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| NVENTI ON The present invention relates fo & liquid container, a 10 liquid
suppl yi ng apparatus, and a recording apparatus for supplying a |iquid such

as ink to a pen or recording head as a recordi ng section, HMIMBM
an efficient and stable manner, and tolan ink jet cartridg mﬂw ” TION
OF THE RELATED ART Ink jet recordlng apparatuses that forman Lpge on a

recording medi um by applying ink that is a liquid to the recordlng nedi um
using a liquid consun1ng or US|ng apparatus such as an 20 ink jet recordlng

head | ngh 9 [ARRAVEA PRER SubpRg 55 ki1 Nk ReCERY) i @
recordi ng rel a O a recoral ng I'TEI um an appara us orm an

i mge by ejecting ink while novi ngARpARaTUR Ng nediumrel ative to a fixed
recordi ng head conversely. 25 Methods of supplying ink to a recording head
used in such an ink jet recording apparatus include a method referred to as
on-carriage nethod in which an ink tank is integrally or separably nounted
to B recording head that BACKGROUNR OF FHarINVBNTIONe noved back and
forth ( main scanning ) and in which 30 ink is directly supplied fromthe
ink tank to the recordi ng head. - 2 There is another nethod referred to
as tube supply nethod in mﬁfﬂLﬁndﬁﬂ‘I‘ﬁﬁanVﬁﬁI‘ﬂ)}g in aregion of a
recording apparatus other than a carriage” as y separate froma
recording head carried by the carriage and in which ink is supplied by
coupling

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

manner, and to an ink jet cartridge.
156 DESCRIPTION OF THE RELATED ART

Ink jet recording apparatuses that form an image on a
recording medium by applying ink that is a 1liquid to the recording
medium using a liquid consuming or using apparatus such as an

20 1nk jet recording head include apparatus that form an image by
ejecting ink while moving a recording head relative to a
recording medium and apparatus that form an image by ejecting
ink while moving a recording medium relative to a fixed recording
head conversely.

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

30 ink is directly supplied from the ink tank to the recording head.
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6 the ink tank and the recording head through a flexible tube. The nethod

i ncludes a configuration in which a second ink tank to serve as an
internediate tank ( sub-tank) between an ink tank (nmain tank) and a
recording head is nounted on the recording head or a carriage and in which
ink is directly supplied from 10 the sécond ink tank to the recordi ng head.
According to those nethods, an ink tank to supply ink to a recordi ng head

directly is prQvVi i hani ner at,i a uat egatjve
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t he recording head can be perfornmed. In a negative pressure generating
mechanicarwiedhhy thwesa20iageoandsimavivbeh singh iss supppbibegéd hihatoupling

i npregnated with ink to be held thereby is contained in an ink tank, and an
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is formed 30 using a flexible film and a spring for urging the filmin the
- 3 dihexdion af careisays rend henvehdoh dink hies ddrebtpyd suppleied s£bomded
to the interior or exterior of the sane to generate a negative pressure. In
anyl0of the seeeadrddtantank, teotdherrecardiagatiaads pressure tends to

i ncrease as_the ampunt of ink in the ink tank decreases |, it becones
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3-0249 ( 1991 ) which di'scloses a structure of an ink tank of a type

whi ch ithe ansgatlivedpessditrexi$| tn eagu i ebriiag siagledh pardesutrbaindthect | y
contains ink therein and that can be deformed according to the amount of

colbai reecondingd hemd ntohhofda mgnisguaesb&ionmedrati dod iink tégedbinghaped
menber . Since the negative pressure is basically determ ned such that_the
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t he bag-'shaped nenber as a result of | consunpt S may result in a
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which an ink a jecting operation of the recording head 26 can be perforned
t 0 20r everporaust memitawreuchkgast 8 spongusdrattls himpmegratad ngithcindn of
the recording head or in that the ink can not be satisfactorilyiggplied to
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the same.
In another mechanism, a bag-shaped member formed from a
25 material such as rubber having an elastic force and generating
a tension in the direction of increasing the volume thereof is
charged with ink as it is, and the tension generated by the
bag-shaped member exerts a negative pressure to the in therein.
In still another mechanism, a bag-shaped member is formed

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



- 4 appropriately selected to generate a negative pressure by the

bag- shaped nenber itself and which becones flat with no space left therein
when the ink is conpletely used up, but there are Iimtations on the shape
of such a bag-shaped nenber. Therefore, 5 when such an ink tank is
configured to be contained in a box-I-i Re~housi ng, the configuration of the
bag- shaped nenber does not fit the interior of the housing conpletely even
when it .i.s charged_with_ ink, and.the volunmetrig, efficiency of the ink,tank
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ejectim@g&g&@éiﬁgg@gﬁrégcording head unstabl e when ink is nearly used up
because of a high negative pressure . ~ Several mechani snms have been
proposed asIhoknynof otheeaboivel meclyanisds ofthaweregat, i theprmasgativieei ng
too nmuch greater than the predeterm ned | evel. For exanple, Japanese Patent
Appbi cPuefsuEedtepds No. incresssm as 4w annumhhcbrk Rik crre Abpki €ankon
Lai d-open No. 7-125241 (1995 have di sc] osed nechani,sns. in which a,
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comuni'cat1 on between 25 the outside and 1 nside of a container and in which
spheri aainlasgcbmeisnirais bl &r beifars ethé Mihkerd g kkomphetels ubedeapr of
the boss is attached to a plurality of projecting ribs provided on an inner
wald of theFbasexampbem thexisstimt JapapesenRakenti Appd igatione spherical
body and .the boss. The size of such 30 an orifice i.s chosen such that a

h
smal | AWRAicaELlPANOs RBs@249Q0 5(1991) nehdehr ddgcloses g §lreetnrgeeiuse
of the capill ari f_ink, The arifice is configured ch i a ative
ot esou Al T Fania.e doe Wih e EhastEfirafiby s FskITEe dhafpatnhe
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has di drosisd defodiisd Sattording tto PLRé eambld thesbecohuime @ Hwk eandd a
pl ate having a protrusion are provided in a face-to-face relationship in an
i NR5badrcedbsitch a8 exping mémkell slprewddediinh thes pagrgshapbdrmeinbpased
between the plates and in which the protrusion enters the hole when an
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20 pressure in the bag-shaped member increases as the deformation
of the spring proceeds with the deformation of the bag-shaped
member as a result of ink consumption. This may result in a
problem in that the negative pressure increases beyond a proper
range in which an ink ejecting operation of the recording head
26 can be performed to prevent the formation adequate meniscuses
at the ink ejecting section of the recording head or in that
the ink can not be satisfactorily supplied to the recording head.
This also disallows the ink to be used completely.

Some ink tanks have a configuration in which ink is contained

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



However, those nethods require a plurality of parts in a 20 regi on where
air is introduced, and the structure of such a region has therefore becone
conplicated. When a pressure in a container T having a certain anmount of
air introduced therein becones extrenely high as a result of an anbient
change (a reduction of the atnospheri-c4pressure 2b or a tenperature rise)
as showmn in Fig. |A ink is pushed out fromthe container as shown in Fig.

1B, which can result in.leakage, of ink_through an_jnk ejection rt ra
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of air which results in a pressure reduction, such an effect is limted. In
t he codfingitationsdsthessHape Jdfiparndsa thageshapedppembainr on ThexkeHpesa ,No.
7-125240 (1995) or Japanese Patent Application Laid-open No. 7-125241
(1995) when snglveadinstanki iscconbloyred bp balcertained dnce kexgylikei ng

fromink neniscus fornmed jn the region of the annular _orifice da
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attributable to various conditions such as a di'fference between air
pressuidsth nsedpett ay thésede idee spatai availabbsutheseisf. t IBuch sgosity
of ink resulting froman increase in the tenperature of ink, a shock or

dr ap t ftg-cskapedwmemhere ahikot s ia probilem dirorighatinditsc psirfexrmancenhat
occurs during main scanning according to the seri.al recordingpnethod I n

part cmfgrs.qmytﬁg,iah Fagadrgearrq g haad cane It'%_f“ﬁ‘aﬁfd_ ¢ tRahBes
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maze sef Vi ngederdl aeHdwisneharadhedihbropbedlad HONLawsytormeeeaht s
provi ded contiguously with a boss in order to prevent such problens , but

t hascomagnibudensofhec anegatiye Eresisureobeéing ytodumupbr greatert tbast her
end of the channel in the formof a maze is always 30 in conmunication with
the at ih@reredeitexmingd Ye¥ede of ink evaporation i s unavoi dabl e.

For example, Japanese Patent Application Laid-open No.

7-125240 (1995) and Japanese Patent Application Laid-open No.
7-125241 (1995) have disclosed mechanisms in which a hydrophobic
20 film and a tubular vent port are provided in a tank, and a
spherical body 1is disposed in the tube to introduce air into
the tank when a negative pressure therein increases. That is,
those publications have disclosed mechanisms which have a
tubular vent port (boss) that establishes communication between
25 the outside and inside of a container and in which spherical
body having an outer diameter smaller than an inner diameter
of the boss is attached to a plurality of projecting ribs provided
on an inner wall of the boss to form a substantially annular
orifice with the spherical body and the boss. The size of such

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



When ink in the container is used up, outside air is abruptly introduced to
elimnate the negative pressure in the container. This can cause ink
remaining in the region of the recording head 5 to | eak out through the

ej ection port, and the residual ink can | eak out through the annul ar
orifice that no longer forms neniscus. SFarther, in those exanples of the
related art, there is provided an opening section for directly introducing
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elimnated as a result of introduction of the atnosphere and can therefore

| ead t dHecdkiapeidfseak when ndomaaatky irdacihiestthhe bimibeofitamsyperatihg
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such agangefeEr &thee nReQEAing he@ddessures 20 inside and outside the
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configure such 1 quid se sectron as an el ement separate froman In

tank byirnekbadcihgleiechehihe taam.t han thikatéchhal sekathlecplhked@aeihlat
the 10 liquid seal section is provided as.-a separate elenent, a conplicated

prdéessthe hoper and thef fjexdbilen sheétboomeguinte hhghtatctontacty whEh
element to an ink tank directly or conpecting it _to the ink tank indirectly

t hr ougtP3cR upther Gfde®Tt8irods fidierdnredneAnd senrkags afuirk 48&ction
as described abave 15 taki. factors. s as,a.,di fference between, pressures
ool do BrevenEed by An ARLLAE St habilngoi B WenAaTeRcoF o BBl
secti ondS1P i i Skl 2192 man ink tank with a tube
interpgﬁ%ﬁltﬁg¥g%§fdggﬁﬁe§ﬁekhﬂ§§rnwtﬁgéigflIed with ink to form neni scus
at the |iquiHbwepér 20thoesle aibtHbasveequiie iaﬂ(‘;piﬂrhﬂ&ﬂyumf wattbein a

returned to the ink tank when air is introduced through the liquid seal
se@0i oryeghdnavhenglaimtiedintvodsscest, andf therstroatwire ofsuch@ region
refill the tube with ink thereafter as described above.

has therefore become complicated.

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

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

30 flexible sheet, although expected is a certain degree of



The techni que di sclosed in the Japanese Patent Application 25 Lai d-open No.
6- 183023 ( 1994 ) enploys a structure in which air is introduced through a
m croscopic gap between a thin plate-like menber and a flexible sheet. This
has resulted in another problemin that a negative pressure becones
unstabl e when air is introduced becaus& the force for causing separation as
30 described is changed by a capillary force that is generated when g

2 QU SRR 3! P 088 LU o ral B U Tn b BE s suluto bRl T
to def Qfé,}“oééc&ﬁ:ﬁgdﬁ%ﬂdbe éiﬁé‘h?i@n”%‘%‘b%ruf %f@ﬁefégum@sarid P ?fﬂ?és@re

pressur a contai ner- by substantially 1 ncreasing the volunetric capacity

of the i@t Don,t Biighath hefdeldr nad i Pimotetihe fl exi bl e nenber itself when
the pressure of a gas (air) in the container increases as a result of a

tenperatureIni$meftmnﬁégunﬁﬁi&nadhacéMSﬂdrkwi@gpanwsﬂgﬁaﬁevtused as
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the gas in the container. Therefore, it has been necessary to use a quite

expensipmessteei prodveided bymthal sjephsgtedilbhoegh ashé hee@hanHioal al of
the flexible menber in order to achieve Iom/rlqulty and a reduction in gas
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when a I|qU|d container is used as an ink tank for directly supplying |nto
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rate of flowand in a stable anmount to performrecording at a high speed
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acceleration that occurs during main scanning according to the

serial recording method, in particular. Further, a liquid seal
20 1s vulnerable to humidity changes such as drying, which causes
variations in the operation of introducing air bubbles and
consequently reduces the capability of supplying ink to a
recording head and hence the quality of recording.
It is assumed that the above publications have disclosed
25 configurations in which an entrance maze serving as an overflow
container and ensuring a humidity gradient is provided
contiguously with a boss in order to prevent such problems, but
the configurations become complicated accordingly. Further,
since the other end of the channel in the form of a maze is always

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



10 in a predeterm ned range. For this purpose, a part for introducing air
must operate with reliability. It is also inportant to allowa liquid to be
contained in a container in a proper state by reducing opportunities when

t hose nenbers are subjected to an osnotic pressure of a gas to ib reduce
penetration of the gas into the contai rifer and to allow the contained |iquid
to be supplied with stability. The invention has been made taking the
above- descrlbe rohl ens_int i deration and achi eves at |east one of

t he foﬁ(ﬁR ﬁg %ﬁ)?%agog&éﬁ%ﬁnatlon of a containing portion of a
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ai r i ntinpsaigedceb €01imAna_ER NNk ?%ﬁﬁgé‘tpﬂ@sé’ﬁfésiﬁ%ﬂ\été&ﬂ‘tﬁlﬁéﬁper
range by allowing air to be introduced into the 25 containing section in
accor ddMcks wdh causadeasemnaininggihi tike regsoneof hgieire@srdingshetdof
the supply of the liquid, the invention nmakes it possible to prevent the
li gbi d tQ drﬁabmhgtmughongn efjecdiion mxdaucang thetresidyadngnk can
enviro nent of u nd storage and to maintain stable negative ressure 30
char act a?lgt?eg Hhyaughsther annilam e af Losnditat i BR dPRger form

I|qU|d ention provides a liquid container (such as an |nk tank) in
whi ch |ﬁ%ro% %lon of outside air for maintaining a constant negative
pressur e I NEifiG dfli nCRHOId SxhfplBL! UiTothe EBhbtRlY &t AdeAdsle 44 m ng
to stabilize the negative pressure mnth hi'gher reliability and I n whic

| eakaggpdvadedqarnd dpenigy adotiion Soppay reytily sipteovdicikhgVvEReat an
abrupt anbi ent change to avoid wasteful consunption of the liquid
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(such as 10 an ink recordi ng apparatus) utilizing the liquid contalner
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provides a |liquid container with a sinple structure which absorbs changes

i nla negzenvthpr ewablveepmsszn‘aﬂa eddniinatedoasuaptriesubt afliquid to
stabilize the ne%at ressure whi ch prevents | eakage of the liquid

t hr oughtREFPHuCH Blfy BGr@t@OéﬁhﬁrQﬂﬁ%Péﬁtthﬁﬁﬁ@mr%ﬁmto -hﬁékﬂﬁﬁech
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menbers are subjected to 30 an osnotic pressure of a gas to reduce
perét r atnshdef ande ogisside the container, a temperature rise of drop,
a shock or drop that occurs when the ink tank is handled alone,
and acceleration that occurs during main scanning according to
the serial recording méthod, in particular. This results in a
problem in that air can be introduced or ink can leak out
26 conversely even when a pressure in the container has not reached
a predetermined value. Further, such conditions can vary
depending on the designs of the recording head and ink tank or
physical properties of ink, and a problem arises also in that

designing must be adequately carried out in accordance with the

30 shape and dimensions of the opening section and the basic



- 12 into the container, and fromwhich the contained |liquid can be
supplied with stability, the invention also providing a recordi ng apparat us
utilizing the sane. In a first aspect of the invention, there is provided a
liquid 5 container conprising: a containing portion defining a containing
space for liquid; a liquid supply portBon provided with the containing
portion and formng a liquid supply port for supplying liquid contained in

cont ar N AP RBRCROPE VAL REURT Ak defeRls dndfetfnd WBARNPER T,
space WeyBri§den JHLIPRYE8! b isd eakage of liquid and gas to the

out si de; "and a frechani sm having a function for keeping or expanding a 15
capaci ty of ThBeabemeaimikn@ asiaesiwheiggnat DEqana vaulyv &ote iet¥sdheing

negative pressure in the containing space caused by consunption of liquid
i n t he adancaied tes porah bems Heweh , as e nesbicini eom o \f ieedoniel i dasddghing
menber equi pped 20 with at least a part of the containing portion

di spl aGeRGPBALBEF FPRAFFLUEndNa RAGE FOn nEQn PR LMY A Dovhp| &t
nenberas described above.

Specifically, it is not easy to configure such a liquid seal
section as an element separate from an ink tank by making it
detachable from the ink tank, for example. In case that the

10 1liquid seal section is provided as a separate element, a
complicated process or apparatus configuration will be required
when attaching the element to an ink tank directly or connecting
it to the ink tank indirectly through a tube in order to form
preferable meniscus in an annular section as described above

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

When the liquid seal section is provided in a position apart
from an ink tank with a tube interposed therebetween, the tube
must be filled with ink to form meniscus at the liquid seal

20 section. However, the ink in the tube will be returned to the
ink tank when air is introduced through the liquid seal section,
and a complicated process or configuration will be required to
refill the tube with ink thereafter as described above.

The technique disclosed in the Japanese Patent Application

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

is introduced because the force for causing separation as

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



in a direction a capacity of the containing space increases. Further, the
contai ning portion nmay have a defornmable flexible nenber in a part thereof
as the novabl e nmenber and is 25 configured so that liquid is present inside
the flexible menber contacting with the outside space. There is provided a
l i quid using apparatus connectable w-tB the |iquid container according to
the first aspect and using liquid supplied fromthe containing space. 30

Further, there.i rovi ded a_recordi ng apparatus conpri sing - 13 neans
usi ng FhéjﬁpﬁH@dgHEPﬁf ggﬁ%r%?ﬁs havi ng a configuration of recordi ng head
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liquid container, according to the first aspect, 'for containing ink as the
| i qui d dief daam Sigp pisiert] asothbef Lakipdle hemtbher for medexh tabmgcn dintdérnal
I nvention, there is provided a 10 liquid supplying nethod for supplying
| i qbi d Pmessiereuesi de dardm anesnbyi muks bantied laefinengagiognttdiei ng space
For ll%ﬂf%metric capacity of the container through the deformation
of the flexible member itself when the pressure of a gas (air)
in the container increases as a result of a temperature rise.
However, since a material having low rigidity used as such
10 a flexible member has a small thickness and exhibits high
permeability against gases in general, it is likely to allow
a gas to penetrate into a container because of an osmotic pressure
of the gas. This has resulted in the possibility of insufficient
performance of the buffering function when a liquid is kept in
15 the container for a long time because a gas (air) can penetrate
into the container in a quantity that cannot be handled by the
buffering function for absorbing expansion of the gas in the
container. Therefore, it has been necessary to use a quite
expensive material having a metal deposited thereon as the
20 material of the flexible member in order to achieve low rigidity

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

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

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



t hrough a supply port formed on the containing portion, conprising the
steps of: providing a one-way valve for allowi ng an introduction of 15 gas
into the containing space fromoutside, and preventing a | eakage of |iquid
and gas to the outside; providing a nechani smhaving a function for keeping
or expanding a capacity of the contatnithg space, and; controlling a
negative pressure in the containing space 20 caused by consunption of
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space; and - 14 a one-way val ve having a gas introduci ng nenber

noubt agiuality. For this purpose, it is strongly desired to keep a
substantially constant resistance in an ink supply channel
against a flow of ink. Therefore, the stabilization of a
negative pressure in an ink tank is an important factor and,
more specifically, it is important to keep the negative pressure

10 in a predetermined range. For this purpose, a part for

introducing air must operate with reliability.

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

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

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

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

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

use and storage and to maintain stable negative pressure

30 characteristics regardless of the phase of consumption of the



on the gas introduction portion in which, in the state where the gas

I ntroduction nmenber is nounted onto the gas introduction portion, an

i ntroduction of the gas is allowed through the gas 5 introduction portion
and a | eakage of liquid and gas fromthe containing space to the outside is
prevented, and the one-way val ve for-cbht+olling a negative pressure in the
cont ai ni ng space caused by consunption of liquid in the containing portion.
There i.s, proyided an ink tank for the liquid supply apparatus 10 according
to thelﬂﬁﬁFﬁyaspect, conprising: the containing portion for containing ink

o5 e, | Wl 300 CRGRBE S 10 8 405 R Anse 9, Bo RERATS,

capacity of space.” 1 ere’i's prov ] et
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recording medium by using this ink tank and a recording head for ejeCting

i Nk suppnstahy ndégatike priessinrerisithe ldguideontainernis e iferned
tank; 20 a one-way valve for allowi ng communication of fluid flowng into
onebdi meckiablynatpadeguiaitey tdoimgitoats tab bl izeutbet pegadt e préssure
direction; and a flow path_being connected with the one-way valve and being
open arl-tdr dsighergrebiabijdty Aand in which leakage of a 1iquid through

a liquid supply port is prevented even at an abrupt ambient change
to avoild wasteful consumption of the liquid eventually, and the
invention also provides a liquid-consuming apparatus (such as
10 an ink jet recording apparatus) utilizing the liquid container.

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

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

The invention provides a liquid container with a simple
structure which absorbs changes in a negative pressure therein

20 as a result of consumption of a 1liquid to stabilize the negative
pressure, which prevents leakage of the liquid through a liquid
supply port even at an abrupt ambient change, and which can be
manufactured at a low cost, and the invention provides a
liquid-ejection recording apparatus utilizing the liquid

25 container.

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

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



25 the hol der having a nenber communicating with the flow path and the ink
tank having a nounting portion capable of detachably nounting the nenber of
t he hol der, whereby gas is introduceable thereinto through the one-way

val ve and the menber of the holder. There is provided an ink jet cartridge,
conprising: 30 an ink tank for constttiZi-ng the liquid supply apparatus -
15 according to the third aspect , the ink tank having the containing
portion_faor containi

ng ink as the liquid.and a nechanis ving.a function
Por ' kedpithy e SHAEngTa Ahcherap db{eh "tf SPRFA] e ddadf getnse
recor dj eas f ] | | S [ kel e a
commnlbggglng pa‘?fﬁ?ﬁt %?%%%%g&hg%&?adﬁg‘é%ﬁggpbr %ﬁ%ﬁg?&fﬁvﬁ% he i nk
tank. PaddiRlingt 8ppAratul A¥tiedzahd Nkhé Shmegcording apparatus for
performng a recording by ejecting ink onto a recording 10 medi um by using
this ink jelnefitstgaspectpof thwinyemt ten , fthher®ds ppovtilded aklighid
cartridge; a one-way valve for allowi ng communication of fluid flowng into

oneb di contiaknendcomprdigimg: communi cation of fluid toward the ot her

direction; and 15 a fl ow path being,connected wi th the one-way val ve, and
bei ng open afPRtaivingreebionfefininga ¢eptaindng ﬁgaaen%%ase\rlquld:

CmﬁmnimﬂiQ%f&ﬁfduﬁigiy%é¥¥fonprovidedwiththecontainingportion
and forming a liquid supply port for supplying liquid contained
in the containing portion to the outside;

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

a mechanism having a function for keeping or expanding a

15 capacity of the containing space, wherein

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

Here, the mechanism may include a movable member equipped

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

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

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

There is provided a 1liquid using apparatus connectable with
the liquid container according to the first aspect and using
liquid supplied from the containing space.

30 Further, there is provided a recording apparatus comprising



and the ink tank of the ink jet cartridge having a nounting portion capable
of detachably nounting the nenber of the holder, 20 whereby gas is

i ntroduceabl e thereinto through the one-way val ve and the nenber of the
holder. In a fourth aspect of the invention, there is provided a one-way
val ve for, nmounted on a contai ning porltd en whi ch defines a containing space
for liquid, allowng an introduction of gas 26 fromoutside to the

cont ai ni ng spacge an reyent.i a | eakage of liquid and gas fromthe,
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openi ng/ cl osi ng nenber which is provided wth the val ve chanber and urged
in the direstiol Foetdean rthewsti®piovitiededn Snwhgeeblield earantidgéed
to open the opening portion if the pressure within the containing space
bechnesomgasishng:t he predeterm ned val ue

an ink jet head for ejecting ink; and
a liquid container, according to the first aspect, for
containing ink as the liquid to be supplied to the ink jet head.
In a second aspect of the invention, there is provided a
10 1liquid supplying method for supplying liquid to the outside from
a containing portion defining a containing space for liquid
through a supply port formed on the containing portion,
comprising the steps of:
providing a one-way valve for allowing an introduction of
15 gas into the containing space from outside, and preventing a
leakage of liquid and gas to the outside;
providing a mechanism having a function for keeping or
expanding a capacity of the containing space, and:
controlling a negative pressure in the containing space
20 caused by consumption of liquid in the containing portion by
the one-way valve.
In a third aspect of the invention, there is provided a 1iquid
supply apparatus, comprising:
a containing portion which defines a containing space for
256 liquid and includes a liquid supply portion for forming a liquid
supply port for supplying contained liquid to the outside and
a gas introduction portion for introducing gas from outside into
the containing space;
a mechanism having a function for keeping or expanding a

30 capacity of the containing space; and



In a fifth aspect of the invention, there is provided a |iquid container,
conprising: 10 a liquid containing chanber having a novabl e nenber defining
a containing space of liquid at least in part thereof and bei ng defornable
according to a supply of the liquid to the outside, and having a |iquid
supply port for supplying liquid contalhed therein; and 15 a val ve chanber
communi cating with the containing space and having a one-way val ve which
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to urge the novabl e nenber with an area S1 against the direction; the valve
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force F2 in order to control an opening operation of the on-way val ve, and
a chbosiimtreduction poxtiiomgandeaulgakgderale Fequidchode gas fHmemwbhe
val ve by an act of the urging force F2 wiith an area S2; and .the one-way
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caused by consumption of liquid in the containing portion.

There is provided an ink tank for the liquid supply apparatus

10 according to the third aspect, comprising:

the containing portion for containing ink as the liquid;
and

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

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

a holder for mounting the ink tank;

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

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

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

There is provided an ink jet cartridge, comprising:

30 an ink tank for constituting the liquid supply apparatus



fromthe nmeniscus of the liquid formed in a comunicating portion which
makes a comruni cati on between the containing space and the val ve chanber
when the liquid is present in the communicating portion is PM the height
bet ween the meni scus and the uppernost 5 of ink in the containing space is
h, the density of the liquid is p, andlihe acceleration of gravitation is
g, respectively an absol ute value of the negative pressure PV = - (F1/S1)

+ hxpx actin val ve ¢ sa | ~PV~ > ~F2 2..10 Here,
(he v aPrE R C e, RS 5iF pEBeE Y bBR.d Bk, Jcras.fofhemﬁ #ifnf
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outside. In a sixth aspect the invention, there is provided a liqu

cont ai spacepnandsi ng: a novabl e member whi ch defines a cont ai ni ng space
for liquid 20 and is displaceable according to supply of the liquid; a
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Further, there is provided an ink jet recording apparatus

for performing a recording by ejecting ink onto a recording
10 medium by using this ink jet cartridge, comprising:

a holder for mounting the ink jet cartridge;

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

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

the holder having a member communicating with the flow path
and the ink tank of the ink jet cartridge having a mounting
portion capable of detachably mounting the member of the holder,

20 whereby gas is introduceable thereinto through the one-way valve
and the member of the holder.

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

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

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

30 a valve chamber communicated with the gas introduction



di spl acenent of the novabl e nmenber according to supply of the liquid and
becones | ower than the predeterm ned value. 30 In a seventh aspect of the

i nvention, there is provided a - 18 |liquid container having a liquid
supply port for supplying the contained liquid to the outside and a val ve
chanmber equi pped with a one-way val ve ¥ér- al |l owi ng an i ntroduction of gas
into the containing space from outside and preventing a | eakage of 5 liquid
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by i ntroducing the gas, wherein the negative pressure controlling nmeans has
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di scharge liquid and gas to the outside therefrom 15 In a eighth aspect of
t hebi nwhereby bedng iactpivetddd t® |opem dthenopendng cpaptiomdgif athevabl e
menber which defines a containing space for liquid and is displaceable in
accor dRiessire widhin the cpptaining sppcgubecampsyless: than sthel ying

t he contakgge quu%@hto ﬁqethe out si de; an openi ng capable of introduction
of gasgqﬁ ﬂﬁm&S_ il Space; and a val ve body for sealing the opening;
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and an dont®@ihet, ocoufptieings, after the capacity of the containing space
starts to decrease according to the supply of the liquid fromthe state

whdfe the centiguidceptadningehamber/haviingjamaovhabhe nember def bringwer
than the 30 predeterm ned val ue which causes an introduction_of
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therein; and
15 a valve chamber communicating with the containing space and
having a one-way valve which allows an introduction of gas into
the containing space form outside and prevents a leakage of
liquid and gas to the outside from the containing space; wherein
the liquid containing chamber includes an elastic member
20 for generating an urging force Fl in the direction increasing
a content of the containing space, and an urging means for
receiving the urging force Fl1 to urge the movable member with
an area S1 against the direction;
the valve chamber includes a valve controlling member for
25 generating an urging force F2 in order to control an opening
operation of the on-way valve, and a closing means for receiving
the urging force F2 to close the one-way valve by an act of the
urging force F2 with an area S2; and
the one-way valve is configured to be open in order to

30 introduce air from outside, assuming that the pressure resulted



a liquid container according to any one of the fifth to eighth aspects in
which an ink as a recording agent is contained, and perform ng a recording
with ink supplied fromthe containing space. 10 Moreover, there is provided
an ink jet cartridge, conprising; a liquid container according to any one
of the fifth to eighth aspects in whitd#7 an ink as a recordi ng agent is
contai ned; and a recording head capable of a jecting ink froman ink a
jection_ lb port, the recordi.ng.head. being joi.ned with the containing space
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16 1is satisfied, the one-way valve is open to introduce air from
outside.
In a sixth aspect of the invention, there is provided a 1iquid
container, comprising:
a movable member which defines a containing space for liquid
20 and is displaceable according to supply of the liquid:
a liquid supply port for supplying the contained liquid to
the outside; and
a one-way valve having a port capable of introducing gas
into the containing space and a sealing member for sealing the
25 port; wherein
the one-way valve is opened to introduce the gas when a
capacity of the containing space starts to decrease due to a
displacement of the movable member according to supply of the
liquid and becomes lower than the predetermined value.

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



15 BREI F DESCRI PTI ON OF THE DRAW NGS Figs. 1A and 1B are illustrations for
explaining problens with a liquid container according to the related art
into which outside air is introduced to noderate an increase of a negative
20 pressure that occurs as a result of consunption of a liquid ( ink ) ;
Fig. 2 is a schematic sectional viewo¥ a configuration of an ink tank and
a recording head in a first enbodi nent of a basic configuration according

(0, eI Prpuihy AR oS LBty YRR g %RE
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ink tank in Fig. 2 iS used; - 21 Fig. 6is a sectional viewTor

expl ai they conbatndnigosprHced heromkotdsl den dnid).pPevénying ias leadcdgaadbfc
sectional view of a configuration of an ink tank in a second enbodi nent of
a bhsi dintd gand: gas Fremothengantairipgespace harkhenoutside, the

liquid container being generally sealed except for the liquid
supply port and the one-way valve, comprising:
a negative pressure generating means for applying negative
pressure to the liquid supply from the liquid supply port; and
10 a negative pressure controlling means for controlling the
negative pressure by introducing the gas, wherein
the negative pressure controlling means has a function to
prevent a discharge caused by an operation tempting to discharge
liquid and gas to the outside therefrom.
15 In a eighth aspect of the invention, there is provided a
liquid container, comprising:
a movable member which defines a containing space for liquid
and is displaceable in accordance with a supply of the liquid:
a liquid supply port for supplying the contained liquid to
20 the outside;
an opening capable of introduction of gas into the
containing space; and
a valve body for sealing the opening; wherein,
the containing space is configured to maintain the capacity
26 thereof about the predetermined value regardless of a supply
of the liquid and an introduction of the gas, after the capacity
of the containing space starts to decrease according to the
supply of the liquid from the state where the containing space
is generally filled with the liquid to be lower than the

30 predetermined value which causes an introduction of gas.



Fig. 8 is a schematic sectional view of a configuration of an ink tank in a
third enbodi ment of a basic configuration according to the present
invention; Fig. 9 is a perspective view of a configuration of an ink 10
tank in a fourth enbodi ment of a basic configuration according to the
present invention; Figs . 10A, 10B, antP X0C are illustrations of steps of
formng a tank sheet of the ink tank showmn in Fig. 9; Fig. 11Ais an

oy 3SR T SR SR U etk el B 11
St eps o Sited kL end A ET ROk e dochriind X By g 48°thE °,
20 Fi g.£ilSch Stanetilghtdl raspantef, wndLPinf 196id) f\epp NeedPErtH SHgst uni t
and the spring/sheét/frame unit of the ink tank in Fig. 9; Figs . 14A and
14B ar «crecainnaly spase of smasedr. parts at the conbining step in Fig. 13;
25 Fig . 15 is a sectional view of an ink tank containing unit configured
by 8sing t hEunthaemnkhereiis provwidedls recorddvg sppanatays ort ahizhRgt ank
comtan M quid Sntalner adeoralfe®td any onbs O the FYEth Yo elghth
aspects in which an ink as a recording agent is contained, and
performing a recording with ink supplied from the containing
space.
10 Moreover, there is provided an ink jet cartridge,
comprising;
a liquid container according to any one of the fifth to eighth
aspects in which an ink as a recording agent is contained; and
a recording head capable of ejecting ink from an ink ejection
15 port, the recording head being joined with the containing space
and the ink being supplied from the containing space.
In the above, an ink as the liquid may contain pigment as
a color material.
Incidentally, in the present specification, the wording
20 "recording” means not only a condition of forming significant
information such as characters and drawings, but also a condition
of forming images, designs, patterns and the like on printing
medium widely or a condition of processing the printing media,
regardless of significance or unmeaning or of being actualized
25 in such manner that a man can be perceptive through visual
perception.
Further, the wording "printing medium” means not only a
paper used in a conventional printing apparatus but also

everything capable of accepting inks, such as fabrics, plastic

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



Fig . 17 is a perspective view show ng an exanple of an ink 30 jet
recordi ng apparatus to which the present invention is - 22 applicable:
Fig. 18 is a schematic sectional view for explaining a first exanple for
coupling of an ink tank, a one-way valve, and a recording head; 5 Fig . 19
Is a schematic sectional view for explzd M ng a second exanple for coupling
of an ink tank, a one-way valve, and a recording head Fig. 20 is a

schemati c, secti gpal .view f, xplaining a third for gou n f an
okt aie theohel iyingari Ly heba st £dnianan tebbY B fandest ok s ety
|Ilust#? xggpéfn explaining a control of a negatlve pressure in the |nk
tank sfAewn rg. 20 as a result of the supply of the ink, Fig. 22 is a

schemati ¢ SgeinaNgy iteut [ OfneXRhaAY Alieur iho éideismg@é@réee ipg of

an ink tank, a one-Way valve, an I ng Fig a sc ematic
sect i ogalbpGAaW dohsexpsawdilg &s fafd@fmnafmlcm fof €R8PALBY Ol pinBkngank,

a one-way valve, and a

5 and thus the ink, by being applied on the printing media, shall
mean a liquid to be used for forming images, designs, patterns
and the like, processing the printing medium or processing inks
(for exémple ., coagulation or encapsulation of coloringmaterials
in the inks to be applied to the printing media).

