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2o : structure have been pr posed framthe standpoint of

domnsrzrng and ‘ease iof narntenance Such an ink container is
required not only to ~ be capabl e of supplyrng preferably he ink to the
5 recording head in proportron to the anount of the ml{%r w/\ jected from

t he recordi ng head dyring a recording .4 operation, b al so, not to

al l ow the ink to leak from t he eJectrdh orifice during a non-recording
peri od. As exanpl es of such an ink container, those 10
disclosed in U S. Patent Nos. 4,771,295 and 5, 025, 271 have been known.

In these exanpl es, the recording AN fﬁ&ﬂhéﬁyhfﬁgkcontainer are united
Into a cartridge, o : -

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to an ink

5 container for storing the ink to be_supﬁlied to a
recording head, and en ink jet recording apparatus
that takes such an ink container in order to record
(print) images (including characters) on recording
medium. |

10 . There are varieus structures for supplying
the ink to the recording head of an ink jet recording
apparatus: a structure in which the ink is supplied
from a replaceable ink container mounted within the
apparatus to a recording head moﬁnted fixedly on a

15 carriage, through a tube routed within the apparatus;
a structure in which the ink container and recerding
head are integrated into a combination cartridge,
which is replaceably mounted on the carriage; and the
like. | |

20 | In the former structure, the ink is deiivered

by generating a difference in ink_head pressure
between the ink container and recording head, and in
the latter structure, the ink is dellvered w1th the
provision of a negatlve pressure generatlng source on

25 the ink container side.

In recent years, a large number of

apparatuses employlng an ink contalner w1th the latter



which is renovably nountable on the.carriage, and the I nk container is
filled wth a piece of foaned 15 material (absorbent material). By filling
the ink - container wi'th the absorbent material, a stable ink

meni scus can be maintained at the ink ejecting portion of the
recording head, and the ink is retained Vithin t he ink contai ner
because of the capillary force of 20 thisZbsorbent material. In this
case, it is . necessary that substantially the entire space within

the ink container-is filled with the absorbent | materi al , anﬂ thehink
is filled in the,ink container . by an amount slightly |ess than the
nmaxi num anount ?ﬁ?“qﬁaﬁ%|ﬂ%ﬂ%39$?qIﬂgaﬂﬂﬁﬁqxﬁﬁpmnﬁnﬁi%ﬂggdpﬂﬁﬁ$ of

' = Wit hi i nk cont ai ner due
arrangenment geneyates a_negatjve I essure thin the

to the_capillar3£¥?W%hﬁlqﬁ1 maintenance.

Such an ink container is required not only to
be capable of supplyihg preferably the ink to the
5 recording head in proportien to the amount of the ink
ejected from the recording head dﬁring a recording
operation, but also, not to allow the ink to leak from
the ejection orifice during a non-recording period.
_ As exampies of such an ink eontainer, those
10 disclosed in U.S. Patent Nos. 4,771,295 and 5,025,271
have been known. In these examples, the recording -
head and ink container ere united into a cartridge,
which is removably mountable on the carriage, and the
ink container is filled with a éiece of foamed
15 material (absorbent material). By filling the ink
container with the absorbent material, a stable ink
meniscus can be maintained at the ink ejecting portion
of the recerding head, and the ink is retained within
the ink container because of the capillary force ef
20 this absorbent material. 1In this case, it is
necessary that substantially the entire space within
the ink container is filled with the absorbent
material, and the ink is filled in the ink container
by an amount slightly less than the maximum emounf
25 retainable.by the absorbent material. This
aFrangement.generates a negative pressure within the

ink container due to the capillary force; therefore,



- 3- even when the ink container is subjected to nmechani cal

I npacts such as vibration and/or thermal shocks such as tenperature
changes, the ink leak fromthe ink ej ecting portion or an air venting
portion of the 5 recording head can be kept. to the mnimum naking it
possible to reliably retain the ink. However.,, in the case of
the systemin which the entire |nternal space of the ink container is
filled with the absorbent material, the negative 10 pressure generated by
t he absorbent material increases as the ink is consunmed. As a result,

the amount of gyent fRehN¥nbeihkuBEARHiNbENEE k(B jbBEe@ORbAMBRhaNS dalabl e
to increase. In other words, there is. a prob enlog .
1mpacts such as vibration and/or thermal shocks such '
as temperature changes, the ink leak from the ink
ejecting portion or aﬁ air venting portion of the

5 'recording head can be kept to the minimum,lmaking it
possible to reliably retain the ink.

However, in the case of the system.in which
the entire internal space of the ink container is
filled with the absorbent material, the negative

10 pressure generated by the absorbent material increases
as the ink is consumed. As a result, the amoﬁﬁt of
the ink left unused within the ink container is liable
tolipcrease. In other words, there is a problem of
poor ink usage efficiency.

15 As for the absorbent material to be placed
within this type of ink container, foamed urethane
resin, for example, is available. In the case of the
foamed urethane material, it is liable that film is
formed within the material in a manner of wrapping the

20 bores during its production, and when a large number
of bores are separated from each other by the film,
there is no way that the foamed urethane can serve as
the absorbent material, unless its properties are
modified; therefore, the film is removed by heating, -

25 cleaning, or the like. |

When the foamed urethane material having been

treated as described in the foregoing is used as the



poor ink usage efficiency. 15 As for the absorbent material to

be pl aced within this type of ink container, foamed urethane

resin, for exanple, is available. In the case of the f oamed ur et hane
material, it is liable that filmis formed within the material in a
manner of wrapping the 20 bores during its production, and when a |arge
nunber of bores are separated fronleatﬁrother'by the film t here
is no way that the foaned urethane can serve as t he absor bent
material, unless its properties are nodi fied; therefore, the filmis

fomoved 0 hent iert AT A0l | K5y s o corpentBED 1E°
foregoing is usggsqéo$£¥éssed into the ink storing space of the ink
container, or in some cases, only the portion placed
within the ink tépping joint between a connecting
5 member and the ink.container is compressed. However,
even wheh the material is subjeéted to fhe film
- removing treatment such as described above, it is
extremely difficult to remove completely the film; in
other words, in reality, there is going to remain a
10 substantial amount of residual film adhering to the
bores. Therefore, when the absorbent material is
compressed; fhe fesidual film of the adjacent bores
collaboratively react.to interfere with the ink flow
that is to be generated within the absorbent material
15 in response to the ink consumption. As a result, the
outward ink flow from within the ink container is
impeded.
Furthef, when the foamed resin material such
as the foamed urethane is left immersed.in the ink for
20 a long pgriod, it is liable that the foamed material
coﬁponents are dissolved into the ink, whereby the
‘foamed material itself is deteriorafed or the ink
properties are changed. This aléo prevents the ink
from being stably supplied to the recording head,
25 which in turnldeteriorates the quality of the print.
In addition, the overall ink retaining force

of the ink container containing the foamed material



-4- i nternal absorbent material for the ink container, it IS
conpressed into the ink storing space of the ink container, or in sone
cases, only the portion placed within the ink tapping joint between a
connecting 5 nmenber and the ink container is conpressed. However,

even when the material is subjected to the film renmovi ng treat nent
such as described above, it is extreﬁ%§7 difficult to renove
conpletely the film in other words, in reality, there is going to
remain a 10 substantial amount of residual filmadhering to the

el oo oot A GRS B 15 aproshOORLgETee B .
W th the ink fl(&% the ink meniscus forces of all the bores of the |
| foam material; therefore, the amount of fhg ink

retainable is naturally limited. According to our

5 observations, the volume of the retaiﬁable ink amounts
to only 50% to 70% of the internal volume of the ink
container, and when the ink is filled beyond this
limit, a substantial amount of the ink must be
extracted from within the ink cQﬂtainer in order to

10 generate a p:dper amount of the negative pressure;
This involves a manufacture related problem to be
eliminated.

As one example of the structures for solving

the aforementioned vafious problems of the ink

15 container containing the absorbent material, a certain
ink container structure can be mentioned, its
technical principle of which is disclosed in.the U.Ss.
Patent 4,509,062, and its specific embodiments of
which are disclosed in the U.S. Patent 4,992,802.

20 In particular, according to the general
structure of the ink container disclosed in the U.S.
Patent 4,992,802, the absorbent material is not filled
in the ink container, and the liqgiud ink is directly
filled within the ink container as illustrated in

25 Figures 1, 2(A) and 2(B). Mdre specifically, as shown
.in Figures 1, 2(A) and 2(B), an ink jet printing head

‘unit 110 comprising an ink storage 112 and a printing



that is to be generated within the absorbent material 15 in response to

the ink consunption. As a result, the outward ink flow fromwthin the
ink container is i mpeded. Furt her, when the foamed resin
materi al such as the foaned urethane is left inrersed in the ink for

- 20 a long period, it is liable that the foamed material" conponents are
di ssolved into the ink, whereby the fdamed material itself is
deteriorated or the ink properties are changed. This al so prevents the
ink fronlbeing stably supplied to the recording head, 25 which in

L detert oot e oS ithitohel! A op arrticnite AL AR 1
L miterialpressure regulating means, in a part‘of a cylinder 128
connecting them, for regulating the negative pressure
of the ink storage 112, and a pouch 126 as the second

5 pressure regulating means for regulating the negative
preséu:e pf the ink storage 112 as it changes its
volume. The ink jet printing head unit 110 further

' comprises:_an opening 142, as an ink filling port,
whlch is located in the top wall- a plug 144, which is

10 pushed into the opening 142 to seal it; an overflow
stofage 138 for storing the ink overflowing outward

- from the orifice 136; and a vent 140, through which
the bverflow storage 138 is in communication with the
ambient air.

15_ With this structure, as.the ink is ejected
frbm the printing head 130, that is, as the ink is
consumed from the ink storage 112, the internal
pressure of the ink storage 112 is continuously
reduced while the meniscus formed at the orifice 136

_Zd holds. As a result, a preferable negative pressure
can be maintained at the printing head 130. As the
ink ejection further continues, the negative pressure
of the ink storage 112 is further increased. When the
negative pressure va;ue exceeds a threShold value; the

25 meniscus at thé orifice 136 breaks, which allows the
air to be introduced into the ink storage 112, putting

thereby the negative pressure back into a preferable



- 5- such as these descri bed above is generated as the sum of

the ink neniscus forces of all the bores of the foam materi al ;
therefore, the amount of the ink retainable is naturally limted.
According to our 5 observations, the volunme of the retainable ink anounts
to only 50%to 70% of the internal volume of the ink - container, and
when the ink is filled beyond this | i-Mi~t, a substantial anount of the
i nk rmust be extracted fromwithin the ink container in order to 10
generate a proper anount of ‘the negative pressure. This involves. a
manuf acture rel ated _problemto be el im nated., ) As one
exanpl e of the §FPE§EHFe?r95§u§8I€PH§e' Thiige agitdopnd f itepeRtes itsus

' |_ni t material, a
probl erms of theh 2k tReC 2Rk 8Che" plbTeTaldy 152000 PE

The measurement of the change in the negative

pressure of an ink container provided with only the

5 orifice 136 as the first negative pressure regulating
means illustféted in Figure 1 reveais that such a
negative’pressure as indicated by a solid line A in
Figure 2 is generated at the printing head 130. 1In

_ other words, an excessive negative force (peak value)

10 was generated in the printing head 130 right after the
ink use began. When the negative pressure has a value
close to this peak value, the amount of the ink
supplied to the printing head 136 becomes
insufficient, which in turn causes the ink ejéction to

15 be unstable, resulting in the dim print.

Further, it depends on the diameter of the
orifice 136, but the ink within the ink storage 112 is
liable to leak out of the orifice 136 due to the
weight of the ink itself, preventing the negative

20 pressure generhtion. According to our experiment, in
which the internal diameter of the orifice was 0.38
mm, and three different inks with the surface tension
of 30 dyne/cm, 40 dyne/cm, and 50 dyne/cmlwere
involved, the ink began to leak from the.orifiée when

25 the ink level from printiﬁg head 130 was increased to
40 mm.

When the diameter of the orifice 136 is



I nk container structure can be nentioned, its techni cal principle of
which is disclosed in the U S Patent 4,509,062, and its specific
enbodi nents of which are disclosed in the U S. Patent 4,992,6802. 20
In particular, according to the general structure of the ink container
disclosed in the U S. Pat ent 4,992,802, the absorbent material is not
filled in the ink container, and the 48¢giud ink is directly
filled within the ink container as illustrated in 25 Figures 1, 2(A) and
2(B). More specifically, as shown in Figures 1, 2(A) and 2(B), an ink
jet printing head unit 110 conprising an ink storage 112 and a
printing decreased to prevent the ink leakg(2 mm or less, for
example: such a decrease further increases the peak
value), the generation of the negative pressure close
to the peak vaiue can be prevented by providing a
5 pduch 126 within the ink storage 112. 1In this case,
the pouch 126 is made of self-restorative material so
that it restores itself in such a manner as to
increase the volume of the ink storage 112, or is
provided with a spring so that it is pressedhin the
10 same manner. Therefore, the generation of the initial
negative peak is eliminated by this pouch 126, and as
a result, the negative pressure changes, as indicated
by a.broken line in Figure, are displayed.
However, in the case of the ink container
15 with such a structure, the diameter of the orifice 136
and the self-restorative force of the pouch 126 must
be determined according to the ink to be used, which
increases the component count, complicates the ink
container structure, and as a result, is liable to
20 increase the cost. Further, the generated negative
pressure has a tendency to vary depending on the
amount of the ink remaining in the ink container (in
particular, this is liable to occur in the case of the
structure disclosed in U.S. Patent No. 4,509,062);

25 therefore, it is liable to become impossible to stably

.supply the ink.



head 130 further conprises an orifice 136 as the first pressure

regul ating neans, in a part of a cylinder 128 connecting them for
regul ating the negative pressure of the ink storage 112, and a pouch
126 as the second 5 pressure regulating nmeans for regulating the negative
pressure of the ink storage 112 as it changes its vol une. The ink jet
printing head unit 110 further conprt®es: an opening 142, as an ink
filling port, which is located in the top wall; a plug 144, which is
10 pushed into the opening 142 to seal it; an overflow storage 138 for
storing the ink_overflow ng outward fromthe orifice 136; and a vent
140, through wﬁﬂ&ﬂiﬂgﬁiﬂ@#&ﬂgv%¥¥¥imlg¥orage 138 is in conmunication with

t he ambient air. 1 structure,.as the ink is

ej ect ed fromthe pr?h??ﬂﬂaﬁ%dﬁbgéég %E;fh?s?r%§e?ﬁei?ﬁﬁnF§°n is
to solve the aforementioned various problems, and
thereby, to provide a highly reliable ink container

5 with an improved ink usage efficiency, which employs a

simple sfructure to maintain the stable negative
pressure, and thefeby, fo provide high quality print,
and an ink jet recording apparatus usable with such an
ink container.

10 ’ The inventors of the present invention spent
a'great amount of time and effort to achieve the
object described in the foregoing, and as a result,
discovered that.the structure of the portion, at which
the meniscus is formed, is the cause 6f the negative

15 pressure surge.

