressurelloss in the absorbing material
32 as the negative pressure producing member between
the fluid communication path 40 and the liquid supply
opening 14A divided by an ink densityl¢ multiplied
by the gravitational acceleration g (thus having
dimension of length). When the pressure loss is
&6Pe, Sh=86Pe/¢g. The pressure loss is
produced in the absorbing material 32, and therefore,
it is a pressure loss between the end of the absorbing
material 32 and the end of the liquid supply opening
14A as shown in the Figure. Since the pressure loss
between the liquid containing chamber 36 and the fluid
communication path 40 is substantially zero, the &h

is measured by determining the difference between the
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pressure in the liquid containing chamber 36 and the
pressure head at the end of the supply port 14A.

In the following description, the example
having the first passage 50 and the second passage 60
as the ambience introduction path is taken, since the
operations afe the same as with the structure having
only the capillary force generating groove and the
structure having both of the ambience introduction
passage 56 and the capillary force generating passage
66.

When the ink jet recording apparatus is
operated, the ink is ejépted from the ink jet head 22
so that ink suction forée is produced in the ink
container 10.

When the absorbing material 32 as the
negative pressure producing member in the negative
pressure producing mémber accommodating chamber 34
contains a sufficient amount of the ink, the ink in
the negative pressure producing member is consumed,
and therefore, the level of the upper surface of the
ink(gas-liquid interface) (LL in Figure 2) lowers.
The generated negative pressure at this time is
determined by the capillary force at the gas-~liquid
interface in the negative pressure producing member
and the height of the gas~liquid interface LIL measured
from the plane including the ejection outlets.

With the consumption of the ink, the gas-
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liquid interface LL reaches the top end portion of the
first passage 50 of the ambience introduction path.
When the pressure at the bottom portion of the liguid
containing chamber 36 becomes lower than that in the
second passage 60, the ambience is supplied into the
liquid containing chamber 36 through the first passage
50 and the second passage 60. As a result, the
pressure in the liquid containing chamber 36 rises by
the degree corresponding to the introduced air, and
the ink is supplied into the absorbing material 32
from the liquid containing chamber 36 through the
fluid communication pat?f40 to cancel the pressure
difference between the faised pressure and the
pressure in the absorbihg material 32. Namely, the
gas-liquid exchange is carried out. By this,_the
pressure at the bottom portion of the container rises
by the degree corresponding to the ink supply amount,
and the supply of the ambience into the liquid
containing chamber 36 stops.

During the ink consumption, the gas-liquid
exchange occurs continuously, so that ink is supplied
into the negative pressure producing member
accommodating chamber 34 from the liquid containing
qhamber 36, and therefore, the generated negative
pressure during the ink consumption from the liguid
containing chamber 36 is determinated by the capillary

force generated in the second passage 60. Therefore,
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by properly selecting the dimensions of the second
passage 60, the generated negative pressure during the
ink cdnsumption from the liquid containing chamber 36
can be determined.

Referring to Figure 5, the operation of the
ink container 10 according to the pfesent invention
will be described.

The negative pressure producing
member(absorbing material) 32 accommodated in the
negative pressure producing member accommodating
chamber 34 can be deemed as having a numerous
capillary tubes, and th%ynegative pressure is produced
by the meniscus force tﬂereby. Normally, the ink

contaiper 10, immediatelf after the start of use,

‘contains a sufficient-amount of the ink in the

absorbing material 32 as the negative pressure
producing member, and therefore, the static heads of
the deemed capillary tubes are sufficiently high.

When the ink is consumed through the ink
supply port 14A, the pressure at the bottom portion of
the negative pressure producing member accommodating
chamber 34 lowers, and therefore, the static heads of
the deemed capillary tubes lower. More particularly,
as shown in Figure 5, (A), the gas—iiquid interface LL
of the negative pressure producing member 32 lowers in
accordance with the ink consumption. The static

heads are not all equal, but the static heads of the
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deemed capillary tubes adjacent the ink supply port
14A are lower due to the pressure loss through the
absorbing material 32.

The generated negative pressure in the ink
container 10 at this time is determined by the
capillary force of the negative pressure producing
member 32, and the pressure at the plane including the
ejectién outlets of the ink jet head 22 is determined
by the difference between the height of the gas-liquid
interface LL and the height of the plane including the
ejection outlets.

The hatched lins in the first passage 50 and
the second passage 60 iﬁ Figure 5, show the ink there
for the purpose 6f illustration.

When the ink is further consumed, the gas-
liquid interface LL lowers to the level shown in
Figure 5, (B) so that upper end of the first passage
50 of the ambience introduction path is above the gas-
ligquid interface LL, and the ambience enters the first
passage 50. At this time, the capillary force
produced in the second passage 60 as the capillary
force generating portion is smaller than the capillary
force of the deemed capillary tubes'of the absorbing
material 32, so that meniscus in the second passage 60
is broken by the further consumption of the ink, the
ambient air X is introduced into the liquid containing

chamber 36 through the second passage 60 and the fluid
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communication path 40 without lowering of the gas-
liquid interface level LL, as shown in Figure 5, (C).
When the ambient air X is introduced into the
liquid containing chamber 36, the pressure of the
ligquid containing chamber 36 becomes higher than the
pressure at the bottom portion of the negative
pressure producing member accommodating chamber 34,
and the ink is supplied into the negative pressure
producing member accommodating chamber 34 from the
liquid containing chamber 36 to compensafe for the
pressure difference. Then, the pressure becomes

higher than the negativ%;pressure generated in the
second passage 60, and fhe ink flows into the second
passage 60 to form the meniscus so that further
introduction of the ambient air into the liquid
containing chamber 36 stops.

When the ink is further consumed, the
meniscus in the second passage 60 is broken again
without lowering of the gas-liquid interface LL level,

so0 that ambient air is introduced into the liquid

containing chamber 36. Therefore, after the gas-

liquid interface LL reaches the uppér end of the first

passage 50 of the ambience introduction path, the
break and reformation of the meniscus in the second
passage 60 are repeated during the consumption of the
ink without lowering of the gas-liquid interface LL

level, in other words, while maintaining the fluid
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communication.between the ambience and the upper end
of the ambience introduction path, so that negative
pressure generated in the ink container 10 is
controlled substantiélly at a constant level. The
negative pressure is determinated by the force of the
ambient air breaking the meniscus in the second
passage 60, and as described above, is determined by
the dimension of the second passage 60 and the
property of the ink to be used (surface tension,
contact angle and density).

Therefore, by determining the capillary force
produced in the second gaSSage 60 which is the
capillary force generating portion to be between the
lower limit value and the upper limit value of the
capillary forces,K which may be different depending on
the color and materials of the ink or the processing
liquid in the liquid containing chamber, the ink
containers 10 of the same structures can be used for
all inkKs and processing liquid without change of the
structure.

The pressure at the plane including the
ejection outlets of the ink jet head 22 is
determinated by a sum of the capillary force, the
pressure loss of the absorbing material 32 and the
relative height between the bottom portion of the ink
container having the ink supply port 14A and the plane

including the ejection outlets or the like.
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The description will be made as to
dimensional specifications of the second passages 60,
61, 64 and the second passages 62, 63 which will be
described hereinafter.

As described hereinbefore, it is desirable
that negative pressure generated in the ink container
10 is controlled at a cpnstant level, in order to
supply the ink without occurrence of ink discontinuity
during the consumption of the ink. When the ink
container 10 is mounted to the integral head type
container case 20, and is carried on a carriage of the
unshown ink jet recordi?g apparatus(print enabled
state), a predetermined potential head difference is
provided between the caéillary force generating
portion at the bottom portion of the ink container 10
and the plane including the ejection outlets. of the
head. In order to prevent leakage of the ink through
the ejection outlet of the head with this state, the
ink pressure in the ejection outlet in the plane
including the ejection outlets is alwéys lower than
the ambient pressure.

Until the ink is used up from the liquid
containing chamber 36, the height of the gas-liquid
interface LL has to be maintained stably. To
accomplish this, the meniscus at the gas-liquid
interface LL in the absorbing material 32 should be

maintained stably against the pressure loss generated
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by the flow of the ink through the absorbing material
32 during the ink consumption.

Therefore, it is desirable that capillary
force produced by the capillary force generating
portion satisfy:

H<h<Hs-Hp-6h..... (1)

Where h is a capillary force defined by
dividing the capillary force generated by the
capillary force generating portion by the density ¢
of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of h is
length), that is, h=6Pc§¢g, where &Pc is the
generated capillary forﬁe; H is a potential head
difference between the‘éapillary force generating
portion and the liquid ejecting head plane including
the ejection outlets; Hs is a capillary force defined
by dividing the capillary force generated by the
negative pressure producing member by the density ¢
of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of H is
length), that is, Hs=6Ps/¢g, where 8Ps is the
capillary force of the negative pressure producing
member; Hp is a potential head difference between the
gas-liquid interface in the negative pressure
producing member and the capillary force generating
portion; 8h is head loss defined by dividing a

pressure loss between the fluid communication path and
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the liquid supply opening through the negative
pressure producing member by the density ¢
multiplied by the gravitational acceleration g (the
dimension of 8h is length), that is,

8h=8Pe/¢g, where &Pe is the pressure loss).

Generally, when the capillary force produced
in the capillary tube is 6Pc, the capillary force h
converted to the dimension of length is expressed by:

h=L/SxI"/¢gxcosbd.....{(2)

Where L is the circumferential length (cm) of
the tube; S is the cross-sectional area(cmz); r is
the surface tension of Epe ink(dyn/cm); © is the
contact angle; ¢ is thefdensity(g/cmB); and g is the
gravitational acceleratibn(980cm/s2)._

Therefore, the d;mension of the capillary
force generating portion is to satisfy the following
by equations (1) and (2).