10 The above and other objects, effects, features and
advantages of the present invention will become more apparent

from the following description of embodiments thereof taken in

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

Figs. 1A and 1B are illustrations for explaining problems
with a liquid container according to the related art into which
outside air is introduced to moderate an increase of a negative

20 pressure that occurs as a result of consumption of a 1Liquid (ink);

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

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

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

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

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

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



recording head; 20 Fig. 24 is a schematic sectional view for explaining a
sixth exanple for coupling of an ink tank, a one-way valve, and a recording
head: Fig. 25 is a schematic sectional view for explaining a seventh
exanple for coupling of an ink tank, a one-way valve, 2b and a recording
head; Figs. 26A and 26B show two exanp®les of nechanismfor attaching an ink
tank and recording head; Figs. 27A to 27C are schematic sectional views for

expl ai ni ng onfiguration . and a iQn Qf fic od 0 an
Tk supplyi RiTacsi 48 Aarirrrondl EEWIERIC hpiateidh SAVSPSTGR, 85,

t he pr@%gnlﬁﬁvg?hkpqnlﬁ . 23R showi ng a state of the sane in which an
openi ng section i ntroduci ng atnosphere is sealed; Fig. 27B showing a

state of thpigamy iEmadsahemathisd Yertipaait ¥2BwOb £t Becéhﬂﬁﬁiﬁ’@lon of
i ntroduci ng opening section as a 5 result of contraction of an ink tank;

Fi g. 2&n siwki hgnk dvate sdécohd emhbdxmemtcbfthebﬂsispben&ngﬁramwonng
openi ng section is opened to introduce air; Figs. 28A to 28D are schematic
secdi oggicoxr@ingf §o @hﬂeﬂrﬁﬂgnﬁ @mﬁentﬂmafion and an operation of a

second exa Ie 10 of an ipk sypply eV| e havi n one-way valJ ve in_the
ot her aspegB 8héspPe§€ﬁFm %é% Yéﬁwéﬂ% n803ﬂ$§h¥PFﬁOPhQ sane
in mhl p g 4S€ect ign, £.ar gt P 28B
show ng aQHQthQg §%%%é§@l%§wg éﬁ%gtgfg?e separa |%§noﬁaﬁ?%t¥}§sphere
i ntrodyddsr-@PRE # I3 iPPedént Inveéstiéndf contraction of an ink tank;

Fig. 28C showing a state of the same in which the atnosphere introducing
openi ng secFign i% igpangsbispectiveugden rof Fa ccorBigaratingh of an ink
configuration of a sealing nenber; Fig. 29 is a schematic sectional view
f od0exdiankiiny a furbhfenbedimentoiofa & biasi @ monif hguragicm agkordpplyi ng
devi ce having a one-way, valve_ in the other aspect of the invention; Fig. 30
is a sdifensR CP§@§ﬁnﬁuﬂnW¢BRFPBr explalnlng a conflguratlon of a fourth

aspect of t A LRt ohDB, SRR JUE R I TR R LB, BBk bR A Fuphd”
explmlarghﬁkcgﬁg@@ngglfﬁboinﬁ'@dﬁﬁl@ﬂ@ﬁﬁl ntpqf, ag,ink supplying device
havi ng a one-way valve in the other aspect of the 1nvention;
Fig. 11A is an illustration of a step of manufacturing a
15 spring unit of the ink tank in Fig. 9, and Fig. 11B is an
illustration of a step of manufacturing a spring/sheet unit of
the ink tank in Fig. 9;
Figs. 12A and 12B illustrate steps of manufacturing a
spring/sheet/frame unit of the ink tank in Fig. 9;
20 Fig. 13 is an illustration of a step of combining the
spring/sheet unit and the spring/sheet/frame unit of the ink
tank in Fig. 9;
Figs. 14A and 14B are sectional views of major parts at the
combining step in Fig. 13;
25 Fig. 15 is a sectional view of an ink tank containing unit
configured by using the ink tank in Fig. 9;
Fig. 16 is a sectional view of an ink tank containing unit
configured by using a plurality of the ink tanks in Fig. 9;

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

30 jet recording apparatus to which the present invention is



Fig. 32 is a schematic sectional view for explaining a configuration of a
si xth enbodi nent of an ink supplying device 30 having a one-way valve in

t he ot her aspect of the invention; - 24 Fig. 33 is a schematic sectional
view for explaining an exanple of a configuration of the ink tank focusing
on a gas perneation. Figs . 34A, 34B; &ahd 34C illustrate states of use of
the ink 6 tank i~ Fig. 33; Fig. 35 illustrates an osnotic pressure of a gas
in the in tanE in Fig. 33; Fig. 36 is a schematic sectional view for
expl ai AARLEG2RYEpl e of another configuration of the ink tank focusing on

10 & gas U191 33! 98.a Bchorklr 18 SoSERBHRY 61860k, YRTH SIOW PO-AR

exarrpl e of an™nk contai ner contal ner- use

anot here edMetle Mepk- @oﬁ;?fihQV%%t 6D £l eARR ,Wai C&h@lwa?kxﬂaqtvé,e%&éi A9
head is integrally nmounted; "15 Figs . 38A to 38E are ilTustrations for

expl ai tegooengt heywdof the ink container shown in Fig. 37, Fig.39 is an
illustration showing a relationship between a negative pressure in an ink
conbai ni ng Figreldiis lmeschemedritasrert iginah viiewfor e¥pdadning ansecond
renalméggﬁgké for coupling of an ink tank, a one-way valve, and a
recording head;
Fig. 20 is a schematic sectional view for explaining a third
example for coupling of an ink tank, a one-way valve, and a

10 recording head;

Figs. 21A to 21C is illustrations for explaining a control
of a negative pressure in the ink tank shown in Fig. 20 as a
result of the supply of the ink,

Fig. 22 is a schematic sectional view for explaining a fourth

15 example for coupling of an ink tank, a one-way valve, and a
recording head;

Fig. 23 is a schematic sectional view for explaining a £fifth
example for coupling of an ink tank, a one-way valve, and a
recording head:;

20 Fig. 24 is a schematic sectional view for explaining a sixth
example for coupling of an ink tank, a one-way valve, and a
recording head;

Fig. 25 is a schematic sectional view for explaining a
seventh example for coupling of an ink tank, a one-way valve,

25 and a recording head;

Figs. 26A and 26B show two examples of mechanism for
attaching an ink tank and recording head:
Figs. 27A to 27C are schematic sectional views for

explaining a configuration and an operation of a first embodiment

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



20 Fig. 40 is a schematic sectional view show ng another exanple of an ink

container which is a liquid container used in still another enbodi nent of
the invention and onto which an ink jet recording head is integrally
mounted; Fig. 41 is an illustration showing how a volunetric capacity 25 of

an ink containing space changes in accd}dance with the amount of extracted
liquid (ink) in order to explain a function of a buffer area for preventing

pressure fluctuations fo by _the ..nk coptai ner,,sh in Fig. .37  Figs.
ion andopast, 82 AR A BRE Y pi AR CARRE AR 33 i Rg e sshkniefli o
confi gysat i L3 | f - : ' |

cont af wE SR 1 PRAMELH bRRrng mectLoRNYr N ERARHLTRY At its,
are schesbhdetBCrignad 7Bisﬁ¥\§wiﬁg £%RlatdbFdtRE Rt RIvted it PP BET ON
and an operation of 5 still another enbodi ment of an ink container in which
a pref segpgdmwabiibheofatbe iatnaspikrereFintrbucing openingatsentiam as a
expl ai ni ng design paraneters for the configuration in Fig. 42A; and Fig. 45
i s & saeswmit osceontractianw ohan npls tanke Big. 27C showing a state

of the same in which the atmosphere introducing opening section
is opened to introduce air;
Figs. 28A to 28D are schematic sectional views for
explaining a configuration and an operation of a second example
10 of an ink supplying device having a one-way valve in the other
aspect of the present invention; Fig. 28A showing a state of
the same in which an opening section for introducing atmosphere
is sealed; Fig. 28B showing a state of the same immediately before
separation of the atmosphere introducing opening section as a
15 result of contraction of an ink tank; Fig. 28C showing a state
of the same in which the atmosphere introducing opening section
1s opened to introduce air; Fig. 28D showing a configuration
of a sealing member;
Fig. 29 is a schematic sectional view for explaining a
20 configuration of a third embodiment of an ink supplying device
having a one-way valve in the other aspect of the invention;
Fig. 30 is a schematic sectional view for explaining a
configuration of a fourth embodiment of an ink supplying device
having a one-way valve in the other aspect of the invention;
26 Fig. 31 is a schematic sectional view for explaining a
configuration of a fifth embodiment of an ink supplying device
having a one-way valve in the other aspect of the invention;
Fig. 32 is a schematic sectional view for explaining a
configuration of a sixth embodiment of an ink supplying device

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



10 the configuration in Fig. 42A in which ink has been extracted froma
supply port to nearly use up the sane. Fig. 46A to 46F are schematic
sectional views for explaining an exanple of a configuration and an
operation of an ink tank to be considered in order to have a design
condition thereof 15 generalize. Figr: 2/ <4l lustrates a relationshi p between
a negative pressure in an ink tank shown in Fig. 46A and the anount of

br essur o i i KBmodt i H1 BoRPREIA T o et AR YLOR SO R $H 01 n oA nd
of o conimyrle; STl d¥he (pratiin 4I° O0E, 4R B30l LolabiR ol HET ©
Fig. 4eprgheisgl.ationship between a negative pressure 25 therein and the
anount “of remaining ink; and Figs . 50A and 50B each illustrates an exanple
of an ink tRihlksaf 3da0t 3B card gucitildustvabei sthites éGAugedof the ink

rel ati onship between a negative pressure therein and the anount of

r endi niténk nkn Bdg. 33;

Fig. 35 illustrates an osmotic pressure of a gas in the ink
tank in Fig. 33;

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

10 a gas transmission.

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

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

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

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

Fig. 41 is an illustration showing how a volumetric capacity

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

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

30 explaining an example of a configuration and an operation of



- 26 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present
invention wll now be described in detail wth reference to the drawings. 5
Vari ous enbodi ments of the invention applied to an ink jet recording
apparatus will be described below. Specifically, a liquid container
contains ink to be supplied to an ink 4%t recording head, and the term
"ink" may therefore be substituted for the term"liquid" . Specifically,

1 P SRR D! LT i Atgpll SO0 FRfoBbSEi o
I R J : |1 i nk I h istic. 1.
cont o By dl Egh, 18 BMGITY© excel | enL Ik supply character i

Confi guratipagki.g932 41946488 Uit Behembitisd swdedonant vafewss besic
configuration of the invention. In Fig. 2, reference nunmeral 10 represents
a cart exgpdeaaiyimegi akh exdnglel o6 aeconitbliguvasdon dndaanr opgeratiom efi ch
ink can 20 be contai ned, and reference nuneral 20 represents a recording

heal® tS&lldararpther gmbadbnesd pfomn htnknronfadner iMewhd&dh B ng head
20 is not limted to particul ar. met hod of ejecting ink and, for

exanpl é’,retéf'e‘?%feef?b‘rfgp{rgeq‘ﬂé‘?at &8 EPTMPLf ectrot hermal conversi on body may
be used as rgyaf Js i i i fids i_|1 Lnk
may Do caustusyVAct uadit v b or AP AR des Bl Bandietart
may be s@jreciipdl EBheYGhrHtidE €heghiPn PPAL Bwngf oaming energy at that tine
. The ink tank 10 and the recording head 20 in the present enbodi nent may

be separabl Pigr. i4%semrabsghematlied decthohadund 80 showhkg & stsatei dfe
that can be nounted to and detached from - 27 an ink jet recording

appar atthe congignsadiammdn FHigi dgeAt pewhilch giixk 1gagr bega exdtgraghgdhead
20 mayg)e indegendﬁntlél%)repl aced wi.th new one r the ink jet cartridge as

0
a whol &G0 ®SPRPLYC &P t KO nBRASHY. ‘Usﬁxnupn;h@orﬁ%?‘hi ng space Sis

defined by a,nmov in-.e 1. J tﬁ% .
movabl e nenbd 1%Eéﬁtﬁe |%Ejet glﬁﬁe q:|ls(§lle%?posear} %@h@%ﬁ%@%&ﬁé%ﬁlg

at mosphgy & EanpYai 68t hOBRF igurat QoRCalld I UhePalibns Wt MUk [ ahRke

at nospheric pressure. An outer casing 13 of the ink tank 10 10 serves as a

shel | ftw s otensideridd® imvebiermtddiaté &r desdgrexéendal o cched8ef
novabl e menber 11 of the present enbodinment is constituted by a deformable
f1 ki blgerfexad Lzeheet nenber) whose configuration in a central section
thereof is re%ul ated b | ate 14 and whi ch has a trapezoi dal side

: a p { )
confi gurati 849 -A4 T 4—4—145135@'5&@5(9i%%i'jaltﬂpé"rs:h’fﬂ’lebﬁﬁwﬁﬁlne Fargrtive s

def or mi)czil:'e'snsure in an ink tank shown in Fig. 46A and the amount of

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

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

25 therein and the amount of remaining ink; and

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

30



accordance with changes in the anount of ink in the containing space S and
fluctuations of a pressure in the same . In such cases , the peripheral
section of the novabl e nenber 11 is expanded and contracted or deformed in
a good bal ance, and the central section 20 of the noveabl e nenber 11 noves
up end down with a substantially hortz¥ntal attitude or orientation thereof
mai nt ai ned. Since the novable nenber 11 is thus snoothly defornmed (noved),

t he def or mat | 1 c ﬂT%f%ﬁﬁ ape At ﬂﬂﬁé b ﬁ¥“§ﬁ | pressure
fluctuation gg&#&oﬂt‘}%%bﬁggﬁo shoc r?lFtﬁg‘Ect)iﬁ{EgE; ni ngDZE:M?S)ace fgl n the ink
containing space S, there is provided a spring nenber 40 in the formof a
conpression spring for exerting a force that expands the novabl e nenber 11

outward t hr phghplreseil Bitimvidn t Qofienelat fiow begakiee e i @etd Dl withange
in which 30 an 1nk ejecting operation of the recording head can be

per f or mefereng8 tion tdgii drawingswi th an ability for hol di ng nmeni scus
formed at an ink ejecting port of the recording head. Fig. 2 shows a state
in &hich t h¥agdmug mmekedimenss ofi theyhsventian prrlig¢dchargaedlnkthetnk,

or essumsaoraRas, ARBRFALYS LR bR, QosEHiPeq TR aor PAGOHEAFBDITS &

equi ppq% Ei% &e aj. .C ﬂﬂi@% ck~iQto 4 pl ugs
17 and » %%eeﬁékgé%/negéﬁéFé}n%quﬁﬁéi$i%Fogt F%%gegop?ugifgpsﬁé¥orn1a
suppl y ridweir@inglnéat ,sdaal ¥hadtébm T k" mbhbetRepbEotid beSBabR L twtéqe 10
recording head 20. Afilter 23 is provided in the supply channel L1.

Ref er erfer riheeericé rf 4" I bgunddent s Spesddfi gl hgnbthespresenta imdmtiohalsi s
in tight contact with the rubber plug 17. The other holl ow needle 22 is

st 48k iafikechiveudiosr an uinkgcoatadmndng ceadom aatemiahanMere?2 for
i th i ni 15 S to the, at h . - | 30
That | ShertrieRIdny EheAERRAty LrentiPBy AaedSE SRADLEROH 3R | ik
h | A | i
Cubber Gota AR HEGE | B0 BRI HGRLT R R R Hle SRRTRREMIY 20 R

17 and s PR¥ B ifsdrid with slits 17A and 18A to allow 20 the hol | ow
needl es 21 and 22 to be stuck easily. Wen the holl ow needles 21 and 22 are
not stuck i EBmbddimehtssof/Bamilc IGonflilpnrdtiienare cl osed by an el astic
force of the rubber plugs 17 and 18. An ink supply port 15 and a
codﬁunﬁba&i@#q@ﬁtEmgod mendy ekl Basige Comfilghwatiae i nk tank 10, and they

I d the 25 rub 1 d 18. Theref , t i pk t ai, ni
Space S 15 ER ot dl Fae8 diHRrrEke ol Forstecmeeditenty of & dagto
t uck i antiakl th dl t uck t f th
stuc 3%ﬁ§k%8§¥giéﬁg%3§#hghaeiy%%n S the needl es are stuck excep or e

i nk su comiunicatioh port 16. 30 The schematically

|11 ustrat ed g2y 2V arge etk nimera?d Q Hditd $en 84 dteri dge! t9Be

synbolically. Thé states of the valve in the figures do not IndicCate” an
openi ngiisk afenkr (@lsbofefgryiedd & nhst Nenkacartasiddey ) atr. wikishr 1hkgoaas

illustrating the one-way val ve synbolically as above are to be considered

20 be contained, and reference numeral 20 represents a recording
head that can eject ink supplied from the ink tank 10. The
recording head 20 is not limited to any particular method of
ejecting ink and, for example, thermal energy generated by an
electrothermal conversion body may be used as energy for ejecting

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

embodiment may be separably or inseparably coupled to configure

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



6 likewse. Figs. 3A and 3B illustrate an exanple of a specific
configuration and an operation of the one-way val ve 30 according to the
present invention when applied to the configuration shown in Fig. 2. It is
a matter of course that such configuration in 10 perform ng the operation
can be utilized in the siml|ar mannefr 2 -t he ot her exanples which wll be
expl ai ned hereinafter. In Fig. 3A, the one-way valve 30 of the present
enbodi nent has a confiIgu,rati on to be connected to the ink tank 10 through a

hol | owPReddie Jet ARCOTIING APRFTATUSt ORRRT @ReI oRPGi PRI Age tlarRe
Such valye _herein is nfigured as i agm v idizi a_di agm
31 spaek ot 48 o B ERAPER ndinBat 27 P Re P Rrle i e et AP 00,
a fixegs hial ' N ren i [ i [ I@iﬂlpe?é 2
provi dg&ﬁPﬁﬂaﬂgﬁéﬁgﬁeilﬁﬂga}%?:xfe:g%nne é'a_(ﬁ]‘g' ‘3%8%??3 ﬂgi s ‘nor rr% |y
20 seakadnvnnéwt 6aeseal i ng nenber 32. The diaphragm 31 is urged by a spring
menber 33 downward in Fig. 3A through a support plate 34 explained |ater.
Theb openi ngA6Anka\domnt al.nbmgusipeate db W6t Heflimest s phemevadb ligr menmlzelron

the housing 36 that constitutes_a valve chanber R in which the di gﬁhragm 31
and t hd1lsgm ddrerckiertankitOar eApEpdice@baiel thhe Beupbde memker 3bliin

fixed in a paosition in g face-to-face | ati,onship with the openi nqg 31A
Whon t iiDeb o kaSR . 180 s Bxtiaseq S bheg stmeeRtRte At A ALMRSTROTES
shown | i 0. s eng_elgi CLLO 1A I e}
comnicc%gﬁ%}\lgﬁg%%& _pL _ eﬂy\egﬁ {’ﬁeﬁﬁ éé’ %ﬁ%:@%%ﬁ%%%ﬁ%@ﬁ%ts%ﬁer e.
The supR@idsphétec3pricsdirdl JhinCcaatad ddding 1336f ttiee diARNEAMR 3o and
has an opening 34A corresponding to the opening section 31A as well. An
estiabl isgres a¢ @ oshahilcfibropriodes=ing hehe ahoevablenimemibdeandl tfreomn&nt ank

10 through the hollow needle 22 will results in a presence of ink in the
i nk t agkteresalforqeent The mevahdedsnemhermbl | ofytheepresentpemiodinentain

post 1 an i e boll o neede, Ther gt oL LD VAL KE CHAREL 8 fos e
Supp! | bl OMEIR A {2 ABnkR NS SEERL BL10 JIPafl 20eba gl g

anpunt € contal nrng spa e pressure 1 n e contal ing

space §>J§a1§é‘ N aRHGSyRYER ﬁag%ci':_%ﬁfﬁef‘zd:ﬂ&@l REGHL 0V I AESAE CohNCr R3SPSL1
accordingly. When the pressure in"the containing space S becones equal to

or 1besbd hAasaerpbedetldatenedthel uwvaleeaneinbear Ibrist defotted in
predeterm ned 15 negative pressure) , the opening section 31A gets away
from t Rceepdangenwiitdy chrangesiale theocamauntarfoinli dp dhegentainingat
is, the air jn éhe val ve, chanber. R i s suppli,ed due to the reducgti on of the
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t he val Ve reaches a pre rmne t he
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urging force of the spring nenber 33 because a difference between the

pr @esures tirs miss eaboll @ tmespaer Bl (nores dep tdred dnberi tl) sesabstamn Pbal by
urging force of the spring menber 33, resulting in a separation of the
openi ndheetzoptadl Attriindecoscariegtadiinn theraofamadnitiaineds ecfinckre

Cheon TS PRt nlhaa Bar T WHGE RubSFS debitrod” Gty s BhE™
intrOdQ£éf8Pm3Eion will cause no shock, and there will be no abnormal
pressure fluctuation attributable to shock in the containing

26 space S.

In the ink containing space S, there is provided a spring
member 40 in the form of a compression spring for exerting a
force that expands the movable member 11 outward through the
plate 14 to generate a negative pressure within a range in which

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



30 outside air noderates the pressure in the val ve chanber R and - 31
the containing space S, and the opening section 31A is then closed again by
the urging force of the spring nmenber 33. Up to this point, the pressure in
the val ve chanber R rises near to that of the atnosphere. The urging force
of the spring 33 causes a 5 displacen=28 -of the di aphragm 31 toward the
seal nenber 32 to establish a tight contact therebetween in order to keep

the predeterm ned negative pressure, Such an function of opening and
ol 05| nd "t AL BE T MiE TaE ARLLL LY febaldling ey SRR

th k 10 L th t
smal | o ﬁ&%"%‘ﬂ%‘p%ﬁ% LA ﬁﬁsr SoBrRIRER et Rie H ShaVehe TRkES

t I
meed! e EnIgAEnS S0Rcdl AR e PuBRERA ey MEpEP dylierban ov
cont actyi¥h Wnk, i akd \Mliéihsﬁﬂiﬁgt ﬁldxﬂbéf‘%boﬁ.ﬁﬁbdiﬂpﬁésﬁéﬂl goURMeZBean
interface formed between the ink and the air that pro jects toward the ink

cons ai mnngdegaet Snegfatitee gpees sgréZin tNednktandgevencipristarstatet he

contai ning space S exceeds the predeterm ned value due to a supply of ink
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. 3A and 3B by the pressure while conpressing the spring nenber 33 , which
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Thi s noderates the negative pressure in the valve chanber R and produces a
30 preddur e Rafiexenaecenymensh 24crepresemntsia tsﬁabbngam@ml@%mh as 32
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31A i s opene e |n may occur

the airg fddhnuh i cala i %ﬁaﬁneiam eﬁofowis%,mﬂ rmetésn*tall\fﬁrr% EEe R
and the ink containing space S are in comuni catlon with each other” through
t heshold @b ndnsllet@@sphdriehe apenergad? AralvéehsoetHaef ishschenati cakliye 22
has a configuration to allow neniscuses 10 to be fornmed, there will be no
f1 ow ofshowm edn Ehgunt2 ofsi pkovided hfenv‘aheec@mmeic&tienewhﬂmrel nk2 .
enters the val ve chanber, R as a result of an anbi ent. change SW n of

or
t he ap&ﬁ%ﬁ’&%nﬁﬁr‘?%ei? PAndPARREPBANLS A ®ea Lbng Menker Syrh&s Po’-“‘tl‘HB
cont ai Tﬂyt ngcfn tisgh% rc%rW:éct with the rubber plug 18. The rubber

plugs 17 and 18 may be formed with slits 17A and 18A to allow

and

20 the hollow needles 21 and 22 to be stuck easily. When the hollow
needles 21 and 22 are not stuck into the slits 17A and 18A, the
slits are closed by an elastic force of the rubber plugs 17 and
18. An ink supply port 15 and a communication port 16 are formed
at the bottom of the ink tank 10, and they are closed by the

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

30 The schematically illustrated one-way valve shown in



15 of the operation of introducing air to adjust the negative pressure in
the ink containing chanber S, the ink tank 10 and the one-way val ve 30
eventually return to preferable states. Taking the above operation into
consideration, it is preferable to determ ne an opening di nension a of the
opening 20 22A at the end of the hold @y needl e 22 such that the nmeniscus
hol di ng capacity will be smaller than the force to open the opening section
31A into the valve chanber R . For exanple , the opening preferably has a
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preferably being 5 nm or nore, for exanple. - Such configurations are

qui e adkswibgeous under conditions other than condltlons of the actual use
of the apparatus such as a swing of the apparatus during transportation and
an anbi ent Ehgsge 3Mmndt 3Br dlilastrate pnefestanmple peff & mpaelfileh regard
5 to the stablllty of a Eb‘gatlve Eressure in relation to the recordjn
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Fig. 4A shoms a state of the ink tank 10 that 1Is reached when a snal
ampont pefrfisikmifagceheuoperfatdomicanibe ait 51l aked( Engthe) simiiar hnérlmeer
containing space Sis fully charged with 15 ink. Fig. 4B shows a state in
whi ch ttee the adtbereexrampliesawhiedn wil Bbl beeexpdained hereimafitercti on
of conpre55|ng t he sprln menber 40 ) as a_result of ink consunption
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cont ai ni ng spac n the negatlv ressure in the containing space S

exqgedxanipl edRiEhNvaevediHe ¢l O8HC icbh I bl ast ke MIEpHedgHAERL R 25
opens as descri bed above to introduce outside air into the containing space

S as shuwhlinifgga di@phifagmeBdre Spefwifiesilye ithe hbiaphragm i space S
is not decreased bel ow the predeterni ned pressure, and_a constant pressure
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a housing 36 in a fixed manner. The opening 31A is normally
20 sealed with the sealing member 32. The diaphragm 31 is urged
by a spring member 33 downward in Fig. 3A through a support plate
34 explained later. The opening 36A having a communication with
the atmosphere is provided on the housing 36 that constitutes
a valve chamber R in which the diaphragm 31 and the spring member
25 33 are provided, and the sealing member 32 is fixed in a position
in a face-to-face relationship with the opening 31A. When the
opening section 31A is pressed against the sealing member 32
as shown in Fig. 3A, the opening section 31A is closed to block
the communication channel L2 between the valve chamber R and

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



to be perfornmed as desired. Therefore, an ink tank having the

above-descri bed configuration will be preferred for the efficient and
adequate application of the present invention. Fig. 5 shows a relationship
bet ween the amount of ink 5 supplied uoing the ink tank in the present
enbodi ment of the invention and changeS i'n the pressure in the containing
space S . In a configuration as disclosed in the above-cited Japanese

Pat ent +Apld LaphLBgkizt aed hés Enl%g?é’&inﬁé%ih o 6A81iRY ¥Y the
Application Laid-open No. 7-125241 (1995) in which an 10 encl oSed systemis
est abl iopearinhy sedtchPla d9meEl DI | Amais tyblishment ENcommEiniza t ivhd
seal) fornmed in the region of an annular orifice and a negative pressure
provi dbdtween e rgluehehiambrextiRcandrthrend.-nk takkn}0dfhedoughstpe ek how

wi th poor response _and a pressure in a tank fluctuates significantly for 15
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presen odrment o invention, the introduction (Fi

bl ocki RO hidd GhetBamé BhterfalUbidaswrd &6 aphytpenf eheednkocomitdiing
stabl e negative pressure or stable supply of ink in a wide range until ink

I s usesdpagresSshown in Fig. 5. Wen air residing in the containing space S
i s expanded as a result of a decrease in the 25 outside air pressure or an
i ncrease i nWhega dmk da sudpkied uFeomt hhenbnkbtanie Mieit o1 thies ngiaqrdited

d h in Fi.g. 6, Th is, th I mber 11 is displ
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mai ntai ned in the containing space S . As a result , ink can be supplied to
t he repreassgrocin e wdrntalnhnk space febhéoomes equaldtogoppkeasi tiians
desired. As shown in Fig. 3A the 5 one-way valve 30 renmains cl osed or

bl ocked predekermined valvue doduahi tg epdiers thanntbeapredetermimed. o6,
which prevents ink in the ink tank 10 from |l eaking out. In order to all ow
an PncMegative; RESSSURR) ofthe OReR1BHLERE LA, 3kfe I&FR AWRYIGESPHCEhS
the a 0 L acr I p_the_ 10 vol tri.C C | f the spa Vs )
as o r St Eae MRBRRGTT &0 Ratce ot Ieanats “HH REmSsufes hentabti <
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I ntroduced air (~Vi). Since the level of ink”in the ink tank 10 1s

decr eazefil the Ifraessardawddhdirt tHdeanmabhint splhoceoiSsumebsubtingt iacaad or

supplied fron) the ink tank 10 by introducing outside air into the ink tank
10 t hr dngreaseoné- the negnti3e prersurebdn thevwalviee chamberiRe Whent ank
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the i nli)f&i'gtermined value, the diaphragm 31 and the support plate 34
move toward a side of the valve chamber R agailnst the urging
force of the spring member 33 because a difference between the
pressures inside and atmosphere (outside the chamber R) excesses

25 the urging force of the spring member 33, resulting in a

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

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



10 frombeing extracted or | eaked to the outside, the ink in the ink tank
10 wll not |eak out through the comunication port 16 regardl ess of the
attitude or orientation of the ink tank 10 in use. Therefore, there is no
particular restriction on the 25 attitude of the ink tank 10 in use. The
one-way valve 30 is not linmted to the3konfiguration utilizing a diaphragm
described in the present exanple, and various configurations nay be

enpl oy i ncl yding. a _confi atiagn simlar.to that. of neral check-val ve
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into the ink tank 10 fromthe outside . In case that ink 6 exists outside
t he onefiethe adteo8phenendeThehavxty tpdr Agerceélofn thieg spiing B3 cxaupes) ai . €.
, outside the ink tank 10 corresponding to the configuration thereof, the

oneSwaydigplacemeantl s the @kephmaign Ad thowardnthedseed mempemne3?nkot ank
on of the comruni cat t 16 of the ink tank_10 10 js not

10. The posi i.Qn po
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space S is ket ¢h PurcteeANSrEabed .i"in;tari’(i BP85 EnGORhicd Wl Ivpdly kpa g 7
Il lustrates a second enbodi nent of the basic configuration of the

i nvent i301. kéepshehd Ipiséssted donftlgarealoe, chambenoR nafiderthd? inkthe form
of a tension spring is provided outside an ink containing space S ( the
spiPng cembaining apacagSaatothe ipredekpamined mpwassuree tice prds surear d
20 to generate a_negative pressure within a range in which an ink electing
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enbodi nent . However, since the present e di ment has a configuration in
whi ch taie gpenifigheebeat4fhiesend oifn thier BOL 1w inREdd Ve t 22 | 1%, ik heosPatckg
menber itself has a long shelf life and inproved stability, and freedomin
selléct iwigtlhninkk whieh sles’3fliscirashs. formagionl of WerricsEndbesdi 228t ah
Basic Configuratigon Wiile the first enbodi pent has a configuration in which
the sprimterEase formedobetweencthentrkiang thegair /Ehataxejectsnkowaring
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When the negative pressure in the containing space S exceeds

the predetermined value due to a supply of ink into the recording
20 head 20, a pressure difference occurs between the interior of
the containing space S and the valve chamber R. At the instant
when the pressure difference exceeds a meniscus holding capacity,
alr is introduced into the containing space S to eliminate the
pressure difference. Next, according to a continuous reduction
25 of the pressure within the containing space S, the diaphragm
31 is displaced upward in Figs. 3A and 3B by the pressure while
compressing the spring member 33, which opens the opening section
31A to introduce air into the valve chamber R. This moderates
the negative pressure in the valve chamber R and produces a

30 pressure difference between the interior of the containing space



properties. Specifically, the flexible filmmay be a material provided with
a property of being displaced in the direction of increasing the volunetric
capacity of the containing space S to have the flexible filmitself serve
as a spring nenber as 10 an urging unit. Fig. 8 shows an enbodi nent of such
a configuration in which a novable nend®r- 11' is formed using a flexible
fil mhaving appropriate spring properties to achieve a function
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reduces because no special spring nenber iS5 disposed. An ink tank having
such ardexiél 22f Homb@ayiherouaet didbyo 28hkocbniga tnihgk sipaide osit er wal |
and an ink containing inner wall that can be deforned such that it is

separ at ed f Admthiee insttantvawheni openingossict ixm tHA sksreoperedutongtart
direct blow form ng, as disclosed in Japanese Patent Application Laid-open
No. B9- M@YEQQ‘FFFW of &t e. tysbudence Mave OcqRh Wy the abrkERAY -be

used in a.case in which a negati,ve pressure can.,be nainntained jn a.range
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occurs during the ejection of ink fromthe recordi ng head even though no

spri ng tilee usedlloWw Adexdil¢ h2Enhad reentconf iGaxad i@mftguadiliosn ménisectubes
spring nmenber in the first enbodi nent has_been 5 described as having a
codfi glrathPenfrimed, cherepwidd, ke caar £4oWaaforn i greassiamaunty Qi dnka
plate or_|eaf, spri is used. Fig. 9 is a perspective view of an ink tank
127 W tjh“E%c{:lhﬁ é’(?ﬂquegtﬁ%‘?fn g t‘%e tank having an encl osed structure in

which 10 to Pk h i upt.e nj at
the top andﬁn‘%}tj(#np%é Oif}hgqéu%?gé%r g?r%tg %&tvse éi%vﬁgrg% %%s%rllt: %gﬂﬁa?g{",ﬁnt he
spri ng/£eeéntthandd 45 aCoORShyi ok Thddppatitud dutiing t#dntpestadian,
spring 107 and a pressure plate 109 and a flexible tank sheet” (flexible
menber )sifi€e fThe inknesliéturnied ed thd lecktadning spaplkey Spast albesnd ta
comuni cation port 16. Figs . 10Ato 14B illustrate a nethod of

mardéf acfirthg operafiomkofadmntroducingt aim dgw adiustosheamegativee
illustrations of steBs of formng the flexible tank _ sheet 106 with _a convex

shape. PP RSUREet i LK 199nEBA A G GRATPRET: Bnk thgedink deank £8r ARG
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sheet mater iglk g BRS LBEWE GPalhkiton A GStofids Mkl bRk semanents,

flexibility, and durability 25 ‘agai nst repeated deformation. Suc

pr ef er ghteferablienlto idetermiBB, afF opgdiihg i Onensylom,a aofl tlwepopehdng
materials with deposited alumnum silica or the like . It is also possible
t 0 20se 2B habatbe gnshyof dtheahohdomeReadlea2?i surhr thate dithe menigcugnk

oo e BTG, drRASH el MRTRRALLSE R Bl hEcE d5 B ene
opening section 31A into the valve chamber R. For example, the
opening preferably has a circular configuration with an opening
diameter of 5 mm or less and more preferably has a circular

26 configuration with an opening diameter of 1 mm or less. A length
L. of the hollow needle 22 is preferably such a dimension that
ink is unlikely to reach the valve chamber R even when it is
moved toward the valve chamber R by turbulence in the air flow
as described above, the dimension precisely being 0.5 mm or more

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



- 39 performance in bl ocking gases and vapors . The thickness of such a
sheet material 101 is preferably in the range fromabout 10 ~ mto 100 ~. i m
taki ng softness and durability into consideration. As shown in Fig. 10A,
such a sheet material 101 is formed 5 into a convex shape using a form ng
die 102 having a convex portion 103,-a¥acuum hole 104, and a tenperature
adj usti ng nechani sm (not shown). The sheet material 101 is absorbed by the
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into a tank sheet 106 having a predeterm ned size as sho in Fig. 10C. The

size | agal ywiagubfeché aipassatigbiarioyg teanssrtatgoapgadadn anbient
subsequent steps and may be set in accordance with the volune 15 of the ink

t ank 1Zhdnge candiiti pgavidesivery prefenabillel perfarimancé with epegdrd
manuf acturing the spring unit 112 used for generating a_negative pressure
in Bhe thiktRengtabilit¥ Rt ng nevatidie Rresswxe iin ar%%ﬁfitg-iqncm%rthe
configuration, in advance is nmounted on a spring receiving jig 20 108, and a
pressuF@‘iﬁ’é@%n?Ogeia?]'attached to the sane from above through spot wel di ng

using a wel gh@,gllgg,%?{ikf&jpanjdléld@i%ﬂq%c@fgﬁéié(futg%% d'brief‘ﬁgiri $4h1{8 %gf; and

pressure plate Spring uni S constit e~ spring

the pragdiatlrierd ¥ thiedvaliR thamibdrd RUsShARKON M drtLLn ChgnBpyaeeny a
spring 25 unit 112 to the tank sheet 106 . The spring unit 112 is

posi ti Ghetrenkapti atera sohatandf presdané.sheet 106 pl aced on a receiving
ji% (not shown) . The thermal adhesive 110 is heated using a heat head 113
t o1lBond t heFd@s ndAumi4B. 1andd€ ddduskratacan ink suppPdyihng Sneryiianet

unit 114 0O Fg J12A is_ap illystrati f a st of wel djng the - 40
opri ngfdhddie it 4aak, JorRaat, 15 Bupled orfih EReTzetord iy died 20, ame
receiving ji 16 t he Igr@ 5414 ' 'Eﬂ_pgd n a j ig
116 , a sheg?'g;‘bs%z} ﬁ%ﬂﬁ(g&f ?gstlt sucr}%oﬁiﬁéi ﬁg‘ﬂ[ hﬂe ralrrg glfgttag'gsgrxgésh%ﬁgd
spri nghgh@et auBina111lhndurt VaEURKN AL SoRdhdmed f1dm AACinAitialilisfadet he
frame 115 without relative msalignnent . Thereafter, a heat head 118 is
used t  Rigr n2) | inwehilchntheacontiainingf apaseos dst fpldivehargedfwiehti al
edge of the frame 115 and a circunferential edge of the tank sheet 106 of

t hd5spriimdy/ sHSky . uéBtshowsi g sitatie gin svthBrhcthehwoviaddte Meratbesr binhagi g

117 sets the_top_circunferential edge of the frane 115 in Fig. 12A and the
ci r cunfReeMt 32FPdagebrdewRwazfk (difbckhe odleection pf ngrapeassing the in
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state shown in Fig. 4B, and the flexible film as the movable
20 member 11 is tensioned and also subjected to a load from the
spring member 40 when the ink is further consumed, which
increased the negative pressure in the containing space S. When
the negative pressure in the containing space S exceeds a
predetermined air introducing pressure, the one-way valve 30
25 opens as described above to introduce outside air into the
containing space S as shown in Fig. 4C. Therefore, the pressure
in the containing space S is not decreased below the
predetermined pressure, and a constant pressure is maintained

in the containing space S. As a result, ink is supplied to the

30 recording head 20 with stability to allow a recording operation



Fig. 12Bis an illustration of a step of cutting off a part of the tank
sheet 106 protruding fromthe franme 115 with a cutter (not shown). A
spring/sheet/franme unit 119 is conpleted by 20 cutting off the part of the
tank sheet 106 protruding fromthe frapne 115. Fig. 13, Fig. 14A, and Fig.
14B are illustrations of steps of théﬁ%ﬁrly wel di ng anot her spri ng/sheet
unit 114 fabricated through the above-described steps to such a
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unit 119 is unted on a receiving jig (not s and t perl ery of

t he spabweheestiridsa Wonfiglrat ion r@ﬂnﬂeﬂebbr@’f&bﬁ@dbfaﬂ' jthe 120 whose
position is defined relative to the receiving jig. 30 The receiving jig is
i n surediflchbantcand ddequatecappldcation af thectpmesdantAlaivernitziomnk
sheet 106 of the spring/sheet/frame unit 119 to hold the planar_section
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formed by conbining those sgrlngs 107 as a pair of s ring menber form ng
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approaches the unit 119 and the Jig 12071 ocated bel ow the same while %elng
kept i rtiparshtebdddtidmeand Thaoedkirsy @8 ahewis pdrforhéd with poor
circunferential edge of the tank sheet 106 of the spring sheet unit 114 is
absor batespengel dnét at pregstunaninolee tarda filuBugbasagignilifticantilyaferof

t he _absor bi ng j and it is also in a uniformface-to-face

20 ,
relt i &'r%‘?‘ﬁ Wi P-H ; iRg &g sarfathat EI’?@ Canfignraddona doYHlYRE 88ne

ci reunRSretiBnoAEErparind phid 27 A WS LIRSS 594} BEEoEe 48 110

and theaf@é‘fcﬁﬂéein%%dﬁfctti ¥ G %@P%é&{}idsé% an fc ééﬁet fﬂﬁrfﬂle'

wel ded to each other wth a heat head 122 conpr essi ng t e pair o
spri ngmdgdtirel priddsure and the fact that the ink level in the tank

is unstable. On the contrary, in the present embodiment of the
20 invention, the introduction (Fig. 4C) and blocking (Fig. 4B)
of air is quickly and stably performed to maintain a stable
negative pressure or stable supply of ink in a wide range until
ink 1is used up as shown in Fig. 5. When air residing in the
containing space S is expanded as a result of a decrease in the
25 outside air pressure or an increase in the ambient temperature,
the movable member 11 is displaced upward as shown in Fig. 6.
That is, the movable member 11 is displaced upward according
to the expansion of air in the containing space S to absorb a
pressure change resulting from the expansion of air. Further,

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



mai nt ai ni ng parallelismbetween the planar section 106A of the tank sheet
106 of the upper unit 114 and the planar section 106A 6 of the tank sheet
106 of the lower unit 119 , ink tanks 127 having high parallelism between
t he planar sections 106A of the pair of tank sheets 106 thereof can be
produced on a mass production basis With stability. Since the pair of
springs 107 are symretrically and uniformy conpressed and defornmed in

Fi gs. r 1 NOp f t J is

cpr; ngF s ip v HRmidE ISy Wpyald, 18 CORELERE pEBRENY 1 thBTerars
havi ngr'é'lﬁrhtpﬁ%%éﬂitéﬂha_ﬁtmeﬁhé heoRt 8RR neeEpaeess106As0h rdw PR rimk
tank sheets 106 thereof with higher stability. Further, since the pair of
spri ngeatDBeaswpp¥iedt to ddd yeamod ding hiefaad 20ywibhym esiskili&gdt o glearfreximi n
Figs. 14A and 14B, the interval between the planar sections 106A of the
pai r of iketor@ipgs opeFratienfasedesined. r At shavwn drocikges3di-t khe gher
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of the%t!ﬂplgikﬁhggé }_gﬁhn_rﬁ]{ugbng fohprméagir{%gagﬁtlw is cut off to conplete
tank 1 Fig. 10,

the in as shown 26 1n Fig. interior of the ink tank 127

has an encl paesr@érUed Wi dWaln ifcredsdimtRatvolunkl &f Hier anticucady

t hrough the ink supply port 15 and the communication port 16. Fig . 15 is a
sect i odaltoitdye ofonteiniling spacendai theg aglamgerofi 3@nhiancag ase imkthank
manuf actured through the above grocesses . 30 Ink can be reserved in the
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provi degk W hfrelaeedtdier npAvinansducers {heaters) to be able to eject ink
supplied fromthe ink tank 127. Air can be introduced into the ink tank 127

t hrough t heSdawaurtilomtlievepoof 16k dma thenirk tankeil Owish delvredoed ib
enbodi nents. The ink tank containing chanber 130 having the generally
endfos @Fae¥dangee widietheyampant £ 3pnkscprsamadinieaf s tacted her

outside only,thrqugh.a,snmall .hqle .1l An ink tank.caontaining chanber, 130
. be ST BHOM) R A B oF0 Y ka9 B8 sreH i BFE A, oh
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bondi ng. Thereafter, a lid 132 is nounted to an opening of the ink tank 20
cont ai rexigrathetiethkdmgtsi tige wsippdy godionkh ng Im additd oenisiancd otkd

space in the ink tank containing chanber 130. 1.5 Exanple of Structure_ of
| nROj etoT® F WAV 2 hBpad At REe¥eyts] thesinkperspdet ( fiudddwins the tnknbaBkof

an ink jet_recordi,ng a ratus .as a Jiqguid-congym n r at to, which 25
the b FEfobR 13 HRPFAGYRE ar Ao kel Ry LR AufRRaRS Fhe tlk' £5,
ink jet [P pley! 4S. r e { r t
LK L1486 4t R 45 ot VBB BV SO PR EoniR{cABEOREOER'
can be y@vedghRdTRigs SSANPhBY adit1RAidONSri B ek Bon byt khaTi fankhe
carriage 53 I's noved back and forth in the

10 in use. Therefore, there is no particular restriction on the

25 attitude of the ink tank 10 in use.
The one-way valve 30 is not limited to the configuration
utilizing a diaphragm described in the present example, and
various configurations may be employed including a configuration

similar to that of a general check-valve in which a valve body

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



- 44 main scanning direction by a carriage notor and a driving force
transm ssi on nmechani smsuch as a belt for transmtting a driving force of
the sane notor. The carriage 53 carries an ink jet recording head 20 (not
shown in Fig. 17) and an ink tank (ink b container) 10 for supplying ink to
the ink jet recording head. The ink tTathk "10 has a structure sinilar to the
above enbodinent , and it may forman ink jet cartridge in conbination with
the ink ec i%ﬂmﬁ ' R r ging dj e Saxd drhnt 0
an i nsié]re{"ﬁ)enfhof)lreISEI pr%ggdegﬁ%?{ eg'sf g}%\/@‘}%fgﬁdgg? Fﬁg ?g@ag% er}’ts‘ﬁis‘;gn%ibi S

then t ri@?c@og&@dréﬁt BbtPaseion Be debRAdged oA Fdhod Qi di@ _ﬁdé preFoRy a

feed roller 56 after its transporting direction is inverted. e recording
appar attlhee Gk dgrdntli®alito the mutshdesand tboeapdper iRty dwapehdn ngf sairx
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é{ ?%i?%ééﬁ%%? m?é%iig‘ézah‘écg”p@ﬂ{‘v? X val¥ecsfi hahaea: & %ﬁ&%ﬁ?ﬁiﬁ&ﬁﬁdi g

2Q, . i Li s
ransabil 3fEREeadiRIE) £78" VotlsHaRCt A Al ek et Ing,
of i nK tics t4!ISeeh PY ghRAtiGH G8eeE8ESd the dife BI&FIvALVR AR A1aiesUERE

elenment, and ink is™a jected froman ink a jectionh port by foam ng energy

gener alexteatnabatinkl i bdeinerbdhodd efwtdi thel Mok roankhaoi.nk 26 j et

recording head is not limted to such a nmethod utilizing an el ectrothernal
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the carriage 53 along with the ink jet recordi ng head 20.
42 exerting a force that expands a movable member 11 outward

20 to generate a negative pressure within a range in which an ink
ejecting operation of a recording head can be performed in
equilibrium with an ability to hold meniscuses formed at an ink
ejecting section of the recording head.

