; abcdee3eTd(6TTI NK CARTRI DGE AND | NK- JET PRI NTER BACKGROUND OF THE

| NVENTION Field of the Invention: [0001] The present invention relates to
an ink cartridge which supplies an ink to an ink-jet head for performng
printing by discharging the ink, and an ink-jet printer including the sane.
Description of the Related Art: [0002] An ink-jet printer is known, in
which an ink is discharged fromnozzles to recordin aper to performthe
printing. Such an ink-j &NKpFPRTBIDEE QHHeFQKTQEﬁr%Bgﬂﬁﬁgmﬁth a detachabl e
ink cartridge. Wien an ink-jet head is driven to performthe discharge
operation in a state in which the ink is enpty in the ink cartridge, then
the printing is not only perforned, but the air sonetinmes nmakes invasion

into the ink-jet head. TheBPREGREVNRe8H, THRt ENVRNERCYhe air has made

i nvasi on, cannot be used in sonme cases. Therefore, it i.s necessary to
detect the anmount of the ink stored in the ink cartridge. A nethod for
detecting the_anount of the ink is conceived, in which the anount of the
ink i s det8éeéd B¥ hRei ABVPRA§1AAE accunul ating the ampunts of the ink used

every tinme when the printing is perforned. However, any error tends to 1
[0001] The present invention relates to an ink cartridge

which supplies an ink to an ink-jet head for performing
printing by discharging the ink, and an ink-jet printer

including the same.

Description of the Related Art:

[0002] An ink-jet printer is known, in which an ink is
discharged from nozzles to recording paper to perform the
printing. Such an ink-jet printer is generally provided
with a detachable ink cartridge. When an ink-jet head is
driven to perform the discharge operation in a state in
which the ink is empty in the ink cartridge, then the
printing is not only performed, but the air sometimes makes
invasion into the ink-jet head. The ink-jet head, into
which the air has made invasion, cannot be used in some
cases. Therefore, it is necessary to detect the amount of
the ink stored in the ink cartridge. A method for
detecting the amount of the ink is conceived, in which the
amount of the ink is detected by estimating and
accumulating the amounts of the ink used every time when

the printing is performed. However, any error tends to




arise in such calculation. Therefore, it is necessary to stop the use of
the ink cartridge with a sufficient margin. As a result, the ink is wasted.
Accordingly, the follow ng techni que has been suggested (see, for exanple,
Japanese Patent Application Laid-open No. 9-001819, Fig. 7). That is, a
float, which has a specific gravity smaller than that of the ink, is
arranged on the ink contained in the ink cartridge. The height of the fl oat
fl oati ng oRTEHFE iRk Suehdepdeudatipsm t Rhesgforge b d8t BerespRrANBANt oOf
the ink contained in the ink cartridge. [0003] However, according to the

t echni que $t§Fedheduse PpahesédnkacantrAdee vathon BHEGiepent NBargine1819,
the float is sonetinmes stuck to the wall surface, and the float is not
moved down®&r @ y¥esye tr-o tagy iakstgr bastedsucheaordhagsyy f htbe fehipwhnegf the
ink adhered to the inner wall surface of the ink tank of the ink cartridge.
As descri bé@cipdgie hiae beehnisydgcstigdessee bfoFapanmpéepPadapandppl i cation
Lai d-open No. 9-001819 tends to suffer fromthe influence of the

di st ur banc®agedk AppilicaddonateidenpeonNof. OPrEOILAKY, TRégef @ne, Ehptobl em
arises such that it is inpossible to indicate any correct anount of the ink
cont ai ned St ke filgateartrichgbasSEVFRRY iCE CcTHEaWNYENSENL £000Kan that
Accordingly, a principal object of the present invention is to provide an

i nk cartri @dethsi dnknakes arradgedpogsithlee ink cpdteanedt he aheumnkof the ink
contained in the ink cartridge w thout being excessively effected by the

di st ur banceagtietidgie .t h&hsuhkaghtt erfisitbe dflobhe filpktiagdoanthekipkt iprinter
whi ch includes the sanme. [0005] According to a first aspect of the present

i nvent i on, deftecdeds fpoov itthed cansiidle ¢car deitdge ¢tbeprinsuny afl thk tiakk (11,
201) which stores an ink (200); and a sw nging nenber (32, 203) which is
supported swnhgdblegd iim the iimk ramkrffge.201) and which has a bal ance
menber (33, 202) supported to be positioned in an ink |iquid when an anount
of the ink [i@08He i nHowamer(lbccd@l)inigs tonotheesechhdnua pugdeteed bgd
anount; wherein a weight and a volune of the bal ance nenber (33, 202) are
set so thaUapanesat Panantl appd ic284pn Waiidhopenr ®eei vedobgi1bhetsw ngi ng
menber (32, 203) by a buoyancy and a gravity generated on the bal ance
menber (33f12@2) isheonichdmesl snaekmesbehe( 33,112682) flagepoantli ehed fiBathe i nk
liquid, isin afirst direction that is opposite to a second direction of a
rotational isomot 2AEH dowalwarslvedaieved hnyt desswrbgneg sarbeasbyha
buoyancy and a gravity generated on the bal ance nenber (33, 202) when a
part of theutdkaeceemsibar of33he2@k publeredesof thm dnhieguivd1gur face of the
ink. [0006] Fig. 24 shows an exanple of the ink cartridge of the present

i nvent i on. skirgac24 ofontepting tyunkhows thiee jakr aagerddgeand Akhdespeidkidon of
the ink cartridge of the present invention. The ink cartridge of the
present 3 above, the technique suggested by Japanese Patent

Application Laid-open No. 9-001819 tends to suffer from the
influence of the disturbance such as the surface tension of
the ink. Therefore, a problem arises such that it is
impossible to indicate any correct amount of the ink

contained in the ink cartridge.

SUMMARY OF THE INVENTION

- [0004] Accordingly, a principal object of the present

invention is to provide an ink cartridge which makes it

2




i nvention includes a bal ance nenber 202 which is supported to nake no
contact with the wall surface of an ink tank 201, for exanple, by the aid
of any support menber 203 in the ink tank 201 in which an ink 200 is
stored. [0007] As shown in Fig. 24A, in the ink cartridge of the present

i nvention, when the ink 200 remains in an anount not |ess than a
predeterm ned ampunt in the ink tank 201, the buoyancy, which acts on the
bal ance neR®&EiPde tpsipdigatet kg emeugtavit yheThokefonrkaingd vt BR¢onal
force (arrow 204 shown in Fig. 24A, rotational force in the first

di recti on) 1&&t sarpridgedivisbpusnbainacesgesswiedyt AEfergaddbgukhace of the
i nk 200. However, the bal ance nenber 202 is supported so that the bal ance
menber 20293688 rRENCR| §4choAst hbel pyifacsutftasaonf of hehenknkeoand @n, the
bal ance nenber 202 stays in the ink tank 200. Wien the ink 200 is used, and
t he anount 18k-fig¢ PERNEEH WhAEH inclbdesnkheaRRm201 is decreased to be
smal | er than the predeterm ned anount (specifically, when the ink is
decreased UfOOBla padrcefdihg bal anferstenbepe02opr bheudessénbm t he ink
liquid surface), then the buoyancy, which acts on the bal ance nenber 202,

i s decr easedvenlidpaf,otberehdsgpavitiyedwhnchinactaronitibe bahpnésingnber 202,
is larger than the buoyancy. Therefore, as shown in Fig. 24B, the

rotati onal ihdér cenkaiddw 203 )skvbinhi stbirgs 24Binkotabdomaknfioace in the
second direction), which is directed toward the bottom surface of the ink
tank 201, setirgingt kembelragce ,neobBer which?2@2. stppobakdnseimgabey 202 is
noved toward the bottom surface of the ink tank 201. [0008] The residual
amount of the ink tankai(iéd 2Olfhandnihdant hadga bahaheedmatmbeed (B,
detecting the displacenent of the bal ance nmenber 202 as shown in Fig. 24 by
usi ng, for 2@ranplgpoztednsor bel posieicasd ah theinkkldgntiai dgenaandescri bed
above, the bal ance nenber 202 is supported to nake no contact with the wall
surface i nambanitnkft ahlke. ikkr thethet hakdicapka¢eagnkoanbiit abtt hesbkal ance
menber 202 can be fixed to sone extent. Therefore, it is possible to
prevent thehbal anpeederbenideéa tmommbei heskliak at aetifatwabl auvbaameof the
ink tank due to any disturbance such as the surface tension of the ink
adher ed t ootthéhienbed anakl membkace 36f, tbe)i aket aak 201thwaenathe ink is
decreased. It is possible to indicate the anount of the ink in the ink
cartridge moretdonedcttbyce (204), which is received by the swinging

member (32, 203) by a buoyancy and a gravity generated on
the balance member (33, 202) when the balance member (33,
202) is positioned in the ink liquid, is in a first
direction that is opposite to a second direction of a
rotational force (205) which is received by the swinging
member by a buoyancy and a gravity generated on the balance
member (33, 202) when a part of the balance member (33,
202) protrudes from a liquid surface of the ink.

[0006] Fig. 24 shows an example of the ink cartridge of
the present invention. Fig. 24 conceptually shows the
arrangement and the operation of the ink cartridge of the

present invention. The ink cartridge of the present




[0009] In the ink cartridge of the present invention, the sw nging nenber
(80) may include a connecting nmenber (32A) which is supported swingably in
the ink tank (11, 201), a detection objective section (34A) which is

provi ded at one end of the connecting nenber (32A), and the bal ance nenber
(33A) which is provided at the other end of the connecting nmenber (32A);
and wei ghts and volumes _of the bal ance nenber 533A) and the detection

obj ective 3B¥ENEACPRIAATIRHAGShE balaBeet RahbehelPdtwhiohals fovRROTYRA ch is
recei ved bg t he swi ngi ng nmenber (80% by buoyancies and 5 gravities
generated 5R PREShAPafieBLAERDEWALNILAY WAYlt herfececef ot obplectanke section
(34A) respectively when the entire bal ance nmenber (33A) and the entire

det ecti on éBflecfP¥ecsanplen b34hheapédpedi anpnedpparthBeppRr | 2Q3iER is in
the first direction that is opposite to the second direction of the

rot ati onal ther éekwkpak 281r éaewhéghbgnt heksdPfgingsheneér (80) by
buoyanci es and gravities generated on the bal ance nenber (33A) and the
detection &BP8Ei ve 8ecthown(3MAFigespéati irl yhehénkpaarsrbfige hef bahance
menber (33A) and the detection objective section (34A) protrude fromthe

i qui d sur paeeent tiheennkon|00k6h AnheoidknpOdorthainskinaatradgenof the
present invention, the orbits of the bal ance nenber and the detection

obj ecti ve sett ilensatkahi aegrbyetbeminedgamngunenherthéhénkf bark 2be, state of
the residual anmount of the ink contained in the ink tank can be indicated
wi t hout beithg bxogasacyel yhatheated by the Hathncbamembsuch02s ise surface
tension of the ink adhered, for exanple, to the inner wall surface of the

i nk tank whemgkhethak thedgeneased. ffA8idfokse,tbrei nktaaibnatigeontet he
present invention, a regulating nmenber (35A), which regulates rotation of

t he swi ngi ngreewben4(88pwnnihheifi.r 3gadi rechtbonalmyobeepinvidedfinsthe i nk
tank (11), and the detection objective section (34A) nmay be positioned at a
det ecti ng dageticannphantshénsvhagingenetibar d(88rted tegdldat eHebyifgtied6b
‘regul ati ng nenber (35A). Accordingly, when the ink in an amount not | ess

t han a predetrénncned ahmeunhki 208t or Edwenethethakbhaakcei meinbepogsiblie to
reliably stop the detection objective section at the detecting position.
[0012] I n shepbpkedasbr ttlge ahet balphesemtmbayeptodpekhachalfanae ornber
(33A) may be positioned at a position |ower than that of the detection

obj ective shketilaguidd4durther bliettet @aki anopbjieeti vehsebhilance3hAnbes
positioned at the detecting position. Accordingly, when the ink contained
in the ink2banktkgsdéar easednkt ban#teeoti owhehj eaki yakseovi ap psedrudes
fromthe ink Iiquid surface prior to the bal ance nenber. Therefore, the

SW ngi ng nmentiethet ambanthefr ahat iak conthénsdcandtder eaki aanaf tea tihe i nk
adhered to the detection objective section flows down. Therefore, it is
possi bl e t decedasedt he bef kmanteroththethaur paedetenmiandobmbheati nk on the
detection objective section when the swinging nenber starts the rotation in
t he second (dpeedfionilyQO&BEnl nhehénknkscaetredgedofinthie pr eaent oifnventi on,
the detection objective section (34A) nay be positioned at a non-detecting
posi ti on whae bhtaswengenpereaber pg8Qrubiesr dramedhienihkel1sgaand direction.
Accordingly, it is possible to distinguish and recognize the state in which
t he anmount sakfhapok)i stidear easeduagaaeypawkdci bbtshenprhadebananaed anmount
and the state in which the ink remains in an anount of not |ess than the

pr edet er m menbaro@OR, Is decreased. Therefore, the gravity, which

acts on the balance member 202, is larger than the
buoyancy. Therefore, as shown in Fig. 24B, the rotational
force (arrow 205 shown in Fig. 24B, rotational force in the
second direction), which is directed toward the bottom

surface of the ink tank 201, acts on the balance member




[0014] In the ink cartridge of the present invention, the rotational force
inthe first direction may have a nagnitude which is substantially the sane
as that of the rotational force in the second direction. Accordingly, the
rotational forces to cause the rotation in the first direction and the
second direction can be exerted on the swi nging nenber in a well-bal anced
manner. Therefore, it is possible to indicate the state of the residual
amount of R -i nifhenbafancek meRRRIWRPROGE BEVRE BR¥asdi VREyPAFFBted by not
only the surface tension of the ink but also the disturbance caused, for
exanpl e, byUfkécFnlieibe inkyitaaksefy-of the ink. (0015] In the ink
cartridge of the present invention, the connecting nenber (32A) may be
supported i[008d | nk Thgnkegidpadoampantaofi §he snkacprbépipedonn pfhfe
obt ai ned by perpendicularly projecting the connecting nenber (32A) onto the
i nk |iquidigdir facsriidgearprowbst deteatetiaby detastiofy the dmkptaceneuye
(I'A). Accordingly, it is possible to decrease the contact area between the
connect i ng ofeirber baddncke memkelri gdi2dasushawe wheRighe2dobpeusiing, néaber
protrudes fromthe ink liquid surface. Therefore, it is possible to reduce
the infl ueszempflethe sentace t @nsitbe ohsthefi tkeonnkheacbnndgei ag nenber.
[0016] In the ink cartridge of the present invention, the connecting nenber
(32A) may Wbessuppedt ethoive,t libei blklhack féhpeso20Ratisasspgerwall teurface of
t he connecting 8 menber (32A), which is opposed to the ink liquid
surface, | makesact scollbcqueliyhwithle wadpesurttaceheni nkel igui daskrface.
Accordingly, it is possible to further decrease the contact area between
t he connecfFumghernbéheadd spiacienkeniti gubdts off ate bWhéantkemembrec2DBg nmenber
protrudes fromthe ink liquid surface. Therefore, it is possible to further
reduce t hecanf beerfideedf tbheoser Eatentensirberefforke itk isnpbheibdrneoti ng
menber. [0017] In the ink cartridge of the present invention, at |east one
proj ecti onpéahk, thiei dhalpnocer nededbetrovdrd firba bek nhi gindkstof abe andiwhi ch
extends in an extending direction of the connecting nenber (32A), may be
formed on shefsicge oWalthesunkadcandf dike tooangctisgurbainer 682A) asppbsed to
the ink liquid surface. Accordingly, it is possible to further decrease the
cont act ar earfferee¢enshiencoinétel nigknadherecandot el dknkeirquwiadlsur f ace when
t he connecting nenber protrudes fromthe ink liquid surface. Therefore, it
i s possi bl eurdater blietheednde thind 26fl wheae tbe tihé dsr deceeheesi.onIaf the
ink on the connecting nenber. [0018] In the ink cartridge of the present
i nventi on, isheobalibiee tweiireica3@Arheapmbana blfoahewhiingh iins ther ieét of a
resin and which has a specific gravity smaller than that

cartridge more correctly.

[0009] In the ink cartridge of the present invention,
the swinging member (80) may include a connecting member
(32A) which is supported swingably in the ink tank (11,
201), a detection objective section (34A) which is provided
at one end of the connecting member {32A), and the balance
member {33A) which is ptovided at the other end of the
connecting member (32A); and weights and volumes of the
‘balance member {33A) and the detection objective section
(34A) may be set so that the rotational force, which is

received by the swinging member (80) by buoyancies and




of the light-transm ssive ink. Accordingly, it is possible to increase the
rati o of the buoyancy generated on the bal ance nenber with respect to the
gravity generated on the bal ance nenber. Therefore, it is possible to
obtain the 9 sufficiently large rotational force in the first direction.
[0019] In the ink cartridge of the present invention, the balance nenber
(33A) may be forned of pol ypropyl ene. Accordingly, the specific gravity of
pol ypr opy| 8%éVil§ 1S9 geaRgatre §Be@hﬁiéaéﬁavﬁt?eméegehéﬁébl?n@ibh?er t han
that of the |ight-transm ssive ink. Therefore, when polypropylene is used
as the bal 8f¢eckdepPerblectiiyepsssitipa (84rncirespecthechblioyhnBythenerated on
t he bal ance nenber. [0020] In the ink cartridge of the present invention,

t he bal anc€n¥d#Bebalansp mepbravé33A0i ghdl $hel satdrspdebetB8A) t herein.
Accordingly, even when any resin having a specific gravity larger than that
of the inkoPjegsdde sectdopodsitBeare pesisdseetihénspbei ink giguidy of the
entire bal ance menber. Further, it is possible to formthe bal ance nenber
and the swilfgilfg theniarshi dirgatidantheal isappppalite] 002theWaenonde bal ance
menber has the tightly closed space therein, the bal ance nenber (33A) may
be provi dediwerch igncade the3anrasndnalcipre83hjichhishraceivadegyathy
formed, the cap (33bA) nay be arranged at an opening of the case (33aA),
and an i nt émaalgingasendbert H80daby b83xAncriey bedt gghvliyissabederatédrmt he
tightly closed space (36A). Accordingly, it is possible to produce the

swW ngi ng nemb&heebgilbpcenaenbeapl($3A)08228] the tikéecnkonaprbriedyévef the
present invention, a volune ratio K of the tightly cl osed space (36A) with
10 section (34A) respectively when parts of the balance member

(33A) and the detection objective section (34A) protrude
from the liquid surface of the ink.

[0010] According to the ink cartridge of the present
invention, the orbits of the balance member and the
detection objective section are fixed by the swinging
member. Therefore, the state of the residual amount of the
ink contained in the ink tank can be indicated without
being excessively affected by the disturbance such as the
surface tension of the ink adhered, for example, to the
inner wall surface of the ink tank when the ink is
decreased.

[0011] In the ink cartridge of the present invention, a
regulating member (35A), which requlates rotation of the
swinging member (80) in the first direction, may be
provided in the ink tank (11), and the detection objective
section (34A) may be positioned at a detecting position

when the swinging member (80) is regulated by the




respect to a volune of the bal ance nmenber (33A) may be represented by the
follow ng expression: (2X - Y)/2X - 0.1 < K< (2X - Y)/2X + 0.1 wherein X
represents the specific gravity of the resin, and Y represents the specific
gravity of the light-transm ssive ink. Accordingly, it is possible to
determne the rotational forces in the first direction and the second
direction exerted on the swi nging nenber in a well-balanced manner. [0023]
In the inkT€gPLptdge BEMPRE bgéégnt RAGREIBALY a WoPlnEheatRlp K oINt he
tightly cl osed space &BGA) with respect to a volunme of the bal ance nmenber
(33A) nmay BBOHBL Pe§sleRAntbaB anBrRéetABRENeAaAMQUBL IHeshreedrikd range
of the ratio Kis a preferred range to be obtai ned when a preferred resin
havi ng a spé€i ink §rBYit ytoksopPosFibiselicasehiabltr $uPPfbRefdebeFiglohe

bal ance nmenber, and a preferred ink having a specific gravity of 1.07 is
used. whenObH&ctdventerhirs Rtothehdeteghing ppdsbiapace with respect to
the volune of the bal ance nenber is set wwthin the range as descri bed
above, it i[80383dsi bl ént shgetivknrtastrihdgeorfit thaabrésentsinvenheod r st
direction and the second direction exerted on the sw nging nenber in a

wel | - bal antbe bahnece NODR4Y (B3Ahembpkbeapbsitijenedl aheappesenhionnventi on,
the detection objective section (34A) nmay have nontransparency.
Accor di ngl yowem tptncahasenfotheadebectised abjactietecsection dgimyting the
di spl acenent of the 11  detection objective section. [0025] In the ink
cartri dge whenhéhpr dstattinuenbijeatitrhesdetdohi 0B4AD| st pusiskohednat 34A)
may be provided on the connecting nenber (32A) so that a width of a

pr oj ecti ontpkadetebtangegobytpenpendicakdihyipy ojvhehi tiget hakdet ecti on

obj ective section (34A) onto the ink liquid surface is narrowest in a state
of use of thetmhkedainrttgeifikArankcdier deageysedl thepdssebtéoho decrease
the contact area between the detection objective section and the ink liquid
surface whebhjtheidet settannopjecrindesséebmonhpr bhkulléguidosutbacki qui d
surface of the ink. Therefore, the influence of the surface tension of the
ink is furplméprdeor ehsedalandehmambert | Shppasbbke ther evahgihhe sw ngi ng
menber nore snmoothly. [0026] In the ink cartridge of the present invention,
t he i nk camembdgestad8y nthy kFotthéoni nal tHle aecegdl diiragtsunf aceef156)

whi ch regul ates di spl acenent of the swi nging nenber; the ink tank (131) may
have a dowbher dhi adbkraddtonnhe sottaceofldBhecuhivehsexténdsfiowa
direction inclined dowmmwardly with respect to the ink surface; the sw nging
menber naydbenfor Tedrefbheaniabitnpotsibiei oo £460ap vhiechniftueapabbé of
bei ng selectively |located at a position to make abut nment agai nst the

regul ati ngther bacfaCé&sS6enandnacfoshei anksepathtedeteomibheobégukatreng
surface (156) depending on a position of the sw nging nenber; and a

proj ecti onsét&bdpn wheohthe atvimgingpmesedrt ethbesdewewandbyidd in the

second direction.

[0013] In the ink cartridge of the present invention,
the detection objective section (34A) may be positioned at
a non-detecting position when the swinging member (80) is
rotated in the second direction. Accordingly, it is
possible to distinguish and recognize the state in which
the amount of ink is decreased as compared with the
predetermined amount and the state in which the ink remains

in an amount of not less than the predetermined amount.




inclined inner surface (134b) during novenent of the abutnment section
(160a) between the separated position and the abutnment position, may be
formed at a portion of the sw nging nmenber opposed to the downwardly
inclined inner surface (134b). [0027] According to the ink cartridge of the
present invention, the distance between the sw ngi ng nenber and the
downwardly inclined inner suyrface is naintained by the projection fornmed at
the porti oh%8f%dhe swPn§PRgiRENBRFLEHPESaLt BhENRTBBRAhREAYSLTHRRi ned i nner
surface. Therefore, it is possible to avoid the adhesion between the

swi ngi ng mERBero4A8iPRaldsanGar dnythacfined farertionfues bpposdd thereto
due to the surface tension of the ink, and the inhibition of the snooth

di spl aceneRpdaétirds whicheiswengehgnhaabey. tiihesamneras thetsef ngiidig menber
is snoothly noved as the residual anmount of the ink is changed, and hence
it is possikPratigngét fercewinhthaysemantl dirertiche faccordangivie thk
residual amount in the ink tank arrives at a predeterm ned amount. [0028]

I n the inkreaptipage ébrche presantei hhenrpbativheinnkheahkr$t31) nmay be
formed with a recess (134a) which has two of the downwardly inclined inner
surfaces (@3zbytappossd tbeeaehontihdirantiimhi chni bedekentddbynt hket wo
opposed downwardly inclined inner surfaces (134a); at |least a part of the
SWi ngi ng newbegingymgabent énpeswdlbebadanceiemannedown®hedeéforac! ihed i nner
surfaces (134b) opposed in 13 the recess (134a); and the projection (159)
may protrude podaibleath ahdiihetdowhmastbhyei n€l thedriennénatuahases ¢£34b)
froma portion of the sw nging nenber opposed to one of the two downwardly
i nclined i wher iskr fiactbe( iB&brankcwattbnyl beiny egcpessivbly abfeatedw t he
wi dth of the recess by shortening the distance between the sw ngi ng nenber
and t he dolswardl gnilgctheedurfinee tenbaoce of the iekebstfalsedtha the ink
tank. Therefore, it is easy to detect the displacenent of the sw nging
menber frodicherbansedeaokethefpecesampl8028y khet hacrrkseainri dge of the
present invention, the sw nging nmenber may be forned with a thin

pl at e- shap¥dsseetitgnof168r whkch is i nterposed between the two downwardly

i nclined inner surfaces (134b) opposed in the recess (134a) when the

abut rent s¢00iLbhd (160a) the Lokatedtatidyybeodbuhreplrepestt iamenandnt he
projection (159) may protrude fromthe thin plate-shaped section (160).
Accor di ngl yhei tonaepasagbhemberf ysther magr bewstippowicdtihiaf thbeinrcess
formed for the ink tank. [0030] In the ink cartridge of the present

i nvention, tanki p1¢158p mhptpaowidda bowar grbHecswongpngneesbenihednbgach of
portions of the two downwardly inclined inner surfaces (134b) opposed to
the sw ngi pgrpentieculAetyr girodeytihbethekconhieeh ingmenbebei veRy bheo
downwardly inclined inner surface and the sw nging nenber, falls downwardly
al ong the thbk. ifRel¢tald, sufrfasepdssnhlrectvestuihhar sauaedotfhasé4of adhesi on
bet ween the downwardly inclined inner surface and the sw ngi ng nenber
caused by the dukfaeetiredgeonliaf) .t haccbkdihg0g}] iknikheokBkbtar tbi dge of
the present invention, the rib (158) may be provided continuously al ong a
di spl acenedecoehst ahet benswcnghprganbebeeenAther dongeyt ihgemefiberwaingh
remai ns between the downwardly inclined inner surface and the sw ngi ng
menber, suchesshul lyghaldl sudfeneawtby fTBeecehheeit@fyl Yiember protrudes

from the ink liquid surface. Therefore, it is possible to
reduce the influence of the surface tension of the ink on
the connecting member.

[0016}] In the ink cartridge of the present invention,
the connecting member (32A) may be supported in the ink

tank (11) so that a side wall surface of the connecting




[0032] In the ink cartridge of the present invention, the tip portion of
the recess (159) nay be constructed by a curved surface which protrudes
toward the downwardly inclined inner surface (134b). In this arrangenent,
the projection of the swi nging nenber and the downwardly inclined inner
surface make point-to-point contact with each other, and the contact area
bet ween the projection of the swi nging nenber and the downwardly inclined

i nner surf&@@bﬁ§ dééfeastbichnéfepBPeSetintoshnfging himpkd $eriageu y
affected by the surface_tension of the ink, and it is possible to snoothly
di spl ace t BEtERFREIAgOREABERLY[ UH5E) reAPeAE FAktRartRF dbka®idt he present

i nvention, the abutnment section (160a) may be a col ummar projection which
ext ends al SHgIRRE i nRCSOFLARELY andTalfaPPSEibYy haylBethebviQeEea®K acent |y
in an upstandi ng manner, which intersects the regulating surface (156) in

t he extendth§ BPREEFToATrBR PREWEBNt KBAt COBEEFbANG 1BEBYeinaRd t Blee abtk ment 15
section (160a) makes abutnment against at |east the regulating surface
(156). Acceifipdl gurfpecanberefheseenneatdngt nemsar npt ot aeadefrand t he
regul ating surface nmake line-to-line contact with each other, and the
contact ar &Bchbankednduhd aBufaeat sEBerefonnd iheisepubaibhg barface is
decreased. Therefore, the abutnent section and the regulating surface are
hardl y adh&r&ghes sadncet hbe bpflnensar piActheensibaceftensionkof Vitea t he
wal |, which intersects the regulating surface, is provided in the

upst andi ngiREnABr tbe chRanpegingt nAgbsurface, the ink, which is stored or
pool ed on the regulating surface, is sucked and renoved by the capillary
force of tHh€0dddved porthenifkr aedtatidghecothdapyebenteenveheiorgul ating
surface and the wall surface. Therefore, it is possible to further avoid

t he adhesi et bgpatheosar pacgetemsnon3dai) hewhnkhbptweendesetabatdehbesect i on
and the regulating surface. [0034] In the ink cartridge of the present

i nventi on, inkeliggaHasunfaser Aiadewhib8) exgnde an ancekheddsogf ace which
intersects the ink surface. Therefore, the ink, which is pooled on the
regul ati ngdduefadcen bfowbedownnactlingamenperhe¢3phglimayi ba 6b6rmbé on
regul ati ng surface. Thus, the ink is nore hardly pooled on the regul ating
surface. [0D85fpidddiwaildnahkyacenofhehenkonarttidgemehbehe (pERSENt

i nvention, the swi nging nmenber may be rotatable in the ink tank (131) about
t he cent er oppoardakpstper pekdildghad torfheedi ractopdingldi sptadésnent of the
ink surface as the ink is 16 used, depending on the increase/decrease in
t he anmount pofstibdéei hk $totbdri detlheabrkthankoftdd}. aAeaobdingkyn, thhen t he
swW ngi ng nmenber is rotated, the orbit of the swi nging nenber is stabilized.
Ther ef or e, cohaedbingamdinpernshinetei nnkr 1dgnfidceuafdceheheni hheng nenber
are hardly adhered to one another by the surface tension of the ink. [0036]
I n the inkcoaneritdyg meEmbke presentlesn¥enmi bhe tihk pigjieédt sanfads9) and t he
downwardly inclined inner surface (134b) opposed thereto may be forned in

t he vi ci ni Thevbfvhe,entt o6 phesshiirgitngfmerher. rAduoedihgl ynfihenadhesi on
of the swi nging nenber to the downwardly inclined inner surface, which
woul d be otfietheseucfissedtbystiiha sifir theeih&nsnonhef cbhaetnkngcapmber.
reliably avoided. [0037] In the ink cartridge of the present invention, the
proj ecti on[0238B) andnt hhedonhwaadtyidgel bnedhenpeesentf aneent3dh) opposed
thereto may be fornmed in the vicinity of the axis of the sw ngi ng nenber.
when the pthpebhilafcksmbapaed(BBAYhRayl BNkt ¥16htt RRiEAt 3kl @BraxEScef the
SwWi nging nenber, it is possible to narrow the range of displacenent of the
proj ecti onawkepihhan@WvRgtAghABNREEpkeitetayedvity bRaR2ssi Bhant @ndecrease
the downwardly inclined inner surface opposéed to the projection of the

sw ngi ng nerbene [99R8ltAdHERiOBAVEY inkD t RBchbRKigaLYy! i dgeiqf pbhgipiesent
invention, the ink tank (131) may have a regul ating surface (P56) which is

substanti atbyiperpapdi eHkakat9ododi £8E! b@Byancy generated on the

balance member with respect to the gravity generated on the

balance member. Therefore, it is possible to obtain the




17 of displacenent of the ink surface caused by use of the ink, and a
downwardly inclined inner surface (134b) which extends in a direction
inclined downwardly with respect to the regulating surface fromone end of
the regul ating surface (156); the sw nging nenber may be formed with an
abut ment section (160a) which is selectively located at a position to nake
abut ment against .the.requl ating surface (156) and a position, separated from
the regul abidid *SdFPLLE (2EET Hgﬁéﬁ&PH@lo OZCBodPt FBR ST hed $hPRbHPY-
menber; a rgcess (134a), which is defined by two of the downwardly inclined
i nner sur f 408490134b} PospEsdakt 6ae&ERIgEnet, theyPEESEBEntAVEAL AR} nner wal |
surface of the ink tank (131); at least a part of the sw nging nenber may
be interpoddd bélader TrEbERO (d8AnwaRY| hei hermaddofnpelyBuppriere( 134b)
opposed in the recess; a projection (159), which is always opposed to each
of the dowAREPAYNCAY i hBEe Fhreifddr baewdtyl18dbpodivpragyheventdt0e?, t he
abut ment- section (160a) between the separated position and the abutnent
position, rRay shet seeeiforagdavach of uhacdohbvaldbhtencthardthaherf
surfaces (134b) from each of portions of the sw nging nmenber opposed to the
downwar dl y thgc ligh§-thaasndgsiiseednki34Bherefidre, rivhen158)ypugppleneude
toward the swi ngi ng nenber from each of portions of the two downwardly

i nclined i Agetissdr Agcébe( badbnceppesbért oithéssppagihgenbobéncrfdd89] In
the ink cartridge of the present invention, the ink tank (131) nay have a
regul at i ngtder baegapcsopengratedi oh tbgubalescdi mpinhegrent of the swi nging
menber, and a wall surface (169) which extends downwardly toward the ink
liquid surfi@9&80fr om dnetbrdiok rhetrédgkatifnghsuptasentlifyenthensw ngi ng
menber may be formed with an abutnent section (160a) which is selectively

| ocat ed at thepbsiltnoe membeke (aBahnmeay agakbnat tibatl¢gulatkedgspuetace (156)
and a position separated fromthe regul ati ng surface dependi ng on a
position of(36Re sWwemging nmarbergiandya eivbkn(¥héh, anki eksianpasingea the
regul ating surface (156) and the wall surface (169), may protrude from each
of the regsbatifigecsgrhadey( 1aGyeandhthetwakl osuthacenkl68) usp@049F Ywen the
arrangenent as descri bed above is adopted, the ink, which remains on the
regul ati ngpsssfihde ob tlkerenket ank, spektlisidoynwandlyyodl ehg theireb.
Therefore, the abutnent section of the sw nging nenber and the regul ating
surface of bahencekmeabkrar eFhattky ,adheiedpbesabgeanot iermbyhthe surface
tension of the ink. Therefore, when the swinging nenber is rotated in

accor dancebwailahcehmemharngendf thkesivikgtiagi sleabeamatinh, ahheédewictigang menber
is smoothly rotated. It is possible to detect, with any small error, the
fact that mheernklresi dual anobunt in the ink cartridge arrives at a
predeterm ned anmount. [0041] In the ink cartridge of the present invention,
the rib (1%9p21gphi chwhendithpobaedaanecamemieroppesetet @ighe1gbutioeat section
(160a), may have a side surface which is 19 inclined in an outer
directi on apacenpaeediw,t Bha Banaatkeonepeependbayl akyt et Beokgavlat i ng
surface (156) and the wall surface (169) or the perpendicular direction on
condition thah hheapesiBian)oknabt papt (hebwsepntiba abut FAREgEaehLon (160a)
and the regul ating surface 2156) is on an inner side. Accordingly, the
suction fof@@méaerﬁh@aﬁhpr(B@Bﬁﬁrﬁﬂytgeaér}ﬁﬁgbh|Q&Yahobﬁéhiﬁ§ ¥el lkhe Which
is caused by the capillary action at the boundary between the regul ating

surface andakbe (BBRA)|, sadachaasglerhher 8hare, okh@hknkake handhy shgred or
pool ed at the boundary.

be tightly sealed to form the tightly closed space (36A).
Accordingly, it is possible to produce the swinging member
easily and cheaply.