The present invention was made based on the
discovery mentioned above, and its primary object is
to provide an ink container comprising: an ink storing
portion for storing the ink, an ink supplying portion

20 for supplying ink to a recording head portion, and an
air vent for taking the atmospheric air-into the ink
container, comprising further a fine hollow tube, one
end of whigh opens to the atmosphere at the air vent,
abové the liquid level of the stored ink, and the

25 other end of which opens within the ink container

| adjacent to the bottom portion of the ink container,

wherein an air permeable film is disposed at the air



consuned fromthe ink storage 112, the internal pressure of the ink

storage 112.is continuously reduced while the neniscus forned at the
orifice 136 20 holds. As a result, a preferable negative pressure

.can be maintained at the printing head 130. As the i nk ejection
further continues, the negative pressure of the ink storage 112 is
further increased. Wen the 'negativeT%%%sure val ue exceeds a
threshold value, the 25 neniscus at the orifice 136 breaks, which allows
t he ~air to be introduced into the ink storage 112, -putting

E g?r eby the neggidne erﬁ%ﬂee NAC K d by PTEf B AL water repellency
at least on the surface facing inward of the ink
container. |

Another object of the present invention is to
5 provide an ink container, which comprises a connecting
portion disposed at the bottom thereof for making
connection with a recording head, and stores liquid
ink, while maintaining above the liquid ink, an air
lafer sealed from the atmosphere,.comprising further
10 pressure reducing maans capable of reducing the
pressure of the air layer beloﬁ the atmospheric
pressure without consuming the ink within the ink
container.
Another object of the present invention is to
15 = provide an ink jet recording apparatus, in which an
ink container, which comprises a connecting portion
disposed at the bottom thereof for making connaction
with a recording head, and stores liquid ink, while
maintaining.above the liquid ink, an air layer sealed
20 from the atmosphere, and pressure reducing means
.capable of reducing the pressure of the air layer
below the atmospheric pressure without consuming the
ink within said ink container, is installed, further
comprising activating means for activating the '
25 pressure reducing means with a predetermined timing.
According to the structure described above,

as the ink within the ink container is consumed, the



negative pressure range. This action is repeated to allowthe ink to

be preferably ejected. The measurenent of the change i'n the
negative pressure of an ink container provided with only the 5
orifice 136 as the first negative pressure regul ating means
illustrated in Figure 1 reveals that such a negati ve pressure as

i ndicated by a solid line Ain Figur¥l2 is generated at the printing
head 130. In - other words, an excessive negative force (peak val ue)
10 was generated in the printing head 130 right after the i nk use

o, e s SRR s o on i S
cinie " AN U NS 0P U Y, ek e
on the di anet e Qfatile pressure force, which works to pull the ink
inward the ink container,.is generated at the ink
5 supplying portion or the ink ejecting opening of the
recording head, due to the pressure reduction in the
air pocket formed in the ink container by the air
‘'which enters as fhe ink is consumed. Therefore, a
proper ameﬁnt of the negative pressure force is
10 maiﬁtained at the recording head'portionlto stably
supply the ink, and thereby, offer preferable print
quality.

Further, this negative pressure remains even
after the ink_consumption is interrupted, functioning

15 thereby to prevent the ink ieak from the recording
head portion.

Further, the air.permeable film prevents the
ink from flowing out of the air vent during the
transportation or the like of the ink container.

_26 According to a further aspect of the present
invention, the ink confeiner comprises means for
moderating the increase in the iﬁternal pressure of
the ink container, so that the increase or decrease in
the air pocket volume triggered by the ambience change

25 can be satisfactorily dealt with. Therefore, the
negative pressure within the ink COnteiner can be

preferably maintained, without ever increasing to the



orifice 136, but the ink within the ink storage 112 is

liable to | eak

out of the orifice 136 due to the wei ght” of the ink itself, preventing
the negative 20 pressure generation. According to our experinent, in

which the internal dianeter of the orifice was 0. 38
different inks with the surface tension °

mm and three

of 30 dyne/cm 40 dyne/cm and

50 dyne/cm were i nvol ved, the ink begd@-to leak fromthe orifice when

25 the ink level fromprinting head 130 was increased to

When the dianeter of the orifice 136 is

positive side.

40 mMm

Further, the ink container comprises means

capable of reducing the air layer pressure below the

atmospheric pressure without consuming the ink within

5 the ink container. Therefore, when the ink container

is installed in an ink jet recording apparatus, the

pressure of the air layer can be maintained to be

negative by carrjing'out a pressure reducing

operation, without consuming the ink.

10 - As the ink within the ink container is

consumed, the air intermittently enters the ink

container through the opening of the connecting -

member. At this time, the ink container generates at

the connecting member for the recording head, and

15 subsequently, at the ink ejecting orifice of the

recording head, a negative pressure, which works in

the direction of pulling the ink into the ink

container, in proportion to the amount of the negative

pressure generated in the air layer through the ink

20 consumption and the meniscus fbrce_at the opening.

Therefore, a proper amount of the negative pressure is

generated at the recording head to stably supply the

ink, and thereby, tb offer the preferable print

quality. Furthér, this negative presSure remains even

25 after the ink consumption ceases, preventing thereby

the ink leak from the recording head.

On the other

hand, when the ink container is installed for the



decreased to pr
decrease furthe
negative pressu
providing a 5

pouch 126 is made of self-restorative material so that it restores

itself in such
112, or is

event the ink leak (2 mmor less, for exanmpl e: such a

r ‘i ncreases the peak val ue), the generation of the

re cl ose to the peak val ue can be prevented by
pouch 126 within the ink storage 112. In this case,

t he

a manner as to i ncreasd3the volune of the ink storage

provided with a spring so that it is pressed in the 10

sane manner. Therefore, the generation of the initial negati ve peak

is elimnated b
pressure change
di spl ayed.

with such a str
self-restorativ
tothe ink to b

y this pouch 126, and as a result, the negative
£irgs tapecafégr it ipy txapspesited.ndhereriaf® &imese

in the case of the ink container. 15
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substantially equalized. In this state, no negative

pressure is generated. In this case, however, the air

is discharged from the air layer into the atmosphere

'through a one-way valve to reduce the pressure of the

10

15

20

25

air layer, whereby and in conjﬁnction with the
meniscus forﬁed at the opening, the negativé pressure
force as described above can be generated.

Further, when means for inc?easing the
pressure of the air 1ayer is activated, a portion of
the pressurized air is discharged out of the ink
container through the one-way valve, and after the
pressurization stops, the one-way valve closes and
prevents the air from flowing in from the outside;
therefore, a predetermined amount of the negative
pressure is maintained within the air layer.

Further, when the ink container is installed
in the ink jet recording apparatus, the outward one-
way valve for sealing the air layer is opened to
discharge the air outward the ink container from the
air layer, and then, the valve is closed, whereby the
pressure of the air layér is reduced to generate the
negative preésure force.

Further, since an air permeable film having a

water repellent surface at least on the side facing



I ncreases the conponent count,'conpliqates_the I nk cont ai ner
structure, and as a result, is liable to 20 increase the cost. Further,
t he generated negative " pressuré has a tendency to vary dependi ng on
t he amount of the ink remaining in the ink container (in
particular, this is liable to occur in the case of the structure
disclosed in U S. Patent No. 4,509,062); -24- therefore, it is liable to
becone i npossible to stably supply the ink
- 9- ] SUMVARY OF THE | NVENTI ON ' : A primary object of the
present inventionis, . . ) : . .
- the liquid is provided, the ink leak resulting from
'the splashed ink or the like can be prevented.
Further, activating means is operated with a
predetermined timing to reduce the pressure of the air
5 layer within the mounted ink container, whereby the
negative pressure can be generated at the recording
head at a predetermined timing.
. Further, the air of the air layer within the
mounted ink container is sucked by sucking means
10 . through the one-way valve, whereby the pressure of the
air layer is reduced.
| Further, the air of the air layer within the
-mounted ink container is sucked by the sucking means
through the valve opened by valve opening means,
15 whereby the pressure of the air layer is reduced.
Further, power is supplied to the heater of
the mounted ink container by power supplying means to
expand thermally the air of the air layer, so that the
portion thereof is discharged out of the ink container
20 through the one-way valve, and then, the power supply
is stopped, whereby the pressure of the air layer is
reduced due to the thermal contraction.
Further, the pump of the mounted ink
container is driven by driving means to increase the
25 pressure of the air layer, so that the portion thereof

is discharged out of the ink container'through the

one-way valve, whereby the air layer pressure is



to solve the aforenentioned various probl ens, and t hereby, to provide
a highly reliable ink container 5 with aninproved i nk usage efficiency,

whi ch enpl oys a sinple structure to maintain the stable negative
pressure, and thereby, to provide high quality print, and an ink jet
recordi ng apparatus usable with such an I nk container. 10

The inventors of the present invention spéﬁﬁ’ a great anount of tine
and effort to achieve the obj ect described iin-the foregoing, and as a
result, di scovered that the structure of the portion, at which

the reni sous. | s SR o e AR, Yol I SN ndile JUEPELLE SUT e

The present invention was na scover I oned above,
and its prinarydygéyjtﬂésdrividdyéy | de an ink container conprising: an

ink storing portion for storing the ink, an ink supplying portion
' In the structure in accordance with the

present invehtion, a meniscus M is formed at an

5 opening 5 (hole 5) provided at the tip of the fine
hollow tube 4. The behavior of this meniscus M is
shown in Figures 4(a) and 4(b), wherein Figure 4(a)
depicts the condition thereof right after the
beginning of the ink ejection, and the meniscus M is

10 formed inward the fine tube 4.

As the ink is consumed, the surface of the

ink (meniscus M) within the fine tube 4 reaches a
point depicted in Figure 4(b), that is, as far as it
can reach into the ink from the opening 5, without

15 self destruction. Then, as the ink is further
consumed, and thereby, the pressure of the air poéked
8 within the ink container is increased, the meniscus
M is broken, allowing thereby the atmospheric air to
enter the ink container, whereby the negative.pressure

20 within the ink container is restored to and maintained
in a predetermined range, in other words, is prevented
from being reduced to an extreme loﬁ level.

In comparison to the above, the behavior of

the meniscus M formed at the orifice 136 of the ink

25 container in accordance with the U.S. Patent No.
4,992,802 mentioned with regard to the prior art is"

shown in Figures 5(a) and 5(b). In the case of this



20 for supplying ink to a recording head portion, and an air vent for

taking the atnospheric air into the ink container,. conprising further
a fine hol | ow tube, one end of which opens to the atnosphere at the
air vent, above the liquid level of the stored ink, and the 25 other
end of which opens wthin the ink container adj acent to the bottom
portion of the ink container, wherei mHrair perneable filmis

di sposed at the air - vent, and the air perneable film has
wat er repel | ency at | east on the surface facing inward of the ink
cont ai ner .

structure, the meniscus is formed at two points, a top
portion 136b or a bottom portion 136a, of a member
constituting the orifice 136. As shown in Figure 5,
the meniscus M is formed at the bottom pdrtion 136a of

5 the orifice 136 ét the beginning of the ink
consumption, and is formed at the'top portion 136b of
the orifice 136 toward the end of the ink consumption.
When the meniscus M is formed at two points, the top
or bottom, as described above, peaks appear in the

10 valﬁe of the negafive pressure within the ink
container.

| Theseland other objects, features and

advantages of the present invention will become more
apparent upon a consideration of the following

15 description of the preferred embodiments of the

| present invention taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
.26 Figure 1 is a schematic sectional view of an
example of the ink container which serves as the -
technical background for the present invention.
Figure 2(A) is a sectional view of the ink

containef illustrated in Figure 1, as seen from a

25 different direction, and Figure 2(B) is a partially
enlarged sectional view thereof.

Figure 3 is a graph showing the relationship



Anot her obj ect. of the present invention is to 5 provide an ink container,

whi ch conprises a connecting portion disposed at the bottomthereof
for maki ng connection with a recording head, and stores |iquid

i nk, while maintaining above the liquid ink, an air | ayer seal ed from
the atnosphere, conprising further 10 pressure reducing nmeans capabl e of
“reducing the pressure of the air |ayed7bel ow the at mospheric

pressure w thout consumng the ink within the ink cont ai ner.

Anot her obj ect of the present invention ii to 15 prox%dehan ink jet
recordi ng appar nk cont ai ner i ch_conprises a
connectigg Bgrt38ﬁWéen tﬂgl§53§§avﬁtpFﬁ§SHSFt§ﬁPFHéF§§fbWthﬁhRPWg

et oy anoselEhinRe BEROFRIOaRc e, SRR LT, B
atnosphere, and;gfessHERmpEIHG' B¢ YR8 "Same ink container.
| Figures 4(a) and 4(b)'are schematic views of
5 the meniscus formed at the opening of the fine tube
diSposed in tﬁé ink container according to the present
invention. |
Figures 5(a), 5(b) and 5(c) are schematic
views of the various states of the meniscus formed
10 within the ink container illustrated in Figure 1.
Figure 6 is a schematic sectional view of a
preferable embodiment of ink container according to
the present invention. |
Figure 7 is a graph of the relationship
15 between the negative pressure force generated by the
ink container in accordance with the present
invention, and the ink consumption thereof.
Figures 8(a) and 8(b) are schematic sectional
views of the ink container in accordance with the
20 present invention, depicting the orientation thereof.

- Figures 9(a) and 9(b) are schematic sectional.
views of the ink container in accordance with the
present invention, depicting the positioning of the
fine tube.

25 Figure 10 is a schematic séctional view of
another embodiment of the ink container according to

the present invention.



capabl e of reducing the pressure of the air |ayer bel ow t he

at nospheric pressure wthout consum ng the ink within said ink
container, is installed, further conprising activating nmeans for
~activating the 25 pressure reducing neans with a predeterm ned tim ng.
According to the structure descri bed above as the ink wwthin the ink
container is consuned, the -18- 4iy intermttently enters the
i nk cont ai ner through t he opening of the ink container. At this tineg,
t he negati ve pressure force, which works to pull the ink ' i nwar d

the ink Contginer, s 969?5%&8d1@tigh% Eghematic perspective view of

another embodiment of the ink container according to
the present invention.

Figure 12 is a schematic sectional view of

5 fhe ink container illustfated in Figure 11, depicting
the state therebf, in which the ink container has not
been negatively pressurized.

Figure 13 is a schematic sectional view of
the ink container illustrated in Figure 11, depicting

10 the negatively pressuriied State thereof

Figure 14 is a partially enlarged sectional
view of the ink container illustrated in Figure 11, in
which the one-way valve is closed.

| Figure 15 is a partially enlarged sectional
15 view of the ink container illustrated in Figure 11, in
which the one-way valye is open.

Figuré 16 is a partially enlarged sectional
view of a different structure of the one-way valve.

Figure 17 is a partially enlarged sectional

20 view of another structure of the one-way valve.

Figure 18 is a schematic sectional view
depicting the relationship between the ink container
illustrated in Figure 11, and sucking means.

Figure 19 is a schematic sectional view

25. depicting a state in which the sucking means is acting
on the ink container.

Figure 20 is a graph of the relationship



5 supplying portion or the ink ejecting opening of the recordi ng

head, due to the pressure reduction in the air pocket forned in the
ink container by the air which enters as the ink is consuned.
Therefore, a proper anount of the negative pressure force is 10
mai nt ai ned at the recording head portion to stably supply the ink,
and thereby, offer preferable print -d3ality. Furt her,
this negative pressure remai ns even after the ink consunption is
interrupted, functioning 15 thereby to prevent the ink leak fromthe
recordi ng head port the air nperneable film
prevents the Dbetwpgp F“SNPFFBEPHS BﬁﬁsﬁPrﬁhgnglFnyeﬁPnﬁﬁﬁpﬁp ?1

[ h I, K f th
o FLEEL L0 ol Sk b SRR e, o o

conpri ses neansuggd.

Figure 21 is a schematic sectional view

5 depicting the relationship between the ink container
illustrafed in Figure ll_and negatiée pressure
generating means. |

Figure 22 is a schematic sectional view
depicting a state in which the negative pressure

10 generating means for the ink container illustrated in
Figure 21 is in action.

Figure 23 is a schematic sectional view
depicting the relation between the ink container
illustrated in Figure 11 and different negative

15 pressﬁre generating means.

Figure 24 is a schematic sectional view
depicting a state in which a different negative
pressure genetating means for the ink container
illustrated in Figure 23 is in action.

20 Figu;e 25 is a schematic sectional view
depicting a state in which another negative pressure
generating means for the ink container illustrated in
‘Figure 23 is in action.

Figure 26 is a perspective view of an

25 exemplary recording apparatus, in which an ink

| container according to the present invention is

installable, and in which an exemplary negative



noderating the increase in the internal pressure of t he ink

container, so that the increase or decrease in the air pocket vol une
triggered by the anbi ence change 25 can be satisfactorily dealt with.
Therefore, the negative pressure within the ink container can be
preferably maintai ned, without ever increasing to the

-12- positive side. Fu#@her, the ink container

conpri ses neans capabl e of reducing the air-|layer pressure bel ow the

at nospheric pressure w thout consunming the ink within 5 the ink container.

Ther ef or e, mhen the i nk cont ai ner
essure generating means is disposed.

Figure 27 is an enlarged sectional view of

another structure of the negative pressure generating

means.
5
| DESCRIPTION OF THE PREFERRED EMBODIMENTS
EMBODIMENT
(Embodiment 1) -
Hereinafter, the embodiments of the present
10 invention will be described with reference to the

drawings.
Figure 6 is a sectional view of the structure
of the first embodiment of the present invention.
An ink container i comprises an ink supplying
15 portion 2 that éupplies the ink to a recording head
portion RH, and an air vent 3 through which the
atmospheric air is allowéd to enfei.the ink container
1. The ink container 1 is sealed from the atmospheric
air except for these openings. A fine tube 4.is
20 hollow, one end of which is in communication with the
air vent 3, being open to the atmoSpheric air, above
the liquid level of the stored ink, and the other end
of which is open as a hole within the ink container,
near the bottom of the ink container 1. Across the
25 air vent 3, an air permeable film 6 is disposed, the
inward facing surface of which is water repellent.

