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DESCRI PTI ON LI QUI D CONTAI NER, SUB TANK, LIQUI D
DI SCHARGE APPARATUS, LI QUI D SUPPLY APPARATUS, AND
WO RASINGSAPPARATUS TECHNI CAL FI ELD The pr esent PCT/JP2004/009051
invention relates generally to a |liquid container, a
sub tank, a liquid dischange apparatus, a liquid
supply apparatus , and an i magi ng apparatus .
BACKGROUND ART In an i nigatrieeakgli Ng apparatus t hat
may be applied to an inmagling apparatus such as a
printer, a facsimle machine, a copier, and a plotter,
for exanple, a small capacity sub tank is inplenented

on [ | arge _capacity main_cartridge (main

tan%ﬁ%%rérﬁi ﬁ%‘i@%ﬁ\‘ﬁ%%ﬁﬁ Eg%i B3P BFSFH%R%%&ﬁ(PﬁP@@Uﬁ,

and an a Earatus for supplying ink fromthe main ‘
L%Qﬁ%Qﬂsﬁég At ARFRRAISISar N0 s IYRG NGO ARPARBTURe sub tank

is provided. In Japanese Patent Laid- Open Publication

No. 2003- 53993, a sub tank including a novable part

that is made of a deformable filmsheet, a spring that
TEGHNGAD: edrt©® supply negative pressure, and a

suppl y/ exhaust path that supplies ink and di scharges

m x i r Quj I j e |/

&thedBSebSnPr AW AR on ggigfés ﬁ}&e&gﬂk}f ; 199 asﬂ.Lﬁ.%lt}éh

exhaust path 1s position so thmat 1 nterference

. able_part_ _and _the sprin be avoided.In _.,
© gapaaiLn e\élcé Pa Lg%tta]fl}l % E&%%E Fﬁl%q%gggﬁoﬁp%?a%z-a 1icquid
86748, another exenplary sub tank is disclosed, this
sggﬁ}x:gﬁQaratus, and an imaging apparatus.

BACKGROUND ART

In an inkjet recording apparatus that may be applied to an
imaging apparatus such as a printer, a facsimile maéhine, a
copier, and a plotter, for example, a small capacity sub tank
is implemented oﬁ a carriage, a large capacity main cartridge
(main tank) is implemented in a main body of the apparatus, and
an apparatus for supplying ink from the main cartridge at the
apparatus main body to the sub tank is provided.

In Japanese Patent Laid-Open Publication No. 2003-53993, a.
sub tank including a movable part that is made of a deformable
film sheet, a spring that is adapted to supply negative
pressure, and a supply/exhaust path that supplies ink and
discharges mixed gas is ?rovided. In this sub tank, the
supply/exhaust path is positioned so that interference with the

movable part and the spring may be avoided.
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i ncludi ng an i nk chanber that deforms according to ink
volunme while maintaining a negative pressure of the

WO p05/080884 nk entering unit and exhaust unit theCT/ar2004/009051
i npl enented at an upper portion of the ink chanber,
and an ink supply unit that is inplenented at a | ower
portion of the ink chanber. The ink entering unit

'nc&Hdsg%&exﬁje' \ﬁgtéﬁé‘tl.a[%g b, Ble?iastif, W eohsh @é;%s

ent éer M supp y va Ve h
ortion, and an elastl nmenber that seals

5 @thi‘efi‘lﬂear\)’als% Pk idon d&ﬁ&lf’ﬁédva“\'-]%ﬂes SRt tarkh

pressure to block the ink entering path. The exhaust
ingdudingcandak ghawber pral slefoxde ofcerdisig domankrvalume

and having a closed slit at its center. In Japanese
whRakent ihea thingOpenefublve givearule. 020603 1846 anaiskb

tank and a liquid supply apparatus including such a

entéR ihgnkn 2F el $6h8se€, udhe ik haskKihprdmditdg 8t an upper
negative pressure generation unit that expands and

po‘:‘r%%EaSESthé/ itrfie Cﬁﬁlﬂgéy ! %@%‘E %ﬁcgééﬁig{‘gm qf @héjﬁulg

herein, an at nospne ease unit ens t
. tank.to th anmshae %@nlk u upit far
lﬂ?ﬂ&&ﬁg}gﬁa Prie SEREE NSt b R kT iRy, The LK
pplying liquid froma main tank to the sub tank, the

eqwrépgownb%r%n%hld@ﬁ Ehe kR Seatkrpde b ¢ lpstiRematerial

at nosphere by neans of the atnospheric release unit,
anchéafingdan sirdugplteetng datle regarbvy pressleying a valve

generation unit so that it expands, and the liquid is
pddteabyasdpl i@ stact emisatd Hrank seAfl & etoddthdr ghedvsive

supplied to the sub tank, the atnospheric release unit
pdrfion and the valve seat with pressure to block the ink
entering path. The exhaust unit includes a seal portion made
of elastic material and having a closed slit at its center.

In Japanese Patent Laid-Open Publication No. 2003-1846, a
sub tank and a liquid supply apparatus including such a sub
tank are disclosed, the sub tank including a negative pressure
generation unit that expands and contracts by the supplying and
discharging of a fluid therein, an atmospheric release unit
that opens the sub tank to the atmosphere, and an ink supply
unit for supplying ink. In this prior art example, upon
supplying liquid from a main tank to the sub tank, the interior
portion of the sub tank is exposed to the atmosphere by means
of the atmospheric release unit, the fluid is supplied to the

negative pressure generation unit so that it expands, and the

liquid is thereby supplied to the sub tank. After the liquid



cl osed, and the negative pressure unit is contracted

so that a negative pressure is generated within the
waeamshewsks | n an i nagi ng appar at us i npl enent i NBCHJIE064/009051

tank of the conventional art, a supply tube that

supplies ink fromthe maig_tank to the Sub tank, and a

flexible fil mnmenber that is used as a danper for

. contrqQl:Lisng t ssure fluctuation within the sub,_ .
+f et B BB TR LS e L At B
radual | enetrates through such conponents, and the
c ﬁeqraﬁnécgﬁﬁlﬁﬁﬂ%§lWﬁ PRESSWI® (U 14| Sontzachmgl so that a

anmount of air nay enter the main tank upon its
neRtHdITnPRESSAFRI #shiosngratedywiiisia fhesappltastkto the
sub tank along with ink. Accordingly, in the sub tank
of Japanesmafatie rtpphabdus Quepl dhddltiaat & 0suNO:arXD@3F- the
53993, the ink supply path is also used as an air

5 céxhaisbniat Arsp 4 Rapplihecabs Eﬂhﬂléﬁaﬁwbeéaiﬂk'FEbmb%he main
di scharged. However, in this case, en the imaging

t%gﬁq{oattﬂé kapnetnusedyf or el aNg gg&hloﬂer%ef LR :;'].gku?ed

ering to the entrance portion t he supply exhaus
at h, may _grow vi scoys.and, the path _may.be seal ed by. .
2T it S tisCOT oL P FIF (R THAE £ HECTHIC Sht PRER the
pat h and the exhaust unit for_discharging air within
s\ilp Fafif g n kMBS & at eV th Mt REBdUE R thie SFBrahky
as in the case of Japanese Patent Laid-Open
pendiinadasi shraeoh 2002 cespdgentpweangr thevahr imait kicsumulate
prior art exanple, when ink enters the exhaust

10 in the sub tank. Also, a small amount of air may enter the
main tank upon its detachment, and this air may also be
supplied to the sub tank along with ink.

Accordingly, in the sub tank of Japanese Patent Laid-Open
Publication No. 2003-53993, the ink supply path is also used as

15 an air exhaust path so that the air in the sub tank may be
discharged. However, in this case, when the imaging apparatus
is not used for a long period of time, ink adhering to the
entrance portion of the supply exhaust path may grow viscous
and the path may be sealed by this ink.

20 Thus, it is preferred that the ink entering path and the
exhaust unit for discharging air within the sub tank be
separately implemented in the sub tank as in the case of
Japanese Patent Laid-Open Publication No. 2002-86748. However,

even in this prior art example, when ink enters the exhaust

25 unit, the same effect as that described above may occur when
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unit, the sane effect as that described above may
occur whent he imagi ng apparatus is not used for a |ong
w@eosoaesd tinme; that is , the ink at the entrBe&2004/009051
portion of the exhaust unit may grow vi scous and may
seal the exhaust path. A sub tank is preferably
arranged to have an ink accommobdati ng portion for
accommdating_ink, and gn air, £low path for. :
e SRERET M e o el Rt e B o R Tp8 Phrci
whi ch sub tank the entrance portion of _the air flow
thast ks sthodinti GhelhaiEanse PPEEQR v diSofxagst unit
accommodat ed in the ink accommodati ng portion so that
mayn@greoesi sususeandrmihesemlr thieoaxhbatst: HadWever, when
the i magi ng apparatus is in use, ink my enter the air
fl o pad hcadide isopreferssilly efrrbhgegats itage whi ¢hkcauses
the liquid level of ink in the sub tank to fluctuate.

achSmAcd£sild pdrtk ofBYo AR Rbaa R 8§ AN FRIMRAT a OF Ay
air releasing valve that is used for opening and

pa%}@%%lﬁgd%%@ﬁ%{in Al ?%}j%ﬂiﬁﬁia%%ﬂ‘%&%ﬁ?ﬂ%m' tn
ek oPHANFET [, BREERTS R Poobuth £ PatiorntHs o

sub tank as in the case of Japanese Patent Laid- Open
ropisipred | P theoddausBdeyelt RE ARF FTCWIPAEHHal™ bde
formed into a trench that is sealed by the filmsheet.
inknasgotmednfingupatrtdon shehatk imkhyddes puit edtient dhe helr
air flow path due to the capillary effect.
flow path.