[0022) In the ink cartridge of the present invention, a

volume ratio K of the tightly closed space (36A) with
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[0042] In the ink cartridge of the present invention, the rib (157) may be
provi ded continuously over a range fromone end to the other end of the
regul ating surface (156). Accordingly, the ink, which remains on the

regul ating surface, tends to fall downwardly along the rib. (0043] In the
ink cartridge of the present invention, the rib (157) may be provided
continuous%y over a range_from an upper _end to a |l ower _end of the wall
surface (| &8PPEELcSPIRNYPYIEn8Ei FRE RALERCFeRBMREL of38he BRVMNGRY dl y
inclined inner surface, tends to _fall downwardly along the rib. (0044] In
the i nk carCPrESETSEY bY bhes &R 1PWiBAL BSRISERAPRA curve, which ranges over
the rib (157) and_the re%ulatin surface (156) in the vicinity of the
boundary bet weed 2¢he )8 @157P'gn6 £hé K@%ura PhgXstir Pate (156), may have a
curvature which is smaller than a curvature of a 20 curve which ranges
over the r WHeEE3R) XakGPrREoR&s| ther FREELLLGOPrARitHeCdi EhAi E9S bR, t fRd
boundary between the rib (157) and the wall surface (169). Accordingly, the
capi | | ary floFEProRRNER t8SoBPEriddcagreNétionhdahg beohEehraREMESHI¥Ad t he
wal | surface, is larger than the capillary force which is obtained at the
boundary béffeen?CRETAILHIANd ﬂﬁelﬁeﬁeﬁﬁﬂbﬁg §or figtermiper h6re, the ink,
which remai ns at the boundary between the regul ating surface and the rib,
tends to fa&Prtagdrmpdr doycaisong the filsst] doasptiant Radi hRecaprepndge of the
present invention, the regulatin% surface (156) may be an inclined surface
whi ch i nt efd&€CE ipRe exgictedr pac&hepswangilngl pembRe iinka whildhbadaarad on
the reqgul ating surface, tends to fall dowwardly nore easily. (0046] In the
ink cartri @d@8n&r-t he present invention, the ink tank (13l) may have a
downwardly inclined inner surface (134b) which extends in a direction

i nclined dd®@&dddl y vt fheedplcrarsradger Pdcshpeppendntuliavensiandi aecti on
of displacenent of the ink surface caused by use of the ink; and a rib
(158) may prdumede atdwakd otthéhewitnghtdynmeibeedf spaca pd6Ri)owibh t he
downwardly inclined i nner surface (134b) opposed to the sw ngi ng nenber.

[ 0047] Whenmespecdr tangemedumgs ofestel badaabevaembead@pBad, magebenkptwhi ch
remai ns on the downwardly inclined inner surface of the ink tank opposed to
t he swi ngi dgssefthan, 0t.éndandt moftambreéowhaar €.y .al Thg pheferlbedThhengtore, 21
t he swi ngi ng nenber and the downwardly inclined inner surface opposed to

t he sw ngi pd mbebertdoe Khdsdhy paéifereddt cange anobkepbbypinkd whehaee
tension of the ink. Accordingly, the swinging nenber is rotated snoothly
when t he swiredengederesrin davingt edsprcacior danvetw bl Vhé dsangedofist he
resi dual amount of the ink. It is possible to detect, with any small error,
the fact thamatksiadk foesifdualingnobet badanke mekbeart andge psefelsedntial |y
zero. [0048] In the ink cartridge of the present invention, the rib (158)
may be provindetaydmgi auspsiy fakcoggaxidiys pifade®@ntisombieti.of Whiee $hengi ng
menber. Accordingly, it is possible to efficiently discharge the ink stored
or pool ed WeflumenraidosKi pdi thentrigatlandibke dpareawdlty respiecedtionner
surface opposed thereto. [0049] In the ink cartridge of the present

i nventi on, ther godsme( ©34ahe balwhicehmembetrwd sdeetwaridiyini hbki madgenaer
surfaces (134b) are opposed to each other, nmay be formed on the inner wall
of the inkdespkip&8lppoae,| eastisappastibde tbedewengiing mwhebeo tady olnal

i nter posed between the two downwardly inclined inner surfaces (134b)
opposed i nfolreesedesshelIdapt dndetheon bndls8r seyopdotiueettionard t he

swi ngi ng menber fromthe two downwardly inclined inner surfaces (134hb)
respecti vekexergedopd nyky swihgiagpoesibklre iho as lvedll ebatll hacdids mannerhet ween
the swi nging nenber and the downwardly inclined inner surface of the recess
formed in fbeziank tamk. theeriakorartirtidgse e&Syhikopieksenit liheedZion,

the detection objective section (34A) may have
nontransparency. Accordingly, an optical sensor can be

used as a detector for detecting the displacement of the
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di spl acenent of the sw nging nmenber fromthe outside of the recess. [0050]
In the ink cartridge of the present invention, a curve, which ranges over
the rib (158) and the downwardly inclined inner surface (134b) in the
vicinity of the boundary between the rib (158) and the upper end of the
downwardly inclined inner surface (134b), may have a curvature which is
smal l er than a curvature of a curve which ranges over the rib (158) and the
downwar di y SEhECTASA PRA&Ftdyrr 866LAPB4h) in the vicinity of the boundary
between the rib (158) and the | ower end of the downwardly inclined inner
surface (1380251Accofdi fhfey inkheagkpiidngr ¢If heeprafireh LBventaPRed at the
boundary between the | ower end of the rib and the downwardly inclined inner
surface oppbsedetectieonswbrigchgveesseitions (B4Agemayhbre phevededl bary force
which is obtained at the boundary between the upper end of the rib and the
downwar dl y thec conagcitingr membtacé 38pposed thatt hewddichgbfiganpnbgection
Therefore, the ink, which remains at the boundary between the rib and the
downwar dl y pilaglei pbdaiinedr byupkapendppoded lyopirhgesniingi hjendebectivtends to
fall downwardly along the rib. [0051] In the ink cartridge of the present

i nventi on, objectiivrgisegtionbdB 4Any ondve thet hnk plighedskhapédceedsi on (160)
which is opposed to the two downwardly inclined inner surfaces (134b) to
formthe roessowesl4an aAstatedi ngl psei tfi $hpodiakbkartowifiget hér)shorten the
di stance between the 23 swi ngi ng nmenber and the downwardly inclined inner
surface of Ackerdecedy.f dtned ppsshélienkot dekredber ¢her epnittctsaeasier to
detect the displacenent of the swi nging nenber fromthe outside of the
recess. [0b&2jveen tthe dekecarnbni dgdeot itiee sprédent andvehti ank fLhqusdi ngi ng
menber may be rotatable in the ink tank (131) about the center of an axis
per pendi cukarfiaoet waedi thet denecot idns pbjeendnt ekctheni pkosuntiasefasmt he
ink is used, depending on the increase/decrease in the anmount of the ink
stored in the likutidnkuffatk. oActhredingl.y, Thikerfbie,swhegingloenber ofs
rotated, the orbit of the swi nging nmenber is stabilized. Therefore, the

SW ngi ng neleesuaidcehéedsunwapd| yhiendhikndd ifnrehexudktaceaspdesaddt hereto
are hardly adhered to one another by the surface tension of the ink. [0053]
I n the i nkheacer iitigesoboskebjresentroitaventthen swiiheingk meabkr( hdlke may have
a regulating surface (156) which is substantially perpendicular to a

di recti on efmoditdplyacenent of the ink surface caused by use of the ink, and
a wall surface (169) and a downwardly inclined inner surface (134b) which
downwar dl y [60R2€énd t owar dhiehdnkegalratiidges off ahe pieSkntr dnviaspeati ve ends
of the regulating surface (156); the sw nging nenber may be fornmed with a
col umar ahhengnk seeticddgel§dap )whiagh faxterds ineladed kegkiganapengendi cul ar
to the direction of displacenent and which is | ocated at a position to nake
abut ment agairtfate24156) which regulates displacement of the swinging

member; the ink tank (131) may have a downwardly inclined
inner surface (134b) which extends in a direction inclined
downwardly with respect to the ink surface; the swinging
member may be formed with an abutment section (160a) which
is capable of being selectively located at a position to
make abutment against the regulating surface (156) and a
position separated from the reqgulating surface (156)
depending on a position of the swinging member; and a

projection (159), which is always opposed to the downwardly
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the.regul ating surface (156) and a position separated therefrom dependi ng
on a position of the swnging nenber; a first rib (157) may protrude from
the regul ating surface (156) and the wall surface (169), the first rib
(157) ranging over both of the wall surface (169) and the regul ating
surface (156) and bei ng di sposed adjacently to the abutnment section (160a)
when the ahutnent section (160a) is _at the abutnment position; a recess
(134a), whit@Flidedefpred BYrdaps d 18AbyhdugsnavardepenacPfnelei nner
surfaces (134b) opposed to each other, may be fornmed on an inner wall of
the ink taRPUERSDYy: sgREign (d49e)abpirecsf thReSSRARALAY RRABELCARINBe
i nterposed between the downwardly inclined inner surfaces (134b) opposed in
t he recess tPE32RNtNGRE ROSAESRA 1 MBY( PS8fontpdprbt RuBertdaar @ft hBeswi ngi ng
menber from each of portions of the downwardly inclined inner surfaces
(134b) opp&¥ed9LHIt REMSRINPRGSrENter theodswpwarddydiinglined $BB6Ad aspect
of the present invention, there is provided an ink-jet printer conprising
an instal | &4réac&edtlBdR)(-70) to which the ink cartridge according to the
first aspect is installed to performrecording on a nediumw th an ink
suppl i ed fA8827de i nRegardindgéo( thei nokakhetiridgehefi hbeaprasenh section
(70); wherein a detector (21), which detects a detection objective section
(34) of théanvektdiantrittigedis)ranost heltedenothhesiviiatydhamemheseahdonhhé70),
is provided at a position 25 at which the detection objective section
(34) posit dowagaatily detrddniedg ipasirt somfesedésembhabtainp0by] thecording to
the ink-jet printer of the present invention, the orbits of rotation of the
bal ance nepwer)eatdonh&odeedchitonhebpectiive sécthensatiagfingesemben t he
Swi nging nmenber is rotated. Therefore, it is possible to correctly detect
t he anmount opposkd itok tivet HowheaddilgctiaclinthHodhnbei sgréxcessi vel y affected
by the di sturbance caused, for exanple, by the surface tension of the ink.
[ 0056] | n Therefkreet ipr ist posefibilee tpr asedtl icheeatlhesionnketebepnr theer may
further conprise a judging unit (62) which judges states of the ink
cartridge €¥ingndgt membekj andpithet dowh&@@)xrdagcandingetioianeesuhirfabe
detection obtained by the detector (21); wherein a judgnent is nmade by the
j udgi ng unpppE62) theaesbatieei howhehsarfatki ¢teantioanofinthef ihke ank i s
charged to the ink cartridge (1) installed to the installation section (70)
i f the det &beoinh2b)itdeneoffs thee sdebeht displbjensthteasedbnonf( 8Ap, while a
judgnent is nade on any one of a state in which the ink contained in the
i nk cartri dgéngingi nembelred Thetrkéoirest ahkativdngsagt menberO0)isi s decr eased
and a state in which the ink cartridge (1) is not installed to the
i nst al | ati emosgbilyomof2€) asf thee restidakadr adthtdoésthet idit ést t he
detection objective section (34). Accordingly, it is possible to judge,
with one deheoged, thd beate dt tikeppesiidlal tandentcaef, thehi aky smahe i nk
cartridge and the 26 presence or the absence of the installation of the
i nk cartriegeor,005¢] fhott hbatnkheetinfr retsdédual thlheuptesenthiendarti on, the
detector (21) may be a light-transm ssive type sensor. Accordingly, it is
possi bl e t bankeariréveheap ki phketieapgniisedvambype.sensor. Therefore, it is
possible to realize the I ow cost of the ink-jet printer.

[0028] In the ink cartridge of the present invention,

the ink tank (131) may be formed with a recess (134a) which
has two of the downwardly inclined inner surfaces (134b)
opposed to each other and which is defined by the two
opposed downwardly inclined inner surfaces (134a); at least
a part of the swinging member may be interposed between the

two downwardly inclined inner surfaces (134b) opposed in
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[ 0058] According to a third aspect of the present invention, there is
provided an ink cartridge conprising an ink tank (11, 201) in which an ink
is stored; a float (33, 202) which floats on the ink; a support nenber (32,
203) which swi ngably supports the float so that the float nakes no contact
with an inner surface of the ink tank; a detection objective section (34A)
which is provided on the support nenber (32, 203) or the float; and a
regulatingtﬁﬁnﬁgpeE§5A}3ﬁﬁﬂéhangﬁpﬁtE§°ﬂﬁ%téﬂbpb¥§9heﬁ%%rPEQF¥¢%ﬁ t he
float is positigned in the ink when an anmount of the ink contained in the
i nk tank i $°H8Ed| £asht REntheprayBrar KednghdlRE. 1PREY nBUEERESDf this ink
cartridge, when a predeterm ned anount of the ink exists in the ink tank,
the float i(d3fBYaffkel RnPPRELIPRKOBYthReSHIRISNIt HEMPREUPEPPHEC NERDRRS \Wien
the ink is | ess than the predeterm ned ampunt, then the float floats on the
ink surfac@f 4Rg the frvavasfdy kardinsdi ApnAYy ABYEABRS &534Rk-ink surface
is lowered. Therefore, it i s possible to detect the residual anmount of the
i nk by t hePSFRTEANPRY ddtedfi BASEhPLEL tOenyrowsbhe| WhdpRo9f delleon t he
support nenber or the float. In the case of this ink cartridge, the support
menber swi A§S6FY BlppBPrsenkadr tbat dstppde hAyweent hBe 8Wingdngl oat with
the inner surface of the ink tank. Therefore, the float is not restricted
by the i nnBembgrf a8d &het Hewprakdby thelipeflatenesnsiishase oheth@k. Wien
the ink is not |less than the predeterm ned anount, the float is retained in
the ink. THEFEeFsr éormRd finokhei énKotankt ecTharpforhe striaceasentPon of the
ink. In order to allow the swi nging novenent of the float to follow the
resi dual aRBtREtothenhdirpkagsmentopiethpyswingiisgappnberi dremthhe t he
buoyancy and the gravity of the float are adjusted or controlled as in the
first aspeentéfidenefptbserecifAgenti on. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0059] Fig. 1 shows a schematic illustration illustrating an ink-jet
printer inéP@@Phg anIhnkheadinki dgetaddgedpfigthe présest énbedtient. Fig. 2
shows a sectional viewtaken along a line Il-11 shown in Fig. 1
i | lustrati bhbet Bwingkngamembdgemdgpbet €drinedFvgthla Ehgn Blshewshapsécti onal
view taken along a line Il1Ill1l showm in Fig. 2 illustrating a fl oat
depi ct ed i gseFtgon2(1BDy. whishows ansecpoerdl betewenl thst tabi ng a situation
in which the ink anpbunt is small in an ink tank of the ink 28

downwardly inclined inner surfaces (134b) opposed in the

recess (134a) when the abutment section (160a) is located
at the abutment position, and the projection (159) may
protrude from the thin plate-shaped section (160).
Accordingly, it is possible to further narrow the width of
the recess formed for the ink tank.

[0030] In the ink cartridge of the present invention, a
rib (158) may protrude toward the swinging member from each
of portions of the two downwardly inclined inner surfaces
(134b) opposed to the swinging member. Accordingly, the
ink, which remains between the downwardly inclined inner
surface and the swinging member, falls downwardly along the

rib. Therefore, it is possible to further avoid the
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cartridge depicted in Fig. 1. Fig. 5 shows the principle of rotation of a
sw ngi ng nenber depicted in Fig. 1. Fig. 6 shows the relationship between
the ratio of air in the float depicted in Fig. 1 and the buoyancy and the
gravity acting on the float. Figs. 7A and 7B show sectional views

Il lustrating an ink cartridge according to a second enbodi nent. Fig 8

h t I t ken.alqQqng a lipe VIl VIILI shown Fi Fig. 9
Shows a decBPBBIBRt DFEMGER, AhPndOTRUAEH Hot RE L ERDei TORDWRST PP g Fig.

nal vi ken al on i ne X-X_shown in, Fi 9.
10 shows S%%tlgw%ng{ngm%ehge% causeg gy the surface ten51ongof the

ink.

[0031] In the ink cartridge of the present invention,
the rib (158) may be provided continuously along a
displacement orbit of the swinging member. Accordingly,
the ink, which remains between the downwardly inclined
inner surface and the swinging member, successfully falls
downwardly more efficiently.

[0032] In the ink cartridge of the present invention,
the tip portion of the recess (159) may be constructed by a
curved surface which protrudes toward the downwardly
'inclined inner surface (134b). 1In this arrangement, the
projection of the swinging member and the downwardly
inclined inner surface make point-to-point contact with
each other, and the contact area between the projection of
the swinging member and the downwardly inclined inner
surface is decreased. Therefore, the swinging member is
hardly affected by the surface tension of the ink, and it
is possible to smoothly displace the swinging member.
[0033] In the ink cartridge of the present invention,
the abutment section (160a) may be a columnar projection
which extends along the ink surface, and a wall (157) may
be provided adjacently in an upstanding manner, which
intersects the regulating surface (156) in the extending

direction of the abutment section (160a) when the abutment
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Fig. 11 shows a schematic arrangenent of an ink-jet printer according to a
third enbodinent. Fig. 12 shows an ink cartridge depicted in Fig. 11,
wherein Fig. 12A shows a plan view, Fig. 12B shows a |left side view, and
Fig. 12C shows a bottomview. Fig. 13 shows a perspective viewillustrating
the ink cartridge depicted in Fig. 11 as viewed froma downward position.

Fig. 14 sh ' | vi taken along a line IV IV shown in Fig. 12B.
Fzg. 15 zhggétgoggﬁibggtiWékgggﬁgﬁfﬁﬁn5rBgélEEEt?Bnl?ﬁﬁEnt%?ong aline V-V

shown in FE%Qui%%inégsurface {156). Accordingly, the abutment
section of the swinging member and the regulating surface
make line-to-line contact with each other, and the contact
area between the abutment section and the regulating
surface is decreased. Therefore, the abutment section and
the requlating surface are hardly adhered to each other by
the surface tension of the ink. When the wall, which
intersects the regulating surface, is provided in the
upstanding manner on the regulating surface, the ink, which
is stored or pooled on the requlating surface, is sucked
and removed by the capillary force of the curved portion
formed at the boundary between the requlating surface and
the wall surface. Therefore, it is possible to further
avoid the adhesion by the surface tension of the ink
between the abutment section and the requlating surface.
[0034] In the ink cartridge of the present invention,
the regqulating surface (156) may be an inclined surface
which intersects the ink surface. Therefore, the ink,
which is pooled on the regulating surface, flows downwardly
along the inclination of the regulating surface. Thus, the
ink is more hardly pooled on the requlating surface.
[0035] Additionally, in the ink cartridge of the present
invention, the swinging member may be rotatable in the ink
tank (131) about the center of an axis perpendicular to the

direction of displacement of the ink surface as the ink is

16




Fig. 16 shows a top view with cross section taken along the line V-V shown
in Fig. 12A. Fig. 17 shows a front view with cross section taken along the
line V-V shown in Fig. 12A. Fig. 18A shows a sectional view taken along a
line VIITTA-VIII A showmn in Fig. 16, Fig. 18B shows a sectional view taken
along a line VIIIB-VIIIB showm in Fig. 16, and Fig. 18C shows a secti onal
view taken along a line VIIICVIIIC shown in Fig. 17. Fi 19 shows

sect i onal Vi@%s AEPELELGi RY EﬁelHEC§GBEP§d€§F§€58ebPCFgﬁ ARORERY. 0% 4,
wherein Fi 19A shoms t he val ve-cl osed state, and Fig.  19B shows the

val ve- open%QFaﬂg Eitgredo 1ensie énﬁeFéﬁgcﬂﬂ§é)V|eﬁFFPFGéPGéthﬁh%nvalve

pl ug deplcted I n FI% 15. Fig. .21 shows a flow chart illustrating an
he swingling member is rotated, the orbit of the swinging

member is stabilized. Therefore, the downwardly inclined
inner surface and the swinging member are hardly adhered to
one another by the surface tension of the ink.

[0036] In the ink cartridge of the present invention,
the projection (159) and the downwardly inclined inner
surface (1345) opposed thereto may be formed in the
vicinity of the end of the swinging member. Accordingly,
the adhesion of the swinging member to the downwardly
inclined inner surface, which would be otherwise caused by
the surface tension of the ink, can be reliably avoided.
[0037] In the ink cartridge of the present invention,
the projection (159B) and the downwardly inclined inner
surface (134b) opposed thereto may be formed in the
vicinity of the axis of the swinging member. When the
projection is formed in the vicinity of the rotation axis
of the swinging member, it is possible to narrow the range
of displacement of the projection when the swinging member
is rotated. It is possible to decrease the downwardly
inclined inner surface opposed to the projection of the
swinging member.

[0038] Additionally, in the ink cartridge of the present
invention, the ink tank (131) may have a regulating surface

(156) which is substantially perpendicular to a direction
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i nstallation state-judging process upon the attachnment/detachnment of the
ink cartridge depicted in Fig. 11. Fig. 22 shows a nmagnified view
illustrating a partial cross section of an ink cartridge according to a
fourth enbodiment. Fig. 23 shows a perspective viewillustrating a parti al
cross section of an ink cartridge according to a fifth enbodinent. Fig. 24

schemati cal |y sho an examl e of .the ink 30 cartrjdge of the present
i nventi on, O\FhélrléPvﬂ\r%ﬁe@?n’zﬁg%sﬁBﬁs LBRSFREAAFGnCRRSRA K ERE PRKCNS

fficiently charged, and Fig. 24B shows a situation in which the ink is
chregsed.l%k’ an% a downwar%ly inclined inner surface (134b) whEch

extends in a direction inclined downwardly with respect to
the regulating surface from one end of the regulating
surface (156); the swinging member may be formed with an
abutment section (160a) which is selectively located at a
pesition to make abutment against the requlating surface
(156) and a position separated from the regulating surface
(156) depending on a position of the swinging member; a
recess (134a), which is defined by two of the downwardly
inclined inner surfaces (134b) opposed to each other, may
be formed on an inner wall surface of the ink tank (131);
at least a part of the swinging member may be interposed
between the two downwardly inclined inner surfaces (134b)
opposed in the recess; a projection (159), which is always
opposed to each of the downwardly inclined inner surfaces
(134b) during movement of the abutment section (160a)
between the separated position and the abutment position,
may protrude toward each of the downwardly inclined inner
surfaces (134b) from each of portions of the swinging
member opposed to the downwardly inclined inner surfaces
(134b); and a rib (158) may protrude toward the swinging
member from each of portions of the two downwardly inclined
inner surfaces (134b) opposed to the swinging member.
[0039] In the ink cartridge of the present invention,

the ink tank (131) may have a regulating surface (156)
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DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS First Enbodi ment [0060] A first
enbodi nent according to the present invention will be explained with
reference to the drawi ngs. [0061] Fig. 1 shows a partial schematic view
illustrating an ink-jet printer including an ink cartridge according to the
first enbodinment. The ink cartridge 1 shown in Fig. 1 illustrates a
Cross-sectiona struit re at tge ink cartridge 1,as_bein%@cut along a line
| -1 shown FAEPGIeIULALCE HoRPFICEHERA Ph ERG. STINALRE HE%Pehe #1v? of the
ink, and an arrow 72 indicates_ the flow of the atnmpspheric air. Fjg. 2
shows a segﬁi&nﬁPr§P8ﬁ #ﬂ%gétWHFFngFﬁﬁnﬂﬁkdE%PW?Fﬂbg EOW%R%nt%?oﬁgia line
[1-11 show&.in.Fig. %. Fi%. 3 shows a sectional view.illustrating a float
33 taken al'dAYLd FPREAFPI IEPR SRBWANANCE HhReoregpdadinAsSUREdrein Fig. |,
the ink-jet printer 60 includes an ink-jet head 5 which discharges the
Iighttransﬁ#géﬂéetpﬁksWéﬁﬁ%Hgtﬁ@mP§EoW6VnBep§BEFe@,WéﬁhiﬁR 2hntReRfge 1

whi ch stores the ink (I in the drawng) to be discharged to the ink-jet
head 5, a E&FFl88e (60RA)cWhaEh 1pj fedpFyivetypiecated ahdanboestipR ink-j et
head 5 in a certain direction (direction perpendicular to the surface of
paper) al o&§ Ba§gi aeumentt pdadpstt thecKaaRsAt8nahFBRIAFENEHDP | sARPeR
recordi ng paper P in a direction perpendicular to the direction of novenent
of the inkPP&LtRERISSPREApEAafrer tBet KegnARtdNgchAF§acsuirnerd bRyt pre
inkjet head 5, a purge unit 9 which sucks the air contained in the ink-jet
head 5 and?@ RESt&RORaPEn§h&n§WANGANYI BEBERLY, aRdsansdp (d&¥eetWRiCR1 which
detects the anmount of the ink contained in the ink cartridge 1 and the
presence oF2RE&EnE¥eHf thRerPARIARANE ggETaceand>h) cantr Bheurwall22 which
controls the above.ﬁ%OOGB) The ink-jet head 5 has the ink discharge surface
on whi ch aSP&fgeendAbar rolakoPEPEsudRof reMoRATf B Hhechagylabintie ink are
formed. The ink-jet head 5 is controlled by the control unit 22 so that the
i nk suppl i 84TEREM 4ASPnkasdpphe wabé surfagpschlPded fromthe respective
nozzles. As shown in Fig. 1, the ink supply tube 4 has one end which is
connect ed 1808R3 i nkWhen kbadasrandempatonRerlesadihpilcAbpyecddnected to an
i nk supply pipe 41. As shown in Fig. 1, the ink supply pipe 41 is a tube or
pi pe havi ngdarteger thg shkpewhdchberemnnsst ed tbet hegiuhktingt sidface. A
plurality of ink inflow ports 42 are formed at portions of a sealed tip so
that the i A Ethel énkpbang,42addle dpwpwsedliynalhegctheumfibrential direction
on the outer wall. An intra-tubular ink flow passage 43 is comuni cat ed
with the 3Zhergficsedethhr shghmehs saktinfl ol pbet swddging member and

the regulating surface of the ink tank are hardly adhered
to one another by the surface tension of the ink.
Therefore, when the swinging member is rotated in
accordance with the change of the ink residual amount, the
swinging member is smoothly rotated. It is possible to
detect, with any small error, the fact that the ink
residual amount in the ink cartridge arrives at a
predetermined amount.

[0041)] In the ink cartridge of the present invention,
the rib (157), which is disposed on a side opposed to the

abutment section (160a), may have a side surface which is
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[0064] The ink cartridge 1 is a substantially rectangul ar
par al | el epi ped-shaped case fornmed of a light transm ssive synthetic resin.
As shown in Fig. 1, the ink cartridge 1 includes an ink tank 11 which
stores the ink (I in the drawing), an ink outflow passage 12 which is
provided penetratingly through a packing 17 as described later on for
all owi ng the ink tored in the ink t nk 11 to outflQw to the outsjde of the
ink cartrid§&-tne l&tﬁBSBH i c I&F BS; ﬁPPoﬁFpSQQB@EeQSW%BPCﬁ A BRE P Re
at nospheric air tao 11 nt 14 whi ch conpects the
Tk tank. 1PeIREREAE AL §8p§P$ Bl g SHhEaRer bLaf he et PRA DDl y
pipe 41 in th i nk ?%%f assage 12, .and a shutter nechanlsnlélncludlng a
swi ngi ng WEHE Pfe34 eOFn EaP FPB@Qlfuﬂérd§P§€ﬁ5599 PRSEANFEH1PB an
|nstallat|%$ Ee%%lon 7Q of th? i nk- et printer [ 0065] As shown in Fig.
1, the ink 4 £ P?S&ﬁlpﬂkg OPPH§ EﬂﬁnﬁéFwﬁﬁPcﬁthaEBFmﬁﬁﬁ BFCERER nner
wal | of the k cartri The .ink tank 11 includes an ink outflow port
15 whi ch all |1é@§ )t REd sF&BB&aFHDBhéuFﬁRC?arﬁ&5§i 8 60t #Noh R8Tt he ink
out fl ow passage 12, and an_atnospheric air inflow port 16 which allows the
atnDspherlélQ%r técPP6@lpa#Vom¢#§ §H8ﬁh°ﬂanF§e {hersippEterkTB8EEFI8ds from
the ink outflow port 15. As shown in Fi , the ink cartridge 1 of the
first enbodPréft Ra®ilharyn€osaef| aw ws&ﬂ)15wﬁﬁpehlﬁscﬁpéeﬁdgﬂ hhet he
bottom surface of the ink tank 11. The 33  atnospheric air _inflow port 16
i s provi deGREHREYUFELCBUALatBeoPOEREaT Kk PERHRERI thehEegRkatAAR 11 i s
communi cated with the ink outflow passage 12 through the ink outflow port
15. Furt heFUrERES ARt kR TibisigoArgrRragEEd WERBrERET Sy nBBBh&RKCigi
|nflom1passage 13 through the atnospheric air inflow port 16. [0066] As
shown in FP§rdly sitereet psn®osiedwaitckhsr berndaryeward the insi de of the
ink tank 11 and which extend fromthe bottom surface of the ink tank 11 to
positions [ROARA vi cilpi teofinkheacsnidaei At kbehprgRenti Aa¥enbAoBF t he ink
tank 11, are forned on one inner side wall of the ink tank 11. As shown in
Fig. 2, a tB€esdb5215Uhi Ay becponideds condwetohisdm pieri askdagef the ink
tank 11 and which extends in the height direction of the ink tank 11, is
formed in £memvpaenieng 6P the ethesr eofl bst tom wabhdasiagosuriiecproj ections
51. The recess 52 has an inner space 52a which is communicated with the
i nsi de of tA&SIRk PaFRTELINGAY.i khehilok,t Wbichk rempiegi on. the067] As shown
in Fig. 1, the ink outflow passage 12 is fornmed at a | ower portion the ink
tank 11. THEINARtADES sowipgssagendg ke doddudpwaweddiyt Rlohg ithie rabk 11
t hrough the ink outflow port 15. As shown in Fig. 1, the atnospheric air
i nfl ow pas$884313 i sInoithediak garuppdgeporft itbe pireskeati nkveanlionl. The
at nospheric air inflow passage 13 is communicated with the ink tank 11
t hr ough t h&het mabphdbi7o aay bef bowvipdetl t6ntandoutliysovemmanireated with the
out si de 34

from an upper end to a lower end of the wall surface (169).

Accordingly, the ink, which remains on the downwardly
inclined inner surface, tends to fall downwardly along the
rib.

[0044) In the ink cartridge of the present invention,
that a curve, which ranges over the rib (157) and the
regulating surface (156) in the vicinity of the boundary
between the rib (157) and the regqulating surface (156), may

have a curvature which is smaller than a curvature of a
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of the ink tank 11 via an inflow port disposed on a side opposite to the
at nospheric air inflow port 16. In a state in which the ink cartridge 1 is
not used, the inflow port disposed on the side opposite to the atnospheric
air inflow port 16 of the atnospheric air inflow passage 13 is seal ed so
that the atnospheric air does not flowinto the ink tank 11 through the
at nospheric_air inflow passage 13. k0068 The_joint 14 conpects the ink
Lank 11 an§9EHE FRECBUBBRGSH BECA1thehE 1ol AE7142PcF HREEm bl pRekI TR 17
which is arr%gaed in the space conparted bﬁ the jnner wall of the ink
cartridge 11%3Ad BntPRsEACIBATHOPE t8eWRPERIREY f BEREGCANER? THe pheking 17.
The packingpé? hs fogned of an el astic nenber conposed of a flexible resin.
The i nk oufPfol'Fa¥@ddeSESIRESr d1REA i nAFRETPARKI g e YRBALIREYi nk supply
pipe 41 is _not inserted.,into the packing 17, the ink outflow passage 12 is
seal ed by tRECEra¥Piehs dpcabspipgpe aacﬁﬁﬁgbﬁvpd¢ﬁ§ batEpeRohIROrEP18 is a
circular hole which is forned through the bottom surface of the ink
cartridge BRATHES Wedlt PUKLREPe 18 darges hBaBnthAsEAPLbA2BBrfO¥6® the ink
supply pipe 41 when the ink tank 11 is connected to the ink supply pipe 41.
[0069] The¥pl6&edsr ePtaingdnatcthrgbeRedprK Pghween hRe Fhbk 2Rd §ﬁ®p|y pi pe
41 is as follows. At first, the ink supply pipe 41 is inserted into the
insertion REYE1E81isg EHELREENt Th?rsﬁﬁ§équégﬁlyPkthﬁhFﬁR 5gBpipsSpiabe 41 is
further pressed agai nst the packing 17 at the point of time 35 at which
the tip of ‘PRePPHRAsGEpbFtyrEa Lhei Kegulaginat surhacendddt A Kébe 18
arrives at the packing_ 17, and the packing 17 is pierced by the ink supply
pi pe 41 mﬁFﬁnﬁﬁetPi§agévﬂﬁanﬁédﬂ¥péﬂPﬁg %é@drébshape. Subsequently, the
ink supply pipe 41 is further pressed against the packing 17, and the ink
suppl y pi pd0845ils peAat theednkhraughidge pAktbet presepassayent2oner med for
the packing 17. Finally, the ink supply pipe 41 is further pressed until
t he ink i nthewrggniagz2ngwhieifars fdbfedmay beeati pnoflitkd snkfsapply pi pe
41, arrives at the inside of the ink tank 11. Thus, the connection is
conpl et ed batigbeAntrssegkst ghke inkasdrfheei.nkAsgpptyngipe #he Avkerdingly,
the ink, which is stored in the ink tank 11, flows through the ink i-nflow
port 42 inwbicherenaiast gbuthe rekuflhtingassagecs3 bventlhetponkadlipply pi pe
41 (arrow 71 shown in Fig. 1). [0070] The shutter nmechanism 30 is driven on
t he basis ébwnwardawumpref eefélynk stored in the ink tank 11. The shutter
mechani sm 30 is arranged at the bottomof the ink tank 11. As shown in Fig.
|, the shui@@i6jechadinsivh80 inkckadésidgsupfiothespardedt, iavkatépn,
(connecting nenber) 32, a float (bal ance nenber) 33 which is arranged at
one end of theeih&vérnB2 (1aishmbayehafdetiedbivaraahjigctinea@inedt ianyr34 which
is arranged at the other end of the lever 32, and a regul ating nenber 35.
In the firsurdabedi(dBAb,) whéchwergendsnenbar digecodsnr iatédnbyd t he | ever
32, the float 33, and the shutter 34. 36

downwardly with respect to a surface perpendicular to a

direction of displacement of the ink surface caused by use
of the ink; and a rib (158) may protrude toward the
swinging member from a portion of the downwardly inclined
inner surface (134b) opposed to the swinging member.
[0047] When the arrangement as described above is
adopted, the ink, which remains on the downwardly inclined
inner surface of the ink tank opposed to the swinging

member, tends to fall downwardly along the rib. Therefore,
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[0071] As shown in Figs. 1 and 2, the support stand 31 is constructed by a
pair of plate nenbers having trapezoidal side surfaces. The support stand
3l is fixed in the vicinity of the center of the bottomof the ink tank 11.
The lever 32 is a menber having a thin plate shape extending in a certain
direction. As shown in Fig. 1, the lever 32 is supported so that the |ever
32 is interﬁosed.betmeen the pair of plate nmenbers for constructing the
support st &A8 SY1AE1PHeMEBREF afNPoF PR oAOVAVEREL Bx1RALI R ot PREX i on. As
shown in Fiﬁ' |, the Ievgr 32 |s supported and arranged so that the
ext endi ng GPFEBEPOAPBPSEAetPel AR 3Yipgdipg, BenbrELRE? rordhe e wal | 5la
of the prokection 51 of the ink tank 11 when _ the ink is sufficiently stored
in the i nkPaRRe12NOERRENEY, thReSNETRFE3DeN81Q0pREr ERE BRKt he support stand
31 swi ngably about the pivot point at which the |ever 32 is supported on
t he suppor £c6PARANI1Y  ThBe| EVeRrIBDRY| BeBhppoif cHOBALERSEBAPEREY WRAd 31 so
that the wwdth of the projection plane of the lever 32 with respect to the
li qui d sur FBEeSYANPRBY| BRUPST n&fr BREAESA[ HO72FcRABEdaReANvik FFe 1, the
float 33 is fornmed at the end of the lever 32 on the side opposite to the
side of thehapgeé @&l Fheorpeddnprlhampenteeésshe2ink.t hEti AR Pamkille The
float 33 is a _nmenber conposed of a_polyacetal resin having a cylindrical
shape. ThetP| 88teg8 huithnaBrofRdls ¢vrore hbBecbaphrtbati thet bekshutter 34.
As shown in Fig. 37 3, a tightly closed space 36, which is filled with
the air, i§eﬁégﬁéél PROURE finohhe3dnkAgaskdidgeyist Aubspertiatlyraerey of
the entire float 33 is smaller than the specific gravity of the ink.
Theref ore, [8848hown IR Fhg. ink ghchradgefpfctbatpassent bhvehkionk is
stored in the ink tank 11, and the entire float 33 is positioned in the
i nk, then the bdby&ht$) mhivchei prgendedt ednbonthesiyoaloBg, ais increased.
However, when the anmount of the ink contained in the ink tank 11 is small
and at | eadtisplpaemeot ohbifl| ofit tB8 pwihgidgsmémbert heAco&riligyld, sitf ace,
t hen the buoyancy, which is generated on the float 33, is decreased (see
Fig. 5). [@e7BpsAasbimotn effECcgent]lyt Aeéssharyer tBé iskf storddadrthe end of
the I ever 32 on the side opposite to the side on which the float 33 is
arranged. Phelstubetwedan theaswhngipbamembhapeddnthbedowhwahdlsy
nontransparent and substantially rectangular. The shutter 34 is arranged so
that the shociléneg@4insenmpsedfécet appdyeidnthkeetnner space 52a of the recess
52 fornmed on the side wall of the ink tank 11 as the | ever 32 nakes the
swi ngi ng mhOeABMt . Spacthecahkycaamsrifigenoifntkiegprésenhennaestiibngi ant
amount of the ink is stored in the ink tank 11, and the entire float 33 is
posi ti onedrenethe(ilAka)t hén whéchl oht 83oi dowaveddupwandilyneowantetrhe i nk
liquid surface, and the lever 32 is rotated in the clockw se direction
(first direarifengsi n1Bih) hrebeppusedt be buelaseclerwhinalh Bet soometihenf | oat
38

the inner wall of the ink tank (131), at least a part of

the swinging member may be interposed between the two
downwardly inclined inner surfaces (134b) opposed in the
recess (134a), and the rib (158) may protrude toward the
swinging member from the two downwardly inclined inner
surfaces (134b) respectively. Accordingly, it is possible
to shorten the distance between the swinging member and the
downwardly inclined inner surface of the recess formed in

the ink tank. Therefore, it is easy to detect the
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~ 33, is larger than the gravity. Accordingly, the shutter 34 is arranged at
the detecting position (position opposed to the sensor 21) in the vicinity
of the bottomof the recess 52 of the ink tank 11. In this situation, as
shown in Fig. 1, the rotational novenent of the lever 32 in the first
direction is regulated by the regul ating nenber 35 as described later on so
that the shutter 34 is not positioned at any position |ower, than_ the

det ecti ng EaﬁPiPSﬁmeeﬁ ?ﬁetﬁ?h%Wlﬂﬁhﬁg RRBACT hEr ROt VFTTHE i Mk 't ai ned
inthe ink tank 11 is decreased, and a part of the float 33 protrudes from
the 1iqui d*SGFF8ce of the ink, then the float 33 is noved downwardly toward
the bottom surface of the ink tank 11 as shown in Fig.. 4, and the lever 32
i s rotated[PA3Phe colft BRE| bRkwWF3ELHLAGEt PENLRE P¥PRERe cHNERTF ¥t i%n) in
Fig. 1, because the gravity, which acts on the float 33, is larger than the
buoyancy. ABEBRdi VBEgh HangasdwAven Fhg. rib { hed shamd ekha4dewnwrdliged at
the non-detecting position (position not opposed to the sensor 21) in the
vicinity oftnEhénggpénnpsdreibhaee (hedbecénstBe vicimetynkftblk 11. [0074]
As shown in Fig. 1, the regulating nmenber 35 is a plate-shaped nenber which
is formed Peuadacsrdbapwacdl yherbabt hé58ot nd bhet hppénkendnkt 1tthe The
regul ati ng nmenber 35 regulates the rotation of the lever 32 in the certain:
direction gfwnwardlyeincbdapedoinhar shefabat { €34BY, imanokapesidti oned at any
position | ower than the detecting position when a sufficient anount of the
ink is stofedvhhuge whifb isksmabketlthandatbhereature ¢foatc@3ves
positioned in the ink liquid. Specifically, as shown in Fig. 1, the
rotation owhifb Feuges3@ven the fibs(188)eandobh¢clloghkwisdlyli irctiimedin
Fig. 1) is regulated, and the shutter 34 is arranged at the detecting

posi tion bynaerogin§ache(Lppe) &ndtbé vheinegul afi bigeneobedasf to abut

agai nst the bottom surface of the |ever 32 when the entire float 33 is

posi ti onedbghwele thk ribuit58)0878] the $hwan endFef. thie dbrenwardgkyunit 9
includes a purge cap 10 which is installed to the ink discharge surface of
t he ink-jetnhéade8, 1nndrasgufacen(pdab)l Oarehociisgtks the cakilTaeypurge
unit 9 is arranged at the position opposed to the ink-jet head 5 with the
recordi ng papee.Pwhiachr ienphyaihedebet ekenboithdapyrgetwaen Bhéslowemble in
the direction to nake approach or separation with respect to the ink

di schar ge sunfif afetheé rhe an@-fbhe HewdwsrdTheidclined bhnehessutacen punp
10a is controlled by the control unit 22. [0076] The sensor 21 is a
transm ssi 9ppPe§pe bpt thal syengonghmemhgra lisgheérgairtthay sketion and a

| i ghtreceiving section which are opposed to one another. As shown in Fig.