1/cosex¢g/rxH<L/Sgl/coéex¢g/rx(Hs-Hp—
éh).....(3)

Where L is the circumferential length of the
capillary force generating portion; S is the cross-
sectional area; ¢ is the density of the ink; g is
the gravitational acceleration; I' is the surface
tension of the ink; and the 6 is the contact angle of
the ink.

In the actual use of the ink jet recording

apparatus, accelerations due to various shocks or the
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scanning of the carriage, the temperature variation
and the pressure variation due to the ambient
condition change are imparted. Therefore, the ink
pressure in the ejection outlet at the plane including

the ejection outlets is preferably less than the

ambient pressure by approx. -10mmH,0 including a

safety factor.

Taking this into consideration, the capillary
force h converted to length desirably satisfy the
following:

H+hm<h<Hs-Hp-6h.....(4)

Therefore, (3)éas:

1/cosexég/I'x (ﬁ+hm) <L/S«<
1/cosexég/Tx(Hs~Hp-6h)

Specific values will be given using as the
example the second passage 60 having the trapezoidal
section shown in Figure 12, (A).

Example 1:

the width of the opening W1=0.25mm; the width
of the bottom portion W2=0.24mm; tﬁe depth D=0.38mm.
In this case, the inclined surface length(the
inclination angle of the inclined surface is 1.39),
and 4 is approx. L/S is 135cm'1. When the ink has a
surface tension of 46.5dyn/cm, the negative static
pressure in the gas-liquid exchange was -5.2cm.

Therefore, when hm is lcm, H is 2.7cm, Hs=10cm,

Hp=1.2cm and 8h=1.5cm, then 96<L/S<189 is
' This Sheet Has Been Replaced
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satisfied. Example 2:
the width of the opening W1=0.26mm, the width
of the bottom portion W2=0.25mm, depth D=0.32mm. In
this case, the inclined surface length(the inclination
angle of the inclined surface is 1.3°) 4 is approx.
0.32mm, and L/S is 140cm™1. When the ink has a
surface tension of 34.8dyn/cm, the negative static
pressure in the gas-liquid exchange'was -4.9cm.
Therefore, when hm is lcm, H is 2.7cm, Hs=10cm,
Hp=1.2cm and 8h=1.5cm, then 106<L/S<209 is
satisfied.

Example 3: ?ﬁ

the width of tﬁe opening W1l=0.25 mm, the
width of the bottom portion W2=0.23 mm, depth D=0.34
mm. In this case, the inclined surface length(the
inclination angle of the inclined surface is 1.39),
and d is approx. 0.34 mm, and L/S is 143 cm . When
the ink has a surface tension of 41.6 dyn/cm, the
negative static pressure in the gas-liquid exchange
was -4.3 cm. Therefore, when hm is lcm, H is 2.7cm,
Hs=10cm, Hp=1l.2cm and &h=1.5cm, then 123<L/S<243 is
satisfied.

In order to produce necessary capillary
force, the cross-sectional area(width x depth) of'the
second passage 60 is preferably approx. 0.20-
0.40mmx0.20-0.40mm, and in order to suppress the

entering amount of the absorbing material 32 into the
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groove, it is preferable that width is smaller than
the depth.

The cross-sectional area of the first passage
50 will suffice if it is larger than the cross-
sectional area of the second passage 60. The length
of the second passage 60 may be 2-10mm approx. from
the upper end of the fluid communication path 40. If
it is too short, the press-contact of the absorbing
material 32 is not stable, and if it is too long, the
influence of the entering of the absorbing material 32
will be too significant, and therefore, about 4mm is
preferable. ff

| The height of fhe upper end of the first

passage 50 is effective to limit the height of the
gas-liquid interface of the absorbing material 32, as
described hereinbefore. Therefore, it is selected so
that ink discontinuity does not occur, and so that
buffering power of the absorbing material 32 is not
deteriorated. Preferably, it is approx. 10-30mm from
the upper end of the fluid communication path 40.

Figure 6 shows the change of the pressure at
the plane including the ejection outlets of the ink
jet head 22 in accordance with the ink consumption.
In the initial state immediately after the start of
the use of the ink container 10, the meniscus of the
absorbing material 32 is between the retracting

contact angle and the advancing contact angle, and the
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negative pressure Pl generated by the retracting
contact angle is reached after a small amount of ink
consumption.

Thereafter, while the ink impregnated in the
absorbing material 32 is consumed, that is, before the
gas~-liquid interface LL reaches the upper end of the
first passage 50, the generated negative pressure is
determinated by the capillary force of the absorbing
material 32 and the static head difference between the
gas-liquid interface LL and the ejection outlet. With
the consumption of the ink, the negative pressure
decrease until the gas—giQuid interface LL reaches the
upper end of the first éassage 50 (the period from'Pl
to P2, corresponding to‘Figure 5, (A)).

When the gas-liquid interface LL reaches the
upper end of the first passage 50, the state in which
the generated negative pressure is determined by the
absorbing material 32 is changed to a state in which
the generated negative pressure is determined by the
negative pressure generated by the second passage 60,
so that pressure rises from PZ (Figure 5, (B) to P3
(Figure 5, (C)). Thereafter, while the ink in the
liquid containing chamber 36 is consumed while the
gas-liquid exchange is carried out, the generated
negative pressure is maintained constant (P3).

Immediately'before the complete consumption

of the ink in the liquid containing chamber 36, both
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of the air and the ink are present in the fluid
communication path 40, and the ink remaining in the
liquid containing chamber 36 is absorbed by the
absorbing material 32, and therefore, the pressure
temporarily rises to (P4).

With further continuation of the ink
consumption, the ink in the absorbing material 32 is
consuﬁed until the supply limit is reached by the
pressure lowering, and this is the use limit of the
ink container 10.

Referring to Figures 8 and 9, the description
will be made as to anotggr embodiment of the present
invention, using Figure‘7 which schematically shows
the foregoing embodimenf. In Figures 7 to 9, the
hatching in (A) indicates the section of a member, but
in (B), it indicates the contact surface of the
absorbing material 32.

Figure 7 schematically shows the foregoing
embodiment, and three first passages 50 and three
second passages 60 are formed in the partition 38, and
are associated, respectively (1:1). -

In Figure 8, the number of the first passages
52 as the ambience introduction path and the number of
the second passages 62 as the capillary force
generéting portion are 1:2. More particularly, in
this embodiment, two first passages 52 and four second

passageg 6@ arg formed in the partition 38.

X
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In Figure 9, the number of the first passages
53 as the ambience introduction path and the number of
the second passages 63 as the capillary force
generating portion are approx. 1:5. In this case,

one of the first passages 53 has a large width into

which the absorbing material 32 may enter too much

extent with the result of blocking the passage, and
therefore, it is preferable to form a rib 55 in the
groove to bear the absorbing material 32. The number
of the second passages 63 may be any if it is equal to
or larger than 3.

The present in%gntion is mainly directed to a
large capacity ink contéiner, but is not limited to
it.

In the foregoing embodiments, the second
passage is blocked by the liquid contained in the
liquid accommodating container from the air when the
gas-liguid exchange does not occur. However, the
capillary force generating portion may be open to the
ambience. This is because the capillary force
generating portion can maintain the balance in this
embodiment.

The distance.betﬁeen the fluid communication
path and the supply port will be described. In order
to prdperly supply the ink to the recording head, the
balance of the negative pressures in the ink container

is one of influential factors. During the period in
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which the ink supply operation is carried out with the
gas-liquid exchange in the ink container including the
liquid containing chamber and the negative pressure
producing member accommodating chamber, when the
negative pressure balance in the ink container
satisfies the following:

ihi+}6hxll,|<{Hs|-|Hpa|}

The supplying operation of the ink is proper
with the gas-liquid interface height in the absorbing
material(negative pressure producing member)
maintained properly.

The liquid acq?mmodating container has the
structure shown in Figuie 17, and comprises a negative
pressure producing member accommodating chamber
accommodating a negative pressure producing member
therein and including the air vent for fluid
communication with the communication and a liquid
supply opening for supplying the liquid to the
recording means;

A liquid containing chamber which is
substantially hermetically sealed except for a fluid
communication path through which said liquid
containing Chamber is in fluid communication with said
negative pressure producing member accommodating
chamber;

A partition for separating said negative

pressure producing member accommodating chamber and

This Sheet Has Been Replaced
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said liquid containing chamber, wherein said partition
is provided with a capillary force generating portion
therein;

A press-contact member in said liquid supply
opening provided in a bottom surface of said negative
pressure producing member accommodating chamber,
wherein an upper end surface of the press-contact
member is contacted to said negative pressure
producing member;

Wherein a distancel; between said fluid
communication path and such a portion of said press-
contact member as is cl??ést to fluid communication
path, satisfies: -

1;< (Hs-Hpa-h) /&h

h is a capillary force adjacent the fluid
communication path defined by dividing the pressure by
the density ¢ of the liquid to be ejected multiplied
by the gravitational acceleration g (the dimension of
h is length), that is, h=8Pca/¢g, where &Pca
is the préssure adjacent the fluid communication path;
Hs is a capillary force defined by dividing the
capillary force generated by the negative pressure
producing member by the density ¢ of the liquid to
be ejected multiplied by the gravitational
acceleration g (the dimension of Hs is length), that
is, Hs=8Ps/¢g, where §Ps is the capillary

force of the negative pressure producing member; Hp is
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a potential head difference between the gas-liquid

interface in the negative pressure producing member
and the neighborhood of the fluid communication path;
&h is head loss defined by dividing a pressure loss
between the fluid communication path and the liguid
supply opening through the negative pressure producing
member by the density ¢ multiplied by the
gravitational acceleration g (the dimension of &h

is length), that is, 8h=56Pe/¢g, where &Pe

is the pressure loss). The pressure loss &Pe is

an integration, with the length of flux, of the
pressure loss in each s%ption which is determined on
the basis of the cross-sectional area of the flux of
the liquid to be ejected flowing through the negative
pressure producing member, and therefore, it is
proportional to the length of the flux and square of
the flow speed, and is reversely proportional to the
cross-sectional area of the flux.