However, when the imaging apparatus is in use, ink may
enter the air flow path due to movement of the carriage which
causes the liquid level of ink in the sub tank to fluctuate.

As a result, ink may adhere to a sealing member of an air
releasing valve that is used for opening and closing the air
flow path, and the ink may grow viscous so that sealing may not
be realized and the air flow path may be blocked.

Also, in a case where a deformable film sheet is used to
seal a path in the sub tank as in the case of Japanese Patent
Laid-Open Publication No. 2003-53993, the air flow path may be
formed into a trench that is sealed by the film sheet. In such
configuration, the ink may be pulled into the air flow path due
to the capillary effect.

Additionally, in the sub tank disclosed in Japanese Patent

Laid-Open Publication No. 2003-1846, since the negative
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Additionally, in the sub tank disclosed in Japanese
Pat ent Lai d- Open Publication No. 2003- 1846, since

WO b@snemss | vepr essure generation unit that expeemsP2ani09051

contracts by the supplying and discharging of fluid is
i npl emented in the sub tapk, a mechanismfor supplying
the fluid for expandi ng and contracting t he negative

plpes%%%grg R R e St R

han or supp
3er for %Kf tive pressure to be generated wi thin
S‘tHP Yih8 @599 phef i deuiBPHFIeHES 4 ERAKsUD
may be quite conplicated. Simlarly, in the sub tank

taéTer apafeswn g der sabplGyen thebifiloadi fer Nxpa2@dag and
86748, since a flexible container that accomodat es

carrracsingptlesrergad ivespdesde: gaseraahch tine f lieXnbk@ed
contai ner i s expanded and contracted by

asilde! iFRBh atH® SRNSIENG shekeasaRf1liRg eRseriddien St'br WEE UL &,
of the negative pressure generation unit may be

é}'@({:ﬁln' gahe fcﬁ_l $%re h@ %1\9@ r%ssﬁ%go{:gllgg (%Hl%gra@eg within

nmay a ere in the“recording head nozzl

HEEACEH o n%r”%fe ' Slperoet Bakolt LT dRpree ey be

Publlcat|on . 2002- 234189 and i n Japanese Patent
TGS F@QPF%E??@?- 8- 2651, disclosures are nade

pertaining to a restoration operation for restoring

t he Sémaleslyf Iedhedisny hewld afodzpeseby RaippithdatideOpen

nozzles with a cap at predeterm ned timngs and
Puiserhioag Nak F00@wnsthesnogzi@s.a flexible container that
accommodates ink is implemented inside the case, and the
flexible container is expanded and contracted by
suction/atmospheric release of the case, the structure of the
negative pressure generation unit may be complicated.

Also, in an inkjet recording apparatus, ink may adhere in
the recording head noazles due to the increase in the ink
viscosity and the drying of ink. Accordingly, in Japanese
Patent Laid-Open Publication No. 2002-234189, and in Japanese
Patent Publication No. 8-2651, disclosures are made pertaining
to a restoration operation for restoring the states of
recording head nozzles by capping the nozzles with a cap at
predetermined timings and absorbing ink from the nozzles.

Also, in Japanese Patent Laid-Open Publications No.5-

270004, No.8-156282, and No.2001-71451, disclosures are made of

inkjet recording apparatuses that have ink supplied thereto
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Al so, in Japanese Patent Laid- Open Publications No.5-
270004, No. 8- 156282, and No.2001- 71451, disclosures
wae@snedes of i nkj et recordi ng apparat uses t hat POTEYRE0041009051

supplied theretodirectly froman ink cartridge (min
tank) w thout using a sub_tank, in which an ink end
(out of ink condition) , including a near end, for ink

dlr cg)c Icﬁrtarl dge ca}(n cb%&ggtclggt g@léb{%@&w e of @I uggl <ub

|ts end, the prlntlng node i s sw tched fron1fu|| col or
tiﬁ#«nﬁnnghﬁﬁhn%ﬁukﬂﬂ(ﬁndp (PHE| oy 1kn cengabéonheriigduding a
restoration operation is perforned in a liquid
nefs @l goappak atrus icacttudldoy @arc devdrteohad, sl twark one
as descri bed above, bubbles are likely to be generated

ofhelualr inks pieseiffdrentheoseis tidkiesectbat td ave reached
nozzles may easily come off. Also, it is noted that

1 €9 t8E pPhenNBEALIR RECSSIN & JRYrBR guﬁ.'é‘dric;r g@"ﬂgtlng

i nk dlscharge characteristics nmay be susceptible

I ti.an n i magi ng apparatus using a I|qU|d
éﬁ%%%g%lfgn n1£'lrhr?atank) and a sub tank, as the ink in

the sub tank is consuned through ink dISChad? y 't he

i nk df §cRarge s =53 OFﬁFb%rPH%étﬁegt b7 ?%ﬁ?med in a

operation, the sub tank has to be appropri atel
1i@hIbRILSRBATIR taPRaTe tsoAnebeding |® CaRKEnFpRersubaiank as

the sub tank inplenments a flexible filmnmenber and an
desesitied ababer huwblgeseratel Bkelggdto e peessated adiensair is

descri bed above, the capacity of the sub tank changes,
posskrithdnekyie tle @MtIMo @hat the nozzles may easily come off.
Also, it is noted that control of the negative pressure may be
difficult, and ink discharge characteristics may be susceptible
to fluctuations.

In an imaging apparatus using a liquid storage tank (main
tank) and a sub tank, as the ink in the sub tank is consumed
through ink discharge by the ink discharge heads, and through
the restoration operation, the sub tank has to be appropriately
replenished with ink from the main tank. Further, when the sub .
tank implements a flexible film member and an elastic member to
generate a negative pressure as is described above, the
capacity of the sub tank changes, and thereby, the amount of
ink remaining in the sub tank may not be accurately detected.

Also, according to tests conducted by the inventors of the

present invention, it has been determined that when the

capacity of the sub tank is significantly reduced, a hysteresis
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ink remaining in the sub tank may not be accurately
detected. Also, according to tests conducted by the

w0 powenowss of the present invention, it has beRI/JP2004/009051
determ ned that when the capacity of the sub tank is
significantly reduced, a _Rysteresisin the capacity
change occurs at the tinme the elastic nenber for

- Lng:a . n Y ressure . s .cont t nd. at
% TeEa B PRI BB R crl 0, B mber
state . ¥ﬁen such hysteresis occurs, instability is

£QF AT e R TI® BFCPRRCRFatGoPETprESS A adndhe
the |iquid discharge characteristics beconme unstable.
tipe tithen elgeviatmedey rethens nko ditectindhiahdstate. When
di fferences in the ink discharge speed may occur.
sBHSCLCSIRES OF ¢ MUENT| @NsTheipiesernt dreweati Dm tas deeerol
conceived in response to one or nore problens of the

of etted erbgattve apEb MiRre0f abliStRb] BGhsd SikenRF&yi de a
l'iquid container that can reduce the inflow of liquid
chitfe@i 3t Lou et headani ed fr Aacharol o Al b o

a liquid accormmopdati ng ne r, aliqui'd su

. appar at i mpl.ement i ng such _a _liqui,d confainer, and an

R DB AP U AT Sant P S UdH SSoFPERS SRAH Joy
apparatus . It is another object of the present

O'E ntion to provide a sub tank that is capabl e of
generating a negative pressure using a sinple
structure, a liquid supply apparatus that inplenents
such a sub tank, and an i nmagi ng apparatus that

DISCLOSURE OF INVENTION

The present invention has been conceived in response to
one or more problems of the related art, and one of its objects
is to provide a liquid container that can reduce the inflow of
liquid into an air flow path adapted for discharging air from a
ligquid accommodating member, a liquid sﬁpply épparatus
implementing such a liquid container, and an imaging apparatus
implementing such as liquid supply apparatus.

It is another object of the present invention to provide a
sub tank that is capable of generating a negative pressure
using a simple structure, a liquid supply apparatus that
implements such a sub tank, and an imaging apparatus that
implements such a sub tank or liquid supply apparatus.