According to the above structure, the air



Is installed in an ink jet recordi ng apparatus, the pressure of the

air layer can be maintained to be negative by carrying out a pressure
reduci ng operation, w thout consumng the ink. 10 As the
ink wwthin the ink container is ‘consuned, the air intermttently
enters the ink contai ner through the opening of the connecting
menber. At this tine, the ink container geddrates at t he connecti ng
menber for the recording head, and 15 subsequently, at the ink ejecting
orifice of the recordi ng head, a negative pressure, which works in

the direction of pulling the ink into the ink . .container, in proportion
to the anount QPnttﬁémPré%&Pit\}éf enters the ok gontainer ?} {ﬁb‘(cﬁ}qr}‘ I r

t hrough the ink 0 consunption and,the . neniscus farce at the i ng.
Therefore, a pr &‘Jére g’m)&ﬁ’t r(?lspﬂ‘?«?ené:é’atqﬁl\?e GEFEUmRt 91y J¥ dn gléﬁg(ra};'t ed at

the recording h%%dt%ﬁssEggkx %%%Pk%ﬁjgantainer generates a negative

pressure force in the direction to draw the ink 7

5 inwards of the ink container 1, at.the ink ejecting
orifice of the recording head RH, due to the pressure
drop caused by the ink consumption and the strength of
the meniscus force of the air in the hole 5. As a
result, a proper degree of negative pressure is

10 proQided in'the recording portion to supply stably the
ink, and thereby, to offer preferable print quality.

Furthér, even after the ink consumption is

interrupted, this negative pressure force remains and
prevents the ink leak from the recording head portion

15 RH.

The air permeable film 6 is provided for

‘preventing the ink from spilling out of the air vent 3
due to the vibration or the like while the ink
container is transported.

zd_ The negative preésure was measured at the ink
supplying portion 2, using an ink coﬁtainer 1
comprising a fine polyprbpylene tube 4 with an
internal diameter of 0.38 mm at the hole.5, and an ink
with a surface tension of 48 dyne/cm. The ink holding

25 negative pressure force during the printing operation
and standby operation were substantially -48 mmH,0 and

-42 mmH50, respectively. The negative pressure force



I nk, and thereby, to offer the preferable print quality. Further, this
negative pressure renains even 25 after the ink consunption ceases,

preventing thereby the ink | eak fromthe recording head. On the other
hand, when the ink container is installed for the

- 13- first tinme after it is transported, there are tines when
the ink level within the connecting nenber-2ad the ink level within
the ink container have substantially equalized. In this state, no
negative 5 pressure is generated. In this case, however, the air S

di scharged fromthe air layer into the atnosphere
measured using the same system and different inks

having different composition and surface tension
(surface tension of 30 dyne/cm, and 40 dyne/cm) is

given inITable 1.

5
Table 1
Ink (1) Ink (2) Ink (3)
10 Surface tension 30 ' 40 48
(dyne/cm)
Negative pressure

during printing -33 -38 -48 -
(mmAg) :

Retained negative
15 pressure in static -25 ' =32 ~-42
state (mmAg)

When the ink of a different composition is

used, substantially the same level of negative

20 pressure can be obtained by chaﬁging the internal
diameter of the hole 5 and the material therefor. For
example, when the surface tension of the ink is
smaller, the diameter of the hole 5 is éhanged in the
reducing direction. |

25 According to experimehts,'the negative

| pressure force was not affécted by the ink level, and

displayed a substantially constant value from the



t hrough a one-way valve to reduce the pressure of the air |ayer,

wher eby and in conjunction with t he meni scus forned at the opening,
the negative pressure 10 force as described above can be generat ed.
Further, when means for increasing the pressure of the air layer is
activated, a portion of the pressurized air is discharged out of the
I nk ~ container -through the one-way var28;- and after the 15

pressuri zation stops, the one-way val ve cl oses and prevents the air
fromflowng in fromthe outside; ‘therefore, a predeternined amount of
t he negative - pressure is maintained within the air

Further, when tbegimringnefithe ink|aengupphioporighy Pﬁetgn? peintecor di ng
apparatus, t he outward one- e_air

opened to Eh%%hﬁh@ei?heiﬁl?eBhgﬁﬁgdvfﬁég%ﬁégggﬁ?gpﬁgrnPFoﬁ%?ﬁzay
air layer, and éﬂegxcé2§1¥glﬁgg£ 3éoégghe a%rggg B Sinning of the
ink consumption. This means that this embodiment can
5 offer substantially stable print quality from the
beginning of the ink consumption right up to the
moment of the ink depletion.

Further, even when the ink enters the fine
tube 4 during the transportation, the negative

10 pressure can be generated as soon as the ink within
fhe fine tube 4 is completely sucked out by a pressure
restoring pump during the installation of the ink
container (in this embodiment, in which the internal
volume of the fine tube is 0.9 cc, the ink within the’

15 fine tube 4 aan be surely and completely discharged by
setting the pump capacity at 1.3 cc).

As for the air permeable film of this
embodiment, its material is polytetrafluoroethylene,
whgrein this matérial is stretched to create numerous

20 microscopic pores, and then, is given an oil repelling
treatment. The diameter of the microscopic pore is
0.1 - 3.0 pm.

As for the positional :elationship between
the ink supplying portion 2 and the hole 5 of the fine

25 tube 4, it is preferable that the hole 5 opens
adjacent to the ink supplying portion 2 as shown in

Figures 6 and 9(a). The reason for this preference is



pressure of the air layer is reduced to generate the 25 negative pressure

force. Further, since an air perneable filn1having a

wat er repellent surface at |east on the side faci ng

-14- . the liquid is provided, the ink |eak resulting from t he
spl ashed ink or the |like can be prevented. Furt her,
activating neans is operated with a prédtretermined timng to reduce t he
pressure of the air 5 layer within the nmounted ink container, whereby the
negative pressure can be generated at the recording head at a

predeterm ned t|m éJthls arrangement allows the meniscus to be
effectively formed even when the ink container is
nonuprightly oriented as shown in Figure 8(b) or
Figure 9(a). With the relationship as shown in Figure
5 8(a), when the ink container'is oriented so that the
| ink suppiying portion 2 comes to the bottom and the
hole 5 goes to the top, the air pocket 8 within the
ink container 1 is piaced in direct communication with
the atmospheric-air through the hole 5; therefore, if
10 the ink ejecting orifice (it is normally of such a
size that the meniscus force does not allow the ink to
leak), for example, if the head portion comes in
contact with a sheet of paper or the like, and
thereby, the menisgus at the orifice is broken, the
15 ink leaks from the ejection orifice of.the'héad
portion. However, with the hole 5 and ink Supplying
portion 2 being positioned as indicated in Figure 6 or
Figure 9(a), even when the ink container is nonupright
as shown in Figure 9, and the meniscus at the ejecting
20 orifice is broken, the atmospheric air is not supplied
to the air pocket 8; therefore, the ink does not leak
out of the ejection orifice. Needless to say, in case
the reeording head orientation is such that the
recording head ejects the ink downward as shown in
25 Figure 6 or Figure 8(a); the positional relationship
between the ink supplying opening 2 and the hole 5 of

the fine tube 4 does not necessarily have to be



Further, the air of the air layer within the. mounted ink container is
sucked by sucking neans 10 through the .one-way val ve, whereby the

pressure of the air layer is reduced. Further, the air
of the air layer within the nmount ed i nk container is sucked by the
sucki ng neans t hrough the val ve opened by val ve openi ng neans, 15
wher eby the pressure of the air |ayer is T4&uced. Furt her,
power is supplied to the heater of t he nounted i nk container by power
suppl ying neans to expand thermally the air of the air layer, so that

t he portiqn thereof is disch ed qut_of the i contai ner 20
‘t hrough t he on&W&ﬁl%,tﬁ%d’n{%g@sq %Vﬁe‘?ovs%‘pp:‘%(f’r exam, nJsest?)pped,
whereby the pressure of the air.layer is uced due to.the thernmal

. d
contracti on. ?OSItlonal_ré%ﬁﬁHQQa,IQPﬁfiﬂnﬁf(ﬁﬁ§tﬁ? %hﬁ%ﬁi*%k
container is drig Y @) Y EABRH 6k | dELEARF dih both the

‘upright and horizontal orientations.

5 (Embodiment 2)

Figure 10 is a séctional view of the second
embodiment of the pfesent invention..
The second embodiment is similar to the first

one with regard to the principle'for generating the

10 negative pressure force at the recording head portion,
but is different in that in order to further improve
the reliability, a flexible pouch 9 is provided within
the ink container 1, as means for modefating the
internal pressure increase. The pouch 9 is in

15 communication with the atmospheric air through the
opening 10, being otherwise sealed. It is so designed
that the pouch 9 displays its maximum volume at the
beginning of the ink-éonsumption, and does not expand
even when the internal pressure of the ink container

20 is reduced relative to the atmoéphere; therefore, it
does not affect the negative pressure force at the
recording head portion. On the other hand, when the
environﬁent surféunding the ink container 1 changes,
for example, when the ink container is placed in a low

25 pressure environment.during the transportation or the
like, or when the ambient temperature increases due to

the internal heat radiation of the printer, or the



25 pressure of the air Iayér, so that the portion thereof | S

di scharged out of the ink container through the one-way val ve,
whereby the air |layer pressure is

- 15- reduced as the piston returns to the hone position after
“the driving stops. In the structure in accordance with the
present invention, a nmeniscus Mis formed #%an 5 opening 5 (hole 5)
provided at the tip of the fine hol-l ow tube 4. The behavior of this
meni scus Mis shown in Figures 4(a) and 4(b), wherein Figure 4(a)
depicts the concll tk on thv%rl%cr)ﬂce eq%lva tohethe expansion of the air

pocket 8 is absorbed by the volumetric contraction of
the pouch 9 to moderate the increase in the internal
pressure of the ink container, preventing thereby the
5 ink from leaking out of the recording head portion.

Then, as the environment is restored to its original
staﬁe, the volume of the ponch 9 restores its original
volume, that is, the maximum volume, and thereafter,
does not affect the negative pressure force at the

10 recnrding head portion.

Further, there may be chances that during the
transportation (it is conceivable that the
env;ronmental_change may be considerably severé), the
air may be forced into the ink container 1 through the

15 fine tube 4 by impacts such as vibration, which may
prevent the pouch 9 from holding the maximum volume at
the beginning of the ink consumption; therefore, it is
preferable that the air vent 3 and the opening above
the air permeably film 6 bé kept sealed with tape or

zb the like during the transportation, that is, until the
ink container 1 is installed in the printer.
{Embodiment 3)

Figure illis an external perspective view of
the third embodiment of the present invention, and

25 Figures 12 and 13 are sectional views thereof.
| An ink container 1 comprises a main body 1la

and a cover lb which covers the top portion of the



begi nning of the ink ejection, and the meni scus Mis 10 formed i nward

-the fine tube 4. As the ink is consuned, the surface of the
ink (meniscus M within the fine tube 4 reaches a poi nt depicted in
Figure 4(b), that is, as far as it can reach into the ink fromthe
opening 5, wthout 15 self destruction: Then, as the ink is further
consuned, and thereby, the pressure of the2drr pocked 8 wthin the

i nk container is increased, the mneniscus - M is broken, allow ng

t hereby the atnospheric air to enter the ink container, whereby the

ti ressure O, within the, in ontainer is restored.to and
gg?ﬁthﬁedp %a?ﬂ §°8¥e£2te n@ﬂlPaﬁaéy ﬁﬁ thBF°W65&§,WF hyeBy dRfed

1o ool 00 [ edugite} 9480 FALAT® LRLChEYELssopped, asthe PRECERTT ne S0 °
of the ink 25 poeP0bA 88" thd PhikOEIALSEndE! Nakhs HonneBRifR! ph2tion
for the recording head portion. | .

5 , The cover 1b has a tubular hollow portion 4
wifh a stépped portion 4a formed integrally therewith,
wherein the tubular hollow portion 4 extends downward,
with its bottom end opening being disposed near the
bottom wall of the ink container main body 1. At the

10 top eﬁd of this tubular portion 4, a small 1lid 15 with
an air vent hole 3 is fitted, and the small 1id 15 has
an air vent hole 3 disposed at the center thereof. In
the stepped portion 45, an air permeable film 6 is
disposed, at least the iiquid faéing surface of which

15 is made of water repellent materiai.

A reference numeral 7 designates liquid ink
stored in the ink container 1, and its highest level
is designated with an alphanumeric reference 7A.

The cover 1b further has a'cylindrical valve

20 holder 18 with a first and a second stepped portions
18A and 18B formed integrally therewith. In the first
stepped portion 18A, an air permeable film 19, which
is the same as the aforementioned air permeable film
6, is disposed, and in the second stepped portion 18B,

25 a valve body 20A constituting a one-way valve 20
(which permits only the outward air discharge from

within the ink container 1, and will be described



4,992,802 nentioned with regard to the prior art is shown in Figures
5(a) and 5(b). In the case of this

-16- structure, the meniscus is formed at two points, a top

portion 136b or a bottom portion 136a, of a nenber constituting the
orifice 136. As shown in Figure 5, the meniscus Mis forned at the
bottom portion 136a of 5 the orifice 13884t the begi nni ng of the ink
consunption, and is forned at the top portion 136b of the orifice 136
toward the end of the ink consunption. When the neniscus Mis forned

at two points, §heel9P;g disposed. At the top end of the valve
holder 18, a small 1id 21 is fitted, which has an air
discharge hole 21A disposed in the middle thereof.
| It should be noted here that in the structure
5 .described above, the stepped poftion 4a and first
stepped portion 18A are disposed so that the air
permeable films 6 énd 19 are both positigned above the
highest ink level 7A. .
Thﬁs, an air layer 8 can be formed between
10 the cover 1b and the highest liquid level 7A, and this
air layer 8 can be normally sealed from the
atmospheric air.
According to the above structure, as the ink
7 within the ink container 1 is consumed through the
15 ink supplying hole 2, the air'intermittently enters
the ink container 1 through the tubular portion 4 as
shown in Figure 13. At this time,.the ihk container 1
generates a negative pressure force directed to pull
the ink 7 inward of the ink container 1 from the ink
20 supplying hole 2, and subsequently, from the ink
ejecting orifice of the recording head portion RH, due
to the pressure reduction caused in the air layer 8 by
the ink consumption and the force of the meniscus
formed at the opening 5. Therefore, é proper amount
25 of negativé pressure is provided at the recording head
portion RH. As a result, fhe ink is stably supplied

to offer a preferable print quality.



or bottom as described above, peaks appear in the 10 value of the

negative pressure within the ink cont ai ner. These and
ot her objects, features and advant ages of the present invention will.
becone nore apparent upon a consideration of the follow ng 15
description of the preferred enbodi nents of the ~ present invention
taken in conjunction with the acconpafyi ng dr awi ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS 20 ~ Figure 1 is a schematic sectiona
vi ew of an exanpl e of the ink container which serves as the

techni cal background for _the present inventi ure 2(A)

is a sectional view of tRBTthRr. even égﬁng%BP'FP#U§FP§PE@tPﬁnF§égre 1, as

seen froma  23,+di 118488 dhieChigle1309 pHelllGe? Bl cle® randdild ldnt
prevents the_ink from leaking out of the ejection |
orifice of the recording head portion RH.

5 As for the air permeable film 6, it is
érovided.to prevent the ink 7 from leaking out of the
air vent hole 3 due to the vibration or the like that
occurs during_the transportation of the ink container
1.