The cross-sectional area is determined by a
thickness of the negative pressure producing member
multiplied by a height of the gas-liquid interface in
the negative pressure producing member from the bottom
of the negative pressure producing member
accommodating chamber. Since however the negative
pressure producing member is not uniform, it is
difficult to determine the pressure loss, the cross-

sectional area is deemed here as an average height of
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the gas-liquid interface in the negative pressure
producing member multiplied by an average width of the
negative pressure producing member. As regards the
length of the flux, the maximum length is important,
and therefore, it is deemed as the distance between
the fluid communication path and the portion of the
press-contact member which is most remote from the
fluid communication path. When the pressure loss per
unit length is 6P, the pressure loss 6Pe is:

5Pe=6Pxlj .

The average length of the flux is a distance
from the fluid communic?;ion path to the central
portion of the interfacé between the press-contact
member and the negative'pressure producing member.

Here, &8Pca>H, H is a static head from the
neighborhood to the orifice. This is required to
provide the recording head with a proper negative
pressure. In Figure 17, the iﬁk container has a
plain partition. In this example, the generated
negative pressure S§Pca when the gas-liquid exchange
occurs adjacent the fluid communication path is taken
into account. The description will be made as to the
case wherein a capillary force generating groove is
positively formed in the partition.

The liguid accommodating coﬁtainer has a
structure shown in Figure 18, and the partition is

provided with a capillary force generating groove 60
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and an ambience introduction path 50 adjacent the

fluid communication path.

The distancel; from the fluid communication
path to the portion which is most remote from the
fluid communication path satisfies:

13< (Hs-Hp-h) /&h

h is a capillary force adjacent the fluid
communication path defined by dividing the pressure by
the density ¢ of the liquid to be ejected multiplied
by the gravitational acceleration g {(the dimension of
h is length), thaf is, h=6Pc/¢g, where SPc is
the pressure adjacent t?e fluid communication path; Hs
is a capillary force défined by dividing the capillary
force generated by the hegative pressure producing
member by the density ¢ qf the liquid to be ejected
multiplied by the gravitational acceleration g (the
dimension of Hs is length), that is, Hs=8Ps/¢g,
where 6Ps is the capillary force of the negative
pressure producing member; Hp is a potential head
difference between the gas-liquid interface in the
negative pressure producing member and the
neighborhood of the fluid communication path; &h is
head loss defined by dividing a pressure loss between
the fluid communication path and the liquid supply
opening through the negative pressure producing member
by the density ¢ multiplied by the gravitational

acceleration g (the dimension of 8h is length),

THIS SHEET HAS REEN
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that is, &8h=6Pe/¢g, where 5Pe is the

THIS SHEET HAS BEEN
REPLACED

pressure loss). The pressure loss 6Pe is an
integration, with the length of flux, of the pressure
loss in each section which is determined on the basis
of the cross-sectional area of the flux of the ligquid
to be ejected flowing through the negative pressure
producing member, and therefore, it is proportional to
the length of the flux and square of the flow speed,
and is reversely proportional to the cross-sectional
area of the flui.'ﬂ The cross-sectional area is
determined by a thickness of the negative pressuré
producing member multip&;ed by a height of the gas-
liquid interface in the.negative pressure producing
member from the bottom of the negative pressure
producing member accommodating chamber. Since however
the negative pressure producing member is not uniform,
it is difficult to determine the pressure loss, the
cross-sectional area is deemed here as an average
height of the gas-liquid interface in the negative
pressure producing member multiplied by an average
width of the negative pressure producing member. As
regards the length of the flux, the maximum length is
important, and therefore, it is deemed as the distance
between the fluid communication path and the portion
of the'press—contact'member which is most remote from
the fluid communication path. When the pressure loss

per unit length is 6P, the pressure loss 8Pe is:
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The average length of the flux is a distance
from the fluid communication path to the central
portion of the interface between the press-contact

5 member and the negative pressure producing member.

Here, 6Pca>H, H is a static head from the
neighborhood to the orifice.

This is required to provide the recording
head with a proper negative pressure.

10 Here, an ink container using a sponge which
is 4 times heat-compressed.

The used ink hgs a I'=30, "eta"=2,
¢=1.06g/cm3. The ink fiow amount is 1l.44g/min. The
negative pressure in thé orifice of the recording head

15 immediately after the container is 6pen is 25mmAg.
The initial ambience interface height after the
opening is 40mm. The negative pressure at the orifice
when the gas-liquid exchange occurs 15mmAg. The
ambience interface height during the gas-liquid

20 exchange hs=12mm. In this case, 6Ps=90mmAg,
8Pc=40mmAg, 6Pe=0.5mmAg/mm, 1 ;<(90-12-40)
/0.5=76mm.

When the 1; was 75mm in the experiments,
stable operation was confirmed under normal operating

25 condition.
However, since the ink reaches the user

through various distribution channels, a safety factor
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should be added in consideration of external shock or
the like. There is a liability that ink container
drops due to operator's error. So, the upper limiﬁ, in
consideration of a safety factor, of 1; is preferably
60mm approx. More safely, 50mm approx. is
preferable.

On the other hand, as regards the lower limit
valuel;, it is desirable to take the movement of the
negative pressure producing member due to the pressing
of the press-contact member into consideration.

For example, in the case of the container
having a supply port pr?ﬁided with a press-contact
member at the position epprox. Smm away from the fluid

communication path, the'negative pressure producing

member adjacent the fluid communication path moves to

approx. lmm away from the fluid communication path by
pressing the press-contact member by 3mm. The
negative pressure producing member accommodated in the
container is pressed toward the communicating portion
by 2.5mm approx. in the communicating portion.
Therefore, even if the negative pressure producing
member moves as described above, the ink supply
operation can be satisfactorily carried out.

However, a safety factor of 10mm approx. is
desirably taken into account in consideration of the
variation factor upon insertion of the negative

pressure producing member, the deviation due to
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external factors or the like.

From the foregoing, as a specific example of
the position of the press-contact member, it is
preferably not less thanl;=5mm and not more than 60mm,
and more safely, not less thanl;=10mm and not more
than 50mm.

Referring to Figure 19, specific examples
will be described.

| The liguid container 10 for the ligquid to be
ejected Comprises a negative pressure producing member
accommodating chamber 34 which is in fluid
communication with the éir vent 12 at the upper
portion and which in flﬁid communication with the
liquid supply opening 14A at a lower portion and which
accommodates the open cell elastic member 32 as the
negative pressure producing member, a substantially
hermetically sealed liquid containing chamber 36 for
directly accommodating the liquid ink, and a partition
38 therebetween. The negative pressure producing
member accommodating chamber 34 and the liquid
containing chamber.36 is in fluid communication only
through the fluid communication path 40 formed in the
partition 38 at the bottom portion of the liquid
container 10. |

The upper wall 10U of the liquid container 10
defining the negative pressure producing member

accommodating chamber 34 is provided with a plurality
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of inwardly projected ribs 42 integral therewith,
which are contacted to the open cell elastic member 32
accommodated under compression in the negative
pressure producing member accommodating chamber 34.
Therefore, an air buffer chamber 44 is formed between
the wall 10U and the upper surface of the open cell
elastic member 32. The open cell elastic member-32
is of heat-compressed urethane foam material, for
example, and is accommodated in the negative pressure
producing member accommodating chamber 34 under
compression to generate predetermined capillary force
as will be described heE?inafter. 'The absolute value
of the pore size of fhe:open cell elastic member 32
for producing the predetérmined qapiliary force is
determined depending.on the materiais of the ink to be
used, the dimensions of the liquid container 10, the
position of the plane including the ejection outlets
of the ink jet head 22 (static head difference H) or
the like, but it is desirable to prbduce the capillary
force larger than the capillary force in the capillary
force generating groove or passage which will be
described hereinafter.

In the ink supply cylinder 14 defining the
liquid supply opening 14A, a disk-like or columnafi
press-contact member 46 is disposed; The press-
contact member 46 per se is of polypropylene or felt

for example, and it is not readily deformable by



10

15

20

25

This Sheet Has Been Replaced THIS SHEET HAS BEEN

REPLACED

external force. When the container is not mounted in

the container case 20 as shown in Figure 3, the press-
contact member 46 is maintained under the press-
contact state wherein it is slightly pushed to the
open cell elastic member 32 so as to locally compress
the open cell elastic member 32. The degree of
press-contact of the open cell elastic member 32 by
the upper end surface of the press~contact member 46
is preferably not less thanOmm from the inside surface
of the bottom wall 10B of the container 10 and not
more than 5mm. To accomplish this, a flange 14B
contacted to the neighb%;hood'of the press-contact
member 46, is formed at'the end of the ink supply
cylinder 14. The presé-contact member 46 receives
repelling force of aéprox. 300gf from the open cell
elastic member 32 so that it bends. To prevent
disengégement thereof From the predetermined position
in the ink supply cylinder 14, the éspect ratio of the
thickness(height) in the section shown in Figure 3 is
preferably not less than0.5.

In the embodiment of Figure 19, the inner
dimension LO-1 of the container 10 in the longitudinal
direction is approx. 70mm, the inner dimension h0-1 in
the height direction is approx. 50mm, inner dimension
L0-2 of the first accommodation chamber 34 in the
longitudinal direction is approx. 43-47mm, and the

distance L1 from the open cell elastic member 32 side
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surface of the partition 38 to the partition 38 side
surface of the press-contact member 46 is approx. 22-
26mm. The fundamental thickness of the container 10
is generally approx. 2mm. Around the liquid supply
opening 14A of the container 10, there is provided an
annular stepped portion 14C projected inwardly from
the . inner bottom surface of the bottom wall 10B of the
container 10, and the height h2-3 thereof is 0.3-
0.4mm, and the width L3 is 1.5-3mm. '

The entering amount of the press-contact
member 46 when the container 10 is mounted to the
integral head type cont?}ner case 20, that is, the
difference between when“the ink passage cylinder 26 of
the color ink jet head 22 enters the ink supply
cylinder 14 (Figure 20) and when it is demounted and
does not enter it (Figure 19) (the difference between
hl-1 in Figure 19 and hl-2 in Figure 20) is preferably
approx. lmm. This is because then the proper flow of
the ink is assured, and the leakage of the ink can be
prevented when the liquid container 10 is dismounted.