It is another object of the present invention to provide
an imaging apparatus that is capable of supplying liquid to a

sub tank according to a liquid consumption amount.
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i npl ements such a sub tank or liquid supply apparatus
It is another object of the present invention to
w@e@gioassan i magi ng apparatus that is capabl e PET/IP2004/009051
supplying liquid to a sub tank according to a liquid
consunption anmount. |t is_ggother obj ect of the present
i nvention to enable negatlve pressure control of the
sub_ tapnk wh Z storatlon perati bei
condiorsiahed BRIELE FFTUR Besta triiint 2o ke
characteristics . In one_aspect of the present
negakdNei BReSSHS gardreonthithe sthataat cBiffodar@s2iequi d
used in an imgi ng apparatus is provided, the liquid
reggoralther ¢priafdiongla being dcaduoimddae iy Yoostrbhlioe
accommodating the liquid and an air flow path for
lidhdchdl gchgrge chbtrantéhesticqui d accommodati ng porti on,
the air flow path including an entrance flow path

por trin0Bnk had dpécsc cenpret Sebdhd hevkhaubd accopRdatbRgainer
portion, a continued flow path portlon t hat

thcaoé“ac%ﬁrg é{@é@ tl|1 eQthahe s 'a%WlE?rQ 0565&51%@%“%

conti nu OMIpat portion being a 0 extend
. up di agonal directi,on.w.th re ect,
Pl}oé’flgnegncghi)l SoPPREBHIGH rig- 78] Qu we@accsarmrﬂaetmg
qui d acconmodated in the |iquid accommodatin

Pﬁﬁﬁ%ﬁno Oéta%FQﬁm9@&§ﬂP9It@ﬁzﬁ%QUlﬂeﬁéﬁnant?%¥Iﬁ%ﬁy gafayfor

be prevented from penetrating into the atnospheric
dirsgiheagangi ger ofrarhéhei tiqiiow graommadehity eanfdononthé air
“the liquid level occurs . In another aspect of the
flpvesanh invemimnanachtgihee flow path portion that is
connected to the liquid accommodating portion, and a continued
flow path portion that continues from the entrance flow path
portion, the continued flow path portion being arranged to
extend in an upper diagonal direction with respect to a
reference plane corresponding to a liquid level of the liguid
accommodated in the ligquid accommodating portion at a
standstill state. Herein, the liquid may be prevented from
penetrating into the atmospheric release side of the air flow
path when fluctuation of the liguid level occurs.

In another aspect of the present invention, a liquid
container that accommodates liquid used in an imaging apparatus
is provided, the liquid container including a container main
body that forms a liquid accommodating portion for

accommodating the liquid; a flexible film member that is

attached to the container main body and is adapted to seal an
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contai ner that accommodates |iquid used in an inmagi ng
apparatus is provided, the liquid container including

w@2@sno@sner main body that fornms a |liquid PCT/JP2004/009051
accommodat i ng portion for accommpdating the liquid; a
flexible filmnmenber that_ is attached to the container
naln body and is adapted ?o seal anopeni ng of the

U|?g§?g$%ggyatlnﬁggortlé% and aﬂlgégngﬁﬁﬁiglr Flow

ada ted to discharge air fromthe |iquid accommodating

PaI&r ttlhaﬁ 15kt eRethe reanteingst maincPediesng fpoadapted

path portion that does not have a wall forned by the
tdf [ddxicbhege i 43 faebethe Het@iin] adeemimpdatthgrporidon; wherein
prevented from penetrating into the atnospheric

tHeelgaselswdeatdf iheuaes 4 |OMmwalkkh boraied Relatagpestnot
of the present invention, a liquid supply apparatus

ndRat WAt Ueesnas v d ﬁPélsEﬂ:!lréerlefn hBgoOF es%treln the

invention is provided so that reliability may e

rs0 | yi e 1] rdln

11 JTHEONE té‘ gﬂ»&%n% 9 % & o
ﬁqﬁaanot pect ? 5 esg%%ta 9en§€ he ég%rlc
aratus th i ncl,ud uid supply apparatus of

Sﬁrééaﬁt ﬁgghFFSn%igw fﬁg}ded so that reliability

na be |nEroved in supplylng the liquid to a recording
heaén ARETREAPECYRgE toe RssERtmpveetianl iazddquid
anot her aspect of the present invention, a sub tank
Sunmiwaﬁppﬂgatmsuﬁhitsmpplt@mbfawﬂhqmidabnnt&&ﬂena@d bkeéng
adapted to supply the liquid to a |iquid discharge
pieaatt hatest sehdsg@sovided so that reliability may be
improved in supplying the liquid to a recording head.

In another aspect of the present invention, an imaging
apparatus that includes a liquid supply apparatus of the
present invention is provided so that reliability may be
improved in supplying the liquid to a recording head, and
stable image formation may be realized.

In another aspect of the present invention, a sub tank
containing liquid supplied from a main tank and being adapted
to supply the liquid to a liquid discharge head that discharges
the liquid is provided, the sub tank including:

a negative pressure generation unit that includes a
flexible film member that is disposed on at least one side of
the sub tank, and an elastic member that forces the flexible

film member outward with respect to the sub tank, the hegative

pressure generation unit being adapted to expand and contract
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the liquid is provided, the sub tank including: a
negati ve pressure generation unit that includes a

wo b@zgiotioes fi | m menber that is di sposed on at |REEIP2004009051
side of the sub tank, and an el astic nmenber that
forces the flexible filmumenber outward with respect
to the sub tank, the nega ve pressure generation unit

beln adap 0 ex d..contractip respanse to the
in rSS And- d.d%’c harg %fal}fﬂéiHSC AFES o grl &d ané

negatlve pressure within the sub tank. Accordlng to
ISHEERER T 2R RFAITICNBRESS e tHEhdneEBAt SElVieRK -on, t he

flexible filmmenber may have a thickness within a

r angecofdiy 100 preferréd smpbadimehiexo bl ehd idneseeirber

may include at | east two types of filns that are

inverichah edihartl dxie1tl exibenddel-nnatnheve @WHi@QhéQ@ within
| east a polyethylene filmand a nylon fil

aé@%&' 8Ral d Y10 ﬁ?mf'%ls*?:i tké' %Eg%ng ’ gﬁlhé@qna%/

[Tca vapor eposi tion ayer

Rhgher Led oo m@&gegfofnfﬁl%ge%ﬁg% LAYenLQny Ehe g e

ex b ave pro rudang port
and. the_f] exi bl e f|In1nenber be fornmed by noldin
f%fxﬁpﬁﬁ1§h SRS Qagoh%%$PQﬁ1§§eleaﬁEc%rRﬁ%%ftP¥lene ilm

anot her preferred enbodi nent of the present invention,
anché Byasti &l enbéddihiorarles Fbad fiexibkpriidg member may
According to another preferred enbodi ment, the sub
incdmkdeod shbiqr eseotr depesittiiom dayefurther include a
case that includes a negative pressure lever that is
ar r angedding b igthe@enpasterred embodiments of the present
invention, the flexible film member may have a protruding
portion, and the flexible film member may be formed by molding
a film sheet into a convex shape.
According to another preferred embodiment of the present
invention, the elastic member may correspond to a spring.
According to another preferred embodiment, the sub tank of
the present invention may further include a case that includes
a negative pressure lever that is arranged to be in contact
with an outer side of the flexible film member, the negative
pressure lever being displaced in response to a deformation of
the flexible film member.
According to another preferred embodiment, the sub tank of
the present invention may further include an atmospheric

release unit for opening the sub tank to the atmosphere.

In another aspect of the present invention, a liquid



with an outer side of the flexible filmnenber, the

negati ve pressure | ever being displaced in response to
w@2@ehawssat i on of the flexible filmmenber. AcCPOY/ai20@1/009051

to anot her preferred enbodi nent, the sub tank of the

present invention nmay fuggggr i ncl ude an at nospheric

rel ease unit for opening e sub tank to the

at nosphere.. | n .anat her .aspect qf, th resent
SUBRIdn CPBREE AT 1 FURESIRPTS aparafiac; SUpF ok RBg roEHe
. liquid supply apparatus including a sub tank of the
1nGladdRE & NNt PAcithei PrpSaR tal AFSPREPT cLHiuddse an
unit, wherein liquid is supplied froma main tank to
atmesphebic arkl4psopeiitngvhdmeeisul imik 19 suppldtadospbmr 2
by the atnospheric release unit, and expandi ng the

ndiegabihketPress Wil GanRr By i @ferlifigt thaf sab whilcRoathe
negati ve pressure is generated within the sub tank by

dg;%egetw atdoshhbebheri &1 £aS8 denigh ¢ di w%@aﬁaiﬁ? the
or he

a
p ion of the liquid in the sub tank, and causing

n%ﬁ@e"ﬁr@é&?{&%r&%@%ﬁ@ﬁi Nl O GONL ﬁa?ltne &[&%ve

her “aspec present i nventi on, a g
apparatus is pravided, the .im appar at us inclug'ng a
PR W ANk S oFSRETA R A LSOPPI P APUE BY TH BedERt
invention to supply liquid to a liquid dischar%? head
a@mﬂﬁph@Fééhﬁ?EﬁﬁﬁqiQ$}¢d 6h¥%h%¥9%§§bﬁdpﬁ§th%@iQﬁn henliquid
anot her aspect of the present invention, a negative
irprgssenk hayk beargbnensted wie mMayadivebpreskudy gesengtion
flexible
10 unit to contract.

In another aspect of the present invention, an imaging
apparatus is provided, the image apparatus including a sub tank
or a liquid supply apparatus of the present invention to supply
liquid to a liquid discharge head that discharges liquid onto a

15 recording medium.

In another aspect of the present invention, a negative
pressure may be generated within a sub tank by using a flexible
film member and an elastic member and by supplying ligquid into
the sub tank, to thereby simplify the negative pressure

20 generation mechanism. Accordingly, structures of the sub tank,
a liquid supply apparatus, and an imaging apparatus of the
present invention may be simplified.