10 _ An preriment was conducted by the inventors
té.measure the negative pressure force. The ink used

therefor was composed of:

Glycerine 5.0 %
Thiodiglycol . . 5.0 %
15 Urea | _ 5.0 %
Isopropanol 4.0 %
H,0 78.0 %
Dye 3.0 %

- and its surface tension was 50 dyne/cm. The ink
20 container had a tubular portion 14 of polypropylene,
and had an internal diameter of 0.38 mm. The negative
pressure force thus obtained was approximateiy -45
mmAg at the supply hole 12 of the ink container 1.
The negative pressure force obtained when this system
25 and different inks (1) - (3) with different

compositions that were used are given in Table 2.



enl arged sectional view thereof.
showi ng the rel ationship

bet ween the negative pressure generated by the ink _ _
i nk consunption of the sane ink

as the technical background, and the
cont ai ner. Figures 4(a) and 4
t he nmeni scus forned at t he openi ng of the fi
i nk container according to the present
Figures 5(a), 5(b) and 5(c) are schematic.
of the meniscus forned

Figure 3 is a graph
-17-
cont ai ner serving

b) are schematic views of.
t ube di sposed in the
i nventi on. :
views of the various states

Table 2

Ink (1)

Ink (2) Ink (3)

5 Surface tension 30

(dyne/cm)

40 48

Negative pressure
during printing
(mmAg)

-38 -48

Retained negative
pressure in static
state (mmAg)

10 -25

-32 -42

Wheﬁ the different inks are used, the same

degree of negative pressure force can be obtained by

15

tubular portion 4.

| changing the internal diameter and/of material of the

According to experiments, the negative

pressure force was not dependent on the level of the

ink 7, displaying substantially flat values from the

20

ink depletion (Figure 7).

beginning of the ink consumption till right before the

In other words,

suhstantially.stable print quality can be provided

from the beginning of the ink consumption right up to

the point of ink depletion.
25

As for the air permeable film 6,

its material

is polytetrafluoroeth?lene, wherein this material is

stretched to create numerous microscopic pores

5



10 within the ink container illustrated in Figure 1. Fi gure
6 is a schematic sectional view of a pref erabl e enbodi nent of ink
cont ai ner according to t he present invention. - Figure 7
is a graph of the relationship 15 between the negative pressure force
generated by the I nk container in accqordance with the present

I nvention, and the ink consunption t her eafl- Figures 8(a) and
8(b) are schenmatic sectional views of the ink container in accordance
with the 20 present invention, depicting the orientation t her eof .

Floures 9(2) 2 2Chh 2L STHBEt 8 SEEHRAIRN ko, sl B Fepdiaa,
PO 1 om0, O Bbement, || il WiSeer23. cr cne ggc@a%woﬁlﬁ.ﬂﬁzsaa%szfz?agzo
0.1 - 0.3 pm.
Further, the ink container 1 comprises an air
5 dischargin§ ho1é-21A, a one-way valve 20, and an air
permeable film 19. Since this one-way valve 20 is
formed so as to allow the internal air to be moved in
the direction of only an arrow mark A in the drawing,
that is, only to be discharged out of the ink
10 container 1, and is normally closed; therefore, it
does not affect the negative pressure force generated
by the ink consumption.
Here, referring to Figures 14 and 15, the
~details of the one-way valve 20 will be described;
15 ' Figure 14 is a sectional view of an
embodiment of the one-way valve 20.
In the cylindrical valve holder 18 integral
-with the cover 1b of the ink container 1, the first
and second stepped portions 18A and 18B are provided.
zb The air permeable film 19 is disposed within the first
stepped portion 18A. In the second stepped portion
18B, the wvalve body 20A constituted of a thin film is
disposed, wherein an adhesive sealant 20B such as
silicon oil is placed between the second stepped
25 portion constituting a valve seat (hereinafter, valve
seat) 18B and the thin film constituting the valve

body 20A, sealing thereby the two. When substantially



t he present invention. Figure 11 is a schematic

perspective view of anot her enbodi nent of the ink contai ner according
to the present invention. Figure 12 is a schematic
sectional view of 5 the ink container illustrated in Figure 11, depicting
the 'state thereof, in which the ink container has not been negatively
pressuri zed. Figure 13 is a s3¥enatic sectional view of

the ink container illustrated in Figure 11, depicting 10 the negatively

pressuri zed state thereof

no pressure difference exists, the adhesive sealant
20B seals between the_two components, with its
adhesiveness. As for the adhesive sealant, it is
preferable to empley liguid material such as silicon

5 oil, which is not volatile, and has an approximate
viscosify range of 50 - 500 cst.

Next, the operation of this valve will be
described. As the internal pressure of the ink
container 1 increases relative to the external

10 pressure, the valve body 20A of thin film is pushed
out in the upward direction of the ink container 1.
More specificaliy, as the difference between the
internal and external pressure of the ink container 1
reaches a predetermined one, the adhesive sealant 20B

-15 is partially separated from the.valve seat 18B,
allowing thereby an air passage to be formed as shown
in Figure 15. As the pressure difference is moderated
through this partial separation, the air passage is
quickly sealed due to the elasticity of the vaive body

20 of the thin film and the surface tension of the
adhesive sealant 20B. As for the valve body 20A of
the thin fiilm, when a round valve body_of.25 - 100 pm
fhick polyethylene terephthalate (PET) film with a
diameter of 13 mm was used, preferable results were

25 obtained. | |

Next, referring to Figures 16 and 17, another

embodiment of the aforementioned one-way valve 20 will



Figure 14 is a partially enlarged.secti onal view of the ink container

illustrated in Figure 11, in whi ch the one-way val ve is cl osed.

Figure 15 is a partially enlarged sectional 15 view of the ink container
illustrated in Figure 11, in whi ch the one-way val ve is open.

Figure 16 is a partially enlarged secti onal view of a different
structure of the one-way val ve. “33'Figure 17 is a partially

enl arged sectional 20 view of another structure of the one-way val ve.
Figure 18 is a schematic sectional view depicting the relationship

bet ween the ink nkaLnec i t | LOUG S I+ nmeans.
Figure 19 is a s%%e%%%??agggfio%glgé%é% ﬁgghgggﬁrC%ﬁné}geg?gfé%Q§1 I ch the

sucking means is:agbkR¥ion ofORhk"8ahBKae@Bt3pRebns, the portions i gure 20
is a graph of the relationship .
having the same functions as the those in the
preceding embodiments are given the same referential
5 .symbols.
Figure 16 is a sectional view of another
embodiment of the one-way valve 20.
A vélve body 20C of this embodiment is shaped
like a mushroom, and is made of elastic material such
10 as chlorinated butyl rubber. When a pressure
difference occurs between the internal pressure of the
ink container 1 and atmospheric pressure, the valve
body 20c deforms and its adhesion to the valve seat
18b is partially broken, allowing thereby an air
15 passage to be formed. As a result, the air within the
ink container is discharged..
Figure 17 is a sectional view of another
embodiment of the one-way valve 20;
The valve body 20D is made of material
20 capable of making airtight contact with the valve seat
18B, and is pressed by a spring member ZOE'in the
direction of making contact wifh the valvé.seat 18B.
As the pressure difference occurs between the internal
air of the ink container 1 and the atmosphere, the
25 spring member 20E deforms and allows the airtight
contact between the valve seat 18E and valve body 20D

to break. As a result, an air passage is formed to



bet ween the negative pressure and ink consunption when

-19- t he
sucking neans illustrated in Figures 18 and 19 is used.

Figure 21 is a schematic sectional view 5 depicting the relationship

bet ween the ink container ~ illustrated in Figure 11 and negative
pressure generating means. Figure 22 is a schematic
sectional view depicting a state in wlftch the -negative pressure 10
generating nmeans for the ink container illustrated in Figure 21 is in
action. : S

10

15

20

25

let the internal air of the ink container 1 be
discharged.

In either of the above two embbdiments_of the
one-way valve, the air permeable film 19, the surface
of which facing the ink liquid is made of the water
repellenﬁ material, is disbosed to allow only the air
to be discharged through an air discharging hole 21A;
This arrangementlis the same as the one described in
the preceding embodiment.

In the preceding Embodiments 1, 2 and 3, the |
internal negative pressure of the ink container 1 is
adjusted t6 bé in a'predetermined range by consuming
(discharging) the ink through the recording head;
therefore, the ink is wasted. However, the
embodiments given below are provided with not only the
structure that generates the negative pressure by
discharging the ink from the recording head, but also,
an additional structure that generates the negative
pressure without discharging wastefully the ink.
(Embodiment 4)

Next, referriﬁg to Figures 18 and 19, the
fourth embodiment will be described in detail, in
which the pegative.pressure force is generated by
decreasing the pressure of the air layer 8 within the
ink container 1.

Figure 18 depicts an ink container 1 in a

state immediately after its installation into an ink_



Figure 23 is a schematic sectional view depicting the relati on between

t he i nk cont ai ner illustrated in Figure 11 and different negative 15
pressure generating neans. Figure 24 is a schematic sectiona
Vi ew depicting a state in which a different negative _pressure
generating nmeans for the ink container illustrated in Figure 23 is in
action. 20 Figure 25 is a schemdPirc sectional view

depicting a state in which anot her negative pressure generating neans
for the ink container illustrated in Figure 23 is in action.

Foure 26 19, 8 BRLSREShENELY) Siogkafls ZReot EIE' BrbubRptelIAnElnY 2t v
ihstallable, angekgréﬂgghnﬁﬁegéfnEbaﬁgs@833¥E¥ea cap connected
through a connecting tube 42 to the suction pump of
the ink jet recording apparatus, which will be
5 described later. The cap 40 is constituted of a
member éapable of making airtight contact with the ink
container 1, and thereby, capable of sealing the
internal space 41 thereof.
After the installation pf the ink container
10 1, the cap 40 is placed airtightly in contact with the
ink container 1 as shoﬁn in Figure 19, and the suction
pump of the ink jet recording apparatus is activated.
Then, the air within the space 41 is sucked in the
direction of an arrow mark B, reducing the air
15 pressure within the space 41 below the atmospheric
pressure. As the internal pressure of the space 41 is
reduced to a predetermined value, a one-way valve 20
opens, and subsequently, the air is'sucked out of the
air layer 8 within the ink container 1. As the
20 pressure of the air layer 8 drops below the
atmospheric pressure, the liquid ink level within the
tubular portion 4 drops, maintaining a certain amount
of the negative pressure, till a'meniscus is formed at
the opening 5. At this moment, the pump is stopped
-25 and the cap 40 is separated'frbm the ink container 1.
Then, the one-way valve 20 quickly closes; therefore,

the reduced pressure of the air layer 8 within the ink



-.20- pressure generating neans i s disposed. . Figure

27 is an enlarged sectional view of anot her structure of the negative
pressure generating means. 5 - - DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS EMBODI MENT (Enmbodi nent 1)

Herei nafter, the enbodi nents of the present 10 I nvention wll be
described with reference to the- dr awt 3@s. , Figure 6 is

a sectional view of the structure

container 1 is maintained to generate the negative
pressure force at the recording head portion RH.
The negative pressure force generated in this
manner is maintained dﬁring the following printing
5 operation and after the completion of the printing
operation. However, when the ink container is left
without being operated for a long period of time, the
negative pressure of the air layer 8 sometimes changes
dué to the ink 7 evaporation or the like. 1In
10 conéideratién of such a predicament, the
aforementioned sucking 6peration may be carried out
not only at the time of the ink container
installation, but also, every so often with
predetermined intervals or at the beginning of every
15 printing operation. 1In case of this sucking
operation, the negative preSsure is adjusted to a
predetermined level from the beginning of the ink
consumption without consuming the ink, as shown in
Figure 20; therefore, no matter how many times this
_26 operation is repeated till the ink is depleted, no ink
is going to be wasted.
(Embodiment 5)
Figures 21 and 22 are sectional views of the
fifth embodiment of the present invention. In the
25 case of this embodiment, a heater as means for
pressurizing the air layer is added to the structure

of Embodiment 3.



of the first enbodi nent of the present invention. An i nk
container 1 conprises an ink supplying 15 portion 2 that supplies the ink
-to a recording head portion RH, and an air vent 3 through which the
at nospheric air is allowed to enter the ink container 1. The ink
container 1 is sealed fromthe atnospheric - air except for these:
openings. A fine tube 4 is 20 hollow, odd-end of which is in

comuni cation with the air vent 3, being open to the atnospheric air,
above the liquid level of the stored ink, and the other end of -

which is open as a hole within the ink container, . neat the bottom of
the ink container 1. Acrgg§efﬁ§en§§ anFFaéehp g?séﬁnEFFspgﬁﬁbﬁﬂ%§fiIn16
2o SPosel Mengruy §RIEh ghEhidghY FERE:Thal S5 chbolliy el et
It opens only when the internal pressure of the ink
container 1 becomes higher than fhe extefnal pressure
5 of the ink container 1. A heater 60 is disposed on
the internal wall surface of the ink container 1 above
the highest liquid ink level 7, and its power supply
is controlled by the signal from the control section
of the ink jet recording apparatus. |
10 . In this embodiment, as the ink container 1 is
mounted in the ink jét recording appafatus, the heater
60 is turned on by an ON signal from the recording
apparatus. As the interior of the ink container 1 is
heated by the heater 60, the air of the air layer 8
15 expands, creating_thereby a high pressure condition
relative to the atmosphere. At this moment, the
meniscus force at the ink ejecting orifice of the
reco:ding head portion RH is sufficiently larger than
the force necessary to open the one-way valve 20 (the
20 | opening pfessure 6f the one-way valve 20 is set to be
sufficiently small); therefore, before the ink is
forced to leak out of the ejection orifice, the one-
way valve 20 opens to allow a portion of the air to be
discharged, reducing thereby the interna; préssure of
25 the ink container to a pressure level substantially
equal to the internal pressure of an open ink

container and maintaining it. Next, as the heating by



-21- . intermttently enters the ink container 1 through the

hole 5, in response to the consunption of an ink 7. At this time, the
i nk contai ner generates a negative pressure force in the direction to
-draw the ink 7 5 i nwards of the ink container 1, at the ink ejecting
orifice of the recording head RH, due to thg pressure drop caused by
the ink consunption and the strength of ~38%{ he neniscus force of the air
in the hole 5. As a result, a proper degree of negative pressure is
10 provided in the recording portion to supply stably the i nk, and

LPECERY, 0 g LRGP fo L4 iRl Vene omerue wanve F40 UEacEye"
force remains angs illustrated in Figure 22. Thereafter, the air
layer 8 within the ink container 1 gradually cools.
down and contracts. As a result, the pressure of the
5 .air layer 8 becomes lower than the atmospheric
pressure. As the pressure of the air layer 8 drops
further, the air enters the ink container 1 through
the tubular portion 4, whereby a meniscus is formed at
the opening 5, with the air layer 8 maintaining a
10 predetermined negative pressure valﬁe.

This state of the negative pressure created
in the eir layer 8 at this time and the negative
pressure force thereof are maintained during the
following printing operation and thereafter. However,

15 when the ink container is left without being used for
a printing operatien for a long time, the reduced
pressure state of the air layer 8 may sometimes change
due to the ink evaporation or the like. 1In
consideration of such a'predicament, this heating

20 operation may be performed nof only at the time of the
ink container installation, but also, every so often
with predetermined intervals using a timer, or every
time at the beginning of the printing operation. This
heating operation does not require a mechanical

25 operation; therefore,'the structure is simple; Also,
it does not involve ink consumption; therefore, no

matter how many times it is repeated before the ink



prevents the ink |leak fromthe recording head portion 15 RH

The air perneable film®6 is provided for preventing the ink from
spilling out of the air vent 3 due to the vibration or the like while
t he ink container is transported. 20 The negati ve
pressure was neasured at the ink sup ing portion 2, using an ink
container 1 conprising a fine pol ypropyl ene tube 4 with an

internal dianeter of 0.38 nmat the hole 5, and an ink with a surface

tension of 48 dyne/cm The ink holding 25 negative pressure force during

T %P ion, o, S0 SRR Ton Lere sybeLant 8y 48
force | Further, in this embodiment, the one-way
valve 20 is employed, but instead a ;alve 50 such as
the one described in Embodiment 4 may be employed,

5 wherein while the heater is activated, and the air
dischargé opening 21A is unblocked using the opening-
closing member connected to the ink jet recording
apparatus.

On the other hand, it is needless to say that
10 the same effects as those obtained by heating the
interior of the ink container 1 with the internal
heater 60 éan also be obtained by using such a
structure that the entire ink container is externaily
heated. |
15 (Embodiment 6)
Figures 23, 24 and 25 are sectional view of
the sixth embodiment of the present invention.
A reference numeral 20 in the drawing
.designates the_same one-way valve as the one described
20 in Embodiment 3. It opens only.whén the internal
pressure of the ink container becomes higher than the
pressure outside the ink container. A reference
numeral 70 designétes a pump as pressurizing means,
comprising a cylihder 71 integral with the cover 1b
25 and a piston 72 fitted therein so as to slide freely.
| The piston 72 is madé of elastic material, such as

rubber, which is capable of making airtight contact.