More particularly, in the liquid container 10
of this embodiment, the ink enters and discharges
from, the open cell elasfic member 32 due to the

temperature change or pressure change during use. In

order to assuredly maintain the ink retention

force(negative pressure) at the liquid supply opening,

the meniscus force of the open cell elastic member 32
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adjacent the liquid supply opening is to be maintained
even when the ink passage cylinder 26 is dismounted
from the ink supply cylinder 14. To accomplish this
press-contact member 46 which is a hard absorbing
member is provided.

In the embodiment shown in Figure 21, the
position of the liquid supply opening 14A is made
different corresponding to the container case 20, and
is adjacent the partition 38. The reason for this
will be described. Since the press-contact member 46
is pushed to the open cell elastic member 32, the
portion of the open 'cel]),',;,.-'elastic member 32 contacted
to the press-contact meﬁber 46 locally deforms.
Therefore, when the liqdid supply opening 14A is too
close to the fluid communication path 4Q which is a
gas-ligquid exchange opening, the influence of the
strain due to the deformation of the open cell elastic
member 32 extends to the gas-~liquid exchange opening,
and therefore, the manufacturing variation of the
liquid container 10 increases. In the worst case,
the proper negative pressure cannot be generated with
the possible result of ink dropping from the liquid
supply opening 14A. Conversely, if the liquid supply
opening 14A is too far from the fluid communication
path 40 which is the gas-liquid exchange opening,'the
flow resistance from the fluid communication path 40

to the liquid supply opening 14A during the gas-ligquid
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exchanging operation which will be described
hereinafter is too large with the possible result of
ink discontinuity (stop) when the ink consumption
speed is high. Therefore, the distance from the
fluid communication path 40 to the liquid supply
opening 14A is preferably within a range. In the
example shown in Figure 19, the distance L1 is approx.
22-26mm, and more generally, not more than approx.
30mm, and in the example of Figure 21, the distance
L1-3 is approx. 5mm.

The description will be made as to a
st;ucture for controlli%g the negative pressure
generated by the open céll elastic member 32 as the
negative pressure produéing member.

In this embodiment, as shown in Figure 19,
the negative pressure producing member accommodating
chamber 34 side of the lower portion of the partition
38 is provided with two parallel ambience introduction
grooves 50 as first passages having top ends open to
and contacted to the open cell elastic member 32 as
the negative pressure producing member, and two
parallel capillary force generating grooves 60 as the
second passages in fluid communication with the
ambience introduction grooves 50 and having bottom
ends in fluid communication with the fluid
communication path 40 (in the Figure only one of each

of them is shown in section). The bottom end of the
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capillary force generating groove 60, as shown in
Figure, may be continued to the groove 65 extended in
the longitudinal direction at the upper side of the
fluid communication path 40. By doing so, the
passage can be assured even if the open cell elastic
member 32 enters the groove at the lower end of the
capillary force generating groove 60. It is
preferable that ambience introduction groove 50 has a
width which is larger than the capillary force
generéting groove 60, since then the ambience
introduction is assured, and the resistance upon the
gas-liquid exchange sta?;'is reduced. Each of the
capillary force generating Qroove 60, as will be
described hereinafter, can be deemed as a capillary
tube for producing the capillary force, constituted by
a groove surface in thé partition 38 and one surface
at the open cell elastic member 32 side.

The cross-sectional configuration of the
capillary force generating groove may be selected from
a variety of shapes, such as trapezoidal section,
rectangular section, semicircular séction or the like.

In the foregoing embodiment, the first and |
second passages are constituted by grooves,
respectively, but they may be passages clbsed by
themselves in the cross-section. More particularly,
the lower portion of the partition 38 may be provided

with an ambience introduction passage as the first
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passage having a top end opening to and contacted to
the open cell elastic member 32 as the negative
pressure producing member and a capillary force
generating passage as the second passage in fluid
communication with the ambience introduction passage
and having a bottom end in fluid communication with
the fluid communication path 40. By doing so, the
capillary force generating passage is constituted
without necessity of closing the open side of the
groove by the open cell elastic member 32, so that
capillary force generation can be determined without
influence of the open 9?11 elastic member 32.

The operation brinciple of the liquid
container in this embodiment will be described.

As shown in Figure 20, the ink passage
cylinder 26 is pushed into the ink supply cylinder 14,
and then the ink jet recording apparatus is operated.
Then, the ink is ejected from the ink jet head 22 with
the result of ink suction force produced in the liquid
container 10.

When the open cell elastic member 32 which is
a negative pressure producing member in the negative
pressure producing member accommodating chamber 34
contains a sufficient amount of the ink, the ink is
consumed frqm the negative preséure producing member
so that upper surfaée(gas-liquid interface) of the

upper surface lowers. The generated negative
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pressure at this time is determined by the static head
and the capillary force at the gas-liquid interface in
the negative pressure producing member.

With the continuing consumption of the ink,
the gas-liquid interface reaches the top end portion
of the ambience introduction groove 50. At the time
when the pressures at the bottom portion of the liguid
containing chamber 36 directly accommodating the ink
and the negative pressufe producing'member 32 becomes
lower than the capillary force generated in the
capillary force generating groove 60, the air is
supplied into thg liqui%?tontaining_chamber 36 through
the ambiénce introductién groove 50 and the capillary
force generating groove'GO. As a result, the
pressure in the liquid containing chamber 36 increases
corresponding to the amoﬁnt of introduced air, and the
ink is supplied from the liquid containing chamber 36
into the negative pressure producing member 32 through
the f;uid communication path 40 so as to compensate
for the difference between the increased pressure and
the pressure of the negative pressure producing member
32. Namely, the gas-liquid exchange is carried out.

At this time, the pressure at the bottom
portion of the container rises corresponding to the
ink supply amount, arid therefore, the supply of the
air into the liquid containing chamber 36 stops.

During the ink consumption, the gas-liquid
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exchange occurs continuously, so that ink in the
liquid containing chamber 36 is supplied into the
negative pressure producing member 32. Therefore,
the generated negative pressure during the consumption

of the ink from the ligquid containing chamber 36 is

determined by the capillary force generated by the

capillary force generating groove 60. So, by
properly selecting the dimensions of the capillary
force generating groove 60, the generated negative
pressure during the gas-liqguid exchange can be
determined.

When the ink 1% supplied through the fluid
communiéation path 40 ffom the liquid containing
chamber 36 into the open cell elastic member 32, that
is, whén the gas-ligquid exchange is carried out, the
ink flows at the lower portion of the open cell
elastic member 32, that is, in the range of 10-20mm
from the inside of the bottom wall 10B of the
container 10. Therefore, if there is large gap, or if
the compression ratio of the open cell elastic member
is too high, as in a conventional container, the flow
of the ink may be impeded. However, according to this
embodiment, the lower end surface of the press-contact
member 46 is outer by the distance corresponding to
h2-1 than the inside of the bottom wall 10B, and |
therefore, the press-contact member 46 does not enter

by the distance correspondihg to h2-2, and the inward
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projection distance from the inside bottom is hl-2,
even if the ink passage cylinder 26 is pushed into the
ink supply cylinder 14 by a predeterminéd amount ( 1mm)
(mounting state) as shown in Figure 20. Therefore,
the gap due to the separation distance L2-2 from the
inside bottom of the container of the open cell
elastic member 32 is small. The separation distance
L2-2 is 2-3mm at most. As a result, when the gas-
liquid exchange occurs, the ink flows in the rangé of
10-20mm from the inside surface of the bottom wall 10B
of the container 10 in the open cell elastic member
32, and therefore, the %}OW of the ink is hardly
impeded in the liquid céntainer of this embodiment,
wherein the gap adjaCenf the press-contact member 46
is small. |

In addition, the iﬁcrease of the compression
ratio of the open cell elastic member 32 adjacent the
contact portion_with;the press-contéct member 46 (top
surface) is properly controlled, and therefore, the
ink flow is not impeded by the flow resistance
increase due to the increase of compression ratio the
open cell elastic member 32.

Furthermore, around the liguid supply opéning
14A, there is provided a stepped portion 14C inwa;dly
projected from the inside surface of the bottom wall
10B of the container 10, and therefore, the open cell

elastic member 32 is'compressed inwardly by two steps.
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' The step height is relatively small (0.3-0.7mm), so
that shape of the open cell elastic member 32 follows
the step, and no gap is formed. | The entering degree
of the press-contact member 46 entering degree which
causes the separation of the open cell elastic member
32 from the inside of the bottom wall 10B is (hl-2) -
(stepped portion 14C height), so that expansion of the
gap corresponding to the stepped portion 14C is

suppressed.
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WHAT IS CLAIMED 1IS:
1. A container for containing liguid to be
ejected, comprising: ?-

a negative preésure producing member
accommodating chamber fdr-accommodafing a negative
pressure producing member, said negative pressure
producing member accommodating chamber being provided
with an air vent for fluid communication with ambience
and a liquid supply portion for supplying the liquid
to a liquid ejecting head;

a liquid containing chamber substantially
hermetically sealed except for a flnid communication
path through which said liquid containing chamber is
in fluid communication with said negative pressure
producing member accommodating chamber; |

a partition for separating said negative
pressure producing member accommodating chamber and

said liquid containing chamber, said partition being

provided with an ambience introduction path for
introducing the ambience into said liquid containing
chamber from said negative pressure producing member
accommodating chamber, said ambience introduction path
forming a capillary force generating portion;

wherein the capillary force produced by said
capillary force generating portion satisfies the
following:

H<hg<Hs-Hp-&h
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where h is a capillary force defined by

dividing the capillary force generated bv the
capillary force generat;pg portion by the density ¢
of the ligquid to be ejeéted multiplied by the
gravitational acceleration g (the dimension of h is
length), that is, h=6Pc/¢g, where &Pc is the
generated capillary fbrce; H is a potential head
difference between the capillary force generating
portion and the liquid ejecting head plane including
the ejection outlets; Hs is a capillary force defined
by dividing'the capiilary force generated by the
negative pressure producing_member by the density ¢
of the liquid to be ejected multiplied by the
gravitational acéele:ation g (the dimension of H is
length), that is, Hs=6Ps/¢g, where 6Ps is the
capiliary force of the negative pressure producing
member; Hp is a potential head difference between the

gas-liquid interface in the negative pressure

producing member and the capillary force generating
portion; 6h is head loss defined by dividing a
pressure loss between the fluid communication path and
the liquid supply opening through the negative
pressure producing member by the density ¢

multiplied by the gravitational acceleration g (the
dimension of &h is length), that is,

é6h=6Pe/¢g, where 6Pe is the pressure loss).
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2. A container according to Claim 1, wherein
said capillary force generating portion has a
circumferential length E?and.a cross-sectional area S,
and the h is expressed by

h=L/SxI'/égxcose
where ¢ is a density of the liquid, g is
the gravitationa} acceleration, I is a surface
tension of the liquid, and © is a contact angle of the

liquid.