2, the sensepillary fpraasgedisb fhavbthiénedcetstbe, behndhArysbébweed on t he
side wall of the ink tank 11, is interposed between the light-emtting
secti on antheheppeyghendecéi vhagrikbcahdntheodovheandlgi decbineieinnkrt ank
11. In the first enbodi nent, the residual amount of 40 the ink in the ink
tank 11 andurhacpreppnsedotcabbenswingingemembeal | aThenebbrehethak
cartridge 1 are judged by detecting whether or not the light transm ssion
bet ween t hanki gihiehi renagnsesti bheahdunhfieryi ghtweenethengibeatiohhef the
sensor 21 is blocked by the shutter 34 of the shutter nmechani sm 30.

Speci fi cal igwnwhedinkiantiinkd taserofurfiecenkppaséedi tgethei swinging
light-transm ssive, while the shutter 34 of the shutter nmechanism 34 is
nont r anspamemnberTheerfler eo fhath tbhenwhntiler aBdngstheranged at the detecting
position (position opposed to the sensor 21) in the vicinity of the bottom
in the recge@ssp of rhethakithknkattridyat efashshpresentFigveh)riohhe |ight,
which is emtted fromthe lightemtting section of the sensor 21, is

bl ocked bythbeswhtigieg BémbEPVWRNPrhavben thenspubtersB4pkd skcthén

nondet ecting position (state as shown in Fig. 4), the Iight, which is
emtted frombhewhight ienbpbbBedsest tRE oot ABWERASAQLy2inci $nE8CEhYed by
the light-receiving section. That is, the sensor 21 is operated such that
the out putshregtebe(sensortdlebsmt vhaedeEDEOF1 dgRendi pg-RaMAGL per ier not
the light emtted fromthe light-emtting section is received by the

| ight-receiyi pgssesibofo FRP¥HEr THRoEOBAT BhelllbrdAcENEbYdeanCRYe( Cent r al
Processing Unit) which serves as a conputing processing unit, ROM (Read
Only Menory) in which prograns to be executed by CPU and data to be used
for the progranms are stored, and RAM ( Random Access Menory) which
tenmporarily 41 23




stores data during the execution of the program These conponents are
integrated into one unit, and CPU, ROM and RAM functions as respective
functional sections. Accordingly, the ink-jet printer 1 is controlled. The
control unit 22 further includes functional sections of a driving unit 61
and a judging unit 62. The driving unit 61 is provided to control the
driving of the respectjve units. in Iudinga%fOE exanpl.e, the ink-jet head 5,

the carri a§¥891A70"FRE 0B £BF HPFOVALILKRelPFLARpdr P ARERIM E3TB as wel |
as the suction ung 10a %f thg urge unit 9. 0078& The judging,unit 62

j udges the°§r§§§n5 CHFSabSERE gP he iRk EaPrtrid§ eﬁegﬂ%ethéts%%te of the
anount of the.ink cogtained in the ink tank 11 dependi ng. on the detection

result of FAEEENESr A51CEHERPT ALSPLPCeNRBR PReBRUFYERIBAY| BEPRRY t | oned at

t he detecting position (state as shown in Fig. 1), and the sensor 21
det ect s thérgpe§§ﬁ08uaﬁlﬁﬁe°§hGP?eFe§25§o output ON, then it is judged that
a sufficient anmount of the ink is charged into the ink tank 11. \Wen the
sensor 21 d@Peldds nofRi kYet énbuEputronpe pf rhej pugesanthinvanyione of the
states is %iven,_i.e., the state in which the amount of the ink stored in
the ink takkelswisgdaer mguber aa beerstatabla whi thet hekih&nkatidlige 1 is
not installed to the installation section 70. [0079] Next, an explanation
wi || be ma@&oWitt kheefengateofoaR ggislpangendapoliart he bherdirentdént he
shutter nechanism 30. Fig. 4 shows a sectional view of the ink 42
cartridge ofi digplrgemnggtaosi thetiioh snrfhcehashthenknbmbanused, small in
the ink tank 11. On the other hand, Fig. 1 shows a sectional view of the
i nk cartri dgpendiipgusnr #hengnareasedtieonernewhnchhehempnktagbuhhei snkar ge
in the ink tank 11. Wien the anount of the ink in the ink tank 11 is large
as shown i Atpirgd 1n the danki tenkhyifén .nedhanrdam80yi swhenahbed in the ink
liquid stored in the ink tank 11. In this situation, the entire |ever 32
under goes Skangangt mhenkerf asceotatede thestrbiteofi bhe(swdnginge direction
in Figs. 1 and 5) by the conbined force of the gravity and the buoyancy
gener at ed Bsmbee fiboataBidlamedt heTheavifoyeandhehewhogyagcypegbaer andd on t he
shutter 34. However, as shown in Fig. |, the bottom surface portion of the
| ever 32 abbesdagawasdlyhéngppeedendnet shefregubpppagdnthbeet85avé t he
shutter nmechani sm 30, and thus the rotation of the lever 32 in the first
hardly adhered to one another by the surface tension of the

ink.

[0053] In the ink cartridge of the present invention,
the ink tank (131) may have a requlating surface (156)
which is substantially perpendicular to a direction of
displacement of the ink surface caused by use of the ink,
and a wall surface (169) and a downwardly inclined inner
surface (134b) which downwardly extend toward the
regulating surface (156) from respective ends of the
regulating surface (156); the swinging member may be formed
with a columnar abutment section (160a) which extends in a
direction perpendicular to the direction of displacement

and which is located at a position to make abutment against
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direction is regulated. Specifically, as showm in Fig. 1, the shutter 34 is

regul ated so that the shutter 34 does not make rotation to any position

| ower than the detecting position of the sensor 21. Accordingly, when the

anount of the ink in the ink tank 11 is large, the shutter 34 is arranged

at the detecting position as shown in Fig. 1. Wien the shutter 34 is

arranged a%#%h%_detegyin state, the sensor out puts ON.
t

shown i n Fi '
20080] an- e Sl aRra) BeTadeO 1% hud 3 Bofik PR SERR AR | bt he

ink tank 11.is creased the ink is .43 consuned, .the float. 33 and the
Shut ter 34 BEEREECR, BEeding Spng PRR ifigm 2o tPFackinALEE: BERECH! Bhe
buoyancies,iwh%ph. re %3 erated on the float 33 and the . shutter 34, are
gradual |y déé¢rdaddd, (dnd 't FRYi RECTENEE dFomh&hg: xeonlatigansratadeon t he

float 33 and_the shutter 34.is increased. In this situatjon, as for the
gravity acﬂﬂééqoﬁnghg £ é‘PEJ%?C§2fi%ﬁé'iﬁ%ﬁuéﬁfétOFlphéla?évity acting
on the float 33 is incrgﬁﬁgﬁ,fbe ause h?e float 33 is heav¥ as conpared
with the shGEPREVERN &t heeawadit s tacer dd88d £89atPPedet er ni ned
anount, a state i.s given, in i ch the buqyancy in the clockw se direction
gener ated &fF gtﬂP%aPu§§%9§ HaP&ncedwPeinghdigpasety adiacgatly to
countercl ockwi se direction. Wien the ink is further consuned, the buoyancy,
whi ch acts OfF PRETMERL se5ticn (JOO0Rer WaE8r E88cAPUTRENE0RBFREAT or ce, whi ch
acts on the.entire | ever 32 as described above, is the rotational force
directed inh1PH@)sdSoRd dihtefPUSRNtRREAALSGK R 6CESPeddBdA)irnWPigE. 4 and
5), and the lever. 32 is rotated in the second direction. Accordingly, the

| ever 32 i ¢5sE54MRE8) by dmPaHE @fd the drwnvagdiyt ingliBrHeAnBSt 0 move in
the direction toward the ink liquid surface, and the shutter 34 is noved to
t he nondet EHERGSFodilBiton REPSRGHN ton AL, okbhegnemayhber £er@gdl °BndOnt of
the ink in the ink _tank 11 approaches zero, then the buoyancies, which are
gener at ed BYRERe “Aldat 33 hgnd tkh&agifut(lerl )34 angy @tzdeastapadreké P&t ati onal
force in th% secqnd direction is further increased. When the shutter 34 44
i s arranged&t SFHEIAEY- BEMREL RGYpES LPdFIPOsEds BFSHESR1 tHGt put s OFF.

[ 0081] Next, an explanation will be made with reference to Figs. 5 and 6
about " det aPP¥TFRIERY Frcldingre 18nerofaitasesi (dRdb)epaposed fngths
schematically shows the shutter nmechanism 30. Fig. 6 shows the relationship
bet ween t h&SFEFEnE 12480 A% Re SEFPPEAN Filke (AP8dt T8y WrOkruegpéeard t he

vol une of the flqat .33 and the buoyancy and the gravity acting on the fl oat
33. Actualﬁgﬁ SYIIRIRT FMemeey. f5om gacl; pdcPrah i8nsy gfathen deWnwREdlEver 32
is determned_hy the conbined force of the buoyancies_and the gravities
acting on tRELDGH: 1ONGE SOEERGRS(dA3tke SPRESEA tRe tERUEMENIIDY and t he

| eft side portion (on the side of the float 33) with the boundary of the
poi nt of sﬁﬁﬂ%ﬁ?'by t he support stand 31. However, in order to sinplify the
expl anation, the descriptigon will now be nade assunin% that all of the
forces, whil@RP&le ex&FCOAIGRY k€ Shiecendmierasits ME3Gheapressnthe fl oat 33.
That is, in this description, the buoyancies and the gravities, which act
on t he condfWVentiled péherends( pHevinett en dakanett pe ingdesr ceMprdsiay t han
the float 33, are neglected. Instead, it is considered that the buoyancies
and the gra@ ing§alipitdknasecitdeni @@ )bfot Waieht ithe it rartmidigeni sm 30,
act on the float 33. It is assuned that the float 33 has the effective
total vol uRECATEAAYt ke &heediirt wspest Bsofinshelileghtby peirdset space 36 so

that the assunption as described above holds. On this 45
recording on a medium with an ink supplied from the ink

cartridge (1) installed to the installation section (70);
wherein a detector (21), which detects a detection
objective section (34) of the ink cartridge (1) installed

to the installation section (70), is provided at a position
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assunption, the rotational forces, which rotate the lever 32 in the first

direction and the second direction, are determ ned by the buoyancy and the
gravity acting on the float 33. [0082] When the buoyancy, which acts on the
float 33, is extrenely larger than the gravity, the rotational force in the
first direction is greatly exerted on the float 33. Therefore, when the ink

liquid surface,i.s,l red.as. the ink is.consuned, th | oat . 33 tends, to
under go thg%iWpﬁ&gngggs%gﬁegglPﬁeogaFFgéget§ﬁ§§6ﬂnoﬁgéﬂe9?ﬁkgl?ﬁe uth a
case, it i% %% re itnhatothg.float §3 dogs EOt follow the | owering of the
ink |iqui d2sOrTacs "IngOPRE8RutteF 354884 not nove to the non-detecting

position fr e detecti posi tion. . t.he ot her hand, when the gravity
of the floéggé§qis e%??@ﬁaﬁyglﬁnggetﬁgﬂ'ﬂﬁE BhdPLREYOLt hRerBESEFBhal force
in the secqnd direction is greatly exerted on the float 33. Therefore, when
the ink isOYF&GHeR aficdeEPdisedt rPtpsipBaPEdtiRabPalABCE| BERPSE aRd| ves
at the bottomof the ink tank 11 in a state in which a certain anmount of
the ink refdienslEtecthen pRIegHk Vel seghdopharshiirer BhehobBs syinaeng
non-detecting position. [0083] Therefore, in order to_ inprove the detection
accuracy f8¢TPRE Assratartednoudbeseione i sk if pREsihket BAkCRIrefElys
necessary that an¥ one of the rotational forces in the first and second
di rect i ons 9&EECHg tHE BREURLtogE Lbej dnkowiskt EbrefptectpEawdBhont s nost
desirable that the 46  ratio between the effective volune A of the entire
float 33 ah@if¥ec&rrésivedyverdretedobyt khealisthabgadei aavsede £Pghtly
cl osed space 36 of the float 33 is set so that the rotational forces in the
first and $¥éBwRdedi P¥ctihensuafacgppeogiiant efythgednkeal to one another. The
rotational force F1 in the first direction and the rotational force F2 in
t he second [§0P&dt i onIacthrgisk-URE Pirdatel3odr thexpresset asveotlions: F1 =
AY - (A- BX...(1) F2=(A- BX...(2) A total volunme of float 33; B
vol une of dink-Gkdr peintes maghtthytbessedmppase 36judging unit (62)

which judges states of the ink cartridge (1) and the ink-

jet printer (60) according to a result of detection

obtained by the detector (21); wherein a -judgment is made

by the judging unit (62) on a state in which a sufficient

amount of the ink is charged to the ink cartridge (1)

installed to the installation section (70) if the detector

(21) detects the detection objective section (34), while a

judgment is made on any one of a state in which the ink

contained in the ink cartridge (1) installed to the

installation section (70) is decreased and a state in which

the ink cartridge (1) is not installed to the installation

section (70) if the detector (21) does not detect the

detection objective section (34). Accordingly, it is

possible to judge, with one detector, the state of the

residual amount of the ink in the ink cartridge and the
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of float 33; X specific gravity of float 33; Y: specific gravity of ink.
Especially, AY corresponds to the conbi ned buoyancy acting on the float 33,
and (A - B)X (= F2) corresponds to the conbined gravity acting on the fl oat
33. That is, the rotational force F1 in the first direction is expressed as
the difference between the conbi ned buoyancy and the conbined gravity

ti the float 33,.The, relationship bet b tjonal, f F1
and 73 15 ERARTER PPths SRREAG: ProhPal TAXTSTORLEPD. Ob FBrt8nis the

vol une ratgo /AH the broken line in Fig. 6 represents the change of the
rotational “For¢& BT in the first direction acting on the float 33 with

respect to bﬂgTXolung r%hio.BﬁAh and the 47 solid line in E%g._G
represents! hangeRof *Ehé N for&ti BRaPLEEr eE EBS| RTERENE et BB TRet i on
with respect to the volune ratio B/A _As shown in Fig. 6, as the volune
ratio B/ A &Pet AETEFE8Ed (pacBazebRi fhlighpebransmifaly et BYPQoPE@MECHS t he
float 33 is larger, the rotational force F1 in the first direction becones
| arger. On®EREYBLRELYhaRE, 18sPPREIDOEURE HAEEI Bhe/ pheapshagher, the
rotational force F2 in the second direction becones |arger. Assum ng that
t he magni t &4@NsP1ERVEOoLEPPORBNSPEr ceThAreRE e r &t dFrpessdhlestohe sane as
that in the second direction, i.e., assumng that F1 = F2 is given, the
fol | owi ng &Rprégsi 5Rei do¥brarheafather dnligied PR&NERBFession (1) and the
expressi on &2%: AY - (A- BX=(A- B)X...(3) Therefore, when F1 = F2 is
gi ven, thelP8P8de rafFEcBAANg Kooh thérdi ghrkgtcbbsthespaeeeds with respect
to the total volune of the float 33 is expressed as follows: K = (2X -
Y)/ 2X invention, there is provided an ink cartridge comprising an

ink tank (11, 201) in which an ink is stored; a float (33,

202) which floats on the ink; a support member (32, 203)

which swingably supports the float so that the float makes

no contact with an inner surface of the ink tank; a

detection objective section (34A) which is provided on the

support member (32, 203) or the float; and a regulating

member (35A) which regulates the support member so that the

float is positioned in the ink when an amount of the ink

contained in the ink tank is not less than a predetermined

amount. 1In the case of this ink cartridge, when a

predetermined amount of the ink exists in the ink tank, the

float is retained in the ink by the aid of the regulating

member. When the ink is less than the predetermined

amount, then the float floats on the ink surface, and the

float also makes swinging movement as the ink surface is

lowered. Therefore, it is possible to detect the residual

amount of the ink by the aid of the detection objective
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...(4) The polyacetal resin as the material for the float 33 has a specific
gravity of 1.41, and the ink has a specific gravity of |.07. Therefore, the
volune ratio Kis 0.62 according to the expression (4). Practically, it is

desirable that the volunme ratio Kis determned within the foll ow ng range:
(2X - Y)/2X - 0.1 < K< (2X- Y)/2X + 0.1 ...(5) In particular, when the

specific gravity is 1.4 ra | ue._approxinmate theretfo in the
polyacetalS%égﬁnnagrpﬁééfg OnnéﬁSrFEPgBSE PHRECFE 08T gé? ?fo?g'deg?rable
that the vqQlu ratiq K i.s within r.gnge not less th 0.5 and not nore
than 0. 7. Fb&ggfsﬁnoghgh&gsép'pFPSﬁrﬁggghegb?iﬁEPBPEtomeﬁg?ﬁtion of the
| ever 32 describ above, the preferred ratio _of volune K (=_B of the
[l oat 33 h8iBEEN derUPRPRES SRFI LnaE| BLEPREC: ABY bEBYERET caf cEt he
ot her ¢ han TIRETFORE 355 RBRETCPUTAAGH PhetBioyARorE8kandThRECILYT (i ob
acting on % e utter, 34 and the,l ever 32 have significant magnjtudes with
respect to Eﬁe%EBB ancy g drFﬁér@F§9§tPYaEPPnQnBﬁrtﬁBrfP6§t°§3Fh?t i's
necessary %g geher ine th preierred volune ratio K (= B/A) while
fﬁns:derin3zp eogggbﬁzépé Zﬁﬁd FHE:EPaEFtF?§ iEFEnQWB?ntEBTshHFBE?b34 and

e |l ever : ccordin 0 e . first enbodi ment expl ai ned above,
when t he I895r5§ﬁsi%hPBt§P@dPgﬁdEEEBWaaﬁéeaﬂPPHtthEhﬁnﬁﬁﬁﬁto¥sthe ink in
are f1xed BYtARBSHoq8 tBS. Mher oFBRESTPECYStBBSIBAE £5 PAM BAFECTAS ampunt
are fixed ever . ere ; Fs s&i [ anmount
of the ink.,in hhe ink tank 11 w thout being extrenely affected bg t he
di st ur bancBYchli€e§UTEareckgRpien By the éﬂ%faoént@ﬁgﬁﬁntefaiﬁﬁwi ke [0086]

According to.,the first enbodi nent, even when the rotational force in the

first direSFiBALR8t YLO¥RMERE PévERe3s1RAEntPhéECLARY] EheurefdéfBatly stored in

the ink tank 11, 49 . .
amount of the ink more correctly, it is appropriate that

the buoyancy and the gravity of the float are adjusted or

contrelled as in the first aspect of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059)]
Fig. 1 shows a schematic illustration illustrating an

ink-jet printer including an ink cartridge according to a
first embodiment.

Fig. 2 shows a sectional view taken along a line II-II
shown in Fig. 1 illustrating the ink cartridge depicted in
Fig. 1.

Fig. 3 shows a sectional view taken along a line III-
ITI shown in Fig. 2 illustrating a float depicted in Fig.
2.

Fig. 4 shows a sectional view illustrating a situation

in which the ink amount is small in an ink tank of the ink
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it is possible to reliably stop the shutter 34 at the detecting position by
the aid of the regulating nenber 35. [0087] According to the first

enbodi ment, when the anmount of the ink is decreased, and the lever 32 is
rotated in the second direction, then the shutter 34 is noved to the
non-det ecti ng position, and the absence of the shutter 34 at the detecting
position i t ed .t he sensar. 21. Therefore, it is possible to detect
t he situati%(‘%\(r’ji‘%l&ﬁﬁél ig%%%ﬁgegnﬁﬁn 8¢ fhe ink in the ink tank 11 is

d dto b | Ler, than. the predeternined t apd_the.situation i
whi ch the ik CATEr dg8 2oFs that PPAGCAPLEGOLo PRCIAGY 3FI &t PBH 4 i on 70|

as the ide&%h%ak %Etua%iags. Ehat hs, it is possible to detect the
situation in 'R PRhe gtodRt *o¥ the ink in the ink tank 11 is decreased to
be smal |l er than_t.he predeternined unt and the situation jn which.the ink
cartridge 115 ROB-i RsPaPPEAhS fRASEACPSNTR: PERVEERI B FBLLY i At he
sensor 21. .Therefqre, .in the case of .the_ink-jet printer accordi to the
first enbo&PnghF,%#PangﬁBﬁCBHaleogéﬁblé PijEbﬁegPﬂgaP%¥iﬂﬁﬁlt unt of
the ink in the.ink tank 11 but it_is also possible to distinguish whether
or not anoﬁﬁgylFﬁkaggﬁPﬂiaﬁet °h&¥PRG-a | arge residual amount of the ink is
required to be newy installed, by usin%,one sensor 21. Therefore, the cost
i s decreased. [G6088F AbcaPdi A§ £8°FhEeFriopadnBéaifent luFhEAFLBYt 2R3 |5
provi ded mLt&ythe tL%Btlg cIo§ed space 36. Therefore, 50 it is possible
to effici enty “PEWErUOReEHREALPE §Pafi BFCBRd: RBPEALMPBLF| 0at 33. In the
first enbodi nent .descri bed above, the nmaterial, which has the specific
gravity larger £A8n EhEfO¥P BhESFAROPRL YdeW fakeRnhaleRgaf 33ner¥héler, the
float 33 na% be Borned of ,a material which has a specific gravity smaller
than that Ofth&DPHR, 1PnFdfder *to obtain a sufficient rotational force in
the first directjon. [0089] According to the_first enbodi nent, for exanple,
when the vol umefi8ri 8 RDGFSt RedeVEhOPReREoddduebhating WhensVeRgéRy to t he
total volune of the float 33 is_0.62, the rotational force in the first

di rection BEMPRY SA°WRePeldP-32-has the nmagnitude which is the same as
that of the rotational force in the second direction, Therefore, it is
possi bl e to rotat8-th8 FBOWF §8ChiPBadBIEWFy LAlkERoALOBEI AgléRer Endl y

af fected bé t he di stuyrbance caused, for exanple, by the increase in
viscosity oP°FRelPnKi8s wel| as the surface tension of the ink. It is
possible to indicate_the amount of the.ink in the ink tank 11 nopre '
correctly. [0096[-9Addilt FBRYFI ¢, SeReBrtiiAgarE2pAEMERFsPTeBodnkedel t he
shutter 34 has the nontransparency, .and the shutter 34 is arranged in the

i nner spacBr6PtPﬁeaﬁ8PF8%PﬁﬁH?hargéé§9 SBOPELRERYF N the ink tank 11.
Therefore, it is.possible to use the light-transm ssive type optical sensor
which is cheap 549rhe2d&PB¥WEORD FRE Fé§gFl§2? #RPeRtEE pRofidedldirth the

float 33 ang the shuytter 34, is constructed as the 51
whereln Fig. 12A shows a plan view, Fig. 12B shows a left

side view, and Fig. 12C shows a bottom view.

Fig. 13 shows a perspective view illustrating the ink
cartridge depicted in Fig. 11 as viewed from a downward
positioﬁ.

Fig. 14 shows a sectional view taken along a line IV-
IV shown in Fig. 12B.

Fig. 15 shows a perspective view with cross section

taken along a line V-V shown in Fig. 12A.
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thin pl ate-shaped nenber having the small width of the projection plane
wWth respect to the ink liquid surface. Therefore, the surface tension,
which is received by the lever 32 fromthe ink, is decreased. Therefore, it
is possible to displace the shutter 34 while correctly follow ng the
decrease in the ink. Second Enbodi nent [0091] Next, a second enbodi nent
according to the.present.invention w.ll be explained with reference to the
drawi ngs. In thgl écgﬁd%gﬁggd?ngﬁp,V&ﬁWyWﬁﬁg gﬁﬁ??eﬁeﬁ%&ﬂﬁnﬁgﬁ?ﬂiffers from
that in the,firs odi_ment.. Theref.ore, in e draw ngs concerning the
second enb% Pﬁgn%P%?ﬁénggﬁﬁbngﬁﬁgPslBs%PHOSéEQf the first enbodi nent are
desi gnated by the sa reference_nuneral s, any explanation of ich will be
o tbed. [0082] TG 17 SRONE" BobrPURar 6NeYath FABFFaPPhY oA FARSRar 111 dge
according tq the secqond e di ment. .Fig. 7A_shows a state in which the
interior OPRPﬁg Fﬁf ﬁ&ﬁﬁ I%iEgEVPIéB %ﬁ?h Eﬁé‘ink, and Fig. 7B shows a
state in which %he iqg in.the ink tank 11 is consgned. Fig. 8.shows a
sectional view tadeni&PofGoYSI PnESGFEPRRL| F1EHoWAKFR RLERI7B. LFAB shutter
mechani sm f ink cartridge A is _driven_on the basis of the anmpunt
of the ink%gﬁ&%éH&&EAtﬁ OBk f'afik9111As FSAowh SPnSRPYS 2ASCER&CRAt t er
mechani sm 3QA | rranged at the bottomof the ink tank _11. The 52

shut t er ne3H§Wi§ﬁ%§@Aagﬁ89u8e 1ResYph8PrVeLdRdsEern 4N Evgr tEonABEting
menber) 32A. a float (bal ance nenber) 33A which is arranged at _one end of
the lever 338 485habPes PdéFE&%PBﬁloHF€WtF9§e§e€9PBH)aSiAﬁﬁhV&ﬁIFs
arranged at__the oéher end _qf the lever 32A, and a regul ati ng nenber 35A. A
swi ngi ng mendér §H°V8 dBn&tfuctdd by the |ever 32A, the float 33A, and the
shutter 34A [0093] Ag shown in Fig. 7, the sugsort stand 31A.is a nmenber
having a trapezbifal 1si §8°UGr FEEL1PPRAdViLRWEh& LHPELRRE}NE! 2Phénkent er of
the bottomof the ink tank 11. The |lever 32A is a thin plate-shaped nenber
ext endi ng PHPRI¥eVRAVA GFPLCEFInLinTREI eddr WRRTPANSEigor £88 SROYHe support
stand 31 s% t hat _t he gxtendin% direction forns a predeterm ned angl e of

i nclinati o™i VR1VESFLOE Lo SEREChoRPInT WAl | 18BaShews EhG. Vo) VEFOPRR
projection 51 of the ink tank 11. Further, the lever 32A is supported on

t he suppor £*8f&nd 31A so that the |ever 32A i s swingabl e about the pivot
poi nt at which the lever 32A is supported on the support stand 31. The

| ever 32A is suppdrtéd Sﬁoﬁﬁeasﬁﬁﬁég?c§ﬂaﬁdvé?ﬂ 43 LURAT atABIWAIVALSE t he
proj ection ﬁlang obtaiged bé,progecting the | ever 32A perpendicularly with
respect toPtHE PRRIFTEE d'sEifacd s narrowest, and the surface (upper
surface of the |lever 32A.in Fig. . 7A) of the_lever 32A, which may be opposed
to the ink |iqufddsulfaEbovfad Z1pMedBpErnihddshsgtdngr aincl i nation with

respect to.th% Egk Liguid surface. Further, as shown in Fig. 7A, the
installation state-judging process upon the

attachment/detachment of the ink cartridge depicted in Fig.
11.

Fig. 22 shows a magnified view illustrating a partial
cross section of an ink cartridge according to a fourth
embodiment.

Fig. 23 shows a perspective view illustrating a
partial cross section of an ink cartridge according to a
fifth embodiment.

Fig. 24 schematically shows an example of the ink
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53 | ever 32A is slightly bent or curved in the vicinity of the center in
the extending direction so that the |lever 32A is concave upwardly toward
the ink tank 11 when the | ever 32A is supported on the support stand 31A.
As shown in Fig. 8, a curved section (projection) 32aA is forned on the
surface of the |lever 32A which may be opposed to the ink liquid surface.
[ 0094] As sha i,n Fi the float 33A.i.s a nmber havi ng cylindrical
shape. The FlggPd§§A ﬁa§%§np§ﬁ8?ﬁg %nVSPGﬁﬁnasnESHEépeﬁlgwt%f%h%kgﬂﬁtter
34A as descrih | ater .on th descri ed | ater o ghtly cl osed
space 36, i ?HatswPOlBeWPrlF o 8% hE GhriricRbiieaherdene Pioa: 2oa
as shown i Flg 0095] ﬁi shown i.n Fj t he hutt r 3A ig forned
at the end §8¥%Sp oS EaF&OPhéns thBHtRﬁI&H t hg FPERPA38A- of the
| ever 32A is arranged The shutter 34A is a thin plate nenber which is
nontransparent and substantially rectangular. The shutter 34A is arranged
so that the shutter 34A is noved ﬁrotated in the inner space 52A of the
recess 52 formed on PHRCRIREIGHIF oFHE HeR Wﬁ%l@%%@d&%e lever 32Ais
subj ected to sw ngi ng novenent. Specifically, as shown in Fig. 7A, when a
sufficient amount of the ink is stored in the ink tank 11, and the entire
float 33A is positioned in the ink, then the buoyancy, which acts on the
float 33A, is larger than the gra&sly Embediiefle when the float 33Ais
noved upwardly toward the 54 ink liquid surface, then the |ever 32A is
rotated in lPHé"dl ockdi £&Taitr eBPPEATEnt 3ccardansi ba) the Frgsent and the
shutter 34A is arranged at the detecting position (position opposed to the
sensor 21) i8vepkdonewddd be ekpladnedkwighk referencehts sheudrawangshe
shutter 34A is arranged so that the width of the projection plane obtained
by proj ectilR§6de shitiger 134hopsr pepdirtdhdr sghenabicespewt to the ink
liquid surface is narrowest. In this situation, as shown in Fig. 7A a
r od- shaped idBusteat imgnber i3kaAstwpirdhties ﬁuc&adiag an uppecapbrtidga of the
shutter 34A as described | ater on, nmakes abutnent agai nst a regul ating
menber 35Aasgordiangt e thet tfers34Ambsdimenposi Thenédkataahyigdgsi i on | ower
than the detecting position. Accordingly, the rotation of the |ever 32A in
the first d&ihoweotiionFig.rdguilduedra®est hecovberskandpnad showntumeFbd. 7B,
when the amount of the ink in the ink tank 11 is decreased, and a part of
the float 3BA pnét radésifigemlt he biedquoigdcstir hdocegoh fllieei kI thewnt hie
gravity, which acts on the float 33A, is larger than the buoyancy.
Ther ef or e, Fig .sBewnAnnafirgw 7B, shhenf ioaFig3Ali induvetdedowheardby bdwar d
the bottom surface of the ink tank 11, and the lever 32Ais rotated in the
count er cl othei dekdi padt monatsewoi@ dindechites) the Eilgw @B. tAecordingly, as
shown in Fig. 7B, the shutter 34A is arranged at the non-detecting position
(posi tion pdmosppesed hart.heFigns@r shbysi B sketibohii jeaf the upper
portion of the recess 52 of the ink tank 11. 55

illustrating the ink cartridge 1 taken along a line II-II

shown in Fig. 1. Fig. 3 shows a sectional view
illustrating a float 33 taken along a line III-III shown in
Fig. 2.