In another aspect of the present invention, an imaging

apparatus is provided that detects an amount of liquid that is

25 consumed from the sub tank and performs a liquid supply



filmmenber and an el astic nmenber and by supplying

l[iquid into the sub tank, to thereby sinplify the
WOe@anioses pressure generati on nechani sm AccorRCTigR2p04/009051

structures of the sub tank, a |liquid supply apparatus,

and an i magi ng apparatus _gf,_the present invention may

be sinplified. In another aspect of the present

' i.0 ' ' . ratus is_provided that. |
bS8 SLRIASINYARRATE) [hd 2l UG g the

sub tank . and _perforns a |iquid supplyoperation of
d%ﬁﬁﬁﬁ%% ﬁéqP?ﬁB?H“¥H¥FHQDSE%O¥%Ek ggcgrging to the

detected |iquid consunption anount. According to a

pr eAEICPEE LBEDER i hrartefor refleephadiorenti pfebhé apresent

information pertaining to a |iquid di scharge anount
imrghtdionabsof pthaon campent-ai sisdg oted hetotéharsbhang theunt

amount of liquid consunmed fromthe sub tank is

5 abtal Redotptovdantalnguliat 5esred dedordhandl)atdatnd Smount
defined as |iquid consunption anount = ([iquid

o?iﬁﬁﬁﬁEQEoﬁgﬁﬁgﬁ‘f&d%JQQ%rsﬁédgﬁggq%rg?ﬁ&i@?d"thﬁ?fgb n

absor ption anount X nunber sorption

t-her. d_.enmbqdi f (S tion,
cfhaagioh B et FheH intor e e dolGeRd arscharge

amount is corrected using a pregdeterm ned correction
c oeffliien EORFFIP §iPTs GMOHBE OT di-rig i1 Phydwsioer anhart X
refl ects a discharge characteristic of the liquid
ngilsarh arfgdibebargesic or dinbisoratbvdohexmpref ef reduwber of
enbodi nent of the present
10 absorptions) (1) .

In another preferred embodiment of the present invention,
the calculated total sum of the liquid discharge amount is
corrected using a predetermined correction coefficient that is
set according to a parameter that reflects a discharge

15 characteristic of the liquid discharge head.

According to another preferred embodiment of the present
invention, information pertaining to a liquid discharge amount
for a specific discharge pattérn and an absorption amount is
stored beforehand, and the amount of ink consumed from the sub

20 tank is obtained through calculation of formula (2) that is

defined as

liquid consumption amount = 2 (specific pattern discharge
amount X number of specific pattern discharges) -+
2 (absorption amount X number of absorptions) e (2) .

25 According to another preferred embodiment of the present



i nvention, information pertaining to a liquid

di scharge anount for a specific discharge pattern and
w@poodbewspt i on anount is stored beforehand, aneiCT/iE2004/009051

amount of ink consunmed fromthe sub tank is obtained

through cal cul ation of forgula (2) that is defined as

l'iquid consunption amount = (specific pattern

. di ar ge,.amount X nunber. of specific_pattern.

lnglfes %Egglg eE?ae +&Jer¥(e§i3c S g r ﬁ%ﬁg a%ﬁgﬁjfnpsf(l %rd igurty 1s compared
absorptions) ' {2). According to anqther preferred

Wletﬁb&difﬁﬁﬁ*f %’?aric%é)dpf’@%%ﬁty%véntﬁe&ﬁ?dt ﬁ’éar&g%féﬂct‘fé&ue V2, and
l'iquid consunption amount is conpared with a first

a sttirdastandd e WilueaVdedbhdk Sf2arddBd / vade V2 , and a
third standard value V3 (M < V2 < V3) ; and when the

| i quihginc @hs ulatuieh camBuinbticn gheaner 1t haredteredhah b0
the first standard value VI, liquid is supplied to the

5 e trdnknsi aitshefahaacapPping: the higuid 4 sahpnded to the
ead; when the |iquid consunption anount is greater

st -EgHAlLd R INE5BeANM N ANdatd HaLUE NE. ndaliqui d

'S supp to the su k'in ween page out put
operatio ;.and when the [iquid consunption amount iS
or odPSP AN BFsh GRP S PP KR (PO ot Andar - Val TR PRo
sub tank is opened to the atnosphere at |east once,
@ lertontREhS¢ERH G tRed3ERpYI N {3 (t AeT8L® tmfibpdded to
negative pressure is generated therein. According to
than gtuire tapk et e ryedveenbpdoaemtwit perprésent dntventi on,
the detected liquid consunption anount is conpared
10 when the liquid consumption amount is greater than or
equal to the third standard value, the sub tank is opened to
the atmosphere at least once, after which liquid is supplied to
the sub tank and a negative pressure is generated therein.
According to another preferred embodiment of the present
15 invention, the detected liquid consumption amount is compared
with a fourth standard value V4, a fifth standard value V5, and
a sixth standard value V6 (V4 < V5 < V6), and
when the liquid consumption amount is greater than or
equal to the fourth standard value V4, printing with color ink
20 is disabled after a page output operation;
when the ligquid consumption amount is greater than or
equal to the fifth standard value V5, printing with black ink
is disabled after a page out operation; and

when the liquid consumption amount is greater than or

25 equal to the sixth standard value V6, printing with inks of all
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with a fourth standard value V4, a fifth standard

value V5, and a sixth standard value V6 (V4 < V5 < V6)
WO 2@adoosBen the |iquid consunption anbunt i s gPERIE2004/009051

than or equal to the fourth standard val ue V4,

printing with col or ink_i%fdisabled after a page

out put operation; when the |iquid consunption anount

i S _greater a r_equal to the fifth standard val ue
CO%ng]ﬁ i Egﬁﬁt‘%urbjt  PARSI QUH'EaliRsd agf‘?’ér a page

out operation; and when the |iquid consunption anount

i s Rpeandng ﬁana%@tf&mqretf@rrﬁg ek TeRAn8ar Bhe prpsent

V6, printing with inks of allcolors is disabled during
in@epagm outheutrispesaty @t tAecdiduid 40 28ndt hies greater than

preferred enbodi nent of the present invention, the
orVe§EaBiHy Ohphhget | qUilGat 120akotiseraifetrebagmieddiment

equal to 4 nmPa/sec. Also, in another preferred

oreMRedl FENn 10f nl bR A5eSeNe 1AVERNET @M cHARel haHidcorresponds
di scharge head corresponds to a head that is adapted

t ' i gui d is
wobR ST L AL B 3 RaEhenORld Boceq om o coance
pr esent invention% a liquid discharge apparatus is

inpR R P YIFHELFePHBRGRE a nozzl e restoration operation

in which the sub tank is opened by an open- close unit

in &F deREicronePeft Pk dde PFeRRNE hi AP HieEnt 2ot 1@pid

within the sub tank is greater than or equal to a
dikchstgpragetetusnés prountedantad paseoims whinohzaa

anount of liquid within the sub tank is |ess than a
reS€608d1iMH afgRirerAbAeth aIlHH ;the sub tank is opened by an
open—close unit in at least one of a case in which an amount of
air within the sub tank is greater than or equal to a first
predetermined amount and a case in which an amount of liquid
within the sub tank is less than a second predetermined amount,
and the sub tank is not opened in at least one of a case in
which the amount of air within the sub tank is less than the
first predetermined amount and a case in which the amount of
ligquid within the sub tank is greater than or equal to the
second predetermined amount.

It is noted that the first predetermined amount for the
amount of air and the second predetermined amount for the
amount of liquid in the sub tank may have either different
values, or the same value.

According to a preferred embodiment of the present

invention, when the sub tank is not opehed during the nozzle
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and the sub tank is not opened in at |east one of a

case in which the anobunt of air within the sub tank is
wo e®s/oodesn the first predeterm ned anbunt and BCTAR604/009051

whi ch the anmount of liquid within the sub tank is

greater than or equal to_ t 1e second predeterm ned

anpunt. It is noted that e first predetern1ned

for the amount. of a nd the s

et Oﬁee&asﬁ%ntt*feom@ﬁi AT PIURITR T

sub tank may have either different val ues or the

ligupd %meflrsﬁcésﬁam@l% aopne &Fr eBseRRRsliTRoRt the nozzle,

the present invention, when the sub tank is not opened
viduthagcarthe anoz ther sl oreatki 0 6pited iwith tligquadzibeni s
covered by a cap and liquid at a first absorption
prasoiibed sareasar;befddf rom t he nozzle, via the cap, and
the sub tank is filled with liquid to a prescribed

amoyitn and Mperahle: s Wphdnakalgi Apened - B0rébeoration

nozzl e restoratlon operation, the nozzle is covered by
orkBESaR, M oY, B R RaOLE AL S o
s filled mnth i UId 1o r ri bed ampun
SeREE0 R 0 Sl GPHBR oh S PP ER B B0 it B ALRavia the
present invention, information pertaining to a |liquid
cagi, seh@r e avbuenknis aﬁ—ld@éjof”ﬁfiﬁ higrelnie ithespypeeribed

bef or ehand, and an anobunt of liquid within the sub
ampank.i s obtai ned using fornula (3) that

According to another preferred embodiment of the present
invention, information pertaining to a liquid discharge amdunt
and an absorption amount is stored beforehand, and an amount of
liquid within the sub tank is obtained using formula (3) that
is defined as

liquid amount in sub tank = full capacity of sub tank -

{Z(discharge amount X number of discharges) + 2 (absorption
amount X number of absorptions)} “(3).