3. A container according to Claim 1, wherein a
capillary force of said capillary force generating
portion is between minimum and maximum of capillary
forces of the liquids of different kinds and colors

usable with the ejection head.

4, A container according to Claim 1, wherein

said liquid supply opening is provided at a bottom

portion of the container.

5. A container according to Claim 1, wherein
said container is integral with the liquid ejecting

head.

6. A container according to Claim 1, wherein
said container is detachably mountable relative to

said liquid ejecting head.
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7. A container according to Claim 1, wherein an
upper end of the ambien?g introduction path maintains
fluid communication with the ambience after start of

gas-liquid exchange.

8. A container according to Claim 1, wherein at
least an upper eﬁa of said ambience introduction path
is open to and contacted to said negative pressure
producing member, and a lower end thereof is in fluid

communication with said fluid communication path.

9. A container according to Claim 8, wherein
said ambience introduction path has a second passage
constifuting the capillary force generating portion
and a first passage having a cross-sectional area

which is larger than that of said second passage.

10. A container according to Claim 9, wherein
there are provided a plurality of at least such said

second passages.

11. A container according to Claim 9, wherein
said ambience introduction path is in the form of a
groove, an open part of which is closed by said

negative pressure producing member.
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i2. A container according to Claim il, wnerein
said groove is in fluid communication with a groove
extended in a 1ongitudi%§1 direction of said fluid

communication path.

13. A container according to Claim 9, wherein
said first passage and said second passage are in the
form of an ambience introduction groove and a
capillary force generating groove, respectively, open
parts of which are closed by said negative pressure

producing member.

14, A container according to Claim 11, wherein
said capillary force generating groove has a
rectangular section having a width x a depth of 0.20-

0.40mm x 0.20-0.40mm.

15. A container according to Claim 11, wherein

said capillary force generating groove has a length of

2-10mm.
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16. A container according to Claim 11, wherein
said capillary force generating groove has a

trapezoidal section.

17. A container according to Claim 11, wherein
said capillary force generating groove has a

triangular shape section.

18. A container aciprding to Claim 11, wherein
said capillary force geherating groove'has a

semicircular section at least in a part thereof.

19. A container according to Claim 1, wherein
said liquid supply opening is provided with a press-
contact member contacted to said negative pressure

producing member.

20. A container according to Claim 1, wherein
said negative pressure producing member has a height
in said negative pressure producing member

accommodating chamber, which is not less than 40mm..

21. A container according to Claim 1, wherein an

air buffer chamber is formed above said negative
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pressure producing member in said negative pressure
producing member accommodating chamber, said air
buffer chamber being in fluid communication with said
air vent, and wherein a volume ratio of the air buffer
chamber and said negative pressure producing member

accommodating chamber is 1/5-1/8.

22. A container according to Claim 1, wherein the
volume fatio of said negative pressure producing
member accommodating chamber -and said liquid
containing chamber is 1:1 to 5: 3.

23. A container acéording to Claim 1, wherein
said negative pressure pioducing member is liquid

absorbing foamed polyurethane resin material.

24. A container according to Claim 19, wherein

said press-contact member is of felt of polypropylene.

25. A container according to Claim 1, wherein
said fluid communication path has a width which is
smaller than a width of a bottom portion of said

partition.

26. A container according to Claim 1, wherein a
top level of said ambience introduction path is higher

than the upper end of said ambience introduction path
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by 10-30mm.

27. A container according to Claim 1, wherein a
distance befween said fluid communication path and

said ejection liquid supply port is 10-50mm.

28. A container according to Claim 19, wherein
said press-contact member i§ gressed into said
hegative pressure producing member, and an entering
distance thereof is 0.5-2mm . when said liquid container
is not connected with said liquid ejécting.head, and

is 1.0-3.0mm when it isgponnected therewith.

29. A container according to Claim 1, wherein
said container contains the liquid to be supplied to

said liquid ejecting head.

30. A container for containing liquid to be
ejected, comprising:

_ a negative pressure producing member
accommodating chamber for accommodating a negative
pressure producing member, saidlnegative pressure
producing member accommodating chamber being provided
with an air vent for fluid communication with ambience
and a liquid supply portion for supplying'the liquid
to a liquid ejecting head;

a liquid containing chamber substantially
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hermetically sealed except for a fluid communication
path through which said liquid containing chamber is
in fluid communication with said negative pressure
producing member accommodatiné chamber;

a partition for separating said negative
pressure producing ﬁember accommodating chamber and
said liquid containing chamber, ;
| said partition beingwprovided with an
ambience introduction path fér introducing the
ambience into said liquid containing chamber from said
negative pressure producing member accommodating
chamber, said ambience &ptroduction path forming a
capillary force generating portion;

wherein the capillary force produced by said
‘capillary force generating'pdrtion satisfies the
following:

H+hm<h<Hs-~Hp-&6h

where h is a capillary force defined by
dividing the capillary force generated by the
capillary force generating portion by the density ¢
of the ligquid to be ejected multiplied by the
gravitational acceleration g (the dimension of h is
length), that is, h=8Pc/¢ég, where &6Pc is the
generated capillary force; H is a pbtential head
difference between the capillary force generating
portion and the liquid ejecting head plane including.

the ejection outlets; Hs is a capillary force defined

This Sheet Has Been Replaced
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by dividing the capillary force geperated by the
negative pressure producing member by the density ¢
of the.liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of H is
length), that is, Hs=6Ps/¢g, where 6Ps is the
capillary force of the negative préssure producing
member; Hp is a potential head difference between the
gas-liquid interface in the negative pressure
broducing member and the cébillary force generating

portion; &h is head loss defined by dividing a

pressure loss between the fluid communication path and

the liquid supply openigg through the negative
pressure producing member by the density ¢
multiplied by the gravitational acceleration g (the
dimension of &h is length), that is,

6h=6Pe/¢g, where 6Pe is the pressure loss),

wherein hm is a design margin capillary force divided
by the density ¢ multiplied by the gravitational
acceleration g (dimension is length), that is,
hm=6Pm/¢g, where 6Pm is a design margin

capillary force.

31. A container according to Claim 30, wherein
said capillary force generating portion has a
circumferential lendth L and a cross-sectional area S,

and the h is expressed by



A o

32. A container according to Claim 30, wherein a
capillary force of said capillary force generating
portion is between minimum and maximum of capillary
forces of the liquids of differept kinds and colors

5 nusable with the ejection head.

33. A container according to Claim 30, wherein
said liquid supply opening is provided at a bottom
[IRN '

portion of the container.

10
34. A container according to Claim 30, wherein
said container is integﬁgl_with the liquid ejecting
head.
15 35. A container according to Claim 30, wherein

said container is detachably mountable relative to

said liquid ejecting head.

36. A container according to Claim 30, wherein an
20 upper end of the ambience introduction path maintains
fluid communication with the ambience after start of

gas-liquid exchange.

37. A container according to Claim 30, wherein at
25 least an upper end of said ambience'intrdduction.path
is open to and contacted to said negative pressure

producing member, and a lower end thereof is in fluid
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communication with said fluid communication path.

38; A container according to Claim 37, wherein
said ambience int;oduction path has a second passage
constituting the capillary force generating portion
and a first passage having a cross-sectional area
which is larger than that of said second passage.

39. A container according to Claim 38, wherein
there are provided a plurality of at least such said
second passages.

40. A container acéording tq Claim 38, wherein
said ambience introduction.path is in the form of a
groove, an open part of which is closed by said

negative pressure producing member.

41. A container according to Claim 40, wherein
said groove is in fluid communication with a groove
extended in a longitudinal direction of said fluid

communication path.

42. A container according to Claim 38, wherein
said first passage arid said second passage are in the
form of an ambience introduction groove and a
capillary force generating groove, respectively} open

parts of which are closed by said negative pressure
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producing member.

43. A container according to Claim 40, wherein
said capillary force generating groove has a
rectangular section having a width x a depth of 0.20-

0.40mm x 0.20-0.40mm.

44. A container accérqing to Claim 40, wherein

~said capillary force generating groove has a length of

2_10Inm.

45, A container acgprding to Claim 40, wherein
said capillary force generating groove has a

~trapezoidal section.

46. A container according to Claim 40, wherein
said capillary force generating groove has a

triangular shape section.

47. A container according to Claim 40, wherein
said capillary force generating groove has a

semicircular section at least in a part thereof.

48, A container according to Claim 30, wherein
said liquid supply opening is provided with a preés—
contact member contacted to said negative pressure

producing member.
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49. A container according to Claim 30, wherein
said negative pressure producing member has a height
in said negative pressure producing member

accommodating chamber, which is not less than 40mm.