That is, the function of the spring member 42 is

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

30 increases.



1.6 Modification 20 At |least a part of the inner wall of the containing
space S of the ink tank 10 may be constituted by a novabl e nenber 11 such
as a flexible filmthat can be deforned and, alternatively, the entire
inner wall nmay be constituted by such a nenber. In such a case, a step of
coupl i ng the novabl e nenber 11 on an2¥ exterior casing 13 can be onitted
so that the nunber of parts to be used can be reduced, which contributes to

producq & g@ﬁq_é.lﬁfef];?r@r%dr ég@l@%?@rﬁﬁgz ég&lfg_i@&.&gf n | nstead of providing

such a deforna er, aced in accordance with the

vol umetri c wARAQ theCfirBe EMBOAIMLI S Y 3OnT IPITrEL1iBhOYhARNiER €heart
of the wall. - 46 Positions where the ink supply port 15 and the

comunispatimg mambei6iasrprovilied drorgrbmeyate aahegattive pregsunke 10the
advance, and the ink supply port 15 and the communication port 16 may be
f or ned spekng member eay be amitted. byvkerningefher dafpamabled lexibiek 10
Is to be able to contain ink, and it _is not, necessarily required to contain

i nk®i n Bt Sefiie @s.adsavphdesmenbed using e ratenial havind SRFIROY or
Ly t edaWit di h Q. in di i
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of Connection of Ink Tank, One-way Val ve, 15 and Recordi ng Head
S to have the flexible film itself serve as a spring member as

10 an urging unit.

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

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

An ink tank having such a flexible £film may be obtained by

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

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

between the ink tank and the recording head and the magnitude

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



VWhile it is possible to configure an ink jet cartridge that can be attached
to and detached froman ink jet recordi ng apparatus by coupling a recording
head 20 and a one-way valve 30 with an ink tank 10 such that they can not
be separated from 20 each other, configurations are possible in which both
or either of the recording head and one-way valve is separable. In this
section, a description will be nade on several enbodi nents of nodes of

coupl i [ : - I aﬂg a_ L r:di e Lrst
Enbodi _ﬁr"glna&bfﬁ%bhgagtle&up ?I\gg¥p¥ﬁlrﬁ%gran ? 6&%8%&$rggq€efﬂ]§n?} eC(l)‘%Azl ng
Head Firgcds8afHgMRedd ¥ YUERbLER ind V&‘t%fi?né“ib“'ﬁééli‘ﬁ 10 and a recording
head 20 are coupl ed such that théy cannot be separated from each ot her and

i n whi dh 4 hPoutttH Embddimed ta ol BaeycvebnE iudta6a separably coupl ed.
In the present exanple, it is possible - 47 to replace the conbination
of the ink WhikelGhedsphingememtion iratheofirisd embedimeaitydas) keene,
or the resultant ink_jet cartridge as a whole_with new one. Here, since

each ofdegRribed: A§n RIS eR sCPREIGULRELOR e Lliken (PO} aSPEIN Ry
functign | d_occur. while I - t,er m.u nly _the degraded part cap be

[ epl acePREHIIRAEAPEn drk 2881 B3R, Uik WEtth e, PARIS G hgLSSEFERINAY 1 t he
case Whgrsggthe sanme ink tank 10 is used for a different recording head or
recordi ng apparatus, or in the case where an using nmethod differs in using

10 the sanerhgcondilgahpedspdiet DPéi vuBWNOEaANY Enkl ¢STK & VAW RPELER tO
the recording head may differ in each case. However, even with the same ink
tank 1@ confdqugation,ptbestankvhbvdngaanfenellpsest sdmuctyreejxh adhibght he
one-way val ve_ 30, which contributes to produce a distinctively versatile
sydfemtop and bottom spring/sheet units 114 are mounted to openings
at the top and bottom of a square frame 115. As will be described
later, the spring/sheet unit 114 is constituted by a spring unit
112 including a spring 107 and a pressure plate 109 and a flexible
tank sheet (flexible member) 106. The frame 115 is formed with

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

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

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

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

25 against repeated deformation. Such preferable materials
include PP, PE, PVDC, EVOH, nylon, and composite materials with
deposited aluminum, silica or the like. It is also possible to
use such materials by laminating them. In particular, excellent

ink tank performance can be achieved by laminating PP or PE that

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



15 2 . 2 Second Enbodi nent of Mdde of Coupling I nk Tank, One-way Val ve, and
Recordi ng Head Fig. 19 shows a configuration in which an ink tank 10 and a
one-way val ve 30 are coupled such that they cannot be separated from each
other and in which the ink tank 10 and a recording 20 head 20 are separably
coupled. In the present enbodi nent, Tt33§'possible to replace the

conbi nation of the ink tank 10 and the one-way val ve 30, the recordi ng head

20 al Oﬁ%ffr?@a?ﬁ%ﬁcéefﬂ!ﬁ E0) lfﬁflﬁphi%éléﬁéaéﬁ&%o_f% Sa 'Pﬂ@'ﬁ?]%fcﬂeﬁgv‘bﬁr@ucﬁ*

filter e provi tan I n such a configuration,
no speqd fdHedBhaterigquired £9rpLaabira®il v isePiét FangbeEwean ddvut nkot ank
10 and the one-way val ve 30. Thus, as a whole, it is effective to achieve a
cost remudio @00 pmnbakiag soifitnesd tarrdainadby] itiyeinbb tankid@raidi dhe
recordi ng head 20 30 may be separably coupled, and the ink tank 10 and the
one-way - AsgshowndrsFhay bOAsepuciblay shrgt diatenied ddded s tfqugedbl e
to repl,ace each of the ink tank 10 , II_the [ecor ingl hegﬁl 20 , and the
onelway &R @ SENYEH SHARH Hﬁsv“&né‘. ArPLRY 93599 Q4 PRVERG: 2LRYLKe
provid | e Rk ta .01 Si.NC e ] a e - al ve
30 ar e%gooiﬁﬁ%ur%gai'n aaméae%“g‘rngb § 1%aﬁln6e‘{r]'téﬂéac %ﬁ??gg%%g rﬂ?}ﬁlo nedded

for prejenanfsihh¢ ndte-shY R, VorndhsAB eltS @ 40! Y02 RsCabdd¥bed! by
while distributing the ink tank 10, resulting in realizing a distribution
W th athepvacpaska@ly Db4t had Hormedk. iA€o2a cbnihéx dshapedithent b Mode
of Coupling I nk Tank, One-way Val ve, and Recording Head Fig. 20 is a

sect i orrgmpl danthwiithg the donyvexipeirtéon &0 3abyobeaftof nosudiieforming
tank, a one-way valve, and a recording head. 15 In the _present errbodiﬂelnt,

a dfe- hie Vi ge BEFSTpPEIRGFaTRed Lty thencanvesosharse RaShavh
(hereinafter so,.simly refer . "recordin aqd" i r d.
An inkqﬁg%k }Qhangéﬂ%ﬁ%Pfiﬁﬁfggl%g-?%E—&ﬁ%faEQ g%?§e 3%%ﬁ%ﬂs4égérgégded
i ntegr it ' 2 Vo ve i oygded
RS G R i o e i o T R

j oi nt rael¥erdgairedotntbd baitabMal Fer manutersterbrgnapparectasnatati on
with the channel opened and cl osed or bl ocked by the valve . The one-way
val ve Fubhseguendr istepomndtmaydbey se thvmldecopddnce2witdu thwyivelume
sealing elastic body 233 nopunted on an, end thereof and a spring 232 for

ur ¢Png thethBvasike ﬁ)%éﬂ‘éep%fotro caraiRing df& direction of closing the
raure byt RdSpr i 1925 ¢ LREPHARAB P, Sas it oF el ShACkThS ths! oo
acting j0rPRgPRAY +5199S W't §Yr FHrat I8y 87 nbBAtIFE dredder¥eihl Rk
ink tank 127. A spring 107 that is formed in a semicircular
configuration in advance is mounted on a spring receiving jig
20 108, and a pressure plate 109 is attached to the same from above
through spot welding using a welding electrode 111. A thermal
adhesive 110 is applied to the pressure plate 109. A springunit
112 1s constituted by the spring 107 and the pressure plate 109.
Fig. 11B is an illustration of a step of mounting a spring
26 unit 112 to the tank sheet 106. The springunit 112 is positioned
on an inner surface of the tank sheet 106 placed on a receiving
jig (not shown). The thermal adhesive 110 is heated using a heat
head 113 to bond the spring unit 112 and the tank sheet 106 to
form a spring/sheet unit 114.
30 Fig. 12A is an illustration of a step of welding the



- 49 direction of the figure), the sealing elastic body 233 abuts on

anot her sealing elastic body 234 provided around a hol e serving as an

at nrosphere comuni cation hole to close the val ve. Wien the pressure

di fference urges the novable nmenber 23| upward 5 in the figure and the
force is greater than the urging fortet%f the spring 232, the novabl e

menber 231 operates upward to open the valve. Wile a needle valve is

i 11 ust %gg&gbfﬁsﬁéét%i%@1¥ 3 ‘I‘:hb%)’fi"ﬁ)h&oi%%a”@h%’ 1€?aﬂleai?]t'59£éns‘é%ﬁ’ as

descri ove may obvi ously be used. is equally applies to a fourth
and | ater aefbafeneate 19inpday 2l 6CONAFHdNE IR Fildd A6 ix poesitElonédve,
and a recording head. A joint needle 228 for supplying ink is also provided
on t he anéc pldiceyl oeathieojdgr 128., A shéetvabsorbingiddd & 1li7ssurrominding
communi cation with an ink channel 227 having a filter 225 of the recording
head 2&herframecdAS ahsieshs Mhegpring (sheptyunditi hkdatper vapupsrhelenot

shown) ... ., An electrqQthermal tra ucer_ el enment nqt. sho for generating
bub%llnelilﬁ n"k°b'9/°£'4 né |"Hb1{ hgiaalan&etrtb? Ega%‘ﬁoai]tédvil'\ﬂhéﬁti mEIREHVenot
shown) _i. i Can ' ac, j i '
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forms a part of an ink containing section thereof and a spring 215 for

ur gi ng otfhe e vilshaie NEBe anlll ai@iarcumferbatidal i gdge. ofhtheC vy slaéetn
makes it possible to generate a negative pressure in a proper range for

f or mi nd Ofdefuthe spmisg/sheat umktdl kétimdhwfiigwfe a retoedi thewsheer0 as

wlll be _descrjbed |ater_ with reference to Figs. 21A, _.21B, and 21C
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serves as a shell foOr protecting the novable nenber 11 from an external
force. rekationshbps thellindingfsihfapessend qribioslumdFormly difdthal #¢ by
a deformable flexible film (sheet nenber) whose configuration in a central
sect i owgltedodndsseadedt eTliyreforessthe EHheet ldbaodbimaijig UEYoisabl e
in_a peripheral section thereof . That is, the urging force of the spring
2185 cadmpoxtantnforefhernalavediding oly PrAgE QL PHPViAE MBEQFB i | m
with the essure plate 14. The novabl e nenber 11 has a convex
configﬁ?ﬁﬁi%ﬂgrn the central section and a trapezoidal side configuration.

As appar ent F&'go.mltz'ﬁei%baheilhh%%M@Pbﬁoc?P@%téﬁ ﬁ%%@@tﬂﬁ%"&fﬁdai art

accordance w tth a change i1 n the anount ink 1nt cont al ni ng 15 space

t her eofofanthel tankigheets106 prptesfiireg iPrdmenkafeane 195cWichsascutte
peri pheral section of the novable nenber 11 is expanded and contracted or
def or tHhoth shgwod .baRaspsinglshbetddinane writi dlfis heompiledisdd byenber
11 noves up and down with a substantially horizontal attitude thereof
a2t aiGitetingneEfothenpakdy & dhafank 1gheet: 106 predandlingrbrapgthe
(rmoved),_t he g(gt'sormati on will cause no shock, and it is therefore possible
to pre\ﬁel?ﬁm%c rence of abnormal pressure fluctuations attributable to

shock in thﬁ'ét%o.”tﬁ NG SPAER, -aﬁdeﬁi&gfﬂmhéié 1312t A L IREYoE  S8bps

change in t pressure or tenperature
of thermally welding another spring/sheet unit 114 fabricated

through the above-described steps to such a spring/sheet/frame
26 unit 119.

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

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



26 outside air, it can be absorbed by the displacenent of the novable
menber as descri bed above. Rubber plugs 18 and 17 to be connected the joint
needl e 238 of the one-way valve 30 and the joint needle 228 for supplying
ink respectively are provided at the bottomof the ink tank 10. 30 As a
result, the ink containing section becdnes a conpletely - 51 sealed
space to prevent | eakage of ink when the ink tank is left alone w thout
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i ntroduction of the atnosphere nakes it possible to introduce the
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the capacity of the ink tank in which the liquid seal is used. It is

t her ef A0 hgwad icaivextshape, 28nfdi thedotbalr emds 17Biave e dancaveous

i nk tanks for general purposes . On the contrary, a one-way valve can be
usdf f &hapfk. t Whktehocanges sthem Faiifikt raagh Sthejecrespscitdvelsecanse it
does nqt _Jovolye formation, of niscus,. al though it depends_.on t el astic
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ti me wigdilésany particul ar process for formng ink neniscuses even if the
one-way valve is provided separately 30 fromthe ink tank, which allows the
val ve to op&hat bojddpey Ijig 12153 s foarbthen doweradet @ compresgsvbheepades
not create any particular problemeven when it _is provided separately from
an1pnk afargPringsut0deasr shown thiedelgs héALi ik dainge ssositheholding
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As a result, the position of the planar section 106A of the tank
20 sheet 106 is regulated, and the spring/sheet unit 114 approaches
the unit 119 and the jig 120 located below the same while being
kept in parallel with them. Therefore, as shown in Fig. 14B,
the circumferential edge of the tank sheet 106 of the spring
sheet unit 114 is absorbed and held at the vacuum hole 120A in
256 contact with a surface of the absorbing jig 120, and it is also
put in a uniform face-to-face relationship with the welding
surface (the top joint surface in the same figure) of the frame
115. In this state, annular joint surfaces of the top

circumferential edge of the frame 115 of the spring/sheet/frame

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



10 shown in Fig. 17 or may constitute a part of the carriage. That is, an
ink jet recording apparatus can be configured with a capability of
replacing an ink tank al one by using a recording head that has sufficient
durability with respect to an actual period of use of the apparatus , or by
using ink that allows the 15 perforrrhrﬂ?e'of the recording to be naintained
for such a period. As a result, the running cost of the apparatus can be
subst anfial g S { f gk +§a a nt cept for
he T o T e B L e L P hat 1 s
new y put iByugempireéssagpitaiecipahasgespwinys nko7 awBilkee tigng 215 is
fully expanded in an all owabl e range, in which state a m ni nrum negative
pressumaimtatnhngr pairal le ki smgié yweeni theeppanssusectsionrh@bAyof the
considered to exist in the ink containi n%wghanber. However, a high negative
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20 before air is introduced through the one-way valve 30 to provide an
proper begbs i wethr etambElithi chSiacecahse pakrt ofbeprdakes 10Tmatdes
recording head 20. In such a case, an operation nmay be perfornmed to

di scharsyaneetnkcaddaug@nd hendfeamlsh gempresised aamijcdqagnrm@dom‘m VFHasice

praovided in the_recordi ng apparatus after the ink tank is caonpletely
modft ed 43 caederaB. Fhete Widlohe Re,FORCHr Shek G LBoLds de ] ni
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hol es 239 and 229 are provided at the ends of the joint 15 needl es 238 and
228, rdypethevel pinge stibé padonfoifywpxings 108 uppl gyonetndicaly hand
recording head 20 is formed _after the joint needle 238 of the one-way val ve
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t hrough, the_ introdyction aof air_through . the one-yway valye 30.. 20 Eigs
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state of the ink tank 10 in which the ink containing space is fully charged
wi th i ko supply iink wdrtduspabdd ittpul tBurbherdethedotk itankd 25 basuhéghn

t he contai ning space in accordance wth the space corresponding to the
volXne SRALLBICBRORAILY nPTARAULRe TRSISH AN GRnpaRd 1 durd ¥ Jrecayse

downvar,d, 3CCOLdI IR ¥ -+ d 1 04 A afir [d€ct 1on 1064 of the flexible
tank sheet 106.
Thereafter, the part of the tank sheet 106 protruding from
the frame 115 is cut off to complete the ink tank 127 as shown
26 in Fig. 10. The interior of the ink tank 127 has an enclosed
structure that is in communication with the outside only through
the ink supply port 15 and the communication port 16.
Fig. 15 is a sectional view of the ink tank containing chamber
130 having the ink tank manufactured through the above processes.

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



- 54 novabl e nmenber 11 sinul taneously causes displacenent of the spring
215, and the spring 215 generates an elastic force in accordance with the
di spl acenent to obtain a state of equilibriumw th generating . A negative
pressure in the containing space 5 in accordance with the elastic force in
such a state of equilibriumis a negéif%é pressure corresponding to the
anount of ink at that tinme. Fig . 21B shows a state in which further
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acts between the flexible filmas the novabl e nenber and the section
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ink is further consuned in this state, a negative pressure i s generated
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outside air Is thus introduced info the containing space through the hole
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proper value to supply ink properly during a subsequent ink ejecting

oper at icomminigationomiinly headni @ sclavkbanceanner twikthypthet abeveni ch

nakgs it possible to sg@;tantiallé use up, the entire ink in the ink tank
S
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20 to performa recording b operation as desired. en air residing in the
cont ai ni ng Aactink tamlandentainires ithanbesr N1(UGidPIbé Ncbhe tifrstsed einf
the outside air or an increase in the anbient tenperature, the novable
menber whii¢éh alissipigbed.nhpwank IRiatis contai medabt elmwibisch H pdhem bty 10
pressure change resulting fromthe expansion of air by being displaced
uptar d 9fh iRkokaakee 141 araccort@inefh- of the air in the containing space

Therefore, the pressure in the containing space,.w |l not increase beyond a
or edet or i nEdSyarie Shaif SAC dh e bR ieHBa e 1B Sish & BURRALTET b ToR i n
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val ve 30 res?ra?%g g?%sg'g)dt,{oé%rléggn?fﬁ ea'l?l&a(%ar{hﬁwl%gké%gnﬁm r(gnmé?\é\gﬁi ng
out evemkheanki mountiireg costaidNd FPageihuwedixig Sor Sboad i, one- way
val ve 30 prevents | eakage of the ink or 20 air in the ink tank 10 to the
out si d&heheafheri,na Add 132 drk maunted hot aheakewmding lofodie tink tank
comuni cation port 16 regardless of the attitude or orientation of the ink
t adR 1°9ntaiping,ghamper h3dOpnsing ¥eldipg: o berdingt ke HATM e of

the 'ngéﬁTkeﬁglb%éﬁxgpace in the ink tank containing chamber 130.

1.5 Example of Structure of Ink jet Printing Apparatus

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

recording apparatus as a liquid-consuming apparatus to which
25 the invention can be applied.

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

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



25 2.4 Fourth Enbodi nent of Mdde of Coupling Ink Tank, One-way Val ve, and
Recording Head Fig. 22 is a sectional view showing a fourth enbodi nent of a
node for coupling an ink tank, a one-way val ve, and a recording head. 30 In
t he present enbodi ment, an ink tank, a recording head, - 56 and a
one-way val ve are provided as separafe‘%rénents . As shown in the figure,
an ink tank 10 is held by a holder 22A on that is integral with a recording

need 2tha G ddin 186088 B LY l)J%}e)taaL:QQQ:i‘c’ﬁ%é" fd¥o P Udl§ a ALY EngOHOLEL ON

a carriage provi In an in recor g appar at us. I's configuration
I's si mMd@ndmisBeondRBeh I BRIth b3 Asd1 8 for Hrdifaml et239 &fasi eiRgvay
valve 30 and a joint needle 228 for supplying ink of the recording head 20
are refigante vefy thesevdmel motorr.ublthe @aysidgeadbd tamfiédeanninkanjetO
when the ink tank 10 is nounted. 10 The one-way val ve of the present

enbodi megordingsbegd A Uenetpahawal drf Forg ¢ he7 ) nandapr, ink denbyv( bkl y
provi des advantages simlar to the advantages described in the abaove
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after the recording head is repllaced with néw one , and it can theref ore

be useddk getargeorddridiheads sPapcnPia@d byréborddmy medilm Lsfimsoérted
recording 20 apparatus. As a result, the running cost of the apparatus can
be redugetbfan tinsesytiomyhodlevd5 Pprovideflt htEddivrwardoenddef othe

COU&)ing | nk Tank, One-way Valve, and Recording Head Fig. 23 is a sectional
vi d srRRMRRUE AR difhddieRtransporieshdd SR uprrRging ikireahkon,
one-way, val ve nd _a .recordin ead. In.th resent odi nent, ., an ink
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t hrough an ink channel 27 having a filter 225 therein. The unit constituted
by t he opsratiknl @oane jeat ingoinkntowand 20pirindgineg ased emcbhetpapeirs
mounted in a_hol der 22C. A one-%g{ 5 valve 30 is provided integrally Wth

t hdbholRigrhbde moying sthenregersding heady 29 jin nthaecwala snaAnpinge

one- v, MLV 38, L " LS ol UBREEaR 1 oo LIRS LAY HRe "

paper P in the sub-scanning direction a distance equivalent to
a recording width.
The ink jet recording head 20 may utilize thermal energy
20 generated by an electrothermal transducer element as energy for
ejecting ink. In this case, film boiling of ink is caused by
the heat generated by the electrothermal transducer element,
and ink is ejected from an ink ejection port by foaming energy
generated at that time. The method of ejecting ink from the ink
256 jet recording head is not limited to such a method utilizing
an electrothermal transducer element and, for example, a method
may be employed in which ink is ejected utilizing a piezoelectric
element.
At the left end of the moving range of the carriage 53 in

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



The one-way val ve of the present enbodinent is also provided 10 separately
fromthe ink tank, which obviously provides advantages simlar to the
advant ages described in the above enbodi nrent and whi ch provi des anot her
advant age as described below with respect to the position in which it is

di sposed. For exanple, when special 1@ is used which can affect the
durability 15 of a recording head or ink tank, it is desirable to repl ace
the re ' t wloh ' ' t i S1r qpl se
of t hobRonsire \FBEe3; sp Erl Faq F, B Elreatd e | RS Li JRWREACERLCE,
fixed pa CHFrf68 BY the iddriiffer §804Hicte Ak UsjBELtTRY PustibHte a
part of the carriage just as in 20 the case of the holder 22 in the
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| onger than the life of the recording head is used as the one-way val ve of
t he pr eapabkenoli sappinghike, inke ejackiennportian efchhef macarding
recording head_is replaced with new gne, and,it can therefore be used for
25 & p&eash andt ai SUGHIQHRYEP| Fapable et adntrodugings ar REIAYRi ng
apparatus._ As_a.r sultti the runaiﬂg cosi, of the ratus can_bhe reduc$d
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val ve, salgrefé£ablel I esfecBingh@vhd Mt tog. o4 tHdieinkegent reducdinrgt is
different fromthe above-described three enbodinents in that a one-way 6
val ve I@ad by dextrodecpngdatregatdyeppgiassamrenim the arap pegppingt the a
joint needle 238 and the valve 30 are connected with a tube 235; and the

j oilfit AddeIeieghipre MoRkien honhabsarbkandndigehange olink thnqugh thg the

contrar an ink tank 10 and,a recording head 20 are forfted integrally with
cach ocfl 83asteaR Bor'ves  RERFRER, A RRCTIE Ty REGSRRE APT M AEh e
22D. The 1.0l I i r S ipsented .l s Lubber
oiug 18 eFerHBS e RICEE N dotfaLerdal o£2 TS 1RRCYEE neberdiheC:
the presdd wEbedediing SidkSeoRadseehsceapat(@ldsd rearbreddkcd ags, whi ch
obvi ously provides 15 advantages simlar to the advantages described in the
enbodi feljeationdregdvwely gpracessd Wmay beovedefoxrmedher advant age as
described below with respect to the position in which it is disposed. For

exdfpl e, whéR iZhenaagprdingecappagaddsini it Pregants embadiment, ink
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" ecor vty SHRBTLeHs tnEhepiak da Grcoraingaheartas, & ah s taR E8nk e
by th I j h A i i | f; . ; ,
Vil ve ARG HTER BN CEnE St g, ST EEhG 08N KRR 1o ot Frdetalfey, ©
appar atrsadpy20r,ovi di ng the one-way valve in a predeterm ned 25 position

that allows efficient utilization of the space in the apparatus.
1.6 Modification

20 At least a part of the inner wall of the containing space
S of the ink tank 10 may be constituted by a movable member 11
such as a flexible film that can be deformed and, alternatively,
the entire inner wall may be constituted by such a member. 1In
such a case, a step of coupling the movable member 11 on an

25 exterior casing 13 can be omitted so that the number of parts
to be used can be reduced, which contributes to produce a good
effect in reducing manufacturing cost. Instead of providing
such a deformable member, a member that is displaced in
accordance with the volumetric capacity of the containing space

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



VWil e the present enbodinment utilizing a tube relates to an exanple in

whi ch an ink tank and a recording head are integral with each other, it

wi |l be apparent fromthe above description 30 that the enbodi nent
utilizing a tube is not limted to such cases - 59 in which an ink tank
and a recording head are integral witH%ach other and may be applied to the
configurations shown in Figs. 20 and 22 in which they are separate

el ements. 2 régs%g n f i gqg 92%’!5’9?( 6
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236 is provided on the way of a channel constituted by tubes 235A and 235B

connectand tie ainkeswppMal per801anami | that commind 38l odhpopttr G aag to
prevent ink that has entered the tube 235A through the joint needl e 238
becaus®eoff armed awheal L£he dirik i tamk tRadge vsed he Wt ehgerefjuiired mkorank
or a shock to the apparatus fromreachi ng the one-way val ve 30, thereby
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tank 236, the ink in the buffer tank is returned to the ink tank 10 in

accor danoain tdiréaetienahiasndeen bieserdbededsurtdse ialsdovde embodimseniest he
ink tank 10 when outside air is introduced through the one-way val ve 30. 26

wilfe Fhavimyentdememay be aBriigd di sarhinkaittank cirabelsi protdedo
20201 b ShEUR, ASPOR oL o EHS I SEOUA“ahd Lhee T LRk R0 P e 0o
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2.8 MegeHusating @wdqutréaknéeRit 19Fe Aepa5HuRe Head Figs. 26A and 26B
schematically show configurations for nounting an ink tank or recording
head a® .desEmboelindwte. of Connection of Ink Tank, One-way Valve,

15 and Recording Head

While it is possible to configure an ink jet cartridge that
can be attached to and detached from an ink jet recording
apparatus by coupling a recording head 20 and a one-way valve

~ 30 with an ink tank 10 such that they can not be separated from
20 each other, configurations are possible in which both or either
of the recording head and one-way valve 1s separable.

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

26 2.1 First Embodiment of Mode of Coupling of Ink Tank, One-way
Valve, and Recording Head

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

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



Fig. 26A shows a configuration for nounting and fixing an b ink tank 10
according to the enbodi nent shown in Fig. 20. Specifically, clicks 23

provi ded on top ends of a holder 22 engage a top end of an ink tank 10 to
fix the ink tank. Fig. 26B shows a configuration for nmounting and fixing an
ink tank 10 according to the enbodi nert? shown in Fig. 23 in which 10 clicks
23 provided on top ends of a hol der 22C engage a groove 10a fornmed in the
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wal | of a containing space in an ink tank may be constituted by a novabl e
20 menber sHefreas sincegashe af the fmnethonaitanembersad sarepdlacenlyle,
alternatively be_constifuted bgﬁan unnovabl e rigid nmenber. 3. O her
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bel ow iimkMtiark A0 ail SAFHEE o€ ANALT @i ént Beebirdinds hpyady icietedorrdimygabl e

menber of an ink tank and in which a
apparatus, or in the case where an using method differs in using

10 the same recording head, the optimum negative pressure value
applied to the recording head may differ in each case. However,
even with the same ink tank 10, the negative pressure value can
freely set only by replacing the one-way valve 30, which
contributes to produce a distinctively versatile system.

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

Fig. 19 shows a configuration in which an ink tank 10 and
a one-way valve 30 are coupled such that they cannot be separated
from each other and in which the ink tank 10 and a recording

20 head 20 are separably coupled. In the present embodiment, it
is possible to replace the combination of the ink tank 10 and
the one-way valve 30, the recording head 20 alone, or the
resultant ink jet cartridge as a whole with new one. A filter
23 may be provided in the ink tank 10.

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

Alternatively, the ink tank 10 and the recording head 20

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



30 nechani sm serving as a one-way valve is disposed in a container - 61
that contains an ink tank. 3.1 First Enbodi nent Figs. 27A, 27B, and 27C
show a first enbodinent. An ink tank 127 of the present enbodinent is
substantially the sane 5 as that shown in Fig. 9 in configuration and is
contained in a container 130 that is SAfostantially the sane as that shown
in Fig. 16. The ink tank of the present enbodinent is different fromthe
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tank, and the interior of a containing space of the sane is 15 exposed to

t he at 28spieey ¢ hproyglided atmotheedak dramki ¢8ti on port 3. Fig. 27A shows
an expanded state of the ink tank 127 that is reached by filling the ink
tank 127 wi$hneecthe ime tiank 10 and pheiane tvay Babpe)s ¢ aameontiguredugh
a filter 137 and 20.is further supplied to a heater board, 134 t | s
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seal ing rubber 1 serving as a Sealing nenber nounted to a tank contai ning
chanbea Wiktnibupden iwintlasaosimpde padkaygtngt wds pites einkt tathked ng
opening 2. In consideration to the fact that the circunference of the

at A®s pRereThimdBmbosd manhiofgModeef Geuel Sugplnk Fank), Sne gy dad e on
fron1th?§£§%ativa Bpsi iqgal - 62 relationship between the ink tank 127
and thé& e¢oraipgete®ad ¢ ributabl e to contraction or expansion of the
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a flat plate that Is rlgldaenough to avoid defornmation due to contraction
or expaedd®dn of the ink tank 127. In the present enbodinent, a plate-Ilike
menber constituted by SUS304 is used as the pressure plate 109. 10 The

at dspher e Int theupoapepemngodiment hd e©ngi¢AyexXadngs 20 is provided

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

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

256 231 having a sealing elastic body 233 mounted on an end thereof
and a spring 232 for urging the movable member 231 to operate
in the direction of closing the valve. Specifically, when the
movable member 231 is urged downward in the figure by the spring
232 in accordance with a difference between pressures acting

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



t hrough the section where the tank sheet 106 and the pressure plate 109 are
coupl ed to establish communi cati on between the inside and outside of the
ink tank 127, and it is required to be sized such that ink nmeniscus can be
formed and such that air 15 can be introduced at this section when it is
spaced fromthe sealing rubber 1 or whth the sealed state is cancel ed.
Specifically, it preferably has a size ranging fromabout 0.01 mMmmto 2 mm
inter di : r oy at [ i 0 j

consi daa ot EBa oRIRA £ (8B TANG ST IRSTRAARLEOVBERY, 203 abuts

Vi scosidry hother @"eépiﬁ)% g3aatay Bdey’ 28iudignoided! agburid Ya tholBe tank
sheet 106. The shape of the atnosphere 1 ntroducing opening 2 is not limted
to t he ssrvimhgrasani iatmasphereacdmauniptation holggboatlsbapehehaalng.t he
above area may be enployed wi thout any particular restriction. 25 Referring
t o t he When ithe presgune diffesencghurgesi thedqnevabhe membeghdsd upward

i nt roduci ng_openi ng 2, a er. such as a rubber,, elasioner, or elastic
osPn i pFag CE 2gR < il pERG EOHGE i TEBREEH WHAS ckhe; NE NG SERERS

i nt rodygd penl n i C A t S n Rk, tank
127 is%g(p n%egg%qzh&éaﬁﬁ%gmﬁub erglltnle}s%t:egrrpir}g‘%s‘gﬁgfrgségone&ﬂ(}g%#éetéy
the ex hOPhe val®® . That is , the sealing rubber 1 is conpressed froma
predeterm ned size of the sanme in an unl oaded state (unconpressed state).
Therefore, Whieanshesdier #alsfe the idhusavatedd asdther oprldwdy Vvaloe
resulting fromthe conpression of the sealing rubber 1 6 ensure the sealing
of the bt mapheofe exampbieci agddepliragR. vAlvenas desavdbedatabevai nayy
resistant to ink is plied to the region arqund the atnosphere i ntroducing

opdfAi nPViPeELY: he g‘gﬁq ng THsh#aYa by apeliask @ &ifowethrang latgr

pr oper (PSSR BEhaHR s GE oonES RAL K IAR°ERHR . e PR, 08T 1 10
per f or gy Whep el iy Mhelf.i Nk in the ink tank 127 is reduced as a result
of ink consunption. FIg. 2/Billustrates contraction of the ink tank 127 as

a result of aa jerhetnesdae D28 heornsappalyiva) Uik oist Aa staprébdedr eneceds
with the consunption of ink. The contraction occurs as a result of a

reduct itdee i netbardigiginreafl hbddeixk 22.t e hoklbankin arhiis hpepddssurse jphat es
109 as novabl e nmenbers nove in the directions indicated by the arrows Al

andbA2 eemmBuRiggitlonHelthgpsn igxk ghanggldi 22 7/ dvayvinguahdd 1tex hd28amE

directi |t of .t t of | at 9 d

fepel | e E8cBOiNg, ndagi A notBSoRechrd (R €3, 20, Ak 3 nitppy ity °
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contraction of the ink tank 127 thus proceeds, and the elasticity of the
rubber thewmad emergpbis proxipgtedieinr anndok mathl (nbote.sHéwn) 2IB shows a
state of the sealing rubber 1 inmmediately before the rubber is separated
fr & 3ccemeuRd et with @ackiol thees tien RPTER -t hEnkubBefuRRd ied

from the ink tank to the ink paths through the ink channel 227.