[0062] As shown in Fig. 1, the ink-jet printer 60
includes an ink-jet head 5 which discharges the light-
transmissive ink toward the recording paper P, an ink
cartridge 1 which stores the ink (I in the drawing) to be

discharged to the ink-jet head 5, a carriage 6 which
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[ 0096] As shown in Fig. 7A, an extending portion, which extends upwardly in
a state in which the shutter 34A is arranged at the detecting position, is
provi ded at the upper end of the shutter 34A. The rod-shaped abut nent
menber 34aA, which is nounted in the perpendicular direction (direction

per pendi cular to the sheet surface of the drawing) with respect to the both

side surfa the extending portion, is foroed Ln the yigcinity of the
upper end gﬁﬁFﬁélgxggﬁ&PﬁacsggFiSﬂq PBB@?]tQS %ﬂgﬁﬂanﬂ??%.g7%E %he

regul ating . 35A is.forned _at the upper ends.of the recess, 52 and the
b o ect | onBE e AaeeRR bl RatEeorigR, BBRPERR NG haRotP SBR TRRESGbu nent
agai nst thefabgtn%nt genber 34aA of the _shutter,K 34A ﬁhen a éufﬂicient
amount of PRePPREYIs24P8Ped PH 8Re’rnR FAARSERTtaMACRARLIERF r'E+FRat 33A is
positioned_in_the_ ink Fiquid. Accordingly t he rggula%ln menber 35A serves
as a nmembetrTARFERTFEQUPS: E§CPREIPE: REPER Bf 1Pnhd FEYEFt49% in the certain
direction (first dirﬁctign) go that the shutter 34Ais noﬁ pos#tloned at
any positi BFTPSRELCEIAR fRe 86t dEFPRGIRBsPE BAVEREBESPL AERAIRETBRY above,
in the sec%nd egbodinent aﬁ sho in Fian 7A, when the ink _appunt in the
ink tank 1PSP8 ParfePaifdlefetntpreipkodissBarpe pBEFRFENRE FRSt HEKT nk
liquid, then tge gbgtnent nmenber . 34aA abuts agai nst the regulatiqg menber
35A, the sHAGLt 8F384Ari 8 RPFIRgBALE: 7t HB18Bt BREAQTPBsPLF oROBE2LRGI r &R ess
52, and th% shutter, 34A is 56 arranged at the position higher than the
float 33A CBfrth rJanhFﬁé éeeaﬁdteﬁbga#naﬁv}nsh@nﬁohﬁﬂaan cehétyevar 324
which is disposed in the vicinity of the center in the extending direction,
is slight! YeBERE SASEGFYRY)sd 1t HRECPhEehBFEFoRPPsaRBRREVET UGS 8% t owar d
the ink tank 11. Therefore; .the shutter 34A is arranged at the upper
posi ti on aSCRGAPAFEd 1 thet ABkc58ETFAIARI haPfetPBYBFS89ACESORot bent or
curved. [00%9] An e¥planation W ll be made with reference to Figs. 9 and 10
about the 8PPGEFEr 8fofhEndPknragtRdIRENber 288. AaFFERtECsnBRETa2deVREBBNent
illustrating the_swi nging nenber 80. Fig. 10 shows sectional views taken
along a Iiﬁgn?;21§h5 PRPEPg. 9. Fig. 10A shows a sectional view
illustrating a_devel gped state of the float 33A, and Fig. |1 OB shows a

sect i onal &Beﬁﬁﬂ||usFﬁstﬂﬁ&*éﬁtaggéﬁbﬁeaa§t§be éﬂktﬁéSFgaasessﬁxf¢ﬁe

swi ngi ng nmenber 80 is nmade of a pol ypropyl ene resin. As shown in Fig. 9,
the swi ngi R§ HWBABBr agdairge RUBYEEl Py PBERBES| AnatsshePEn) ni@li ch the fl oat
33A i's devel oped. As shown in Fig. 10A, the float 33A includes a case 33aA,
a cap 33bAd1gRB289&BANEREI AGknaKBefosBeA- AFhshéwk-DatFRgad1BALSt he case
33aA is a nenber having a cylindrical shape extending in a certain

di recti on. CPRETEAIEAIBAALDE FPBEIrEdduRith22heci hhat Spacénkasrrglasdopeni ng
di sposed at one end. The cap 33bA is a nmenber for tightly sealing the inner
space of tK&ECBadB 3BEASUpPRéYcbHRecti A§ AdRBBArgseALrsmatprarespraEpédenenber
57 for connecting the case 33aA and the cap 33bA. The connecting nenber
33cA has oR@Z&A&Swhi 8F FBOWBI ARJFLE -alpokhpoinknsubkplyi ERet ¢ BASt ABecent er
in the extending direction of the case 33aA and the other end which is
joined to €Rd @%&CQU#ﬁaéénﬁﬁcﬁﬁé gaptBsbAnkroetoherdefs BRd dbeePbped

swi ngi ng nenber 80 is assenbled, then the connecting nenber 33cA is bent as
shown in FPEd ¥bAcChapg crener@iedf tehancipk3sbnplyhpépei 41di speseliown t he

si de opposite to the end surface connected to the connecting nmenber 33cA,

i s arrangedbaf igke lop&hengnséf subplyapép834A {&ar rowubloel PAPRI §avios). As
shown in Fig. 10B, the inner space of the case 33aA is tightly seal ed by
engagi ng t BeteRpr3BUAshEPR thRebspennngcbidt he theeidBamarmgddoei Agl yA the
tightly closed space 36A is fornmed. The specific gravity of polypropyl ene
as the mat plugplfisy P&r inKginfidowwpngkag4deaber 180med @t9poThdpakord, in
this enbodinment, it is preferable that the ratio K of the volune of the
tightly cl asegadpdceéipcaowichhtr tbpednkt anfhowvpbuirs d2 the flispbsd8A is
within a range of not less than 0.3 and not nore than 0.5 (see the

expressi onifis5the circumferential direction on the outer wall. An

intra-tubular ink flow passage 43 is communicated with the
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[0l 01] According to the second enbodi nent expl ai ned above, as shown in Fig.
7A, the arranged position of the float 33A is lower than the | ower end of
the shutter 34A. Therefore, when the anount of the ink in the ink tank 11
is decreased, the shutter 34A protrudes fromthe ink liquid surface prior
to the float 33A. Therefore, the float 33A 58 protrudes fromthe ink
liquid surf t.o rotate. the | ever .3 after_ the_.ink adhered in the
vicinity OP%%%édgh&§E§P9§4B%F|6%§ &8%ﬁprE85Fai§6ry, it is possible to
reduce the i.nflyence_of the surface tension_of fhe ipk en the shutter 34A
is rotatedﬁopf4ﬂs poggﬁbﬂgﬁtSafﬁaﬁggﬁeTtﬁﬁ 8oPH ﬁFapﬁﬁaﬁﬂ%unt. [ 0102]
According to the second eng dinent, the lever 32A is arranged. so that the
wi dth of tHK&C PB;?@@PFOH%P ﬁ@lssﬂaﬁﬂé-aheyeaeﬁaéﬁdﬁeamaﬁﬂ|9fp@o}é<&lf¢ng t he

| ever 32 with respect to the ink liquid surface is narrowest. Therefore, it
i s possi bl &*E85HeEFd Se SYRENESACaErEaPea BEL RRENt BB Féder132Bh@ndkhe ink
l'iquid surface. Accordingly, it is possible to reduce the influence of the
surface tef&r&%160%t ke lPRRUERSt AB fLBFeFanialhneRifhesteyes BbA 18Ky bfat ed,
and it is possible to . indicate the ink_anmount nore correctly. [0103]
Accordi ng 8 hE €Ea¥ARIembE8i Akt Cub$leWoRASFAIRI §2 YALchhes| ever 32A is
arranged so that the side wall of the | ever 32A, which nmay be opposed to
the ink |i§&PY186Ff REBLLIrEtiRgLynEtbraroh Rreppekingol?hasi ARSFrybed surf ace.
Therefore, it is possible to further decrease the contact area between the
| ever 32A &RJSThEN| ART| P4LPH18dr FAEe inkhatpeedr iB2the apkahasl bbl Fquely
with respect to the ink liquid surface which is |lowered as the ink is
consuned. PHELAPYr &0 ithej suEgdder of the fLekerazpridaeftiectnthe |iquid
cutoff for the ink as well. The shutter nmechanism 30 is noved nore
snoot hl y. AtEgEBPRELG, ailr i8fdow ppesapel é3t whight RdlovwedtBe the infl uence
of the surface tension of the ink on the |ever 32A. [0104] According to the
second enb@dMRERNETAS 3A&WECI AlPWgingo the dnkveankedlion 32amti 4forned on
the side wall of the |ever 32A which may be opposed to the ink liquid
surface. THBAEROFERNPELESthEsPEl Eaps ﬂﬁrﬁﬁért ecielssuphéycbhpactlar ea
between the | ever 32A and the ink liquid_ surface. Accordingly, it is
possi bl e t 8MAuFRAER Fegadest hBei Apkuenpplyf pike 4&r factheeaskopusflete ink

on the |ever 32A
passage 12, and a shutter mechanism (including a swinging

member) 30. The ink cartridge 1 is detachably installed to
an installation section 70 of the ink-jet printer 60.

[0065] As shown in Fig. 1, the ink tank 11 is an ink-
storing chamber which is defined by the inner wall of the
ink cartridge 1. The ink tank 11 includes an ink outflow
port 15 which allows the ink stored in the ink tank 11 to
outflow to the ink outflow passage 12, and an atmospheric
air inflow port 16 which allows the atmospheric air to flow
{(arrow 72 shown in Fig. 1) as the ink outflows from the ink
outflow port 15. As shown in Fig. 1, the ink cartridge 1
of the first embodiment has the ink outflow port 15 which

is provided at the bottom surface of the ink tank 11. The
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[0105] Additionally, according to the second enbodi nent, the float 33A is
formed of pol ypropyl ene having the specific gravity of 0.9 which is lighter
than the specific gravity of the ink. Therefore, it is easy to increase the
buoyancy generated on the float 33A. This contributes to the

m niaturization of the fl oat 33A Even mhen the ink enters the tightly

cl osed space 36A IS OSSI le to rate t he 5 yanc on the float 33A
because t hé& EﬁggpFF&Cg?é Pt Pwtﬁ8r tl§SRrP§l ?gh?Er RRAWPPRE specific

gravity of th i_nk he ,second. enbodi nent, the tightly
cl osed spa@gr elgffg% g ? % ﬂ&o §§Al8§ Eﬂﬁﬁg?ﬁ 1¥he case 33aA and
the cap 33bA of the s g 80 fornmed in an inte rated manner .
Ther ef or e, SPABUPLGEES ggﬂ 5§ntgg %d@EEéleﬂsPPﬁséﬂﬁ theh bpryud Rotle
According to. the %ﬁcond enbgdlnent t he shutter 34A is arranged so
that the widkhodtidry pPLfe PlonFBFEHErObFBFnéBKanBErbénﬂ?cularIy
projecting the shutter 34A Wi th respect to the ink |iquid surface is
nar r owest . CPABMBLGAES]] Wikl 5B§SPEWQSPBeHé€réé§elPﬁeOWoH?%E?g§reé bet ween
the shutter 34A and the ink |iquid surface. Accordingly, it is possible to
reduce the PﬁPPﬂ@n&@eoFtﬁﬁépgﬁFﬂﬁcélFeﬁ§¢éﬁWoP°FHe15nk on the shutter 34A
when the shutter 34A is rotated. Third Enbodi nent [0108] A third enbodi nent
of the prei@ﬁﬁﬁﬂnvenﬁﬁoﬁhﬂﬁpllBeFéﬁpI8un§§0]?ﬁtﬂﬁéstﬁﬂrdwéhﬁbdlnent t he
present invention is applied to an ink-jet printer capable of discharging

f our col or PrRkEudpOTOIRTAs thrownsiideFpg. the, inketihnk- L&t apdi vihéeh101

i ncludes, for exanple, an ink-jet head 102 mhlch is provided with nozzles
102a for deg&éradgirgm Kbef bottowl snrifaks of thenipk) tapkl Ldwtey), magenta
(M, and black (K) to the recording paper P, four holders 104 (104a, 104b,
104c, 104dpowmhtdRnseinetis varcinidyeoifnshal Fengesedni bhe heighhstal ling
four ink cartridges 103 (103a, 103b, 103c, 103d) for storing the four color
i nks respeéﬂﬁ@@ﬁ}OHaO@aﬁhﬁagekl©§n%hﬁéh Bwﬁeéptwedegnppoeaueseana1deves t he
i nk-jet head 102 along a guide 109 in a certain direction (direction

per pendi cuat 1t et kbepapér teukf dde) , As shawspdnt Figehani snrkeoesahbeh
transports the recording paper P in the direction perpendicular to the

di recti on whigbvasesensfivehasi mikeped drom the inside of the ink tank

11 and which extends in the height direction of the ink
tank 11, is formed in the vicinity of the center of bottom
walls 5la of the projections 51. The recess 52 has an
inner space 52a which is communicated with the inside of
the ink tank 11 and in which the ink may exist.

[0067] As shown in Fig. 1, the ink outflow passage 12 is
formed at a lower portion the ink tank 11. The ink outflow
passage 12 is communicated with the ink tank 11 through the
ink outflow port 15. BAs shown in Fig. 1, the atmospheric
air inflow passage 13 is formed at an upper portion of the
ink tank 11. The atmospheric air inflow passage 13 is
communicated with the ink tank 11 through the atmospheric

air inflow port 16, and it is communicated with the outside
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head 102 in parallel to the ink discharge surface of the ink-jet head |02,
a purge unit 107 which sucks the ink having any high viscosity and the air
contained in the inkjet head 102, and a control unit 108 whi ch nmanages the
control of the entire ink-jet printer 101. [0110] In the ink-jet printer
101, the recording paper P is transported by the transport nechani sm 106 in
t he rlghtma t?lnd Jeftward glrectlons i_n Flg whil e dr|V|n% and
reci pr ocat i°rig Hfre 1Rk TREK # aHlfoﬁnbﬁnFHBWc PFFa@ésﬂﬁﬁegnO?h% +42cti on
perpendlcular tqQ.th er surface i.n Fig. I n cooperatlon thereto, the
Pk s SupSEPEIILS tho CHG, 2FBOSRESR1GH aihe  FAKOY oPORBALS 102 B h CBERLS he
supply tube 11 omthe holder 104 installed with the ink _cartridge 103.
Further, tH& %Cﬁsnbﬁs&ﬁ§r§€HtFﬁéﬁ?tﬂelﬁoEEFe§S§@2atP8 tRELPECBPEF ng paper
P, and t he recordln Pis subjected to the printing. [0111] As shown
in Fig. 11, lFPQSSQrgé Gﬁﬁtsié? PREPGAES ﬁopEPQeaEQBSEQQr&ﬁl@hrcéﬁf%%w
installed to the ink-jet head 102 so that .the ink discharge surface is
covered th®&h tf, Cdndhg sEEPPBREpEAPILYOIMALEN BAER3IENES| AR FRBAPENe
nozzl es 102a. The purge unit 107 is arranged at the position opposed to the
i nk-j et he&@ IH8twthE ARBOFEESFAFngiFaperspnpht @W‘énﬂ-ﬁﬁot HB?ebEEV\EQHk The
purge unit 107 is nmovable in the direction to nake approach or separation
with respedt tHrEREh hkedPEBREPYETIGr Pa&e 1Bf1lPHePRARAPEL LRead 102. When the
ink-jet head 102 is out of a printing range in which 62 the recording
paper P carl%9&8dubj edhed Jpdnthé4prpaneags the éokt tankplipandotbanink used
to suck the air mxed into the ink-jet head 102 and/or the ink having any
hi gh vi scosupplaspapeesil-t Bhet felstapdr ancdndets wapeckfingmlfhwhmohzl es
102a. [0112] As shown in Fig. 11, the four holders 104a to 104d are

provi ded |nStﬁérﬁnEEﬂeﬂnpthﬁtépa@elcwnPaetbélhg &hegmnederrnwehé afrahein the
ink-jet printer 101. The four ink cartridges 103a to 103d, which store the
i nks of cyamk yertawdgeadgenaad andlbs&ck;oarBOﬂﬁsﬁalWBdCh01Ehé0tmed hol ders
104a to 104d respectively. The black ink of the four color inks is used
more frequandey thenpaké&ioghdr .t hfde pekkingnkd im Mampedasésanlin such a
case, it is preferable that the volunme of the ink cartridge for the black
ink is |argdasthanmerbey ebmphsednkicar fiedgbdel@8aine 1TBe fiok the col or
inks. [0113] An ink supply pipe (conmmunicating pipe) 112 and an at nospheric
ai r-introdaugtddopi passageald psovpdagdupst &hdi pgbkingspdct i Wokey &he
positions corresponding to an ink supply valve 121 and an atnospheric

ai r-introdadkngupallyepipe dii tkenitk ioseritedgénto3thespeckiingl ¥ 7at thee
bottom of the hol der 104 as described |later on. An optical type sensor 114
(1ight-tradsk ssitfdowypesspuiecdl densenlledsbyr thiededabtrict lerhel dér 104 in
order to detect the ink residual anount in the ink cartridge 103. The
sensor 1l14thgsvackiight 1éni t Thegissetritannlhtdead8d asl mghtircedeirvihnge63
section 114b which are arranged at an identical height position and which
are opposedhtighoné Apomedr thyonbht theebonkorastirifdge ©@3the iinker posed
between the both sides. It is detected whether or not the |light fromthe

| i ght emi tt cAgtsddgieod -117hei dnpeotiiod bple 3Buseeveseelannsins23tpoovi ded
in the ink cartridge 103 as described |later on. An obtained detection
result is parputfeadthe tihé soppriyl popet 4108hen the ink tank 11 is

connected to the ink supply pipe 41.

[0069] The procedure for connecting the ink tank 11 and
the ink supply pipe 41 is as follows. At first, the ink
supply pipe 41 is inserted into the insertion hole 18 of
the joint 14. Subsequently, the ink supply pipe 41 is

further pressed against the packing 17 at the point of time
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[0114] Next, the ink cartridge 103 will be explained in detail. In this
enbodi nent, the ink cartridges 103a to 103c, which store the three types of
col or inks respectively, have the sane structure as that of the ink
cartridge 103d which stores the black ink. Therefore, one of the ink
cartridges 103 will be explained. [0115] As shown in Figs. 12 to 14, the
ink cartridge_1Q3.includes a_cartridge nmain body 120 which stores the ink,
an i nk supﬁﬁywé&FyetﬁflﬁﬁﬁiEﬁ ?éec&ngFEPBEYoBééFnéchﬁg?ﬁbe%hénF%k suppl y
passage to_ supply the in ontained.in the cartridge main body 120 to the

i nk-j et hed eld§¥e§ﬁlﬁpn5§gﬁeﬁgca5FFy?ﬁtPBdGE?nBaGEFGQ 122 ﬁﬂ%cﬁh?s capabl e
of opening/closing.the atnospheric air-introducing passage to introduce the
at nospher i 355 %90 ﬁﬁeP&EFFFEdbg ﬁh?n185d§uEEéYngﬁ?tﬁg Butli gRe a
shutter nmechanism.l 23 which blocks the light emtted fromthe

i ght - eni t kg e % A 0E1 43P6F LHe "8EAL6r SRERer or SHREBERPAGLY net PRk
residual amoynt in_the ink cartridge 103, and a cap. 124 which covers the

| ower end 68X SYPPLYePdRFt AlddE FHTENBEIPTESEed] 8F28 Fhet BEr PAFHERI MR N
body 120 is_fornmed of a |ighttransm ssive synthetic resin. As shown in Fig.
14, a conpddti AGwkie 13K, SWRPLK Birendd Asr peBRtaRLed FBrPReBgEREIy for ned
in the cartridge main body 120. The inner space of the cartridge main body
120 i s conp&&t Bgthyorheassagsclendoraer fon theoraRkind ERanbBinRLAK: t ank)
131 which is disposed on the upper side, and two val veacconmodati ng
chanbers 132¢ 3% GNPERYdPip6séd df f£MEthsReprsrged YRbiilnkhenhaRber 131 is
charged wi th each of the color inks. The ink supply valve 121 and the

at nospher i ¢P&ilP¥ REESddeirnyhdghvés1Eoraed aécshrodabeali fhehénkwo

val ve-accommodat i ng chanbers |32, 133 respectively. In this arrangenent,
the i nk suf¥PPl¥a®ifetluhrErivesydédthe ineidgueé the ink EmrBKgeéd-in the

i nk chanmber 13l to the outside, .is constructed in the valve-accomodati ng
chamber 13Fhufs §b&cFPPBGCLaLsr i6nCompdetarl PESWESRhiBR LBKdtRBEL &4
downwardly fromthe side of the ink chanber 13|, is fornmed in the ink

suppl y pasé@&®fetbsednki §UPPdB) PiRe 4RownArgorddagly2pthardinie, whiphofiécti on
134, which slightly protrudes outwardly and which extends in the downward
di recti on, StOXFEr fBd the én§uE§P§nﬂﬂal¢§°@§n$P5PuﬁBstﬁoﬁnknlﬂﬁéoﬁeight
direction of the side wall of the cartridge main body 120. The

| i ght - eni t PPRG 4éctiféR Ihea iakgarkubrilght 1pkcéiloWngassagroA3104btse t he
sensor 114 provided for the _hol der 104 are positioned at a height 65
appr oxi mat & SYRERLYt &1PRat lof aLKEWpr d) §8PWEN 1D3Eifer ABd on the side wal l

of the cartridge main body 120 in a state in which the ink cartridge 103 is
i nstal |l ed ﬂeoﬂﬁé hol d&¢ ﬁé@?tﬁglmﬁFhA§l§Woﬁﬁ if Frdgenisnt gherbagifecess
134a is fornmed at the inside of the projection 134 in the ink chanber 131.
As shown i RfFit§e. amsung of, thiee ingcetoredidnekhendski nanke ldi-r eBhieon
(direction inclined downwardly) perpendicular to the ink surface, and the
recess 1348hniserwmechaaismaBl der bacesgedoaiwahel poittom pddthenénk
surfaces) 134b which are opposed to one another. As shown in Figs. 15 to
17, a shielkankl dde (&6t sbowoniobFégti Ve $bet sbuyteg0mefthahdsghdot er
mechani sm 123 described later on is arranged in the recess 134a so that the
shi el d pl alacigdess aj suppposedtbatinéén vhdevew i(prenentlingsmefibesy 134b of
the recess 134a. As shown in Figs. 15 to 17, a rib 158, which protrudes
toward the3ghi el d1pkat ébadenger mpgberi)n38hwhricbeds d3fanged wiii oheext ends
in the perpendicular direction, is formed on each of the inner wall
surfaces 1820. ofisthkowrvenm BRgsa sbhuttel7 (dewecslonnebtjcobjieeti ve surfaces
(regul ating surfaces) 156, which extend in directions to nmake separation
from each eehtdoinn 34 whechi cal aplrangefir amm the opper endsodf thiee leespecti ve
inner wall surfaces 134b, are formed in the ink chanber 131. The abut nent
obj ective 8drf acdsalfégaletingf membetro 35ak e Iabihee it ragaiembib dd mehng nt
sections 160a forned at the upper end of the shield plate 160 as descri bed
| ater on. The 6%inging member is constructed by the lever 32, the

float 33, and the shutter 34.
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abut ment obj ective surfaces 156 are inclined surfaces each of which is
inclined by a predeterm ned angle toward the bottom surface of the ink
chanber 131 (to nake intersection with the ink surface) (see Fig. 14). As
shown in Figs. 15 to 17, perpendicular wall surfaces |69, each of which is
connected to the end of the inner wall surface 134b di sposed on the side
opposite to the side_of connection to the inner wall of the ink_ chanber 131
and the end®871ldne abdt ABAVRoBPeEipFe SurPdcé: 15BedFiPBREl BFARA3 L de
opposite to the side of connection to the inner wall of the ink chanber
131, are foéfne@NERrEREéeAnkYcRapBér 281plaseswembhers FagENg15 to 17, ribs
157 are formed so that each of them extends over the abutnent objective
surface 156TapgzpRdapeppdrdratfarefal | Thar fupportoshaddedthivffikedn is
di sposed perpendicularly to the extending direction of the abutnment section
160a whi chipukbs ZBgimdhy agarhst ceptezbafnthe bbfteni o€ thefiaok 4S8k In a
state in which the abutnent section 160a abuts agai nst the abutnent
obj ective 3drfadle 1s8erag2shswa membey. ha§inghe thps plataeshapenent
section 160a are disposed adjacently and opposingly to the side surfaces of
the ribs 15%tendizgown BncErgeinl8irectiont heAsi bhdsi is Fbgreld, the
continuously over the range fromthe end of the abutnent objective surface
156 on theleves 8f tikesuppertedl Boothahethrkletianbd? i8linbetrbesedd opposed
thereto and over the range fromthe end of the perpendicular wall surface
169 on t hebsittecof theepabut nénpl8¥e mehpersi fersaphateudbbnygothbe end
opposed thereto. Fig. 18 shows cross sections of the boundaries between the
rib 157 anguppersbetaedt 3dbpectheecsottatepdbbiandithéhpeeptaddtugar wal |
surface 169. In the case of the ink cartridge of this enbodi nent, as shown
in Fig. 18dirkethedi.usAsf sbownatior@igt fhetbeuhdsey dRffier supgppehedidng on
the position of connection between the rib |57 and the abutnent objective
surface 156ndndrrhegpdr pentthatl ahewaektesdihgcdilk80tibngof18hReshewsrt he
cross section illustrating the boundary between the rib 157 and the
abut nent oBRedsi perpenflacelaBotoFthe b8Btemowaliih&ler o§stkecti on
illustrating the boundary between the rib 157 and the upper end area of the
per pendi cubzpjraktiosubfiacé tB8. iRkgtahB8Clihwhent hbeclinksisecti on
illustrating the boundary between the rib 157 and the | ower end area of the
per pendi cubaffualiensdyf aterk@9inAshehank tanki §3. 18Artbet8Cthehéevarvat ure
of the curved section (Ain Fig. 18A) forned at the boundary between the
rib |57 and2t he abppeebedobpethieveuppptacetibd 3§ swihbeblyhahothethe
curvatures of the curved sections (B and Cin Figs. 18B and 18C) forned at
t he boundapii¥etbebwetnathwhich tbe amderhé2péspengdpboutad wal theurface | 69.
The curvature of the curved section (B in Fig. 18B) fornmed at the boundary
bet ween t heuppbrts5ztand Bhe uffher lemdraB@aief shppoptegdendi thkasuppbkt
surface 169 is smaller than the curvature of the curved section (Cin Fig.
18C) fornedtandt Ré bBouhbtatytbhet wedhht bé the b5djantivheplener oéndhar ea of
68 t he perpendi cul ar wall surface 169.

lever 32 with respect to the liquid surface of the ink is

narrowest.

[0072] As shown in Fig. 1, the float 33 is formed at the
end of the lever 32 on the side opposite to the side of the
side wall formed with the recess 52 of the ink tank 11.

The float 33 is a member composed of a polyvacetal resin
having a cylindrical shape. The float 33 has an enormous

volume as compared with the shutter 34. As shown in Fig.
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[0118] As shown in Figs. 14 to 17, the shutter nmechani sm 123 which is
provided in the | ower space of the ink chanmber 13l includes a shield plate
| 60 (detection objective section) which is nontransparent with respect to
the light, a hollow float 161 (bal ance nenber), a connecting nenber 162
whi ch connects the shield plate 160 and the float 161, and a support stand
163 which i.s provi eg on_t he upper side of ,the conparting wall 130 and
whi ch rota?abﬁyt§ﬂgﬁ VtglPﬁﬁdcgEﬁEEt?ﬁg WeabBr 196511 pd Wi BRen®hE - menber
(sw ngi ng nen%er i.s.constructed bX t he shield Elate 160, the float 161,
and the confiedPIM§IndRDERS16202Fhd3 | 0BEC2EFLPELY Y cYE nEPPEAf 1fenber havi ng
a tightly closed space filled with the air therein. The specific gravity of
the entiredfP8aty16t thesparier fhantté ipeEmpitchrWphythe $HRCIFiCto be
changed in the ink chanmber 131. The shield plate 160 and the float |61 are
provi ded afTB¥thYeRdsthe £RE-cohRBEREAGCneABeFN26D iBshEGti Vel Yhem 2ol umar
rotational shaft 162a, which protrudes in directions perpendicular to the
both side SHEfAE&&NEf apRENEoRKeERENgNkeiBeFtesed i Fgﬁntﬂkiﬁaﬁhe1¥icinity
of the center in the extending direction of the connecting nenber 162. The
connect i ng2REnk8E €BPire §&BEgr?‘édl§nPPﬁét§9fiﬁér @»nsf-bﬁdl&gB FoeatBBey in
the vertical plane (in the plane parallel to the sheet surface of the
drawi ng) ab¥GYaPR¥ cWRiEh &Ff gRBefatati eRathshaleatedd, &9 ingpeasgdas
shown in Figs. 14 to 17, the rotational shaft 162a, which is forned on the
connect i ngHRYRKEL - 1BRenpEber aBeyntr 6in the inkt cenipined sn bbehiBkdes of
t he connecting nenber 162 in the direction perpendicular to the direction
of displac§ﬁﬁ%t1éfl§hémﬁﬁkrsaﬂﬁaé§.1Eﬁ5§réeparﬁ efiobhfefiloat 2dtati on of
t he connectin% menber 162, the rotational shaft 162a is supported on the
support st Bk@tredesuéromhihet hakr bignidnahringpr then rBeabveyabtriable to
sonme extent in the plane parallel to the sheet surface of Fig. 16. That is,
t he suppor Vhithnds1g8nsuppert sn thet féopdwdd,pdsi dforeaskd $AkAgF G- menber
so that the notion other than the rotation of the connecting nenber 162
about the &eénter of the rotational shaft 162a is also allowable. The tips
.of the rotational shaft 162a in the protruding directions, which protrude
fromthe béPR73ide sdrf abewynofint Rédcohmethenghneber 34625 &pumedgatnst si de
wal | surfaces on the nmutually opposing sides of a pair of support plates
163a provi tiee¢ epst afidthgl yefeon3fhenbbheomider bppesfitenpacthagswdel of30 as
described later on) of the ink chanber 131. Accordingly, the displacenent
of the entwhéckwichgi figoatnBér ibsaregobetied Thet hbutitght ddr dsaadthéft ward
directions on the sheet surface of Fig. 16. [0120] The shield plate 160 is
a thin pl apdaskapedpednirembeatti which par abhekranepahenteatnidcal pl ane (pl ane
parallel to the sheet surface of Fig. 14) and which has a predeterm ned
area. As sBuobatBntkpdlylgecthegshhel.d phat ehiil@ter180 hasaaraegedngal ar
area, and a triangular protruding area which is forned to further extend
upwar dl y f Ebatt hbeuppettend3df ishmovedt amguhaedar ea. tlhkeinbetrnepacsecti on
160a, which has a columar shape extending fromthe shield plate 160 toward
the two ri b82als¥ the theeder 82t fommeldong the snleswnllace}, the ficknmed at the
upper end of the protruding area. The abutnent section 160a nakes abut nent
agai nst t htaakufldeat tbpedever 8drmakeslbBei awiihgingkmotiambeat.131.
Accordingly, the rotation of the connecting nenber 162 in the certain
directi on gpersfidniléyti en) shewnegul @tigd lo wheangestuli€¢ishieakdapbane 160 at
a predeterm ned position. Specifically, as showmn in Fig. 14, when the
abut nent sefttbe i6Raiabstsraedainsthehén&butinknilobpadt ttie entfizee 156, the
shield plate 160 is arranged at the detecting position between the
| i ght-enmtfilngtsadtiienpbsdaianddt he kthghtinkecehennghee€tiban 334hsof the
recess 134a. In this situation, the light, which has transmtted fromthe
| i ght - em t mbwgdsapwvaedlyliawaidt haesenkol igh4dt buetighet, handakheoft etrae
light-transm ssive cartridge main body 120 and the ink in the ink chanber
131, is bl seked bythhedshhekdepbtabeklibfe @rtheiohherikanddivwbenribhe
abut ment section 160a is separated fromthe abutnent objective surface 156
(when the swi rggnginepbeduss tReab&bgbAckndiveatadabyst wa- dak €haim |ines in
Fig. 14), the shield plate 160 is arranged at any position other than the
detecting position. In this situation, the light 71 transmtted fromthe
light-emtting section 114a arrives at
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the light-receiving section 114b w thout being bl ocked. [0121] Therefore,
in a state in which the ink residual anount in the ink chanber 131 is

| arge, and the entire float 161, which is provided at one end of the
connecting nmenber 162, is positioned in the ink (in a situation in which
the swinging nmenber is in a state illustrated by solid lines in Fig. 14),

t he fl oat gl floats in ﬁﬁcordgnce wi th the buoyanc actiq% %g t he fl oat
161, and th&7cofineffPfRy HefBeF FeIrr¥LYt at RECORMWRILY . the Sbttent
section 16 of the shield plate 160 abuts agai nst the abutnent objective
surface 152? éﬁdafﬁ@n98§a?FoFﬁ8fd?F@CEbﬂﬂeﬁ?ghblﬁ%nb%?sﬁ%%o?SOPEﬁﬁﬁkgted.
Therefore, . the shield glgae 160, which is provided at the other end of the
connect i ngtRefBEr SEB50L| ¢1Ar tBNERE RICIREtHePECERAPPBERi®h, thee. | at the
position at which Ehe light . emtted fromthe light-emt{ing section 114a in
the proj ecEFGRSPs? IBékEg? tBhetRrk hhen {Rethhk §EEFYLEPRandBntl9W t he ink
chanber 13] is.,decreased, and a part of the float 161 protrudes fromthe
ink 1iqui d*8uffdcel -t hBR TRE2BLBHAACPOUBRERY oh the $PvaY 15119 stRRcreased,
and the float 161 is mpved downwardly in accordance with the gravity (in a
state in whitEAtt AeTSGFAGRNgS nERBBLATF8D| hRi Ehe cBeBYl 2 Wb JRembRY N33 ides i n
Fig. 14). Accordingly, the shield plate 160 is noved to the position
(non-detecﬁ?ﬁ@rﬁ8§gt¥6ﬁfrmﬁﬂcﬁ0i§harsbageahﬂbmﬂ¥d$@ 58 eehpareHtivredt he
interior of the 72  projection 134 so that the direct light emtted from

t he Iight-éﬁi?PFn§°§éEFPBn19W§§ FBapothe| dekeatbygtpesihiend pPatehae0.
Therefore, the direct light emtted fromthe |light-emtting section 114a is
transm tt eBEPRFolgRdy hehPRgkhet ABAYRES]E vELEr b1 EcePBRa1nad ajBnEhe hEnki near
optical path, and the light is directly received b¥ the |ightreceiving
section 11%B0kadéoidi Agrycashd  sppded PArhhPENthBellaktr33iBrarra@®®nt in
the ink chanber 131 is decreased, is detected by the sensor 114. [0122] As
shown in Ffgsm thet digquidcepryfage Bﬁn§h€pFBFeCFK@hth§5§10ﬁhi%% b¥ ot r ude
fromthe shield plate 160 toward the inner wall surfaces 134b of the recess
134a, are FBVREJIBHIVAEdBYt Rowpyd shef hebsoBf suhbageceinbhfatnhr bankf the
shield plate 160 gin the vicinity of the end of the smﬁngigg menber)
respectivelly. aFh&heVp &P FhE-phn 389 tBecdaverudZedst otakafairukbed
surface. As shown in Fig. 14, the tips of the pins 159 are always in a
state of bEPHEtEpPo&SElvLset AérpRhéPnwAlLR Bhef aeesnd3dprefFting)rékess 134a
within a range of novenent of the abutnment section 160a between the.
position aFifini ¢én PRE2BBEAt FBAt I5a¥itYn whdahapots apathst fimatabdt nbht

obj ective surfaces 156 and the position at which the abutnment section 160a
i s separ at e8TERENTRAR LBGt REAYaBEYect POBOERiRGEEs 2856ShaHE HRNF1g9 fas an
anount of Erojection to forma gap of such an extent that no capillary
phenomenontP§ EBBEEATYby4als| akshngfRd atr FheenPandebRCHLNGhBOFAKIBBt ween t he
shield plate 160 and 73 the inner wall surface 134b even when the tip of
the pin 159P8B&t3°RBgBPRsPPPAESHnREr thal FeBEPFadt) 138btBe VRE1RAEES8T 1344,
and the shield plate 160 makes approach nost closely to the inner wall
surface 13&B® FBE?%]PPﬁt@ﬁPs°§tFB€tH?§?Sﬁn5& gfathej Anhtankt hé-i nk