50. A container according to Claim 30, wherein an
air buffer chamber is formed above said negative
ﬁressure producing member in said negative pressure
producing member accommodating chamber, said air
buffer chamber being in fluid communication with said
air vent, and wherein aﬁvolume ratio of the air buffer
chamber and said negati§e pressure producing member

accommodating chémber is 1/5-1/8.

51. A container according to Claim 30, wherein
the volume ratio of said negative pressure producing
member accommodating chamber and said liquid

containing chamber is 1:1 to 5: 3.

52. A container according to Claim 30, wherein
said negative pressure producing member is liquid

absorbing_foamed polyurethane resin material.

53. A container according to Claim 48, wherein

said press-contact member is of felt of polypropylene.
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54. A container according to Claim 30, wherein
said fluid communication path has a width which is
smaller than a width of a bottom portion of said

partition.

55. A container according to Claim 30, wherein a
top level of said ambience introduction path is higher
than the upper end of said.ambience'introduction path

by 10-30mm.

56. A container according to Claim 30, wherein a
distance between said fgpid communication path and

said ejection liquid supply port is 10~-50mm.

57. A container accdrding to Claim 48, wherein
said-press-contact member is pressed into said
negative pressure producing member, and an entering
distance thereof is 0.5-2mm when said liquid container
is not connected with said liquid ejecting head, and

is 1.0-3.0mm when it is connected therewith.

58. A container according to Claim 30, wherein
said container contains the ligquid to be supplied to

said liquid ejecting head.

59. A container for containing liquid to be
ejected, comprising: [ —
- heet Has Been Replaced
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a negative pressure producing member

accommodating chamber for accommodating a negative

pressure producing member, said negative pressure

producing member accommodating chamber being provided

with an air vent for fluid communication.with ambience

and a liquid supply portion for supplying the liquid

to a liquid ejecting head;

a liquid containing chamber substantially

hermetically sealed except for a fluid communication

path through which said liquid containing chamber is

in fluid communication with said negative pressure

producing member accommgdafing chamber;

a partition for separating said negative

pressure producing member accommodating chamber and

said liquid containing chamber, wherein said partition

is provided with a capillary force generating portion

therein;

a press-contact member in said liquid supply

opening provided at a bottom side of said negative

pressure producing member accommodating chamber, and

an upper end surface of the press-contact member is

contacted to said negative pressure producing member;

wherein a distance 1; from said fluid

communication path to a portion of said press-contact

member which is closest to said fluid communication

path satisfies:

13< (Hs-Hpa-h) /6h

This Sheet Has Been Replaced
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where h is a capillary force adjacent the
fluid communication path defined by dividing the
pressure by the density ¢ of the liquid to be
ejected multiplied by the gravitational acceleration g
(the dimension of h is length), that is,
h=6Pca/¢g; where 8Pca is the pressure-adjacent
the fluid communication path; Hs isma capillary force
defined by dividing the cap;llary force generated by
the negative pressure produéing member by the density
¢ of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of Hs is
length), that is, Hs=6Pg/¢g, where &Ps is the
capillary force of the ﬁegative pressure producing
member; Hp is a potentiél head difference between the
gas-liquid interface in the negativé pressure
producing member and the neighborhood of the fluid
communication path; &h is head loss defined by
dividing a pressure loss between the fluid
communication path and the liquid supply opening
through the negative pressure prodﬁéing member by the
density ¢ multiplied by the gravitational

acceleration g (the dimension of &6h is length),

that is, &6h=6Pe/¢g, where S8Pe is the

pressure loss).

60. A container according to Claim 59, wherein a

lower end surface of said press-contact member is out
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of an inner bottom surface of said container.

61. A container according to Claim 59, wherein
around said liquid supply opening, a stepped portion
inwardly projecting from an inner bottom surface of

said container is provided.

62. - A contéiner aécogdiné to Claim 59, wherein
said liquid supply opening is formed in a liquid
supply cylinder formed outwardly from an outer surface
of a bottom wall of said container.

63. A container according to Claim 59, wherein
said container contains'the liguid fo be supplied to

an ink jet head.

64. A container for containing liquid to be
ejected, comprising:

a negative pressure producing member
accommodating chamber for accommodating a negative
pressure producing member, said negative pressure
producing member accommodating chémber being provided
with an air vent for fluid communication with ambience
and ‘a liquid supply portion for supplying the ligquid
to a liquid ejecting head;

a liquid containing chamber substantially

hermetically sealed except for a fluid communication

This Sheet Has Been Rep
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path through which said liquid containing chamber is
in fluid communication with said negative pressure
producing membef accommodating chamber:;

a partition for separating said negative
pressure producing member accommodafing chamber and
said liquid containing chamber, said partition being
provided with an ambience introductiqn path for
providing a capillary forcghggnerating portion in said
partition wall and for introducing ambience into said
liquid containing éhamber from said negative pressure
producing member accommodating chamber:
| a_press—contac?;member in said liquid supply
opening provided at a béttom side of said negative
pressure producing membér accommodating chamber, and
an upper end surface of the press-contact member is
contacted to said negative pressure producing member;

wherein a distance;l from said fluid
communication path to a portion of said press-contact

member which is closest to said fluid communication

path;

1;< (Hs-Hp-h) /6h

where h is a capillary force adjacent the

fluid communication path defined by dividing the

pressure by the density ¢ of the liquid to be
ejected multiplied by the gravitational acceleration g

(the dimension of h is length), that is,

hﬁaPc/¢g; where 6Pc is the pressure adjacent

This Sheet Has Been Replaced
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the fluid communication path; Hs is a capillary force

defined by dividing the capillary force generated by
the negative pressure producing member by the density
¢ of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of Hs is
length), that is, Hs=6Ps/ég, whe;e 6Ps is the
capillary force of the negative pressure producing
member; Hp is a potential head difference between the
gas-liquid interface in the negative pressure
producing member and the neighborhood of the fluid
communication path; 8h is head loss defined by
dividing a pressure 1os§fbetween the fluid
communication path and fhe liquid supply opening
through the negative préssure producing member by the
deﬁsigy ¢ multiplied by the gravitational
acceleratidn g (the dimension of 8h is length),

that is, 6h=6Pe/dg, where SPe is the

pressure loss).

65. A container according to Claim 64, wherein a
lower end surface of said press-contact member is out

of an inner bottom surface of said container.

66. A coritainer according to Claim 64, wherein
around said liquid supply opening, a stepped portion
inwardly projecting from an inner bottom surface of

said container is provided.
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67. A container according to Claim 64, wherein
said liquid supply opening is formed in a liquid
supply cylinder formed outwardly from an outer surface

of a bottom wall of said container.

68. A container according to Claim 64, wherein
said container contains the liquid to be supplied to

an ink jet head.

69. A container for containing liquid to be
ejected, comprising: f'

a negative préssure producing member
accommodating chamber fér accommodating a negative_
pressure producing member, said negative pressure
producing membef accommodating chamber being provided
with an air vent for fluid communication with ambience
and a liquid supply portion for supplying the liquid
to a liquid ejecting head;

| a liquid containing chamber substantially
hermetically sealed except for a fluid communication
path through which said liquid containing chamber is
in fluid communication with said negative pressure
producing member accommodating chamber;

a partition'e#tending up from said fluid

communication path of said negative pressure producing

member accommodating chamber;.
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a press-contact member in said liquid supply

opening provided at a bottom side of said negative
pressure producing member accommodating chamber,'and'

an upper end surface of the press-contact member is

contacted to said negative pressure producing member,

wherein a lower end surface of said press-contact
member is out of an inner bottom surface of said
container. _

wherein the supply port is disposed sc that
distancel, from said fluid communication path to a
portion of said press—-contact member closest to said
fluid communication patgy and a distancel; from a
fluid communication path to a portion of said press-
contact member closest to said fluid communication
path, satisfy;

5mmg<ly <60mm.

70. A container according to Claim 65, wherein

10mm<l1 1<50mm is satisfied.
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ABSTRACT OF THE DISCLOSURE .

A container for containing liquid to be
ejected includes a negative pressure producing member
accommodating chamber for accommodating a negative
pressure producing member, said negative pressure
producing member accommodating chamber being provided
with an air vent for fluid communication with ambience
and a liquid supply portiondfor suppiying the liquid
to a liquid ejecting head;-o'iiquid containing chamber

substantially hermetically sealed except for a fluid

- communication path through which said liquid

containing chamber is igyfluid communication with said
negative pressure producing member accommodating
chamber; a partition for separating said negative

pressure producing member accommodating chamber and

'said liquid containing chamber, said partition being

provided with an ambience introduction péth for
introducing the ambience into ‘'said liquid containing
chamber from said negative pressure producing member
cccommodating chamber, said ambience introduction path
forming a capillary force generating portion; wherein

the capillary force produced by said capillary force

generating portion satisfies the following:

H<h<Hs-Hp-6h
where h is a capillary force defined by
dividing the capillary force generated by theu

capillary force generating portion by the density ¢
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of the liquid to be ejected mulfiplied by the
gravitational acceleration g (the dimension of h is
length), that is, h=6Pc/¢g, where &Pc is the
generated capillary force; H is a pbtential head
difference between the capillary force generating
portion and the liquid ejecting head plane including
the ejection outlets; Hs is a capillary force defined
by dividing'the.capillary fgrce generated by the
negative pressure producing member by the density ¢
of the liquid to be ejected multiplied by the
gravitationai acceleration g (the dimension of H is
length), that is, Hs=6Pi¢¢g, where 6Ps is the
capillary force of the ﬁegative pPressure producing
member; Hp is a potential head difference between the

gas-liquid interface in the negative pressure

‘producing member and the capillary force generating

portion; 6h is head loss defined by dividing a
pressure loss between the fluid communication prath and
the liquid supply opening.through the.negative
pressure producing member by the density ¢

multiplied by the gravitational acceleration g (the
dimension of &h is length), that is,