-22- measur ed using the sanme system and different inks havi ng

different conposition and surface tension (surface tension of 30
dyne/cm and 40 dyne/cm is given'in Table 1. 5 '

Table 1 Ink (1) Ink (2) I nk (3)
Surface tension 30 40 48 (dyne/ cm
Negati ve pressure during printing -40-33 -38 - 48
( MMAg)

" Since the piston 72 is airtightly in contact with the
internal peripheral surface of the cylinder 71 without
any gap, no air passes between the cylinder 71 and
piston 72. The bottom portion of the cylinder 71 is

5 in communication with the air layer 22 through an
ejection opening 73 of the pump, and the piston 72 is
pressed by a spring member toward a small 1lid 75
fitted at the end of the cylinder 71, so as to
maximize the internal volumé of the ink container 1.

10 Further, an inseft hole 75A, in which a pressing
member 76 is inserted, is provided at the center of
the small 1lid 75. | |

In this embodiment, as the ink container 1 is
installed into the ink jet recording apparatus, the

15 pressing member 76 provided on the ink jet recording
apparatus pushes do%n the piston 72 in the direction
of reducing the internal volume of the ink container 1
(Figure 24);

At this time, the pressure of the air layer 8

20 in the ink container 1 becomes higher than.the.
atmospheric pressure, and as a result, the one-way
valve 20 is opened. The meniscus force at the ink
ejecting orifice of the recording head portion RH is
shfficiently 1érger than the pressure needed to open

25 the oné-way valve 20 (opening pressure of the one-way
valve 20 is set to be sufficiently small); therefore,

before the ink is forced to leak from the ejection

10



Ret ai.ned negative 15 pressure in static -25 -32 -42

state (nmAQ) When the ink of a different conposition is
used, substantially the sanme |evel of negative 20 pressure can be
obt ai ned by changing the internal di aneter of the hole 5 and the

mat eri al therefor. For exanpl e, when the surface tension of the ink is
snall er, the dianmeter of the hole 5 is changed in the - reducing
direction. 25 ' According to experinents, the negative

pressure force was not affected by the ink |evel, and di spl ayed a

substantially Co%gffﬁcéﬁﬂﬁﬁéfdﬂﬂnﬁéyavalve 20 opens to change the

internal pressure of the ink container 1 to a préssure
equivalenf to that of an 6pen container.
Next, as the pressure from the pressing
5 member 76 is removed, the piston 72 is moved by the
resiliency of the spring member 74 in the diréction of
maximizing the internal volume of the'ihk container 1
(Figure 25). At this moment, the one-way valve 20
does not allow the air to enter the ink container 1,
10 and-at the same time, the meniscus force at the
ejection orifice of the recording head portion RH is
sufficiently large; therefore, as the piston 72
returns in the direction of maximizing the internal
volume of the ink container, the air is taken into the
15 air layer 8 from the opening 5 of the tubular portion
4, and when the negative pressure of the air layer 8
reaches a predetermined negative pressure level, the
air stops flowing in through the opening 5.
In this case, it is preferable that the
_20 volume that the piston 72 pushes, that is, the ﬁroduct
of the stroke ahd area of the piston 72, is
sufficiently larger than the volume 6f fhe passage
within the tubular portion 4.
The state of the negétive pressure created in
25 the air layer 8 and the negative pressuré force
thereof are maintained during the following printing

operation and thereafter. However, when the ink



-23- begi nning of the ink consunption right up to a point when

the ink is depleted. Further, it did not display an excessive negative
val ue at the beginning of the i nk consunption. This neans that this
enbodi ment can 5 offer substantially stable print quality fromthe

begi nning of the ink consunption right up.to the nonent of the ink
depl eti on. Further, even whetThe ink enters the fine

tube 4 during the transportation, the negative 10 pressure can be
generated as soon as the ink within the fine tube 4 is conpletely

A U ot SoBRETEHEE e kb bR g GAg8 H0E, s phiating T Lhe
of the fine tL“%%éfEéﬁéhCPOrtgeiéﬂé ¥4$antﬂgereduced pressure state
of the air layer 8 may sometimes change due to the ink
evaporation or the like. In consideration of such a
.5" predicament, this piston pushihg operation may be
performed not only at the time of the ink container
installation, but_also, every so often with
predetermined intervals using a timer, or every time
at the beginning of_the printing operation. Further,
10 this piston pushing operation does not involve the ink
consumption; therefore, no matter how many times it is
repeated before the ink depletion, no ink is wasted.
Also in this embodiment, the one-way valve
20 is employed, but the valve 56 sudﬁ as the one
15 described in Embodiment 4 may be employed, wherein
when the piston 72 is pushed by an opening-closing
member connected to the ink jet recording apparatus,
the air discharge opening 20A is opened, and after
the piston 7 is moved till the internal volume of
20 the ink container 1 is minimized, the valve 50 is
closed.
On the other hand, an elastic member such as
a rubber pouch may be employed in place of the piston.
It is needless to say that the same effects can be
25 . obtained with provision of such a mechanism that a
portion of the ink container main body is pressed from

outside.



15 fine tube 4 can be surely and conpl etely dlscharged by setting the

punp capacity at 1.3 cc). As for the air perneable film of
this enbodi nent, its material is polytetrafluoroethylene, wher ei n
this material is stretched to create nunmerous 20 m croscopic pores, and
then, is given an oil repelling treatnent. The di aneter of the

m croscopic pore is 0.1 -.3.0 [err]m43 As for the
positional relationship betmeen the ink supplying portion 2 and the

hole 5 of the fine 25 tube 4, it is preferable that .t he hole 5 opens

adj acent to the ink supp i.ng portion 3s sho Figures 6 and .
9(a).. The reason for thi ﬂ?gﬁg ﬁ@?n , \Mlace of the

aforementioned one-way valve 20, a valve 50 is
provided, which is p;essed outwérd from inside the
ink container to seal the air layer 8, and the rest

5 of the strucfure ié the same as the preceding
embodiment.

More specifically, in this embodiment, a
cylindrical valye holder 18 with the third and fourth
stepped portions 18A and 18B is intggrally formed with

10 the cover 1lb as it is in the preceding embodiment. At
the top end thereof, a small 1id 21 is fitted, which
has an air discharge hole 21A at the éenter. A valve
body_SOA is pressed outward from inside the ink
container by a spring member 50B so as to be placed

15 airtightly'in contact Qith the periphery portion
(hereinafter, valve seat) of the air discharge hole
21A. In order to prevent the air from entering
through the air discharge hole 21'A and affecting the
negative pressufe force during a printing operation,.

20 the pressing force of the spring member 50B is set up
to maintain the airtight contact between the wvalve
body 50A and valve seat 21B during the printing
operation.
| The valve body 50A is made of material

25 capable of providing the airtight contact between the
va1§e body 50A and valve seat 21B.

Next, a method for initially generating the



- 24- that this arrangenent allows the neniscus to be

effectively fornmed even when the ink container is nonupri ghtly
oriented as shown in Figure 8(b) or ‘Figure 9(a). Wth the relationship
as shown in Figure 5 8(a), when the ink container is oriented so that the
i nk supplying portion 2 comes to the bottomand the hole 5 goes to the
top, the air pocket 8 wthin the ink thhtainer 1is pl aced in direct
comuni cation with the atnospheric air through the hole 5; therefore,
if 10 the ink ejecting orifice (it is nornally of such a si ze that

t he neni scus force does not al

f , if
the head porti or‘f‘%%%’s ¢ rpressuE%n{%cEe \%?3( hr%d'é‘ﬁ’eréq ‘@f‘g &5§$s€$gp§£el i Ike
and t her eby, , & he %PS%%#J{'%: Ofpd | Cr?k'éo&{g:h?gr [Nge dRe {De! €2KS

fromthe eJectlon or| I cé
of the ink container installation or the like will be

described more specifically.

5 A reference numeral 40 in the drawing
designatés a cap connected to the suction pump of an
ink jet recording apparatus. The cap 40 is
constituted of a member capable of making airtight
contact with the ink container 1 as described before.

10 In this embodiment, an opéning-closing member 43 is
sﬁpported within a connecting tube 42 with a
supporting arm 44, and its movement during the ink
container installation is linked to the movement
of the cap 40, and pushes the valve body 50A to

15 enable the air to flow through.the air discharge hole
21A.

After the ink container is ﬁounted in the ink
container 1, the cap 40 is placed airtightly in
contact with the ink container 1, and at the same

20 time, the valve body 50A is pressed with the opening-
closing member 43 to unblock the air discharge opening
21A. In this state, the suction pump of the ink jet
recording apparatus is activated to reduce the
pressure of the air layer 8 within the ink container 1

25 below the atmosphefic pressure. As the pressure of
the air layer 8 becomes lower than the atmospheric

pressure, the ink level within the tubular portion 4



portion. However, with the hole 5 and ink supplying portion 2 being

positioned as indicated in Figure 6 or Figure 9(a), even when the ink
cont ai ner i s nonupright as shown in Figure 9, and the neniscus at the
ejecting 20 orifice is broken, the atnospheric air is not supplied

to the air pocket 8; therefore, the ink does not |eak out of the
ejection orifice. Needless to say, in case45- the recording head
orientation-is such that the recordi ng head ejects the ink dowward as
shown in 25 Figure 6 or Figure 8(a), the positional relationship

bet ween the ink supplying opening 2 and the hole 5 of . the finpe tube 4
does not necessQFPP§ As desgribe before, and this drop is allowed - 25

till a meniscus is formed at the opening 5,
maintaining still a certain degree of the negative
pressure. At this moment, the opening-closing member
5 43 is moved in the direction to remove the pressure
applied on the valve body 50A. Then, the valve body
50A blocks the air dischafge hole 21A due to the
.resiliency of the spring member 24, with the cap 40
remaining still airtightly in contact with the ink
10 container 1, and thereby, maintaining the reduced
pressure of the air lafer. Next, the pump operation
is stopped, and the cap 40 is separated from the ink
container 1. |
Next, feferring to Figuré 26, an example of
15 the ink jet recording apparatus 200, in which an ink
jet recording head cartridge 100 constituted of a
combination of the ink container 1 in accordance with
one of the aforementioned embodiments of the present
invention and the ink jet recording head RH is
20 mounted, will be described.
This ink jet recording apparatus 200
comprises a carriage 206, which is reciprocally guided
by a guide rod 204 mounted_horizontaily on a frame 202
having a U-shaped secfion, and the ink jet reéording
25 head cartridge 100 is mounted on this cartridge 206,
with its ejection surface, on which the ejection

orifices are arranged, facing downward. The ink jet



limted to the one described above. For exanple, a posi ti onal

rel ati onship such as the one shown in Figure 9(b) is capable of
dealing with both the upright and horizontal orientations. 5

(Enbodi nent 2) ' Figure 10 is a sectional view of the second
enbodi nent of the present invention. The second enbodi nent is
simlar to the first one with regard 40T he principle for generating
the 10 negative pressure force at the recording head portion, . but is
different in that in order to further inprove the reliability, a

f1 exi bl e pouch greicso 41];[)1_\& %P%#%{'é%&oc? n%tlp,ghépk @B{,f\égﬁr géllgg.?%ge%gﬁ for
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roller 210 or the like that conveys a recording medium

208; a spirally grooved carriage shaft 214 for
transmitting the power from the powér source to the
carriage 20; well-known signai supplying means
(unillustrated) that supplies the ink'jet recording
head RH with control signals for triggering the ink
ejection; and the like.

| Further, at the home position of the carriage
206,.a cap 216 made of rubber materiél or the like is
disposed. When the carriage is at the home position,
the cap 216 covers the entire ejection surface of the

recording head 30 to prevent the ink from solidifying

(drying) at the ejection orifice, that is, the very

location from which the ink is ejected. Further, the
cap 216 is connected to an unillustrated pump, which
is used to clean the ejection otifice before the
printing operation is started. More specifically, it
is used to éuck the high viscosity ink or the like,
that is, the ink or the like, the viscosity of which
has increased through an extended non-usage period of
the recording head cartridge, out of the ejection
orifice. Further, in the top portion of the frame
202, a motor 230 is disposed, which vertically drives
the aforementioned cap 40, which is to be placed in

contact with the top surface of the ink container 1,



that the pouch 9 displays its maxi mum vol une at the begi nni ng of the

I nk consunption, and does not expand - even when the internal pressure
of the ink container 20 1is reduced relative to the atnosphere; therefore,
it does not affect the negative pressure force at the recordi ng
head portion. On the other hand, when the envi ronment surroundi ng the
I nk contai ner 1 changes, for exanple, -when the ink container is placed
inalow 25 pressure environment during the transportation or the

| i ke, or when the anbient tenperature increases due to t he internal
heat radiation of the printer, or the :

-26- that is, in communication with the air discharge hole

21A of the ink container 1.
As described above, the cap 40 is connected
to a pistoh pump 232 as the suction pump through a
5 cohnecting tube 42. As the piston pump 232 is driven
by a motor 234, and thereby, the internal cylinder
'volumé is changed, the air within the ink container 1
is sucked through the cap 40.
‘In this embodimehf, the present invention has
10 been described with reference to the piston type pump,
but the present invention is not 1imited to the piston.
type pump, and it is needless to say that a different
type. of pump may be employed.
When é.valve holder 8 with a structure
15 illustrated in Figure 27 is employed in the ink
container 1 of Embodiment 4, all that is necessary
is to employ a cap 40 in which the opening-closing
member 43 is disposed, and in the case of an ink
container 1 comprising the pump of Embodiment 6
20 illustrated in Figure 23, all that is needed is to
place a motor (uniliustrated) for.driving vertically
the pressing member 76, ﬁext to the motor 230 for the
'cap 4Q.
According to the present invention, foamed
25 material such as the foamed urethane resin is not
contained as it is according to the prior art;

therefore, the problematic unsatisfactory usage



i ke, a volune equivalent to the expansion of the air pocket 8 is

absorbed by the volunetric contraction of the pouch 9 to noderate the
i ncrease in the internal pressure of the ink container, preventing
thereby the 5 ink fromleaking out of the recording head portion.

Then, as the environnent is restored to its original - state, the volune
of the pouch 9 restores its original vd&me, that is, the maxi mum

vol une, and thereafter, does not affect the negative pressure force at
the 10 recording head portion. Further, there nmay be
chances that duri t he transportatlon@& i s concej vabl e that. the
envi r onnent al ch&%&écﬂﬁycyéa@ﬁngﬁéépﬁﬂﬁﬂo?e dpe figamed magierigl, ipto
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that the negative pressure force varies between the

5 beginning of the ink consumption and the ink depletion
is solved.

In any of'the ink container structures
according to Embodiments i - 6 of the present
invention, the air intermittently enters the ink

10 container in response td the consumption of the ink
within the ink container. At this time, due to the
pressure reduction occurring within the air pocket
formed by the air flowing into the ink container in .
response to the ink consumption, and also, due to the

15 force of the meniscus of the air at the opening, the
ink container generates a negative pressure force
directed so as to pull the ink inward of the ink
container at the ink supplying portidn or. the ink
ejecting orifice of the recording head. As a result,

20 a proper amount of the negative force is provided in
the recording head. |

Thus, the present invention can provide an
ink contaiﬁef which is capable of not only éupplying
stably the ink, but also, offering the preferable |

25 print quality.

Further, the present invention can provide an

ink container in which this negative pressure force



preferable that the air vent 3 and the opening above the air perneably
filmo6 be kept sealed with tape or 20 the |like during the transportation,

that is, until the ink container 1 is installed in the printer.
(Enmbodi nent 3) Figure 11 is an external perspective view of
the third enbodi ment of the present inventh , and 25 Figures 12 and 13
are sectional views thereof. “SAn ink container 1 conprises a
mai n body | a and a cover |b which covers the top portion of the

-27- main body 1. The main body la is -provided with an ink

remains to prevent the ink leaking out of the
recording head portion even after thé ink consumption
is interrupted.
lFurther, the present invention can provide an
5 ink container in which the air permeable film prevents
the ink.from spilling out of the air vent due to the
vibration or the like that occurs during the
transportation of the ink container.
Further, according to the present invention,
10 means is provided for moderating the internal'preséure
increase, in order to deal satisfactorily with the
increase or decrease of the air pocket volume, which
is t;iggéred by the environmental changes; therefore,
the internal pressure of the ink container is
15 = prevented from becoming positive relative to the
atmospherié pressure, whereby the preferable negative
pressure can be maintained.
Further, the employment of the structure
described in Embodiments 4 - 6 of the present
20 - invention can offer extremely beneficial effects.
That is, the preferable print can be highly reliably
obtained while eliminating the wastefui ink usage such
that the ink must be extracted till a preferable
negative éressure force is generated within the ink
25 container.
While the invention has been described with

reference to the structures disclosed herein, it is



supplying hole 2, which is disposed at the bottom portion of the ink
container, as a connecting portion for the recording head portion. 5
The cover | b has a tubular hollow portion 4 with a stepped portion 4a
formed.integrally therewth, wherein the tubular hollow portion 4

ext ends downwar d, WwWth its bottomend opening being di sposed near the
bottomwall of the ink container main bodys58- At the 10 top end of this
tubul ar portion 4, a small lid 15 with an air vent hole 3-is fitted,
and the small [id 15 has an air vent hole 3 disposed at the center
thereof. In the stepped portion 4a, an air pernmeable film6 is

di sposed, at | eaet coefineditiof thendetaiiaceedf fontbhandsthispade of water
repellent material. ] L A _reference nuneral 7 designates |iquid
i nk st or ed@PRligation tsnintepded tangovexs spghedpdiéieptions pg

designated wth an alghanuneric reference 7A
changes as may come within the purposes of the

improvements or the scope of the following claims.