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

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

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



- 64 Dbeen expanded to the extremty (the rubber has been returned to the
predetermned initial size ) during the process . In the sane state, the
seal ing rubber 1 is not conpressed, and an urging force fromthe ink tank
127 starts acting on the sealing rubber b 1. Wen ink is further consuned
thereafter, since the ink tank 127 is %%mpted to contract, the urging force
of the ink tank 127 acting on the sealing rubber 1 substantially becones

2 ros plhhlify SERLOAIRLYRT 16! BrbUHAN BACRNY Sul Bl deThd (1Y) Wifi R
air 4 maKdy redupsdsitie e eRkrtaithd ?J?rhét?ﬁgﬁgﬁi‘équéggﬁ%e% the

i ntroduci ng openrng 2. The Introduction o air ncreases the 1 nternal

vol unemefvdbibe trsibeand 1t .he Thanlowheet ca8lnigs liNaiekye §XxAaNAe Ghlt Waf §rOr
in the directions indicated 16 by the arrows Bl and B2 again to put the

at nospiparat éait indgutheg movgielse nge@benr ddntfamim van hexhersnedl iffgrcelbbefhé
agai n, which instantaneously seals the opening to return it to the state
shohn Mevabjle apembex dde ofyfhesipFesenfkee imenbiisheopsitidoried ey in
the tank Jj

bvi | y.1 t that_ in, the state in Fig. 20 27A T
oper at o %f?n&}ggél ﬁ&et’)‘ﬂ' rlﬁgfjgsmlﬁslh—ég '.“% %)ﬁd\lrl'gqégggn%&%% ,g%ich
K . . . . .
ot edot ARSI EEESL °s8EXTNR KROOR LEVROUI AT WY Ce Bretturd hided
subst ant4 ahlywh 1ehSEEa e +hidb BE it:hatpefi}?nkexcaqngw&%zhm@édﬂe iftkapet
head is 25 introduced into the ink tank. This nakes it possible to repl ace

t he i nkis,n the unginaniforcd ofiethet rapitioegl 2016 canpllsd etyaasthittctesdippody
substantially the entire ink to the head, and the ink in the tank can

t hdPef & Feddleivelychargecanemed the dleaxiblackilmewisll the pusssuLe; s
he. i n ik 14 e havaPle: DBRRAS Tl BAF 4, reshel ot A SuA en 1 |
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of the ink tank 127 is absorbed by the expandi ng and contracting operations
of the iseakicoydamhbewilth &i cliangki 5n tise pmoutet bEYRhkvEn RS eontdining i nk
tank 127 unchanged and i nproves the seal i ng between atnosphere introducing

opéhi ngracedthereodapingy flusbevnationseof b Ipregsurel dakddwe gamak tBnough

10 the at npsphere i lt_lroduci,n openi ng 2, The_configuration of the present
eﬁanpl @l’c‘g{) PWrde g ﬁeEﬁ_ﬁFrPg‘rﬂrFq}P ?%E*?Bn?ﬁgtﬁg OUﬁ@]\ﬁaWWfﬁE _tﬁan
the | nexidifdedlafil 60T ¢dion ot SRRA IR 50B BOIENEE' (dbd fhe
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nunber of the parts to be used for the one-way valve and a cost reduction
i n mane sabstawtiaklyahoriionteEkl ettt Hnbddi tiestebfofaini@AnadBB, Siwcd8C
shows an enbodi nent in which a sealing 20 menber as shown in Figs. 27A

2780 athem®vableciember dllf ésethumdemoothlyhidefioreed {moysidhg tkeber

311 thgchan bg noved .in the directjon_of contraction of an ink tank 127 is
provi d&PHNIraLion; wild SaHse e uBBerk: ardrilds istheregorg, posgibhe
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attributable to shock in the containing space. Even when there
is a relatively great change in the pressure or temperature of

26 outside air, it can be absorbed by the displacement of the movable
member as described above.

Rubber plugs 18 and 17 to be connected the joint needle 238

of the one-way valve 30 and the joint needle 228 for supplying

ink respectively are provided at the bottom of the ink tank 10.

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



311B connecting them First, the disc 311A and the shaft 311B are bonded
toget her using a nachine screw or adhesive, and the bonded elenent is

i nserted through a hole 9 provided on a wall of an ink containing chanber
130 frominside. At this time, a 30 coil spring 8 that is wound around the
shaft 311B is interposed - 66 betweBn-the disc 311A and the wall of the
I nk contai ni ng chanber |30. Thereafter, the shaft 311B and the disc 311C

menbor SSETe PGS (8 Ve LIRSS OF i HER Hie bR ARA R TR 1D

cont ai Al hAaMEsut Ve idfemethited §anthanhoddelrN 2C0I 'I'h%obﬁﬂir_a‘i:i&ﬁﬁ at
a value |lower than the spring constant of a spring 107 in the ink tank.

Whi | e mbeirsteih g ngheedink t3drik 010t Ha plesdndldsbodi2ned carfhededutr dy a
resin material, this is not limting the invention. For exanple, it may be
f or redin@ering the goknt aae¢adlepntohthereespecéimerabbgnedudse. cAs
spring 8 i s used_as a nenber for ginerati a sealiaﬂafonce, qire reci se

gon? lr)o:"'-‘l Fagudt Pﬁet}iﬂ%gii‘;ﬁ‘?%tiijpé‘ss ) ‘?;Ehr?‘ CETh P CoMAHE I ugh
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expandqatrdddectionhef the atmdephefe makiery iftomEs$iBleptes intedledes
109 resulting fromthe expansion of the ink tank 127 forces the sealing
menber tEl atmpsphesee fixomatbef owhside i pkefemabily ninkhkebthe At this
tinme, the coil spring 8 is contracted. 25_Subsequent | the state shown in

Fi 40 29|§Q‘ée'e¢|E§P€&b§§ £xanmple Bﬁ Ehe z&dahad it ‘T%f%liiﬁti%m( lfgpid
. . . Wi Fi
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ol l ows the novenent o e pressure ate 1 I n - the direction
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During this operation, an atnosphere introducing opening 2 is kept seal ed
by t he pliesxs3ftéd hhstikke aral iong: sibddeth8ldéonfainern land ealshrogrkrsobalr8hl i s
a hard forned 5 part in practice and is (i%:pable of noving only a distance

eqdbvalthat tecenss| dugingithechandidnm of the inkctanke edanrdey touts
on 20 S WBhLeSHED 38" Rl SISAK SO0 2R O CHRIRE L8 ML e Lle
shown ighFipFordB1§ 0Tt HE drifu PR \Gr £FPOE MESE be designed in accordance
of specifications such as the capacity of the ink tank in which
the liquid seal is used. It is therefore impracticable to use

20 liquid seal units of one type in various ink tanks for general
purposes. On the contrary, a one-way valve can be used for ink
tanks of a relatively wide range of specifications because it
does not involve formation of meniscus, although it depends on
the elastic modulus of the spring used.

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

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



When ink consunption is continued further, the sealing nenber 311 and the
at nosphere introduci ng opening 2 are separated fromeach other to cancel
the sealing of the atnosphere introducing opening 2. Then, air is

i mredi ately introduced 15 t hrough the atnosphere introduci ng opening 2 as
shown in Fig. 28C to increase the intetyhal volune of the tank. As a result,
a tank sheet 106 expands outward or in the directions indicated by the

ar r ows ik £ér. agp %etqﬂtdfPégﬁfégexﬂa&Rfé)%éé‘ignB%e@f&h |

i nstantaneously seal e _ e se g menber 311 again to ?rel?’u_rn to the
state iparft Heul8B. problilent eSicH Whdmel t evglpdvidedcsspairdtbiykftém an

obviously lower than that in the state shown in Fig. 23A. The operations of
ent eri dgmk heamsk ahssthosFidgscrffedndtA8Cearis mapebimiitt onntke ipogioskohl e
to keep a negative pressure in the tank in a predeterm ned range even if
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at npsphere jntroduci and the seal,i ng nenber
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Enbodi ment Fi g. 29 shows an enbodi ment in which the spring provided 5 in

t he i nkHeahlo 11k 22 hbaddery therecprding priaty 200andcthé cips+way vdkbve
configuration being otherwise the sane as that in Fig. 27A. In the present
enbodi Féhmayabe fiixeshionla7casriage aft ttieahtikejpindedomnding apparataser
as in the first enbodi ment by a coil spring 5 and a_sealing rubber_1 also

1018peshayn dinyillig 4 \17 O PRV ERES titypke 3 Mart oL dde satagn9ee pFature
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can be in a close contact with the sealing face of the sealing rubber 1

wi th egaxrio@ust ambenef nghe apparagushi lont by disdruntk thrvbd hbows2bhei g.
30 _shows an enbodi nent in which a part of a tank sheet is bonded to an

i ndér \RETEermgncenRfcbheseragddngberbetanbainethfer suchnk ReRkod27 s

tituted by a-t heet 206 whi ch coptracts and ds_on
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cont r aidxecéPpraFdrorthid td€oddiee insitdi sackd dyy pawedrrow C as ink is

consuned, and the pressure plate 109 sinultaneously noves inward in the
tank to serda donla vankbie mnbieritisd stale sihet aisonewlgumatt ibm use
20 1is completely charged with ink, and the spring 215 is fully
expanded in an allowable range, in which state a minimum negative
pressure or, conversely, a slightly positive pressure is
normally considered to exist in the ink containing chamber.
However, a high negative pressure may exist when it is mounted
25 because of ambient conditions and the state of transportation.
In the event that the joint needle 228 of the recording head
20 enters the containing space of an ink tank 10 prior to the
joint needle 238 of the one-way valve 30, a great negative

pressure in the excess of an ability for holding ink meniscuses

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



- 69 As a result, an atnosphere introducing opening 2 is separated from
the sealing rubber 1 to introduce air through the atnosphere introducing
opening 2 in the sane manner as described in the first enbodi nent. The

i ntroduction of air 5 causes the tank to expand outward or in the direction
i ndi cated by the arrow D again, which %®sults in an increase in the

i nternal volunme of the ink tank 227 to put the atnosphere introducing

openi ngr? i 4450 5A3hi GRS BebOrbl Al SN rSEBAAAThLANIAL gl N

Those operations are ré&peated to make I't pos eep a atrve

Pressuiphd-wdyevaHet 30kt bNpRoRiadeady Privpsbr diWgat Sve prelss oW HESH | N
Fig . 31, an atnosphere introducing opening 12 is provided above an ink

t ank l1Zarhavauget haksare monsugked ifromsthbéatreicoridindgeheadodionent
according to Figs. 27A, 27B, and 27C, and a sealing rubber for closing the
at nospher e Int sughchngasgenaigoperattieonimgyrbehperformes tiondisavargel
configuratiqgon in a Eart thereof to be put into contact wth the atnosphere

i nt #odddidpRnghgthe. edeat iPr POFEEr Hilitdh 36 (Nt RecryaIXy 4Ry bee
advant ages. ., El kst knce the sphere introducin enLn 2 i.s ] ocated
in an %%?é’rigﬁﬁat,lha?:bel rﬁ?%%@iggt mP&LE;‘ﬂa He ?%%\?ﬁg)a@g sl{l&r %@Wi’nﬁ when a
great UamMpH LNko Sefou e Lan Mhep I 7¥ﬁt' i's
hi gher than ?ﬁ%lgt lr%)glgﬂ%rcg [ %?%%%?ﬁgaglplgrﬂ% 12. %lﬂg::e?g?g 4 eno?ﬁés
anmount araidisippite s8kinkcesRs umptlilors & doasfd guehtiivn den e 1 r

I ntroduced through the air introducing opening 12 directly flows to a

sect i oemphkoyedi ini whicbuthleatjednvii tieedlea23Bngft bheugne+way rmkalai 30
makes it possible to prevent bubbling that otherw se occurs when air

buBBl e £TH:L%S t BREUGONLALRINE EPAGEYREPENTEF the tHR1DEcBERAIEHIRAR neft s
desirahl.e especi all en, t arnpunt - of,.ink in the i tank, 127 is
ol | "t OGS RunY Hegh . PR scaddv ol 1P, B EoRt IBR LG
occasi vﬁt‘:ﬁc opi.aak G i IO f ' bher Ii)gvsm e
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Enbodinent In Fig. 32, a pressure plate 309 and a coil spring 25 are

provi dathe yicsinde harllés 2 3% ndB22 T arst provddidsy at thekendscof1th80poinpar t
of which is_joined to an inner wall of_a tank containing chanber and only

ondbsi eeAlani T8 @nkrdfosTesRaUtTORY andlBx§iPRiDFOMHIeBRT 10PN BRe25
i corPRYY SRASRSE R TP ERean e he 7 16SfPenpa.fEredo iR Sol Bt or |
SPriNg needle 238 of the one-way valve 30 enters the containing space

to provide a proper negative pressure through the introduction

of air through the one-way valve 30.

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

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

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

30 displaced downward accordingly. The displacement of the



15 25 may be joined using spot welding simlar to the nmethod described with
reference to Fig. 11A and the pressure plate 309 and the tank sheet 306
may be joined using heat bonding simlar to the nethod described with
reference to Fig. 11B. The inner wall of the tank containing chanber 130
and the coil spring 20 25 may be joihett using a known method such as
bonding or fitting. The tank sheet 306 constituting the ink tank 327

contra ' r i.n 4qt4h i ' idi C : as, ¢ LS
consumigvAITHE: flefiber] 1 & Ent PRI [SRRECR) diMpPacaHeR "D ks
tank t@pieing 2352 ERERe NBPEhgalNIE idehdiratedsan &Fadtiesy¥drae 2fnan
at nosphere introducing opening 2 is separated froma sealing rubber 1 to

i nt r odacxardahbesigth tihe dti spd@temen bttrodbtiaimn apetrateg oX equtilld matem
manner as described in the enbodi nent according to Fig. 27A. The

i nt r odtblvrgenenatingd .anfanegaitisfe pPresirespni bhe2eoptadaing spaket o
expand ,out ward 8r in 30 the direﬁFion in icateqﬁgy the arrow F again, which
restl t 41 fpecordance, With cthe plasgtd g nteFaa SN o BhELtENIO% ank 327
to put t e I i i.ng 2 i r,.ub 1.Ln
aht SoLEHBRIRRCLE R AR SR R O bR W R En e
it posylFnkoakeepad Regadi ve pressure in the 5 ink tank in a
predeterm ned range. While any of the above enbodi nents has been descri bed
as havi ng ardenfi2g® ahiows ia) st td in WHidly Beréhet! aonsunprbén 6 ink
provi ded inside or outside an ink tank, depending on the rigidity of a film
to be hasl furbheandispdarcedtthe movabdeememben 011 odpwowiadsl dro etawsec
menber when the sheet can be contracted and expanded by the rigidity of the
fi Afh withoUropaBdedmegiere Lpr trg reagh nehe Ras MR ¢rPesvared %]-?ﬁ%s as

o acti SYBTEErEnERE b MRl ILd | BREh uRie 40 cEEpbURed HEFASY, T Raf s
the i nuaid{Qn, +and i ASes Lge%@aﬂ_ ﬁ@eﬂ-%»ﬂedeﬂdﬁﬁt&@e%nw%q%méng
position of each novabl e nenber outside the sheet and an I nner wa of an

i Nk coniemibe N Garsd e 'sedt 6 hoydinghehecsambi tot pfebent AuPpracesmensghaft
and a spring that can be displaced in a predeterm ned range has been 20
r ef er r exf ttthasmoirabdenlmerngberniddr. of each of the enbodinments, it is not

essential that the sealing nenber is constituted by a displaceable elastic
nedPer as | Whemsink is Eyashar cgonsumegr Ihp (hisostaks, & RRIFELYE® can

reiber as | BAgrasink 15 EoAtiy e ) (L5 o2
or eclot MR IBHTE: 4 HRROe LAY WALAN oA € b SoPadRRERIVAER dMS' FWBPBei ng
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i nk contarnrng section 1s expan 1cally,
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seal i ng nenber. Wen such a 30 configuration is used in which the sealing
menber pressure exceeds a predetermined value in such a process, the
20 movable member 231 of the one-way valve 30 is displaced upward
against the elastic force of the spring 232 because of a
relationship between the negative pressure and the atmospheric
pressure to open the valve, and outslide air is thus introduced
into the containing space through the hole 239 in the joint needle
25 238. The negative pressure is thus kept at a proper value to
supply ink properly during a subsequent ink ejecting operation
of the recording head in accordance with the operation, which
makes it possible to substantially use up the entire ink in the

ink tank 10.

30 As described above, the pressure in the containing space



- 72 displaced, it is nore desirable to provide a plurality of novable
menbers as seen in the first, second, and fourth enbodi nents because a
novabl e menber havi ng no at nosphere introduci ng openi ng can be noved in
response to an anbi ent change when there 6 in air in the tank. In the case
of a liquid container according to thé3ifivention having an el astic nenber
for urging a novable nmenber and utilizing the elastic nmenber as a sealing
menber . stR{e ' [ SRSt tJ t i A er
t han th% l?onéﬁgék IP:%e or cg)reo]Tqﬁf A:relfée):péstl C én@nnggraaf %?e%r%éxfi:%g, Ebﬂlte}drrl?)va eé
nmenber j begitpi hé stBRkAwdys PREEPD It hdFWt £qE€ pirfess AfINEn Ok hienk t hat
can be initially charged when a pressure in the ink tank is kept equal to
or snmacoatdiming ppadet cmr aecpredeteraniched rahge tand nml/bows sedbde t o
nove a certain distance (buffering 15 space) when air is introduced into
t he t aSKMPPAY |af t hek at @anEpeereaandbrigchagdogénitey panf eempaorpgerdingny
position of the region that _constitutes the ink containing section except

f orb t nePeHakioR| §5p8e8idked: | i quid supply port, it is desirable to provide

it on a novghl [ he i 20, ¢ i Qi eqtd i

constitut edﬁﬁfigag‘rilr%%ae %@gﬁéei%%ﬁ caqs&?%ﬁéégﬁgés% ‘Tﬁ#é&gb%%g-ghg%’c ralsbe%
enbodi FRidL{ HAld MEAREE 18R thidl prlkdur8 8F 8he: odlisiRd WXfd W¥F add ONS
in which an ink in one color is contained in a single ink tank have been
descri hndrdmye, int tReé ambdritousenpatratutel ,ortiekngeabpei membead Ihnide
configured by arranging three or four ink tanks containing inks in

di f f er displaced upwaxd.nk Thatk tont thei mpwatahecmembe b\l k apeorbsg a
different groups of nozzles to the ink tanks, respectively. For exanple,
whéh aPRefsiye yChangg nasktipg £&iomithe exPaRs#PB P nakrgbyibeing
partitins yrlay he prayvided between the jnk nks - 43  and mhers to
Serve SaupAGEy BERGad 4 adChrthas kiR ERRs Rrmansion SRRl H LA
Embodi gEntf o SRR LA % 05 o0V aPhE- MREAAL, A tiESpLLBIHL A ! tRAW De made
on preferable configuratio or preventing anbieht air fromentering into
an i nk dotitaiddAgdesece pi DD nct hastedde beynla phedetedhdinedveilue,
permneation of a gas through a film as described below. 4.1 Mechani sm of

Per neatingh @afptadeteamingd® pvessurer ischbwayss mafintaiheedi an dheyas 10
nol ecul es through a certain material. One is a mechanismof a capillary,
andd t hEBHRIN1Bg, spEGR LB olmprovad e biahid i ¢ uFarther, ¥he for ner
is a nechani smin.whi a flow occurs though a capjllary.such_as.,a pin hole
and whOE T YRLPEncS EsnathsnelRERR T Sruiatt R sPiodR ik St on.
On the r : i [ thatiq ; ggﬁ?

nol ecul%agﬂglaqu? nfsfc?lﬂeigélrchﬁg t:’ag)lr}J c%;fv%t e sarreé{%r%ﬁgﬁhg g?fé&hﬁ\g’ﬁgf m a(\:neng
subst ardH#8 | dxpanbigl.e and that is a mechanismto play an inportant role in
the present invention. Such a nechanismfor an activated and diffused fl ow
wi |l now beSince the one-way valve 30 prevents leakage of the ink or

20 air in the ink tank 10 to the outside, the ink in the ink tank
10 will not leak out through the communication port 16 regardless
of the attitude or orientation of the ink tank 10 in use.
Therefore, no particular limit is put on the attitude of the
ink tank 10 in use.

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

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

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



20 described. In the case of an activated and diffused flow, a gas in a
first region enters a second region through a film as descri bed bel ow.
First, nolecules of the gas in the first region are condensed 25 on a
surface of the filmand are dissolved into the film The dissolving
concentration is proportionate to a pat®i-al pressure of the gas in the
first region. Thereafter, the gas nol ecules dissolved in the filmare
driven iy g 88%9%5\5{ I 85:%‘%%851‘&% ag Lbh%&fa e ‘é‘l“e{xﬂ@d%. t O%Qrsﬂléxk?
second reglron having a lower 30 concentratronh and aré transpired fromthe
film afipercHeaegifde, an’/4nle akikacs 26 hkasaE #Mméblaey 2220ford hengecond
region. That is, the gas nol ecul es perneate through the filmthrough three
st eps, iis elntelgsanl wiitdn,a dcééosiddng dreede30r, pandh. tHerrezomding thead

i nventi on has been made on an assunption 5 of a situation in which

ol ecul2®s adfontg geiktl uthe aboddege 2 23y iy maybe@deoneat carniageh pravidedl e
material (film_ that constitutes a liquid container froma first region

out i ddnx AR chkaigdr nerordirgndrPayiaiuisn tHleoreRtiguration ig et us
assune that. a gas ving a negative pressure.l10 exists_in the.se region
ot he SO AROES FRY, ARV Rbqd EpBhE % Gt 13 TaTot  nepars 8, GEd: o
fromthe ' t gt C | ' ' | Qet he
cont ai o ey, PaEbe; 30, HREETIUATHSILE 408 EBTEMEDIART ik 8

(e. 9., thd gbdoddiny hiRid200Ee TREECBiedsSinEdritedentd subbeepiagsy
saturated, there is a difference between concentrations of the liquid
conpondi® sandh 1heofi the dmk ss=whndloewhens theerinkebankeld ds swhmbedial |y

no difference between partial pressures of the oxygen nplecul es or nitrogen
mol@cul es i AREnRNErWaY Yedvenos ke Rrasrnt slikedimenidis il s annyidedon

20 in the container.. Therefore he ,osmotic, pressure of the S
qener abBPARALENT, FEAT LDl EANG (HeLERS OBy ur R BEPYdaTe fi rst
regi on o] eniongln,eord e‘@g%ffﬂ Nt rat e
l'iquid ai%’n%%ﬁ%ﬁ?% %ﬁ'r{]ﬁgé]geggn i)1re eg%‘?n&ﬁ%gggr gsu , %ﬁe&gﬁt&ﬁfﬁ é(;é?{")éygen
ol eCuleffbSdimehtoatd R ESH! protl ddntafstABat advantage his' ded@iwaat o
the second region is proportionate to a difference between pressures in the
first dedoeednith regpest itoltheé pgstittd anvinpwkdshr £t i dd spepsed ve Phassure
and the osnotic pressure) , the surface area of the film and the duration
of 1per gt i dnORAMWIRY MakYeehpvingha t1bhat dongean thant khekddde #ft ae
film as mﬁlé,be g%gﬁgibed | ater.. - 75 Next , let us ai unme_ t hat gnly a
li qui d SELSPE RDnBSPay s the, PREsWEYsaLve ghi FPEaRTESREr ence
occurs j S or pink | t | ' I sm
of an_ SuhoafndRPoht (EHUTPAETE\CER Heubad LU aELER Dl TebSFELAD
head 1s replaced with new one, and it can therefore be used for

a period that is substantially the same as the life of a recording
20 apparatus. As a result, the running cost of the apparatus can
be reduced for the one-way valve.
2.5 Fifth Embodiment of Mode of Coupling Ink Tank, One-way Valve,
and Recording Head
Fig. 23 is a sectional view showing a fifth embodiment of
25 amode for coupling an ink tank, a one~way valve, and a recording
head.
In the present embodiment, an ink tank and a recording head
are formed integrally with each other and are separate from a
one-way valve. As shown in the figure, an ink tank 10 and a

30 recording head 20 are formed integrally with each other.



5 or nitrogen nol ecules are not so dissoluble in a liquid and are in a
saturated state in a liquid during normal use. That is, even when gas

nol ecul es reach the surface of the filmon the side of the second region,
t he gas nol ecul es can not be desorbed fromthe filmbecause the second
region in the liquid is saturated 100wt Hh gas nol ecul es. Therefore, the
permeati on of oxygen nol ecules or nitrogen nolecules is very strongly
suppre S . Le0] i | fUl i t e
conei aSPErEEG 18, T HRIUSR Tk AR AT and thle, IR Ao HeRl 0
cont ai eR¥nrecte@XFhr&hghhn lnk GHaREL 3NaatFng ot Fiatk HEIVES R R ERBROUS
region in the container and an atnospheric region outside the container. In
gener alThea wrecharpiset bt utedriat ithre dinke tgaskt boocagd the rielcord&imgieaded
by the following expression. Q=G Op S t/T 20 where Q[g] represents
t he am@dhingegnead yith aachnether i mopniedzima helder|22€pr A @Ne-wayas
permeat ion coef f icient_specif is tQ a filmmaterial; Op represents. a
pr e¥suV@Iieg 139 eﬁﬁepﬁeﬁ’\ké’é?r&)r’e‘&%ﬂ§a§§ﬁar‘%&fé& et helieredzt . dgbpis

represent face ar of, the fi represe t.hi esg of
the 1 EamEARELEoRcT oS £ 4% ipdhnd, pie. ORERE Bidvatin HEYErE0 O
repres ; u j f } i R i
i oo B i i e R L
sum of jajk osdmki ¢OoprHes mownbeder ated by a difference between the
concentrations 30 of |iquid conponents and a pressure difference generated
by a - 76Theeguerwaypvadyver efithe presentienbrodimandgais\al $0 gemrwided

mai ntai ned in the container to_prevent the liquid in the container from

| edRi nFeRaratelys fqom thet ink tankee Whichr obyiiuely s preNddes in order

t ti f_t into, th tal . JAR_i i th
oS ATnEG R, P B, R bR 0o TR 11
when | eriiSoaiSEneS sd i BhepPRRASle DeSANER SN AULI Lk dbdsried as
a result Ol an Increase inori Gidity. 1t 18 therelore effective to reduce

the suldelew afith Tedpdftibe thegiosit iefiei ffwhiehcpbtid MIspds€@nt agbrwi t h
a gas existing in the container in order to suppress perneation of the gas

i nto tlxample) hen Hpecial ink disnused whicbncantafifeobdrhe idurfdlekl bty
menber or a nenber that is hi ghl}é Eer meabl e for a gas and the gas in the
codbai e a gecarding beadhergink hapkihdti hscdpsdinahle o xppLach kefbers

be eff ivel ted. Th f I itioqi f.th bl
menber TeFTROLAG PERE & e entliel bame, Wheh hERepbaR Aemeds arRbacedcn
£indi 4 . ¢ ot . . 3 | .
I : gu: g%ceo% lg?%gp%?: nE t%‘%&?g@'g EL% ?‘%ﬂ?‘g‘&gﬁé‘é‘é olrclﬁlt ﬁ%%b%@/ékhgr#aﬁqgg@ei
space (or@nyaynyatveariy Be I ived On 60Sh2rAlate afl tHE fnk ;Lét frededdbnga
rigid container main body 411 and a flexible sheet ( flexible menber ) 412

in a cappanatudlor nikyx cdmetithte a8 paed obwbher darwikige PBsbrashén
direction of expanding the containing 26 space. S by a spring 414 through a

ri @0d phesepeeppst thepholdey 22sipt thenemhoddmentgassondingite sFigt
d t ] ned ti A i Fig. .33,

inused 28ht R R, it d¥ T8 Bifvins,nel RbR bondat rharutheniieeo

been usgd @le HelcoddfngHifha 4% ust d Gt RBIHSVAY Fa1¥elbe tHE pPesent

embodiment. Thus, the valve can be used even after the recording

head is replaced with new one, and it can therefore be used for
25 a period that is substantially the same as the life of the

recording apparatus. As a result, the running cost of the

apparatus can be reduced for the one-way valve.

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

and Recording Head

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



30 maxi m ze the containing space S1. The container 410 is used with _ 77
_ the sheet 412 |ocated at the bottomthereof, as shown in Fig. 33.
Therefore, the sheet 412 is |located downward in the direction of the
gravity when the container 410 is used . That is, the sheet 412 is |ocated
| ower than the mddle of the 6 contdi rﬁsng space S1 in the direction of the
gravity. A liquid supplying hole 415 is provided at the bottom of the

cont ai i RgJePEs ccéupﬂg d&n%ﬂﬁ%eém&ft\}ﬂbé’wén WretdrPinged

at the top of the maln y 411. A'space S2 is Tormed in the container- 410
under hiagheet 412 , and the space S2 is exposed 10 to the atnosphere at a
communi cation port 417. In the present enbodi nent, a one-way valve 430 is

nount ed on ABeshonuspirerEigonBdni dite presentddthbodimart is e ficaaent t he
mai n body 411, the one-way val ve being an opening/cl osi ng mechani sm havi ng
a spri fgFamithe pbeyemndeseetbenghgies empodimenst s |idxi bhatndniede 498y and

[ 424, T i Vj | ate 422 d the fl exjpbl
menbor VAP, 801 dFnEinRd i & HEROe Leah B BOSA LA ok BoFs CORMRSe
rin t he Jfl.exi I, A i | ]
Spri 0 skt GRGS | B° S DhEGAEDS 12O aSl o 57 b0, EBHIBAESE
423A ag ity tdb&i 935; 38nd the GRRNINHLL @BE NY3BEERBARE B %&%'Iﬁﬂl@éﬂ

cl osed by a pressure difference éxisting between the interior of the

cont ai 122Dy ispate FommbH W Jakerbage . Speni theatbytraren, amegdk i vankr EOsur e
in the containing space Sl has not reached a predeterm ned nagnitude, the
ai r holadyl s xecErdhngineadar areséormedtHnkegrakily. with eaalevatherhe

i ntroductjon of outside air into the containi ng space S e he negati ve
br dboudnd (Phe -8t kg s blin  as, Matth 854 cfastbe Daddak 420-

pr edet ] . Rgni , u eLvi I 2.an e.f ible
menber %I%nicgjégﬁl g%%’gg‘%d %£ﬁ§§rﬁ8a5§fén§°]%e‘p u?%ﬁnégf 5&@%’%‘%? hJer%Br i ng
414 to 7 i I I a ﬁ%% S tgi gy
introduage |é§€ P%ggcgr?ffnitr%@s%g]é:géékt Er@oug th%ﬁgi ‘?n%gl g'ssdﬁlzdéu,&{%% “423A
and the at nehihéne -waly' 081¢engf afied ipie bt eMbddinetikt isdesdegaivided
pressure in the containing space 5 S1 is kept in a predeterm ned range. The
magni t wepafatadyndgam viher éskutankyr winichdobwvigpusilyi prosiidesto t he
contai nihg space Sl can be easily and precisely set by. changing the
st ABngadAntages singlarito e advantages deseribedninithe Gf“%t%?slmtway

(R, a0k arEel 19520 THBel I e HETE P R A S AR
SopP! | ey BBoibcicly FERRILBUIRR L0 el g E104 ot Bidn PO
el ectr @dieposed.r areguegampl e, when a one-way valve is used which has
high precision and consequently has a relatively large size,
20 it can lncrease the size of a recording apparatus when provided
on a carriage because the space occupied by the valve increases
the size of the carriage itself. On the contrary, a valve having
high precision can be used without increasing the size of an
apparatus by providing the one-way valve in a predetermined
256 position that allows efficient utilization of the space in the
apparatus.
While the present embodiment utilizing a tube relates to
an example in which an ink tank and a recording head are integral

with each other, it will be apparent from the above description

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



15 energy for electing ink. In this case, filmboiling of ink may be caused
by heat generated by the electrothermal transducer, and ink may be el ected
fromink election ports by foam ng energy generated at that tinme. Wen the
containing space Sl is sufficiently filled with 20 ink as shown in Fig. 33,
an expanding force (a reaction force ot ginating fromconpression ) in
accordance with the anount of conpression and di spl acenent of the spring

414 10 gRINeSIednk! BRRIASHY QebBB ISR pAk B YOt ddifa P GaBh 21 ©

413. T I'fection o e expanding Torce Tacts downwa 6

the expaMitalhiayi BB abpiiedPtd Nehdléonkli gut st {bAB. sRoRMeITH o gs .
directed inwardly of the cOntaining space S1 acts in the containing space
Sl. Speo farodl 22, ia wheischireh&§ atre EFepanabenedgnsyeee. S1 has a value with
a negative sign ( a negative pressure) on _an assunption that the

at nospReri cSpvendiy Emodpment3@friMade soft Goupddarg vEnlpr Bankn e Ope -way
generated in the_cgntainj nlgg 79 _space Sl acts in a direction that is
oppdsi V@ LYe ¢ nangi ReQATSHLRg HEEYf orce provided by the spring 414. Since

e nedat Ve AR oo o Pt BU3.000 50 Doh "B AL OGRRIRR B Apledalive
head, ‘g?dwh%ﬁéﬁen%ﬁ#ﬂﬁﬁ"ﬁbew g Pyt the ink ejection ports provided
g head. 1n suc

on the recordin a state, the air holes 422A and 423A are

closed by thg sddwMdinether f4dhrd), tacbuaFue taper3ef ishproraawy onl ve
The negative pressure Pl in the containing space S1 also acts 10 in the

val ve dinentvaly ofireochlanmel comsiiitost €@ bypbnbes1 33 58an@ 30 R cogriew ttingf
the spring 421 also_acts in the valve chanber, and the expanding force acts

upMar d & PIe YWagavalvien 3hand pandrigtinesdien2 38 - t "EhgpPRERose igHe® i s
the dj i on, d h Log 421_in_the,valye.
chanbebTSvenE LBk, LB 14, CoRkRERA abey i PAa8H; “FhuoBeh i 3Sine

j h i s dahe, 2 d
oo wiBeTie "23 8 Pl £ 0P D) AU 190 yOsaeR ot oGy MiP AR

nmagni t Wt MdnHEIHE it RhRSEHNR & a SBBeki te Ny appir#hes Yoo edch Engept
In a sealed state by keeping a force originating 20 fromthe spring 421 and

t he fl elidblenaewhyr valyeyrdn) ethéhabyt prevegating phesepeaxralRicrgayfisthahi ch
it acts. When ink is further a jected fromthe recording head to reduce the

andfint ogte TWRYr ¥adviel ritf | fireme bedmai alvierspadye adfectednbyatthee imlessure
LT, e SOPLARINS Shace St Lhcrerses chootoged debn Shcchiieal Ly oo @
shace SpedlE 15b°1FAb YOS MocliuPaBal I UrPERE Sl Wil BagD ang,
be di spltacesl gosHRBaed tf G aatY théhank Fiaik edmbérohgt RhesRafle 4435BS
that is directly connected to the one-way valve 30. While Fig.

20 25 shows a state in which a lower end of the tube 235A is immersed
in ink accumulated in the buffer tank 236, the ink in the buffer
tank is returned to the ink tank 10 in accordance with the
relationship between pressures inside and outside the ink tank
10 when outside air is introduced through the one-way valve 30.

25 While a movable member 11 is configured such that it can
be displaced to absorb any abrupt increase in the pressure in
the ink tank 10 as described above, the buffering configuration
of the present embodiment confronts cases in which ink can enter

the tubes because of pressure changes or vibrations of ink that

30 can not be absorbed by such displacement.