According to another embodiment of the present invention,
information pertaining to a liquid discharge amount for a
specific discharge pattern and an absorption amount is stored
beforehand, and an amount of liquid within the sub tank is
obtained using formula (4) that is defined as

liquid amount in sub tank = full capacity of sub tank -

{Z(specific pattern discharge amount X number of specific

pattern discharges) + X (absorption amount X number of



is defined as liquid anobunt in sub tank = ful

capacity of sub tank - { (discharge anobunt X nunber of
waele®shensges) + (absorption amount X nunber of PCT/JP2004/009051

absorptions) } "" (3). According to another enbodi nent

of the present invention_,information pertaining to a

quuid discharge anount for a specific discharge

a att %gﬁ sorption anount is stored beforehand,
;ﬁ?&?ﬁoa Ilquid within the subtankis
obt ai ned _usi ng fornula (4) that is_defined as qui d

anoBRECFALIRALR Snether ypretanres eyerinemt 1o R:he present
(specific pattern di scharge anount nunber of specific
irnpysntépn, dise harges)ity f (dsdrippiidnaan®Une Xsngnéetrer than
of absorptions) } '" (4). According to another
ompreefueir ed emixdiseent Bisé headquoesienly tovemdtiry, pirB€erred
viscosity of the liquid at 20 Cis greater than or

5  en®dddhehe, 4P/ 2RGd éh§§ha3§%§é3@1re‘3'dngot:9e§§k§ﬁdlerto a head

preferred enbodi ment, the liquid discharge head
r.es to [ g
%%9%9}22%& P dIERarhet i TR LE 07 £ SHERIG
ﬁ er _as fect of the present invention, an |nag|ng
p%ﬁﬁ%? EXF net %ty the 1iquid di scharge apparatus of
the present invention is provided. BRI EF DESCRI PTI ON
OF BRAMPRESSFIZSPaCY ofathe rissdnity enyrRW-OF & itARPERY
recordi ng
apparatus including the liquid discharge apparatus of the

10 present invention is provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG.1l is a perspective view of an inkjet recording
apparatus according to an embodiment of the present invention;
15 FIG.2 is a cross—sectional diagram showing a configuration
of the recording apparatus of FIG.1;
FIG.3 is a top view of a portion of the recording
apparatus of FIG.1;
FIG.4 is a perspective view of pertinent components of an
20 ink supply apparatus according to an embodiment of the present
invention;
FIG.5 is a perspective view of pertinent components of an
ink supply apparatus according to a variation embodiment of
FIG.4;

25 FIG.6 is a perspective view showing components of a sub



apparatus according to an enbodi nent of the present
invention; FIG 2 is a cross- sectional diagram

WG h@doogsa configuration of the recordi ng appar@r/iER0ef009051
FIGI; FIG 3 is atop viewof a portion of the
recording apparatus of FLGL; FIG 4 is a perspective
vi ew of pertinent conponents of an-ink supply

r. ' in n_enbadi _gent : nt
e b A B S b B R S S e Bl B s R
componepts of an,ink supply apparatus according to a
var iFgfsi'gnl%rﬁao%]idr?el’{tleUf gﬁ?"@‘?%? COpfEIURATAOT, of a’stib tank
perspective view show ng conponents of a subtank
- acpereiapne tan avbadieenedt Bie tivespnésénvenaait i on;
FIG 7 is a side view showi ng a configuration of a sub
t ankEIaceoisli agortas saseenbonk Ireritewo o £t ke ps@s erink taken
invention; FIG 8 is a cross - sectional view of the

5  aloHy taskiieken-malgngrthe line A-A of FIG 7 FIGS 9A~9C
are diagrans illustrating exenplary configurations of

a T Beebes Jhatanpyahe peakiadhe subylank of FIG

; FI'G 10 I's an enl"arged view air ( pat_h
BT tlab b VRS ALEIG TS i L 0 0
ek ‘or FiGl7;

FIG.10 is an enlarged view of an air flow path portion of
10 the sub tank of FIG.7;
FIG.1ll is a side view of a sub tank according to a
variation embodiment of FIG.7;
FIG.1l2 is an enlarged view of an air flow path portion of
the sub tank of FIG.1ll;
15 FIG.13 is a perspective view of the air flow path portion
of the sub tank of FIG.1l1l;
FIG.14 is a cross-sectional view of the air flow path
portion of the sub tank taken along the line B-B of FIG.1l1l;
FIG.15 is a diagram illustrating the capillary effect;
20 FIG.16 is a cross—-sectional view of FIG.15;
FIG.17 is a partial side view of the sub tank of FIG.1ll
illustrating the capillary effect;
FIG.18 is a schematic diagram showing a liquid transfer

mechanism for transferring liquid to a sub tank according to an

25 embodiment of the present invention;



10

15

20

25

FIG 12 is an enlarged view of an air flow path

portion of the sub tank of FIG 11; FIG 13 is a
wperspewsd ve view of the air flow path porti onP@f/Jr20et/009051

sub tank of FIG 11; FIG 14 is a cross - sectiona

view of the air rom;pat portion of the sub tank

taken along the line B- Blof FIG.ll FIG 15 is a

dla llustratinpg.the cap Iar eff s
cFoEeld R PRRGR o ST el st it igpraliod ot
partlal side view of the sub tank pf FIG 11
coptrgdt Yt AgPlRBeREpi | tarfherreerding @PrEgFatasaof FIG.1;
schemati ¢ diagram showing a |liquid transfer mechani sm
f or Figan&fier @ ddokirhartd itloluwtsabingnkn atiemsgihegitorakease
enbodi nent of the present invention;FIG 19 is a bl ock
suihipd§r apesowmgcaoeanhd ots ain embofidetondf adheupicbsent
i mpl enented in the recording apparatus of FIG I;
irkle@t20nts a flowchart illustrating an atnDspherlc
rel ease supply operation according to an enbodlnent of

It rleuggregfnls Iamﬁ_mvl grt :ﬂ Q}&%a}ti{lasup%l g olpI (J]:ataon of

i'ng a supp operation 0O
ub tapk accordin 0. an enbodi nent of t resen
SRIEAED ohL TR =1 Sulo bHer OGHORdY 15171 JSHPHIRREE of
t he supply operation; FIG 23 is a flowhart
the pyserRt i Hy@mtionk end detection

FIG.22 is another flowchart illustrating the supply
operation;

FIG.23 is a flowchart illustrating an ink end detection
operation;

FIG.24 is a plan view of the subsystem according to an
embodiment of the present invention;

FIG.25 is a side view of the subsystem of FIG.24;

FIG.26 is a flowchart illustrating a nozzle restoration
operation according to an embodiment of the present invention;
and

FIG.27 is a flowchart illustrating a nozzle restoration
operation according to another embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following, preferred embodiments of the present

invention are described with reference to the accompanying
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operation ; FIG 24 is a plan view of the subsystem
according to an enbodi nent of the present invention;
wWo-b@5aa686 a side view of the subsystem of FlI CHIP2BIIE09051

26 is a flowhart illustrating a nozzle restoration
operation according to an;gnbodi ment of the present
invention; and FIG 27 is a flowhart illustrating a

drfaQAakLE restoration operation according to another
enbodi nent of the present invention . BEST MODE FOR

CAR THE_INVENTION In the follow ng, preferred
enbggéggz%égﬁﬁ % RELFPESEHYE i ¥ Of oA at B Ififs CechEding
with reference to the accquanyingdramﬁngs . FIGI '
APRGAEUS PHYPEEE Fe 9 esrlestdimenitnRf ethe exssginig invention
apparatus according to an enbodi ment of the present
thafpyv éat Vbewacdhdirors theefecht rsdmet. he The ohik sjede retbedink
jet recording apparatus of FIGI| inplenents a liquid

appambainsest HIE.A LingUbdestdPR] Y iappar 8dbuea it and a 1iquid
correspond to enbodi nents of the present invention

LiSashomitdsh thiks cdF AW NGhg tRe olflsh SledreC Qdip
Su?%pgrgtus ingludes gn apﬁgggtus ﬁ%?n %%ﬂ£ 1, a pgp%?esent
inkeeditgay 2 that is attached to the apparatus nain

ogy , and a paper delivery tray 3 that is also

the a ratus main
attgghfg gﬁgwn ?n Eggs drawing, the inkjet recording

apparatus includes an apparatus main body 1, a paper feed tray
2 that is attached to the apparatus main body 1, and a paper
delivery tray 3 that is also attached to the apparatus main
body 1. The paper feed tray 2 supplies paper to the apparatus,
and the paper delivery tray 3 stacks paper having an image
recorded (formed) thereon. Also, at one side of a front
portion 4 of the apparatus, a cartridge load unit 6 that
protrudes from the front portion 4 and is positioned lower than
a top portion 5 of the apparatus is provided. The cartridge
load unit 6 includes an operation unit 7 such as an operation
key unit or a display unit on its upper side, and a cover 8
that may be opened and closed to remove an ink cartridge 10
corresponding to a liquid stofage tank (main tank) for
supplying liquid.

In the following, a configuration of the inkjet recording
apparatus of FIG.l1 is described with reference to FIGS.2 and 3.