10

15

20

25



The cover |b further has. a cylindrical valve 20 holder 18 with a first

and a second st epped portionsg 18A and 18B fornmed integrally therew th.

In the first ThisSh tlon JA8A, an air perneab%e— Il m 19, which

is the sane as thls ﬁ%e @%4 Qi r permeable film . 7 9, AL Sposed,

and in the second on 18B, 25 a valve body ZGA.’Q'. Pfﬂmlng a

one-way val ve 20 rmts only“ﬁﬁe out war-d-ai-r - dlsdha,ggmjnom

within the ink container 1, and wi || be described

-28- later) is disposed. At the top end of the valve

16, @ sl 1 11 dyghy gl hippish has an it i i
1. An ink container comprising:

an ink storing poftion for storing ink;-
an ink supplying pbrtion for supplying ink
5 to a recording head portion; |
an air vent for taking the atmospheric air
into the ink container; and
a hollow tube, one end of which opens to the
atmosphere at the air vent, above the 1idufd level of
10 the.stored ink, and the other end of which opens
within the ink container adjacent to the bottom

portion of the ink container.

2. | An ink confainer according to Claim 1,
15 wherein an air permeable film is disposed at said air
vent, énd said air permeable film has water repellency
at least on the surface facing inward of the ink

container.

.26 3. An ink container according to Claim 1,
comprising further moderating means for moderating the
internal pressufe increase caused by the volﬁmetric
expansion of the air within said ink Container
triggered by the environmental changes.

25
4. BAn ink container according to Claim 3,

wherein said internal pressure moderating means is in



di scharge hole 2l A disposed in ' It should
be noted here that in the stru E ﬁ#l l bed above, the stepped :
porti on 4phischebt HasrBeén Replaced st e are di- sposeq SQ Tha FEIQ 1(3_1 r

per meabl e are both p03|t|oned above tfhe' hlgbﬁ
| evel 7A. hus, an air | ayef 8 can be f.or med betmee 10
I ghe

t he
cover |b an _ liquid level 7A a&5%®<this air layer 8 can be
normal |y seal ed fromthe at nospheric air. According to
t he above structure, as the ink 7 within the ink container 1 is
consuned through the 15 ink supplying hole 2, the air intermttently
enters the ithe deamaofed Flexidlgh pomeh, y iliigh g& mradispesed shown
in Figure 13. At this tine, the ink container 1 ~generates a negative

pressure force dWigdiadseddyink contaimes.ndny qommnd Gotiane With ddie ai ner

1 fromthe ink
: : atmosphere.

5 5. An ink container according to Claim 3,
wherein said internal pressure moderating means
comprises at least one valve body, which allows the

air within said ink container to be only discharged.

10 6. An ink container according to Ciaim 1,
wherein the internal pressure of said ink container is
adjusted to a predetermined negative pressure level by

discharging the ink from the recording head.

15 7. An ink container according to Claim 5,
wherein the ihternal pressure of said ink container is
adjusted to a predetermined negative pressure level by
discharging forcefully the internal air of said ink
container through said internal pressure moderating

20 means.

8. An ink container according to Claim 1,
wherein the opening of said fine hollow tube disposed
adjacent to the bottom portion of said ink container

25 faces downward relative to the orientation of said ink

container in use within a recording apparatus.



20 supplying hole 2, and subsequently, fromthe ink ejecting orifice
of the recording head portion RH due to the press n caused
in the air layer 8 R¥sheet HaslHih Red gmgonsunptlon and t he'jf brigetrfert

meni scus fornme Therefore, a pﬁoper aﬁeun{
negative pressure is H H guml!!
result, the ink is st

-—

to-8Bfer a preferabLe_nLlnr

quality.

he recordlng head por ton-RE...
Further, even after the ink consunption is |nterrupte ‘“Hﬂ(yﬂ“mzﬂmmm
pressure foroe remaigs. apd jnx cBhEYSRLE LDSLRK, oM | ea

ej ection

an ink containing portion for storing ink
which maintaining above the liquid ink, an air layer
- sealed from the atmosphere a connecting portion for
5 making connection with a recording head;
pressure reducing means capable of reducing
the'pressure Qf the air layer below the atmospheric
pressure without consuming the ink within said ink
containing portion.
10
10. An ink container according to Claim 9,
wherein said pressure reducing means comprises a
connecting portion disposed in such a manner that one
end of it is above the ink level and in communication
15 with the external ambience of said ink container, and
the bottom end opens up within the ink liquid; and at
least one one-way valve capable of allowing the air of
the air layer to be only discharged from said ink

containing portion.

20
11. An ink container according to Claim 9,
wherein said pressure reducing means comprises means
for pressurizing the air layer.
25 ~ 12. An ink container according to Claim 11,

wherein said pressurizing means is a heater for

heating at least the air layer.



orifice of the recording head p As for the air
per nea ﬂmm M 'l u Hm the ink 7 fromleaking out
of the i alr vent ho 3 due or tE e‘TLke —That— —;

occurs. & rtatlon of the ink contalnerg S QIEENGAS BEEN
An exper| cted by the inventors to Heasur :iﬂjiﬁ§ ativ

pressure used t her ef or-9éAs conposed of:
d ycerine % Thi odi gl ycol 5.0 % 15
Ur ea 5 0 @6 | sopr opanol 4.0 %

H[err]O Ez 3.0 %
and its surface tenstdn wﬁ% 5@kd?ﬂ%?€hPeT cFﬂRd1§€ EBnEara® 1had a tubul ar

portion 14 of p°'ﬁ£¥8§X'§2§& pressurizing means is a piston type pump.

14. An ink container according to Claim 9,

5 wherein said pressure reducing means eomprises a
connectiﬁg member disposed in such a manner that one
of it is above the ink liquid level and in
communication with the external ambience of_said ink
container, and the boftom end opens up within the ink

10 liquid; and a valve pressured outward from within said

ink container so as to seal the air layer.

15. An ink container according te Claim 10,
wherein an air permeable film is disposed in said
15 connecting member, above the ink liquid level, and
said air permeable film is made of water repellent

.material at least on the surface facing the liquid.

16. An ink jet recording apparatus, in which said-
20 ink container according to Claim 1 is installed,
comprising fﬁrther activating means for activating
said pressure reducing means with a predetermined

timing.

25 17. An ink jet recording apparatus according to
Claim 16, wherein said activating means comprises

sucking means for sucking the air from the air layer



and had an internal dianeter of 0.38 mm The negative pressure force
t hus obt ai ned mas_appLQXLﬂaLeL¥_;45_ mmAg at the supply hole 12 of the

i nk container 1. The negatlve pressure force obtained when this system
25 and di fferent |T1ia$he1 as-Be lM:eHh di fferent corrp05|t|ons that were
used are given in T

Table 2 | RESE1) I 5
Surface ten 48

mmwguwmwm. ;mmmmmm

18. An ink jet recording apparatus according to
Claim 16, wherein said activating means comprises
5 means for opening said valve pressured outward from
within said ink container so.as to seal the air layer:;
and sucking means fo: sucking the air from the air

layer through said valve.

10 19, An ink jet recordihg apparatus according to
Claim 16, wherein said activating means comprises
means for supplying electricity to said heater.

20. An ink jet recording apparatus according to

15 Claim 16, wherein said activating means comprises

means for driving said pump.

20

25



(dyne/cm Negati ve pressure during printing -33

- 38 - ( MmAg) Ret ai ned negative: 10 pressure in
static -25 -32 -42 state (nnAgT“T:i_ — =
When the different inks are used, the sane degreg 6T“n9qat|'§‘%ﬁﬁ%50re
force can be obtained by 15 changlng t he internal dlaneier_ﬁnm_“"_m__ 5
mat eri al of the tubul ar portion 4. -56- . According to
experinments, the negative pressure force was not dependent on the

| evel of the

begi nni ng of the ink consunptlon til
I n

(Figure 7).
provi ded

10

15

- 20

25

ink 7, displaying substantially flat values fromthe 20
ri ght before the I nk depl etion
S al |y stable print quality can be

ABSTRAGT, O HE DISQHI

3

An ink container includes an ink storing
portion for storing ink; an ink supplying portion for
supplying ink to a recording head portion; an air vent
for taking the atmospheric air into the ink container;
and a hollow tube, one end of which opens to the
atmosphere at the air vent, above the iiquid level of
the stored ink, and the other end of which opens
within the ink container adjacent to the bottom

portion of the ink container.
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fromthe beginning of the ink consunption right up to t he point of ink
depletion. 25 As for the air perneable film6, its materi al

i s polytetrafl uoroethyl ene, wherein this material is stretched to
create nunerous mni croscopic pores (ﬂ =55\

- 31- ' therein, and then, is subjected to the @ THISSH¢IHT RYS BEEM
treatnent. The di arreter of the m croscopic pore is OREFLAQED [err] m
Further, the ink container 1 conprises an air 5 di schargrng hore—2414; a

one-way valve 20, and an air pm@a%4él m 19. Since-this onre—way—

o i
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L

112

772722222 LL
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— 128

z 130
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formed so as to allow the internal air to be noved in the direction of

only an arrow mark A in the dra\/\/rrmgsmetHangeha ldcé&d only to be di scharged
out of the ink 10 container 1, 3 % cl osegi—therefore—

H!S@HHBTG*AS\BEEN '

does not affect the negative pres rated gl
consunpti on. Her e, r gur es ﬁ4 andrEBL.ATCER ¥
details of the one-way valve 20 will be descrl bed. ——Frgure 14
is a sectional view of an . enbodi nent of the one- vvay val ve 20.

In the cylindrical valve holder 18 integral with the cover Ib of the
ink.container 1, the first ~and second stepped portions 18A and 18B are
provided. 20 The air perneable filNK1QONSUMBOEEBMN within the first

st epped portion 18A In_the second stepped portion 188 __the val ve body
20A constituted of a thim filmis di sposed, wherein an adhesive

seal ant 20B such as

o
<
£
£
A -s04
11
1 d
[
;_‘ —_A
1|
W ~100- PEAK | |
[

= \_J- T3




silicon oil is placed between the——second—stepped— 25 portion constituting a

val ve seat (hereinafter, valve seat 18B and the thin film
constituting the valve bodgyhl ot reby ﬁﬁ:ng\‘Vhen
substantially m 2THIS o oo, POSTTm
pressure difference exists, the ZOB seaLﬁ"etmﬁeﬂut

two conponents, wth its adhesi veness As for t he—-adhesi Ve s‘é%tl ant, it
S preferable to enploy liquid material such as silicon 5 oil ‘whi ch
is not volatile, and has an approxi nate vi scosity range of 50 - 500
cst. . - Next, the operation of this valve will be
136b
(a) :1:5:\
A\ N\iz6
136a t M
136b
\

136a



described. As the internal pressure of the ink container 1 increases
relative to the external 10 Tiis ieaWascBech Rplavall ve body 20A of thin filmis
I nt = .

pushed out in the upward e ink container 1. Mor e
pressure of the ink container reac a predef e AEE bihe;” tHe!

specifically, as the differenc

adhesive sealant 20B 15 is partially separated frdhyghe*ﬁéﬁ&QFSeat_18B,
all owing thereby an air passage to be forned as shown in Figure 15. As
the pressure difference is noderated t hrough this partial separation,
the air passage is qui ckly seal ed due to the elasticity of the valve
body 20 of the thin filmand the surface tension of the adhesi ve
seal ant 20B. As for the val ve body 20A of the thin film when a round
val ve body of 25 - 100 [err]m t hi ck pol yet hyl ene terephthal ate (PET)
filmwth a di aneter of 13 mm was used, preferable results were
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I —————

25 obt ai ned. Next, referring to Figures 16 and 17, anot her
enbodi nent of the af or enenti onedrhixshecnkss Be 1 wi || _

- 33- be described. In thes r‘l order to-avoid ._. ..
repetition of the sane ‘descriptio | S “havi; ng !
functions as the those in the precedi ng enbodi ments are: gk ven. the sarre
referential 5 synbols. Figure 16 is a secti onal view-of-

anot her enbodi nent of the one- way val ve 20. A val ve body

20C of this enbodi nent is shaped
INK CONSUMPTION

<
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£
n
m - 50
&
L
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FIG 7
(a)
(b)
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like a nushroom. and is nade of elastic material such 10 as chlorinated

butyl rubber. "Wien a pressure . = difference occurs between the internal
pressure of the i nk cont ai neg, . t heri'c pressure, the valve
body 20c deforns and its adhesioﬁl‘im%h as e &‘ﬁﬁt 2 I, |
broken, allow ng thereby an air. 1Hul %ﬁ be for meli. THIRSHEET &§ BEEN \
the air within the i nk cont ai [ ged. e REPLAGH! |
17 is a sectional view of another enbodi ment of the~ome-way val ve 20.
The val ve body 20D is made of material 20 capable of making airtight
contact with the valve seat - 18B, and is pressed by a spring nenber 20E
in the direction of nmaking contact n%fr the val ve seat 18B. As
the pressure difference occurs between t nternal air of the ink

container 1 and the atnosphere, the 25 springtmenber 20E deforns and
allows the airtight '

5 Ve




contact between the val ve seat "I8E andvatve—boedy-20D to break. As a

result, an air passage is forneqht

- 34- let the internal air fgh o ' diner 1 Q§~ di schar ged.
In either of the above two enbodi l u one- WAy val Ve t-hes=ak:
permeabl e film 19, the surface ng the ink TH%iiidi s radenof

e

t he wat er repel lent material, is di'sposed to allow only e ais: :
to be discharged through an air discharging hole 21A Thi s ar raigement
is the sanme as the one described in t he precedi ng enbodi nent.
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10 In the preceding Enbodlnents nd 3 the<‘§§‘\rh;erh5r\‘““\\~

negati ve pressure of the ink contalnenmﬁ%ls dto beina
predet er mi ned range by consum ng the i nk through t he
recordi ng head, therefore, the i ver,

enbodi nment s given bel ow are provided he st MBEygﬁt
generates the negative pressure by dlscha the ink fyom thggp
recordi ng head, but al so, an additional structure that g M
negative pressure w thout discharging wastefully the ink. 20 T
(Enbodi nent 4) . : Next, referring to Figures 18 and 19, the
fourth enbodiment will be described in detail, in whi ch the negative
pressure force is generated by decreasing the pressure of the air

| ayer 8 within the 25 1ink container 1. Figure 18 depicts an

ink container 1 in a




state imediately after its installTation into an ink
- 35- jet recording appargfYfeeftiids BenlRd alJeaansportatlon A
E t recordln@ﬂ@@garafuswﬂ_

ref erence nuneral 40 designates d anugh,a connecting
tube 42 to the suction punp of ﬂmﬂﬂmwmﬂl B
will be 5 described later. The tituted pf a gpp

capabl e of making airtight contact with the ink contai-nes. 112a_n_d_:
t her eby, capabl e of sealing the i nternal space 41 thereof.