- ao acconpani ed by upward di spl acenent of the pressure plate, which
causes the conpression of the spring 414 to proceed. The progress of the
conpression of the spring 414 neans an increase in the expanding force of
the sanme, and this results in an b increase in the negative pressure Pl in
the containing space S1. The increasTﬁ@ negative pressure Pl in the
cont ai ni ng space S1 eventual |y bal ances the pressure P2 in the valve

chanbey @f HEERANISIRYESE! HBunTARPEnkOFAKR W iRedBRAINY Hitageal ed state

10 unti |l that tinme. Thereafter, the negative pressure i ncr eases,

and the seafigg."2@reradd42bec yitferiiebea 1l mwtb@nﬁh?u&@ﬁoﬁ&ﬁo@nd
423A depending on the pressure P2 in the valve chanber. The sealing of the

hol es meurenioed ednatinkhdtankisbanreddrding head s tdesatritbedhabovéd ows i n
through the _air hol es 422A and 423A, and it is introduced into the
cont ai ni ng Epgce28R shayig i ieenfbgnraitdan dopdreuntdngrpad fiztngtann of

; ES@ a&i‘éﬁ&%ﬁ cAflc i (e, Bpo Ry mnvadlent hayis L8 F38 prifksure pr
he nosREE by LT cShtoR 23R RPEact B 50D EabR3 B RO BT 2T I0AGH, o

are seal ebPYehCoCan NhePRRk 494 ta¥akx Ther 4#fK &ankhe change in the
negative pressure Pl becones 26 very small, and the consunption of ink

proceeds w thig.s2bBt shokd lay contliqantategat foe noantursy \eld e i ngaaned.
The negative pressure Pl then increases again, and the negative pressure Pl
i s reddaktiapkdfcatcogding deathegembodimerit siwivas IMFAgand 348 Avlebch

time the sealing nenber. 424 fails to_seal 30 them depending on the pressure
P210n GHGIEF &5 PEABAASITRS tap SRABRE RNILIGE FebosngadR A AFoove

operati to k e .ne i resswe Pl in nt ai ning 1.jn a
pr edet grb% n%%r'ﬁgﬁgém tr}heg?‘%%%?&gt&ﬁé’% e%o%ﬂbn&%f?c%n f]g‘g &%q{qﬁ:“?nkbi n
the cogtial nig shrMignel While maintaining a stable state of ejection. 5
Thus, in the present enbodi ment, the negative pressure in the containing
space 3l daMaadssiddeidnrce of the one-way valve to close the opening as a
result of consunption of ink in the containing chanber and, at the instant
when t he nedacionfjgesation s el smmpasaibd esdacevisichntheagdmaspheresul t
of further, 10 consunption of ink, the one-way val ve opens the opening to
i nf oddc®e itHeredweephinéo anoinketabkt RYnfRECEpibrosgh meonanwaaalvd of

the atnosphere increases the volunetric_capacity of.fhe co i ni,ng space S1
and o o (BARSRUPS 2Fo duiee & 08 - raha: fb 2hass digted ik PSS € REEBT o
one-wa I 2 h peryig. 1 &I gs nd 34C are

il ust?tg?oqge%gP%x&lgfﬁ?%giP&e%aybrg\%e% echFb%?%rsi%?%%?léén of the container
410. The ongnwahiloend88tisonschamaldast | & pawNofN anhasmer lwisllabEoas.
As shown in Fig. 34A, the container 410 is used in an attitude 20 or

ori ent torvaining spadee ighaat ink2task mayt be domstartitediy alimexcabde of
the gravity. Wien the liquid L in the container 410 is supplied to the
ou28i daAemPeLgEuChe as quifdlexbblei fd 18br @and sthe hinppEewadih as; 3 jyhele

def or megl yipvRr d 2031085 % Wt £2E8] B SRCuRRELA1H $1 4y d5ReRsEDSe
3. Other Embodiments of Ink Tank Utililizing One-way Valve

While an atmosphere communication section or one-way valve

is disposed at a side section of an ink tank that is connected

26 to a recording head in the above embodiments, the position of

those elements is not limited to the embodiments, and they may

be provided in any appropriate position. Embodiments will be

described below in which an atmosphere communication section

is provided on a movable member of an ink tank and in which a

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



25 supplied liquid L as shown in Fig. 34B, and the volume of the containing
space Sl is decreased with the negative pressure kept unchanged. In Fig.
34B, the sheet 412 is deforned upward to the extremty, and a buffer area
is provided in the formof such a reduction in the volunme of the containing
space Sl that is 30 acconpani ed by théldeformation of the sheet 412 . The
buffer area - 8 is an area for absorbing fluctuations of the pressure
in the { U a ani ed by the deformation of the sheet 412.
Fl uct ugtﬁ%(r}tn?d(}w? égpr%'gls?t]ﬂ]gcgﬁﬂ?ﬁe contai ning space Sl are attributable to
t her mal3 .axpppskenN Efbsdfmentai r) in the 6 containing space S1. Wen the
liquid L in the container 410 is further supplied to the outside, air is

i ntroduced Fhgsugl2 e 27BpSphd @ 1O nshowcat ifdrporémbédimentepl aoe ik
supplied liquid L without any further deformation of the sheet 412 in which
t he butkak 1XR4ref Khe mxesentyvembodimertohs swbEtpniallynhdhe ssamer is
i ntroduced .t hrough the atnosphere commupj cation port 416 as a result of a

redtot A THETE RGBS dat 39 He Do R TSR @psfu%ﬂ sopsained Re
sunpl acdfad b Lo, 'chdF b b Op RS LY° S A8 B N 1S
from the prysedest aipfeS AR hRAKFLE: tRE ggsgp;tcamb% 'tnLéeW%&ﬁ él‘ri‘l‘l*é?fé"ﬁg In

t he contal ning space S1 I's not consune unti | area |'s
provi detons tHeWohf ilguraiién he FAwplyi 18 epatatdrwnabbBphageonpani ed by
the deformation of the sheet 412 . 20 Thereafter, the liquid L is supplied
t o t he indtmodecinghopening odsc paravicdedhsutb thatspheesteonds titozouoh
port 416 as shown in Fig . 34C . Thus , the liquid L in the containing
spdle 81 tank phepéd seLtirn oliPéi @2dnid PEegsPe PR 199 pdfdiaadi AEd

uaei n BTG 8 oGomr i cR A SBeBR e mith: e T heR 6305 A LHoThe
I nter quffwrfélee a0 ﬁfﬂcﬁ%ﬁ: 18NEsCPHEERBIAL | g?x ehel Eﬁl%a?édt he
containéd I'iquid Inthe arr | e contarning space S'is near saturation,

and t hentRrPiméARceat cehtadner I3 WAAEhOW Eisccomtdiwihghe yBPgle ink
concentration of outside air. - 83 Therefore, an osnotic pressure of a

gas as tdedc; i dard &hevdrnteyioer efech hminkaining rsppos ofisktte tdeme is
containing space Sl _where air is present and outside air, and an osnotic
pr é8suexprged obot hhenatmosmhene 1through: ag: atmesphera compurtcation
containing 6,space S1 to allow the outside gas to perneate into the

cont ai m%s ace Sl as indicated by the arrows in Fig. 35. Further, since

o o g St SModgahnEBasd S eReaUESLhg R inl Er) AT L
out si da.s SedcRelr BYS IR K 4§ CERBCENk tank 127 with ink 7. The ink 7
is supplied to a supply channel 136 through a filter 137 and
20 1is further supplied to a heater board 134 that is provided at
a head chip 133 as an ink-consuming section.
Referring to Fig. 27A, the atmosphere introducing opening
2 is formed at a section where the tank sheet section 106 and
the pressure plate 109 constituting the ink tank 127 are coupled.
25 The atmosphere introducing opening 2 is closed by a sealing
rubber 1 serving as a sealing member mounted to a tank containing
chamber 130 in a position associated with the atmosphere
introducing opening 2. In consideration to the fact that the

circumference of the atmosphere introducing opening 2 must have

30 planarity and any deviation from the relative positional



10 between the inside and outside the containing space S1 generates a force
that can cause an outside gas to perneate into the containing space S1. The
anount of such perneation of the gas is as expressed by the expression
presented earlier in the docunent. 15 In the present enbodi ment , since the
regi on of the container 410 in contact®®i'th the gas (air) in the containing
space Sl is the main body 411 that is rigid ( inflexible ) , the perneation
of the a4t fienGASp Betwdkn Cﬁﬁéaiﬂkngca%ﬂé‘cgﬁ_laﬁﬁ“t*}f‘epééé(;gfngg ber
adopting a materiaf having a [ow gas perneability (e.g., a tal) as the
mat eri al adft divuEblebedycéhtratft idhsoresgpaigdont bF Xtk Thest Y42 is
provi ded downward in the direction of the gravity to prevent an osnotic

pr essuagrocdfded getsef r tire aa tmog phre teh d rstaneduchngh opendn g t2 pics sl sed dby
suppress the anount of a gas that perneates through the sheet 25 412 even
when athegiealdngmbbenvi ndhe Brgssjice felababl 09 tas i mesw@b e merbesne.
Thus, the buffering nechani smacco ni ed by deformtion of the cet 412
cand subAVERG EheBtRARPhERS, S EROURARSnOPEPL it sHFEERTAILY o

uf ARG ; e
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not essential that a flexible nmenber is provided in the liquid containing
secti oImftHdprégent embodindnt pnd platecdfiiky madnveri sopetdithited nbyhi ch
the liquid containing section is constituted by a plurality of materials
that aiSySB304eisnusied @s Phenpxeisisune gptate WM%h a nmaterial having a

hi gh gas perneability is | gcated downward in the direction of the gravity
wh

B the cohbhgi atmosphexeinfrodueing ererindet iscediedaghich extrnds

I nvent i,Qn b S i ' cqQnt aj n fQr .cont ai ni I ous
 vent Ak M Rk Bl dh WiEgE SRS, B3k RS MEbe b B OGRS 0
mat eri g1 ey PgohideelcAfs1 L8 FBalidtdyr { §AN chhffurd cdffoni Betwddr | €bb! €)
mai n body 411 downward 1n the direction of the 16 gravity in the attitude

of the iymedé nandeoufteridx Pl the agnkhewnk M X7 g.alkd, ie filsexidyiel redbeo
412' having a nulti-layer (e.g. , double layer) structure configuration my
be adoftedizediswehititatoiskrredibenseean be faymed dued tsuch cbipat| aly
force or to insulate regions inside and outside an ink tank with an ink 20
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can be mm t&r2omm ahnt tletses.of. thekdlameteas) gadwpropriate size may
be chosen in consideration to the physical properties such as

20 surface tension and viscosity of the ink to be used and the
rigidity and elasticity of the tank sheet 106. The shape of the
atmosphere introducing opening 2 is not limited to the circular
configuration, and elliptic or polygonal shapes having the above
area may be employed without any particular restriction.

25 Referring to the sealing rubber 1 that is tightly fitted to the
atmosphere introducing opening 2, a member such as a rubber,
elastomer, or elastic resin is preferably used because it must
completely seal the atmosphere introducing opening 2 when put

in contact with the same. When the ink tank 127 is expanded,

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



5.1 Operating principle of One-way Val ve of Another Enbodi nent of the

I nvention 30 Fig. 37 shows a |iquid container in another enbodi nent of -
85 the invention, the liquid container having an ink jet recordi ng head
520 (hereinafter sinply referred to as "recording head) integrally nounted
thereto. The liquid container (hereindfXer also referred to as "ink
container") is generally constituted 6 by two chanbers, ., an ink

i.e

cont ai R [ ' [ LR ' [ and
o vl Vel kar eSS TRd BuERr Y Tk EGRPRERERY FERMa WeuEt et
comMmunisgaid e WhE @afle oidleant Ghaveiacy COPRYE! ¢ancUmprassel atatdnk to
be ejected fromthe recording head 520 is charged in the ink 10 containing
chanmbeThEkte foe |, sa Wxparsion fdeceasP rtdiendnketdnk?2027 Taed ¢ gepedlariti nk
fromthe recording head 520 is not limted to any particul ar nethod and,
for ex&opice rasudsinghdrgmgther cospryssionl oft thehesseal ingamsissr hay
be used as energy 15 for ejecting ink. In this case, filmboiling is caused

i n §nk eRpuRRdtRensealdn o f hEhe atmirheral intaednetrg areNing ndy be
ej ected, through ink_ejectiagn port f ganmi.ng ener t. that tine.
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cont ai Ahy Searengl@hbiseri Evafdf te8 thenkoypbee MTOWEIrd! putr ia on
the righthand side of the novable nmenber 511 in Fig. 37 is exposed to 25

t he at mmsypimct abr ooglastions ndephade, odnibohi advamtageouslg smpraves it
has a pressure equal to the atnospheric pressure. Further, a substantially
sedf ed sgLENG SPrOP@XE196 t he i nk contai ni ng space 510A except for an ink
supply port_518 provi ded at e bottomthereof and the communicatjon
channel 5178 B ?Hew\;';'iqvé‘%"ﬁa%ewa %2R} ngPeE e PR v'icah?: ctPon and
the sp = 38 h u i def hne ' tsad ce
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constituted by a defornable flexi film( sheet 6 nenber) whose
confi gwanitoactihoa oftbled iekttankt hl7eals iss regulhtefl byredagipon efate
514 that is a support menber in the formof a flat plate and which is

deﬂérmﬁh@e1mt§r9ém|ﬁﬂiﬁmes@§tm&$tSﬁm%othath@ﬂﬁﬂQﬁﬂ% wiabetb®11 has a
convex configuration in the central section and has a trapezoidal side 10
cont + s srneuRbtiong K goclie LERNtHAT LORoOGBIRS AT AEssalt Of

reduction in the volume of the ink in the ink tank, and the

pressure plates 109 as movable members move in the directions
indicated by the arrows Al and A2 accordingly. The region of

20 a spring 107 is pushed in the same directions as a result of
the movement of the pressure plates 109, and a repellent force
of the spring acts on the ink as a negative pressure accordingly.
Therefore, the negative pressure to the ink gradually increases
as the contraction of the ink tank 127 proceeds.

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

30 the atmosphere introducing opening 2 in which the rubber has



511 is deforned in accordance with changes in the amount of ink in the ink
cont ai ni ng space 510A and fluctuations of a pressure in the sane . In such
cases , the peripheral section of the novable nmenber 511 is expanded and
contracted or defornmed in a good 15 bal ance, and the central section of the
novabl e member 511 undergoes paral | el & spl acenent in the horizontal
direction of the figure with a substantially vertical attitude orientation

of theb%%?ieme{géﬁﬁ?'éﬁe@o gﬁ(geeﬁbfem | '&H@”Pﬁ‘bb@#og{?’stz dén> Rh%ﬁlded

def or ne the d rmati on w cause no s and there wll

be no gbneheRbrd@seerRihbactnattiiyl aizé pudabliigt ehehpdloddsd he imkehe
contai ning space. In the ink containing space 510A, there is provided a

spri ngsamebstatkh, ithet sealldnyg ohibberwidpissbicoapregsédr, andran mrging
urging force that urges the novabl e nenber 511 to the right in 25 the

fi gur efomasudframdhe gk ttanktl Tistavtgeaeting annthet Fealgma awhbert hin
a range in which an ink ejecting operation of the recording head can be
per'?or dinequilibriumwith an ability for holding neniscus formed at an
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adequat e negative pressure in the ink contarning space even in this state.

The req@7diarg: ireq s Ahénske & DEngnkubbrimilnistup thambeal 3 0be cone £ gt by
i nserting a supply tube 521 provided on the recording head into the ink
cont ai andy thieasealblg. rabberedt ikl Lnsdantaneihestyupepagataddarom et o
allowink to be supplied to the recording head 520. A sealing nenber. 524 is
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comunidcancyeands the imkefnalavbilughes RICehel QAnKY gD tHe tikEsnesti on
channel 517. In the present enbodi nent, the conmmunication channel 517 is

f or med 106 g dhempebyeexpahdeiaontwardtee|imahegdimectionsdiandbticated 0 .
2 mm Further, a sealing nenber 538 made of rubber 20 is nounted around the

st 48 n| b¥s thecarnawse Bb ansh B again it nitle dhe aianesprhemec Antaieduing| .
Ln the val ve chgmher 530 here. i rovided a val e cl osing.plat 4 to
serve SPERiRg 2 IRy SR dehoRE-tha ity SheEoef alier | £ragRe R nam i,
el emeny of 40€a BB ¥ahve 2hd Spdakn ﬁs@é’nhf h 'si6@h! N9
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closing plate 534 and the flexible sheet 531. A substantially sealing space
i s mai dmaitheel bagk is ohyiciskychawkar thah axdwabpt ihothehetakedmmilgati on
channel 517 and the openi ng section 536. The
20 27A. The operations of entering the states in Figs. 27B and 27C
are repeated, which makes it possible to always keep the negative
pressure in the tank in a predetermined range even if the
consumption of ink proceeds. Air having substantially the same
volume as that of ink consumed through the ink jet head is
25 introduced into the ink tank. This makes it possible to replace
the ink in the ink tank with the introduced air completely and
to supply substantially the entire ink to the head, and the ink
in the tank can therefore be efficiently consumed.

Further, since the sealing rubber 1 is provided such that

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



_ 88 _ space above the flexible sheet 531 in the figure is exposed to the
at nosphere at the atnosphere communication port 512 to have a pressure
equal to the atnospheric pressure . An outer casing 533 of the valve
chanber 530 al so serves as a shell for protecting 5 the flexible sheet 531
froman external force. The flexible $feet 531 is also deformable at a

peri pheral region thereof excluding a central section that is bonded to the
val ve Si I S nf j.g tiy I cigon
and a Sanepberiifaple B05aR, IUEaGR IAOME Wibicht LofBRtRBuabledl
al | owsthe s\l ik 0F3 F90p! ata dde bEnsStRE! PredBed 98 su¢sden aip the
val ve chanber 530, there 1s provided a valve regulating spring 535 as a

val ve Legghatkly abEabd@by ehd akiprxhaionenitige At alamo 107 theowdhe .
The val ve regul ating spring 15 535 is sonewhat conpressed to urge the val ve
cl osi ngheeacddi 383! apviche sprihg lioJueadittlie movphlecmembers A%, apdnst

t he conpression. The function of a valve is achieved b expandi ng and
coﬁbreggﬁn@&ﬂﬂﬂﬁ&ﬂﬂeofebbﬁaiphgt§&hl%}li??tﬁ?%ﬂﬁbﬁﬁe B@ eERanthL @ nber
537 in_ti
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section to prov € a one-way val ve nmechani s IS requl for t he
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reliability. Specifically, 1t is required to have a configuration in mhlch
at | eaahd bhepaealtingy eabber donthetrewlidlt be mpdreaigagectf dmibIhrsaoghel y
seal s the opening, and there is no particular restriction on the quatlity
of 1@ he thet @tnespBerend nsredyaingo@paningnZbe achi eved. 30 However, since

h tight contact hjeved by th d f f the val
7 equl at ng ThPi RERERTSERELVR oF OF | REBRBRtoxamRLS tor FRRTILP aB "

f or med fr I 0, f ﬁ%g%

t he vafnve(ﬂc% os%ﬁﬁo# gthgt(%gf %?%h(%( ée Jg% Y\I{)élfg 4$£§%ﬁ%?§g orce, i .
a . , whiltH Wbt £iksetREt i AkMBARK éhhawaés_ﬁ% raldRit i PREEEe OB Ofhéhe

I nk container in the present enbodi nent having the above configuration wll
now be imds tankednd the ehe~eme val ve gis al@hole 38R ulid iz88lorhofisthe
state of the same in which the ink containing 10 space is sufficiently

fi 1% edmeviableimember mrogided, iBitke ime tank wilheashrievus a §e&3¥qﬁh@8ed
an expandgﬁgbforce F1 (a reaction force orlalnatln fronlthe co re55|8n

in acc8fd nymbex Rf heRabtsqtepPackigf £9% Lhe-one-waY Y@s_n
o & ho TR [ BROBPHIRE b Marhg Ritetod SHBPRAnd o” P %acte i ghtvier ¢
i n Fi g3 38Asabohite EniheddmBatdi rection of the spring menber 515, and this
direction is indicated by a positive sign in the follow ng description. At
this tinme, Ripses28Ac 28B| land 2BCcshoasmnenmpatiméitAmwhd dmased Ying t he
20 member as shown in Figs. 27A, 27B, and 27C is used in a different
mode. In this case, a sealing member 311 that can be moved in
the direction of contraction of an ink tank 127 is provided
instead of the sealing rubber 1 in Figs. 27A, 27B, and 27C. As
shown in Fig. 28D, the sealing member 311 is constituted by two
25 discs 311A and 311C formed from a resin material and a shaft
311B connecting them. First, the disc 311A and the shaft 311B
are bonded together using a machine screw or adhesive, and the
bonded element is inserted through a hole 9 provided on a wall

of an ink containing chamber 130 from inside. At this time, a

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



20 chanber. That is, a pressure Pl acting in the ink containing chanber
510A has a value with a negative sign ( negative pressure ) according to

t he above rule for signs on an assunption that the atnospheric pressure is
"0" . Therefore, when the surface area of the support plate 514 to which
the spring nenber 515 is bonded 25 is &%epresented by S1, the negative
pressure generated in the ink containing space at this tinme can be

expres =g [ h [ e |
o essure tyien g ¢ 0 1 TP RIS 8. EndPThic SontRiB g Bhlaiber
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Since the negative pressure thus acts 1n the ink containing space, the
negat i wode e és Phgahsmnaahtiheo s osw Soxtlseth @6 ivee tionf odine die G SWEEThGS i N
the recording head 520 to prevent |eakage of ink fromthe ink ejecting port
provi de@nirer h2llecand rtdpehesseh bingOmembeirhi¥l ktig enouhtedpen rthesacaldn
536 is sealed by the 10 15 20 seal ing nenber 537 in the val ve chanber 530.
Ref 8r r iofg the tink mwentaleing chamhen ol 3G anbBresspringheondgant ofrebeur e

Pl is exeried through,the %O ni cati on _channel, 517 getmeen t he chanber and
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sign. Let us indicate the surface area of the bonding surface of the valve

cl osi ndglreve biditdnghitile tireventienr.egFloat ientanspl € ngii3mays Heonfleximégt
"S2" . Then, the direction of the pressure exerted by the valve regul ating
spAPng BImn | a mpgalamatenbaber 530 as a force acting in the val ve chanber

coi ncides wi.th the expanding direction of the valve regul ating spri 535
ond L ndi cat S8 56 REGRRT GeAuplf . GBoe Hhe Gadd 4Pt NG 8, becheed ao
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to be yalefleWhbBalth®’e pressure can be achieved and thus better

durability is obtainable comparing to the case ensuring the

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

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

20 Fig. 28A shows an expanded state of the ink tank 127. An
urging force from pressure plates 109 resulting from the
expansion of the ink tank 127 forces the sealing member 311 to
protrude outward from the ink containing chamber. At this time,
the coil spring 8 1s contracted.

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

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



25 pressure Pl nust satisfy a relationship expressed by: Expression 2 -P1l <
P2 Expression 3 Then, Expression 2 and Expression 3 derive the foll ow ng
rel ationship: 30 - P1 < F2/52 Expression 4 - 91 That is , the one-way
valve is kept sealed by maintaining a state in which the force provided by
the val ve regul ating spring 535 and tHR val ve cl osing plate 534 acting

agai nst the negative pressure is greater than the internal negative
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accordingly. Fig. 39 shows a rel ationship between the negative pressure 10
i n t heintroduntihg operparg 2104 kept heeab®dnbyofthenkiisoadnilag dfhetlpén or
supplied therefrom Wen ink consunption continues, a change fromthe state
i n Fi gsezgliing memberx 3ild i n SHince 1@ sealing mambem 31 hadls adrand ffrmed i nk
cont ai ni ng space 510A that is_a seal ed space suhstantially decreases with
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conpressi on 0 e spring nenber means an i ncrease 1 n the expanding
force Chanbehrt DsonegRbiicHe ity adfdilstde adBOWhNEheRIGS RIBHD t MR iPidEaBetl O
the point b in Fig. 39 according to Expression 1. en i nk consunption
f urt hedspraulestiantriahliyhetlse asamen a8 gth&88tat ke showabl Bn nBirger 2B faor
disglaoed leftward further to 26 enter the state in Fig. 38C. This further
i ndP eaddre 13ROViegeMbAdRRREre in the i nk container 510 to change to the
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from each other to cancel the sealing of the atmosphere
introducing opening 2. Then, air is immediately introduced
15 through the atmosphere introducing opening 2 as shown in Fig.
28C to increase the internal volume of the tank. As a result,
a tank sheet 106 expands outward or in the directions indicated
by the arrows Bl and B2, and the atmosphere introducing opening
2 is instantaneously sealed by the sealing member 311 again to
20 return to the state in Fig. 28B. In this state, the level of
the contained ink is obviously lower than that in the state shown
in Fig. 28A. The operations of entering the states in Figs. 28B
and 28C are repeated to make it possible to keep a negative
pressure in the tank in a predetermined range even if ink
256 consumption proceeds.

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

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



- P1 = F2/S2 Expression 5 Since the force F2/S2 has a predeterm ned val ue
because the state of contact of the valve sealing nenber 537 achi eved by
the pressure of the valve regulating spring 535 has not changed 5 up to
this point, when ink consunption is continued thereafter to increase the
negative pressure further, the force” ¥ S2 becomes unabl e to cause the
val ve sealing nenber 537 to seal the opening section 536 in the valve

chanber, ' ' e LO. P+ ' = 2/ S2
ot oo aran ol T FRich o EnblaBhkORRbBIRARALh fhe Minosihera® e
change jinttdudeagt opRrnimgspre at the point d in Fig. 39. At the instant
when this rel ationship becones true, the sealing of the opening section 536
with tBe Zedhing Emtbedimd@nti s 15 canceled. As a result, the atnosphere
begins to flow in through the opening section 536 as indicated by the arrow
in Fig. 380Fignd 2% showsraheembadismrrbdinnwbiche the springnprpwited

510A through the,  commynicati on port 517. The introduction of the 20 |,
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state expressed by 25 Expression 6 to the state expressed by Expression 5,
and t hegperadtedecandreénaad tine tind veameamanghaErder ih3Thay eEjxti n

tight contact wth each other again in the val ve chanber 530. This results
i n t he esmtbn@imanhn biyn d&-iepiB88paiaidn haagé ansead ingarubbepr dsuksofrom
the point d to the point ain Fig. 39. 30 Fromthe above description, the
f ollP owi%lf%tfaﬁi shBRlaLly . which makessitdpassdbdienda &%_raeélﬁ%tllvﬁnd
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to be used in the ink tank 127. It is easy for the coil spring
to follow a displacement in the inclination direction of the
15 pressure plate 109. Even if a sealing face of the sealing rubber
1 and the pressure plate 109 are not in parallel, the pressure
plate 109 can be in a close contact with the sealing face of
the sealing rubber 1 with ease, thus enhancing a sealing ability.
3.4 Fourth Embodiment
20 Fig. 30 shows an embodiment in which a part of a tank sheet
is bonded to an inner wall of a tank containing chamber 130 and
in which an ink tank 227 is constituted by a tank sheet 206 which
contracts and expands only on one side thereof. Therefore, the
present embodiment involves only one pressure plate 109 to serve
25 as a movable member. Further, the spring provided in the ink
tank in this case is a conical coil spring 6. The tank sheet
206 contracts inward or in the direction indicated by the arrow
C as ink is consumed, and the pressure plate 109 simultaneously

moves inward in the tank to serve as a movable member also in

30 such a configuration.



6 as a relationship between the magnitudes of the absolute val ues of the
respective pressures although they act in opposite directions. ~F1~/ S1 >
~F2~ | S2 Expression 7 Wien ink is further consuned thereafter, the state
in Fig. 10 38D and the state in Fig. 38E alternate; there are very snal
changes in the negative pressure as sHAw at the point a and later; and ink
is consuned with the negative pressure kept at a substantially constant

val ue. That LS i he_ st i ' S (in. Fg; .38E are
t hus repeat%g gv?r?ns\(j\ﬂeﬁn’ i%ﬁ %g:ﬂ'éogrglgérr%?i gg&@l S coénﬁﬂuégfe?}lhr& eii%sno
unnecegaYara ted cagem tHdSsd892hgY SuBBES UL et iterddic80RE# HiHY¥hBGRC®
510A aftér a certain anount of inkK is consuned, which nmakes it possible to
use upthlee dtrhosphelre ikt redteingn@pairg520AnWiHe sanat manney aast abl e
ejecting condition. 20 5.2 Paranmeter Setting It is apparent fromthe above
that edesaibhed thafkber f tostbembadimeniesi Jhke fiotrodiestien ofgaiwe
pressure because the negative pressure i s adjusted based on the bal ance

bet heefrfeH it Hank it @rPangd Qetvard g ipathesdbreghd amdngdigated
chanmber 25 530, respectiyvel Specifically, the, spring ex di forces F1
and' P2 PToERRAERORIE adiity Ynihsessth iy o iACEeRRsLh e dF T aRe
respect, e t X i C ar, gggg 1.Qe i ng
constamo\s{l'%e{l%a(?ﬁeigles?'gﬂcﬁmegg% g?sﬁglﬁ;geér%tgégusa} ﬁﬁgacg#%%gilf%ﬁﬂét he
amount spin {30y 02 Spghacerenisddaling +rabbed 1camresgetl sbatacitle aasHNt s
- 94 of later displacement ) ( F = k x x; k and x represent the spring
const aithew adeeimnoFhosé epephidomniare eepadAted| ) makeridi gross Hole
desired negative pressure can be obtai ned by ap€ro§ri ately setting those
pat@neter keepa nagativeppressure dnithe ki tankdinstebregedarminetne
surfaces areas S1 and S2 of the support plate and the valve closing plate
att ach&® 1 he springs appropriately. A feature of the invention achieved
in the : ogdi o o provide guidelines for designing an ink

cont ai r?g?y;iﬁ'ﬁﬁﬁcﬁh%ﬂﬁeé?%ur parameters F1, F2, S1, and S2 are

appropri at ey Fegeran Negh BRaRbpHetda eradhenny 680y 9851 é PYrdheded
derived as described above. For exanple, a technique disclosedin U S

Pat ent atimve,di86i 2 Otankv22 7t havimapltths samé ¢configuratgien casctihatdinn 16
Japanese Patent Application Lai d-o%en No. 7-125240 (1995) or Japanese

Patént theppmbedimentiacapieding tq Fizgsp42781928B, rrér Hed and areabingon
f th |.at ed t o0, t bl ith | j quid . T i

O e AL R, endaing thk, SAREARREET (A Bpesle T8 1%,
a spri %4&19%036{1%%% tRafORSd 4 éé‘ﬁ%ﬁﬂ‘ic'c% GEAEi O P £S0LFYE
mechani cal” seal 1 ng. wever, thére is neither consideration nor suggéesti on

to the &0 fee6'HESTuEXPALESEBATadt) Wilts ﬁi‘é‘sétmbgﬁh%%V&!ﬁifcﬂmcinF
invention still remains in the category of substitution of a nmechanica

seal f@peningulld.seSuchnd duwesf2urat ijpovprdevddede tiltesEfdblowdingm zat i on
of a design of an ink container unlike the present invention.

20 advantages. First, since the atmosphere introducing opening 12
is located in an upper part, air introduced through the same
passes through ink when a great amount of ink is present in the
tank or when the level 7A of ink is higher than the atmosphere
introducing opening 12. Therefore, when the amount remaining

25 ink becomes small as a result of ink consumption, air introduced
through the ailr introducing opening 12 directly flows to a
section where air is accumulated without passing through the
ink. This makes it possible to prevent bubbling that otherwise

occurs when air bubbles pass through ink. The configuration of

30 the present embodiment is desirable especially when the amount



An i nk container can be adequately designed in accordance with guidelines
based on the principle of the invention that the four paraneters Fl, F2,

S1, and S2 are appropriately 30 determined in relation to each other. -
95 For exanple, a discussion will now be nade on a relationship expressed
by F1: ( S1/S2 ) x F2 that is derived ¥ om Expression 1 and Expression 6.
Let us assune that the spring force F2 of the valve regulating 6 spring 535

is sub halsl [ ' on
SISl (RS B UEE SUNSHAN | BULANBS GLIMRGRTTOL O0E ide
Expresgl qréat@rpaa%&tsé her £ 8609 MCiduth CAnOBESada i | When the active
area S2 of the force to seal the atnosphere introducing opening is small

rel ati ve 10The tbaizxal womf bguBhtdion lef dihie gpdbing robhpenerzit @allows
negative pressure or when S1/S2 is relatively large, and it is therefore

assunefaigrekiakhei pgasingethers that mehievahie when bhehatmesnhers

obtain.,an initial value of the paraneter F1.. However, when the paraneter F1
o Bocidtapdneing Apshitg o 3 SHAREE Bf BLABATERALRISE ARICRRAGaRged
consi d%ragﬂyoéﬂgkntroduce outside air by satisfying Expression 6 , which

a . - . . . . ..
results Tn a great increase in the negative pressure in the ink containing

space ILQA giR¥RYEmbddiendegati ve pressure in the ink containing space 510A
nmust be an adequate value wthin a range in which 20 it is in equilibrium

with an abi it Filgn 138 d agiressaee platkd 309 i kdeaecedlian spafifg t25 are
sufficiently prevent | eakage of ink fromthe ink ejecting section and in
whi ch @ravnikdefleotitsd.dpeant ink Ghank rFXbrdongtidatednbyeapdand rshieet
Therefaore, in order to keep the parameter, F1 in the adequate range until

out8i S0 apRTL O Mg dSuJ OLRe s BPiaRy infiete Wl ot a L and eontairiRong
spring »23 t relaatively | 1 lch r lts a [i t Jthe o I ng
sbct| o IR BB, SR IR 1B gy W) Shelded SpkRdet i Rg8
probl e VOI t anst g, d;30

deter m'rene : %foggi fi gglgl y&iqhe%igr?gbng% ng'escsi l§j£l€-’égGlﬁf (;c??ef ﬁ%fgggﬁgﬁ Eieﬁ’
amount edfpan@idagdehenihiRetankaBrizedorFinr EHdi dedebdioh timibecated byotha
state that satisfies Expression 1 to a state that satisfies Expression 6,
whi ch iareadeinftheddygureo iThegnessutre atardi®and@thedcobkespring
possible to 5 effectively prevent unpreferable opening of the opening
sedfi o3Iy The Jednediveingi sats weldingasisdakdr etoathe metthedyi ous

e S RIS R SRBRAR 1 S ISR e A g MLk L RILLLOTS
four pyFgeLRASthd &l | SHeb? 306 may be joined using heat bonding
similar to the method described with reference to Fig. 11B. The
inner wall of the tank containing chamber 130 and the coil spring
20 25 may be joined using a known method such as bonding or fitting.
The tank sheet 306 constituting the ink tank 327 contracts inward
or in the direction indicated by the arrow E as ink is consumed,
and the pressure plate 309 simultaneously moves inward in the
tank to serve as a movable member also in this case. As a result,
26 an atmosphere introducing opening 2 is separated from a sealing
rubber 1 to introduce air through the atmosphere introducing
opening 2 in the same manner as described in the embodiment
according to Fig. 27A. The introduction of air and an action
of the coil spring 25 cause the tank to expand outward or in

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



each other and can not be acconplished by sinply considering the

rel ati onship between the magnitudes of the paraneters P1 and P2 that

det erm nes whether to introduce outside air based on conmmon sense or
intuition. 15 5.3 Operating Principle of One-way Valve in Still Another
Enbodi nent of the Invention. In the abdve enbodi ment of the invention, the
spring nenber 515 for generating a negative pressure in the ink containing

0 ' | i | 4, f
ooy afiAried 08 TR" LAY THREIAP F03ukidC off leifc CLAR| PAnR 3 o W' DL
are preHdedmdspeerEhenteRRIGING SPSPRES2- ahlBVEMB' sehdfitld It &r MPiles

of utilizing a force exerted by a spring, it is possible toutilize not
only aireaciglvt ¢oncacgendridi eshclir o6thet0aRaEYs] OMTYsé hepenar ilytis AL a
reaction 25 force generated when the spring is expanded. Therefore, each of
t he spriepgated be mikeotbdessibde thekeeppacnegatilverparessige iy thews
an enbadiment in which the dispgsing positions of the springs for the ink
con? ai Aty teakbin éhQQQQPV%FWén@ﬁgmﬁﬂgﬁave been noved to the outside of

t he respectjye.chanhers_..,30 Ln this configuration en ik is.

SUTT] o ont | JEaRG G0 OF e, gBov8 SrbbaLAhte: s Hh, dhsrFuped s
cont ai gy | | Y nde e lsaf i I ng
555 pr ot D | B SonE gurn Ct ol KRR Spriit S i Fo L8 AR, inee, 10
confi gursatpovidedoia iieesbebutsiapvas 18kt wank 5 dépéhaihigdwie tie
accordance with the consunption of ink in an ink containing space 540A,

whi ch mdgidityrof @ fidm tedaasised s ahbaskrshgetenbtrisS ot esdieapt bamd t he
sane. A negative pressure is determ ned by the anount of displacenent at

t hild t e Proeideqgani edastda membayt whens the sheehcannbai foRdrartedce

540A in cordance._w th, ihe_di .gce t, ,of SPf] menber 545 at, this
S 1 Sngh eetniiSa bk thAce Tl Ehtiik & {in P HEEBRE BEo G e
menber an r achd [.0..8 C | f

i spl achione 30 ERr ARy “dlf 5 FrbsshipedTINCAS Ee hbVablle PERLE, o,
force erdipidvidedid pyBitEoRsRANSTENEY Hads St Tthdp, Ay 1ld¥tic
negative sign) acts on a novabl e nenber 541 through a support plate 544.
Ther ef membehe s\ggaividegdrizatweenathem.s Homeviesr oxhries siex not Bimicskngn 8

shown bel ow according to the sane rules for signs as those in the above
endddi R  inveptient) /and @mpredgsdie membas Raw de proEldsss between the

| | ating, spring,555 that i ' bet t i ng 553
ond ' VIR SRURELRE pPE1EIen, . aaatl PavrtLe Ao het. SRRl g HE teetn of
th ' 2 4 ' t 25 of

i spi acBrfiGThbRE, Wifh1 CHECaR” 1k RS SERT R b ST pri ng 555
acts upwar dai Belal8 g Ghéfbes BHASTUM QIS B P0N 2BhBLERTRY aDzhd St exRaeased

by Expression 9 shown bel ow according to the sane rules for signs as those
i n t he sprionig nelna t sbamnbendEsplatied 3dh R predet &2minede samge has been
20 referred to as the sealing member of each of the embodiments,
it is not essential that the sealing member is constituted by
a displaceable elastic member as long as it is configured
similarly to a one-way valve which can introduce air into an
ink tank as an ink containing section at a predetermined pressure
26 and which prevents fluid (ink and air) from being leakeded
through an atmosphere introducing opening even when the air in
the ink containing section is expanded. Specifically, a wall
of the ink tank containing chamber 130 described in each

embodiment may be used as the sealing member. When such a

30 configuration is used in which the sealing member is not



- 98 Therefore, when an opening section 556 is sealed with a valve sealing
menber 557 in the val ve chanber 550 or when a rel ationship expressed by -P1l
< P2 exists, the followng relationship is satisfied. 5 -F1/S1 < -F2/S2
When tight contact between the opening section 556 and the val ve sealing
menber 557 is canceled to introduce outkside air from an atnosphere

communi cation port 52 through the opening section 556 as a result of

. on | owi el At S sfied.
PEir 1 B g et Aho8e, ge R ratind b P ot 8 gARGL Bk f HIRINEL
the sppidibdEsbgs aderdich tfeVeiyet eBBE6hAY BRI b wPPhabmbddinfiers
fromthose in the enbodinent in Fig. 37, and the directions of the negative

16 predwausa &hmoiviableonhanberg havaasy SH6 Aaamd spheepe esatreducime val ve
chanber 550 are the sane as those in the enbodinent in Fig. 37. Therefore,
Expr es ©ipaning ccan ke sieardmeesponse to-pn- ambdent -qimnge then frhereon
11 Therefore, the description of the enbodinment in Fig. 37 simlarly 20
hol s dfueéaterinf he f&@Mper ati on of each section that occurs as ink

between t hoBr BB8 raee o Arii s & SRrTErieY AErabof tfdhe dRraEres
chambes, o VBAN 14t F GRBRLBH Fd:ONut G1AOB! fiby b S mERBRLOlaridle 25

springs 1s not put In contact wth 1nk, e 1's no need tor considering

deteri itat1DAiNG the eWEAstEC ahémbbt akl @ s GaheRBbWeRNEBEAFing
formng the springs and ink and elution and m xi ng of foreign substances

i nt o i membién sdesivabdyuhtas ian @lasivhot Egecenthhdt ifsr spddiben Swamctheg a
material_for formng 30 the springs is_increased. - 99 Wile an

enBBdi PR HAS fR%EFE Qlokhe AlaRTdT MaRbeS: EAFUFgingrEhe Movablaimemper
hanb dth I hanb hqt.h dj d t si th i
chanbenstTyse; Fhs: heled 2h RoRaibile (KA IPET AR f o SRkt Gh 1l
e > STy ntron’ .
cont| gt Gafio8, SN ShEXGR° I RIEERELR] th (HERAR Lank

i nsi de ﬂdwqc@ﬂsren@gﬁaﬁ-t% ANresndl 18Ef tRanNG HHENtethdned Malde knc1 to

configurations of the above enbodinents in Figs. 37 10 and 40, in
consunyallow ptlve emosablemamber tiaimstate cervtdinhdiskantes (Hhuftfenihy
charged and, at the instant when the negative pressure in the ink

codbai mpALcehawben ialy nks ehpégosiiced cinte &ber kamer consunption of ink

in a state [0 which the negative pressure hal ances the force exerted by the
val ve' r ogul Bl SthenbBpspneR YAFaabrlRd rentng, nays be Sneiast: o
flow i : i ' ' ' ' -

cont ai A g, E0s  AADEE CeRSEhA O] dinb Rl PENERE LDY AR B Entng,
vol unetdd et £8Ra6kEBPA Folrethek iﬁwwgmrw POPE s SRRl dﬁpﬁ?ﬁé@ért@nd
the negative pressure decreases to 20 close the opening section. For

exanpl €t iis tdeskrabdiemta provlide .1870n ankovabienpiembeprwiverdshér bkt he
initial state showmn in Fig. 38A and, after the state in Fig. 38Cis

ent28r ecconhelningesprtiion isswlapceonstitated hyragrigsd revabhateenper

accordance, Wth the progress of
as 1ln eac oé)éﬁ% agove—described embodiments to allow more

stable introduction of air.
While configurations in which an ink in one color is

contained in a single ink tank have been described above, it
25 is obvious that a color ink jet print head can be configured

by arranging three or four ink tanks containing inks in different

colors in an ink tank containing chamber and by connecting

different groups of nozzles to the ink tanks, respectively. For

example, when a plurality of ink tanks are contained as shown

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



26 ink consunption. That is, the internal volune of the ink containing
space 510A that is a seal ed space substantially decreases as the anount of
i nk decreases fromthe initial charged state; the operation of introducing
outside air is enabled after the novabl e nenber 511 is displaced to the
position on the 30 | eft-hand side of- A3~ 37; and there will be
substantially no - 100 change in the internal volunme of the ink

Cher onPray TERESEr, OF, Beie Ad BEPLYRY SRINES i B2 APRTAOIE Hn ke

di spl a?gmtign§peci fically, the liquid container in the enbodi nent in
Fig. 37 has the ink containing chanber 510 in which the liquid ( ink)

cont ai 4i,ng BpeferYE\ Embdaimend carsif whosh tiieel itk So £ hMovatilld eMémbeiron
(rnovabl e nenber 511 ) that is displaced as ink is supplied fromthe supply
tube 521 and déscyiptd amaribel 880 behimade on Preisrabiewcohfilgurgehdng
section 536 for allowing a gas to be introduced into the containing space

and® t hé T AT eEREARG albient alsr £from eRterdngeinty aBalnkg Gk sane.
The liquid nt aj_ ner .a _cqnfi.guration i ich the volunetric_capacit
of the cont ﬁ i? % Jgéé%%BAlge r %é 588653-&\5?%‘{#5 d?§p?a€'§ Etlmlgl%og%t hey
novabl & JYRESE 5 r | Log @ ' Lgh enin
secti o? 536 1 slglgeﬁefdeatsB&%Sflﬁgggﬁﬁﬁe%@%ﬁmﬁgnlaftéﬁe&f/%%ﬁe?trap%@gpaci ?y

beconeq aquabchandism 'af | periderit owredegasm ned value (the state in Fig.
38C). The opening section 536 is separated fromthe sealing nenber 537 when

the 20 fol | tTherg raxtet twaoshiagdrs methahiehsafdferpetmeatdion iof Fggs 38C i s
entered. P - P1 > F2/S2 Expression 12 where F2 represents the urging force

f of0 sefalfruhes operPrHghs & ceRt a8 nakerigdi.ngonsr ds & maghandise of a
regul atin ring 25 . S2. repr.esents the surface area of. the surfgce on
wnt o CRPATERRE"r SR tHe SERRE" 48 mciesPenigm die dbrarRdvanadeend ®: e
val ve gy ﬁgeglgigw%%e;fgéﬂé%p%g_ssmécﬂgﬁieﬁ.eﬁ?%ﬁibﬂ 4Ne1L SeE AL eLRY
space 510A; an represents the anbi ent pressure (atnospheric pressure) of
the comflugti - a3éapiadred®y esueheas fa tfibn ehbled afitBRaeicR ke EHESRERLOf

t he - 101 ink tank, e.g., a tenperature rise or pressure reduction, the
ai r i ntfimouceblei mecharcism asoilvgdsfacethes presienitedinverkpand | Ona thentity
equi valent to the volunetric capacity of the ig)faace in the range between the

di 3p| aCanERRTY othendlatikernisi @ meghanison that Hs navEboy @figas | n

ot her words, space .
molecu espgurlng the permeation of the same through a plastic

£film having substantially no hole and that is a mechanism to
play an important role in the present invention. Such a
mechanism for an activated and diffused flow will now be

20 described.