[0074] As shown in Fig. 1, the regulating member 35 is a
plate-shaped member which is formed to extend upwardly from
the bottom of the ink tank 11. The requlating member 35
regulates the rotation of the lever 32 in the certain
direction (first direction) so that the shutter 34 is not
positioned at any position lower than the detecting

position when a sufficient amount of the ink is stored in
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cartridge 103 is installed to the holder 104, the projection 134 of the ink
cartridge main body 120 is interposed between the light-emtting section
114a and the light-receiving section 114b of the sensor 114. In this
situation, the width of the projection 134 is narrower than the distance
between the light-emtting section 114a and the |ight-receiving section
114b. Thereftare, ,a predeterm ned spacing distance_ i s maintained between the
Iight-enit%%ﬁglgchF8% i;4aa§HdgpﬁeePFéﬂF-Fi@@FvgﬁglEeE??bﬁlﬁﬁﬂ% Hhd the
projection, 134.. shown in_Figs. .12 and 13, air of .ribs 155, which
extend in tRE %3@21&9Pg@rioﬁpﬁglFﬁgaéiYenBFnﬁﬁaﬁpe&PiSﬁgoffthEh%rojection
134 so that the.projection. 134 igs_interposed therebetween, are provided for
t he cartri&&%aﬁﬁgﬁ 8%d§hf26e§?rtﬁé BBtﬁREngérPﬁ HRECRBEPRoAELPCEV 2Rt on
(leftward/ri.ghtward direction of the sheet surface in Fig. 12B) on the
outer wal | SUFF&E8oAMWALGh theifr SPEELRERI13AASThE FBYTLAr| 34 HBnber 135
is welded to the upper end of the cartridge main body 120. The ink chanber
131 in theafgﬁpﬁiegg@tnﬁsﬁ F64¢Ct209 BOELbden BY 2héoViBInERBeRPRSE. [0124]
As shown in Fig. 14, an injecting hole 136 is 74 fornmed between the two
valve-accoﬁﬂﬁdgﬁiﬁ&ecﬁﬁﬁﬂéﬁ§1PSZWeT§§riﬁ5oFHePbP§ RApéBETt hBej ARt FARO t he

i nk chanber 131 of the enmpty ink cartridge 103. A plug nenber 137 nmade of
synthetic PYBBEFS 8%t P& P an§§rW86niﬁ86 erEirpj EéPRRg3RolLE | 36. As shown
in Fig. 14, an gpening, which makes comunication with the ink chanber |31
in the car PPFa§EOREAN 1BodPe120k iLdgPdemed t hrough a part of the injecting
hole 136 in the vicinity of the upper end of the side wall. when the ink is
charged, th89%Pdg neABefheyn iip FRE-i Aj eEhenguneeeunds Psiprévded By an
injection needle (not shown), and the injection needle is penetrated

t hr ough t h@uggencag WRi whics fier apdtahledghot hbepank dfisthergejecting hol e
136 in the vicinity of the upper end of the side wall so that the ink is
char ged i neyrfpee; pif thenbak-18t keadt he anfeat suAtheadbump| 0025FhAshshown
in Fig. 14, a cylindrical section |38, which protrudes downwardly, is

i nt egral | yshekgedhat iakpor fhenpetgehendsnpaisi agraabked180 whech constitutes
the ceiling of the val ve-accommodati ng chanber 132 for accommopdating the

i nk suppl yPpgitéon2ppprerd fio Ahehinkfijkth beeti 6nwi8d, thhi thcokdsng t he
communi cati on passage fornmed in the cylindrical section 138, is provided at
the | ower PABesf Pt hateyvendndcaheseberwrenis. Thr pthaget heithlnds two
cylindrical sections 140, 141, which protrude upwardly and downwardly
respectivelpvagie iipt éhrabliyersimpdtat makpoapponach phesepapatipng wal | 130
whi ch constitutes 75 the ceiling of the val ve-accommobdati ng chanber 133

f or accommidihi RgsPREtatrospReink diipchargedavicfigoeabfethe2inkerfetn. A thin
filmsection 142, which closes the communi cation passage fornmed in the

cyl i ndri cahegécPbi-on¥headriving p€ phevedetian phepl dfer iendootrphéed
cylindrical section 141 disposed on the | ower side. Further, as shown in
Fig. 14, ab¥ythrdepeakrodempdt 223, which extends up to the upper end of the

i nk chanber 131, is provided on the upper side of the cylindrical section
140. [0076] The sensor 21 is a transmissive type optical

sensor having a light-emitting section and a light-
receiving section which are opposed to one another. As
shown in Fig. 2, the sensor 21 is arranged so that the
recess 52, which is formed on the side wall of the ink tank
11, is interposed between the light-emitting section and
the light-receiving éection from the outside of the ink

tank 11. 1In the first embodiment, the residual amount of
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[0126] As shown in Fig. 14, the ink supply valve 121 includes a valve main
body 145 which is formed to have a substantially cylindrical shape with
synt hetic rubber or the like and which has elasticity, and a val ve plug 146
whi ch is acconmodated in the val ve main body 145 and which is made of
synthetic resin. As shown in Fig. 19, the valve main body 145 includes an
urging section |47, a valve seat section |48, and a fitting section 149
which are itAtedn¥l Ly tdendakafkdnithiléhaadethli predenaet or salbgeReefeBHm t he
upper side (side of the ink chanber 131). [0127] In this structure, the

| ower surf ansitpd lajiga pifughe4énibgpstagdgast ane Ipdeedshyface of the
val ve seat section 148 (end surface on the side facing the ink chanber

131). A t hdetigetiddewhggherwairchoextbadd ightt heapsnissapndbebeetnnthes
formed through a portion of the axial center of the valve seat section |48.
A gui de holldghfegmiffiiol sectamnuandatbe Wightthecehvdoghsaotéonass of the
val ve seat 76 section 148 and which extends downwardly, is formed for the
fitting seé¢hieosensor TheigubdeckeHeby48hei shiibkard3toohavkeaskhhperw deni ng
toward the end in which the dianeter is increased at | ower positions. An
annul ar gr secdandsh B$.f ofpedidicandythéhguide hoHethé49aasenofhthe
structure, the wall for form ng the guide hole 149a is elastically

def or mabl e inkt kaggzddgre thésdiligbti-omansmiksdlet, hehdlanther sbhtthe i de
hol e 149a i s expanded. Therefore, when the ink supply pipe 112 is inserted
into the geifdéhkokduts4es, methasipossitblie nonavaendpthbenteak@berefotae i nk as
far as possible by inproving the tight contact perfornance between the
gui de hol ewh4da thed shhétiemk 3duppl prpapgefilat Ehnendehenttihg pokisdpply pi pe
112 is inserted into the guide hole 149a in a state in which the ink supply
pi pe 112 i 4piesditiivad oppbhedespethet senbergdildeihokbheldainitynod shate in
which the central axis of the guide hole 149a is deviated fromthe centra
axi s of theottkrnsdppithepirpeess252t bé ithle souppkynpi pé@ 1&Rats amsl shbly
inserted into the guide hole 149a, because the wall section is elastically
def or med i Ant kagdi Agct ithe Laghti,clwhiibd dsasmtieétedf ftrhm gheddibbke 149a is
expanded. [0128] As shown in Fig. 19, the urging section 147 includes a
cylindri caenditdengaksecsdoni ofi theéasehnisolr éxt endsbipoketihbyotiher
circunferential side portion of the valve seat section 148 toward the side
of the inksth&meer 3131, Hewevarpr gheat ithg seotitem B47ishathtihet egnal |y
protrudes 77 innwardly in the radial direction of the side wall section
147a from detegppeg enditfionhéssatle wal shewat ianFi47a4)Thehkoldghsyr f ace of
the projecting section 147b abuts against the valve plug |46. The val ve
pl ug 146 i yhichedsdeminaedl Yrboy the dlightiemfittdey stcthensbdethal | section
1l47a and the projecting section 147b. An opening 147c is forned at the

i nsi de of skesproj2dct imgreeetived bg7khel Aighitsreorivingt seatibhe si de wal |
section 147a and the projecting section 147b, which are fornmed in an

i nt egr at edThatnés, &he ekasbircalll jsdeberatblde swichhtbhasethp0dbA®puss shown in
Figs. 19 and 20, the valve plug 146 includes a bottom section 150 which
makes abut fiepm e ssensolre2valive tseatdsodl/OER d4peaflihhe onalwhetheirnolrody

| 45, a cylindrical valve side wall section 151 which extends fromthe outer
ci r cunf er enbitalthsi dégpbr emantefl flrembaheohightt-emittifgt swatdonhdsi nk
chanber 131, and a breaking section 152 which protrudes fromthe center of
t he bottonrseetived b§0thecédghvelrpcedwdnd tketibk.chanber 131 as conpared
with the valve side wall section 151. [0130] An annul ar projection 150a,

whi ch prot 10083 ]t onartet hentableunett 29edhconded48crus (Centedlon the | ower
surface of the bottom section 150 of the valve plug 146 (end surface
opposed tortbeckalivg saat)seaticanst4des tBeavabipuRling b4bckessyhged toward
the val ve seat section 148 by the urging section 147 of 'the valve main body

145. In a ghate ReMAYResROWA1KNMEMSryI94h RiWRI pRoRamanrel 2k

executed by CPU and data to be used for the programs are

stored, and RAM (Random Access Memory) which temporarily
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78 proj ection 150a nakes tight contact with the upper surface of the
val ve seat section |48, the through-hole 148a of the val ve seat section 148
is closed by the valve plug 146, and the ink supply passage is cl osed.
Further, a plurality of (for exanple, eight) comunication passages 153,
whi ch make conmuni cati on between the upper space and the | ower space of the
val ve plug 146, are forned at equally divided positions in the
ci rcunf er efttogesddpéet doriol the psecbomonf ofhehpoprograeet i BnedS0 of the
val ve plug 146, the portion being disposed on the outer circunferential
si de as cofRp@pedentsharke iatrgratedr apéot pos 1804, aAndo@PYheRPAneand
circunferential side as conpared with the valve side wall section |51
[0131] As RAMwiungtEpgs. agoresper0ivehdubctaknag sections152 of the val ve
plug 146 is constructed by four plate nmenbers 152a, 152b, 152c, 152d
conbi ned i Acgordasgliyoer thas inkeved pmiatprkah wsewmonThelbedaki Agesection 152
is provided upstandingly at a substantially central portion of the bottom
section 156onAgodhamiti @2Fifgrt2eér gnodwdsslfdnculibohlexeehidons oheaverti cal
direction, are formed respectively between the plate nmenbers (for exanple,
bet ween t hdrpvang merntetd 852ap jBahk)invhuchtase.comhienddipéngenditubarly to
one anot her. The breaking section 152 passes through the opening 147c at
t he i nsi de isf prbeided] €ot cogtsedt ithe d47bianfy dliethel vespachibedynids so
t hat the breaking section 152 protrudes upwardly. As shown in 79 Fig. 14,
the tip of inkdubdriegki Mgrsechimphel52hies iakrgpgetleatl bhetheschrohagki ghtly
| ower than the thin filmsection 139 of the cylindrical section |38 before
t he i nk caand dhe h03oirrs fomstalikédgt aheherhakgertlfiéchpQis@] swhasnwehe i nk
cartridge 103 is installed to the hol der 104, the ink supply pipe 112,
whi ch i s previtiedsthotibhe phopdécal 64, the pngeet adiitnbo the gui de hol e 149a
of the valve main body 145. Accordingly, the valve plug 146 is pushed
upwar dl y byoonelti p ahet Hadgikgsupply epi padyd2 apai psestheeusbgi ng force of
the urging section 147 of the valve main body |145. The valve plug 146 is
moved upwaatsentl b deEonfkngatrfeidgel Ngagacthenstdte dfietaandhatnt
projection 150a, which is provided on the bottom surface of the valve plug
| 46, is sepd&r ahed ihkogohitaivedvenseak Sakt kankl48 Gspenbiigg &8Btheln this
situation, the thin filmsection 139 of the cylindrical section 138 is
broken by tkeectitpodf reBallr egkichg seakben2l92 ghetheivalye,plvienléfehavi ng
been noved upwardly. Accordingly, as shown in Figs. 14 and 19B, the ink
contai ned shutheri B4 gbapbertidhell awsthet actbetiakyvpoaieasnodatiang chanber
132 through the comruni cation passage in the cylindrical section 138.
Further, the ishbwns isuppki.ed)t,haadgkhkheecagaruniicaticenrtpassagpseteacel the
val ve plug 146 fromthe ink supply pipe 112 to the ink-jet head 102. In
this situab&omhethauwabwe3ac¢@nﬁudghkngmqh@ﬁbﬁrit3asfgna@ban$ha$ khe ink
supply passage. The flow of the ink (arrowin Fig. 19B) is

sufficient amount of the ink is charged into the ink tank

11. When the sensor 21 detects nothing to output OFF, it
is judged that any one of the states is given, i.e., the
state in which the amount of the ink stored in the ink tank
11 is decreased, and the state in which the ink cartridge 1
is not installed to the installation section 70.

[0079] Next, an explanation will be made with reference
to Figs. 1 and 4 about the operation of the shutter

mechanism 30. Fig. 4 shows a sectional view of the ink
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80 formed, which is directed downwardly fromthe side of the ink chanber
131. [0133] As shown in Fig. 14, the atnospheric airintroducing valve 122
is provided with the valve nmain body 145 and the valve plug |46 which is
accommodated in the valve nmain body 145. The atnospheric air-introducing
val ve 122 is constructed in the sane manner as the ink supply valve 121.
That is, the atnospheric air-introducing valve |22 is constructed such that
the val ve PRE&&TIdEe Whiidhupsratgad dommlrHLONbNtWelch gilg bRkEti on 147,
makes tight contact with the valve seat section 148 of the valve main body
145 so thaBmpHatvapvempligingshel dskstank Lhr oudh- hbeeotiligr. hawedn the ink
cartridge 103 is installed to the holder 104, the atnospheric
alr-lntrodﬁégnglpﬁbéwﬁla SgctmgeaﬂeﬁlﬁwtOfthbegmnHeCthéldq@alforned in the
val ve main body 145. Simlarly to the ink supply valve 121, the valve plug
146 i s novédlughardling analthetuhnnlh|Whnsbcthenlnhzam®unhe1%ylan@$|cal
section 141 is broken by the breaking section 152 of the valve plug 146.
Accor di ngl yn the doksitdekafldiwspWbencther ambons dfonhéehiénkt spher itk
ai rintroduci ng pipe 113 via the conmmunicati on passages 153 of the valve
pl ug 146 i heokt hé sl Jergecesmetawnngnchagbeil , 188e €otihersheheent nospheric
air is introduced into the upper portion of the ink chanber 131 via the
i nner passagehehishe36ylisndrireabedembethé43nkndighédcytonddi tal tkecti ons
140, 141. 81 [0134] The cap 124 is fornmed of the nontransparent nmateri al
t hrough whiick tenki ght i $nt thnsnstitedtuanhi keéhehentareridgerna2n body | 20.
As shown in Figs. 12 to 14, the cap 124 is secured to the cartridge main
body 120, fwodeegarpl thebyothéiohtilasomce wel dthegfinst diatetionwhi ch the
| ower end of the cartridge main body 120 is covered therewith. Two annul ar
proj ecti ongcléskwibecdipeotiodeido®igar dily andr 8)f byneter espbihedel y at t he
positions of the bottomof the cap 124 corresponding to the ink supply
val ve 121 dndcehefativesgherityabndi hheotuciyagecyabeaetdPedespethevel y. In
this structure, for exanple, when the ink cartridge 103 is placed on a
desk, the ifdakatwiBchndsthehgredity thdsehenbtbgaucgi gehgratetiheni hhets of
the ink supply valve 121 and the atnospheric air-introducing valve 122, is
hardl y adhehetitefroB4exaHpiveyveto thestlewh sur fage. 1| 0LtBE] bédstsitown i n Fi gs.
12 to 14, arib 166, which extends in the vertical direction, is fornmed on
t he side walkirfpoet pomtabnt hé thp l2demn3fhebsaseaghdesasthkatppért had
projection 134 formed on the outer wall of the cartridge main body 120. The
rib 166 isoffotiedregdértiing pempect B6noi34heAshshben mechhgisml2B,and 14,
the rib 166 and the shield plate 160 in the projection 134 of the cartridge
mai n body 226 &hesathengetladtionhefpohket lensrsadparat etdef famséach ot her by a
predeterm ned distance in the vertical direction. The rib 166 is positioned
at the posdtirestlionedst meguiiheéedhi eBdeplidtiealdd., &hesbbaeneint Regrib,l 66 is
82

the shutter 34 is regulated so that the shutter 34 does not

make rotation to any position lower than the detecting
position of the sensor 21. Accordingly, when the amount of
the ink in the ink tank 11 is large, the shutter 34 is
arranged at the detecting position as shown in Fig. 1.

When the shutter 34 is arranged at the detecting position
in this state, the sensor 21 outputs ON.

[0080] On the other hand, as shown in Fig. 4, when the

ink amount in the ink tank 11 is decreased as the ink is
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positioned at the position |lower than the light-emtting section 114a and
the light-receiving section 114b of the sensor 114 in a state in which the
ink cartridge 103 is installed to the holder 104. Further, the rib 166 is
| ocated at the position interposed between the |ightemtting section 114a
and the light-receiving section 114b of the sensor 114 as viewed in a plan
view in which the ink cartridge 103 is viewed in the direction of
i nstal | ati 6ANSYREAw §hR &fopke3i Bndebhipsshatrevned 4t dbadeablni PPt t he
projection 134, and the protruding distance of the rib 166 is shorter than
t he protru@Pn§hgi dnkndédBidt Furpaepect feAcrdinglpi3she Theoyanciss, i s
detected such that the rib 166 passes between the light-emtting section
114a and t Wairhghter geapvprtfigdsest tbr flaptob3taArdsthsoshutilero34, are
i nstant aneously shut off the light fromthe light-emtting section 114a of
t he sensor 9r2gugply dreneppedinkndathei dgéluesgcesofnthal graviviese hol der
104 or when the ink cartridge 103 is detached fromthe holder 104. On the
ot her handgenksated ¢ectbgi §leatt 38hangothei shutberr3éhas ihersassdr |14 in
the state of installation of the ink cartridge 103. Therefore, the rib 166
is not detédt&bibystihvaténser agldorOhhy ghevshyehdtphgtenltbe entihei s
arranged in the ink chanber 131, can be detected by the sensor 114. That
is, the ribeve®s 83an bbedénédttedcbyofhthsegsavitgdachizggwhenthbeflokt
cartridge 103 is 83 attached/ detached. Therefore, it is possible to
recogni ze WRettheinoreasedy hbecnkseathei dyeat033i $si hebay| ad, coypasedg t he
control unit 108 as described |later on, on the basis of the result of
det ecti on wfitbh&hei bht€6er| A4t heWhknr theniiokli amauntt he décuetsed ts a
provi ded such that the rib 166 is detected by the sensor 114 only by
att achi ng/ geedebengitbd amkuodrt ai dget203si giwener fiai whdchetheon.
Therefore, it is unnecessary to performany conplicated operation, which
woul d be obheywansg per tbenedlochwisdedirectiébecyehheatel @66thiet Aldbhe sensor
114. Further, it is possible to extrenely avoid the breakage of the rib
166, whi ch3dodkdbbdéaothdrwisk thesgdaviioy émanhpkecohytanglookwase with the
hol der 104, the rib 166 bei ng exposed to the outside and being weak in view
of the stréngehtip0137¥hiexthet hekcant fokthairt céfB8umell, bheekpbpaned, The
control unit 108 manages the control of various operations to be perforned
by the inkwhethparhsepnlOhei fitbati Ad, fier fexahpkedetheadiedcharhe of the ink
fromthe nozzles 102a of the ink-jet head 102, the supply of the paper to
t he i nk-j etonbadedOZorand whecti acharge bdhet Betpreniemgrpapeashavi ng been
subjected to the printing by the ink-jet head 102. The control unit 108
i ncl udes, flescethrgl epoCPU (EehheakoPabiensinfobniet Jivkithdsénvekeas a
conputing processing unit, ROM (Read-Only Menory) in which prograns to be
execut ed bpeCPudaddrdataono (beunsedciiockiwheepdogeatioar énsFagsed, 4 RAMI
(Random Access Menory) which 84 tenporarily stores data during the
execution 6f,t hedptbgr asyea Adnusl abthéeedemnr yheuskcasdr durketalba. EEPROV
(Electrically Erasable Programmable Read-Only Menory), an input/output
i nterface, Agndrdibgdy, Ashshboemern3Ei gs &éparheedofitpml thei end08fcoherol s a
vari ety of devices for constructing the ink-jet printer 101 including, for
exanpl e, thegihhktjipy membdet025 themmweoinothehdireanspar towaecHanhem 106 for
driving the carriage 105, and the suction punp 170 of the purge unit 107,
on the basiiskofligaidoasrfagral andnphet eduttem an éxt mpoueld per sheahoaenput er
(PC) 182.

detecting position as shown in Fig. 4. When the residual

amount of the ink in the ink tank 11 approaches zero, then
the buoyancies, which are generated by the float 33 and the
shutter 34, are zero, and the rotational force in the

second direction is further increased. When the shutter 34
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[0138] As shown in Fig. 11, the control unit 108 further includes an
installation state-judging section |80 which judges the installation state
of the ink cartridge 103 in the holder 104 on the basis of the output
signal fromthe sensor 114, and an ink residual anmount-cal cul ating section
181 which cal cul ates the residual anobunt of the ink contained in the ink
chanmber 131. [0139] An explanation will be nade bel ow about the processing
steps of tH& PEIPACES: AéntdeaPen-da§ra§isecPPsaticn . ahlet pensak fbsidual
anount -cal cul ating section 181 with reference to a flow chart for the

i nstal | ati @8t®U&Ee OFldgi ng process shown in Fig. 21. In Fig. 21, Si (i =
10, 11, 12,...) indicates each of the steps of the processing operation.
This flow dR88R]i | | u¥eravean Byphapasdiocaxuiplebet hadprwibbsrageserps to be
applied when the ink cartridge 85 103d for storing the black ink is
instal |l ed te Fhigsholdendl®4dboub®ldetadl sf bfsthei prihcipleudfedothtionhe rib
| 66 provided for the cap 124 is not detected by the sensor 114 in the

j udgi ng pr odesheofle8ed (i2n t WagcadeschelhOicelllyhehpudgtrhat shestukt of S10)
in a state in which the power source is applied to the ink-jet printer 101,
t he routi neeghaceeds 300 t Hegi.nk saswduaheamrelntioakhtipabengepnothss of Sl14.
On the other hand, if it is judged that the rib 166 is detected by the
sensor 1l4vicAumke rptidgi pd phecedx dh Bhe Eilbathe3casehoresyest vd the
judgment result of S10), the routine proceeds to the judgi ng process of
511. In theoludg od phecddsaaf 3314ndi thies buovggadywhatiheneograoitiyhe
cartridge has been installed imediately before the detection of the rib
166. |f thecitikgcant thege1b@dd3has heenaildst abkedhbant he Robdes, 1044

i mredi ately before the detection of the rib 166 (in the case of "Yes" of

t he judgnedtireesibt off $bithtivhenfi thislpewdged2t hat dehermikedabir tdge 103d
has been detached fromthe hol der 104d, and the information, which
correspondsotbinke ffactet bdEt theebuokanatitsi dgd tOGddgravinitbeaoeangnstall ed
state, is stored (S12). In this case, it is unnecessary to calculate the

i nk resi duan ateumtightherdieoperttibe rount the s3dsubjfee¢hedshatthe Beturn as
it is. [0141] If the ink cartridge 103d has not been installed i nmediately
bef ore t headdt ¢tk defef stde polti6h i(bnt kBe86ide of the float 33)

with the boundary of the point of support by the support
stand 31. However, in order to simplify the explanation,
the description will now be made assuming that all of the
forces, which are exerted on the shutter mechanism 30, act
on the float 33. That is, in this description, the
buoyancies and the gravities, which act on the constitutive
portions (the shutter 34 and the lever 32) other than the
float 33, are neglected. Instead, it is considered that
the buoyancies and the gravities, which are received by the
entire shutter mechanism 30, act on the float 33. It is
assumed that the float 33 has the effective total volume A
and the effective volume B of the tightly closed space 36

so that the assumption as described above holds. On this
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j udgi ng process of Sl11 (in the case of "No" of the judgnment result of S11),
the rib 166 of the ink cartridge 103d shown in Fig. 13 is consequently
detected by installing the ink cartridge 103d to the hol der 104d.
Therefore, the information, which corresponds to the fact that the ink
cartridge 103d is in the installed state, is stored (S13). After that, the
routi ne proceeds to the ink residual anount-calculating process of 514.
[0142] | n G6UNRkiPasi §h&l rafstarnadl éaraesngwpiobesatatesStihie 1¢vehe shiel d
plate 160 of the shutter nechanism 123 is detected (if the ink residual
amount i s df fincitbrt ¥irskediikctdondaal s&hsumnecpadapgprestihenel §real cul at ed
fromthe maxi num capacity of the ink cartridge 103d and the accumul at ed

val ue of tReteumdaedobyl thei budvepret endf thhegrakihuvhayiheenndikehar ged
after the point of time of installation of the ink cartridge 103d. On the
ot her handflieptt Bé.shield plate 160 of the shutter nechani sm 123 is not
detected (if the ink residual anpunt is decreased), the ink residual anpunt
i s cal cul ati@@82dr e cPheecthy bnoganhhg,i mkichksadtal oanbhat fbbahi Bad is a
state in which the shield plate 160 is not detected and the accumul at ed

val ue of teatmenbéy dbrhegquictiadr opkeggaotityhethekrbastngnheencdtscihnr ged
after the arrival at the state described above. The ink residual anount,
whi ch is caheulfdtred HarSt4ionsikr grshenyedxtotrBP8 d382t1815)oadnd3the routine
is subjected to the return. 87 [0143] The information, which includes,
for exanpl ehetre€orest ahkat the shat @ighitheuirfikcealibsr idgeré@3aandhehe
accunul ated val ue of the discharged ink, is stored in the nonvolatile
menory suchnks iEEPR@MLinador dae Fhaktt Be kehasmabi andesgbethkned even in a
state in which the power source of the ink-jet printer 101 is turned OFF.
[0144] Accandilngnte theht hsr dhenbadiraest texpliahned ahevenkt herdi shance
between the shield plate 160 and the inner wall surface 134b of the recess
134a fornmed icaskheiknkKscliaaiped t8iti shemifmbakned Byekhaopi B6116@ whkch are
formed on the side surfaces of the shield plate | 60 of the sw nging nenber.
In this sitloakirdng blfetdestiarceiquhicBur§ats,SHEH 8RceXh@fterhall A6es
capill ary phenonenon is caused by the surface tension of the ink, is
secured benaeemotbetshitbkednphatietd6@iagdpbbetiBAeErval kheunkaeetriggb. It is
possi ble to avoid the adhesi on between the shield plate 160 and the inner
wal | surfapesi34bnby vhethur banert Basdonwhbtnt kel gkagndyt BE dakeriopati on
of the snooth notion of the displacenent of the shield plate |160. That is,
the ink susBade, ewhirefiel gt 2avgeesthahweae bleyahtel dtpkareti€loand t he
inner wall surface 134b, can be simlarly lowered as well, as the ink
surface isfbawer dd theaseabddnaeracthohhescgreufinyi eReetetineni ike No i nk,
whi ch prohibits the displacenent of the shield plate 160 by the surface
tensi on of fibati AR, remeresoket watBnt RBeshinkl dspbaheuhel and the i nner wal l
surface 134b. Therefore, in the third 88 enbodinment, the shield plate 160
can be snodkhlrgaspdratedisnfeageadanae whehribatcBangerafekhati aker esi dual
anmount. Therefore, it is possible to detect, with any snmall error, the fact
that the ibbtrtesi dfakhamiurt thakt he iRkachaaker ih3¥hathi ¥egeatatife

predet ermi ned anmount. [0145] The swi ngi ng nenber (displaceable nenber) is
support ed amouhat ofheéheotaki eemaansbenmafe takseaukextentndnihbe pl ane
parallel to the sheet surface of Fig. 16. Therefore, it is feared that the
shield pl asaut&er whi abves pbOvheedoatdehecpesyt beriseparated fromthe
poi nt of support by the support stand 163, may approach the inner wall

surface 134boBag cl0@ﬁbfe§@9@odﬁﬁ9098ekh%osEﬁgkegedkﬁbaa%%eé%ﬁwﬁen t he
shield plate 160 and the inner wall surface 134b. In order to solve this

problem thecapgest ikgR eBetB@s§Ehshdaﬂbgh% 680+ anihﬁ_gﬁoehgeﬂﬁﬁ whhpout

being affected by "the surface tension of the ink by w dening the spacing

di stance beyueep tBenshbeld pl ghalGlyapflel B LRBCLoraLl AUn! 269.L34D.
However, in this case, it Is necessar? that the spacing 8|spance bet ween
the "ghteﬁhtEhegf§%§£'Qﬂdl%ééoagdd%QSckEQHE‘58%§h§'Bﬂ $REl iF9R114 of the
sensor |14 is wdened as well, i ch i's ‘any unsatisfactory counterneasure
In view of ighﬁo§eﬁ§'t5:|efﬁb%¥ ﬁfec&ggs@ﬁr}so&tl&g' ml:)tsg! aeg*_%%%?;%r )éh%% ‘dﬁ% an
expensi ve sensor havi ng gher sensitivity dependi ng on € spaci ng

di stance between the light-emtting section 114a and the |ightreceiving
section 114b. However, according to the third 89
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enbodi nent, the spacing distance between the shield plate 160 and the inner
wal | surface 134b is regulated to such an extent that the snooth notion of
the shield plate 160 is not deteriorated by the surface tension of the ink,
by the aid of the pins 159 which are forned on the side surfaces of the
shield plate 160 of the swi nging nmenber. Therefore, it is possible to
further shorten the distance between the shield plate 160 and the inner
wal | surfa&etigsbetsernl threedseytive velumsoApofstheeenbinarfbeat hd3 wi dth
of the projection 134. Further, it is possible to further narrow the w dth
of the propadt tde e3fechaveauvelupe Bhpél Uhpl ate t£BOrgsdt heto hthe

pl at e- shaped nenber. Accordingly, the cheap light-transm ssive type optical
sensor havitAghtdw sénsietli epagecdh bé bthel fiedtad3t he sehssp that §10e46]
Additionally, according to the third enbodi nent, the ribs 158, which extend
in the vertptatidnpéctfoopnesf inhéhenfiérswabhdsaertandsdiBdbtiane &nened on
the inner wall surfaces 134b of the recess 134a in the ink chanber 131.
Ther ef or e, appeoxnhatefiychdestpoeletdobeteeanothershi #hd pbaseidsdland t he
inner wall surface 134b, is successfully allowed to fall downwardly al ong
the ribs 158rcactdr dnnghy, fitrsitsdpoesitliba tiodf theheotavdodal hEoadbeER on
between the shield plate 160 and the inner wall surfaces 134b by the
surface tensi theobethad direp@idri] aBuinhheon abeofdbayg 88 bdhe third

enbodi ment, the tips of the pins 159 fornmed on the side surfaces of the 90
shi el d pl akepté6sefi tbe felilngisng nenber are constructed by the curved
surfaces. Therefore, the pins 159 nake the point-to-point contact wth the
inner wall surfades A%4b @ th8)Kecess 134a in the ink chanber.13).
Therefore, even when any ink remains between the pins 159 and the inner
wal | surfaces 182b= (R sBpdssible to suppress the remaini ng.aompant
mnimally. That is, the pins 159 and the inner wall surfaces 134b are
hardly adhered By thealuwbaceect efisifdpnaaf 38Re ink. As a result, it is
possible to smoothly operate the shield plate 160 as the ink residual
amount i s changgd. vbiluine pdssiilrl ehbegdetiach, twghhignylspsell spacer 36t he fact
that the ink residual anmobunt in the ink chanber 131 arrives at the

pr edet er m né€d famauntd3 ;[ 0148] According to the third enbodi nent, the

abut nent section 160a, which is formed at the upper portion of the shield
plate 160, is tHe espkeific geabdty dliefebare’l3the abut ment section 160a and
t he abut nent objective surfaces 156 in the ink chanber 131 nake the

i ne-to-1ine cofitaspecAddor diragliyy blie ia&nt act area between the abut nent
section 160a and the abutnent objective surfaces 156 i s decreased.

Ther ef or e, Epecabllypniysectrrespbfida andthkecahbtinedt babyeativacstnfjaces
156 are hardly adhered by the surface tension of the ink. Therefore, it is
possi bl e t onsihet liipaapénrat antihgAshi 8ot pkaFe )l 6orirespeadsdancenw th the
change of the ink residual amount. It is possible to detect, with any snal
error, thecbabtinedagrakdtiynkctdaigdoal taeoddbaitn391 That is, the

rotational force Fl1 in the first direction is expressed as
the difference between the combined buoyancy and the
combined gravity acting on the float 33. The relationship
between the rotational forces F1 and F2 is shown in Fig. 6.
The horizontal axis of Fig. 6 represents the volume ratio
B/A, the broken line in Fig. 6 represents the change of the
rotational force F1 in the first direction acting on the

float 33 with respect to the volume ratio B/A, and the
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t he ink chanmber 131 arrives at the predeterm ned anount. [0149] According
to the third enbodi nent, the ink, which is pooled on the abutnent objective
surfaces 156 forned in the ink chanber 131, is sucked by the capillary
force of the curved section fornmed at the boundary between the abut nent

obj ective surface 156 and the rib 157 forned over the abutnment objective
surface 156 and the perpendicular wall surface 169, and the ink falls
downwar di ysallédgline inbFig7. 6Thepeeaeatst hbeapheneatoEetheon 160a and t he
abut nent objective surface 156 are hardly adhered by the surface tension of
the ink. StRtiRtaABsdsE9rcenFa épathei aewhbndhdihechbemn mehth seespert 180a
abuts agai nst the abutnent objective surface 156, the tip of the abutnent
section 160hentkésmeonatse BiAh tAe shdensinfBig- of, the thé usTundher ef or e,
the ink, which is retained between the abutnent section 160a and the:

abut ment obp&dpi BéAsoff abe ¢h6sedssphse 8hckithbyespectapd | tiae ytdioake of
the curved section fornmed at the boundary between the abutnent objective
surface 1580cannet hé thb I5FatTBer éfoiergehe thet nebhdtsenal ofodé®arkan be
easily separated fromthe abutnment objective surface 156 at an appropriate
timng depéndthg dnrthedliometing becohesi hargarfacen £H4560thécchandng to
the third enbodi nent, as shown in Fig. 18, the structure is provided, in
whi ch t he esrtheurvedumeerdedpeRéBdibnsinhélerdethef rohet conyht fiveceofF2 he
curved section (Cin Fig. 18C) forned at the boundary between the 92 rib
157 and t henl diver sendndr daretttiibe pecprmedi takgerwal Assuniagetis®, thee
curvature of the curved section (Bin Fig. 18B) forned at the boundary

bet ween t heagnbhthBe afidthheruppeionad @veaeofint hhepfipehddivéatival is
surface 169, and the curvature of the curved section (Ain Fig. 18A) forned
at the bounter gabet esehhtheini bhkS5Zeanddt Herabuiorpt i 06} echsyem$ngf ace 156.
Accordingly, the capillary forces of the curved sections forned at the
boundari estbetweén=t B2 rhsbglitZnantheh€oabuwimyt erprestive sardateidd®d and

t he perpendicular wall surface 169 are increased at the | ower portions of
the rib 15@cposidiingnéd tbheneapdbysidhe (a¢t and theebkpeeedidn pye the ink
nore downwardly as a whole. That is, the ink, which is pooled in the
vicinity of theABoundary BeRweekAt heBakiut nent obj ective surface(ib6 and the
rib 157, tends to fall downwardly along the rib 157 with ease. [0151]

Addi ti onal I'peracoordi ngehoFilhe Fhi id gibedi mehe, vbhemabuahkat Bohj ecki ve
surface 156 fornmed in the ink chanber 131 is the inclined surface. The ink,
whi ch is podl edeohigheélgbolosatl sppeet B9ewithf aespéds56, tbakthe aadall ows
downwardly al ong the inclined surface. Therefore, the ink is nore hardly
pool ed on whéumbutmfrehnheolfjleati 38 dur Eapeess56d RE152)16wsther, according to
the third enbodi nent, the connecting nenber 162 having the shield plate |60
is rotated, andktkug2Khe ¥hiekd plate 160 is displaced. 93 ...(4)

The polyacetal resin as the material for the float 33 has a
specific gravity of 1.41, and the ink has a specific
gravity of 1.07. Therefore, the volume ratio K is 0.62
according to the expression (4). Practically, it is
desirable that the volume ratioc K is determined within the
following range:

(2X - ¥)/2X - 0.1 < K < (2X - Y)}/2X + 0.1 .- {5)
In particular, when the specific gravity is 1.41 or a value

approximate thereto as in the polyacetal resin as the
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Therefore, the shield plate 160 can be di spl aced stably along the
predeterm ned orbit. Therefore, the shield plate 160 is hardly adhered to
the inner wall surface 134b which is disposed outside the predeterm ned
orbit. Fourth Enbodi ment [0153] Next, a fourth enbodinment will be expl ai ned
with reference to the drawngs. In the fourth enbodi nent, substantially the
same nmenbers as those of the_third enbodi ment are designated by the sane
reference A@srapd 481t kbsefdPathd3rvhitdienBedinehic bhgt ekt artyed of
which will be omtted. The abutnent section 160a, which is provided at the
upper end &RtiReKsABeatpiat @ rendedefesptohedd) bhanve. seahdordt mare

di spl aced so that the shield plate 160 depicts the circul ar arc-shaped
orbit, whefkh@ReOafut nent section 160a is noved fromthe position (detecting
position) at which the abutnent section 160a abuts agai nst the abut nent

obj ective d90B4des 138 tbendé¢scuiphéonnkfchhabpringipie ofierpbatidnn
(non-detecting position) at which the abutnment section 160a is separated
fromthe abit ibet lebpecB2vdesurfibeds abbe, Acher gdrafeyrednrahicofofirt h

enbodi nent, as shown in Fig. 22, ribs 158A, which continuously extend while
bei ng curvedlameny t{keBdRspbdcehentlbaack3(haschkban deteshaped whblé) of
the shield plate 160 and which protrude toward the shield plate 160
arranged i megiecténgsshé3bapyaneiker and €het heaf4tieseapethgveni ther wal |
surfaces 134b of the recess 134a. [0154] According to the fourth enbodi nent
expl ai ned zbageituhévienbortioak i(shpeaked3hetndehetrbe apeacohethehan

di spl acenent of the shield plate 160 and the inner wall surfaces 134b of
the recessthgddloas Sdccelisfvelky ,akvhenwedhtobfiakhndawswandl yhal ong the ribs
158A. Accordingly, it is possible to prevent the shield plate 160 and the

i nner wal | gzarvfiades ha4hntyr om héenghadheredibyntihehsultaee Bensaos of the
ink. Therefore, it is possible to snmoothly operate the shield plate 160 in
accor dance siighti fibanthange iotideBewiink fespdual tanphet bublah8ypasdi bhe to
detect, with any small error, the fact that the ink residual anmpbunt in the
i nk chanbegra¥itgr acvdagabnt hbepredatesni, neéd apoubtesEhkiyhtEnbodi ment