5h=6Pe/¢g, where 6Pe is the pressure loss).
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CONTAINER FOR LIQUID TO BE EJECTED

ABSTRACT OF THE DISCLOSURE

A container for containing liquid to be
ejected includes a negative bressure producing member
accommodating chamber for accommodating a negative
pressure producing member, said negative pressure
producing member accommodating chamber being provided
with an air vent for fluid communication with ambience
and a liquid supply'portion for supplying the liquid
to a liquid ejecting head; a-liquid containing chamber
substantially hermetically sealed except for a fluid
communication path through which said liquid
containing chamber is in fluid communication with said
negative pressure producing member accommddating
chamber; a partition for separating said negative
pressure producing member accommodating chamber and
said liquid containing chamber, said partition being
provided with an ambience introduction path for
introducing the ambience into said liquid containing
chamber from said negative pressure producing member
accommodating chamber, said ambience introduction path
forming a capillary force generating portion; wherein
the capillary force produced by said capillary force
generating portion satisfies'the following:

H<h<Hs-Hp-6h

where h is a capillary force defined by
dividing the capillary force generated by the

capillary force generating portion by the density ¢
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of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of h is
length), that is, h=8Pc/¢g, where S&Pc is the
generated capillary force; H is a potential head
difference between the capillary force generating
portion and the liquid ejecting head plane including
the ejection outlets; Hs is a capillary force defined
by dividing the capillary force generated by the
negative pressure producing member by the density ¢
of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of H is
length), that is, Hs=6Ps/¢g, where &Ps is the
capillary force of the negative pressure producing
member; Hp is a potential head difference between the
gas—-liquid interface in the negative pressure
producing member and the capillary force generating
portion; &6h is head loss defined by dividing a
pressure loss between the fluid communication path and
the liquid supply opening through fhe.negative
pressure producing member by the density ¢

multiplied by the gravitational acceleration g (the
dimension of 8h is length), that is,

8h=6Pe/¢g, where 6Pe'is the pressure loss).

Figure 2

This Sheet Has Been Replaced
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scanning of the carriage, the temperatu:e variation

and the pressure variation due to the ambient

condition change are imparted. Therefore,

the ink

pressure in the ejection outlet at the plane including

the ejection outlets is preferably less than the

safety factor.

ambient pressure by approx. -10mmH,0 including a

Taking this into consideration, the capillary

force h converted to length desirably satisfy the

following:
H+hm<h<Hs-Hp-8h.....(4)
Therefore, (3) is:
'1/cos6xég/I'x (H+hm) <L/Sg
1/coséxég/I'x(Hs-Hp-6h)

Specific values will be given using as the

example the second passage 60 having the trapezoidal

section shown in Figure 12, (A).

Example 1:

the width of the opening Wl=0.25mm; the width

of the bottom portion W2=0.24mm; the depth D=0.38mm.

In this case, the inclined surface length(the

inclination angle of the inclined surface is 1.3°9),

and 4 is approx. 0.38mm, L/S is 135cm™. When the ink has a

surface tension of 46.5dyn/cm, the negative static

pressure in the gas-liquid exchange was -5.2cm.

Therefore, when hm is lcm, H is 2.7cm, Hs=10cm,

Hp=1.2cm and Sh=1.5cm, then 96<L/S<189 is
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said liquid containing chamber;

A press-contact member in said liquid supply

opening provided in a bottom surface of said negative

" pressure producing member accommodating chamber,

wherein an upper end surfacé of the'press—contact'
member is contacted to said negative pressure
producing member;

Wherein a distancel; between said fluid
communication path and such a portion of said press-
contact member as.is closest to fluid communication
path, satisfies: |

1,< (Hs-Hpa-h) /&h

h is a capillary force adjacent the fluid
communication path defined by dividing the pressure by
the density ¢ of the liquid to be ejected multiplied
by the grévitational acceleration g (the dimension of
h is length), that is, h=8Pca/¢g, where SPca
is the pressure adjacent the fluid communication path;
Hs is a capillary force defined by dividing the
capillary force generated by the negative pressure
producing member by the density ¢ of the liquid to
be ejected multiplied by the gravitational
acceleration g (the dimension of Hs is length), that
is, Hs=6Ps/¢g, where §Ps is the capillary

force of the negative pressure producing member; Hp is
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external force. When the container is not mounted in
the container case 20 as shown in Figure 3, the press-
contact member 46 is maintained under the press-
contact state wherein it is slightly pushed to the
open cell elastic member 32 so as to locally compress
the open cell elastic membe; 32. The degree of
press-contact of the open éell elastic member 32 by
the upper end surface of the press-contaét.member 46
is preferably not less than Omm from tﬁe-inside surface
of the bottom wall 10B of the container 10 and not
more than S5mm. To accomplish this, a flange 14B
contacted to the neighborhood of the press-contact
member 46, is formed at the end of the ink supply
cylinder 14. The press-contact member 46 receives
repelling force of éﬁprox. 300gf froﬁ the open cell
elastic member 32 so that it bends. To pre&ent
disengégement theredf from the predetermined position
in the ink supply cylinder 14, the aspect ratio of the
thickness(height) in the section shown in Figure 3 is
preferably not less than0.5.

In the embodiment of Figure 19, the inner
dimension LO-1 of the container 10 in the longitudinal
direction is approx. 70hm; the inner dimension h0-1 in
the height direction is approx. SOmﬁ, inner dimension
L0-2 of the first accommodation chamber 34 in the
longitudinal direction is approx. 43-47mm, and the

distance L1 from the open cell elastic member 32 side
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by dividing the capillary force generated by the
negative pressure producing member by the density ¢
of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of H is

length), that is, Hs=6Ps/¢g, where 6Ps is the

" capillary force of the negative pressure producing

member; Hp is a potential ﬁead différence between the
gas-liquid interface in the negative pressura
producing member and the capillary force'generating
portion; &h is head loss defiaed by'diyiding a
pressure loss between the fluid communication prath and
‘the liquid supply opening through the negative
pressure produding member .by the density ¢
multiplied by the gravitational acceleration g (the
dimension of &h is length), that is,

6h=6fe/¢g, where 8Pe is the pressure loss),‘

wherein hm is a design margin capillary force divided
by the density ¢ multiplied by the gravitational
acceleration g (dimension is length), that is,
hm-6Pm/¢g, where S6Pm is a design margin

capillary force.

31. A container accordlng to Claim 30, whereln sald
capillary force generating portion has a circumferential
length L and a cross- sect10na1 area S, and the h is expressed

by
h=L/SxF/¢gxcose

where L is the circumferential length (cm) of the
capillary force generating portion; S is the Cross-sectional
area (cm*); I' 1s the surface tension of the 1nk(dyn/cm), € is
the contact angle; ¢ -is the density(g/cm>); and g is the
gravitational acceleratlon(980cm/sl)
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a press-contact member in said liquid supply

opening provided at a bottom side of said negative

pressure producing member accommodating chamber, and

an upper end surface of the press—-contact member is

5 contacted to said negative pressure producing member,

" wherein a lower end surface of said press-contact

member is out of an inner bbttom surface of said

container.

‘wherein a distancel, from a fluid communication

-path to a portion of said press-contact member closest to

10
said fluid communication path, satisfy.
Smmgl, <60mm
70. A container according to Claim 65, wherein
10mmgl,<50mm is satisfied. '
15
20

25
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Container for liquid to be ejected

--A container for containing liquid to be ejected
includes a sponge chamber having an air vent and a
1iquid supply portion for supplying the liquid to a
1iquid ejecting head; a liquid chamber substantially
hermetically sealed except for a path through which
the liquid chamber is in fluid communication with the
sponge chamber; a partition, between the chambers,
provided ‘with an ambience introduction path for
introducing tha ambience into the liquid chamber from
the sponge chamber, the ambienca introduction path '
forming a capillary force generating portion; wherein
the capillary force of the generating portion
satisfies: ’

H<hgHs-Hp-&h

_ where h is capillary force defined by
dividing capillary force generated by the generating
portion by density ¢ of the liquid multiplied by
gravitational acceleration g (dimension of h is
length), that is, h=8Pc/$g. where &Pc is tha generated
capillary force; H is potential head adifference
between the generating portion and sjection head plane
including the ejection outlets; Hs is a capillary
force defined by dividing the capillary force
generated@ by the sponge by the density ¢ of the ligquid-
multiplied by g , that is, Hs=86Ps/¢g, where §Ps is the
.capillarr'tdrce of the sponge; Hp iz potential head
difference between the gas-liquid interface in the
sponge and the generating portion; Sh is head loss
defined by dividing a pressure loss. between the fluid
communication path and the liquid supply opening
‘through the sponge by the density ¢ multipliad by the
gravitational acceleration g, that is, 5h=§Pe/ég.
whare &Pa is pressura loss.--

Figure 2
This Sheet Has Been R

N T
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TEXT OF THE ABSTRACT

CONTAINER FOR LIQUID TO BE EJECTED

A container (10) for containing liquid to be ejected includes a sponge chamber (34) having an
air vent (12) and a liquid supply portion (14) for supplying the liquid to a liquid ejecting head
(22), a liquid chamber (36) substantially hermetically sealed except for a path (40) through
which the liquid chamber is in fluid communication with the sponge chamber, a partition (38),
between the chambers, provided with an ambience introduction path (50,60) for introducing
the ambience into the liquid chamber (36) from the sponge chamber (34), the ambience
introduction path forming a capillary force generating portion.

Figure 2.
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which the ink supply operation is carried out with the
gas-liquid exchange in the ink container including the
liquid containing chamber and the negative pressure
producing member accommodating chamber,'when the
negative pressure balance in the ink container
satisfies the following:

ihi+{sh' x 1;] < [Hs;-|Hpa|

The supplying operation of the ink is proper
with the gas-liquid interface height in the absorbing
material (negative pressure producing member)
maintained properly.