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

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

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

30 concentration and are transpired from the film after reaching



equivalent to the volunetric capacity functions as a buffer area. It is
therefore possible to noderate an increase in the pressure as a result of
t he ambi ent change, thereby preventing | eakage of ink fromthe ejection
ports effectively. Further, since the 10 flexible sheet 531 is
pneumatical ly driven to displace by thet movabl e menber 511, no | eakage of

ink will be caused by the expansion of the ink containing space
attri byt a.gh e J e of in B a
Ferper & gt tage "o " EREC dhd W (ERECRIAE o ¥he BebBRE rodion], That

introdyced ¢l idad RBLEMIYELHdIMOARY! 8y 188 UEL 1A tAdRE P8

the volunetric Capacity of the ink containing space attributabl™e to supply

of thedtapsd irem,t i ddvlntionhaidieE e abn, aad ab&ke@epeionk occurs even
if there is an abrupt change in the anbience or the container 20 is

vi br at ed or Foroppeshpike j | thé@ainvemtidfuhderhe¢hembdef oen ancassammtion
provided in advance in the state in which ink has not been used yet, the
i nk5cofai et ituatdon: chipaehighc Bediegirkris wth ahigss \@rehesi OXFgeRi @fcy.

By maki t he surface area S2 of .the rf on ichth r.gi\nq.force F2
(the s BibApIaRcReITaAtS (LibaRob fudiiort oo pabry k) CEdRUeHnaE T he
openin Cﬁ{a&{ 6 a¢t r ROt uLf r f Qﬁf‘l& eft. Lon
536 orqut e s:‘ég??zég ?u#‘g}}g‘dﬁ?’ to'?ﬁ:eéseafiﬁgoﬁeébgg‘e'g%??%g%ﬁm ent %%aﬁl%g _
proper tddist £ PRele tiRidtFd H6Hld Fegtittl i ethbheodi@enépnfi guration makes it
possi ble to achi eve those advantages with 30 a small nunber of conponents,
and it is aFdesinsdidit aid @assmevehat-aldds Bawhhg anhegdttiveprdssthee

at nosphere by providing the opening section 536 for introducing outside air

a. A0a ®Kists incthevaprendemegion imctheegeptainee: F3 thibstgaseal de
closing, p)Jate 534 ) . A description will now bgsngde on.a volunetric

capaci (4 ¥FERI5EPECH: EP.FANSE & 9t TRiMeFMeR Fom dhgy fiest region

above- | be t] [ t L P 1.be d t he
"o ottty Hecdhl'aB3an 3 the Hediiihve thiERslke i sHE SQHFEER8E, |
contal rlﬁ{d'antbgn@ﬂl@'ﬁééshﬂe':'o@i tite ghg-. 4§;I.h§:earliciﬁi'&t E%Whe’ib@éﬁ“ ng
how t he volunetric 10 capacity of the ink containing space 510A"changes in
accor daesg W, t nodsturtes) oinsthpl isetdndurdgionmigre aspumed dfo exéracted or
supplied ink being showmn on the abscissa axis of the figure, volunetric
capéaci t9ulzs banhdaddavs aturated. dithaxe akssaofditfikerenoecbetiweami ck slid
line indicates changes in the_volunetric 16 capaci te/ of the ink_containing

spice, CRRCeRETALS qunghlen&ii@é’tiéils COMRRRents iR¢ %%%FSBfa'a#LS%OPﬁe
ext racterhepd SRERwnal KiRadr BupHEFrlau iy R 08h B RR PeVenn 20
right- Wtfhﬂepi‘asgh%‘ﬁaé;’)é‘ﬁ tﬁ@%i{)&eﬁ%b%@d’]&é%Pﬁiﬁpgfeﬂ%ﬂ%les

vol unetric capacity ( The novabl e nenber 511 is aced fromthis
state atn aleditsdiregioncéuvside thle contdiimey dndeihe Gaepndi t¢gion

nonot onousl y decreases. In this state (which corresponds to the state in
Fi 0 388) theigontainerms thereforen ithe elimeticnpressaremii bhe gas |
no | eakage of ink occurs even if there is a change in the anbi ence. \Wen

the vollfedeneratetiay Yedrdyddg dpreachoacplist Wher98s B Perueate

CorT eSS EnkOFs B\ Ai b EhOnpds R Fhaton' U6 BRSG5°ELRBRSSS
the concentration of the 1liquid components in the second region.
As aresult, the amount of oxygen molecules or nitrogen molecules

256 that permeate from the first region to the second region is

proportionate to a difference between pressures in the first
and second regions including the two pressures (the negative
pressure and the osmotic pressure), the surface area of the £ilm,

and the duration of permeation and is inversely proportionate

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



30 in accordance with the anpbunt of extracted ink, and the reduction -
103 of the volunetric capacity stops. Thereafter, substantially no change
occurs in the 6 10 volunetric capacity of the ink containing chanber 510A
itself . That is , since a volunmetric capacity equivalent to ( Vmax - Vair
) is provided as a buffer area, no Izakage of ink occurs even if air is

I ntroduced. While the ink in the container is difficult to be used up and

t he vol unet ghe+ef fLGi fRCY .| e If PPNl ' Fme
since the SRS el S8 HgRuiel PUER dr1y'a Taarsh LI dle Sdcuhd
accor daepion t h thetR189EaSe Ofa ig¥gekE 1 aantod il ¥ Oudickhe ce@ e -1deseré bed
operations, the ink can be effectively used up. A description will now be
made odesprpbiont melvhaml smethat daparhe ytNard eftdpheof nkheomeaihdmism
space. The maxi mum amount of air introduced into the container 15 20 26
subst agfi &an padduesatedhendadiffuged £dappaiNaormal b FPEYILD mMpeawlese V

of expansi gn of the naxi num anount of air Vair. as a result

\?vﬁp? es QF pAHTFER s‘“‘éﬁ%%‘é-fé‘d%@ P8|:| §Rsdigsolubke)in as/&iir&)‘];z"x%r%%@i%ﬁe 13
TR that, t [ ' lal .l I
Srate i £ SARIEREER Redty LU RILIAE RN oPrle e ¢ IR e o
the amasie arhén"Bad idFebBkesORbadIf thE BELERd dLCEREIELTnP o MEndhen
the value V is eqdal to or snaller than the value Vmax, there wll be no

i ncreasa dd dfhehyy gediom iredivn f HHAIGHS molvbuDhésidén Wdt Bwiddsmtbedt .
Therefore, |eakage of ink can be prevented by designing the valve such that
it opeframé&hepfailmgpeecausentBeGaxtondaagihonimethe higwidris shtumated
anmbi ence when the volunetric capacity reaches a value Vair _that satisfies

rel@t | SHS pSaExPodesaieg. \Therefpre , the rPerpeat0m QL sPEHIER 30 Vair

s P X m\c/)rj'.aé(cgfgrseosj.§ InC:)i.ntrlo5gen molecules 1s very strongly suppressed when

the second region is a liquid.

Therefore, what is to be considered to effectively prevent

permeation of a gas into a liquid container is a part of the
15 container that is located between a gaseous region in the
container and an atmospheric region outside the container.

In general, a mechanism of permeation of a gas through the
film 1s expressed by the following expression.

Q=G - Ap - S - t/T

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

25 and t [s] represents elapsed time.

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

30 of 1liquid components and a pressure difference generated by a



- 104 For exanple, atnospheric pressures considered | owest in actual

anbi ence in which the ink container can be |ocated are as follows where it
is assuned that the atnospheric pressure in a substantially normal state is
1 atm 5 10 15 Atnospheric pressures 0.9atnD. 8at nD. 7at n0. 6at m Anbi ence Use
at ordinary altitudes without transportéati on Use in anbience with very
severe tenperature changes Transportation by an airplane Use at a high

2t mosphedd: {78 REpEsuBY S Dl pBRE BT A REDRLIVE B Fepfe s ¢ e
condi t i@ HndEC1n VhePEIREELNOR WY IPRHEYEARS ithid Al @1 §2AnbEny OVi ded

on an assunption that P» = 0 . 9 atmwhéen the container1s used only at

ordi nagpntididetesrand licakiDhgt bagsported.s RDIfEX8uRke tosutddeséathedi cat e
that the value Vair is 0.9 20 25 x Vmax or less for use only at ordinary

al tit upeessure hdl ffhrendeinkp tin strderi bbr supgress giemneardwrbeoOERe of
t he maxi num vol unetric capacity. However, it is desirable to set the value
Vai# agag dnto/fthe gpontaingay t R Jaanrase irathe; fhiscknass T af dihe at

use | nEAHT A SEIR Berpn Arbar ERptE thec BinaTen OF HBeydaimifien o
st thq aLURAAlds le flfs 1 YTRNGE 55000 (8 AL 195! AL oducea

i ntroduction o alrr a e maxli mum vol unetri c capac
consi deisatd (e 810 oe A1Ri théPehbanIpP+AFiQNLYY air or use on an airplane.

It is desirable 30 to set the value Vair at 0.6 x Vmax or |less and the
volume to It is therefore effective to reduce the surface area S of
10 the inner surface of the container in contact with a gas existing
in the container in order to suppress permeation of the gas into
the container. That is, by minimizing contact between the
flexible member or a member that is highly permeable for a gas
and the gas in the container, permeation of the gas into the
15 container through such members can be effectively prevented.
The preferable positioning of the movable member in the attitude
or orientation in use has been achieved based such finding.
4.2 Embodiment of Configuration
Fig. 33 is an illustration of a liquid container (ink tank)
20 configured based on the above findings.

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

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

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



- 105 start introduction of air at 60 % of the maxi mum vol unetric capacity
I f consideration is also to be paid to use at a high altitude of 4000 m or
nore. Since the required buffering capacity depends on ambi ence 5 as thus
described, it becones easy to inprove the ink containing efficiency of the
contai ner and to prevent |eakage of 1k effectively by designing it such
that an opti mum buffer volume can be obtained in accordance with the

anbi en S I orgrn t . Hooke'
" aw e SHEE AP TofRReRP 4TS RAT LRl e AL e inbind 0 ST
X1 repsgsentherdizrd | t ¥hef slicdt agenenls fIigvnédad abwnwArdtfhethekl x X1~
[ S1 > ~F2~ | S2 Expression 16 In the present enbodi nent, since deformation
of t heddwesitliord Sofiether gbatiity wimn ditesl dyntadnepr 1Y Mereyed15 THabugh
t he support plate 514, a change in the volune attributable to the

def or mdsi,orthg sheefgodd? cisehoeated lowert thannddeyniddpeaodmdihe of t he
spring nmenber 515 . That is ., when the volune of the container changes_from

vk t 6obdiaining spaget Sy 1sr the Gixaekiarnef xtheagramiitity B dddbd 16
al so satisfies expressi 7 bel ow , the val.ve .is ene I nt rqduce,

out s aBupnLng BoRE A8, 6 BEetlaed ntrtad SSLLRRIER.tBs Bt aiing.
of dis t | | S | 1 ;

di spl a(%g%ent of" t edi ség?idr%ﬁ‘?r% gﬁ:%S ) %ggi)a(gi Pﬁggggig_tsds}:l?nfyff?vz.ded
Ther ef afe tHy €oPpf bgutLtheg nidin isbde aegul ali Bpady i PSS5famthddeirs prhay
menber 515 such that a relationship expressed by Equation 18 is satisfied,
no | eakagdasinehed 10qundeac tines sheatustl 2 heand| thei spaoen&® dise expesed
increase in the negative pressure 30 after a volunme equal to or greater

t hdh ater &8 atnasphase at a. coppunigakionspeade 4lhil able as a result
of deformation ho I nt roduce olgtai de gir. ~kl x Xair~l/ Sgl > ~Fl1~ | Stz
Expressi on 18 516 RAGSEHT SARAFAEStor FSMRTY3Y BRLEG: A30 Aspqupted
Anbi ent, b n fl Iy f j t 3] )

oot or S8 S Fonospheinl cihfhaBa o holE, 4TH Baivaagh, W EHE for
chanbepfaghenmhie BbaYye4 eMhogheeMm s -ivAyrvEive BéiagladAlopedifigy/dldsiEng
configurations may be enployed. 10 Fig. 42A is a schematic sectional view
show nqemh@Emismelbodnge at spirisig 4 20, ialpmoessaraerecAlvivapipil akeaie22 561
constituted by a flexible film(sheet nenber) that defines an ink

com® ai @ Kd-espiheleimepbeyi 423 i angh & @aaling megmbey 4R 4-he Thenhmersurand
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VWhich ink of a volune ( Vmax - Vair )
the pressure receiving plate 422 to close the air holes 422A

20 and 423A as shown in Fig. 33. The opening/closing mechanism is
opened and closed by a pressure difference existing between the
interior of the containing space S1 and outside air.
Specifically, when a negative pressure in the containing space
S1 has not reached a predetermined magnitude, the air holes 422A

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

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



has been extracted froma supply port 568 to reduce the volunetric capacity
of the containing space to a volune Vair. At this tine, as a result of

def ormati on of the novabl e nenber 561, the support plate 564 is put in
contact with the valve 590 to displace the 25 val ve 590 agai nst the urging
force of the valve regul ating spring 585, thereby allow ng the opening
section 592 to be opened. Specifically, a buffer area is provided which is

Lhe b gk, HRA 2o bbf aRaR. . R, R SRUEDaFRRED TR RO SOAES, B
the solyyl 'éd?&t n%ﬂg ;é/g?&@nﬁl"“@ﬁﬁotu RPNt NAlSs WL URE 42321044

I nto contact w ve 590. In 6ther words, the support plate 564

cones iyhed LOMbsphetid Nritrodating>Ypdoing! awet.he opening section 592 to

be opened after a predeterm ned buffering capacity is provided. 5 Fig. 43A
shows st at eAsnawheshltthe theppegatplee pEédspresinsthieecoaibud Ity kpweear d

as a result of further extraction of ink to instantaneously_open the

opehi n$lsck8 i KAPLOAD EhDEeNfetarmdded Jange -i nThet Fagmiktedeat afnithe space
560A. Fig. 43B shows a state in i ch the support, plaje 564 and the val ve
360 10 nstiatiye; BeaR s LoEn LptTodbiie; PRERAY T4 TREFORAS i on of air
as sho ' | 4 S d | ' r uce
fhe foresitalp fna dpadsisT dERTREL 20y, BREChrREITAIE LT haiyl
slight typwed grdhgthaCxeme O5pritigsupplt plate 564 to separate the support
pl ate 564 and the val ve 15 598 from each other and causes the valve 590 to
seal the opMoreg sysetipicai2yggaihe dientbibine off dihg dneewayl vdlevead 80

regul ating spri ng 595. Wen ink is extracted again thereafter, the support
pl dfe Feu amdfehdowsl.ve Theo foddkewingi dpsexdiptotorrigsonhain assymptiong t o

{hus. dediat LRk eRo A LA L 1 ks conbkpaiag dicihdcianfethinn apges
s dediRt pHRie Bfietr kS o . s
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of ink froman election port ectively. Since the valve 564 1s

mechanitiséimalr enerdy geéserateddbyt hen sehpetiragilndrmabdtramdankegeaslf i nk

wi || be cause by expansion of the ink containing chanber attributable to

amibentengm@yeforueieating dmksr atlay &hiiss case pridsburkoibiingt 06ninkomay

I nportant feature of the present. enbodinent is that the s - 108 lt_!ﬁc‘;)rg?:ni ng
(I

sect i orp%g%a‘il§egp9ﬁfeée@md)9§[ﬁ%@t?ﬁebKuFP@r elecherthermad tkansd
Vi - \Vair, ' ' t;h ' d ' [ f th
valve SR Ttk i B ROB o4 i s R e Rt A o0 L 8 AP r 8y e
564 . AjeRef8tHd at that time.

When the containing space S1 is sufficiently filled with

20 1ink as shown in Fig. 33, an expanding force (a reaction force
originating from compression) in accordance with the amount of
compression and displacement of the spring 414 in a compressed
state acts on the sheet 412 through the pressure plate 413. The
direction of the expanding force acts downward in Fig. 33 or

256 the expanding direction of the spring 414. At this time, a
pressure directed inwardly of the containing space S1 acts in
the containing space S1. Specifically, a pressure Pl in the
containing space S1 has a value with a negative sign (a negative
pressure) on an assumption that the atmospheric pressure is "0".

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



6 air is not introduced when no sufficient buffering area is avail able, and
no | eakage of ink therefore occurs. The present enbodinent is simlar to

t he above enbodi nents in that all operations can be controlled by
adequately designing four paraneters, i.e., the spring force of the spring
menber 565, 10 the spring force of the&%alve regul ati ng menber 595 , the
surface area of the support plate 564, and the surface area of a

predet Sl e AL OTLANE ARLKBLIAN (e FEUITel Peled! Ul Widetion

advant a ere is no neé makin ange In e contiguration

even | beChadopokBePRYYilod’ BRC L SIH1AG 1Y 1 eBYIcd % TRbGREARTe

changes in the viscoSity and contact angle of the sane. A description wll
now be p¥adsswre dp3i ghiuyg adts henf ¢lve RFomtRifiagwispadef 81 enae negdt Dve 44.
Fig. 44 shows a state in which the support plate 564 and the val ve 590

cont acpnegsurechl 20 acherononémiscuses aitr inkhe jegdporg nuzz keS6in ithe
subjected. to a force that is the sum of an upward urging force Fléfrovided

by #heT&SATingnbeadseyhieh apEeWe® inkafrpredadlelng Qui: theneknked
when a negatjve pressure Pl, acts on surface.area,S1 of the support plate
564. 2§3éﬁi%%.v§° i&?%ﬁb?@ tQ&tﬁi%i?%?eﬁdgﬁ%.Q%Pghe sum of an upward
urging force F oV e \ | abbRO ri 5 rd
total pr essgPegB%hx\ésg%gle%\é'r ated ielﬁlé'ﬁggnggg?‘i eéap# E%SA u%%%%aﬁ%&w a
surf acehe geaddmy niditbea 42 Pfint bReWwhYeeIWahbalt 6B orlte-wieRidive .
section 592. 30 at is required for the valve 590 to be opened is that the
- 109 The qegative puesEurel Rl eibctiher gomd aireivgl spab@0Sils adgmladcbsor

greater, than the_force of the valve 590 sealing the opening section. That
i s10p1 p dhe vyalyerghamber ohrepabs ihen commumbeationy nart hkleegafee

pressure at at finme; P (E1L + F2) ./ 1-S ressiaqn 20.That is,
Phe: spesmpndl St efiCe af the, sbring 4ok also.nett &tk vals chaiemoor
pl at e . o] i essiire to
be rmi S B GRBaHHIN 2REENCRS GHARED PAYEKY PR Be DS G ]
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various conditions into consideration just as in the above enbddi nents.

Fig. 4exsdwhedabyt dhe ispringhd2hbkihashecealvaardlyambed s dhen sasell asof
extraction through the supply port 568. At this 15 time, the amount of air

thaé hddheexpandingudtuechion af thr 2pRiaontAd -spAderessnre B2: antthe y

equal s the volune, Vair, the volunme of the defo tion of the_npvable nber
Se1 1 e FHATREE oAy iead 56 Seal [ha enx &428 anq 4338 sakbhg

out ev | f i Sj f ot V. t r,J, hut a [.ent
change%’é’ 6 %%%iqa'?lgl ?nze%%il?% %?HI g‘ks Wéa}ﬁ a%%rgﬁgéoriﬁﬁ i%ﬁ%&"hgeenqrba(zi@f%enﬁ in
Fig. 3 i ngi ' i i val &, Sheed ) bove
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the i nkrdlank is Réptelnnadsealild saidtid e ksepingnaafooteobriiip matEngn
use. However, the positional relationship between an ink containing space
an@0a \Errare thans®rigig o2 1 nrndafhasflexibépi memher v423ogreater thant

is desirable to,design the ink_tank such that the one-way val ve operates
br oper (S8 PREPHLLh BHPSRIEGaFd AERTRSE which 1t Gote’

When ink is further ejected from the recording head to reduce

the amount of ink remalining in the containing space S1, the
negative pressure Pl in the containing space S1 1ncreases
26 accordingly.

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

30 upward accordingly. The displacement of the sheet 412 is



30 pressure in the ink containing chanber in any case. A - 110
description will now be nmade on generalization of design conditions for an
ink tank. Fig. 46A shows an ink tank constituted by an ink containing
chanber 610 having a port 618 f or sugflying ink to a recording 5 head
provi ded on the bottomthereof in an” I"tude of the sane in use and a

val ve chanber 630 which is in conmunication with the sanme in the vicinity

of the | ' 7 | I RJ
chanbor S TIanred B Fouell M £RpA3IAE, CHE priat il A, Wi
shown cavdds SHellomprédi&ion BBYVaNe sFFPRE 41k aQnshirbébebed.byTae
deformable flexible film (sheet nenber) 1s disposed, the configuration of
t he saprdgressanf ridie ssompoasbdiongofeghleaspaing 4 1 mearts @mtiadiehdsdat
is a support nmenber in the formof a flat plate, a peripheral section of
t he safdd Hdiegedpapdimg £oxeet pE ithe 1Bament andi th kpakesulisedd jan

provided a s ring menber 615 in the formof_a conpression spring that
exe?ts#%?qﬁ{#ﬁg pothe MRIFtLIVegPORSSHNALPE ABnifdie saants 5RP¢®e
figured,hrough the support plate 614 to generate a negative pressure in a

range § ‘which it is in equilibriumwith an ability for hol ding 20

meni scuses | | ' ! f ] i nd
T whi ch ant i acEeARi b LS M GRS aTRE 17 L BN ARy Steb e
The valsie erfeaibea 1l £30bad atlces S ipiésshry PReinafheavallial cildibernofi g .
37 , and it is provided with a valve closing plate 26 634 to serve as a

val ve dhssongwaparalvei ndfha coyeerway vwaekve dis Kept Lo the sented sifate
one-way valve and a, val ve _seal ing nenber 637 for seali%% t he openin

sed®i omnthk ThALLIPGsi nTREE . PR YR Y S BressSunest ]blféﬂ%'ﬂé%l:
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st at es vf1vdechalibednk The? s6€8Vihgobf RhPrLELESES is Hand&leanatMihLon.
Fig. 47 shows changes in the negative pressure as a result of ink

consundinsimantind t he points indicated by reference nunerals 60a to 60f in
the figure correspond to the states in Figs. 46A t o 46F, respective‘lﬂ\;é In
t hd8conf i gufgt RoRepitlt g thes atmegphergr Edoms in thaough dihemathekes
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al so take 0~ consi derat1 on when gning the 1n
atmosphere increases the volumetric capacity of the containing

space S1 that has been reduced and conversely decreases the
20 negative pressure Pl that has been increased, at the same time.
As a result of the reduction in the negative pressure Pl, the
air holes 422A and 423A of the one-way valve are sealed by the
sealing member 424 again.
Thereafter, the change in the negative pressure P1 becomes
26 very small, and the consumption of ink proceeds with a
substantially constant negative pressure value maintained. The
negative pressure Pl then increases again, and the negative
pressure Pl is reduced by canceling the sealing of the air holes
422A and 423A each time the sealing member 424 fails to seal

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



15 It is assuned that in the initial state in which the ink containing
space is sufficiently filled with ink (Fig. 46A), the spring nenber 615
exerts an expanding force F1 (a reaction force originating from
conpression) in accordance with the amount of displacement as a result of
conpression to the nmovabl e 20 menber- @1 -t hr ough the support plate 614.
Referring to the direction of the expanding force F1 at this tine, it acts

upwar d ndj ng, | n ,of i.n 615,
and t ne ey  gAtoe melfbd 0 SHER Rl oé’%%?@%b@. 59 Ko cEher Bt i
cont ai SPAE 0 APAEN
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havi ngThhﬁ:dﬁgﬁél Mthe mdr@lmgqﬁad/ea@r 888U theltAR! Th thd eontaining
above-nentioned rules for signs where the atnospheric pressure is assuned
to be '‘Chiambenc§at whd Ly asaimbtatining s gebebdeed tiate hef pejecitdorof t he
openi ng of 30 t he comruni cati on channel 617 on the side of the ink

con® ai ni ng Thus;)in $he prasent semppaisignthe @ redagiye pagsRire shn
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g represents accel eration of graV|tat|on (msz). 10 In this state, in the
val ve dmanttee 638fitatimd mpespages&d: ilorcreasesl ad by rdeulsl of fatthgr

menber 637. Referring to a pressure in the valve chanber 630, the negative
pr é@suwmmtiophéu@mk hetl‘}@rrmtﬂ'df@Y oﬁﬁaéﬁénﬁmef&ﬁhGCQP@@m veen the
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negative signs 20 according to the rel ationship between the negative

pr essumesyaif i véepirels sanrd athepginhamieiclandatibesy aihee chertrayy valee vBbue
t hereof becones '0' when negative pressures are equival ent. The expandi ng
folte oflase thevepesyduating spring 635 also acts in the val ve chanber
630, and the exgandl ng force which 26 is regresent ed here b acts

rightward i f 4fir 348 |ﬁmpne3‘£9<p%ﬁ%| a; Hlsrt&ﬂtf:b?ln%f P ee\;:alﬁ.in ng
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of the pressure exerted by the val've regulating spring 635 in
As shown in Fig. 34A, the container 410 is used in an attitude

20 or orilentation in which the sheet 412 is located downward in
the direction of the gravity. When the 1liquid L in the container
410 is supplied to the outside through the liquid supplying port
415, the sheet 412 is first deformed upward against the urging
force of the spring 414 in accordance with the amount of the
25 supplied liquid L as shown in Fig. 34B, and the volume of the
contalning space S1 is decreased with the negative pressure kept
unchanged. In Fig. 34B, the sheet 412 is deformed upward to the
extremity, and a buffer area is provided in the form of such
a reduction in the volume of the containing space S1 that is

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



- 113 the valve chanber 630 as a force acting in the valve chanber is the
sane as the expanding direction of the valve regulating spring 635 and

i ndicated by the positive sign. Therefore, when the pressure is represented
by "P2" , the following relationship 5 exists. P2 = F2/S2 Expression 23 In
order for the opening section 636 to B sealed with the val ve sealing
menber 637, the pressure P2 and the negative pressure PV in the valve
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sealed by nmaintainihg a state 161 n which the force provided by the valve
regul auilzg spPliver@sbiend bife thad feréesearadipl ae dhbainiaepdasd $he
negative pressure in the valve chanber is greater than the negative
pressuaxe dittoibutabdedsq thermad- wxpamsieni ofkeptgaeal adrl)y imaithei ni ng
a state in which the force provided by the valve 20 regulating spring 635
andd t hEopiadntngsPRGCH &k 634 acting agai nst the negative pressure is
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formed at the communication channel 617. The ejection of 1nk fromthe

recor diamy haadthercdedfornma BDonedific tHeheslsotind 1&f iimiwhiohi theg buEfde i nk
cont ai ni ng space , - 114 and the negative pressure in the ink containing
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cont ai NG ¢eB8Etable to the supply of the liquid L to maintain the
negative pressure in the containing space Sl.

15 Thus, the container 410 supplies the liquid L to the outside
from the unused state shown in Fig. 34A in which the liquid L
contained in the containing space S1 is not consumed at all until
the buffer area is provided as shown in Fig. 34B, the supplying
operation being accompanied by the deformation of the sheet 412.

20 Thereafter, the liquid L is supplied to the outside with air
introduced through the atmosphere communication port 416 as
shown in Fig. 34C. Thus, the liquid L in the containing space
S1 is supplied to the outside with stability under a
predetermined negative pressure.

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

30 greatly different from the vapor concentration of outside air.



I ncreases further, air begins to nove fromthe valve chanber 10 toward the
I nk contai ni ng chanber as shown in Fig. 46C, but the one-way val ve has not

been opened in this state. ImMmediately after air begins to nove, the

meni scus i s instantaneously noved toward the val ve chanber by the capillary
force of the communication channel 6123 but it is nmoved back to the ink 15

cont ai ni ng chanber by the negative pressure in the ink containing chanber.
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between the space and the outside. Such a pressure difference

10 between the inside and outside the containing space S1 generates
a force that can cause an outside gas to permeate into the
containing space S1. The amount of such permeation of the gas
is as expressed by the expression presented earlier in the
document.

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

20 metal) as the material of the main body 411.

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

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

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



5 each other again (Fig. 46F and the point 61f in Fig. 47). Thereafter, air
I's noved fromthe val ve chanber to the ink containing chanber until the
negative pressure in the valve chanber beconmes substantially equal to the
value on the right side of Expression 22, and then the negative pressures
in the 10 chanbers are substantialIy‘éHhFValent. From t he above
description, the condition for the one-way valve in the val ve chanber 630

to be b Sk aSeC Y e dcBr tBINESSA P, 27 bel ow because the

rel ati onship anong the negative pressure 1n the ink containing space, the
pressurge, Prgangicagdibm fromthe depth h, the meni scus hol ding pressure,
and the pressure for urging the valve sealing nenber in the val ve chanber
630 can be &tpiesaet assentiali thalti g £imgibbe mapbetrudas pafotidedbinl ut e
val ues of the respective pressures. ~PV~ - (~F1~/Sl) - hxgxg - PM > ~F2~/ S2
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di r ect ipgrmdabibinyessi Docdtedadowawand iadthe direotiow efitieigravity a
30 comuni cation channel toward a val ve chanber is bent upwardly - 116
to readthemethalcentainiesr isf wseskanihe lIquidi cgniedoen asfcandingi ot
depth from a position of a neniscus, formed_at the comruni cation channel to
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having higher gas permeability than that of the rigid
(inflexible) main body 411 downward in the direction of the
16 gravity in the attitude of the same in use, for example, as shown
in Fig. 36, a flexible member 412' having a multi-layer (e.g.,
double layer) structure configuration may be adopted to allow
ink to spread between the layers due to a capillary force or
to insulate regions inside and outside an ink tank with an ink
20 layer, thereby preventing a gas from entering the tank. This
makes it possible to relax limitations on the attitude or
orientation of an ink tank in use and to increase freedom in
designing an ink tank or recording apparatus. In addition, it
is possible to prevent a gas from entering an ink tank effectively
25 even in transportation during which the ink tank can be in various
attitudes.
5. Ink Tank Design Conditions
5.1 Operating principle of One-way Valve of Another Embodiment

of the Invention

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



of the valve chanber 630 is large in a configuration substantially simlar
to that shown in Fig. 46A. In this case, in order for the one-way valve to
be closed, while it is strongly desired that the value " ~ F2 ~/S2 - ~ PV

~ is great enough to deform|b the edge of the valve sealing nenber, it
IS necessary to introduce a great anpowast -of air to decrease the negative
pressure in the valve chanber. Fig. 48 is an illustration for explaining
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520.

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

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

A movable member 511 that is a movable section is disposed

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

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

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



volumetric capacities of the valve chanber and the ink containing chanber
such that the value becones greater than the initial 15 negative pressure.
A case wi Il now be considered in which a valve chanber 730 is provided
above an ink containing chanber 710 with a conmuni cati on channel 717

provi ded t herebetween as shown in Fig.8®8A. In this case, the speed of air
nmovi ng in the comruni cati on 20 channel 717 is higher than the speed of air
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t he above general fornula is applied to the case shown in Fig. 49A, since

t he heiegitodimentt is ponssuirtaitieM dre edefdimabpeefiexddblien fitlm i (sheet
contai ni ng chanber 710 and the valve 30 chanber 730 are_ al mﬁé equal to
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| f h ' | | 717. Th f .
ni carRPEhatRn Bl e HURROFR Pigaod FBRE R SRVERSEH FPHRFENLGe at
whi ch e REIPWES EStNB1LHY SnthARIEES 13 BeHORHRL YOS SPPRY Fhéfat e

change 1n the negati
section thereof. The movable member 511 has a convex

configuration in the central section and has a trapezoidal side

10 configuration. As will be described later, the movable member
511 is deformed in accordance with changes in the amount of ink
in the ink containing space 510A and fluctuations of a pressure
in the same. 1In such cases, the peripheral section of the movable
member 511 is expanded and contracted or deformed in a good

15 Dbalance, and the central section of the movable member 511
undergoes parallel displacement in the horizontal direction of
the figure with a substantially vertical attitude orientation
of the same maintained. Since the movable member 511 is thus
smoothly deformed (moved), the deformation will cause no shock,

20 and there will be no abnormal pressure fluctuation attributable
to shock in the ink containing space.

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

25 the figure through the support plate 514 to generate a negative
pressure within a range in which an ink ejecting operation of
the recording head can be performed in equilibrium with an
ability for holding meniscus formed at an ink ejecting section
of the recording head 520. Fig. 37 shows a state in which the

30 ink containing section 510A is substantially fully charged with



pressure in the case shown in Fig. 46A (broken line), and fluctuations of
the negative pressure as a result of the opening and closing of the one-way
valve are small. This case is simlar to the case described in the above
item 10 5.1, and designing may therefore be carried out taking the

rel ati onshi p anong the four paranmetetr 8%k, F2, Sl, and S2 into

consideration. A case wll now be considered in which an ink containing
chamber, 810 aq@ g val ve chanber 8305 re connected thngu@h a 16
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al ways 20 in contact with ink, and a negative pressure is then to be
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supplied to the recording head 520. A sealing member 524 is
mounted around the supply tube 521 to ensure sealing between
10 the supply tube 521 and the ink containing chamber 510. A filter
523 is provided in the supply tube 521 to prevent any foreign
substance present in supplied ink £from flowing into the recording
head 520.
The valve chamber 530 will now be described. The interior
15 of the valve chamber 530 is in communication with the ink
containing space 510A through the communication channel 517.
In the present embodiment, the communication channel 517 is
formed using a pipe made of stainless steel having an inner
diameter of 0.2 mm. Further, a sealing member 538 made of rubber
20 is mounted around the stainless steel pipe to improve sealing
around the communication channel.

In the valve chamber 530, there is provided a valve closing
plate 534 to serve as a valve closing member having an opening
section 536 that is an element of the one-way valve and a valve

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

30 communication channel 517 and the opening section 536. The



novenent of air in the communication channel 817 is small, there 30 is a
smal | difference between negative pressures in the ink - 119 containing
chanber and the val ve chanber, and fluctuations of the negative pressure as
a result of the opening and closing of the one-way valve are snall conpared
to the change in the negative pressured broken Iine) in the case shown in
Fig. 46A, 6 as indicated by the solid line in Fig. 50B. Wen the
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fluctuations in the excess of the controll able negative pressure nay be
causedsi3B eferhelvalve mhamipat 580 @llswseaives astdasheal V€ oat proftectimgt o
vi bration during transportation, which is ib considered a possible cause of
undesi thie £lexibdecisheebf53lr faom tan téxbevpadedordee. In this
connection, the inventors exam ned the configuration_in Fig. 46A by
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a relative great negative pressure Is Instantaneous generated in the
val ve oeaitaedl bseetidmeamdgat subsyaatisid blgeteagiefopdadr sedehat acts to
open the one-way val ve; iv) however, the pressure change attributable to
vi B0 at icomfbtguratdony. i Sarchtaeengigurakd dmiaklhves sthaevadivee adiesdrg 30
fromthe ink containing chanber before_the one-way valve is - 120 opened
to int te hsissmeethiy mayad VapPpeB&sdO¥nn t he val ve chanber; v

3
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opened &V ®pening operation of the valve. The valve regulating spring
156 535 is somewhat compressed to urge the valve closing member 534
upward in the figure utilizing a reaction force against the
compression. The function of a valve is achieved by expanding
and compressing the valve regulating spring 535 to put the valve
sealing member 537 in tight contact with the opening section
20 536 and to separate them from each other, and a gas is only allowed
to be introduced into the valve chamber from the atmosphere
communication port 532 through the opening section 536 to provide
a one-way valve mechanism.
What is required for the valve sealing member 537 is to seal
25 the opening section 536 with reliability. Specifically, it is
required to have a configuration in which at least the part
thereof in contact with the opening section 536 securely seals
the opening, and there is no particular restriction on the
quality of the material as long as tight contact can be achieved.