[ 0155] Next, an explanation will be made about a fifth enbodi ment with

ref erence tetelaideawhegprelferirbd tofluheerhedoneny= suhst antital |y the sane
menbers as those of the third enbodi mnent are designated by the sane
reference romerdesiag theskuolanbécthiahd enbodiraetitieanycexphanat ths of
which will be omtted. [0156] As shown in Fig. 23, a shutter nechani sm
123B, whi ckhustprodiddeddi mhieh@ekewes2si de space of the ink chanmber 131,
includes a nontransparent shield plate 160B (detecti on objective section),
a hol | ow flf0oa85161 (hebamagngerberhe &ieemnembbagmeBkbekpl@2Benhi ch
connects the shield 95 pl ate 160B and the float 161, a support stand 163

whi ch is pepwvivésdwhent RBecorpakt Bngivakrbtid38qand whtehdnatat ghky supports
t he connecting nenber 162B, and a pair of preventive walls 167 which

prevent themeanfeoki ReeNefReinl@AB fingmeank haterak Hlidphuakmenr I n the
fifth enbodi nent, the displaceabl e nenber (sw nging nenber) is constructed

by the shi ekgipkabe t66Bfibhe Bhoahd €he aRdttBe canpeet FAgcAERYEEHE62B.
The float 161 is a cylindrical member having a tightly closed space filled
with the aievelenein. Theecgpeeifiie Qkaﬁbb¥igﬁetﬁé enRbiicatkl eat 4Rbuhs
smal l er than the specific gravity of the ink contained in the ink chanber

131. The shirekdepliake ih6@ReaRekt Rankl 9at w16hoakenRiaY ded ket h ends of
t he connecting nenber 162B respectively. A columar rotational “shaft 162aB,

whi ch prot bygestid b etﬁbra&bka@gaﬁEQGBthehgrfbg %&aﬁﬁhée By’ kgees of the

connecting nenber 162B, is formed in the vicinity of e cenfer in the

ext endi ng diykeatkoReft ibhecgORRRCEIWRY NMenber 162B. The connecting nenber
162B is rotatably supported on the support stand |63 about the axis of the

rotational g@akl 162aB-o29i5R0WR iR F 3 :pai,k o e i wal | s
167 are pléte-s%aped ngﬁbe%sgwhicﬁﬂnggﬁg%iﬁm%ﬁglggpﬁfcgwggi&§%%i§§efrom
the bOttonkﬁEgkagﬁagfforce in the first direction acts on the lever

32 when the ink is sufficiently stored in the ink tank 11,
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t he ink chanmber 131. The pair of preventive walls 167 are provi ded between
the rotational shaft 162a and the perpendicular wall surfaces 169 in the

i nk chanber 131. Further, the pair of preventive walls 167 are arranged at
96 such positions that the connecting nenber 162B is interposed between
the pair of preventive walls 167. [0157] The shield plate 160B is a thin
pl at e- shaped nmenber which is parallel to the vertical surface (plane
paral | el tdt HE PwESibdgr fracaedfiapily. stop ane whiuthehad4aapr BHet er ni ned
area. The shield plate 160B has a rectangular area and a triangul ar

prot r udi ng “@tes tiRid posd tiemmby  téef @idhef ékeenegupahiapymembart he. upper
end of the rectangul ar area. An abutnent section 160a, which has a col umar
shape ext ed®0%f1i n t Recdinddai 6r poepdidistulembotddmeng , siwHenwahes of the
ribs 157 (direction along the ink surface), is formed at the upper end of
t he protrudimegndr . thel58k As slkeoweaisedri gnd23hectkunnaB2pinsrotated
(projections) 159B, which protrude in the perpendicular directions toward
the flat sumfddes seiconkde direvenbinye thenl $he6thuaterf Gamtd mespdctbvel y on
the both side surfaces of the connecting nenber 162B interposed between the
pai r of préhenmione dsdlelct 1hG7 poshie ibngs andl the pbeente9Bfathecenattuet ed by
curved surfaces. In this structure, the tips of the pins 159B are al ways
opposed to3#dhati nher deitédetdngl poedtdbnt He deeventdveywahksskhgow Rhin a
range in which the abutnent section 160a of the shield plate 169B i s noved
bet ween t he@heosifoiren (idetieciposgipdel tioodetebtabheneituagabnstint haiahut ment
obj ective surfaces 156 and the position (non-detecting position) of

separ at i on theommiche taloft bt iolj dat ithe 92k taukf agesslbhecrie@isa] tAceer di ng
to the fifth enbodi nent expl ai ned above, the structure is provided, in

whi ch t he pimad 1Ex9BHaer e @iellbe cholihesi daoantl agds tbk theuadinactinng
nmenber 162B are interposed by the pair of preventive walls 167.

Accor di ngl whiiche tdiies tiake ea ritetidgen it He sbitelidsplatedl&eBtaad t he i nner wal |
surfaces 134B are mai ntained. Therefore, it is possible to prevent the
shiel d pl atiast@QB aaridnt becitioar 70akls shef dadentiddb trembeong .adrased by
the surface tension of the ink. Therefore, it is possible to snoothly
oper at e t hasshiiel dsplpatse ibG@Btion daeteerdanee svithAtlibe dhannecel thee i nk
residual amount. It is possible to detect, with any small error, the fact
that the i almouesi dfakhandukt innthiee inkk tahdnhar ik3Heatrkhyes ab bhe
predeterm ned anmount. The pins 159B and the side surfaces of the preventive
wal | s 167 eppdded tthemettheapecteteedined Amovingi Binkdy tbk theuaetiahi anal
shaft 162aB. Therefore, the displacenent range of the pin 159B is

decr eased, waviethi tthies ipks slabite idger @aliisz@otthd nsalllesli ze @het he preventive
wal | 167 opposed to the pin 159B. [0160] The enbodi nents of the present

i nventi on Hasealdeniexplsasictddnabovey dewsverhet kengobesent. | mhesidfore,S not
limted to the enbodi nents descri bed above, for which the design may be
variously dnanged caisithiof tthe $oapgetdepiriaden ackairdingFeo ehaniiestt he
first enbodi nent is constructed such that the regulating nmenber 35 is
provided embodiment, it is not only possible to judge the residual

amount of the ink in the ink tank 11 but it is also
possible to distinguish whether or not another ink
cartridge 1 having a large residual amount of the ink is
required to be newly installed, by using one sensor 21.
Therefore, the cost is decreased.

[0088] Accordingvto the first embodiment, the float 33

is provided with the tightly closed space 36. Therefore,
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98 to regulate the rotation of the lever 32 in the first direction.
However, the present invention is not limted thereto, which may be
constructed such that the regulating nenber 35 is not provided. [0161] The
first enbodiment is constructed such that the shutter 34 is arranged at the
detecting position when the lever 32 is rotated in the first direction, and
the shutter 34 is arranged at the non-detecting position when the Iever 32
i s rotateditnisheoseébhg dpr eéfiionentdnetevert hbepspesenfi¢ nyeaiien 9§ not
limted thereto, and the foll owi ng arrangenent may be avail able. That is,
the shutteithgsensizer dhgad a8-thénnsthedéiesti agbpdsnenbndepenibed | ever 32
is rotated in the first direction, and the shutter 34 is arranged at the
det ecting 9@@Nﬁhoﬁhﬂhgﬁtﬁhéaﬂevﬁhisn hesr that egethfifegsachbyl Hargexi on.
[0162] The float 33 is forned of the polyacetal resin in the first
enbodi nent thandthhs Pfoahe33Akisikonmed 6brt hbepblygptopytendowegen, in the
second enbodi nent. However, the present invention is not limted thereto.
The float mhy lféohtr 3FBdmely heofhemedesifna matehgall shichapabeaforned of a
material other than the resin. [0163] Additionally, in the first

enbodi nent speléd fiat gpakicy shelvelunbaof thhe bifghhkyinkesikd spder whth
respect to the total volune of the float 33 is determ ned so that the

rot ati onal obtade ansuli¢ifiest dbtettibenloforbe lievehe32ihat t he sane

magni tude as that of the rotational force in the 99 second direction.
However, tHeérpcédent invention is not limted thereto. The volune ratio K
of the float 33 nay be determ ned so that any one of the rotational force
in the firgood@dnecti ancandinhhetoothkl dhaktf embedimehhe Setoadampiegtion is
| arger than that of the other. [0164] The first enbodi nent is constructed

such that when the volume ratio K of the tightly closed space 36 with
respect to the total volume of the float 33 is 0.62, the
rotational force in the first direction acting on the lever
32 has the magnitude which is the same as that of the
rotational force in the second direction. Therefore, it is
possible to rotate the lever 32 more smoothly without being
extremely affected by the disturbance caused, for example,
by the increase in viscosity of the ink as well as the
surface tension of the ink. It is possible to indicate the
amount of the ink in the ink tank 11 more correctly.
[0090] Additionally, according to the first embodiment,
the shutter 34 has the nontransparency, and the shutter 34
is arranged in the inner space of the narrow-width recess
52 formed in the ink tank 11. Therefore, it is possible to
use the light-transmissive type optical sensor which is
cheap as the detector. The lever 32, which is provided

with the float 33 and the shutter 34, is constructed as the
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shutter 34 is nontransparent. However, the present invention is not limted
thereto. The shutter may be constructed to be light-transmssive. In this
case, a sensor other than the light-transm ssive type optical sensor used
in the first enbodi nent may be used as the detector for the shutter 34.
[0165] In the first enbodinment, the light-transm ssive type optical sensor
is used for_ the sensor 21. However, the present invention is not limted
thereto. ARBiRePlaperehprsdnBsmbeichaysng £be| avalvevigpl @btikal sensor
may be used. Alternatively, a sensor other than the optical sensor may be
used. WhenPACDEFF&ER PéanGpWibpt regpestnterthe iBbdliguideswerder- 21, it is
desirable that the shutter 34 is constructed so that the reflectance of the
surface i sThgreéareyotbs] spgdipcrohansony hehirhsis enpodivedtby stkenstruct ed
such that the sensor 21 detects not only the state of the ink residual
amount in tR¥ernR2t 4KRM1thguinkl sést decpeasedce BhenpEenece bt ithe ink
cartridge. However, the present invention is not limted thereto, and the
fol | owi ng PEEsibder sagdieplansaytbe abutteabl 84 Fhaleisorréetiensor 21 may
detect only the state of the ink residual anount in the ink tank 11. The
first enmbodPkdbAwing tbastegeeedesdohthhatinkhe float 33 and the shutter 34
are provided at the ends of the |lever 32, and the central portion of the

| ever 32 is

Second Embodiment

[0091] Next, a second embodiment according to the
present invention will be explained with reference to the
drawings. In the second embodiment, only the shutter
mechanism differs from that in the first embodiment.
Therefore, in the drawings concerning the second
embodiment, the same members as those of the first
embodiment are designated by the same reference numerals,
any explanation of which will be omitted.

[0092] Fig. 7 shows sectional views iilustrating an ink
cartridge according to the second embodiment. Fig. 7A
shows a state in which the interior of the ink tank 11 is
filled with the ink, and Fig. 7B shows a state in which the
ink in the ink tank 11 is consumed. Fig. 8 shows a
sectional view taken along a line VIII-VIII shown in Fig.
7B. The shutter mechanism 30A of the ink cartridge 1A is
driven on the basis of the amount of the ink stored in the
ink tank 11. Aé shown in Fig. 7A, the shutter mechanism

30A is arranged at the bottom of the ink tank 11. The
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supported by the support stand. However, there is no limtation thereto. As
shown in Fig. 24, one end of the support nenber 203 nay be a free end, the
fl oat 202 (bal ance nenber) may be attached to the one end, and the other
end of the support nenmber 203 may be fixed to the ink tank. In this case, a
detection objective section may be provided on the float. [0167] The first
and second enbodi nents are constructed such that the light-transm ssive ink
is used. HEREFERr MEEhandsBnfOPNLBRLERSI 8 AYPPPERI skandhdtRt 02 IeVERK,
which is not light-transm ssive, may be used. In this case, it is
pr ef er abl e (CRANEChANInREMBerGt 38dol édfaprathébadnaeei mgnpoesit oA vhiahstate
in which the ink is consuned. [0168] In the second enbodi nent, the curved
section 32&AR PETROLREDadnonReesdr Pickhef lener| 8¢ar 82phvppesed to the ink
l'iquid surface. However, the present invention is not limted thereto. The
surface of (detecéien pAegphpysecdersirne BAR wWhaahdisupfzsegadyabetherned to
have an arbitrary shape provided that the contact area between the |ever
32A and t hetihgk enduied &hef de¥errs 3dder eaded weghlahingshapker F3bRexahpl e, a
projection, which is thin plate-shaped, may 101 be formed on the wall
surface opg¥dading mkabenk 80i qai dozatfacted] b¥69heThevehi BdAenbbdi nent i s
constructed such that the

float 33A, and the shutter 34A.

[0093] As shown in Fig. 7, the support stand 31A is a
member having a trapezoidal side surface fixed in the
vicinity of the center of the bottom of the ink tank 11.
The lever 32A is a thin plate-shaped member extending in a
certain direction. The lever 32A is supported on the
support stand 31 so that the extending direction forms a
predetermined angle of inclination with respect to the
bottom wall 5la (see Fig. 2) of the projection 51 of the
ink tank 11. Further, the lever 32A is supported on the-
support stand 31A so that the lever 32A is swingable about
the pivot point at which the lever 32A is supported on the
support stand 31. The lever 32A is supported on the
support stand 31A so that the width of the projection plane
obtained by projecting the lever 32A perpendicularly with
respect to the ink liguid surface is narrowest, and the
surface (upper surface of the lever 32A in Fig. 7A) of the
lever 32A, which may be opposed to the ink liquid surface,
has a predetermined angle of inclination with respect to

the ink liguid surface. Further, as shown in Fig. 7A, the
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shield plate 160 is arranged to nake the displ acenent between the pair of
inner wall surfaces 134b of the recess 134a forned in the ink chanber | 31.
However, the present invention is not limted thereto. The arrangenent may
be made such that the shield plate 160 is displaced al ong one inner wall
surface. In this case, the pin 159 may be provi ded on one side surface of
the shield_plate_ 169, and the pin 159 may be fornmed to protrude toward one
opposi ng i ARSETWARR d6r FAdahtdapbepd190] Crheedhindteabois hidhEy j@f the
constructed such that the shield plate 160 is thin plate-shaped. However,

t he presenfenfgEntRoflPseXbENHiAYt ddreabienosoThkashtee dlpyex e3280i$ray have
anot her shape such as any spherical shape. [0171] The third enbodinent is
constructe60§8éﬁetHﬁwaﬁﬁint@yaI§8thﬁeipkovaﬂbdlbnwhﬁ@ theleleve¥ atd®s of the
inner wall surfaces 134b of the recess 134a, and the ribs 157 are provided
on the verfBcaihrprrarteduphatbs seprant shandbdiAentAsbfkevivinstiifacks 156
in the ink chanber 131. However, the present invention is not limted
thereto. AR gnrdrdereatimny (bzodedakliable32ah whi Eormedrobh tkedescfided
above is provided. [0172] In the third to fifth enbodi nents, the tips of
the pins 189, theoBewprt RéAswhaghngayelberpprsedohst thet 2ok 102quidy t he
curved sections. However, the present invention is not limted thereto. Any
tip shape suyfbeeavail abl e provided that the ink, which is in such an
amount that the snoothness of the operation is deteriorated during the

di spl acenef008#1t he 8w rhpwg menBéy, BoesthentloaendBA eyea mémbbe ink
remai ns between the pin 159 and the inner-wall surface 134b and/or between
the pin 158Bvand theyiiddrivnfiashapk.t hehpr eyeati yeawahk afi7endheotisp shape
of the pin 159, 159B nay be either sharp or flat. [0173] In the third
enbodi ment yollhmeabst oenpagedt wdhhl166a, swatebri S4ar a¥i dedcatibélelapper end
of the shield plate 160, is the columar nenber. However., the present

i nventi on ba.noFukkthktedathdeeteibEar 1axarpba, hheighulpeslosedt spacé60a
may be pl ate-shaped. The third enbodi ment is constructed such that the

abut nent oBpact wheéchuitace be6fimlbhewink chanbher,13% Esribe finctheed
surface. However, the present invention is not limted thereto. The

abut nent olfjleati 88Asusf ahewh56nnRyghela.hori zontal surface. [0174] The
third enbodi ment is constructed such that the swi nging nenber is rotated
about the genvsy of hbeshoiat ianglgshaftthB2ghihfitagcongdangervrinbdt Ae

i ncrease/ decrease in the ink anount in the ink chanber 131. However, the
present inyeetead bs BBk kiigkt egpbBetet eo EAE 8XaBpba, whienf ehkowi 88t
arrangenment is available. That 1s, the swinging nenber is conposed of a
shingl d %gesaaa@ ahtl vatregonnact gdadirhagkthy thgeekautaBd BhR $w AYI Ng
menber

thin plate member which is nontransparent and substantially
rectangular. The shutter 34A is arranged so that the
shutter 34A is moved (rotated) in the inner space 52A of
the recess 52 formed on the side wall of the ink tank 11
when the lever 32A is subjected to swinging movement.
Specifically, as shown in Fig. 7A, when a sufficient amount
of the ink is stored in the ink tank 11, and the entire
float 33A 1is positioned in the iﬁk, then the buoyancy,
which acts on the float 33A, is larger than the gravity.

Therefore, when the float 33A is moved upwardly toward the
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is displaced to follow the displacenment of the ink liquid surface in
accordance wth the increase/decrease in the ink amount in the ink chanber
[0175] In the fourth enbodiment, the ribs 158A, which are fornmed on the
inner wall surfaces 134b of the recess 134a, are fornmed along the

di spl acenent orbit of the shield plate 160. However, the present invention
is not limted thereto. In order that the ink is not retained between the
shiel d pl atd*183944 o8& facRer them ther lgver132p as ratahsdpdBsthee and the
sw nging is _successfully rotated nore snoothly, the ribs 158A are

pr ef er abl y “REFH¥d SEo dd¥eShd 0Bl didd tehe ddirspitaednein BiBirt 7of aRfetPens 159
formed on the side surfaces of the shield plate 160. [0176] In the third to
fifth enboditWedes, it 1§ posangrd o6& ibgr opteatény pREA§AODT oposkhaphe, the
shapes, the heights, and the widths of the inner wall surfaces 134b forned
in the inkoPRRsEEr te3thgngenrerr 2By 047 thesgecesgaSRopfetihgninketankt nent
obj ective surfaces 156 and the perpendicular wall surfaces 169. In the
third to filfith d@bédilFesttuahdon,bshesphatéeropdddisvarrahgedangethabm the
abut ment obj ective surfaces |56 and the perpendicular wall surfaces 169,
and the ri Bde158dghe offoitived Pre Jectioad @ lenemcbke ingdebywakbjsatinges 134b
toward the shield plate | 60. However, the present invention is not limted
t heret o. O¥@coFhulider B$Amppripentidemdar lynwiltd rkispegctotbi the énbodi nents,
the ribs 157, which are formed over the range 104 fromthe abutnent

obj ective ddauddesursgcgnd st marpemestdi cdnathigl situptdcoes 269shhwue t he
angl e of projection which is perpendicular to the abutnent objective
surfaces 136 FRgweVér, at Fedpsdapsd abusnensn megbeot 3kinAit wtiicheiet 0. The
angl e of projection nmay be either an obtuse angle or an acute angle.
However, i Fogmggr athan uppenipoirs ilvar dify theolksbd takert BdAbesndasgrhbbedeen t he
abut nent objective surface 156 and the rib 157, the angle of projection is
pr ef er abl y lat egb s e Takgise abud IRt agatinstt ai regud aftiihghmembedi 38At sp t he
rib 157 is provided continuously over the range fromone end to the other
end of thethbit st sobjitderi véAslsf acs Po6ithionederat By poesé&nbni nventi on
is not limted thereto. It is enough that the rib 157 may extend over the
abut nent oBjpweri thaguithgcdetseting s ipdopendAegloadingllly ,sthitace 169. |t
is also allowable that the rib 157 extends up to an internediate portion of
t he abut nefetalijlest iofe ther flayeri368A [im tthies fars&ngementt,ionn isr der t hat the
ink is not retained between the abutnent objective surface 156 and the

abut rent s&egudateea Onh the ohkihelrd hpngt e as68hown s prigf.e7&®6| whehat t he
rib 157 extends on the abutnent objective surface 156 to arrive at a
posi ti on athghiagieunie ofi ddenwdink dur friice iok thakrill 157 deskessednt aod wit h
the tip of the abutnent section 160a in a state in which the abutnent
section 16@8apsftt led $hicelfd opitat3s Al @¥oaiude safuome ttheaddiqudid e faloet ment

objective surface 156. Simlarly, it is also allowable 105
of the ink, then the gravity, which acts on the float 334,

is larger than the buoyancy. Therefore, as shown in Fig.
7B, the float 33A is moved downwardly toward the bottom
surface of the ink tank 11, and the lever 32A is rotated in
the counterclockwise direction (second direction) in Fig.
7B. Accordingly, as shown in Fig. 7B, the shutter 34A is
arranged at the non-detecting position (position not
opposed to the sensor 21) in the vicinity of the upper

portion of the recess 52 of the ink tank 11.

55



that the rib 157 does not extend to the |lower end of the perpendicul ar wall
surface 169. [0178] In the third to fifth enbodi nents, as shown in Figs.
18A to 18C, the relationship anong the curvatures of the three curved
sections fornmed at the boundaries between the rib 157 forned over the range
fromthe abutnment objective surface 156 and the perpendicular wall surface
169 and the abut nment objective surface 156 and the perpendi cul ar wall
surface 169%088ildes A8 shewneliat Fagshi/p,asnerptendédgwpehtieherehteht o
Figs. 18A to 18C (curvature of Fig. 18A < curvature of Fig. 18B < curvature
of Fig. 18€xterowewpwaridilyi dnakhsetakkeowabivbithathehshunetati dhahip as

descri bed above does not hold. [0179] In the third to fifth enbodi nents,

t he curvat wresingiedt hé ¢chevdetsettingnpokatied,atist peobddadaateshbet ween t he
rib 157 formed over the range fromthe abutnent objective surface 156 and

t he per pendippelraendablf $hef abetie® aad.t hehabwbdenhapbfeabuvmestrface | 56
and t he perpendicular wall surface 169 are changed dependi ng on the
boundary poenbiean 348Rn71 Waiikh, ishaocautedt dhethe pbependvedlsection forned at
t he boundary between the inner wall surface 134b and the rib 158 fornmed on
t he i nner wdldecsivhagditra4hieh peepeadesslidd4aomsliecbehebangadrdependi ng on
the boundary position. Specifically, it is preferable that the curvature of
t he curved thecdirawihanned tat rebpebeundatyicbebwhesitibestirbadb8 apdihbe
portion in the vicinity of the upper end of the |06 i nner wall surface
134b is snmekitendtgn polie iow,vasuEerakdt ha euevedcsactiyonff eheedppert he
boundary between the rib 158 and the portion in the vicinity of the |ower
end of theendner wak! extiehddegldéktivhen the rib 158 is formed so that the
rel ati onship as descri bed above holds, the capillary force of the curved
section foqwed7at thasbeuadar inbetiyeenat henel RehaBaandgt hempert oA B the
vicinity of the lower end of the inner wall surface 134b is larger than the

capi | | ary frermedohtt hteCupyed eaaki of taenmpdcatst Bo Raundapy between the
rib 158 and the portion in the vicinity of the upper end of the inner wall

surface 134ojEaerienone, ofthenenknkWihal heTRi Afcat ke aR9HgdAENbBEt Ween the
inner wall surface 134b and the rib 158, tends to fall dowwardly al ong the

rib 158. (Q580makiest heuthieht bgafihkihtaebadufRhe, meheeki B3aA54r tR8 are
provided in relation to the recess 134a. However, the present invention is

not |imteg@nulteeet 34nTheehi B BRYfReiRHOViaASUnat 0&8NY¥hROShki 98 kkbekgvant to
the recess 134a. [0181] In the third to fifth enbodi nents, the rotatable

nenber, whiighthe qeaxpesed afi,t Aadshkinel dnphiatke ri68+t BRA fikopbsilionand the
connecting nmenber 162, is used as the sw nging nenber. However, the present

invention iin Rk link tedutiber ehecolAgngWyN0itRg FedheLtARY hemBerenBar |ike
a sinple float which is not rotatable. "Even when tthe sw ngi ng nenber is

used, it iseaveg akl avakh®ctrhahithe rehiuebdcr! 2he 18Qak3onobst Rha

pl at e- shaped. 107
lever 32A in the certain direction (first direction) so
that the shutter 34A is not positioned at any position
lower than the detecting position.
[0098] As described above, in the second embodiment, as
shown in Fig. 7A, when the ink amount in the ink tank 11 is
large, and the entire float 33A is positioned in the ink
liquid, then the abutment member 34aA abuts against the

regulating member 35A, the shutter 34A is arranged at the

detecting position of the recess 52, and the shutter 34A is
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What is clainmed is: 1. An ink cartridge conprising: an ink tank which
stores an ink; and a swi nging nmenber which is supported swingably in the
i nk tank and whi ch has a bal ance nenber supported to be positioned in an
ink liquid when an ampbunt of the ink in the ink tank is not |less than a
predet erm ned anmount, wherein: a weight and a volunme of the bal ance nenber
are set so that a rotational force, which is received by the sw nging
nenber by arkas¢gAcytahlicargfatiey béabent bHabnthdefbadGnt® nenber when t he
bal ance menber is positioned in the ink liquid, is in a first direction
that is opp8sirherrola sBeoRacanfeenbefinvenh, r bhat Porkion orEethhi kven
received by the sw nging nmenber by a buoyancy and a gravity generated on
t he bal anc\ézﬁenﬁéﬁcméﬁ gdiprpeedf lnhehpavanceimenderthe ofenties iR ome
liquid surface of the ink. 2. The ink cartridge according to claim1,
wher ei n: t RELEREAGONG LiTerbarni nébudésghtivnhenti ay aenbed swithat sthe
supported swingably in the ink tank, a detection objective section which is
provi ded aPoglkeocandsofonpaveonpwarihy hewbed, thadinketamkahte nenber which
is provided at the other end of the connecting nenber; and weights and
vol unes of Threebargacshrenbukttand3tReig08rradgedcat ohhebjippetrve section are
set so that the rotational force, which is received by the sw ngi ng nenber
by buoyancpesisndngravicoinpsrgdnwibhetthencahe bal ahiehnthbelewad 3bk
detection objective section respectively when the entire bal ance nenber and
t he entireidenett bentobjrectikvedsection are positioned in the ink liquid, is
inthe first direction that is opposite to the second direction of the
rotati onal [POP83 whi &h esplenetied Bylihbesmadgi ngthenbferbycbudbyanci es and
gravities generated on the bal ance nenber and the detection objective
section reghgsti ehpdwiénapantstht sheubahgacefnenbeswandihfyemdrbecti on
obj ective section protrude fromthe liquid surface of the ink.

- 80. Fig. 9 shows a development illustrating the swinging

member 80. Fig. 10 shows sectional views taken along a
line X-X shown in Fig. 9. Fig. 10A shows a sectional view
illustrating a developed state of the float 33A, and Fig.
10B shows a sectional view illustrating an assembled state
of the float 33A. The swinging member 80 is made of a
polypropylene resin. As shown in Fig. 9, the swinging
member 80 is integrally formed in a state in which the
float 33A is developed. As shown in Fig. 10A, the float
33A includes a case 33alA, a cap 33bA, and a connecting
member 33cA. As shown in Fig. 10A, the case 33aA is a
member having a cylindrical shape extending in a certain
direction. The case 33aA is provided with the inner space
having an opening disposed at one end. The cap 33bA is a
member for tightly sealing the inner space of the case

33aA. The connecting member 33cA is a plate-shaped member
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3. The ink cartridge according to claim2, wherein a regul ating nenber,

whi ch regul ates rotation of the swinging nenber in the first direction, is
provided in the ink tank, and the detection objective section is positioned
at a detecting position when the swinging nenber is regulated by the

regul ati ng menber. 4. The ink cartridge according to claim3, wherein the
bal ance nenber is positioned at a position |ower than that of the detection
obj ecti ve §8€tF8Hnﬁﬁ§Hnﬂh§h§eFé§?igﬁaBbFBQtF06 sapt PéRA+ s P8I tioned at the
detecting position. 5 The ink cartridge according to claim3, wherein 109
t he det ect CORNEEFERE PeMbEEt PERAI §aFoSNE Gﬁédwatlcg hendeiredi B9 Position
when the sw nging nmenber is rotated in the second direction. 6. The ink
cartridge &@égﬂﬁpngnt§hélﬁﬂﬁ#Q}tﬁh@ﬁeﬁhetﬁ@ﬂﬁ@FaﬁnoﬁhE eskerdiRgt he first
direction has a magnitude which is substantially same as that of the

rot ati onal EEEEIPR PhetbecerEedPBadt ppd. the Phbernkndavhifdgésaccording to
t he connecting nenber is supported in the a wwdth of a projection plane
obt ai ned byopRgre&ri ket RadcsnnéarenginthsecapnBdbfhe surface i s narrowest
-in a state of use of cartridge. Maim 2, wherein ink tank so that

per pendi cull1091i nk Fhgni dhehdevrlo@edThwinglingamembdyge8acisrdi ng to cl aim
7, wherein the connecting nmenber is supported in the ink tank so that a
side wal |l ssskabdedf, thencoheecbnngcminbememivbircA3ca dappbsed &s shewnnk
liquid surface, intersects obliquely with respect to the ink liquid
surface. 9inTHegi.nk O0aar anddgbeaeadr diftngheocapaBfbl, whechi nsatiibkpasédone
projection, which protrudes toward the ink |iquid surface and which extends
in an extepd nedsidet ppposfitehéocthreendnguireaber conactaededoonhthe si de
wal | 110

connecting member 33cA, is arranged at the opening of the
case 33aA (arrow shown in Fig. 10A). As shown in Fig. 10B,
the inner space of the case 33aA is tightly sealed by
engaging the cap 33bA with the opening of the case 33aA.
Accordingly, the.tightly closed space 36A 1s formed. The
specific gravity of polypropylene as the material for
forming the swinging member 80 is 0.9. Therefore, in this
embodiment, it is preferable that the ratio K of the volume
of the tightly closed space 36A with respect to the volume
of the float 33A is within a range of not less than 0.3 and
not more than 0.5 (see the expression (5)).

[0101}] According to the second embodiment explained
above, as shown in Fig. 7A, the arranged position of the
float 33A is lower than the lower end of the shutter 34A.
Therefore, when the amount of the ink in the ink tank 11 is
decreased, the shutter 34A protrudes from the ink liquid

surface prior to the float 33A. Therefore, the float 33A
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surface of the connecting nenber opposed to the ink liquid surface. 10. The
i nk cartridge according to claim1l, wherein the bal ance nenber is a fl oat
which is formed of a resin and which has a specific gravity smaller than
that of the light-transm ssive ink. 11. The ink cartridge according to
claim 10, wherein the bal ance nmenber is forned of polypropylene. 12. The
ink cartridge according to claim 10, wherein the bal ance nenber has a

cl osed spab&CtrEdepniren thgreipkklignidi ggefaeeoktdi Agtaee ctae aver wher ein:

t he bal ance nenber is provided with a case and a cap
34A after the ink adhered in the vicinity of the shutter

34A flows down. Accordingly, it is possible to reduce the
influence of the surface tension of the ink when the
shutter 34A is rotated. It is possible to indicate the
correct ink amount.

[0102] According to the second embodiment, the lever 32A
is arranged so that the width of the projection plane
obtained by perpendicularly projecting the lever 32 with
respect to the ink liquid surface is narrowest. Therefore,
it is possible to decrease the contact area between the
lever 32A and the ink liquid surface. Accordingly, it is
possible to reduce the influence of the surface tension of
the ink on the lever 32A when the lever 32A is rotated, and
it is possible to indicate the ink amount more correctly.
[0103) According to the second embodiment, as shown in
Fig. 7A, the lever 32A is arranged so that the side wall of
the lever 32A, which may be opposed to the ink liguid
surface, is inclined with respect to the ink liquid
surface. Therefore, it is possible to further decrease the
contact area between the lever 32A and the ink liquid
surface. The lever 32 is arranged obliquely with respect
to the ink liquid surface which is lowered as the ink is
consumed. Therefore, it is easy for the lever 32 to effect
the liquid cutoff for the ink as well. The shutter

mechanism 30 is moved more smoothly. Accordingly, it is
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which are integrally forned; and the cap is arranged at an opening of the
case, and an internal space of the case is sealed to formthe closed space.
14. The ink cartridge according to claim 12, wherein a volune ratio K of
the cl osed space with respect to a volune of the bal ance nenber is
represented by the follow ng expression: (2X - Y)/2X - 0.1 < K< (2X -
Y)/2X + 0.1 111 wherein X represents the sEecific gravity of the resin,
and Y repr BSERLEIENECSHBELPPE FrdUFeytBe LRElnepae- oF able Serface

tension of the ink on the lever 32A.

[0104] According to the second embodiment, as shown in
Fig. 8, the curved section 32aA is formed on the side wall
of the lever 32A which may be opposed to the ink liquid
surface. Therefore, it is possible to further decrease the
contact area between the lever 32A and the ink liquid
surface. Accordingly, it is possible to further reduce the
influence of the surface tension of the ink on the lever
32A.

[0105] Additionally, according to the second embodiment,
the float 33A is formed of polypropylene having the
specific gravity of 0.9 which is lighter than the specific
gravity of the ink. Therefore, it is easy to increase the
buoyancy generated on the float 33A. This contributes to
the miniaturization of the flcat 33A. Even when the ink
enters the tightly closed space 36A, it is possible to
generate the buoyancy on the flcocat 33A, because the
specific gravity of the float 33A is lighter than the
specific gravity of the ink.

[0106] According to the second embodiment, the tightly
closed space 36A is formed in the float 33A by engaging the
case 33aA and the cap 33bA of the swinging member 80 formed
in an integrated manner. Therefore, the float 33A can be
produced easily and cheaply.

[0107] According to the second embodiment, the shutter
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ink. 15. The ink cartridge according to claim112, wherein a volunme ratio K
of the closed space with respect to a volune of the bal ance nenber is not
| ess than 0.3 and not nore than 0.5. 16. The ink cartridge according to
claim 3, wherein the detection objective section has nontransparency. 17.
The ink cartridge according to claim2, wherein the detection objective
section is _provided on the connecting nmenber so that a wdth of_a
proj ecti on3pPané ktranged 59 perpehbFcWidEhyopr bhecPragethiodepbaRe on
obj ective section onto the ink liquid surface is narrowest in a state of
use of theoPtRiggft Pydgerresdivhéarpy parfprigaIather ahugten 24Aiwith
wherein: the ink cartridge further conprises a regulating surface which
regul at es dcspeatefenthef inke lddinagdi Byrfaabers npAsrpuRstankThesefore,
downwardl y inclined inner surface

1t 1s possible to decrease the contact area between the

shutter 34A and the ink liquid surface. Accordingly, it is
possible to reduce the influence of the surface tension of

the ink on the shutter 34A when the shutter 34A is rotated.

Third Embodiment

[0108] A third embodiment of the present invention will
be explained. In the third embodiment, the present
invention is applied to an ink-jet printer capable of
discharging four color inks.