The liquid accommodating container has the
structure shown in Figure 17, and comprises 2 negative
pressure producing member accommodating chaﬁber
accommodating a negative pressure producing member
therein and including the air vent for fluid
communication with the communication and a liquid
supply opening for supplying the liguid to the
recording means; _ '

A liquid containiﬂg chamber which is
substantially hermetically sealed except for a fluid
communication path tﬁrough which said liquid
containing chamber is in fluid communication with said
negative pressure producing member accommodating
chamber;

A partition for separating said negative

pressure producing member accommodating chamber and
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said liquid containing chamber, wherein said partition
is provided with a capillary force generating portion
therein;

A press-contact member in said liquid supply
opening provided in a bottom surface of'said negative
pressure producing member accommodating chamber,
wherein an upper end surface of the press-contact
member is contacted to said negative pressure
producing member;

Wherein a distancel; between said fluid.
communication path and such a portion'of said press-
contact member as is closest to fluid communication
path, satisfies: .

11< (HSFHpa—h) /éh!

h is a capillary force adjacent the fluid
communication path defined by dividing the pressure by
the density ¢ of the liquid to be ejected multiplied
by the gravitatipnal acceleration g (the dimension of
h is length), that is, h=6Pca/¢g, where 5Pca
is the pressure adjacent the fluid communication path;
Hs is a capillary force defined by dividing the
capillary force generated by the negative pressure
producing member by the density ¢ of the ligquid to
be ejected multiplied by the gravitational
acceleration g (the dimension of Hs is length), that
is, Hs=6Ps/¢g, where §Ps is the capillary

force of the negative pressure producing member: Hpa is
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a potential head difference between the gas-liquid
interface in the negative pressure producing member
and the neighborhood of the fluid communication path;

Sh' is head loss per unit length defined by dividing a

pressure loss betweén the fluid communication path and
the liquid supply opening through the negative
pressure producing member by the density $ mﬁltiplied
by the gravitational acceleration g, &h'=8P/¢g,

where &P is the pressure loss per unit length).

The pressure loss 6Pe is an integration, with the
length of flux, of the pressure loss in each saction
which is determined on the basis of the cross-
sectional area of the flux of thé liquid to be ejected
flowing through the negative pressure producing
membetr, and therefore, it is proportional to the
length of the flux and square of the flow speed, and
is reversely proportional to the cross-sectional area
of the flux.

The cross-sectional area is determined by a
thickness of the negative pressure producing.member
multiplied by a height of the gas-liquid interface in
the negative pressure producing member from the bottom
of the negative pressure producing membef
accommodating chamber. Since however the negative
pressure producing member is not uniform, it is
difficult to determine the pressure loss, the cross-

sectional area is deemed here as an average height of
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and an ambience intreduction path 50 adjacent the
fluid communication path.

The distancel; from the fluid communication
path to the portion which is closest from the fluid
communication path satisfies:

1;< (Hs-Hp-h) /&h’

h is a capillary force adjacent the fluid
comnunication path defined by dividing the pressure by
the density ¢ of the liquid to be ejected multiplied
by the gravitafional acceleration g (the dimension of
h is length), that is, h=8Pc/¢g, where S5Pc is
the pressure adjacenf the fluid communication path; Hs
is a capillary force defined by dividing-thefcapillary
force generated by the negative pressure producing
‘member by the density ¢ of the ligquid to be ejected
multiplied by the gravitational acceleration g (the
‘dimension of Hs is length), that is, Hs=5Ps/¢g,
where 8Ps is the capillary force of the negative
pressure producing member; Hp is a potential head
difference between the gas-liquid interface in the
negative pressure producing member and the
neighborhood of the fluid communication path; 5h'

is head loss per unit length defined by dividing a

pressure loss between the fluid communication path and
the ligquid supply opening through the negative
Pressure producing member by the density ¢ multiplied

by the'gravitational acceleration g, that is,
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8h'=5F/¢g, where 6P is the pressuzre loss per unit
length). The pressure loss &6§Pe is an integration,
with the length of flux, of the pressure loss in each
section which is determined on the basis -of the cross-
sectional area of the flux of the liguid to be ejected
flowing through the negative pressure producing
membef, and therefore, it is proportional to the
length of the flux and square of the flow speed, and
is reversely proporticnal to the cross-sectional area
of the flux. The cross-sectional area is determined
by a thickneés of the negative pressure producing
member multiplied by'a height of the gas-liquid
interface in-the'negative pressure producing member
from the bottom of the negative pressure producing
member accommodating chamber. Since -however the
negative pressure producing member is not uniform, it
.is difficult to determine the pressure loss, the
cross-sectional area is deemed here as an average
height of the gas-liquid interface in the negative
pressure producing member multiplied by an average
width of the negative pressure producing member. As
regards the length of the flux, the maximum length is
important, and therefore, it is deemed as the distance
between the fluid communication path and the portion
of the press-contact member which is most remote from
the fluid communication path. When the pressure loss

per uwnit length is &P, the pressure loss 6Pe is:
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&Pe=58Fx1, .

The average length of the flux is a distance
from the fluid communication path to the central
portion of the interface between the press-contact
member and the negative pressure producing member.

Here, 6Pc>H, H is a static head from the
neighborhood to the orifice.

This is.reqﬁired to provide the recording
head with a proper negative pressuré.

Here, an ink container using a sponge which
is 4 times heat-compressed.

The used ink has a I'=30, "eta"=2,
$=1.06g/cm3. The ink flow amount is 1.44g/min. The
negative pressure in the orifice of the recording head
immediately after the container is open is 25mmAg.

The initial ambience interface height after the
-opening is 40mm. The negative pressure at the orifice
when the gas-liguid exchange occurs 15mmAg. The
ambience interface height dgring the gas-liquid

exchange Hp=12mm. In this case, &6§Ps=90mmAq,

5Pc=40mmAq, SP=0.5mmAq/mm, 1 1<(90-12-40)
/0.5=76mm. '

When the ll'was 75mm in the experiments,
stable operation was confirmed under normal operating
condition.

However, since the ink reaches the user

through various distribution channels, a safety factor
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a negative pressure producing member
accommodating chamber for accommodating a negative
pressure producing member, said negative pressure
producing member accommodating chamber being provided
with an air vent for fluid communication with ambience
and a liquid supply portion for supplying the liquid
to a liquid ejecting head;

a liquid containing chamber substantially
hermetically sealed except for a fluid communication
path through'which said ligquid containing chamber is
in fluid communication with said negative pressure
producing member accommodating chamber;

a partition for separating said negative
pressure producing member accommodating chamber and
said liquid containing chamber, wherein said partition
is provided with.a capillary force generating portion
-therein:

a press-contact member in said liquid supply
opening provided at a bottom side af said negative
pressure producing member accommodating chamber, and
an upper end surface of the press-contact member is
contacted to said negative pressure producing member;

wherein a distance 1; from said fluid
communication path to a portion of said press-contact
member which is closest to said £luid communication

path satigfies:

1< (Hs-Hpa-h) /&6h'
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where h is a capillary force adjacent the
fluid communication path defined by dividing the
pressure by the density ¢ of the liguid to be
ejected multiplied by the gravitational acceleration g
(the dimension of h is length), that is,
h=6Pca/¢g, where &Pca is the pressure adjacent

the fluid communication path; Hs is a2 capillary force

defined by dividing the capillary force generated by

the negative pressure produéing member by the density
¢ of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of Hs is
length), that is, Hs¥6P5/¢g, where &Ps is the
capillary force of the negative pressure'proéucing

member; Hpa is a potential head difference between the

gas~liquid interface in the negative pressure
producing member and the neighborhood of the fluid

communication path; 8h' is head loss per unit length

defined by dividing & pressure loss between the fluid
communication path and the liquid supply opening

through the negative pressure producing member by the
density ¢ multiplied by the gravitational acceleration

g, 6h'=3P/¢g, where 8P is the pressure loss per unit

"length).

60. A container according to Claim 59, wherein a

lower end surface of said press-contact member is out
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path through which said liquid confaining chamber is
in fluid communication with said negative pressure
producing member accommodating chamber;

a partition for separating said negative
pressure producing member accommodating chamber and
said liquid containing chamber, said partition being
provided with an ambience introduction path for
providing a capillary force generating portion in said
partition wall and for introducing ambience into said
liquid containing chamber from said negative pressure
producing member accommodating chamber;

a press—confact member in said'liquid supply
opening provided'ét a bottom side of said negative
pressure producing member accommodating chamber, and
an upper end surface of the press-contact member is
contacted to said negative pressure prdducing member;

wherein a distancel; from said fluid |
communication path to a portion of said press-contact
member which is clﬁsest to said fluid communication
path; |

1< (Hs-Hp-h) /&h'

where h is a capillary force adjacent the
fluid communication path defined by diQiding the
pressure by the density ¢ of the liquid to be '
ejected multiplied by the gravitational acceleration g
.(the dimension of h is length), that is,

h=6Pc/¢g, where 6Pc is the pressure adjacent
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the fluid communication path; Hs is a capillary force
defined by dividing the capillary force generated by
the negative pressure producing member by the density
¢ of the liquid to be ejected multiplied by the
gravitational acceleration g (the dimension of Hs is
.1engfh), that is, Hs=6Ps/¢g, where &Ps is the
capillary force of the negative pressure producing
member; Hp is a potential head difference between the
gas-liquid 1nterfac§ in the negative pressure
producing meﬁhei and the neighborhood of fhe fluid

communication path; &h' is head loss per unit length

defined by dividing a pressure loss between the fluid
cbmmﬁnicatioq;paéh and the liquid supply.opening
through the negative pressure producing member by the
density ¢ multiplied by thé gravitational acceleration
g, 8h'=6P/¢g, where &P is the pressure loss per unit

'length).

65. A container according to Claim 64, wherein a -
lower end surface of said press-contact member is out

of an inner bottom surface of said container.

66. A container according to Claim 64, wherein
around said liquid supply opening, a stepped portion
inwardly projecting from an inner bottom surface of

said container is provided.