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



t hough the negative pressure in the valve chanber increases 10 because ink
enters before air is introduced. Therefore, in the case of the
configuration in Fig. 46A, it is desirable to set the sectional dinensions
of the conmmuni cation channel such that the speed of ink entering the valve
chanber due to the capillary force of &he communi cati on channel exceeds the
openi ng speed 15 of the one-way val ve. Even when the val ve chanber is

filledwith ink, the ink he_ink ini h i th,
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above the end of the conmmunication channel on the side of the valve chanber
i n the 53 movald by ridod agrt iion bifethetextpardbngof oeceati oa. i, ra shairialibe
exam nation on the case of an extrenely |arge val ve chanber provided
resl t elasttiarmaterticde sibclr agd riubhee. case in Fig. 46A. Next, the
configuration in Fi%1149A was exam ned. I.n this case, ink will not. enter
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absorbing fluctuations of the pressure of air with the displacenment of the
bufid er isppcedis smEffizientlyt fitlbeff withpinkg (Ihethpsisigata,tséncekthe
cont ai ni ng chanber) can provide a higher pressure absorbing effect with 10
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t han t he raneter _S2. 1n addition,_the huffer spring can.be nore easily
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chanberon tike i Msviabdle hemBeresad ithidegheadd Bupporteglaad 14 nk
cont ai ni ng chanber conversely, which can result in undesirable opening of

t hasonRegryvhhyge to tthes dhrectdion suff obgeyesdpandihg ofertet Fdl direblisns
of 20 the communication channel such that ink is held in the conmunication
channeltije a HermatasThohdvard dmt Figen §heprt Hoej axrarddng dixeetianyi t h

the co nicati on .channel | d in th fical di tion.
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communi cation channel having an extrenmely small sectional area. 30 In this
cage, tdleambemini Thatodschanmtessuzbw®ls aldtiingl int hhe ink?Zontaining
chamber 510A has a value with a negative sign (negative pressure)
according to the above rule for signs on an assumption that the
atmospheric pressure 1s "0". Therefore, when the surface area
of the support plate 514 to which the spring member 515 is bonded
25 is represented by S1, the negative pressure generated in the
ink containing space at this time can be expressed as follows:

Pl = -F1/S1 Expression 1

That is, the negative pressure generated in the ink containing

chamber is directed opposite to the direction of the force

30 provided by the spring member 515.



i nk even when a pressure change occurs, and a pressure change in an ink
cont ai ni ng chanber does not transmt into the val ve chanber. However, since
t he actuation mechani sm of the oneway val ve does not work when the neni scus
hol di ng force of the 5 comruni cati on channel exceeds the range of negative
pressure control of the one-way valve90it is strongly desired to nmake a
pressure originating fromthe neniscus holding force at the narrowest
portion of fhe co ni catiQn channel smyller than F2/S2. .10 5.9 .
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application_of the invention to an ink tank for sqggl ing ink to a
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phar maesidrtted Sthoulgh ritk Cédbmmualidat iorddhhngell G BFErbatweean thwe
apparatus as described above, 30 the invention nay be applied to recording
appar achamijew amdthe ink 2®ntajmingFepaceahpld,. t The pxpandingefobeeused
to configure a so-called full-line type recordi ng apparatus _utilizin
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one-way valve that allows gas 25 to flow in one direction and disallows
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t he positioBZig\gg the ink tank is di sposed. 3QE£§rgs%9§Hlt2’ it is
possi bl e to provi a negative pressure

In order for the opening section 536 to be sealed with the
26 valve sealing member 537, the pressure P2 and the negative
pressure Pl must satisfy a relationship expressed by:
-P1 < P2 Expression 3
Then, Expression 2 and Expression 3 derive the following
relationship:

30 - P1 < F2/S2 Expression 4



- 124 adjusting nmechanismfor an ink tank with which freedomin designing
an ink jet recordi ng apparatus can be inproved. Ink contained in an ink
tank can be supplied to an ink jet head with a stable negative pressure

mai ntai ned until the ink 5 is used up. Since a sealing nenber

expands/ contacts or noves according t®la-novabl e nenber, no | eakage of ink
occurs even when the ink tank expands as a result of changes in the anbient
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510A, and the negative pressure in the ink containing space 510
increases accordingly.
Fig. 39 shows a relationship between the negative pressure
10 in the ink containing space 510A and the amount of ink remaining
therein or supplied therefrom. When ink consumption continues,
a change from the state in Fig. 38A to the state in Fig. 38B
occurs. The internal volume of the ink containing space 510A
that is a sealed space substantially decreases with the amount
156 of ink, which is accompanied by a leftward movement of the movable
member 511 in the figure. The support plate 514 also moves
leftward in accordance with the displacement of the movable
member 511, and the compression of the spring member 515 also
proceeds. The progress of the compression of the spring member
20 515 means an increase in the expanding force F1l, and the negative
pressure Pl also increases from the point a to the point b in
Fig. 39 according to Expression 1.
When ink consumption further proceeds from the state in Fig.
38B, the movable member 511 is displaced leftward further to
26 enter the state in Fig. 38C. This further increases the negative
pressure in the ink container 510 to change to the point c¢ in
Fig. 39. In this state, the negative pressure in the ink
container 510 balances the force exerted by the valve regulating
member 534 in the valve chamber 530 to satisfy a relationship

30 expressed by:



of an osnotic pressure to those nenbers are reduced to suppress perneation
of the gas into the container and to supply the contained liquid with
stability. When a buffer area is provided as a result of deformation 25 of
the flexible menber, it is possible to reliably absorb fluctuations of a
pressure in the container as a result 9% -a tenperature rise with the buffer
area which allows a significant reduction of the anpbunt of a gas that

perneates intQ.the _go i ner, which consequently es it possible to
prevent Ieakagé 5rﬁ?é§§b liquid or breakage oftrfﬁ%gﬁﬁﬁﬁﬁﬂn n addition,
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a negative pressure in the contai ner exceeds a predeterm ned value, a
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difference. By maintaining a_stable negative ssure in th ont ai ner
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suppl y i& |d apélat@onbhip Néxpirasged ®iyd container to the outside until it
is used up with a negative pressure in the container kept at a stable val ue

wi iBout any-2@lumné®2A82ry increase. Since the intrBx¥pressiaf @ir to
noderate the negative pressure in the liquid container can be carried out
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possi bl e to absorb expansion of a gas introduced in the liquid container 30

at 15i budaaixteled.changes in the anbi ence of the |iquid container

As a result, the atmosphere begins to flow in through the
opening section 536 as indicated by the arrow in Fig. 38D, and
it is further introduced into the ink containing space 510A
through the communication port 517. The introduction of the

20 atmosphere results in an increase in the volumetric capacity
of the ink containing space 510A that has been decreasing and
simultaneously results in a decrease in the negative pressure
that has been increasing, conversely. The decrease in the
negative pressure means a return from the state expressed by

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

30 From the above description, the following relationship is



- 126 such as a tenperature rise or pressure reduction, which elimnates
undesirabl e | eakage of the liquid. Qutside air is introduced only when
there is a change in a predeterm ned anmount froman initial position in
which the liquid has not been 5 extracted yet, and a space having a vol une
equi val ent to the change serves as a-MA# f-er area. It is therefore possible
to noderate any pressure increase as a result of an anbient change and to
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the invention. 15 In addition, when the invention is applied to an Tnk jet
recor dith@ adde séablicig membeacinnthe varlacd ehanibess 53nchn B¢ exXpresdedyed
to stabilize and inprove recording quality. The present invention has been
deskri B&dai nedatdianship betyeen thepnagodtadeaseddithenabsaluite tvadlueésnow
be apparent 20 fromthe foregoing to those skilled in the art that changes
and no@ft ithe i BASPRLF e rﬁﬁgsﬁP tabepapghn e A¢helnPPRATHES N it

br oader agfegé and it is the intention, therefore, in the apparent clains
to cov ¢ %%ﬁ‘changes and nodifications as fall within the true spirit

of the i nvegi—.-ilgn./ ¥ - Iu’hﬂ ST 1S CLAIMED |S: Lpf,bbguiidncont ai ner
characterized by conprising: a containing portion defi'hing a containing
space for |whendink as fogithet yiysonell thepierifttad, Wid statecOnt®iging
portion and formng a liquid supply port for supplying liquid contained in
saild c@@iandigther state dn Rigut 38Healieamatey Vheve ameawpxy smaliild

containing portion for allowng an introduction of gas into said containing
space ChsRAes oiinsitie ne@abliufe PLARFUre c8Ra§BOWN (3§ utReaR@ids ¢ BRfle

later; and ink is consumed with the negative pressure kept at
a substantially constant value. That is, since the state in Figqg.
38D and the state in Fig. 38E are thus repeated even when ink

15 consumption is continued, there is no unnecessary increase in
the negative pressure in the ink containing space 510A after
a certain amount of ink is consumed, which makes it possible
to use up the ink in the ink containing space 510A while
maintaining a stable ejecting condition.

20 5.2 Parameter Setting

It is apparent from the above that each of the chambers can

be easily designed for a desired negative pressure because the
negative pressure is adjusted based on the balance between the
pressures in the ink containing space 510A and the valve chamber

26 530, respectively. Specifically, the spring expanding forces
Fl and F2 depend on the state of compression of the springs
disposed in the respective chambers, and the expanding forces
are determined by the spring constants and the distances of
displacement caused by the compression (the amounts of

30 displacement in the initial compressed state and the amounts



out si de; and a nechani sm having a function for keeping or expanding a
capacity of said containing space, wherein said one-way valve controls a
negative pressure in said 15 containing space caused by consunption of
liquid in said containing portion. 2 . Aliquid container as clained in
Claim1l1, characterized in that said wegchani smincludes a novabl e nenber
equi pped with at 20 | east a part of said containing portion displaceably or

def , d ' ' ' bl ' .
di 1 oct Pin el A eh1 do8leRE IR 5 K Horepkoafi i FaBESSRT the Ak ng
cpace O LT RER" sl AR, oe” I SELASA Ahp SR A rber
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contai ning space increases . 4 . 1 quid container as claimed in Cdaim3 ,

char acapprepri at8dyt set tiilngy ahwed pdrameterty | Thecaegatdie pressure

def ormati on of said - 128 novable nenber is set to be nore than the
ampdint cen he easkly cadivsteds byhsafking. the| syufacesmtatiers 9% andiHad in
any one of CQaim?2 to Caimb5 4, characterized in that_  said novahl e nenber

has a Of ki@ KBUPPOXth R 3@ hRRAothfhi el ¥enedprsdag inkater At taghed ekPi on
extend@g&cggﬁgﬁgso%ﬁ%gébffg gigﬁng space
A feature of the invention achieved in the above embodiment
is to provide guidelines for designing an ink container in which
10 the four parameters F1l, F2, S1, and S2 are appropriately
determined based on the relational expressions for them derived
as described above.
For example, a technique disclosed in U.S. Patent No.
6,186,620 solves the problems with the technique disclosed in
16 Japanese Patent Application Laid-open No. 7-125240 (1995) or
Japanese Patent Application Laid-open No. 7-125241 (1995)
described in the section of the related art, i.e., the problems
with a liquid seal. There is disclosed a configuration in which
a member in the form of a plug urged by a spring is provided
20 1in a boss for introducing outside air to achieve mechanical
sealing. However, there is neither consideration nor
suggestion tp the above-described expressions. In this sense,
the above-cited invention still remains in the category of
substitution of a mechanical seal for a liquid seal and does
25 not provide guidelines for optimization of a design of an ink
container unlike the present invention.
An ink container can be adequately designed in accordance
with guidelines based on the principle of the invention that
the four parameters F1l, F2, S1, and S2 are appropriately

30 determined in relation to each other.



6. Aliquid container as clainmed in any one of Claim2 to Caim10 5,
characterized in that said urging neans has a conpressi on spring which
urges said novable nmenber in a direction a capacity of said containing
space increases. 7. Aliquid container as clainmed in any one of Claim2 to
Claim15 5, where said urging neans P¥8s-a tension spring which urges said
novabl e nmenber in a direction a capacity of said containing space
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bl ocki ng nenber” capabl e of bl ocking a conmunication path | eading to said
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than t redet erm ned val ue. - 129 10._A liquid,ysing apparatu
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supplied fromsaid liquid container which contains ink as the Iiquid. 10
12. A tecwehhgthppataicspleandr fatrodmairsg Uspaeginke s gsimdll relative
10 to the active area S1 of the spring force to generate a negative
pressure or when S1/S2 is relatively large, and it is therefore
assumed that the spring member 515 can be designed with high
freedom to obtain an initial value of the parameter F1. However,
when the parameter Fl1 is designed with a high initial value,
15 the parameter F1 must be changed considerably to introduce
outside air by satisfying Expression 6, which results in a great
increase in the negative pressure in the ink containing space
510A. However, the negative pressure in the ink containing
space 510A must be an adequate value within a range in which
20 it is in equilibrium with an ability to hold meniscuses formed
at ink ejection ports to sufficiently prevent leakage of ink
from the ink ejecting section and in which an ink ejecting
operation of a recording head can be performed. Therefore, in
order to keep the parameter F1 in the adequate range until outside
256 air 1s introduced, the spring force F2 of the valve regulating
spring 535 must be relatively small, which results a risk that
the opening section 536 will be easily opened by a shock or
ambient change.
Such a problem can be avoided when the parameters S1 and

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



usi ng apparatus of said recording head configuration as clained in Caim
11. 15 13. An ink jet head cartridge characterized by conprising: an ink
jet head for ejecting ink; and a |liquid container, as clainmed in any one of
Claim1l to CQaim7 , for containing ink as the liquid to be supplied to
said ink jet head. 20 14. A liquid supf ying nethod for supplying liquid to
the outside froma containing portion defining a containing space

or 11 8y bR R SHRP R oF% TR, 38 Mool AU ALPA-N Ut ron
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and preventing a leakage of I'iquid and gas to the outside, providing a
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cont ai ni ng space, and; 30 controlling a negative pressure in said

cont ai @ilgp simcsettintBthe apardmat e B2 nphdomakied | Hui possibdied to
contaimIE%rthion by said one-m%y valve. 15. A liquid supplying nethod as
cl ab re@fifiecy bvenlysprevenir unpaetaxabke apenitngeinddieopaning lsaasion
nnvablgﬁgﬁnber equi pped with at least a part of said containing portion

di spl a 1y or deformably and an urgi ng neans for urging said novable

member in acflf 6blana#ERRAG b 1 maled £O0! ARG SPEER §PCY £338M gy dNd

contai ni Ng-space 1S mal n negative pressure by
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I ntroduced into said containing space Increasés. 16.” A liquid Supplying
met hod commdieiong iimt@ acomddderation. However, this can be
10 accomplished by considering the four parameters in relation to
each other and can not be accomplished by simply considering
the relationship between the magnitudes of the parameters Pl
and P2 that determines whether to introduce outside air based
on common sense or intuition.
15 5.3 Operating Principle of One-way Valve in Still Another
Embodiment of the Invention.
In the above embodiment of the invention, the spring member
515 for generating a negative pressure in the ink containing
space 510A and the spring member 35 and the valve closing plate
20 534 for generating a force to seal the opening section 536 in
the valve chamber 530 are provided inside the respective chambers.
However, referring to modes of utilizing a force exerted by a
spring, it 1s possible to utilize not only a reaction force
generated during compression of the same but also a reaction
25 force generated when the spring is expanded. Therefore, each
of the springs may be disposed outside the respective chamber.
Fig. 40 shows an embodiment in which the disposing positions
of the springs for the ink containing chamber and the valve
chamber have been moved to the outside of the respective chambers.

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



16 characterized in that an anount of capacity increased due to deformation
of said noving nenber is set to be nore than the increased anount of
content of the gas. 17. A liquid supply apparatus, characterized by
conprising: 20 a containing portion which defines a containing space for
liquid and includes a liquid supply po?tion for forming a liquid supply
port for supplying contained liquid to the outside and a gas introduction
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characterized in that said nmechani smincludes a novabl e 15 nenber equi pped
with attinest Bhe@anegaftise doressare thabracbs dinshes embky contdafmimngbl y
and an urging neans for urging said novable nmenber in a direction a
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appar atmuesint?esrcgfé g&dthgsagz}fmgnfs Cgencelraallped by a force in the contracting

direction of the spring member 545, and a contracting force F1
in accordance with the amount of displacement as‘a result of
expansion of the spring member 545 (a reaction force originating

156 from the expansion which is assumed to have the negative sign)
acts on a movable member 541 through a support plate 544.
Therefore, the negative pressure at this time is expressed by
Expression 8 shown below according to the same rules for signs
as those in the above embodiment.

20 Pl = F1/S1 Expression 8

In the valve chamber 555, since the valve regulating spring

555 that is provided between an outer casing 553 and a valve
closing plate 554 exerts a force in the contacting direction
of the same, a contracting force F2 in accordance with the amount

25 of displacement as a result of expansion of the valve regulating
spring 555 acts upward in the figure. A pressure in a movable
member 551 is expressed by Expression 9 shown below according
to the same rules for signs as those in the embodiment shown
in Fig. 37.

30 P2 = -F2/S2 Expression 9



17 to A aim 19, characterized in that a body of said one-way valve is in
connection with said gas introduction nenber through a tube. 25 21. A

| i quid supply apparatus as clained in Caim20, characterized in that a
buffer container is installed along said tube. 22. Aliquid supply
apparatus as clainmed in any one of C #8m30 17 to daim 21, characterized
In that said containing portion - 132 includes an ink supply portion

{ 'said conta ion ncl udes an i nk”suppl y p
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I's nounted on said containing portion prior to sal communi cati on

nmenber exfpriedded gy P d Ul | oxigeshertRNIESRLOW NG alabicnkhdp mesrber
are mounted thereon. 10 24. An ink tank for said liquid supply apparatus as
cl ai negatisfidedne of Claim 17 to Caim23, characterized by conprising:
said containing portion for containing ink as the liquid; and 15 a

mechani sm hal‘/'ﬂ-a§1a< nFd /%% for keeping or expanding a capacity of said

contai %ré% %Q.ag%gc contact between the opening section 5§56 and the valve
sealing member 557 is canceled to introduce outside air from
an atmosphere communication port 52 through the opening section
556 as a result of progress of ink consumption, the following
10 relationship is satisfied.
-F1/S1 > -F2/S2 Expression 10
Only the directions of the forces exerted by the spring member
545 and the valve regulating spring 555 are different from those
in the embodiment in Fig. 37, and the directions of the negative
15 pressure in the ink containing space 540A and the pressure in
the valve chamber 550 are the same as those in the embodiment
in Fig. 37. Therefore, Expression 10 can be changed as follows:
|F1| 7 s1 > |F2| / S2 Expression 11
Therefore, the description of the embodiment in Fig. 37 similarly
20 holds true here for the operation of each section that occurs
as ink consumption proceeds, changes in the negative pressure,
and the balance between the pressures in the ink containing space
540A and the valve chamber 550.
When such a configuration is adopted, since each of the
25 springs is not put in contact with ink, there is no need for
considering deterioration of the springs attributable to contact
between members forming the springs and ink and elution and
mixing of foreign substances into ink. This also results in an
advantage in that freedom in selecting a material for forming

30 the springs is increased.



25. An ink jet cartridge, characterized by conprising: an ink tank for
constituting said liquid supply apparatus 20 as clained in any one of C aim
17 to Caim?2l1, said ink tank having said containing portion for containing
ink as the liquid and a nechani sm having a function for keeping or
expandi ng a capacity of said containi®f space; and an recording head for
ejecting ink supplied fromsaid ink 25 tank through a conmuni cati ng pat h,
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recording head for ejecting in - supplied by said ink tank
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val ve for allow ng comuni cation of fluid flowing into one direction and

pr evenungexshoadi thaitobhef ihvient temaran e echiaveddaceonding dtel thel ow
path being connected with said one-way val ve and being open and cl osed
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in which the spring for either of the chambers is disposed inside
the chamber.
5.4 Area for Buffering Ambient Change
In the configurations of the above embodiments in Figs. 37
10 and 40, ink consumption proceeds from an initial state in which
ink is sufficiently charged and, at the instant when the negative
pressure in the ink containing chamber is increased as a result
of further consumption of ink in a state in which the negative
pressure balances the force exerted by the valve regulating
15 member in the valve chamber, the atmosphere begins to flow in
through the opening section to be introduced into the ink
containing space. As a result of the introduction of the
atmosphere, the volumetric capacity of the ink containing space
conversely increases, and the negative pressure decreases to
20 close the opening section.

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

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

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



path and said ink tank having a nounting portion capable of 10 detachably
nmounti ng said nenber of said holder, whereby gas is introduceable thereinto
t hrough said one-way val ve and said nmenber of said holder. 27. An ink jet
recordi ng apparatus as clained in Caim26, 16 characterized in that said
recording head is forned integral w-th0&a d hol der. 28. An ink jet
recordi ng apparatus for performng a recording by ejecting ink onto a
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and cl osed thereby; wherein“said holder having a nmenber conmmunicating with

sai d f ddedaddementsai d ink tank of said ink jet cartridge having a
nmounting portion capable of detachably nounting said nenber of said holder,
30 @her eby Specis iicaklyluddhldquist epntaimendghtbaiembedingpt in Figy.

37 has the ink containing chamber 510 in which the liquid (ink)
contalning space 510A is defined and which includes the movable
section (movable member 511) that is displaced as ink is supplied
from the supply tube 521 and the valve chamber 530 which is

10 provided with the opening section 536 for allowing a gas to be
introduced into the containing space and the sealing member 537
that 1s a sealing member for sealing the same. The liquid
contaliner has a configuration in which the volumetric capacity
of the containing space 510A decreases because of displacement

15 of the movable member as a result of ink consumption and in which
the opening section 536 is opened to introduce the gas when the
volumetric capacity becomes equal to or smaller than a
predetermined value (the state in Fig. 38C). The opening
section 536 1s separated from the sealing member 537 when the

20 following relationship is satisfied after the state in Fig. 38C
is entered.

P - P1 > F2/S2 Expression 12
where F2 represents the urging force for sealing the opening
section 536 (the spring force of the valve regulating spring

26 535): S2 represents the surface area of the surface on which
the urging force acts (the surface area of the bonding surface
of the valve closing plate 534); Pl represents the pressure in
the containing space 510A; and P represents the ambient pressure
(atmospheric pressure) of the container.

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



val ve and said nenber of said holder. 29. A one-way valve for, nounted on a
contai ning portion which defines a containing space for liquid, allow ng an
introduction 5 of gas fromoutside to said containing space and preventing
a | eakage of liquid and gas fromsaid containing space to the outside, said
one-way val ve characterized by conpri 3Phgr a hol | ow gas i ntroduction menber
for inserting into said containing space; 10 a val ve chanber comruni cat ed
with sai L ntrogduct .o i.n ' [ [
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32. Aliquid supply apparatus as clainmed in Caim17, characterized in that
sai d coft dnk figropothieoe Jiesc teiopm ppexit s ¢ fif ectivalllye n#hdrerhen, asiheasthe
part thereof sai d novabl e nmenber 5 being displaceable or defornable in

acd®r dfdexible sheedpi53lorls ppeumasiced ludr tvensipdddsplane doicthen
ortion is openin nged qQn sai d noyabl e nenher; and said _one-wa
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sai d sealing neans has a sealing nenber 16 di'splaceable within the

pr edet preégsdreamreductaicn tovabl e nmenber, being urged to a direction

opposite to a pressing direction of said sealing nenber, travels beyond the
pr dBet er m n8dnam@utgitde abrdiseaetninhredaces gtttk bhwkferyaraa 1s

ressure seali of said ening is yeleased to introduce the gas into 20
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Claim 32 or CUaim33, characterized in that sali d novabl e nenber has a
f1 exi blief neindee def ahmabmipt cchdnge Hm ahsyuEmlyisgceperattihe) cdntdtner

! %gl d'is vibrated or dropped until that time. Further, the buffer area
is not provided in advance in the state in which ink has not
been used yet, the ink container can be compactly configured
with high volumetric efficiency. By making the surface area S2
of the surface on which the urging force F2 (the spring force

25 of the valve regulating spring 535) for sealing the opening
section 536 acts greater than the surface area of opening section
536 or the sealing surface of the sealing member 537, sufficient
sealing properties can be maintained. Furthermore, the above

configuration makes it possible to achieve those advantages with

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



30 35. Aliquid supply apparatus as clainmed in any one of Claim - 136 32
to Caim34, characterized in that said novabl e nenber is arranged on one
portion of a wall defining said liquid containing potion and has a fl at

pl ate-1i ke menber having rigidity undeformable by the |iquid supply
operation fromsaid liquid 6 supply-pdP2.-36. A liquid supply apparatus as
claimed in aim34 or Claim35 , characterized in that said nechanismis
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16 chamemitste e £23dilshé Gl B30 gRAPELeivalveELbOingsiabe 5388) . A
liquid supply apparatus as clainmed in any one of Claim33 to Caim 37,

char act eri zadléscrhpt ioa widdahowgbemmdde o arwdd upfe trietcapdatttyutibat. 20
39. Aliquid supply apparatus as clained in any one of Claim33 to (aim
37, 5chd—rsa@tr@rﬁe£é%piﬂ asathepuffen prgarpmosridingcthe sabaver desgiibedody

passi ng. through a sing, of gsaid liquid a tus and .having_a r ger
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in any 1 ik Gohtaithedd 19 €hal BmbbdGhahlcter iFaes, i fot hat two novabl e
menbers are - 137 arranged at opposing positions of said liquid

cont ai ni ng Pdgt.i arl, Bswdanaildlsiststationnsbowingrhawgetiel herimetede. 41. A
I igui d supply apparatus as clained in any one of Claim6 32 to Caim 39,

ch

P accanaeity rof Hhe tink genkainisg spacedbdOifophanaas ins aganrdrpce

upvvardwc:)‘f said liguid_conta merhg

r
th amounts of suppli R

llqu:{.c? n( ink), amounts of extracted or
supplied ink being shown on the abscissa axis of the figure,
volumetric capacities being shown on the ordinate axis of the
figure. The thick slid line indicates changes in the volumetric
15 capacity of the ink containing space, and the broken line
indicates changes in the amount of air in the ink containing
space.
In the initial state in which ink has not been extracted
yet, the movable member 511 is in a displaced position on the
20 right-hand side in Fig. 38A, and the containing space has a
maximum volumetric capacity (Vmax). The movable member 511 is
displaced from this state as a result of extraction of ink, and
the volumetric capacity monotonously decreases. 1In this state
(which corresponds to the state in Fig. 38B), since air has not
26 been introduced into the container yet, no leakage of ink occurs
even if there is a change in the ambience.
When the volumetric capacity decreases to reach a value Vair
or when a state corresponding to the state in Fig. 38D is reached,
the opening section 536 is opened to introduce air in an amount

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



42. A liquid supply apparatus as clained in any one of Claim10 36 to Caim
41, characterized in that the elastic force of said elastic nenber is

| arger than that of said sealing nenber. 43. An ink jet recordi ng apparatus
for performng a recording with a recording head for ejecting ink,
characterized by 16 conprising: a |rqu®3 supply apparatus as clainmed in any
one of Claim32 to Caim42 that contains ink to be supplied to said

di d he l.iquid 44. A liquid container as clained in Caim
E?CgLabggﬁ%ﬁ?i@%fP%e?ﬁ&éﬂ%ﬁQF%gEYaﬁ%ﬂﬁf{Lﬂtion has a defornable flexible
nmb [ of ' I r | ont d so that
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that said flexible nmenber is positioned lower in the gravity direction in
use of Thatdilsi,qaidceoatadhemet3( cl6apaditpiedjucondhentrtas(Vihakme@dirCl ai m
45, characteri zed - 138 in that said flexible nenber is positioned | ower
in& _heigr mqviﬁde§$i@rbﬂﬁﬁﬁraa§ﬁ@:hﬂq Wﬁg%noﬁf 1nk; aceyrsiaveny if _
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to be used up and the volumetric efficiency is reduced if no

air is introduced at this time, since the state in Fig. 38D and

the state in Fig. 38E alternate in accordance with the progress

10 of ink extraction through the above-described operations, the
ink can be effectively used up.

A description will now be made on how to set the volumetric
capaclty Vair of the ink containing space.
The maximum amount of air introduced into the container

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

V = (1/P%*) x Vair Expression 13
where it is assumed that the atmospheric pressure in a

20 substantially normal state is 1 atm (absolute pressure) and that
the atmospheric pressure of the ambience in which the ink
container is actually located is P atm. When the value V is equal
to or smaller than the value Vmax, there will be no increase
of the pressure in the container, and the ink will not leak out.

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

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

30 Vair < P* x Vmax Expression 15



deformation thereof, defines a buffer region which absorbs changes of the
I nner pressure of said containing portion. 48. A liquid container as
claimed in any one of laim44 to Claim10 47, characterized in that said
flexible nmenber is positioned at a bottom portion of said containing
portion and is deformable . 49. A |i-qdP4 container as clainmed in C aim 48,
characterized in that said flexible nenber is vertically defornmable. 15 50.

cont ai ni ng. ERFt PRI 50 ChP sl Re PG ssH e S FhpE8RaGY S H9FE: R o

per mealidiyas é’rﬁgi%fl%en&tr?rvh?icﬂa{’hggihﬁr %%rntgffné’fraﬁﬁbgle' i)bda}é}i aged at

| ower position In the gravity direction in use of said |1 quid contal ner.
51. A Esnfcl Lowkawherasi€l asmagsundd atm€4th@h@rtaﬂd§3]5héedcl pridwdusai d
flexible nmenber is formed of at |east two |ayers and holds the |iquid

bet weednt fossubsyentiml lppnormay fsdratee 5 32atm.diquid container as
claimed in Caimd44, characterized in that the I|qU|d to be contained in
sai @ cont ai AtR@SRherH® PEessure® 53. A | i ghmBie®@si ner, characterized by

pret ot ORI I VAR B e A A e e
without transportation
0.8 atm Use in ambience with very severe
temperature changes
10 0.7 atm Transportation by an ailrplane
0.6 atm Use at a high altitude of 4000

m or more (e.g., Bolivia and
Tibet)
Therefore, the atmospheric pressure P* may be put as 0.6 atm
15 4in order to satisfy all the conditions for use, for example.
An optimum configuration can be provided on an assumption that
P* = 0.9 atm when the container is used only at ordinary altitudes
and is not transported.
For example, such data indicate that the value Vair is 0.9
20 x Vmax or less for use only at ordinary altitudes and that the
volume to start introduction of air may be 90 % of the maximum
volumetric capacity. However, it is desirable to set the value
Vair at 0.8 x Vmax or less and the volume to start introduction
of air at 80 % of the maximum volumetric capacity if consideration
25 is to be pald to use in ambience with very severe temperature
changes. It is desirable to set the value Vair at 0.7 x Vmax
or less and the volume to start introduction of air at 70 % of
the maximum volumetric capacity if consideration is to be paid
to transportation by air or use on an airplane. It is desirable

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



def ormabl e according to a supply of the liquid to the outside, and having a
| iquid supply port for supplying |iquid contained 6 therein; and a val ve
chanber conmmuni cating with said containing space and having a one-way val ve
whi ch allows an introduction of gas into said containing space form outside
and prevents a | eakage of liquid and 88 to the outside fromsaid
contai ni ng space; 10 wherein said |iquid containing chanber includes an

| ast i ti - ' f Fl in the di '
nor caSiT o LR GRBCUR ot OF GBRERH 1D ShaGE, S MAT LPGPE IR T
receivi { rgin i d I it
S R e L R B L e A T
menber ofQ; QeS8 19 0 ¥ S Ndoker.ce F2 in order to control an opening

operation of said on-way valve, and a closing means for receiving the

urgi ng forcgihde ehed asrpsrddopaeffay iy} \Gapgyc bty adepehd0 orhanbignge
force F2 with an area S2; and said one-way valve is configured to be open

i n &rdas thusndesduibead; it bacomes dasyndudmpravatthend nk eonhaininggl t ed
fromthe nmenjscus of the liquid formed in a conmuni cating portion which

mekes &ffgFirment Pén tha wentadnez andi kP npreyant ArAB3gsaicf Vidife
Cha”be%€¥5%ki981§iB%iﬂehi ﬂfﬁgﬂgtiéhcéﬂéhat an optimum buffer volume
can be obtained in accordance with the ambience.
Expression 7 can be changed as follows according to the

10 Hooke's law where kl represent the spring constant of the spring
member 515 and X1 represents a quantity of displacement from
the initial state.

|k1 x X1| / S1 > |F2| / s2 Expression 16
In the present embodiment, since deformation of the movable

15 member 511 is regulated by the spring member 515 through the
support plate 514, a change in the volume attributable to the
deformation of the movable member 511 is determined by
displacement of the spring member 515. That is, when the volume
of the container changes from Vmax to Vair, if a quantity of

20 displacement X1 satisfying Expression 16 also satisfies
expression 17 below, the valve is opened to introduce outside
alr always after the spring member 515 is displaced by a quantity
of displacement Xair or more where Xair represents a quantity
of displacement of the spring member 515.

25 X1l > Xair Expression 17
Therefore, by configuring the valve regulating spring 535 and
the spring member 515 such that a relationship expressed by
Equation 18 is satisfied, no leakage of the liquid occurs because
the valve is opened due to an increase in the negative pressure

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



comuni cating portion is PM the height between the neniscus and the
uppernost of ink in said containing space a.s h, the density of the liquid
is p, and the acceleration of gravitation is g, respectively; an absolute
val ue of the negative pressure 30 PV = - (F1/S1) + hxpxg + PMacting on
sai d val ve chanber satisfies - 140 10®\»~ > ~F2~/S2. 54. Aliquid
container as clained in Caim53, characterized in that the capacity of

d o> | . : .
of sai dohouiiie ABRECRYBTIRNTe A RCEp bt BRCOPPARMR o D L HRAGEE"
val ve pbatedd ffd to open to introduce the gas when the capacity becones

| ower than the predeterm ned value. 10 55. A liquid container as clained in
Cl ai m 54, cmlagt x@\iiz_,_qd J nsthat |g'1f|0r/’rL$21; ~PV~ < ~FEASPebsival i1 i ed at
an initial condition where the l'iquid is generally filled in said

cont ai Bi.1i5g Anygedeer Fmb6édimenitgoifd Foomtiatk hen af Bufif sed AmeaCifaimAnthient
characterized in that the capacity of said containing space is always | ess
thah t RBaRGRRIty at the state of the initiating condition thereof, even if

the capacity starts to lessen fromth O initiating.condition in
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regardl ess of the supply of the liquid and the introduction of gas, after

t he capad twasiaussconflisgpseations niwy ibet empllloyexbndi tion in accordance
with the supply of the liquid and becones | ess than the predeterm ned val ue

whiléh 30 reBdiBt-s 428 cksisangchiematiie cgectilonad vhewggbowing jamother A

liquid contgjner as clained in_ a one of Claimb53 to aim57,
char ac CIROLAMERL ] AE: SUGH ARpARK S RLRET e huRPYARTR) TRRPEEN 564 set so

t hat t%%nasntp{%EQd"B&O%‘ tfl‘Leintgfg Hl.ﬁl}ﬁi gasth%et member) that defines an

ink containing space is provided in an outer casing 563 of the
container, and the movable member 561 is urged by a spring member

156 565 through a support plate 564 such that the containing space
has a maximum volumetric capacity in a normal state. An opening
section 592 of an ink containing space 560A provided on the outer
casing 563 is sealed by a valve 590 that is a sealing unit urged
by a valve regulating spring 595.

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

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

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



5 said valve chanber by the capillary force is larger than the opening

vel ocity of said one-way valve. 59. A liquid container as clained in any
one of Claim53 to Caimb58, characterized in that an introduction port for
gas from 10 outside of said valve chanber is positioned higher in a

vertic

al

direction than a valve side 8 of said communicating portion in

using attitude. 60. A quuid cont ai ner as clained in any one of aimb3 to
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to hold the neniscus is set to be snmaller than F2/S2. 62. Aliquid
reapacityaiimeproviiaedm 53, characterized 25 in that said val ve

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

Since the valve 564 is mechanically driven to displace by
the support plate 564, no leakage of ink will be cause by
expansion of the ink containing chamber attributable to ambient
changes such as a temperature rise or pressure reduction.

An important feature of the present embodiment is that the



- 142 outside. 63. Aliquid container as clainmed in Caim62,
characterized in that said area S1 is larger than said area S2. s 64. A
liquid container as clained in Caim®63, characterized in that said elastic
menber and said valve controlling nenber, respectively, is fornmed of
springs having a constant of Kl and-K208K2 being |larger than KL. 10 65. A

| iquid container as clained in any one of Claim53 to Claimb64 ,
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characterized in sai d one-way val ve includes a flexible sheét having
an opeguahtfvtyiof didplacemehtoas tlee tswppyrthelave B64d. a Beal regsulknper
arranged on a position opposite to the opening, said closing neans having a
pl ab e- Biike dal netchiodinodusedewben wia seffbpdentg Mffesingdarea dis he
above opening being joined with said, flexible sheet and for urging said
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operations can be controlled by adequately designing four
parameters, i.e., the spring force of the spring member 565,

10 the spring force of the valve regulating member 595, the surface
area of the support plate 564, and the surface area of a
predetermined part of the valve 590. This results in a
significant advantage in that there is no need for making a change
in the configuration even if changes in physical properties of

15 ink result in significant changes in the viscosity and contact
angle of the same.

A description will now be made on designing of the four
parameters with reference to Fig. 44. Fig. 44 shows a state in
which the support plate 564 and the valve 590 contact with each

20 other to introduce air.

The support plate 564 is subjected'to a force that is the
sum of an upward urging force F1l provided by the spring member
565 and a downward total pressure P1 x S1 generated when a negative
pressure Pl acts on a surface area S1 of the support plate 564.

25 The valve 590 is subjected to a force that is the sum of an upward
urging force F2 provided by the valve regulating spring 595 and
an upward total pressure Pl x S2 generated when the negative
pressure Pl acts on a surface area S2 of the part of the valve
590 that covers the opening section 592.