[0109] As shown in Fig. 11, the ink-jet printer 101
includes, for example, an ink-jet head 102 which is
provided with nozzles 102a for discharging the four color
inks of cyan (C), yellow (Y), magenta (M), and black (K) to
the recording paper P, four holders 104 (104a, 104b, 104c,
104d) which serve as cartridge-installing sections for
installing four ink cartridges 103 (103a, 103b, 103c, 1034d)
for storing the four color inks respectively,; a carriagé
105 which linearly reciprocates and moves the ink-jet head
102 along a guide 109 in a certain direction (direction
perpendicular to the paper surface), a transport mechanism
106 which transports the recording paper P in the direction

perpendicular to the direction of movement of the ink-jet
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whi ch extends in a direction inclined dowmwardly with respect to the ink
surface; 112 the swinging nenber is fornmed with an which is selectively
| ocated at a position against the regulating surface and a posit fromthe
regul ati ng surface depending on a sw nging nenber; and a projection, which
i s al ways opposed abutnment section to nake abutnent ion separated position
of the to the dowwardly inclined inner surface during novenent of the
abut nent s88afohCBeiferarahéesepar bhedipbsiisomagr sweladriteeitheosition
is formed at a portion of the swi nging nmenber opposed to the downwardly
inclined i ARErJ]strhaad. 189, Fhpurak evaitrlegevhtehraueis tohel Hiln 18,
wherein: the ink tank is formed with a recess which has tw of the
downwar dl yhpHéngnadyi hhgh Yupfasaésyoppdstlet airachnivaheed abrl Wie cink-s
defined by the two opposed downwardly inclined inner surfaces; at |east a
part of thdeswhaginglhenbad hAscpntepposrdt bt heehichenanpgedvinher dl y
inclined inner surfaces opposed in the recess; and the projection protrudes
toward eachoptrpheofiotheardtyrenthkngdti pnénteuri@tes froma portion of the
swi ngi ng nmenber opposed to one of the two downwardly inclined inner
surfaces. 2011¥he i nkncaheriidgejatcprinhgrt 0t athe2reebedeng: paer ik t ank
has a regul ating surface which is

is transported by the transport mechanism 106 in the

rightward and leftward directions in Fig. 11, while driving

and reciprocating the ink-jet head 102 by the carriage 105

in the direction perpendicular to the paper surface in Fig.

11. In cooperation thereto, the ink is supplied to the

nozzles 102a of the ink-jet head 102 through the supply

tube 110 from the holder 104 installed with the ink

cartridge 103. Further, the ink is discharged from the

nozzles 102a to the recording paper P, and the recording

paper P is subjected to the printing.

[0111] As shown in Fig. 11, the purge unit 107 includes

a purge cap 111 which can be installed to the ink-jet head

102 so that the ink discharge surface is covered therewith,

and a suction pump 170 which sucks the ink from the nozzles

102a. The purge unit 107 is arranged at the position

opposed to the ink-jet head 102 with the recording paper P

intervening therebetween. The purge unit 107 is movable in

the direction to make approach or separation with respect

to the ink discharge surface of the ink-jet head 102. When

the ink-jet head 102 is out of a printing range in which
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113 substantially perpendicular to a direction of displacenent of the ink
surface caused by use of the ink, and a downwardly inclined i nner surface
whi ch extends in a direction inclined downwardly with respect to the
regul ating surface fromone end of the regulating surface; the sw nging
menber is formed with an abutnent section which is selectively |ocated at a
position to nmake abutnment against the regulating surface and a position
separ at ed FR6nreRerfagdl BaPEy Bugdhckedeplnarhgd obo atpesprinhing . tiHee
swi ngi ng nenber; a recess, which is defined by two of the downwardly
i nclined | AHEF180r PHBEs ldPpeardbeoudadhtot feek thefatwayided alninddre wal |
surface of the ink tank; at least a part of the sw nging nenber is
i nt er posed1B&tiueenhend Lid apdnesrthe ink| haedngnaey kigh ackscoppased in
the recess; a projection, which is always opposed to each of the downwardly
i nclined i ABRep t@Ffidtesidthengvaporathonobft wetabufnemttikecréonleéet ween t he
separated position and the abutnent position, protrudes toward each of the
downwar dl y1PRali ned i nner surfaces from each of portions of the sw nging
menber opposed to the downwardly inclined inner surfaces; and a rib
protrudes fOMRY t heAswshgiwngineRigr fteontkachoof phoidenmsldfatbe two
downwardly inclined inner surfaces opposed to the sw nging nenber. 114

104d are provided in the ink-jet printer 101 while being

aligned in one array in the ink-jet printer 101. The four

ink cartridges 103a to 103d, which store the inks of cyan,

yvellow, magenta, and black, are installed to the four

holders 104a to 104d respectively. The black ink of the

four color inks is used more frequently than the other

three color inks in many cases. In such a case, it is

preferable that the volume of the ink cartridge for the

black ink is larger than those of the ink cartridges 103a

to 103c for the color inks.

[0113] An ink supply pipe (communicating pipe) 112 and

an atmospheric air-introducing pipe 113 are provided

upstandingly respectively at positions corresponding to an

ink supply valve 121 and an atmospheric air-introducing

valve 122 of the ink cartridge 103 respectively at the

bottom of the holder 104 as described later on. An optical

type sensor 114 (light-transmissive type optical sensor) is

provided for the holder 104 in order to detect the ink

residual amount in the ink cartridge 103. The sensor 114

has a light-emitting section 114a and a light-receiving
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21. The ink cartridge according to claim?2, wherein: the ink tank has a
regul ating surface which regul ates di spl acenent of the sw ngi ng nenber, and
a wall surface which extends downwardly toward the ink liquid surface from
one end of the regulating surface; the swi nging nenber is formed with an
abut ment section which is selectively |located at a position to make

abut ment against the regulating surface and a position separated fromthe
regul ati ng S8GHLe8e 1dépe ALY 8Readps3nNgrenabf anhedenkhghhghebaler; and a
ri b, which ranges over the regulating surface and the wall surface,
protrudes PPEHMLEQSH 28 WRACPRegliPaPPRESSHr facerandnehkeliafP Bhatakhke 22. The
ink cartridge according to claim?2, wherein: the ink tank has a downwardly
i nclined i Af&r cagitrddgewhléniexdanhaspraed bBeEweehohhenkpthedidesnwaltl y
with respect to a surface perpendicular to a direction of displacenent of

t he ink suﬂﬁaé@t@aﬁ§édwb?tg§é er npé thR; lagbtafrob phetligks-toward the
swi ngi ng nenber froma portion of the dowwardly inclined inner surface
opposed t oeMA&tdRgn§engipanddia 28, bTnekedkbyant shdgbencoecdangsmolaBai m 2,
wherein: 115 the ink tank has a regulating surface which is substantially
per pendi cubxeviided dir &bei dnkofadtspHgeehBat asf deherihkdsliatarecsaused by
use of the ink, and a wall surface and a downwardly inclined inner surface
whi ch ext ehdd ebiavacd Jeterbtidnt hesnéguliat pnypsbutédceof then cespeeli ve ends
of the regulating surface; the swi nging nmenber is forned with a col umar
abut ment unit 108,

[0114] Next, the ink cartridge 103 will be explained in
detail. 1In this embodiment, the ink cartridges 103a to
103c, which store the three types of color inks
respectively, have the same structure as that of the ink
cartridge 103d which stores the black ink. Therefore, one
of the ink cartridges 103 will be explained.

[0115] As shown in Figs. 12 to 14, the ink cartridge 103
includes a cartridge main body 120 which stores the ink, an
ink supply valve 121 which is capable of opening/closing
the ink supply passage to supply the ink contained in the
cartridge main body 120 to the ink-jet head 102, an
atmospheric air-introducing valve 122 which is capable of
opening/closing the atmospheric air—introducing'passage to
introduce the atmospheric air into the cartridge main body
120 from the outside, a shutter mechanism 123 which blocks
the light emitted from the light-emitting section 1l4a of
the sensor 114 for detecting the ink residual amount in the

ink cartridge 103, and a cap 124 which covers the lower end
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section which extends in a direction perpendicular to the direction of

di spl acenent and which is located at a position to nmake abutnent agai nst
the regul ating surface and a position separated therefrom depending on a
position of the swinging nenber; a first rib protrudes fromthe regul ating
surface and the wall surface, the first rib ranging over both of the wall
surface and the regul ating surface and bei ng di sposed adjacently to the
abut nent s@d&t t8e FREkTiHESapatireRPd¥edRPon is at the abutnment position; a
recess, which is defined by a pair of the downwardly inclined inner
surfaces off8ddéd to dhehcerheidgesmpannbddynlaf ianéprmadll obfatheghik t ank;
and at | east a part of the swinging nenber is interposed between the
downwar dl y tirackimied iveneynshetacesespposedsi ahowe iecEsg, bhd a second rib
protrudes toward the sw ngi ng nenber fromeach of portions of the
downwar dl y complairtedgi wadid 330f awbschppaseddsohbhézentayipng imenber. 116

24. An ink-jet printer conprising an installation section to which the ink
cartridge dategiradég iforokd dn2the castalilgd maipebbaynieeécorthaeg on a
mediumwi th an ink supplied fromthe ink cartridge installed to the
instal | ati dnneecspane wiethencaztddtiget aninwbbah dededtsScamgeteedilon

obj ective section of the ink cartridge installed to the installation
section, i sherovirgadtdngawpnddi 1Boniatowanchnkhehdabeet i onkobask)i Y@1secti on
positioned at a detecting position is detectable. 25. The ink-jet printer
accordi ng tmichaiis 24spbgetihen chepuppergsadpydgnagtudi tabakeeh judges
states of the ink cartridge and the ink-jet printer according to a result
of det ecti arcobiradaedngy chhebadetedBQr,, 18BewAith disposed on the lower

side. The ink chamber 131 is charged with each of the
color inks. The ink supply valve 121 and the atmospheric
air-introducing valve 122 are accommodated in the two
valve-accommodating chambers 132, 133 respectively. In
this arrangement, the ink supply passage, which is used to
introduce the ink charged in the ink chamber 131 to the
outside, is constructed in the valve-accommodating chamber
132. As described later on, the ink flow, which is
directed downwardly from the side of the ink chamber 131,
is formed in the ink supply passage (see Fig. 19B). As
shown in Figs. 12B and 12C, a projection 134, which
slightly protrudes outwardly and which extends in the
downward direction, is formed at a substantially central
position in the height direction of the side wall of the
cartridge main body 120. The light-emitting section 1l4a
and the light-receiving section 114b of the sensor 114

provided for the holder 104 are positioned at a height
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a judgnment is nade by the judging unit on a state in which a sufficient
amount of the ink is charged to the ink cartridge installed to the
installation section if the detector detects the detection objective
section, while a judgnent is nmade on any one of a state in which the ink
contained in the ink cartridge installed to the installation section is
decreased and a state _in which the ink cartridge is not installed to the
i nstal | at | GPPIEFIMGAELY CRdadetectbatdeds thet pdeoectipheldét éerined on
objective section. 117  26. The ink-jet printer according to claim 24,
wherei n t hé&hgeBdeeomaild &1 ittt caramddiossmadnt bpdyséAfoin a7stahei kR
cartridge conprising: an ink tank in which an ink is stored; a float which
fl oats on thdcibnihes igpgert rideised Ovhilsh igwitadabty teupper heldae 1Pdat so
that the float makes no contact with an inner surface of the ink tank; a
det ecti on dfjlddtli ve @ecisihowmwhincl iigs .pAdvitded 7onat meceappdBtanedaber or the
float; and

formed at the inside of the projection 134 in the ink

chamber 131. As shown in Figs. 15 to 17, the recess 134a

extends in the direction (direction inclined downwardly)

perpendicular to the ink surface, and the recess 134a has

two inner wall surfaces (downwardly inclined inner

surfaces) 134b which are opposed to one another. As shown

in Figs. 15 to 17, a shield plate (detection objective

section) 160 of the shutter mechanism 123 described later

on is arrandged in the recess 134a so that the shield plate

160 is interposed between the two inner wall surfaces 134b

of the recess 134a. As shown in Figs. 15 to 17, a rib 158,

which protrudes toward the shield plate 160 arranged in the

recess 134a and which extends in the perpendicular

direction, is formed on each of the inner wall surfaces

134b. As shown in Figs. 15 to 17, two abutment objective

surfaces (regulating surfaces) 156, which extend in

directions to make separation from each other in an

identical plane from the upper ends of the respective inner

wall surfaces 134b, are formed in the ink chamber 131. The

abutment objective surfaces 156 are surfaces to make

abutment against abutment sections 160a formed at the upper

end of the shield plate 160 as described later on. The
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a regul ati ng nmenber which regul ates the support nenber so that the float is
positioned in the ink when an anount of the ink contained in the ink tank
is not |ess than a predeternm ned anount. 118

. AY. AY. AY. AY. AY. AY. AY. Au. AY. Au. Au. AY. AY. AY. Au. Au. Au. Au. Au. Au. Au. Au. Al u. Au. A
CACACA A A A A A Au. Au. Au. Au. Au. Au. Au. A<. A<. A<. A<. AY. A<. A<. Al <. AY. AY. A<. AY.
AY. AY. AY. A<. AY. AY. Al Y. AY. AY. AY. AY. AY. AY. AY. AgY. A<. AY. AY. A<. AY. A<. A<. A<. AY. A
Y. AY. Au. AudRutRens. abieatAvausaafagen. hAys paravinehined euniaees ARARY. Au. Au.
Au. Au. Au. AL A Au. AL A Alu. AL A Au. Au. Au. Au">V] 3:. >uz [/ HO-

~Z_}xr mhe”9fcwhéghcaFcapediped] balUpcrredptalsiped teal e afewdedUia] cal cal ca
] ca] ca] ca] ca] cal] ca] ca] caU] ca]ca]ca]ca <Cl&z)| !'! #9%6#$$&&((() 4+,

+- <-v- { upkBOLVPRapusfeae)] ef] thpcatkcahsmbenUl ¢4] cue) Bake al vkl al] cal
ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca
v---3.8.//W2sp28Bp338R4815597€F88KREOTYg. 14). As shown in Figs. 15

; ===>{vgkf a[ V] cal] ca] ca] cal] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] c
a) ca] ca] cakealldaUpespeadiiculaa] valéabhcépcas 169, each of which is
>>>>AACDUDGENEEHLHI | KKMWO_0O00QQ SsSTTT, UCXJIXYyt oj e ZU] caU] ca] ca] ca] ca] ca]c
aU] ca] cal] cahoeaUtlked] ta] thecaficafcabkcahoafcaptalUpeafaad) tajca) ca] cal] ca] ca
U ca] ca] ca

YY~ZZ[ [ X] _PBisposedeveethkShjifjZkokprmnbeppor siens dd¥To € athondchica] tal] ca) ca
U] ca] cal] ca] ca] ca] caU] ca] cal] ca] ca] ca] cal] ca] ca] ca] caU] ca] cal] ca] cal] ca] ca]
ca] cal] ca the inner wall of the ink chamber 131 and the end of the
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the inner wall of the ink chamber 131 to the end opposed
thereto and over the range from the end of the

perpendicular wall surface 169 on the side of the abutment
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surface 156. Fig. 18B shows the cross section illustrating
the boundary between the rib 157 and the upper end area of
the perpendicular wall surface 169. Fig. 18C shows the
cross section illustrating the boundary between the rib 157
and the lower end area of the perpendicular wall surface
169. As shown in Figs. 18A to 18C, the curvature of the
curved section (A in Fig. 18A) formed at the boundary
between the rib 157 and the abutment objective surface 156
is smaller than the curvatures of the curved sections (B
and C in Figs. 18B and 18C) formed at the boundaries
between the rib 157 and the perpendicular wall surface 169.
The curvature of the curved section (B in Fig. 18B) formed
at the boundary between the rib 157 and the upper end area
of the perpendicular wall surface 169 is smaller than the
curvature of the curved section (C in Fig. 18C) formed at

the boundary between the rib 157 and the lower end area of
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[0118] As shown in Figs. 14 to 17, the shutter mechanism
123 which is provided in the lower space of the ink chamber
131 includes a shield plate 160 (detection objective
section) which is nontransparent with respect to the light,
a hollow float 161 (balance member), a connecting member
162 which connects the shield plate 160 and the float 161,
and a support stand 163 which is provided on the upper side
of the comparting wall 130 and which rotatably supports the
connecting member 162. The displacement member (swinging
member) is constructed by the shield plate 160, the float
161, and the connecting member 162. The float 161 is a
cylindrical member having a tightly closed space filled
with the air therein. The specific gravity of the entire
float 161 is smaller than the specific gravity of the ink
to be changed in the ink chamber 131. The shield plate 160
and the float 161 are provided at both ends of the
connecting member 162 respectively. A columnar rotational
shaft 162a, which protrudes in directions perpendicular to
the both side surfaces of the connecting member 162, is
formed in the vicinity of the center in the extending
direction of the connecting member 162. The connecting
member 162 is supported on the support stand 163 rotatably
in the vertical plane (in the plane parallel to the sheet

surface of the drawing) about the center of the rotational

shaft 162a.
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l62a, which is formed on the connecting member 162,
protrudes from the flat surfaces on both sides of the
connecting member 162 in the direction perpendicular to the
direction of displacement of the ink surface. In order to
smoothen the rotation of the connecting member 162, the
rotational shaft 162a is supported on the support stand 163
such that the rotational shaft 162a is also rotatable to
some extent in the plane parallel to the sheet surface of
Fig. 16. That is, the support stand 163 supports, at the
lower position, the swinging member so that the motion
other than the rotation of the connecting member 162 about
the center of the rotational shaft 162a is also allowable.
The tips of the rotational shaft 162a in the protruding
directions, which protrude from the both side surfaces of
the connecting member 162, abut against side wall surfaces
on the mutually opposing sides of a pair of support plates
l163a provided upstandingly from the bottom surface
(comparting wall 130 as described later on) of the ink
chamber 131. Accordingly, the displacement of the entire
swinging member is regulated in the rightward and leftward
directions on the sheet surface of Fig. 16.

[0120] The shield plate 160 is a thin plate-shaped
member which is parallel to the vertical plane (plane
parallel to the sheet surface of Fig. 14) and which has a

predetermined area. As shown in Fig. 14, the shield plate

70




10w<10%& () -0

109& ()-0!109%& () -!109%&' ()-!!10%3y3& ()-!10%&' () - >>>>A0DRDSDTDUDTHhW.

10w 10w 10w 10w<109%& ()- M 10% & ()-3 M 10%& ()-3M 10%h & ()-3 10w

10WUDGEEHI 11 I'l KxmbCL 10w 10%& () - 10w 10w 10w<109%%& ()- M 109& ()-03

M 109%&' ()-03M 10%&' () - 03KMYO O O*O_OOQbCL 10w 0! 10%w & () -030! 109%&' () - 03

| 160 has a rectangular area, and a triangular protruding
area which is formed to further extend upwardly from the
upper end of the rectangular area. The abutment section
160a, which has a columnar shape extending from the shield
plate 160 toward the two ribs 157 (in the direction along
the ink surface), is formed at the upper end of the
protruding area. The abutment section 160a makes abutment
against the abutment objective surface 156 in the ink
chamber 131. Accordingly, the rotation of the connecting
member 162 in the certain direction (first direction) is
reqgulated to arrange the shield plate 160 at a
predetermined position. Specifically, as shown in Fig. 14,
when the abutment section 160a abuts against the abutment
objective surface 156, the shield plate 160 is arranged at
. the detecting position between the light-emitting section
. 114a and the light-receiving section 114b of the recess

134a. 1In this situation, the light, which has transmitted
from the light-emitting section 114a of the sensor 114
through the wall of the light-transmissive cartridge main
body 120 and the ink in the ink chamber 131, is blocked by
the shield plate 160. On the other hand, when the abutment
section 160a is separated from the abutment objective
surface 156 (when the swinging member is in a state
indicated by two-dot chain lines in Fig. 14), the shield

plate 160 is arranged at any position other than the

detecting position. 1In this situation, the light
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transmitted from the light-emitting section 1l4a arrives at
the light-receiving section 114b without being blocked.
[0121] Therefore, in a state in which the ink residual
amount in the ink chamber 131 is large, and the entire
float 161, which is provided at one end of the connecting
member 162, is positioned in the ink (in a situation in
which the swinging member is in a state illustrated by
solid lines in Fig. 14), the float 161 floats in accordance
with the buoyancy acting on the float 161, and the
connecting member 162 is rotated. However, the abutment
section 160a of the shield plate 160 abuts against the
abutment objective surface 156, and the rotation of the
connecting member 162 is reqgulated. Therefore, the shield
plate 160, which is provided at the other end of the
connecting member 162, is arranged at the detecting
position, i.e., at the position at which the light emitted
from the light-emitting section 1l14a in the projection is
blocked. However, when the ink residual amount in the ink
chamber 131 is decreased, and a part of the float 161
protrudes from the ink liguid surface, then the buoyancy
acting on the float 161 is decreased, and the float 161 is
moved downwardly in accordance with the gravity (in a state
in which the swinging member is indicated by two-dot chain
lines in Fig. 14). Accordingly, the shield plate 160 is
moved to the position (non-detecting position) which is

disposed upwardly as compared with the interior of the
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projection 134 so that the direct light emitted from the
light-emitting section 11l4a is not blocked by the shield
plate 160. Therefore, the direct light emitted from the
light-emitting section 1l4a is transmitted through the
light-transmissive projection 134 along the linear optical
path, and the light is directly received by the light-
receiving section 114b. Accordingly, the state, in which
the ink residual amount in the ink chamber 131 is
decreased, is detected by the sensor 114.
[0122] As shown in Figs. 14 to 17, columnar pins
(projections) 159, which protrude from the shield plate 160
toward the inner wall surfaces 134b of the recess 134a, are
formed on the both side surfaces of the rectangular area of
the shield plate 160 (in the vicinity of the end of the
swinging member) respectively. The tip of the pin 159 is
constructed to form a curved surfacé. As shown in Fig. 14,
the tips of the pins 159 are always in a state of being
opposed to the inner wall surfaces 134b of the recess 134a
within a range of movement of the abutment section 160a
between the position at which the abutment section 160a
abuts against the abutment objective surfaces 156 and the
position at which the abutment section 160a is separated
from the abutment objective surfaces 156. The pin 159 has
an amount of projection to form a gap of such an extent

that no capillary phenomenon is caused by at least the

surface tension of the ink between the shield plate 160 and
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the inner wall surface 134b even when the tip of the pin
159 abuts against the inner wall surface 134b of the recess
134a, and the shield plate 160 makes approach most closely
to the inner wall surface 134b.

[0123] In this structure, in a state in which the ink
cartridge 103 is installed to the holder 104, the
projection 134 of the ink cartridge main body 120 is
interposed between the light-emitting section 114a and the
light-receiving section 114b of the sensor 114. 1In this
situation, the width of the projection 134 is narrower than
the distance between the light-emitting section 11l4a and
the light-receiving section 114b. Therefore, a
predetermined spacing distance is maintained between the
light-emitting section 114a and the light-receiving section
114b and the projection 134. As shown in Figs. 12 and 13,
a palr of ribs 155, which extend in the same direction as
the extending direction of the projection 134 so that the
projection 134 is interposed therebetween, are provided for
the cartridge main body 120 at the both ends in the
horizontal direction (leftward/rightward direction of the
sheet surface in Fig. 12B) on the outer wall surface on
which the projection 134 is formed. A lid member 135 is
welded to the upper end of the cartridge main body 120.
The ink chamber 131 in the cartridge main body 120 is
closed by the lid member 135.

[0124} As shown in Fig. 14, an injecting hole 136 is
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formed between the two valve-accommodating chambers 132,
133 in order to inject the ink into the ink chamber 131 of
the empty ink cartridge 103. A plug member 137 made of

synthetic rubber is forcibly inserted into the injecting

hole 136. As shown in Fig. 14, an opening, which makes

communication with the ink chamber 131 in the cartridge
main body 120, is formed through a part of the injecting
hole 136 in the vicinity of the upper end of the side wall.
When the ink is charged, the plug member 137 in the
injecting hole 136 is pierced by an injection needle (not
shown), and the injection needle is penetrated through the
opening which is formed through the part of the injecting
hole 136 in the vicinity of the upper end of the side wall
so that the ink is charged into the ink chamber 131 via the
injection needle.

[0125] As shown in Fig. 14, a cylindrical section 138,
which protrudes downwardly, is integrally formed at a
portion of the comparting wall 130 which constitutes the
ceiling of the valve-accommodating chamber 132 for
accommodating the ink supply valve 121 therein. A thin
film section 139, which closes the communication passage
formed in the cylindrical section 138, is provided at the
lower end of the cylindrical section 138. On the other
hand, two cylindrical sections 140, 141, which protrude
upwardly and downwardly respectively, are integrally formed

at a portion of the comparting wall 130 which constitutes
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the ceiling of the valve-accommodating chamber 133 for
accommodating the atmospheric air-introducing valve 122
therein. A thin film section 142, which closes the
communication paésaqe formed in the cylindrical sections
140, 141, is provided at the lower end of the cylindrical
section 141 disposed on the lower side. Further, as shown
in Fig. 14, a cylindrical member 143, which extends up to
the upper end of the ink chamber 131, is provided on the
upper side of the cylindrical section 140.
[0126) As shown in Fig. 14, the ink supply valve 121
includes a valve main body 145 which is formed to have a
substantially cylindrical shape with synthetic rubber or
the like and which has elasticity, and a valve plug 146
which is accommodated in the valve main body 145 and which
is made of synthetic resin. As shown in Fig. 19, the valve
main body 145 includes an urging section 147, a valve seat
section 148, and a fitting section 149 which are integrally
formed and which are aligned in this order from the upper
side (side of the ink chamber 131).
[0127] In this structure, the lower surface of the valve
plug 146 abuts against the upper surface of the valve seat
gection 148 (end surface on the side facing the ink chamber
131). A through-hole 148a, which extends in the vertical
direction, is formed through a portion of the axial center
of the valve seat section 148. A guide hole 14%a, which is

communicated with the through-hole 148a of the valve seat
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section 148 and which extends downwardly, is formed for the
fitting section 149. The guide hole 14%a is formed to have
a shape widening toward the end in which the diameter is
increased at lower positions. An annular groove 149b is
formed around the guide hole 14%a. In this structure, the
wall for forming the guide hole 14%a is elastically
deformable with ease in the direction in which the diameter
of the guide hole 149a is expanded. Therefore, when the
ink supply pipe 112 is inserted into the guide hole 149a,
it is possible to avoid the leakage of the ink as far as
possible by improving the tight contact performance between
the guide hole 149a and the ink supply pipe 112. Even when
the ink supply pipe 112 is inserted into the guide hole
149a in a state in which the ink supply pipe 112 is
inclined with respect to the guide hole 149a or in a state
in which the central axis of the guide hole 149%a is
deviated from the central axis of the ink supply pipe 112,
the ink supply pipe 112 is reliably inserted intc the guide
hole 14%a, because the wall section is elastically deformed
in the direction in which the diameter of the guide hole
149a is expanded.

{0128} As shown in Fig. 19, the urging section 147
includes a cylindrical side wall section 147a which extends
from the outer circumferential side portion of the valve
seat section 148 toward the side of the ink chamber 131,

and a projecting section 147 which integrally protrudes
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inwardly in the radial direction of the side wall section
147a from the upper end of the side wall section 147a. The
lower surface of the projecting section 147b abuts against
the valve plug 146. The valve plug 146 is urged downwardly
by the elastic forces of the side wall section 147a and the
projecting section 147b. An opening 147c is formed at the
inside of the projecting section 147b. 1In this
construction, the side wall section 147a and the projecting
section 147b, which are formed in an integrated manner, are
elastically deformable with ease.

[0129] As shown in Figs. 19 and 20, the valve plug 146
includes a bottom section 150 which makes abutment against
the valve seat section 148 of the valve main body 145, a
cylindrical valve side wall section 151 which extends from
the outer circumferential side portion of the bottom
section 150 toward the ink chamber 131, and a breaking
section 152 which protrudes from the center of the bottom
section 150 excessively toward the ink chamber 131 as
compared with the valve side wall section 151.

[0130] An annular projection 150a, which protrudes
toward the valve seat section 148, is formed on the lower
surface of the bottom section 150 of the valve plug 146
(end surface opposed to the valve seat section 148). The
valve plug 146 is urged toward the valve seat section 148
by the urging section 147 of the valve main body 145. 1In a

state (state shown in Fig. 19A) in which the annular
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projection 150a makes tight contact with the upper surface
of the valve seat section 148, the through-hole 148a of the
valve seat section 148 is closed by the valve plug 146, and
the ink supply passage is closed. Further, a plurality of
(for example, eight) communication passages 153, which make
communication between the upper space and the lower space
of the valve plug 146, are formed at equally divided
positions in the circumferential direction of the portion
of the bottom section 150 of the valve plug 146, the
portion being disposed on the outer circumferential side as
compared with the annular projection 150a and on the inner
circumferential side as compared with the valve side wall
section 151.

[0131) As shown in Figs. 19 and 20, the breaking section
152 of the valve plug 146 is constructed by four plate
members 152a, 152b, 152c, 152d combined in a cross form as
viewed in a plan view. The breaking section 152 is
provided upstandingly at a substantially central portion of
the bottom section 150. As shown in Fig. 20, grooves 154,
which extend in the vertical direction, are formed
respectively between the plate members (for example,
between the plate members 152a, 152b) which are combined
perpendicularly to one another. The breaking section 152
passes through the opening 147c at the inside of the
projecting section 147b of the valve main body 145 so that

the breaking section 152 protrudes upwardly. As shown in
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Fig. 14, the tip of the breaking section 152 is arranged at
the position slightly lower than the thin film section 139
of the cylindrical section 138 before the ink cartridge 103
is installed to the holder 104.

[0132] When the ink cartridge 103 is installed to the
hoider 104, the ink supply pipe 112, which is provided for
the holder 104, is inserted into the guide hole 149a of the
valve main body 145. Accordingly, the valve plug 146 is
pushed upwardly by the tip of the ink supply pipe 112
against the urging force of the urging section 147 of the
valve main body 145. The valve plug 146 is moved upwardly
while deforming the urging section 147. The annular
projection 150a, which is provided on the bottom surface of
the valve plug 146, is separated from the valve seat
section 148 (see Fig. 19B). 1In this Situatioh, the thin
film section 139 of the cylindrical section 138 is broken
by the tip of the breaking section 152 of the valve plug
146 having been moved upwardly. Accordingly, as shown in
Figs. 14 and 19B, the ink contained in the ink chamber 131
flows into the valve-accommodating chamber 132 through the
communication passage in the cylindrical section 138.
Further, the ink is supplied through the communication
passages 153 of the valve plug 146 from the ink supply pipe
112 to the ink-jet head 102. 1In this situation, the valve-
accommodating chamber 132 functions as the ink supply

passage. The flow of the ink (arrow in Fig. 19B) is
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formed, which is directed downwardly from the side of the
ink chamber 131.

[0133)] As shown in Fig. 14, the atmospheric air-
introducing valve 122 is provided with the valve main body
145 and the valve plug 146 which is accommodated in the
valve main body 145. The atmospheric air-introducing valve
122 is constructed in the same manner as the ink supply
valve 121. That is, the atmospheric air-introducing valve
122 is constructed such that the valve plug 146, which is
urged downwardly by the urging section 147, makes tight
contact with the valve seat section 148 of the valve main
body 145 so that the valve plug 146 closes the through-hole
l48a. When the ink cartridge 103 is installed to the
hoider 104, the atmospheric air-introducing pipe 113 is
inserted into the guide hole 149a formed in the valve main
body 145. Similarly to the ink supply valve 121, the valve
plug 146 is moved upwardly, and the thin film section 142
of the cylindrical section 141 is broken by the breaking
section 152 of the valve plug 146. Accordingly, the
outside atmospheric air flows from the atmospheric air-
introducing pipe 113 via the communication passages 153 of
the valve plug 146 into the valve-accommodating chamber
133. Further, the atmospheric air is introduced into the
upper portion of the ink chamber 131 via the inner passage
of the cylindrical member 143 and the cylindrical sections

140, 141.
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[0134} The cap 124 is formed of the nontransparent
material through which no light is transmitted unlike the
cartridge main body 120. As shown in Figs. 12 to 14, the
cap 124 is secured tojthe cartridge main body 120, for
example, by the ultrasonic welding in a state in which the
lower end of the cartridge main body 120 is covered
therewith. Two annular projections 165, which protrude
downwardly, are formed respectively at the positidns of the
bottom of the cap 124 corresponding to the ink supply valve
121 and the atmospheric air-introducing valve 122
respectively. In this structure, for example, when the ink
cartridge 103 is placed on a desk, the ink, which is
adhered to those in the vicinity of the inlets of the ink
supply valve 121 and the atmospheric air-introducing valve
122, is hardly adhered, for example, to the desk surface.
[0135] As shown in Figs. 12 to 14, a rib 166, which
extends in the vertical direction, is formed on the side
wall portion of the cap 124 on the same side as that of the
projection 134 formed on the outer wall of the cartridge
main body 120. The rib 166 is formed under the projection
134. As shown in Figs. 12B and 14, the rib 166 and the
shield plate 160 in the projection 134 of the cartridge
main body 120 are arranged at the positions separated from
each other by a predetermined distance in the vertical
direction. The rib 166 is positioned at the position lower

than the shield plate 160. Therefore, the rib 166 is
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positioned at the position lower than the light-emitting
section 1l4a and the light-receiving section 114b of the
sensor 114 in a state in which the ink cartridge 103 is
installed to the holder 104. Further, the rib 166 is
located at the position interposed between the light-
emitting section 1l4a and the light-receiving section 114b
of the sensor 114 as viewed in a plan view in which the ink
cartridge 103 is viewed in the direction of installation.
The width of the rib 166 is narrower than the width of the
projection 134, and the protruding distance of the rib 166
is shorter than the protruding distance of the projection
134.

[0136] The rib 166 is detected such that the rib 166
passes between the light-emitting section 114a and the
light~receiving section 114b of the sensor 114 to
instantaneously shut off the light from the light-emitting
section 1l4a of the sensor 114 only when the ink cartridge
103 is installed to the holder 104 or when the ink
cartridge 103 is detached from the holder 104. On the
other hand, the rib 166 exists at the position lower than
the sensor 114 in the state of installation of the ink
cartridge 103. Therefore, the rib 166 is not detected by
the sensor 114. Only the shield plate 160, which is
arranged in the ink chamber 131, can be detected by the
sensor 114. That is, the rib 166 can be detected by the

sensor 114 only when the ink cartridge 103 is
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attached/detached. Therefore, it is possible to recognize
whether or not the ink cartridge 103 is installed, by using
the contrcel unit 108 as described later on, on the basis of
the result of detection of the rib 166. In the third
embodiment, the structure is provided such that the rib 166
is detected by the sensor 114 only by attaching/detaching
the ink cartridge 103 in a certain direction. Therefore,
it is unnecessary to perform any complicated operation,
which would be otherwise performed in order to detect the
rib 166 with the sensor 114. Further, it is possible to
extremely avoid the breakage of the rib 166, which would be
otherwise caused, for example, by any contact with the
holder 104, the rib 166 being exposed to the outside and
being weak in view of the strength.

[0137] Next, the control unit 108 will be explained.
The control unit 108 manages the control of various
operations to be performed by the ink-jet printer 101
including, for example, the discharge of the ink from the
nozzles 102a of the ink-jet head 102, the supply of the
paper to the ink-jet head 102, and thé discharge of the
printing paper having been subjected to the printing by the
ink-jet head 102. The control unit 108 includes, for
example, CPU (Central Processing Unit) which serves as a
computing processing unit, ROM (Read-Only Memory) in which
programs to be executed by CPU and data to be used for the

programs are stored, RAM (Random Access Memory) which
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temporarily stores data during the execution of the
program, a nonvolatile memory such as rewritable EEPROM
(Electrically Erasable Programmable Read-Only Memory), an
input/output interface, and a bus. As shown in Fig. 11,
the control unit 108 controls a variety of devices for
constructing the ink-jet printer 101 including, for
example, the ink-jet head 102, the motor of the transport
mechanism 106 for driving the carriage 105, and the suction
pump 170 of the purge unit 107, on the basis of various
signals inputted from an external personal computer (PC)
182.

[0138] As shown in Fig. 11, the control unit 108 further
includes an installation state-judging section 180 which
judges the installation state of the ink cartridge 103 in
the holder 104 on the basis of the output signal from the
sensor 114, and an ink residual amount-calculating section
181 which calculates the residual amount of the ink
contained in the ink chamber 131.