FIG.2 is a schematic diagram showing an overall



body 1 . The paper feed tray 2 supplies paper to the
apparatus , and the paper delivery tray 3 stacks paper
whawsngeshn | mage recorded (formed) thereon. Al BOT/JRA04/009051
one side of a front portion 4 of the apparatus, a
cartridge load unit 6 that,protrudes fromthe front
portion 4 and is positioneg | ower than a top portion 5

cfleiG2PRAT A Uhdl $nREQY! S04 4TNG GBPLELANE J0aG NI !

€S an operatl S an operatio

ynit or a dj spl unit on its upper side, and a
P er Saot RAth My o poReanang: cToSBrg FERBFELI GhIELe. 1.
cartridge 10 corresponding to a liquid storage tank
( mailiet aAR3raBrs $39pl Pray 1 ikndldidesnat ferfiddeowidnghas is
configuration of the inkjet recordi ng apparatus of
helIdGhy msgdide rideed Iwcbhresp@idinee tboa Fytile Znea@r3that is
FIG 2 is a schematic di agram show ng an

5 suptralklcepf 14ty atidorightt fiegd Rid18l [(B60r shdieh)aPRARALUStay
of FIGI. FIG 3 is a plan view of the inkjet

[ : F [ [ d
121%?60”(:‘1:{'aggtﬁ@p@a[ﬂtllé Sgﬁ.isﬂnt s1iHe f@?%ﬁ.’%?ﬁi&@n | DabQdy

Includes a carri at 1s he i de rod
salgorr sgogdkp tg a guide nEﬁgfr th&% és.su orted .
BV CARaC T Ght  SPeCHAT 139] ot "EXofR) =1 GHE Y 8t Bpin
12 so that the carriage 13 may slide freely along a
SRS ARRPRg(RAY S8CFBH. tTaheedldias s§enaangrel? Béedri ven
by a main scanning notor (not shown) to realize
digeestiong indidrtafi bycthensriont dat EJGbY-the arrows in
FIG 3 . The carriage 13 includes four recordi ng heads
10 14 The carriage 13 includes four recording heads 14
corresponding to ink jet heads that discharge ink in colors
yellow (Y), cyan (C), magenta (M), and black (Bk), respectively.
The ink discharge openings of the recording heads 14 are
arranged in a manner such that the ink discharge direction
15 intersects the main scanning direction.

The inkjet heads used as the recording heads 14 include
energy generating means for discharging ink. The energy
generating means may correspond to a piezoelectric actuator
(piezoelectric element), a thermal actuator implementing an

20 electrothermal conversion element such as a thermal resistor
and using liquid phase change that is caused by film boiling, a
shape memory alloy actuator using metal phase change that is
caused by temperature change, or an electrostatic actuator

using electrostatic power, for example. In the present

25 embodiment, a head that implements the piezoelectric actuator
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corresponding to ink jet heads that discharge ink in
colors yellow (Y), cyan (O, magenta (M, and bl ack

w@ Blop/oomwespecti vel y. The ink di scharge openi ngBCDIP20i009051
recordi ng heads 14 are arranged in a manner such that
the ink discharge directlgﬁ_intersects the main
scanni ng direction. The iTKkjet heads used as the

recordi ng heads 14, include ener ener at.i ng neans, for
(PREEORAP G T Hhe Ther GBREEk: PRiF Hdrg ARgs io Hoed.
correspond to a piezoelectric actuator (piezoelectric
Algpendft ¥he rpaowdingl herd ddtornenphenisit ifRgdaAnplementing
el ectrot hermal conversion el enent such as a thernal
pluesiishorzhewl arsiangedli uiah phase Chandgbsdliratging ¢akisied the
by filmboiling, a shape nenory all oy actuator using

re@pbakiphasel iange boaksdg. caused by tenperature
change, or an electrostatic actuator using

el SFHEOSLAH £y AWCE: o Ofn XA & o LAk NIPS@Hkmiq

enbodi nent, & head that 1 nplenents the piezoelectric

actuator (piezoelectric glenent).a t%ﬁk er. .
COBEREPRTI i Tdhd F8LBEetPT AUBY YART: A R T RGCRERPS

14, one ink jet head inplenmenting p]ural zl es .
he3f} dfgediTh Y B aYPPbIhiCLiEFgFRg I (1Y (RE™ the main
respective colors nmay be used. The carriage 13 al so
tangrc|(Gakscarstisiaeank0181¢ | dmuind eoRPAY neide flér- eHerein,
color for supplying ink to the recording head 14. |nk
earhy mbénstigpk | Hd mag sheosuddatEnkKnkS ifr ome tde b golank
(ink cartridge) 10 via an ink supply tube 16. Herein,

ye%%le)gr g@b n &k @) ,NMYgesesnmdaked Bkatl @9 .of thheuch
case, the main tank 10 accommodating the black ink may be
arranged to have a larger capacity compared to the main tanks
10 accommodating the other color inks.

The paper feed tray 2 includes a sheet stack unit (platen)
21 on which sheets 22 may be stacked, and a paper feed unit
including a paper feed member 23, a separation pad 24
positioned opposite to the paper feed member 23, and a guide 25.
The paper feed member 23 is for feeding the sheets 22 from the
sheet stack 21 one by one, and the separation pad 24 is made of
material with a high friction coefficient and is forced toward
the paper feed guide 23 side. The guide 25 carries the sheet
22 to a carrier unit.

The carrier unit is for carrying the sheet 22 supplied by

the paper feed unit to the recording head 14. The carrier unit

includes a carrier belt 31, a counter roller 32, a carrier
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yellow (Y), cyan (C, magenta (M, and black (Bk). In
such case, the main tank 10 acconmodati ng the bl ack

w0 ndosnenssbe arranged to have a | arger capaci t yPCDRas&m9051
to the main tanks 10 accommodati ng the ot her col or
i nks. The paper feed tray,2 includes a sheet stack
unit (platen) 21 on mhlch Sheets 22 nay be st acked,

d paper_feed un cludin a ed nem%%
guig §3se é?ﬁ?ﬁoﬁa%% pgsPFF%ﬁ%ﬂg ? U, and a
paper feed nenber 23, and gui de 25 The paper f eed

chﬁé%elfolzlsen $6.or TRReTHIRF @Reseﬁeef%orwher BAPERefeed unit

sheet stack 21 one by one, and the separation pad 24
isi sdpekd ofo rhileechaliew thel Bilghyfeletinpstegerf ferent and
and is forced toward the paper feed guide 23 side. The
thguslee 25 £ atdlideSnt betwdwetthd2 chor ber &glite3luand . tHde
carrier unit is for carrying the sheet 22 supplied by

cotiRgePanrgridees wBi bet@thed eaptdipditeadntdcathfer unit.
carrier unit includes a carrier belt 31, a counter

TheoEJaJ?{le%.z dcéa§§| n('!?%S t%% rQE 'B‘af'p:l s %%@ Zﬁ'] that
pressure ng ru ) an a arge ro

. Sheet, 22 sent f om t he paper fe g nit is adh d_t

io; RESQHY 1 BPTE) PYSIPRyP B B P PR &0 & ﬁag ¢ sheet
sheet is held in_between the carrier belt 31 and the

22cpantee ¢dTiad 33ope Bee ey PaFEhet. ianco thRgpressure
carrier unit. The carrier guide 33 changes the

apdilyéng i @nrof3% He $heeed 22wavst the bendien hegwasd by the
approxi mately 90 degrees so that the sheet 22 may be

pre’&r nethbat @ nididegar &nh@reeelchadde astlldhaepehssygee the

surface of the carrier belt 31.

The carrier belt 31 is a round belt with no end that is
held between a carrier roller 37 and a tension roller 38. The
carrier belt 31 is rotated along a belt carrying direction (sub
scanning direction) as is indicated in FIG.3. The charge
roller 36 is arranged to be in contact with the surface of the
carrier belt 31 to rotate according to the rotation of the
carrier belt 31. The charge roller 36 applies a force of 2.5 N .
to each side of an axle.

At the inner side of the carrier belt 31, a guide member
41 is positioned at a region corresponding to a printing region
of the recording head 14. The upper portion of the guide
member 41 protrudes outward toward the recording head 14 with

respect to the tangent line of the two rollers (i.e., carrier

roller 37 and tension roller 38) supporting the carrier belt 31.
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applying drum35 is forced toward the carrier belt 31

by the press nenber 34 nenber, and the charge roller
w@oshensges the surface of the carrier belt 31PCTE2004/009051

carrier belt 31 is a round belt with no end that is

hel d between a carrier ro&%er 37 and a tension roller

38. The carrier belt 31 is"rotated along a belt

Ty Barey | e tet Rel cHarse chhl Per il E3a1Pa e be

to be in contact with the sqrface of the carrier belt
pushefoupisd EYaddSr HPRET tRPEHETY € agidie glemifes dar pper

belt 31. The charge roller 36 applies a force of 2.5 N
guidedathesélle, ofo dhadxpbanatityheaynherastwsmtsflyt heintained.

carrier belt 31, a guide nenber 41 is positioned at a

r egbanteer siesRoRdiofgthe quitld Mduwerr eyi Biktofid e contact
recordi ng head 14. The upper portion of the guide

Wl"efflmaﬁé Mndr aludes gut vrd 4. 4ouwardpthe $£Cqi1diag 'EEéz@'ches
4 with respect to the tangent [ine of the two rollers

eétenﬁlhgcaﬁ % &1£ ct1%5 ggﬂg d te SIO réﬂée%éf%§hng

SUpporti ng carrie fi s Way,

carrier belt 31 at the r|nt|n n may b ed
A FRFEEA DT M T SOp ot oD R &ﬁug ﬁ%ﬁﬁ% ifﬁﬁﬁan the
gui ded thereby, so that planarity may be accurately
guigienmarhed. 4 Oanch &hey epaEten foelive 3guinae PR rinsucsed Pﬁ@\tthe

Is in contact wwth the inner surface of the carrier
céeliter3belpl 3k atayt mewehesoetlandilogg tha sirisstd off the

perpendi cular to the carrying direction are fornmed so
qiikRd mbhBear £8. of I CaRtiackapetaeamaBeis recorded on the
sheet 22 by the recording head 14, and the sheet 22 may be
carried to a paper delivery unit!