After the installation of the ink container 10 1, the cap 40 is placed
airtightly in contact with the

21 A 20A

155 glaa ] [i19 20
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I nk container 1 as shown in Figure 19, and the suction punp of the ink

jet recording apparatus is activated. Then, the ai ’*h—. A C
41 is sucked in the direction of an arrow mark B, ,edu0|ﬁgp g ﬁ?E§§E
pressure within the space 41 bel ow the at nospheric lpressure

I nternal pressure of the space 41 is reduced to a predeternrned value
a one-way valve 20 . opens, and subsequently, the air |s Suckedout ur——
t he air layer 8 within the ink container 1. As thep Qr ssur
the air |ayer 8 drops bel ow the atnnspherrc pressure
| evel within the tubul ar portion 4 drops, nalntalnln unt
of the negative pressure, ‘till a neniscus is forned at -
At this nonent, the punp is stopped 25 .and the cap 40°is separated from
the ink container 1. Then, the one-way val ve 20 qui ckl'y cl oses;
t her ef ore, t he reduced'pressure of the air layer 8 within the i nk-
- - 20A
ta 1 3 8 2! 21A J 19 20
{ () / \ / /
7 \
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- 36- container 1 is maintained ta generate the negative

pressure force at the recording head portion RH. _ The negative
pressure force generated in thisThisSheetiasBen Ré c&ﬁlntaﬁﬁeﬁtduffﬂg:th__\
following printing 5 operation aiﬂ npletl n 6t ke prrﬂ¢}k
operation. However, when the ink E L_vmthout :heing™ ﬁ
operated for a long period of tine, ative pré“§urenﬁi~Lhe,aL

| ayer 8 sometinmes changes ‘due to the ink 7 evaporation or the like. In
10 consi deration of such a predicanent, the af orenmenti oned sucking

operation may be carried out
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not only at the tinme of the ink cantainer I nstallation, but also,
every so often with predePe+ﬁ+ﬂed—TﬁT§?V5T§—6y at the begi nning of
every 15 printing operation. In_case i Sepfattaki Ng —_Qperation, the
negative pressure is adjusted to her Ble e mi ned ||BYglg &L O Eie—=
begi nni ng of the ink consunp l“‘ nsum ng the gRE 4S SEEMwN||
I n Figure 20; therefore, no [ ; .a@rati.h

is repeated till the ink is depleted, no ink i S going to be WasTEF
(Enbodi nent 5) - Figures 21 and 22 are sectional views of the

fifth enbodi ment of the presen?linventtpnﬁ In the 25 case of this
enbodi nent, a heater as neans r /pressurizing the air layer is added
to the structure (o] ' '

o]
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- 37- A reference nuneral 20 designates the sane

one-way valve as the one described in Enbodi nent 3. It opens only when
the internal pressure of the ink container 1 beconmes higher tha

external pressure 5. of the ink container 1. A heater 69:F%”d sQogggBEEN
the internal wall surface of the ink container 1 above| <% E@g@ 3
liquid ink level 7, and its power supply is contrqﬂng_ 1™
fromthe control section of the ink jet recordingTapparatus. 10

“In this enbodi ment, as the ink container 1 is- nounted in the ink jet

recordi ng apparatus, the heater 60 is turned on by an ON si gnal from
the recording : - Sheet Has Been Re laced
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apparatus. As the interior of the ink container 1 is heat ed by the
heater 60, the air of the air layer 8 15 expands, creating thereby a high
pressure condition relative to the atnosphere. At
meni scus force at the ink ejecting orifice of the

portion RHis sufficiently |larger than the force e
one-way valve 20 (the 20 opening pressure of the one-way V
to be sufficiently small); therefore, before the ink is ed/fto
| eak out of the ejection orifice, the one- way val ve 20 opens to arl ow
a portion of the air to be . discharged, reducing thereby the internal
pressure of 25 the ink.container to a pressure |level substantially
equal to the internal pressure of an open ink cont aiThRSheGas Been Re
~maintaining it. Next, as the heating by ”l"'”"l,“"”l“",
B
42 20A
21A 40
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- 38- the heater 60 is stopped, The one-way vatve 20_cl oses
illustrated in Figure 22. ThereaftelrhisstleegHasg ayer

container 1 gradually cools nRﬂl ed As alr s
pressure of the 5-air'layer 8 beco the at _E*
further,
the tubular portion 4, mhereby a

pressure. As the pressure of the air
enters the ink container 1 through

meni scus is formed at the opening 5 wth the air |ayer 8 naintaining
a 10 predeterm ned negative pressure val ue. This state of
the negative pressure created |NK ICONSUMPTIONer 8 at this tinme and the

negative pressure force thereof are maintained durlng»the
E,
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follow ng printing operation and thereafter. However, 15 when the ink
container is left without being used for a printing operation for a

|l ong tinme, the reduced pressure state of the dir |ayer 8 may somet i nes
change due to the ink evaporation or the |ike. In..._..m_-ggn&_dex-
of such a predicanment, this heating 20 operatlon may bﬁ-{]@%rﬁ“&ffm@% REEN
only at the tinme of the ' I nk container installati oH but raksacegvery
of ten with predeternmined intervals using a tiner, or eweryF=====%
at the beginning of the printing operation. This heati ng operation
does not require a nechanical 25 operation; therefore, —t—he—s{—r-uci_ux_e_—l_s_
sinple. Also, It does not involve ink consunption; therefore,

matter how many times it is repeated before the ink ThlSSheetHasBeenRTla
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- 39- deplefion, no ink i s wasted. Further, in this
enbodi nent, the one-way val ve 20 is enployed, but instead a val ve 50
such as the one described in Enmbodi ment 4 nay be enployed, 5 wherein

while the heater is activated, and the air dlscharge openi n
unbl ocked usi ng the opening- cl osi ng nenber connedfed ] B EEN
recordi ng appar at us. On the other hdha}m?gﬂﬁgiﬁgéﬂl

to say that 10 the sanme effects as those obtained by heat

interior of the ink container 1 with the internal heater 60 can also
be obtai ned by using such a structure that the entiTeTnk container is
externall y heat ed. . - _ : SheetHasBﬂmieﬁiced
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15 (Enbodi nent 6) Figures 23, 24 and 25 are sectional view

of . the sixth enbodi nent of the present invention. A
ref erence nunmeral 20 in the draw ng desi gnates the sane’ one Wy -val ve
as the one described 20 in Enbodinment 3. It opens only mhen th ' ernérag?
pressure of the ink container becones higher than the pressur it'si de |
the ink container.. A reference numeral 70 designates a punp as  © EEEE
pressuri zi ng nmeans, conprising a cylinder 71 integral with the cover
Ib 25 and a piston 72 fitted therein so as to slide freely‘——————$he————__~__
piston 72 is nmade-of elastic material, such as r ubber, W% %E

Is Sheet Has Been R
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- 40- Since the piston 72 is airtightly in contact with the

i nternal peripheral surface of the cylinder 71 w thout any gap, no air
passes between the cylinder 71 and pi ston 72. The bgttomperti-on-of
the cylinder 71 is 5 in conmunication with the air Iayer pastCaughe- an.qqf
ej ection opening 73 of the punp, and the piston 72 is l _pr es&Ed: by a i
spring nenber toward a small lid 75 fitted at the eﬁd‘UFﬁﬁﬁ?“” F <
71, so as to maxi m ze the internal volune of the ink container 1. 10
Further, an insert hole 75A, in which a pressing nmefrber—76—1s
inserted, is provided at the center of the small| lid 75

In this enbodinent, as the ink container 1 is i nst al T8 ¥
jet recording apparatus, the 15 pressing nenber 76 provide l " et
recordi ng _
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apparatus pushes down the piston 72 in the di recti on of reducing the

I nternal volunme of the ink container 1 - (Figure 24). At
this time, the pressure of the air layer 8 20 in the ink container 1
beconmes hi gher than the at nospheric pressure, and as a result, the
one- way -valve 20 is opened. The neni scus force at_the ink o
ej ecting orifice of the recording head portion RH is =~ TSuffiClLently. .
| arger than the pressure needed to open 25 the one-way'valiye:20,Copening
pressure of the one-way valve 20 is set to be sufficiently.smll);
t heref ore, - before the ink is forced to | eak fromthe ejection

-41- .

This Sheet Has Been Reraced
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orifice, the one-way val ve 20 opens to change the i nternal pressure of
the ink container 1 to a pressure equi val ent to that of an open

cont ai ner. Next, as the pressure fromthe pressing 5 nenber
76 is renmoved, the piston 72 is noved by the ‘resiliency of the spring.
nmenber 74 in the direction of maxi m'zi ng the interngd M%' mgqquige;Nl
I nk container 1 (Figure 25). At this nonent, the ong-way va

does not allow the air to enter the ink cont ai ner 1, 10 Loihe: s ames=
time, the neniscus force at the ejection orifice of the recordlng head

portion RHIis sufficiently large; therefore, as the pistom 72
returns in the direction of maxim zing the internal - vol |nk

container, the air is taken into the 15 air layer 8 fromt ggh
t he tubul ar portion 4, and when the negative pressure of I
8 _
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reaches a predetern1ned negatlve pressure | evel, the air stops flow ng

'|n t hrough-t he openi ng 5. Eo—thi ase, it i gt hat
“the 20 volune that the plst S, [f t he
stroke and,area of the plston |§tP.ACEBuff|c'en%
vol une of the passage W t tign 4. £4 rtb WU The
state of the negative pressure created in 25 the And—fh:

negati ve pressure force t her eof are nmintai ned g the foll ow ng
printing operation and ther eslRt ENK GONEAERERwhen t he ink
-42-

ABSTRACT OF THE DISCLOSURE

An ink container includes an ink storing
portion for storing ink; an ink supplying portion for
supplying ink to a recording head portion; an air vent
for taking the atmospheric air into the ink container;
and a hollow tﬁbe, one end of which opens to the
aﬁmosphere at the air vent, above the liguid level of
the stored ink, and the other end of which opens
within the ink container adjacent to the bottom

portion  of the ink container.
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container is left without being used for the printing operation for_a

long tinme, the reduced pressure state of the air |ay
change due to the ink evaporation or the like. In cofpst
such a 5 predicanent, this piston pushing operation mayjbe 2 4pPEBdﬁgid
not only at the tine of the ink container installati anbut calrsoy
every so often with pr edet er m ned iqygnvals using a =0T every
time at the beginning of the printhﬂg—uperation. Further, 10 this
pi ston pushi ng operation does not |qu4ve/Lm consunpti on;
therefore, no matter how many i repeated before the ink
depletion, no ink is wasted. so I n i@ s enbodi nent, the
one-way val ve 20 i s enplpyed, but the 6 uch as the one 15
descri bed in Enbodi nent 4 may4be enpl oyed, reln when the piston 72
I s pushed by an openi ng-cl ggilhg menber nggted to the ink jet
recordi ng appar at us, X
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the air discharge opening 20A is opened, and after the piston 7 is

moved till the internal volunme of 20 the ink container 1 is mnimzed, ____
the valve 50 is cl osed. . On the ot her 3 ST ¥
menber such as a rubber pouch rmay be enpl oyed in pl GEQ’E éi‘ g@ ‘
It is needless to say that the sanme effects can be 25 tai ned i T 1
provi sion of such a nmechanismthat a ﬁortion of the|| B cont-ai sy |
mai n body is pressed from out si de. 2/ ‘

- 43- In this enbodi nent, in place of the

INK CONSUMPTION

“ ----- B
~100 PEAK

NEGATIVE PRESS. mmAg




af orenenti oned one-way valve 20, a valve 50 is provided, which is

pressed outward frominside the i nk container to seal egHégT i
and the rest 5 of the structure is the sane as the prece ﬁLﬂbEMEﬁx

enbodi nent . More specifically, in this enbo mep,

cylindrical valve holder 18 with the third and fourth

18A and ‘18B is integrally formed with 10372he cover Ib as it is in the

precedi ng enbodi nent. At the top efd trereof, a small lid 21 is
fitted, which has an air discharge hole 21A at the center. A valve
body 50A is pressed outward frominside the ink contai ner by a spring
menber 50B so as to be placed 15 airtightly in contact with the periphery
porti.on (hereinafter, valve seat) of the air discharge hol e 21A.
In order to prevent the air fromente|B@h through the air discharge
hole 21 A and affecting the \
g i
a ==

Niz6

o

[ O




negative pressure force during a printing operation, 20 the pressing
force of the spring nenber 50B is set up to mai nt aj et
contact between the valve body 50A and val ve seat

IR NG SHEET

printing oper ati on. The val ve body 5QA is ge é i
material 25 capable of providing the airtight contact h@hmﬁEﬁ,Lﬁgnuﬁgﬁm i
val ve body 50A and valve seat 21B. - Next, :
initially generating the 4/21 -44-
negative pressure force by reducing the pressure of the air |ayer 8

within the ink container 1 at the tine
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of ‘the ink container installation or the like will be [F-desered=Rore=

specifically. 5 A reference nuneral 40 in the|f dHERMAGEMENT SHEET i
designates a cap connected to the suction punp of an i nk jgt(, [ Bng
apparatus. The cap 40 is constituted of a nmenber cppEt e-of-- ‘kl + ,
airtight contact with the ink containher 1 as descri

this enbodi nent, an openi ng-cl osi ng nmenber 43 is supported W t hin a
connecting tube 42 with a supportingsgm 44, and its novenent during

t he ink container installation is |Ifmmked to the novenent of the

cap 40, and pushes the val ve body t the air to flow
through the air discharge hole ﬁ%ﬁON&JME"ﬁHI\? After the ink

container is nounted in pl aced

airtightly in contadt with the ink container 1, and at the sane
I
E
£
0
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N -50-
o
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w
=
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& -100-
=
¥

FIG 7




20 ‘time, the valve body 50A is pressed with the opening- cl osi ng

menber 43 to unbl ock the air discharge opening 21A ] | e
suction punp of the ink jet recordi ng apparatus is J@ﬁdﬁéﬁhéﬁﬁgéﬁﬁﬁ E
t he pressure of the air layer 8 within the ink con '?e_rzul FPER 1946 o
the atnospheric pressure. As the pressure of t he |ai ayer 8 hec
| oner than the atnospheric pressure, G/ ink | evel wthin the tubular
portion 4 - 45- drops as
descri be before, and this drop is allowed till a nmeniscus is fornmed at
t he opening 5, maintaining still a certain degree of the negative

a

1

S5— é}J/G
[ ) )
— | 4 3




pressure. At this nmoment, the opening-closing menber 5 43-is-peveti 06|

direction to renove the pressure applied on the vaﬁvaEbb@&f@ﬁﬁgﬁfﬁéﬁ,
t he val ve body 50A bl ocks the air discharge hole 2%A due to,t 1 0
resiliency of the spring nenber 24, with the cap 40 Dewai--ﬁilh B

airtightly in contact with the ink 10 container 1, and ;
mai nt ai ni ng the reduced pressure of #fgzgq air layer. Next, the punp
operation i s stopped, and the cap 46—ts—separated fromthe ink
cont ai ner 1. Next, referring to Figure 26, an exanple of 15
the ink jet recording apparatus 200, in which an ink j et recording
head cartridge 100 constituted of a conbi nation of the ink container 1
in accordance with one of the aforenmenti oned enbodi nents of the

pr esent i nvention and the ink jet recording head RHis 20 nounted,

wi || be descri bed.
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This ink jet recordi ng apparatus 200 conprises a carriage 206, which
is reciprocally guided by a guide rod 204 nounted horizantally-on-a-
.frame 202 having a U shaped section, and the ink jliehepEA@EGERY SHEET
head cartridge 100 is nounted on this cartridge 206, gﬂf#gf j~ect i
BatdF-aCITHE. ¥ENvar §.

surface, on which the ejection orifices are arran
The ink jet - 46-

apparatus 200 further conprises: a nntoﬁﬂﬁﬁkL as a driving power source
for driving a conveyer roller 210 or the like that conveys a recording
medi um 208; a spirally grooved carriage shaft 214 for

Pl
(6]




5 transmtting the power fromthe power source to the carriage 20;

wel | -known signal supplyi ng neans - (unillustrated) t.supplies the
i'nk jet recording head RH with control signals folf deF3geserd dipest
ejection; and the like. 10 Further, at the lpome position of t
carriage 206, a cap 216 made of rubber material of gae. Like. s,

di sposed. Wien the carriage is at the ho osition, &
covers the entire ejection surface of thgaL__ recordi ng head 30 to prevent
the ink fromsolidifying 15 (drying) at the ejection orifice, that is, the

very | ocation fromwhich the ink is ejected. Further, the cap 216
IS connected to an unillustrated punp, which Is used to clean the
ejection orifice before the printing operation is started. Mre

specifically, it 20 is used to suck the high viscosity ink or the |ike,
that is, the ink or the like, the viscosity of which
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has i ncreased through an extended non-usage period of

t he recording

head cartridge, out of the ejection orifice. Further, in the top
portion of the franme 25 202, a notor 230 is disposed, which vertically
drives the aforementioned cap 40, which is to be pliaggd N, =
contact with the top surface of the ink container 1, | Ab“m“NEEEEFT
-47- that is, in communication with the air discfgy 21&! G.FEB 21A
of the ink container 1. As deprzi bed abov ﬁE"Fﬁﬁ"WO“TS""
connect ed to a piston punp 232 as thesucCri on punp through a b5

connecting tube 42. As the piston punp 232 is driven
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by a noter 234, and thereby, the internal cylinder vol une i s changed,

the air within the ink container 1 I s sucked through the cap 40.