30 What is required for the valve 590 to be opened is that the



63, characterized in that at |east one of said elastic nenber and said

val ve controlling nmenber is formed of a spring. 69. A liquid container as
claimed in any one of daim53 to CCaim6 68 , characterized in that said
cont ai ning space is substantially seal ed except for said liquid supply port
and conmuni cating portion to said val *@9chanber. 70. A liquid container,
characterized by conprising: 10 a novabl e nenber which defines a containing
space f.or_ liquid _and is displaceabl cordin su 0 he |iquid: a
Pa o =0sis \PhokBer subgaf Pra ten s o PEenEY el el he0d b8 hng a
one- Way. oV -\ BR LRIt RaBOk heC2BRRLCO P LHAWLEYE 9l Gth i e Hdhing.
cont ai ni ng space and a seal i ng nmenber for sealing sald port; erern said
one- wageWHiish | S TgRedst:0 i ntroduce the gas when a capacity of said
cont ai ni ng space starts to decrease due to a displacenent of said novable
menber accoPlli RgS10 supply PR &h® 3092 quid and bec@®¥prdoseont 13dn t he
predeterm ned value. 71. Aliquid container as clainmed in Claim?70,

chab acRefiexxiing tohatthe wegativeapressuneadti Adatackime:t he urgi ng force

for sealing_said port is S2 , the urgipg force is F2 _ the pressure 26
within sai dPdoft i iy Edhcé (SIpT &) the environnenEXPERESiaRe20s P,

sai d Oa‘?fa\'@yigfil ’\clﬁei gp%%rbe%gpggstf‘i %?i%a%lzt yarpcfcﬁqgssurface areas Sl

and S2 of the support plate 564 and the valve 590 may be chosen
based on the negative pressure to be maintained when the valve
10 1is opened to exchange air and the liquid. The volume Vair and
those parameters may be appropriately determined taking various
conditions into consideration just as in the above embodiments.
Fig. 45 shows a state in which ink has been nearly used up
as a result of extraction through the supply port 568. At this
15 time, the amount of air that has been introduced into the ink
containing space 560A substantially equals the volume Vair, the
volume of the deformation of the movable member 561 indicated
by hatching serves as a buffer to prevent ink from leaking out
even if there is expansion of the volume attributable to an
20 ambient change.
5.6 Generalization of Ink Tank Design Conditions
The embodiment in Fig. 37 has a configuration in which the
valve chamber 530 is located above the ink containing chamber
510 in which the ink containing space 510A of the ink tank is
26 defined in the attitude or orientation of the same in use.
However, the positional relationship between an ink containing
space and a valve chamber of an ink tank may be defined in various
ways, and it is desirable to design the ink tank such that the
one-way valve operates properly tomaintain an adequate negative

30 pressure in the ink containing chamber in any case. A



| ess than the predeterm ned value and the followng formula P-P1 > F2/S2 is
satisfied. 30 - 144 72. Aliquid container as clained in any one of
Claim67 to aim71, characterized in that the area S2 of the acting face
of the urging force is larger than an area of said port. b 73 . Aliquid
container having a liquid supply port 186r-supplying the contained liquid to
the outside and a val ve chanber equi pped with a one-way valve for all ow ng

an introductjon, of into said cantaining space from outside and

o eventeRg i EhRa 13 M Be anadon  SneBRi iR R B8 Eoedth o  he

out si deon3fi i dls! EQY 4 CVRI PghiPei N general |y seal ed except for said

| i qui d supply port and sai'd oné-way val ve, characterized by conprising: a
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liquid supply fromsaid liquid supply port; and a négative pressure

cont r olchianp e 26150 fleavangt aopbrtg 6l fidr nagpplytngr dakuit® ky redomndingng
the gas, wherein said negative pressure controlling neans has a function to
pr evenheadiiprdat dedcansthebpodt apparhereaft npanngtid taide loff gehe i spme and
gas to the outside therefrom 20 74, A ljiquid container, characterized by
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the same in the vicinity of the bottom through a communication
channel 617. The ink containing chamber 610 basically has
substantially the same configuration as that shown in Fig. 37
10 in which a movable member 611 constituted by a deformable
flexible film (sheet member) is disposed, the configuration of
the same in a central section being regulated by a support plate
614 that is a support member in the form of a f£lat plate, a
peripheral section of the same being deformable. In the ink
15 containing space, there is provided a spring member 615 in the
form of a compression spring that exerts an urging force for
urging the movable member 511 downward in the figure through
the support plate 614 to generate a negative pressure in a range
in which it is in equilibrium with an ability for holding
20 meniscuses formed at an ink ejecting section of a recording head
520 and in which an ink ejecting operation of the recording head
can be performed.
The valve chamber 630 is also substantially the same as that
shown in Fig. 37, and it is provided with a valve closing plate
25 634 to serve as a valve closing member having an opening section
that is an element of a one-way valve and a valve sealing member
637 for sealing the opening section, the valve closing plate
634 being bonded to the flexible sheet 631. In the valve chamber
630, there is provided a valve regulating spring 635 as a valve

380 regulating member for regulating an opening operation of the



and is displaceable in accordance with a supply of the liquid; a liquid
supply port for supplying the contained liquid to the outside; 25 an
openi ng capabl e of introduction of gas into said containing space; and a
val ve body for sealing said opening; wherein, said containing space is
configured to maintain the capacity'tﬁé}ébf about the predeterm ned val ue
regardl ess of a supply 30 of the liquid and an introduction of the gas ,
after thgapacity - 145 of said containing space starts to decrease
according to the supply of the liquid fromthe state where said containing

space is gepegal lagA illp@svrblRelshar ini €140 beatavweiftthe ik tank in
predet er m ned val ue whi ch causes an introduction of gas. 6 75. Aliquid
cont ai whviclts thei tradk had aiot 7Beenharssad eyétedand thiags . WAéBe tad ndb6® mum
capacity of said containing space is Vnmax and a predeterm ned val ue of the

capaci tyl liskeatecshpdien @f sheeldkehankeagad ireanbited theppragressced
| it d OBorkiHE rEPRRUTDA e LS o PEOWS, FRARGPE, 4B 119 EHSELWher o o
T UG s 285860 30 ERCSABGS A W e PN S R
i ntrodgseddfeM8hte hhtdM1&W08 #& BUL in the figure correspond to
the states in Figs. 46A to 46F, respectively.
In the configuration in Fig. 46A, ink is present in the

10 communication channel 617, and meniscus is formed at the end
of the communication channel 617 on the side of the valve chamber
630 due to a capillary force of the communication channel 617.
Therefore, a pressure to hold the meniscus is also taken into
consideration when designing the ink tank.

15 It is assumed that in the initial state in which the ink
containing space is sufficiently filled with ink (Fig. 46A),
the spring member 615 exerts an expanding force F1l (a reaction
force originating from compression) in accordance with the
amount of displacement as a result of compression to the movable

20 member 611 through the support plate 614. Referring to the
direction of the expanding force F1l at this time, it acts upward
in Fig. 46A or in the expanding direction of the spring member
615, and the direction is indicated by the positive sign. A
pressure in the ink containing space at this time acts inwardly

25 of the chamber. Specifically, a pressure PT acting in the ink
containing space is a value having the negative sign (a negative
pressure) according to the above-mentioned rules for signs where
the atmospheric pressure is assumed to be "0". A negative
pressure that is generated in the position of the opening of

30 the communication channel 617 on the side of the ink containing



Vair s 0.8 x Vmax 20 is satisfied. 77. Aliquid container as clained in
Claim 74, characterized in that, where a maxi num capacity of said

cont ai ning space is Vmax and a predeterm ned val ue of the capacity of said
contai ning 25 space when the gas is started to be introduced is Vair, the
following fornula Vair s 0.7 x Vmax~i $13atisfied. 30 78. A liquid container
as claimed in Caim74, characterized - 146 in that, where a maxi num

capaci %)ag:ffe W gh(i%tt%.ilﬂg ot %%Cgaé\'ﬂ?:eex %35'9 Fo D1 GHE! eégi ?gﬂgéﬁ!exftrlo O%tcgg

capaci sai d ¢contai ni ng space W gas 1's"started 1o
is Vai khel Rir0AéevhaPEal BF MR %d%pérfz P1@ve Y ¢6 wRitA! tBd sprind

| i qui d usi ng apparatus capable of being Joined with said |iquid container
as cl amembem by dsebondddi m53 to Caim78 , 10 characterized in that
liquid supplied fromsaid containing space is used. 80 . A liquid container
as claimed PE any (&1 DF) Gahnk58 %o 9l ai m 70 , chakspresisdemh idlt hat an
! nk5 aswzrilerreecc%lr dxien]grgggm:si %h%og%%jgr}?g 11_cl>J taﬁetggpcla;: gis%' or level of ink
in the ink containing chamber from the position of meniscus
formed at the communication channel 617(m): p represents the
density of ink (kg/m®): and g represents acceleration of
gravitation (m/s?).

10 In this state, in the valve chamber 630, the opening section
is sealed by the valve sealing member 637. Referring to a
pressure in the valve chamber 630, the negative pressure PT acts
through the communication channel 617 located between the valve
chamber and the ink containing space, and a pressure PM

15 originating from an ability for holding the meniscus formed at
the communication channel 617 also acts. That is, the pressure
(negative pressure) in the valve chamber 630 is given by:

PV = PT + PM = -(F1/S1) + hxpxg + PM Expression 22
Incidentally, PM has either of positive and negative signs

20 according to the relationship between the negative pressures
of the ink containing chamber and the valve chamber. The value
thereof becomes '0’' when negative pressures are equivalent.

The expanding force of the valve regulating spring 635 also
acts in the valve chamber 630, and the expanding force which

26 1s represented here by "F2" acts rightward in the figure or in
the expanding direction of the valve regulating spring 635 and
has the positive sign. Let us indicate the surface area of the
bonding surface of the valve closing plate 634 to which the valve

regulating spring 635 is bonded by "S2". Then, the direction

30 of the pressure exerted by the valve regulating spring 635 in



81. A recording apparatus utilizing a liquid container as claimed in Caim
80 and performng a recording with ink supplied fromsaid containing space.
20 82. An ink jet cartridge, characterized by conprising; a liquid
container as clainmed in Caim80; and a recording head capable of ejecting
ink froman ink ejection port , said #&8ording head being joined with said
cont ai ni ng space 26 and the ink being supplied fromsaid contalnlng space.
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While the valve closing plate 634 moves in the closing

30 direction again in the valve chamber 630 (Fig. 46E and the point
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|PV| = (|F1|/S1) - hxpxg - PM > |F2|/S2
20 Expression 27
This is a general formula of a condition for designing the ink
tank such that the one-way valve can properly operate tomaintain
an adequate negative pressure in the ink containing chamber in
any case in accordance with various positional relationships
25 between the ink containing chamber and the valve chamber in the
ink tank. In the configuration shown in Fig. 46A, the
communication channel 617 between the ink containing chamber
and the valve chamber extends in the horizontal direction. The
Expression 27 can be applied to a configuration in which a

30 communication channel toward a valve chamber is bent upwardly
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in Ink Tank
The above general condition will now be examined by applying
it to wvarious configurations.

10 First, a case is considered in which the volumetric capacity
of the valve chamber 630 is large in a configuration
substantially similar to that shown in Fig. 46A. In this case,
in order for the one-way valve to be closed, while it is strongly
desired that the value " |F2|/S2 - |PV|" is great enough to deform

15 the edge of the valve sealing member, it is necessary to introduce
a great amount of air to decrease the negative pressure in the
valve chamber.

Fig. 48 is an illustration for explaining the change in the
negative pressure in this case, and the negative pressure at

20 the time of the introduction of air (solid line) is significantly
decreased compared to the change in the negative pressure in
the case shown in Fig. 46A (broken line). Although the one-
way valve is not left open until the pressure therein equals
to the atmospheric pressure (0) because the negative pressure

25 in the valve chamber becomes substantially equal to the negative
pressure in the ink containing chamber, it is strongly desired
to set the ratio between the volumetric capacities of the valve
chamber and the ink containing chamber appropriately in order
to prevent the pressure from decreasing below the initial value

30 to near the atmospheric pressure.
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dEbC represents the volumetric capacity of the ink containing
chamber.
PT =« F1/S1 + PM Expression 28

Therefore, an average negative pressure of both chambers is as
10 follows when the one-way valve is closed.
(-F1/S1 + PM) x VT/(VT + VV)
That is, what is required is to set the ratio between the
volumetric capacities of the valve chamber and the ink containing
chamber such that the value becomes greater than the initial
15 negative pressure.
A case will now be considered in which a valve chamber 730
is provided above an ink containing chamber 710 with a
communication channel 717 provided therebetween as shown in Fig.
49A. 1In this case, the speed of air moving in the communication
20 channel 717 is higher than the speed of air introduced through
an atmosphere communication port of the valve chamber 730. 1In
the configuration in Fig. 46A, since air that 1s a gas is
introduced into ink that is a liquid, the speed of air moving
in the communication channel 617 is lower than the speed of air
25 introduced through the atmosphere communication port of the
valve chamber 630.
When the above general formula is applied to the case shown
in Fig. 49A, since the height h and the pressure PM are both
'0’, pressures in the ink containing chamber 710 and the valve

30 chamber 730 are always equal to each other on an assumption that
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is substantially no phase at which the pressures in the two
5 chambers are uneven when compared to the change in the negative
pressure in the case shown in Fig. 46A (broken line), and
fluctuations of the negative pressure as a result of the opening
and closing of the one-way valve are small.
This case is similar to the case described in the above item
10 5.1, and designing may therefore be carried out taking the
relationship among the four parameters F1, F2, S1, and S2 into
consideration.
A case will now be considered in which an ink containing
chamber 810 and a valve chamber 830 are connected through a
15 communication channel 817 having a large sectional area in a
configuration substantially similar to that in Fig. 46A.
When an atmosphere communication port of the valve chamber
830 is located lower than the communication channel 817 in the
vertical direction, the atmosphere communication port is always
20 in contact with ink, and a negative pressure is then to be
controlled using a meniscus holding force and spring forces.
In this case, there is a risk of leakage of ink as encountered
in the case of the above mentioned liquid seal.
When ink consumption proceeds thereafter to reduce the ink
25 level below the atmosphere communication port, negative pressure
control is carried out using only the spring forces because the
pressure PM is 0.
In the case shown in Fig. 50A, since resistance to the
movement of air in the communication channel 817 is small, there

30 1is a small difference between negative pressures in the ink
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5 as indicated by the solid line in Fig. 50B. When the
communication channel 817 is no longer filled with ink,
communication is established between the air in both chambers,
which result in a state similar to that shown in Fig. 49A.
5.8 Observation on Effects of Vibration on Ink Tank
10 Since a negative pressure to be controlled by a one-way valve
is in a range as small as 0 to -200 mmAg {(about -200 Pa), pressure
fluctuations in the excess of the controllable negative pressure
may be caused by even slight movement of ink or air in the valve
attributable to vibration during transportation, which is
156 considered a possible cause of undesirable introduction of air
due to thus opened valve.

In this connection, the inventors examined the
configuration in Fig. 46A by applying vibration thereto and found
that the valve chamber was filled with ink with no air introduced

20 therein.

The result seems to originate from the following phenomena.

i) Vibration in the ink containing chamber causes air to
move from the valve chamber toward the ink containing chamber;

ii) a relative great negative pressure is instantaneously

25 generated in the valve chamber;

iii) the negative pressure generates a force that acts to
open the one-way valve;

iv) however, the pressure change attributable to vibration
occurs only instantaneously, and ink enters the valve chamber

30 from the ink containing chamber before the one-way valve is
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is filled with ink, and the valve chamber has no negative pressure
when air in the valve chamber is eliminated.

That is, the one-way valve is not opened even
though the negative pressure in the valve chamber increases

10 Dbecause ink enters before air is introduced. Therefore, in the
case of the configuration in Fig. 46A, it is desirable to set
the sectional dimensions of the communication channel such that
the speed of ink entering the valve chamber due to the capillary
force of the communication channel exceeds the opening speed

15 of the one-way valve.

Even when the valve chamber is filled with ink, the ink
returns to the ink containing chamber with introduced air if
the one-way valve is actuated by an increase in the negative
pressure of the ink tank as a whole during use. 1In order for

20 the actuation mechanism of the one-way valve to more effectively
work, the atmosphere communication port of the valve chamber
is preferably located above the end of the communication channel
on the side of the valve chamber in the vertical direction in
the attitude or orientation in use.

25 An examination on the case of an extremely large valve
chamber provided results similar to those observed in the case
in Fig. 46A.

Next, the configuration in Fig. 49A was examined. In this
case, ink will not enter the valve chamber unlike the

30 above-described case. Even when there is a movement of ink in
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5 considered that undesirable introduction of air can be more
effectively prevented by absorbing fluctuations of the pressure
of air with the displacement of the buffering section.
That is, the buffer spring (the spring in the ink containing
chamber) can provide a higher pressure absorbing effect with
10 the amount of displacement unchanged by making the parameter
S1 greater than the parameter S2. In addition, the buffer spring
can be more easily displaced in response to a slight change in
. the load by making a parameter K2 greater than a parameter K1.
Next, the configuration in Fig. 50A was examined. In this
15 case, although ink easily enters the valve chamber, the ink that
has entered is then easily returned to the ink containing chamber
conversely, which can result in undesirable opening of the
one-way valve.
It is therefore strongly desired to set the dimensions of
20 the communication channel such that ink is held in the
communication channel by a meniscus holding force even when the
ink tank is inverted with the communication channel located
upward in the vertical direction. Specifically, what is
required is to make the meniscus holding force in the narrowest
25 portion of the communication channel greater than the gravity
of ink in a quantity equivalent to the volumetric capacity of
the communication channel.
An examination was carried out also on the case of a

communication channel having an extremely small sectional area.

30 In this case, the communication channel is always filled with
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way valve does not work when the meniscus holding force of the
5 communication channel exceeds the range of negative pressure
control of the one-way valve, it is strongly desired to make
a pressure originating from the meniscus holding force at the
narrowest portion of the communication channel smaller than
F2/S2.
10 5.9 Modification
Instead of forming a part of an inner wall of a space that
constitutes an ink containing chamber of an ink container as
a movable member using a deformable flexible £ilm as in the above
embodiments, the inner wall as a whole may be formed by such
15 amember as long as an adequate buffer area is provided. Further,
instead of providing such a deformable member, a member that
1s displaced in accordance with the volumetric capacity of a
containing space S may be provided in a part of the container.
6. Others
20 While the above description has referred to the application
of the invention to an ink tank for supplying ink to a recording
head, the invention may be applied to a supply section for
supplying ink to a pen as a recording section.
In addition to various recording apparatus as thus described,
25 the invention may be used in a wide range including apparatus
for supplying various liquids such as drinking water and liquid
flavoring materials and apparatus for supplying pharmaceuticals
in the medical field.
In addition to serial scan type apparatus as described above,

30 the invention may be applied to recording apparatus of various
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sized recording head extending over the entire length of a
recording area of a recording medium.

5 The invention, or various aspects or various embodiments
of the same as described above makes it possible to achieve at
least one of the followings.

In a configuration having a unit for generating a required
negative pressure in a section containing a liquid (e.g. ink)

10 to be supplied to the outside (e.g., a recording head) and an
air introducing section for allowing air to be introduced in
accordance with an increase in the negative pressure in the
containing section as a result of the supply of the liquid to
keep the negative pressure in an adequate range, it is possible

15 to prevent leakage of the liquid such as ink from the air
introducing section in any ambience for use or storage and to
maintain stable negative pressure characteristics regardless
of the phase of the consumption of the liquid. Further, since
high volumetric efficiency is achieved and ink is supplied

20 smoothly in such a state, various advantages can be achieved
including stable printing quality and compact designs when used
in ink jet recording systems.

In order to adjust a pressure in an ink tank or liquid
container by introducing a gas, a one-way valve that allows gas

25 to flow in one direction and disallows fluid (liquid or gas)to
flow in the opposite direction may be provided separately from
the ink tank. It is therefore possible to determine the
disposing position of the one-way valve free from restrictions
placed by the position in which the ink tank is disposed.

30 As a result, it is possible to provide a negative pressure
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opening in a part of the movable member.

This makes it possible to always achieve stable
characteristics of ejection of ink from an ink jet head and also

15 contributes to a reduction of the running cost because ink can
be efficiently used.

For example, by locating the flexible member or a member
having high gas permeability in a low position of the container
in use in the direction of the gravity, it is possible to contain

20 a liquid in a proper state because opportunities of application
of an osmotic pressure to those members are reduced to suppress
permeation of the gas into the container and to supply the
contained liquid with stability.

When a buffer area is provided as a result of deformation

25 of the flexible member, it is possible to reliably absorb
fluctuations of a pressure in the container as a result of a
temperature rise with the buffer area which allows a significant
reduction of the amount of a gas that permeates into the container,
which consequently makes it possible to prevent leakage of the

30 liquid or breakage of the container. In addition, the reduction
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(- %H%éfdézggr into a container when a negative pressure in the
container exceeds a predetermined value, a predetermined
negative pressure can be maintained in the container to allow
a liquid to be supplied stably. The opening/closing mechanism

10 may have a configuration utilizing a valve that is opened and
closed by a pressure difference.

By maintaining a stable negative pressure in the container
until ink in the container is substantially used up, it is
possible to supply the ink to the recording apparatus with

15 improved stability and to suppress the running cost by
eliminating waste of ink.

It is possible to supply a liquid (e.g., ink) in a liquid
container to the outside until it is used up with a negative
pressure in the container kept at a stable value without any

20 unnecessary increase. Since the introduction of air tomoderate
the negative pressure in the liquid container can be carried
out at appropriate timing, any negative pressure can be easily
set as desired taking various conditions into consideration,
which allows setting of a stable negative pressure with high

25 reliability. Further, since the movable member for acting a
force to generate a negative pressure and the member for opening
and closing the opening for introducing air are controlled by
a member having an expanding/contracting force, it is possible
to absorb expansion of a gas introduced in the liquid container

30 attributable to changes in the ambience of the liquid container
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SS&lOWd&f&%ﬁ)pressure increase as a result of an ambient change
and to reliably prevent leakage of the liquid from an extracting
section of the destination of the liquid (e.g., an ink ejecting

10 port of an ink jet recording head). This also eliminates
wasteful consumption of the 1liquid and contributes to a reduction
in the running cost.

Furthermore, the above advantages can be achieved with a
small number of components according to the invention.

15 In addition, when the invention is applied to an ink jet
recording head, stable ink ejecting characteristics can be
always achieved to stabilize and improve recording quality.

The present invention has been described in detail with
respect to preferred embodiments, and it will now be apparent

20 from the foregoing to those skilled in the art that changes and
modifications may be made without departing from the invention
in its broader aspect, and it is the intention, therefore, in
the apparent claims to cover all such changes and modifications
as fall within the true spirit of the invention.

25
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a containing portion defining a containing space for liquid;

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

a one-way valve arranged on said containing portion for
allowing an introduction of gas into said containing space from

10 outside, and preventing a leakage of liquid and gas to the
outside; and

a mechanism having a function for keeping or expanding a
capacity of said containing space, wherein
said one-way valve controls a negative pressure in said
15 containing space caused by consumption of liquid in said

containing portion.

2. A liquid container as claimed in Claim 1, characterized in

that said mechanism includes a movable member equipped with at
20 least a part of said containing portion displaceably or

deformably, and an urging means for urging said movable member

in a direction a capacity of said containing space increases.

3. A liquid container as claimed in Claim 2, characterized in
25 that said containing space is maintained under negative pressure
by means of said movable member and said urging means even if

a content of gas introduced into said containing space increases.

4., A liquid container as claimed in Claim 3, characterized in

30 that the amount of capacity increased due to deformation of said
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A liquid container as claimed in any one of Claim 2 to Claim
10 5, characterized in that said urging means has a compression
spring which urges said movable member in a direction a capacity

of said containing space increases.

7. A liquid container as claimed in any one of Claim 2 to Claim
15 5, where said urging means has a tension spring which urges said
movable member in a direction a capacity of said containing space

increases.

8. A liquid container as claimed in Claim 5, characterized in
20 that said flexible member, to which is applied a displacement
nature in a direction a capacity of said containing space

increases, is thereby also used as said urging means.

9. A liquid container as claimed in any one of Claim 1 to Claim
25 8, characterized in that said one-way valve has a blocking member
capable of blocking a communication path leading to said
containing space and an urging member producing an urging force
for the blocking; said communication path being open against
an urging power from said urging member if pressure within said

30 containing space becomes less than the predetermined value.
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15 13. An ink jet head cartridge characterized by comprising:
an ink jet head for ejecting ink; and
a liquid container, as claimed in any one of Claim 1 to Claim
7, for containing ink as the liquid to be supplied to said ink
jet head.

20
14. A liquid supplying method for supplying liquid to the
outside from a containing portion defining a containing space
for-liquid through a supply port formed on said containing
portion, characterized by comprising the steps of:

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

providing a mechanism having a function for keeping or

expanding a capacity of said containing space, and;

30 controlling a negative pressure in said containing space
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increases, and wherein said containing space is maintained under
10 negative pressure by said movable member and said urging means
even if the content of gas introduced into said containing space

increases.

16. A liquid supplying method as claimed in Claim 15,
15 characterized in that an amount of capacity increased due to
deformation of said moving member is set to be more than the

increased amount of content of the gas.

17. A liquid supply apparatus, characterized by comprising:
20 a containing portion which defines a containing space for
ligquid and includes a liquid supply portion for forming a liquid
supply port for supplying contained liquid to the outside and
a gas introduction portion for introducing gas from outside into
sald containing space;
25 a mechanism having a function for keeping or expanding a
capacity of said containing space; and
a one-way valve having a gas introducing member mountable
on said gas introduction portion in which, in the state where
said gas introduction member is mounted onto said gas

30 introduction portion, an introduction of the gas is allowed
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characterized in that said one-way valve allows an introduction

of gas into said containing space in reply to a difference between

10 the pressure within said containing space and the pressure of

the ambient air.

19. A liquid supply apparatus as claimed in Claim 17 or Claim
18, characterized in that said mechanism includes a movable
15 member equipped with at least a part of said containing portion
displaceably or deformably and an urging means for urging said
movable member in a direction a capacity of said containing space

increases.

20 20. A liquid supply apparatus as claimed in any one of Claim
17 to Claim 19, characterized in that a body of sald one-way
valve 1s in connection with said gas introduction member through

a tube.

25 21. A liquid supply apparatus as claimed in Claim 20,
characterized in that a buffer container is installed along said

tube.

22. A liquid supply apparatus as claimed in any one of Claim

30 17 to Claim 21, characterized in that said containing portion
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5 23. A liquid supply apparatus as claimed in Claim 22,
characterized in that the gas introduction member is mounted
on said containing portion prior to said ink communication member

when the gas introduction member and said ink communication

member are mounted thereon.

10
24. An ink tank for said liquid supply apparatus as claimed in
any one of Claim 17 to Claim 23, characterized by comprising:
said containing portion for containing ink as the liquid;
and
15 a mechanism having a function for keeping or expanding a

capacity of said containing space.

25. An ink jet cartridge, characterized by comprising:
an ink tank for constituting said liquid supply apparatus
20 as claimed in any one of Claim 17 to Claim 21, said ink tank
having said containing portion for containing ink as the liquid
and a mechanism having a function for keeping or expanding a
capacity of said containing space; and
an recording head for ejecting ink supplied from said ink
25 tank through a communicating path, said recording head being

formed integral with said ink tank.

26. An ink jet recording apparatus for performing a recording
by ejecting ink onto a recording medium by using said ink tank

30 as claimed in Claim 24 and a recording head for ejecting ink
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open and closed thereby:; wherein

said holder having a member communicating with said flow

path and said ink tank having a mounting portion capable of

10 detachably mounting said member of said holder, whereby gas is

introduceable thereinto through said one-way valve and said

member of said holder.

27. An ink jet recording apparatus as claimed in Claim 26,
15 characterized in that said recording head is formed integral

with said holder.

28. An ink jet recording apparatus for performing a recording
by ejecting ink onto a recording medium by using said ink jet
20 cartridge as claimed in Claim 25, characterized by comprising:

a holder for mounting saild ink Jet cartridge;

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

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

said holder having a member communicating with said flow
path and said ink tank of said ink jet cartridge having a mounting
portion capable of detachably mounting said member of said holder,

30 whereby gas is introduceable thereinto through said one-way
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outside, said one-way valve characterized by comprising:
a hollow gas introduction member for inserting into said
containing space;

10 a valve chamber communicated with said gas introduction
member and having an opening portion which allows an introduction
of gas from outside; and

an opening/closing member which is provided with said valve
chamber and urged in the direction said opening portion is closed,

15 whereby being activated to open said opening portion if the
pressure within said containing space becomes less than the

predetermined value.

30. A one-way valve as claimed in Claim 29, characterized in
20 that a hollow portion of said gas introduction member is
dimensioned in cross-section in such a fashion that a holding
force of meniscus of gas-liquid interface formed in said hollow
portion becomes smaller than the opening force of said opening
portion.
25
31. A one-way valve as claimed in Claim 29 or Claim 30,
characterized in that a length of said gas introduction member
is set to be a length hard to reach said valve chamber even if
liquid moves toward said valve chamber due to turbulence of

30 gas-flow upon introduction of gas into said containing space.



105 105

105&F4&810%6&' () -!\ &F4&10% 51 5& ()-!1 &109B5& ()-! al &LOYMNEN5& () - ! al &LOYMNSNG&
'()-:0zY7MB7 105! &10%90& () -

X&109YXX&' ()-!1&10% YI Y&' () - ! N&10%HH& % | @RLOY@H@HE () - 10%H& () - 0"} A<NB7
105! I XI " &LO09XHXH&' () -1"&10%& ()-!11""&16% H H&' () - &10%&' () - ! D&LOYDHDHE' () - &1
0% ()-"%\: 105!! @&&10%"& ()-,10% & ()- 10H 10H

10H&F4&10%H&' () - | X&FA&L0UXHXHE' () - ! " &10%HH&' () - sezX9{\ :

105! &' &10% & ()-!1 & &10%#" #" & () - &&10%&' () -! | &&L0%#" #" & () - ! &&100 & () -

&10% " &) - A TWQ@J:chﬂ\su 5 18¥pardtudOhsl@laimed in Claim
10( 9Y4&109% & () -1 NOYA&IOU ™ (" & () - &Y+&10%&'()-'X&Y+&10%’2"2"&'() IAS. zX6g\ =

10! a&l@%ﬂﬁ&:éiﬂ&ﬂﬂ%&&h@t s@ 1D Bomteking} ngBodeYiorb &8s pqripPs@svith! s- &
10%55&'() ! >3= 10 1053+&10%& ()--!k3+&109%5X5& () - - 3+&1098
- - lagRo hés e r o @ihde@st alpe&t( ):hpge‘g; JdEaid movable member

105I N&1 0 YNHNHE: é%, | &10%H& é%_ ! D_&109YDHDHE: 1(1) &10% < <&' 10%—!& I% 105
1055 +0m19: displaceable deformable 1 accordance w ly

LORE I 1 q ' ETEREOGUES TR ) 4404 b 1ntHOakEE Hnl },orgflioo/# s (4n' S8
0°/<SHS ()- p
opening arranged on said movable member; and said one-way valve
has a sealing means for pressure sealing said opening and
releasing the sealing by a displacement or deformation of said
10 movable member caused by the supply of liquid in said containing

portion to the outside.

33. A liquid supply apparatus as claimed in Claim 32,
characterized in that said sealing means has a sealing member
16 displaceable within the predetermined range; said movable member,
being urged to a direction opposite to a pressing direction of
said sealing member, travels beyond the predetermined range
where said sealing member displaces, whereby the pressure
sealing of said opening is released to introduce the gas into
20 sald containing space; and along with the introduction of the
gas, said movable member travels within the predetermined range
where sald sealing member displaces thereby sealing said opening

to prevent the leakage of liquid from the opening.

25 34. A liquid supply apparatus as claimed in Claim 32 or Claim
33, characterized in that said movable member has a flexible
member deformable according to a supplying operation of the

liquid.

30 35. A liquid supply apparatus as claimed in any one of Claim
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5 supply port.

36. A liquid supply apparatus as claimed in Claim 34 or Claim
35, characterized in that said mechanism is has an elastic member
being joined onto one surface of said movable member and for

10 acting reaction force against displacement or deformation of
said liquid containing portion along with a supply of liquid
from said liquid supply port.

37. A liquid supply apparatus as claimed in Claim 36,

16 characterized in that said elastic member is formed of spring.

38. A liquid supply apparatus as claimed in any one of Claim
33 to Claim 37, characterized in that said sealing member is
made of stretchable rubber.
20
39. A liquid supply apparatus as claimed in any one of Claim
33 to Claim 37, characterized in that said sealing member is
consisted of a shaft body passing through a housing of said liquid
apparatus and having a larger diameter than the passing hole
26 of said housing at the edge of the outside of said housing, and
an urging means for urging said shaft body toward the inside

of said housing.

40. A liquid supply apparatus as claimed in any one of Claim

30 36 to Claim 39, characterized in that two movable members are
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42. A liquid supply apparatus as claimed in any one of Claim
10 36 to Claim 41, characterized in that the elastic force of said

elastic member is larger than that of said sealing member.

43. An ink jet recording apparatus for performing a recording
with a recording head for ejecting ink, characterized by
15 comprising:
a liquid supply apparatus as claimed in any one of Claim
32 to Claim 42 that contains ink to be supplied to said recording
head as the liquid.

20 44. A liquid container as claimed in Claim 2, characterized in
that said containing portion has a deformable flexible member
in a part thereof as said movable member and is configured so
that liquid is present inside saild flexible member contacting
with the outside space.

25
45. A liquid container as claimed in Claim 44, characterized
in that said flexible member is positioned lower in the gravity

direction in use of said liquid container.

30 46. A liquid container as claimed in Claim 45, characterized
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5 46, characterized in that sald flexible member, by self-
deformation thereof, defines a buffer region which absorbs

changes of the inner pressure of said containing portion.

48. A liquid container as claimed in any one of Claim 44 to Claim
10 47, characterized in that said flexible member is positioned

at a bottom portion of said containing portion and is deformable.

49. A liquid container as claimed in Claim 48, characterized
in that said flexible member is vertically deformable.

15
50. A liquid container as claimed in Claim 44, characterized
in that said containing portion is made of a plurality of
materials having different gas permeability, and the material
having larger gas permeabillity is placed at lower position in

20 the gravity direction in use of said liquid container.

51. A liquid container as claimed in Claim 44, characterized

in that said flexible member is formed of at least two layers

and holds the liquid between those layers by capillary force.
25

52. A liquid container as claimed in Claim 44, characterized

in that the liquid to be contained in said containing portion

is ink.

30 53. A liquid container, characterized by comprising:
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and having a one-way valve which allows an introduction of gas
into said containing space form outside and prevents a leakage
of liquid and gas to the outside from said containing space;

10 wherein
said liquid containing chamber includes an elastic member
for generating an urging force Fl in the direction increasing
a content of said containing space, and an urging means for
receiving the urging force Fl1 to urge said movable member with
15 an area S1 against said direction;
said valve chamber includes a valve controlling member for
generating an urging force F2 in order to control an opening
operation of said on~way valve, and a closing means for receiving
the urging force F2 to close said one-way valve by an act of
20 the urging force F2 with an area S2; and
said one-way valve is configured to be open in order to
introduce air from outside, assuming that the pressure resulted
from the meniscus of the liquid formed in a communicating portion
which makes a communication between said containing space and
25 said valve chamber when the liquid 1s present in said
communicating portion is PM, the height between the meniscus
and the uppermost of ink in said containing space is h, the
density of the liquid is p, and the acceleration of gravitation
is g, respectively; an absolute value of the negative pressure

30 PV=- (F1/S1) + hxpxg + PM acting on said valve chamber satisfies
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10 55. A liquid container as claimed in Claim 54, characterized

in that a formula;
|pPV| < |F2|/S2

is satisfied at an initial condition where the liquid is
generally filled in said containing space.

15
56. A liquid container as claimed in Claim 55, characterized
in that the capacity of said containing space is always less
than the capacity at the state of the initiating condition
thereof, even if the capacity starts to lessen from the

20 initiating condition in accordance with the supply of the liquid
and becomes less than the predetermined value which results in

causing an introduction of the gas.

57. A liquid container as claimed in Claim 56, characterized
25 1in that said containing space maintains the capacity about the
predetermined value regardless of the supply of the liquid and
the introduction of gas, after the capacity starts to lessen
from the initiating condition in accordance with the supply of
the liquid and becomes less than the predetermined value which

30 results in causing the introduction of the gas.
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58, characterized in that an introduction port for gas from

10 outside of said valve chamber is positioned higher in a vertical

direction than a valve side end of said communicating portion

in using attitude.

60. A liquid container as claimed in any one of Claim 53 to Claim
15 59, characterized in that said communicating portion is
dimensioned so that a liquid as much as the capacity of said

communicating portion can be held by the meniscus.

61. A liquid container as claimed in any one of Claim 53 to Claim
20 60, characterized in that said communicating portion is
dimensioned so that the pressure generated by a force to hold

the meniscus is set to be smaller than F2/S2.

62. A liquid container as claimed in Claim 53, characterized
25 in that said valve chamber is configured to have a communication
with said containing space at a portion of sald liquid containing
chamber which retains the introduced gas, and when the following
formula
|F1|/S1 > |F2]|/S2

30 is satisfied, said one-way valve is open to introduce air from
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a liquid supply port for supplying the contained liquid to
the outside;
25 an opening capable of introduction of gas into said
containing space; and
a valve body for sealing said opening; wherein,
said containing space is configured tomaintain the capacity
thereof about the predetermined value regardless of a supply

30 of the liquid and an introduction of the gas, after the capacity
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predetermined value which causes an introduction of gas.

75. A liquid container as claimed in Claim 74, characterized
in that, where a maximum capacity of said containing space is
Vmax and a predetermined value of the capacity of said containing
space when the gas is started to be introduced is Vair, the
10 following formula
Vair = 0.9 x Vmax

is satisfied.

76. A liquid container as claimed in Claim 74, characterized
15 in that, where a maximum capacity of said containing space is
Vmax and a predetermined value of the capacity of said containing
space when the gas is started to be introduced is Vair, the
following formula
Vair = 0.8 x Vmax

20 1s satisfied.

77. A liquid container as claimed in Claim 74, characterized
in that, where a maximum capacity of said containing space is
Vmax and a predetermined value of the capacity of said containing
25 space when the gas is started to be introduced is Vair, the
following formula
Vair s 0.7 x Vmax

is satisfied.

30 78. A liquid container as claimed in Claim 74, characterized
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in that, where a maximum capacity of said containing space is
Vmax and a predetermined value of the capacity of said containing
space when the gas is started to be introduced is Vair, the
following formula

Vair = 0.6 x Vmax

is satisfied.

79. A liquid using apparatus capable of being joined with said
liquid container as claimed in any one of Claim 53 to Claim 78,
characterized in that liquid supplied from said containing space

is used.

80. A liquid container as claimed in any one of Claim 53 to Claim
70, characterized in that an ink as a recording agent is contained

as the liquid.

81. A recording apparatus utilizing a liquid container as
claimed in Claim 80 and performing a recording with ink supplied

from saild containing space.

82. An ink jet cartridge, characterized by comprising;

a liquid container as claimed in Claim 80; and

a recording head capable of ejecting ink from an ink ejection
port, said recording head being joined with said containing space

and the ink being supplied from said containing space.

83. A liquid container as claimed in any one of Claim 1 to Claim
9, characterized in that an ink as a recording agent is contained

as the liquid.
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84. A liquid container as claimed in Claim 83, characterized

in that said ink contains pigment as a color material.