The paper delivery unit for discharging the sheet 22
includes a separator member 51, a paper delivery roller 52, and
a paper delivery drum 53. The paper delivery tray 3 is
positioned below the paper delivery roller 52 to receive the
sheet 22 discharged from the paper delivery unit. It is noted
that a fair distance in height is provided from the point of
contact between the paper delivery roller 52 and the paper
delivery drum 53 to the position of the paper delivery tray 3
to increase the number of sheets that may be stacked onto the
paper delivery tray 3.

Also, a dual side printing paper feed unit 61 may be

detachably implemented to the rear side of the apparatus main

body 1. The sheet 22 having an image printed on one side may
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gui de nenber 41 and the carrier belt 31 may be reduced

and the carrier belt 31 may nove snoothly al ong the
wabaewsof the gui de nmenber 41. In this way, BOI/IreAEE009051

is recorded on the sheet 22 by the recordi ng head 14,

and the sheet 22 may be cgrried to a paper delivery

unit. The paper delivery Unit for discharging the

sheet 22 | e ar at or
SOHE L L e A g R e B A S
paper delivery tray 3 is positioned below the p
thgehgh et \wIvsImSEr T9PEPR feitie EAECkHedte 132 34i ¢ h’gfﬂég%dihe
fromthe paper delivery unit. It is noted that a fair
shekest ahomy mehdilghped sapt ave-ded finben thee geeirderofinit via
contact between the paper delivery roller 52 and the
theapetmeet ingnyrdpansd te tdaerpesi ben 1f. t e papested
delivery tray 3 to increase the nunber of sheets that

thg%yabﬁaﬂﬁc kg e@NERed NSaRARS! rd§! by er Jténéyat%d o 8
dual side"printing paper feed unit 61 may be

det ag h(?blcyf il gﬁgﬂt ggdg %ﬁl%%ﬁkg%ﬁéxﬁefe%fd B8+ 61,

ppara us hai n avi ng an |nage
printed on one S|de ybe introduced,into the.d
B GBS b7 IR $pBrst Socuriie ERTRF HUgH R Feyebaeat the

rotation of the carrier belt 31 so that the sheet 22
tvipay iBesfof pwd casgiprge Fod MAIDGSRRBCRAFSSEIraiPR §Ygtems

the counter roller 32 and the carrier belt 31. It is
7Inctredethed @ mBNUabbpapeen f dedepanftéR) mue Howlemented in

i npl emented on the upper side of the dual side
ofldrnttbnga PaRem beadruBtérdlhe states of nozzles of the
recording heads 14. The subsystems 71 may each include cap
members 72a, 72b, 72c, and 72d for capping the nozzles of the
recording heads 14, and a wiper blade 73 for wiping the nozzle
surfaces, for example.

The cap member 72a that is closest to the printing region
may be connected to a tube pump (not shown) corresponding to
absorption means. The other cap members 72b, 72c¢c, and 72d may
not be connected to tube pumps. In this case, the cap member
72a corresponds to a restoration and moisture retention cap,
and the other cap members correspond to simple moisture
retention caps. Accordingly, when a restoration operation of
the recording heads 14 is performed, the recording head 14 that
is subjected to the restoration operation is selectively moved

to a position at which the recording head 14 may be capped by

the cap member 72a.
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As is shown in FIG3 , in the non-printing regions at
the two sides of the carriage 13,
woradosvessnce/ restorati on systens 71 (referred POI/aER2004/009051
"subsystem hereinafter) are inplenented in order to
mai ntain and restore the states of nozzles of the
recordi ng heads 14. The subsystens 71 may each i ncl ude
cap_nenber,s 72a, 72b, .72c, and 72d for. capping, the
nos IT e B Ak BEGTAT RERAETE HAY WSer B Sde
73 for wping the nozzle surfaces , for example . The
deggpihedrirantigurahieni ¢ dhestst2t Bt He RAPSE A§eF egidoh 2 1s
may be connected to a tube punp (not shown)
separatspandimgther abiserip i28n amdansd Ihe dtieepppapatus main
menbers 72b, 72c, and 72d may not be connected to tube

boBYMDS. THe tdheetC23 e, wHith GRRcREIPRird 2B @0 beAgones, tits
a restoration and noisture retention cap, and the

qu?hBET LG AP ITRIRAES2 60FS 8P |t Be S dBh S HPISIWEEr belt 31

retention caps. Accordingly, when a restoration

peration of the.recording heads .14 i.s. perfaorged,_the

an:&egé?d??}%n%eé:a& Oiglef h%% afnscgscﬁtﬂré'ce:?éd :t}ge tﬁ%lee e&'eg? oer%lt %eﬁl

operation is selectively noved to a position at whjch
guifed, B¥oflt fgurésl 9%y’ e aEQpBEBSg?gttr?e pSRERDRT Pl

72a.1n the inkjet recordi ng apparatus having the
3labovtbeseredrartec snPlginatdom 38 shebipa Xhe CRKEYpaGer

feed tray 2 is separated from other sheets 22 and fed
diimeict ibheo B pgar aheetna? nidhathanted Bheagtemtin@Zelwheh

nmoves upward upon being fed, is guided by the guide 25
ddgrce . hel d between the carrier belt 31

In such case, a control circuit (not shown) may control a
high voltage power source to alternate between applying a
positive output and a negative output to the charge roller 36;
that is, switching voltages are applied to the charge roller 36.
In this way, the carrier belt 31 may be charged according to
the switching charge voltage pattern. More specifically, the
carrier belt 31 may have positive and negative voltage charged
strips with predetermined widths alternatingly arranged with
respect to the rotating direction of the carrier belt 31,
namely, the sub scanning direction. When the sheet 22 is
supplied and placed on the carrier belt 31 that is
alternatingly charged with positive and negative voltages, the
sheet 22 may be adhered to the carrier belt 31. In this way,
the sheet 22 is carried in the sub scanning direction by the

rotation of the carrier belt 31.
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and the counter roller 32 and carried. The sheet 22 is
then guided by the carrier guide 33, and pressed to
w0 b@soessd er belt 31 by the pressure applyi ng PET/OR2864/009051
so that the carrying direction of the sheet 22 is
changed by approxi mately 90 degrees. In such case, a
control circuit (not shown) nmay control a high voltage
power. UTL.C al.ternate be e ' a,.positive
e o e N e e 3
.that is, switching voltages are lied to,the charge
SipBRLer el TORIET el P LEEPr FarThdite T2t fnyoeiin
charged according to the sw tching charge voltage
dipacteeh. Mk aaypeeidizdidngedt ke raeeidkrNgeinage hge on
have positive and negative voltage charged strips wth
thpr edet¢er2d ried awstdihs sidretrimat shgty, saaff@angetiivht bthe sheet
respect to the rotating direction of the carrier belt

2231s BaFRley foigasyb soaminG.dyr ectéomonihen the sheet
22 is supplied and placed on the carrier belt 31 that

i [ i.th Sitive ti
oo PhbELA (HUEDL gt o] BEPhb L B0 1oget | ¥on
t he sheet .22 is carri.ed_in

beL%'Bl' I this ma¥ i or siGfal iﬁé%%atin

reCGh ViR i TRFCGFBE L PO A T PoPURT o of StRBRCari i ting
belt 31.By driving _the recording heads 14 accordiqg t 0

thaja §he sSPYHEIS enghPEetid\iIRFT Re RaF rFsRfd s TR FRECrding
mai n scanning direction, ink may be discharged to _

regéonr, dtomerdqragiénti peeortidre isheadedp and ghet phpet 22 is
standi ng state, after which the sheet

delivered to the paper delivery tray 3.

During printing (recording) standby time, the carriage 13
is moved toward one of the sub systems 71, and the recording
heads 14 are capped by the cap members 72a~72d to retain the
dampness of the nozzles of the recording heads 14 and prevent
ink discharge problems due to the drying of ink. Also, a
restoration operation that is irrelevant to the recording may
be conducted before recording or during recording, for example,
in order to maintain stability in the ink discharge performance .
of the recording heads 14. It is noted that in conducting the
restoration operation in the present example, since the cap
member 72a corresponds to a cap with restoration functions
(e.g., suction functions), the recording head 14 subjected to
the restoration operation is moved to the position of this cap

member 72a to be capped by the cap member 72a.