in this enbodinent, the present invention has 10 been, deseribed-with - -
reference to the piston type punp, but the presenternu£WWNﬁmungEEm
limted to the piston. type punp, and it is needl gss to say that a
di fferent type of punp may be enpl oyed. 1 Date NN, p3: V. HoRE..
holder 8 with a structure 15 illustratdd 21 Fi gure 27-F5cHpHoyjot=rthe
I nk container 1 of Enbodinent 4, alT that is necessary is to
enploy a cap 40 in which the opening-cl osing menber 43 is di sposed,
and in the case of an ink container 1 conprising the punp of

Enbodiment 6 20 il]ustrate Flgu 23, al [ eded is to
pl ace a notor (unil @strateg5jéor dr ng verécyglly ?eﬁﬁe pressi ng nmenber
76, next to the mot§r 230 fgr the |

1b 208 20 20A I8B
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cap 40. ' According to the present invention, foaned 25

material such as the foaned urethane resin is not contained as it is
according to the prior art; t herefore, the probl [ Gt ory
usage - - 48- REFBAE FVEY gy%ﬁd?
di ssol ution of the foaned materl al into the ink anmlféqeig‘g‘l ]QSSed |3As
a result, the anount of the usable ink increase _a_ “SUch a-
pr obl em that the negative pressure E e varies ea 5
begi nni ng of the ink consunption and ‘thkiéi.depl etion S soI ved.
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In any of the ink container structures according to Enbodinents 1 - 6

of the present i nvention, the air intermttently enters the ink 10
container in response to the consunption of the ink T 2
container. At this tinme, due to the pressure reduct iOREPLECEHERY SHERT
within the air pocket formed by the air flowng intg the ?%Ié er .
in response to the ink consunption, and al so, due t@ bhae:.15..force. of’
the meniscus of the air at the opening, th3/21 i nk cont'ad —genetates-a - !
negative pressure force directed so as to pull the ink inward of the

I nk container at the ink supplying portion or the ink ej ecting
orifice of the recording head. As a result, 20 a proper anount of the
negative force is provided in t he recordi ng head. Thus,

t he present invention can provide an i nk container which is capabl e of

not only supplying
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stably the ink, but also,

offering the preferable 25 print quallty
Further, the present invention can provide an I nk cgn
t-hi s negative pressure force &é$£KgEﬁ§N¥QBEET
remains to prevent the 1nk | eaking out of the recor |g§eheae éoFthBQS
even after the ink consunption I's interrupted. "FUrtHer”

the present invention can provide an

5 ink container in which the air

perneabl e film prevents

the ink fromg&p1ling out of the air vent due

to the vibration or the |like that oCcursS during the
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transportati on of the ink container. Further, according to
the present invention, 10 neans is provided for nnderatrngmihe internal
pressure i-ncrease, in order to deal satisfactorily WMRB&EPidpg: e
i ncrease or decrease of the air pocket volume, which %ﬂ 't |g E§ﬁ£§v
the environmental changes; therefore, " the internaI'QE?SEQé %F

container is 15 prevented fron1beconing Epgitlve rel att = “;::: .......
pressure C

at nospheri c pressure, whereby the prefer egative
mai nt ai ned. Further, the e nent of the structure
described in Enbodi nents 4 - 6 oflNKeC PTE@ i nvention can offer

rint can be
i nk usage such

extrenely beneficiall effec
highly reliably 2 obt ai

ed while elininating t he wast ef ul

that the ink nust beg extragted till a preferable negative pressure
force is generated "thin e ink
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25 -cont ai ner. Whil e the invention has been described wth
reference to the structures disclosed herein, it is

- 50- not confined to the details set forth and thi
Is intended to cover such nodifications or changes

t he purposes of the | nprovenents or the scope of th
> 16,21 e e |
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LI §

RERLACEMENT SHEET |

25 51 CLAI MS : 1. an air-venting type liq
containing liquid for recording, having a liquid outlet,
portion, for fluid communication with a recording head, erei 1@ 4 Fageldgef |
air is forned at an upper portion: - CHARACTERI ZEID D¢ THAT---584-d-oeoev
cont ai ner conpri ses: ‘a fine hollow tube having one~end T fruordo
conuni cati on with anbi ence of said container through an air vent provided
above a level of the liquid in said quﬂgggﬁggtainer; and

pressure adjusting neans for adjusting p of the layer of the air

w t hout consuming the liquid in said container , and wherein said pressure
adjusting neans is effective to ease internal pressure increase in said
cont ai ner due to expansion of the |ayer of the air upon anbient condition
change. 2. A container according to Claim1, wherein an air perneable
filmis disposed at said air vent, and said air perneable filmhas water
repell ency at least on the surface facing inward of said container.
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3.
i nt er nal

cancel 4.

which is predi sposed within said
5.
pressure noder ati ng means conprises at
allows the air within said container to be-only dlscha~r
contai ner according to Claim1, wherein

at nosphere.
i nt er nal

A container according to Claim1, wherein
pressure noderating neans is in the form of g@ues
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container is adjusted to a predeterm ne
di scharging the liquid fromthe recordi ng head. 52
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forcefully the internal air of said container through said interna
pressure noderating neans. 8. A container according to Claimal,
wherein the opening of said fine hollow tube di sposed adjacent to the

bottom portion of said container faces downward rel ative t g=Hre—oFFcRtation

of said container in use within a recordi ng appar at us. REPLAGEMENT SHEET
contai ner according to Claiml| wherein said pressure adjus#ing neaﬁsdifsEB 1936 |
effective to reduce pressure of the layer of Rbgaair to be o€ he-.ambi-ent......

pressure. 10. a container according to Crarm 9. wher eFn-sard-pressure
adjusting neans is provided with a one- way valve for permtting only
di scharging of the air of said layer to the ambience. ~11. A contai ner

according to Caim?9, whe
for pressurizing the ai
11, wherein said pressuffi
air |ayer. 13. A {

sai d pressure reduci ng neans conpri ses means
12. A container according to daim
®0S i S a heater for heating at |east the
ording to Claim 11,
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wherein said pressurizing means is a piston type punp. MA\

contai ner according to Claim9, wherein said pressure reduci ng neans

conprises a connecting nenber disposed in such a manner that one of it is
above the liquid level and in conmunication with the external anbience of

said container, and the bottom 53 end opens up within the liguid.
and a valve pressured outward fromw thin said ceptainer so as| pPpseabtdeanesT
air |ayer. 15. A container according to b0, whereiijn an a2r4 FEB 1996
pernmeable filmis disposed in said connecting nenber, above thepli,qurd. .. o
| evel, and said air perneable filmis nmade of water repellent saterial-—at

| east on the surface facing the |iquid. 16. - An ink jet recording
apparatus, in which said liquid container according to Claim1lis

installed, conprising further activating neans for activating




-'f?gsai d pressure reducing nmeans with a predeterm ned tim ng.
#l et recordi ng apparatus according to Claim16. wherein sai

|Imeans conprises sucking nmeans for sucking the air fromth
]t hr ough -sai d one-way val ve. 18. An ink jet recording appara
Slaccording to Caim 16, wherein said activating neans conprises neans for
%openi ng said val ve pressured out vvar%Nf_rﬁ \E%ﬁf‘.@ﬁtﬂ aid container so as to
iseal the air layer; and sucking ne -géhe air fromthe air
g ayer through sailMBSTRAGT. OF THE IISCNOSURE j et recordi ng apparatus
faccording to Caim 16, wherein said activating neans conprises neans for
Ssupplying electricity to said heater. 20. An ink jet recording
pparatus according to C aim 16, wherein said activating nmeans conprises
ans for driving said punp.
An ink container (1) includes an ink storing portion for storing ink (7); an ink supplying
portion (2) for supplying ink to a recording head portion (RH); an air vent (3) for taking the
atmospheric air into the ink container (1); and a hollow tube (4), one end of which opens to
the atmosphere at the air vent (3), above the liquid level of the stored ink (7), and the other
end (5) of which opens within the ink container (1) adjacent to the bottom portion of the ink

container. -
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“cont ai ner accorﬁlﬁg to € as m ARG -+ erneraas
conprises a connecting nenber dL OB SHRES oS BRENa I ET T Tat —ore
of it is.above theams {iquid |level anl in ﬂh°LAQranuﬂ CHtion with the
‘external ambience of sard ink con alner“ an tonlend opens up
within the ink 10 ¥4 quid®-2iEgve . ligudd sontainer 98 within said
i nk contai ner so gn 18 4l foi' ording, having a liguid

outlet, at a low rtion, for fluid communication

with a recording head, wherein a laver of air is

formed at an upper portion:
CHARACTERIZED IN THAT said container
comprises:

_ a fine 11 t having one end i uid
communication with ambience of said container through
an alr vent provided above a level gf the liguid in
said jjauid container: and

pressure adjusting means for adqusting

ressure +h of air withou n n h
1 i n gai

2. A _container according to Claim 1, wherein an
air permeable film is disposed at said air veat, and
said air permeable film has water repellency at least
on the surface facing inward of gsaid container.

3. A container according ta Claim 1, wherein
said pressure adjusting means is effective to ease
nt e ea aid container du
axpansion of the lavar of the air upon ambient
condition change.

4, A container according to Claim 3, wherein
' said internal pressure moderating means is in the form
of a flexible pouch, which is predisposed within said
container, in communication with the atmosphere.

5. A coplainer according tuv Claim 3, wherein
- said internal pressure moderating means comprises at
least one valve body, which allows the air within gaid
container to be only discharged.

5. A _container according to Claim 1, wherein the
internal pressure of said container is adjusted to az
predetermined negative pressure level by discharging

_ the liguid from the recording head.
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. 15. An i nk—contai-ner—according té daim 10, - _ per neab
“filmis dis connectlng menber, above-the ink liquid
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al I ed, conpr ils

sai d pressure redu0|ng nmeans mnfh a predetern1ned
A7, Acontriper peeevding tepfaranus. adewtedimdheo

G aim 16, whereinténidl Fdessaengf P& contAineeSis adjssttdd R® @eans for

sucking the air

p%é&@Qégﬁiﬁéd'negx%Eve pressure level by discharging
forcefully the internal air of said container through
said internal pressure moderating means.

8. A container according to Claim 1, wherein the
opening of said fine hollow tube dispased adjacent to
the bottom portion of said container faces downward
relative to the orientation of s&id container in use
within a recording apparatus.

9. a coptaiger according to Claim 1, wherein
said pressure adiunsting means is effective to reduce

rIessure of the laver of the air to below the ambient
pregsure.

10. a_container according to Claim 9, wherein
said pressura adjusting means ig provided with a2 opng-

way valve for permitting only digscharging of the air

£ ) | r ho! ience.

11. A container according to Claim 9, wherein
said pressure reducing means comprxses means for
pressurizing the air layer.

12. A _container according to Claim 11, wherein

$3id pressurizing means is a heater for haeating a*
least the air layer.

13. A _container according to Claim 11,
wherein said pressurizing means is a piston type pump.

14. A container according to Claim 9, wherein
said pressure reducing means comprises a connecting
member disposed in such a manner that one of it is
above the liquid level and in communication with the
external ambience of said container, and the bottom
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- 55 - t hreugh—sai-d—ome- Way Val ve. - 18. An ink jet recording

H_apparatus acc n116 wherp
sconprises ﬂﬂﬂ sal d valy
sai d ink conta @ seal the aif3|

sucking the air fron1the air layer tFh
An ink jet recording apparatus according to

activating mearmdCopRhkSEf withifeate 1Qausdpphyd ng ‘&41@‘3 @I@stsﬁrée sai d
heater. outward from within said container so as to seal the
air layer.

15. A container according te Claim 10, wherein an
air permeable film is disposed in said comnecting
membar, above the liquid level, and said air permeable
film is made of wataer repellent material at least on
the surface facing the liquid.

16. An ink jet recording apparatus, in which said -
liquid container according to Claim 1 is installed,
comprising further activating means for activating
said pressure reducing means with a predetermined
timing. '

17. An ink jet recording apparatus according to
Claim 16. wherein saild activating means comprises
sucking means for sucking the air from the air layer
through said one-way valve.

18. . An ink jet recording apparatus according to
Claim 16, wherein said activating means comprises
means for opening said valve pressured outward from
within said container so as to seal the air layer; and
sucklng means for sucking the air from the air layer
through said valve.

19. An ink jet recording apparatus according to
Claim 16, wherein said-activating means comprises

means for supplying electricity to said heater.

7 20. An ink jet recording apparatus according to
Claim 16, wherein Said activating means comprises

means for driving said pump.
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_20; An ink jet recordi ng apparatus aécbrding to 15 ngLﬂLlﬁrt =1
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CLAIMS :

1. an _air-venting tyoe liguid container foz
containing liguid for recording, having a liguid
outlet, at a lower portion., for fluid commurnication
with a recording head, wherein a laver of air is

formed at an upper portion:
' CHARACTERIZED IN THAT sald container
comprises:

a fine hollow tube having one end in fluid
communication with ambience of said container through
an air vent vrovided above a level of the liguid _in
said liguid container: and

pressure adijusting means for adfusting
pressure of the laver of the air withou n in h
1iguid in said container , and wherein said pressure

adjusting means is effective to ease internal pressure
increase in said container due to expansion of
the layer of the air upon ambient condition change.

2. B container according to Claim 1, wherein an
air permeable film is disposed at said air vent, and
said air permeable film has water repellency at least
on the surface facing inward of gaid container.,

3. cancel
4. A container according to Claim 1, wherein

said internal pressure moderating means is in the form
of a flexible pouch, which is predisposed within said
container, in communication with the atmosphere.

5. A conlainer according tu Claim 1, wherein
said internal pressure moderating means-EEmprises at
least one valve body, which allows the air within gaid
container ta he anly discharged.

6. A container according te Claim 1, wherein the

internal pressure of said container is adjusted to a
predetermined negative pressure level by discharging
the liquid from the recording head. '
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7. A container according to Claim 5, wherein the
internal pressure of said container is adjusted to a
predetermined negative pressure lavel by discharging
forcefully the internal air of said container through
said internal pressure moderating means.

8. A container according to Claim 1, wherein the
opening of said fine hollow tube dispased adjacant to
the bottom portion of said container faces downward
relative to the orientation of said container in use
within a recording apparatus.

9. @& coptaiper according to Claim 1, wharein
said prassure adiusting means is effective to veduce
pressure of the laver of the air to below the ambient
pressure.

10. a_container accerding to Claim 9, wherein
said pressure adjusting means is provided with a onec-
way valve for permitting only digcharging of the air
of said laver to the ambience.

11. A container according to Claim 9, wherein
said pressure reducing means comprises means for
pressurizing the air layer.

12. A _container according to Claim 11, wherein

said pressurizing means is a3 heater for haating at
least the air layer.

13. A container according to Claim 11,
" wherein said pressurizing means is a piston type pump.

14. A container according to Claim 9§, wherein
said pressure reducing means comprises a connecting
member disposed in such a manner that one of it is
above the liguid level and in communication with the
external ambience of said container, and the hottom
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end opens up wifhin the liguid; and a valve pressured
outward from within said container so0 as to seal the
air layer. '

1i5. A container according to Claim 10, wherein an
air permeable film is disposed in said cannecting
membar, abova the liquid level, and said air permeable
film is made of water repellent material at least on
the surface facing the liquid.

1s. An ink jet recording apparatus, in which said
liquid container according to Claim 1 is installed,
comprising further activating means for activating
said pressure reducing means with a predetermined
timing.

17. An ink jet recording apparatus according to
Claim 16, wherein said activating means comprises
sucking means for sucking the air from the air layer
through said one-way valve.

18. An ink jet recording apparatus according to
Claim 16, wherein 8aid activating means comprises
means for opening said valve pressured outward fxom
within said container soc as to seal the air layer; and
sucklng means for sucking the air from the air layer
through said valve.

19. an ink jet recording apparatus according to
Claim 16, wherein said activating means comprises

means for supplying electricity to said heater.

. 20. An ink jet recording apparatus according to
Claim 16, wherein said activating means comprises

means for driving said pump.