[0139] An explanation will be made below about the
processing steps of the installation state-judging section
180 and the ink residual amount-calculating section 181
with reference to a flow chart for the installation state-
judging process shown in Fig. 21. 1In Fig. 21, Si (i = 10,
11, 12,...) indicates each of the steps of the processing
operation. This flow chart illustrates, by way of example,

the processing steps to be applied when the ink cartridge
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"0!10%2&f(hbé%!%%%zg%bgahg!%%%z%igkk!%g%zgéfghétalled to the holder
104d.
[0140} At first, if it is judged that the rib 166
provided for the cap 124 is not detected by the sensor 114
in the judging process of S10 (in the case of "No" of the
judgment result of S10) in a state in which the power
source is applied to the ink-jet printer 101, the routine
proceeds to the ink residual amount-calculating process of
S14. On the other hand, if it is judged that the rib 166
is detected by the sensor 114 in the judging process of S10
(in the case of "Yes" of the judgment result of S10), the
routine proceeds to the judging process of S11. In the
judging process of S11, it is judged whether or not the
cartridge has been installed immediately before the
detection of the rib 166. If the ink cartridge 103d has
been installed to the holder 104d immediately before the
detection of the rib 166 (in the case of "Yes" of the
judgment result of S11), then it is judged that the ink
cartridge 103d has been detached from the holder 104d, and
the information, which corresponds to the fact that the ink
cartridge 103d is in the non-installed state, is stored
(S12). 1In this case, it is unnecessary to calculate the
ink residual amount. Therefore, the routine is subjected
to the return as it is.
[014]1] If the ink cartridge 103d has not been installed

immediately before the detection of the rib 166 in the
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judging process of S11 (in the case of "No" of the judgment
result of Sl11), the rib 166 of the ink cartridge 103d shown
in Fig. 13 is consequently detected by installing the ink
cartridge 103d to the holder 104d. Therefore, the
information, which corresponds to the fact that the ink
cartridge 103d is in the installed state, is stored (S13).
After that, the routine proceeds to the ink residual
amount-calculating process of Sl14.

[0142] In the ink residual amount-calculating process of
514, if the shield plate 160 of the shutter mechanism 123
is detected (if the ink residual amount is sufficient), the
ink residual amount is approximately calculated from the
maximum capacity of the ink cartridge 103d and the
accumulated value of the number of ligquid droplets of the
ink having been discharged after the point of time of
installation of the ink cartridge 103d. On the other hand,
i1f the shield plate 160 gf the shutter mechanism 123 is not
detected (if the ink residual amount is decreased), the ink
residual amount is calculated more correctly from the ink
residual amount obtained in a state in which the shield
plate 160 is not detected and the accumulated value of the
number of liquid droplets of the ink having been discharged
after the arrival at the state described above. The ink
residual amount, which is calculated in S14, is transferred
to PC 182 (S15), and the routine is subjected to the

return.
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[0143] The information, which includes, for example, the
installation state of the ink cartridge 103 and the
accumulated value of the discharged ink, is stored in the
nonvolatile memory such as EEPROM in order that the
information is retained even in a state in which the power
source of the ink-jet printer 101 is turned OFF.

[0144] According to the third embodiment explained
above, the distance between the shield plate 160 and the
inner wall surface 134b of the recess 134a formed in the
ink chamber 131 is maintained by the pins 159 which are
formed on the side surfaces of the shield plate 160 of the
swinging member. In this situation, the distance, which is
in such an extent that no capillary phenomencn is caused by
the surface tension of the ink, is secured between the
shield plate 160 and the inner wall surface 134b. It is
possible to avoid the adhesion between the shield plate 160
and the inner wall surface 134b by the surface tension of
the ink and the deterioration of the smooth motion of the
displacement of the shield plate 160. That is, the ink
surface, which intervenes between the shield plate 160 and
the inner wall surface 134b, can be similarly lowered as
well, as the ink surface is lowered in accordance with the
consumption of the ink. No ink, which prohibits the
displacement of the shield plate 160 by the surface tension
of the ink, remains between the shield plate 160 and the

inner wall surface 134b. Therefore, in the third
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embodiment, the shield plate 160 can be smoothly operated
in accordance with the change of the ink residual amount.
Therefore, it is possible to detect, with any small error,
the fact that the ink residual amount in the ink chamber
131 arrives at the predetermined amount.

[0145] The swinging member (displaceable member) is
supported so that the rotation can be made to some extent
in the plane parallel to the sheet surface of Fig. 16.
Therefore, it is feared that the shield plate 160, which is
provided at the position separated from the point of
support by the support stand 163, may approach the inner
wall surface 134b too closely depending on the spacing
distance between the shield plate 160 and the inner wall
surface 134b. 1In order to solve this problem, the
operation of the shield plate 160 can be smoothened without
being affected by the surface tension of the }nk by
widening the spacing distance between the shield plate 160
and the inner wall surface 134b. However, in this case, it
is necessary that the spacing distance between the light-
emitting section 114a and the light-receiving section 114b
of the sensor 114 is widened as well, which is any
unsatisfactory countermeasure in view of the sensitivity of
the sensor 114. It is necessary to use an expensive sensor
having higher sensitivity depending on the spacing distance
between the light-emitting section 114a and the light-

receiving section 114b. However, according to the third

89




10Z 10Z<109%&Z& ()- !109%&Z& ()- 2! 109&Z& () - 2mmpGooOr kr smV 0 109M& () - .

109M& ()-! 1098& ()- FLO9M& ()-f 109M& ()-!109& ()- 10w
10wsssssUyXyYyZy[ yyvk A0 1098 109qg& () -2 10w 10w 10w<1098& () - 0! 109M& () - 2
10w 10w 10W<109M& () - y~~~~~ bCBA 10W<109M& ()- ! 109& ()- 2! 109& ()-2 10w

embodiment, the spacing distance between the shield plate
160 and the inner wall surface 134b is regulated to such an
extent that the smooth motion of the shield plate 160 is
not deteriorated by the surface tension of the ink, by the
aid of the pins 159 which are formed on the side surfaces
of the shield plate 160 of the swinging member. Therefore,
it is possible to further shorten the distance between the
shield plate 160 and the inner wall surface 134b.
Simultaneously, it is also possible to narrow the width of
the projection 134. Further, it is possible to further
narrow the width of the projection 134, because the shield
plate 160 is the thin plate-shaped member. Accordingly,
the cheap light-transmissive type optical sensor having low
sensitivity can be utilized as the sensor 114.

[0146] Additionally, according to the third embodiment,
the ribs 158, which extend in the vertical direction of the
inner wall surfaces 134b, are formed on the inner wall
surfaces 134b of the recess 134a in the ink chamber 131.
Therefore, the ink, which is pooled between the shield
plate 160 and the inner wall surface 134b, is successfully
allowed to fall downwardly along the ribs 158.

Accordingly, it is possible to further avoid the adhesion
between the shield plate 160 and the inner wall surfaces
134b by the surface tension of the ink.

[0147] Further, according to the third embodiment, the

tips of the pins 159 formed on the side surfaces of the
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shield plate 160 of the swinging member are constructed by
the curved surfaces. Therefore, the pins 159 make the
point-to-point contact with the inner wall surfaces 134b of
the recess 134a in the ink chamber 131. Therefore, even
when any ink remains between the pins 159 and the inner
wall surfaces 134b, it is possible to suppress the
remaining amount minimally. That is, the pins 159 and the
inner wall surfaces 134b are hardly adhered by the surface
tension of the ink. As a result, it is possible to
smoothly operate the shield plate 160 as the ink residual
amount is changed. It is possible to detect, with any
small error, the fact that the ink residual amount in the
ink chamber 131 arrives at the predetermined amount.

[0148] According to the third embodiment, the abutment
section 160a, which is formed at the upper portion of the
shield plate 160, is the columnar member. Therefore, the
abutment section 160a and the abutment objective surfaces
156 in the ink chamber 131 make the line-to-line contact.
Accordingly, the contact area between the abutment section
l160a and the abutment objective surfaces 156 is decreased.
Therefore, the abutment section 160a and the abutment
objective surfaces 156 are hardly adhered by the surface
tension of the ink. Therefore, it is possible to smoothly
operate the shield plate 160 in accordance with the change
of the ink residual amount. It is possible to detect, with

any small error, the fact that the ink residual amount in
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the ink chamber 131 arrives at the predetermined amount.
[0149] According to the third embodiment, the ink, which
is pooled on the abutment objective surfaces 156 formed in
the ink chamber 131, is sucked by the capillary force of
the curved section formed at the boundary between the
abutment objective surface 156 and the rib 157 formed over
the abutment objective surface 156 and the perpendicular
wall surface 169, and the ink falls downwardly along the
rib 157. Therefore, the abutment section 160a and the
abutment objective surface 156 are hardly adhered by the
surface tension of the ink. Simultaneously, in a state in
which the abutment section 160a abuts against the abutment
objective surface 156, the tip of the abutment section 160a
makes contact with the side surface of the rib 157.
Therefore, the ink, which is retained between the abutment
section 160a and the abutment objective surface 156, is
also sucked by the capillary force of the curved section
formed at the boundary between the abutment objective
surface 156 and the rib 157. Therefore, the abutment
section 160a can be easily separated from the abutment
objective surface 156 at an appropriate timing depending on
the lowering of the ink surface.

[0150} According to the third embodiment, as shown in
Fig. 18, the structure is provided, in which the curvatures
are decreased in the order of the curvature of the curved

section (C in Fig. 18C) formed at the boundary between the

92

10w




10w 10w<109M& ()- 0! 109M& () -2_bcdebC8A 10w<109M& () -, 0! 109M& () -
1 109W& ()-$! 109%& ()-$ 10w 10w 10w<109%W& ()- gmbW.A 10w 10w 10w
10W<1098& ()-8- 109M& ()- 0! 109M& ()- 1098& ()- 10w

rib 157 and the lower end area of the perpendicular wall
surface 169, the curvature of the curved section (B in Fig.
18B) formed at the boundary between the rib 157 and the
upper end area of the perpendicular wall surface 169, and
the curvature of the curved section (A in Fig. 18A) formed
at the boundary between the rib 157 and the abutment
objective surface 156. Accordingly, the capillary forces
of the curved sections formed at the boundaries between the
rib 157 and the abutment objective surface 156 and the
perpendicular wall surface 169 are increased at the lower
portions of the rib 157 positioned downwardly. The action
is effected to move the ink more downwardly as a whole.
That is, the ink, which is pooled in the vicinity of the
boundary between the abutment objectiVe surface 156 and the
rib 157, tends to fall downwardly along the rib 157 with
ease.

[0151] Additionally, according to the third embodiment,
the abutment objective surface 156 formed in the ink
chamber 131 is the inclined surface. The ink, which is
pooled on the abutment objective surface 156, falls and
flows downwardly along the inclined surface. Therefore,
the ink is more hardly pooled on the abutment objective
surface 156.

[0152) Further, according to the third embodiment, the
connecting member 162 having the shield plate 160 is

rotated, and thus the shield plate 160 is displaced.
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along the predetermined orbit. Therefore, the shield plate
160 is hardly adhered to the inner wall surface 134b which

is disposed outside the predetermined orbit.

Fourth Embodiment

[0153] Next, a fourth embodiment will be explained with
reference to the drawings. In the fourth embodiment,
substantially the same members as those of the third
embodiment are designated by the same reference numerals as
those of the third embodiment, any explanation of which
will be omitted. The abutment section 160a, which is
provided at the upper end of the shield plate 160
(detection objective section), is displaced so that the
shield plate 160 depicts the circular arc-shaped orbit,
when the abutment section 160a is moved from the position
(detecting position) at which the abutment section 160a
abuts against the abutment objective surfaces 156 formed in
‘the ink chamber 131 to the position (non-detecting
position)} at which the abutment section 160a is separated
from the abutment objective surfaces 156. Accordingly, in
the fourth embodiment, as shown in Fig. 22, ribs 1584,
which continuously extend while being curved along the
displacement track (circular arc-shaped orbit) of the
shield plate 160 and which protrude toward the shield plate

160 arranged in the recess 134a, are formed on the
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respective inner wall surfaces 134b of the recess 134a.
[0154] According to the fourth embodiment explained
above, the ink, which is pooled between the area of the
displacement of the shield plate 160 and the inner wall
surfaces 134b of the recess 134a, is successfully allowed
to fall downwardly along the ribs 158A. Accordingly, it is
possible to prevent the shield plate 160 and the inner wall
surfaces 134b from being adhered.by the surface tension of
the ink. Therefore, it is possible to smoothly operate the
shield plate 160 in accordance with the change of the ink
residual amount. It is possible to detect, with any small
error, the fact that the ink residual amount in the ink

chamber 131 arrives at the predetermined amcunt.

Fifth Embodiment

[0155] Next, an explanation will be made about a fifth
embodiment with reference to the drawings. In the fifth
embodiment, substantially the same members as those of the
third embodiment are designated by the same reference
numerals as those of the third embodiment, any explanation
of which will be omitted.

[0156] As shown in Fig. 23, a shutter mechanism 123B,
which is provided in the lower side space of the ink
chamber 131, includes a nontransparent shield plate 160B
{detection objective section), a hollow float 161 (balance

member), a connecting member 162B which connects the shield
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plate 160B and the float 161, a support stand 163 which is
provided on the comparting wall 130 and which rotatably
supports the connecting member 162B, and a pair of
preventive walls 167 which prevent the connecting member
162B from any lateral fluctuation. 1In the fifth
embodiment, the displaceable member (swinging member) is
constructed by the shield plate 160B, the float 161, and
the connecting member 162B. The float 161 is a cylindrical
member having a tightly closed space filled with the air
therein. The specific gravity of the entire float 161 is
smaller than the specific gravity of the ink contained in
the ink chamber 131. The shield plate 160B and the float
161 are provided at both ends of the connecting member 162B
respectively. A columnar rotational shaft 162aB, which
protrudes in the direction perpendicular to the side
surfaces of the connecting member 162B, is formed in the
vicinity of the center in the extending direction of the
connecting member 162B. The connecting member 162B is
rotatably supported on the support stand 163 about the axis
of the rotational shaft 162aB. As shown in Fig. 23, the
pair of preventive walls 167 are plate-shaped members which
extend in the vertical direction from the bottom surface of
the ink chamber 131. The pair of preventive walls 167 are
provided between the rotational shaft 162a and the
perpendicular wall surfaces 169 in the ink chamber 131.

Further, the pair of preventive walls 167 are arranged at
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such positions that the connecting member 162B is
interposed between the pair of preventive walls 167.

[0157] The shield plate 160B is a thin plate-shaped
member which is parallel to the vertical surface (plane
parallel to the sheet surface of Fig. 14) and which has a
predetermined area. The shield plate 160B has a
rectangular area and a trianqular protruding area which is
formed to further extend upwardly from the upper end of the
rectangular area. An abutment section 160a, which has a
columnar shape extending in the direction perpendicular to
the side walls of the ribs 157 (direction along the ink
surface), is formed at the upper end of the protruding
area.

[0158] As shown in Fig. 23, columnar pins (projections)
159B, which protrude in the perpendicular directions toward
the flat surfaces of the preventive walls 167, are formed
respectively on the both side surfaces of the connecting
member 162B interposed between the pair of preventive walls
167. The tips of the pins 159B are constructed by curved
surfaces. 1In this structure, the tips of the pins 159B are
always opposed to the inner side surfaces of the preventive
walls 167 within a range in which the abutment section 160a
of the shield plate 169B is moved between the position
(detecting position) of abutment against the abutment
objective surfaces 156 and the position (non-detecting

position) of separation from the abutment objective

97




10w 10W2vW8 1 M 109&' () -!109%& ()- 10Z 10Z 10Z<10%Z& ()-2

10%Z& ()-M 10%Z& ()-* 10w vC bC8 1"0! 10%&' ()- 109&' ()- 109%w&' () - 109%& () -
10w 10w 10w<10%& ()-C 11111 ""$bC8 1! 109& ()- !'109& ()-!10%w& ()- 10w
10w

surfaces 156.

[0159] According to the fifth embodiment explained
above, the structure is provided, in which the pins 159B
formed on the both side surfaces of the connecting member
162B are interposed by the pair of preventive walls 167.
Accordingly, the distances between the shield plate 160B
and the inner wall surfaces 134B are maintained.
Therefore, it is possible to prevent the shield plate 160B
and the inner wall surfaces 134b from being adhered by the
surface tension of the ink. Therefore, it is possible to
smoothly operate the shield plate 160B in accordance with
the change of the ink residual amount. It is possible to
detect, with any small error, the fact that the ink
residual amount in the ink chamber 131 arrives at the
predetermined amount. The pins 159B and the side surfaces
of the preventive walls 167 opposed thereto are formed in
the vicinity of the rotational shaft 162aB. Therefore, the
displacement range of the pin 159B is decreased, and it is
possible to realize the small size of the preventive wall
167 opposed to the pin 159B.

[0160] The embodiments of the present invention have
been explained above. However, the present invention is
not limited to the embodiments described above, for which
the design may be variously changed within the scope
defined in claims. For example, the first embodiment is

constructed such that the regulating member 35 is provided
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to regulate the rotation of the lever 32 in the first
direction. However, the present invention is not limited
thereto, which may be constructed such that the regulating
member 35 is not provided.

[01l61] The first embodiment is constructed such that the
shutter 34 is arrénged at the detecting position when the
lever 32 is rotated in the first direction, and the shutter
34 is arranged at the non-detecting position when the lever
32 is rotated in the second direction. However, the
present invention is not limited thereto, and the following
arrangement may be available. That is, the shutter 34 is
arranged at the non-detecting position when the lever 32 is
rotated in the first direction, and the shutter 34 is
arranged at the detecting position when the lever 32 is
rotated in the second direction.

[0162] The float 33 is formed of the polyacetal resin in
the first embodiment, and the float 33A is formed of the
polypropylene resin in the second embodiment. However, the
present invention is not limited thereto. The float may be
formed of another resin, or the float may be formed of a
material other than the resin.

[0163] Additionally, in the first embodiment, the ratio
K of the volume of the tightly closed space with respect to
the total volume of the float 33 is determined so that the
rotational force in the first direction of the lever 32 has

the same magnitude as that of the rotational force in the
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limited thereto. The volume ratic K of the float 33 may be
determined so that any one of the rotational force in the
first direction and the rotational force in the second
direction is larger than that of the other.

[0164] The first embodiment is constructed such that the
shutter 34 is nontransparent. However, the present
invention is not limited thereto. The shutter may be
constructed to be light-transmissive. In this case, a
sensor other than the light-transmissive type optical
sensor used in the first embodiment may be used as the
detector for the shutter 34.

[0165] In the first embodiment, the light-transmissive
type optical sensor is used for the sensor 21. However,
the ﬁresent invention is not limited thereto. Another
optical sensor such as a reflective type optical sensor may
be used. Alternatively, a sensor other than the optical
sensor may be used. When a reflective type optical sensor
is used as the sensor 21, it is desirable that the shutter
34 is constructed so that the reflectance of the surface is
raised.

[0166] Additionally, the first embodiment is constructed
such that the sensor 21 detects not only the state of the
ink residual amount in the ink tank 11 but also the
presence or absence of the ink cartridge. However, the.

present invention is not limited thereto, and the following
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arrangement may be available. That is, the sensor 21 may
detect only the state of the ink residual amount in the ink
- tank 11. The first embodiment is constructed such that the
float 33 and the shutter 34 are provided at the ends of the
lever 32, and the central portion of the lever 32 is
supported by the support stand. However, there is no
limitation thereto. As shown in Fig. 24, one end of the
support member 203 may be a free end, the float 202
(balance member) may be attached to the one end, and the
other end of the support member 203 may be fixed to the ink
tank. 1In this case, a detection objective section may be
provided on the float.
[0167] The first and second embodiments are constructed
such that the light-transmissive ink is used. However, the
present invention is not limited thereto. An ink, which is
not light-transmissive, may be used. 1In this case, it is
preferable that the ink is not pooled at the detecting
position in a state in which the ink is consumed.
[0168] In the second embodiment, the curved section 32aA
is formed on the surface of the lever 32A opposed to the
ink liquid surface. However, the present invention is not
limited thereto. The surface of the lever 32A opposed to
the ink liguid surface may be formed to have an arbitrary
shape provided that the contact area between the lever 322
and the ink liquid surface is decreased with this shape.

For example, a projection, which is thin plate-shaped, may
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be formed on the wall surface opposed to the ink liquid
surface.

[0169] The third embodiment is constructed such that the
shield plate 160 is arranged to make the displacement
between the pair of inner wall surfaces 134b of the recess
134a formed in the ink chamber 131. However, the present
invention is not limited thereto. The arrangement may be
made such that the shield plate 160 is displaced along one
inner wall surface. 1In this case, the pin 159 may be
provided on one side surface of the shield plate 169, and
the pin 159 may be formed to protrude toward one opposing
inner wall surface 134b.

[0170] The third embodiment is constructed such that the
shield plate 160 is thin plate-shaped. However, the
present invention is not limited thereto. The shield plate
160 may have another shape such as any spherical shape.
[0171] The fhird embodiment is constructed such that the
ribs 158 are provided on the side surfaces of the inner
wall surfaces 134b of the recess 134a, and the ribs 157 are
provided on the vertical wall surfaces 169 and the abutment
objective surfaces 156 in the ink chamber 131. However,
the present invention is not limited thereto. An
arrangement may be available, in which no rib as described
above is provided.

[0172] In the third to fifth embodiments, the tips of

the pins 159, 159B of the swinging member are constructed
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by the curved sections. However, the present invention is
not limited thereto. Any tip shape may be available
provided that the ink, which is in such an amount that the
smoothness of the operation is deteriorated during the
displacement of the swinging member, does. not remain even
if the ink remains between the bin 159 and the inner wall
surface 134b and/or between the pin 159B and the side
surface of the preventive wall 167. The tip shape of the
pin 159, 159B may be either sharp or flat.

[0173] In the third embodiment, the abutment section
160a, which is provided at the upper end of the shield
plate 160, is the columnar member. However, the present
invention is not limited thereto. For example, the
abutment section 160a may be plate-shaped. The third
embodiment is constructed such that the abutment objective
surface 156 in the ink chamber 131 is the inclined surface.
However, the present invention is not limited thereto. The
abutment objective surface 156 may be a horizontal surface.
[0174] The third embodiment is constructed such that the
swinging member is rotated about the center of the
rotational shaft 162a in accordance with the
increase/decrease in the ink amount in the ink chamber 131.
However, the present invention is not limited thereto. For
example, the following arrangement is available. That is,
the swinging member is composed of a shield plate and a

float connected directly thereto, and the swinging member
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is displaced to follow the displacement of the ink liquid
surface in accordance with the increase/decrease in the ink
amount in the ink chamber.

[0175] In the.fourth embodiment, the ribs 158A, which
are formed on the inner wall surfaces 134b of the recess
134a, are formed along the displacement orbit of the shield
plate 160. However, the present invention is not limited
thereto. 1In order that the ink is not retained between the
shield plate 160 and the inner wall surface 134b as far as
possible and the swinging is successfully rotated more
smoothly, the ribs 158A are preferably formed to extend
along the displacement orbit of the pins 159 formed on the
side surfaces of the shield plate 160.

[0176] In the third to fifth embodiments, it is possible
to appropriately change, for example, the shapes, the
heights, and the widths of the inner wall surfaces 134b
formed in the ink chamber 131 and the ribs 157, 158, 158A
formed on the abutment objective surfaces 156 and the
perpendicular wall surfaces 169. In the third to fifth
embodiment, the ribs 157 are formed over the range from the
abutment objective surfaces 156 and the perpendicular wall
surfaces 169, and the ribs 158 are formed to protrude from
the inner wall surfaces 134b toward the shield plate 160.
However, the present invention is not limited thereto. One
of the ribs may be formed. In the third to fifth

embodiments, the ribs 157, which are formed over the range
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from the abutment objective surfaces 156 and the
perpendicular wall surfaces 169, have the angle of
projection which is perpendicular to the abutment objective
surfaces 156. However, the ptesent invention is not
limited thereto. The angle of projection may be either an
obtuse angle or an acute angle. However, in order that the
ink is hardly pooled at the boundary between the abutment
objective surface 156 and the rib 157, the angle of
projection is preferably an obtuse angle.

[0177] In the third to fifth embodiments, the rib 157 is
provided continuously over the range from one end to the
other end of the abutment objective surface 156. However,
the present invention is not limited thereto. It is enough
that the rib 157 may extend over the abutment objective
surface 156 and the perpendicular wall surface 169. It is
also allowable that the rib 157 extends up to an
intermediate portion of the abutment objective surface 156.
In this arrangement, in order that the ink is not retained
between the abutment objective surface 156 and the abutment
section 160a éf the shield plate 160, it is preferable that
the rib 157 extends on the abutment objective surface 156
to érrive at a position at which the side wall surface of
the rib 157 makes contact with the tip of the abutment
section 160a in a state in which the abutment section 160a
of the shield plate 160 makes abutment against the abutment

objective surface 156. Similarly, it is also allowable
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that the rib 157 does not extend to the lower end of the
perpendicular wall surface 169.

[0178] In the third to fifth embodiments, as shown in
Figs. 18A to 18C, the relationship among the curvatures of
the three curved sections formed at the boundaries between
the rib 157 formed over the range from the abutment
objective surface 156 and the perpendicular wall surface
169 and the abutment objective surface 156 and the
perpendicular wall surface 169 resides in the relationship
as explained with reference to Figs. 18A to 18C (curvature
of Fig. 18A < curvature of Fig. 18B < curvature of Fig.
18C). However, it is also allowable that the relationship
as described above does not hold.

[0179] In the third to fifth embodiments, the curvatures
of the curved sections formed at the boundaries between the
rib 157 formed over the range from the abutment objective
surface 156 and the perpendicular wall surface 169 and the
abutment objective surface 156 and the perpendicular wall
surface 169 are changed depending on the boundary position.
Similarly, the curvature of the curved section formed at
the boundary between the inner wall surface 134b and the
rib 158 formed on the inner wall surface 134b of the recess
134a may be changed depending on the boundary position.
Specifically, it is preferable that the curvature of the
curved section formed at the boundary between the rib 158

and the portion in the vicinity of the upper end of the
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inner wall surface 134b is smaller than the curvature of
the curved section formed at the boundary between the rib
158 and the portion in the vicinity of the lower end of the
inner wall surface 134b. When the rib 158 is formed so
that the relationship as described above holds, the
capillary force of the curved section formed at the
boundary between the rib 158 and the portion in the
vicinity of the lower end of the inner wall surface 134b is
larger than the capillary force of the curved section
formed at the boundary between the rib 158 and the portion
in the vicinity of the upper end of the inner wall surface
134b. Therefore, the ink, which remains at the boundary
between the inner wall surface 134b and the rib 158, tends
to fall downwardly along the rib 158.

{0180] In the third to fifth embodiments, the ribs 157,
158 are provided in relation to the recess 134a. However,
the present invention is not limited thereto. The rib may
be provided at any position irrelevant to the recess 134a.
[0181] In the third to fifth embodiments, the rotatable
member, which is composed of the shield plate 160, the
float 161, and the connecting member 162, is used as the
swinging member. However, the present invention is not
limited thereto. The swinging member may be a member like
a simple float which is not rotatable. Even when the
swinging member is used, it is also allowable that the

shield plate 160 is not thin plate-shaped.

107




8109M& () -! ‘
Z$M10%\/\(N)&'()-S$M100/M/&'()-!S$M10%\&'()-!0!10%v}w}&'()-0!10%{\/&'()-vwwwww<y
yoz{\: | 10%\& ()- 10%& ()- !!10%JU& ()-!!10%sws& ()- 10w 10w

10Wf <109& ()-0zz{{|||||}~SH= ! 10w 10w 10W<109%& ()-|0 109M& ()-!

0! 1000JU& ()-1 0! 10%w& ()- 0! 10%] & ()-|}}~~b}~A<SH= Il 109N& () -
10%K& () - 1 f 10%&' () . 100m& ()-! 10988& ()- ! 10%w& ()-

1. An ink cartridge comprising:

an ink tank which stores an ink; and

a swinging member which is supported swingably in the
ink tank and which has a balance member supported to be
positioned in an ink ligquid when an amount of the ink in
the ink tank is not less than a predetermined amount,
wherein:

a weight and a volume of the balance member are set so
that a rotational force, which is received by the swinging
member by a buoyancy and a gravitj generated on the balance
member when the balance member is positioned in the ink
liguid, is in a first direction that is opposite to a
second direction of a rotational force which is received by
the swinging member by a buoyancy and a gravity generated
on the balance member when a part of the balance member

protrudes from a liquid surface of the ink.

2. The ink cartridge according to claim 1, wherein:

the swinging member includes a connecting member which
is supported swingably in the ink tank, a detection
objective section which is provided at one end of the
connecting member, and the balance member which is provided
at the other end of the connecting member; and

weights and volumes of the balance member and the
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force, which is received by the swinging member by
buoyancies and gravities generated on the balance member
and the detection objective section respectively when the
entire balance member and the entire detection objective
section are positioned in the ink liquid, is in the first
direction that is opposite to the second direction of the
rotational force which is received by the swinging member
by buoyancies and gravities generated on the balance member
and the detection objective section respectively when parts
of the balance member and the detection objective section

protrude from the liguid surface of the ink.

3. The ink cartridge according to claim 2, wherein a
regulating member, which regulates rotation of the swinging
member in the first direction, is provided in the ink tank,
and the detection objective section is positioned at a
detecting position when the swinging member is regulated by

the regulating member.

4. The ink cartridge according to claim 3, wherein
the balance member is positioned at a position lower than
that of the detection objective section when the detection
objective section is positioned at the detecting position.

5. The ink cartridge according to claim 3, wherein
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6. The ink cartridge according to claim 2, wherein
the rotational force in the first direction has a magnitude
which 1s substantially same as that of the rotational force

in the second direction.

7. The ink cartridge according to claim 2, wherein
the connecting member is supported in the ink tank so that
a width of a projection plane obtained by perpendicularly
projecting the connecting member onto the ink liquid
surface is narrowest in a state of use of the ink

cartridge.

8. The ink cartridge according to claim 7, wherein
the connecting member is supported in the ink tank so that
a side wall surface of the connecting member, which is
opposed to the ink liquid surface, intersects obliquely

with respect to the ink liquid surface.

9. The ink cartridge according to claim 8, wherein
at least one projection, which protrudes toward the ink
liquid surface and which extends in an extending direction

of the connecting member, is formed on the side wall
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surface of the connecting member opposed to the ink liguid

surface.

10. The ink cartridge according to claim 1, wherein
the balance member is a float which is formed of a resin
and which has a specific gravity smaller than that of the

light-transmissive ink.

11. The ink cartridge according to claim 10, wherein

the balance member is formed of polypropylene.

12. The ink cartridge according to claim 10, wherein

the balance member has a closed space therein.

13. The ink cartridge according to claim 12, wherein:

the balance member is provided with a case and a cap
which are integrally formed; and

the cap is arranged at an opening of the case, and an
internal space of the case is sealed to form the closed

space.

14. The ink cartridge according to claim 12, wherein
a volume ratio K of the closed space with respect to a
volume of the balance member is represented by the
following expression:

(2X - Y)/2X - 0.1 < K < (2X - Y)/2X + 0.1
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wherein X represents the specific gravity of the resin, and
Y represents the specific gravity of the light-transmissive

ink.

15. The ink cartridge according to claim 12, wherein
a volume ratio K of the closed space with respect to a
volume of the balance member is not less than 0.3 and not

more than 0.5.

16. The ink cartridge according to claim 3, wherein

the detection objective section has nontransparency.

17. The ink cartridge according to claim 2, wherein
the detection objective section is provided on the
connecting member so that a width of a projection plane
obtained by perpendicularly projecting the detection
objective section onto the ink liquid surface is narrowest

in a state of use of the ink cartridge.

18. The ink cartridge according to claim 2, wherein:

the ink cartridge further comprises a regulating
surface which regulates displacement of the swinging
member;

the ink tank has a downwardly inclined inner surface
which extends in a direction inclined downwardly with

respect to the ink surface;
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the swinging member is formed with an abutment section
which is selectively located at a position to make abutment
against the regulating surface and a position separated
from the regulating surface depending on a position of the
swinging member; and

a projection, which is always opposed to the
downwardly inclined inner surface during movement of the
abutment section between the separated position and the
abutment position, is formed at a portion of the swinging

member opposed to the downwardly inclined inner surface.

19. The ink cartridge according to claim 18, wherein:

the ink tank is formed with a recess which has two of
the downwardly inclined inner surfaces opposed to each
other and which is defined by the two opposed downwardly
inclined inner surfaces;

at least a part of the swinging member is interposed
between the two downwardly inclined inner surfaces opposed
in the recess; and

the projection protrudes toward each of the downwardly
inclined inner surfaces from a portion of the swinging
member opposed to one of the two downwardly inclined inner

surfaces.

20. The ink cartridge according to claim 2, wherein:

the ink tank has a requlating surface which is
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substantially perpendicuiar to a direction of displacement
of the ink surface caused by use of the ink, and a
downwardly inclined inner surface which extends in a
direction inclined downwardly with respect to the
regulating surface from one end of the regulating surface;

the swinging member is formed with an abutment section
which is selectively located at a position to make abutment
against the requlating surface and a position separated
from the regulating surface depending on a position of the
swinging member;

a recess, which is defined by two of the downwardly
inclined inner surfaces opposed to each other, is formed on
an inner wall surface of the ink tank;

at least a part of the swinging member is interposed
between the two downwardly inclined inner surfaces opposed
in the recess;

a projection, which is always opposed to each of the
downwardly inclined inner surfaces during movement of the
abutment section between the separated position and the
abutment position, protrudes toward each of the downwardly
inclined inner surfaces from each of portions of the
swinging member opposed to the downwardly inclined inner
surfaces; and

a rib protrudes toward the swinging member from each
of portions of the two downwardly inclined inner surfaces

opposed to the swinging member.
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21. The ink cartridge according to claim 2, wherein:

the ink tank has a regulating surface which regulates
displacement of the swinging member, and a wall surface
which extends downwardly toward the ink liquid surface from
one end of the regulating surface;

the swinging member is formed with an abutment section
which is selectively located at a position to make abutment
against the reqgulating surface and a position separated
from the regulating surface depending on a position of the
swinging member; and

a rib, which ranges over the regulating surface and
the wall surface, protrudes from each of the regulating

surface and the wall surface.

22. The ink cartridge according to c¢laim 2, wherein:

the ink tank has a downwardly inclined inner surface
which extends in a direction inclined downwardly with
respect to a surface perpendicular to a direction of
displacement of the ink surface caused by use of the ink;
and

a rib protrudes toward the swinging member from a
portion of the downwardly inclined inner surface opposed to

the swinging member.

23. The ink cartridge according to claim 2, wherein:
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the ink tank has a regulating surface which is
substantially perpendicular to a direction of displacement
of the ink surface caused by use of the ink, and a wall
surface and a downwardly inclined inner surface which
egtend downwardly toward the requlating surface from
respective ends of the requlating surface;

the swinging member is formed with a columnar abutment
section which extends in a direction perpendicular to the
direction of displacement and which is located at a
position to make abutment against the regqulating surface
and a position separated therefrom depending on a position
of the swinging member;

a first rib protrudes from the regulating surface and
the wall surface, the first rib ranging over both of the
wall surface and the regulating surface and being disposed
adjacently to the abutment section when the abutment
section is at the abutment position;:

a recess, which is defined by a pair of the downwardly
inclined inner surfaces opposed to each other, is formed on
an inner wall of the ink tank; and

at least a part of the swinging member is interposed
between the downwardly inclined inner surfaces opposed in
the recess, and a second rib protrudes toward the swinging
member from each of portions of the downwardly inclined

inner surfaces opposed to the swinging member.
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24. An ink-jet printer comprising an installation
section to which the ink cartridge as defined in claim 2 is
installed to perform recording on a medium with an ink
supplied from the ink cartridge installed tolthe
installation section, wherein:

a detector, which detects a detection objective
section of the ink cartridge installed to the installation
section, is provided at a position at which the detection
objective section positioned at a detecting position is

detectable.

25. The ink-jet printer according to claim 24,
further comprising a judging unit which judges states of
the ink cartridge and the ink-jet printer according to a
result of detection obtained by the detector, wherein:

a judgment is made by the judging unit on a state in
which a sufficient amount of the ink is charged to the ink
cartridge installed to the installation section if the
detector detects the detection objective section, while a
judgment is made on any one of a state in which the ink
contained in the ink cartridge installed to the
installation section is decreased and a state in which the
ink cartridge is not installed to the installation section
if the detector does not detect the detection objective

section.
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26. The ink-jet printer according to claim 24,

wherein the detector is a light-transmissive type sensor.

27. An ink cartridge comprising:

an ink tank in which an ink is stored;

a float which floats on the ink;

a support member which swingably supports the float so
that the float makes no contact with an inner surface of
the ink tank:

a detection objective section which is provided on the
support member or the float; and

a reqgulating member which regulates the support member
so that the float is positioned in the ink when an amount

0of the ink contained in the ink tank is not less than a

predetermined amount.
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