In the following, referring to FIGS.4 through 10, detailed
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22 is carried forward (sub scanning direction) by a

predeterm ned di stance to record the next image |ine.
wQOp@s/008£i Vi ng a recording term nati on si gnal POT/JR2004/009051

signal indicating that the bottomend of the sheet 22

has reached the recording,fegion, the recording

operation is ended, and t%e sheet 22 |s delivered to

t he.paper deliver n in .
atPELBRE R s MRy P Sne ol ArBEETr e ap, agbodinent
toward one of the sub systens 71, and the recor di ng
ofh $h8sPIASeR'e ITNEPEUCRy kb 0D SHERDE r PPERATPSESt §Liquid
retain the danpness of the nozzles of the recording
SUPPANs apraamdigRsey ént wivhih divsbhsule tpnb bhashded dBpi emetiged .
drying of ink. Also, a restoration operation that is
I rreltevanshdvs taheectepocEing wiky be comshioirad béf anheink
recordi ng or during recording, for exanple, in order

ub%l?ﬁaﬁggf@t@ ARibirlyng Ned hfné RkpdlSeERF g€ Hrel FOLABRS &

e recordi ng heads™ 14. |s noted that in

pe“r%g%%ﬂzggvi&? fe%'ém‘ﬂgé‘ﬁé% t&ﬁﬂ é%%lgﬁ éx@ﬁ:ﬁ%ﬁ@&s

, _since the ¢ 722 Cort to a cap
.restorati functlons ction functlongl
ve

gu

2B a1 TR Bk STHOLTER e el TFo ot REOTESt SEREPOR
operation is noved to the position of this cap_nenbe

v IEp Off o CHBPRRRIPE By 2t fab canembéhatomay |Be tlﬁ@lemented in
following, referring to FIGS. 4 through 10,

tigetiakl eddesy ragnarenssas eofiBigh dofnd EUG. ¥ anIEIﬁcé’OEUMn@ a
to an enbodi nent of the present invention, and ink

sisppliywappatiat uses tehkqui e cuppihywappacabsssesctiibnal view

whi ch such sub tank may be i npl enent ed.

oﬁ the sub tank of FIG.7 cut across line A-A’. FIGS.9A~9C
illustrate exemplary configurations of a film member used in
the sub tank of FIG.7. FIG.10 shows an enlarged view of an air
flow path portion of the sub tank 15 of FIG.7. It is noted
that the hatchings in FIGS.7, 8, and 10 are for facilitating
recognition of the air flow path, and are not indications of
cross—sections.

The ink supply apparatus is accommodated in the carriage
13 as described above, and includes a sub tank 15 for supplying
ink to the recording heads 14, and a main tank (ink cartridge)
10 for supplying ink to the sub tank 15 via a supply tube 16.

The sub tank 15 includes a contailner main body (case) 101
that forms an ink accommodating portion 100, and a flexible

film member 102 that seals the opening of the ink accommodating

member 101. The film member 102 may be attached to the ink
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FIG 4 shows a perspective view of conponents of an
i nk supply apparatus according to one enbodi nent. FIG
WG 2@h00s8a perspective view of conponents of aPCT/81R004/009051
supply apparatus accordi ng to another enbodi nent. FIG
6 shows a perspective v%zg;ﬁ conmponents of a sub tank
15 that may be inpl enent In the ink supply
appar at yses of_ Fl 4 and FJ 5... FIG 7.shows si de
aCG\g)r?WQ?ftlflﬁem?ﬂBef anid tﬁ‘lr@ugg%%wga &r BTS%a}n%'ec Yonal
view of the sub tank of FIG 7 cut across line A-A.
ex@npis 9AXSE0I, | PUSPEHI® 1D3eip| RE§ceD AT YEERt LBAsCHie 401 and
filmmenber used in the sub tank of FIG 7 . FIG 10
thshdikn aremdrirail (2 dtwi Bwoef thr ailm frlewpegatil2povntwand ofand
the sub tank 15 of FIG 7 . It is noted that the
thhat 65 RGSInAsFEESa degative pREsd@rargereattiagi hhiwtiorg
recognition of the air flow path, and are not
gehggéfﬁ{%%%agiv‘ér8§§s 50l @BSponddI&d MheSURBbYying and
apparatus 1I's accommodated 1 n the carriage 13 as
d_de cribed %ﬁgye .and i ncludes a sub tank 15 for
LEEPPTIHIRY SR8 he recording heads 14, and a min
tank (ink cartridge) 10 for supplgin ink to the sub
{ ankna 5E iR BEEp P2 058 267S Theb SHbHS armofs S UFGES: O
a container main body (case) 101 that forns an_ink _
mogec prRbdaab Yy, por nibhl-1gyerardractieRi BFe 16 Lhinehpried 1in
102 that seals the opening of the ink acconmodati ng
FIeenbr+9d01l. rTheok i $imwenberasE0Zmughilod dheadhiéd mempee 102
i'nkaccom nodati ng nenber 100 t hrough bondi ng or

1 anel dizRgedf @6 EREP|L. ai1SAayarSRELNgtdeS tsapl fsedormed by
bet ween the case 101 and ‘

laminating a first layer 1021 and a second layer 102j. For

example, a polyethylene film and nylon film may be laminated.
FIG.9B shows a case in wﬁich a s'ilj_ca vapor deposition layer
102k is formed on the first layer 102i. FIG.9C shows a case in
which the silica vapor deposition layer 102k is formed between
the first layer 102i and the second layer 102j.

By arranging the film member 102 to be made of more than
one lag}er, wetting resistance with respect to the ink being.
accommodated and mechanical strength may be improved. For
example, in ‘;he case of FIG.9A, if a polyethylene film and a
nylon film are laminated to form the dual-layer film member,
polyethylene may be arranged on the side that comes into
contact with the ink. This 1s because polyethylene has good
wetting resistance characteristics and moisture permeability

but comparatively inferior air permeability, mechanical
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the filmnmenber 102 to force the fil mnenber 102

outward, and this corresponds to a negative pressure
w@emwsnateByng unit for generating negative presseCEII2004/009051

response to the supplying and discharging of Iiquid.

The film nmenber 102 nay_ngg a single layer structure,

or nore preferably, a nul - Iayer structure as is

|IIu rated_in 9A-9 shows a_cas
SHRRER (1 (FITHEDEY - 10808 Y AT T8 Raddiahabhin over
| ayer structure that is formed by lamnating a first
thpapetvapilensd fdl8ecthE rageresnyt theoPodysirpyecny may be
pol yet hyl ene filmand nylon filmnay be | am nat ed.
cofp&n 9B shdws.a case in which a silica vapor deposition
| ayer 102k is fornmed on the first layer 102i. FIG 9C
showgerd €@seri T Wherdert i@ osiild carreaped depastii@d a silica
| ayer 102k is forned between the first |ayer 102i and

va%gg 36500 921 as_BY @ld aghpges her fiddnomenber ric.oc,
02 to na e o more than one |ayer, wetting
stanc wWi.t h res th i,Ng t
o S5h5R 2RE, " SSRREB 16y BB K, 20RO pESRTTIA Sy o
|n the case of FIGO9A if a polyethylene f|In1and a
AMRYPBRIf i Imare |aninated to formthe dual- |ayer film

nmenber, pol yethyl ene nmay be arranged on the side that
cond§ At Botent Geat wikd tiecknees Phi $hies fBémameaber 102 is
pol yet hyl ene has good wetting resistance

preffarapl eristhiies sandngei s£ur@-EY eabi | When btiie thickness of
conparatively inferior air perneability,

tHEChaR ealdlhengih andodiexity | pty, Theisciby hayesd ngay be
a nylon filmover

susceptible to damage over time. when the thickness of the

film member 102 is over 100 um, flexibility of the film member

102 may be decreased, and efficient generation of the negative

pressure may be hindered.

It is also noted that the film member 102 has a raised or
protruding portion 102a that protrudes outward in response to
the force of the spring 103, and a reinforcement member 104 is
attached to the outer surface of this protrﬁding portion 102a .
to add strength to this portion 102a (see FIGS.6 and 8). By
forming the protruding portion 102a on the flexible film 102,
and arranging this portion to be pushed inward as the ink is
consumed, the capacity of the sub tank may be changed. In such
case, a corresponding portion of the flexible film member 102

may be molded into a convex shape so that the raised portion

102a may be easily formed.
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the polyethylene film the weakness of the

pol yet hyl ene may be conpensated for. Wen the film
woreebee06802 i s arranged to include a silica vapor/Jr2004/009051

deposition layer, as in the exanples of FIG 9B and .

FI G 9C, noisture and alr:%§rneablllty of the film

menber 102 may be i nprove is noted that the

L1 GE0GRS s 1EA ALl 0 TRV 107l PR PG

menber 102 is below 10 b m, the film menber
PrEESEEPLIPIE t8°dEhRpe B &e ﬁlﬁﬁlaﬁ\%rﬁqoﬁédtlﬁgck%e@%e of
the filmmenber 102 is over 100 /Jm flexibility of
deffhemétion menttbe 0P regrlise d68r daseahnemigdettpi eipprrt
generation of the negative pressure may be hindered.
polcttibfis al B0 thetedré hadsitiorfdd axnenbesidddthaseacass sEd .
or protruding portion 102a that protrudes outward in

Three_ﬁE?é“@fvé PrReut-er covof fdwe 18PELPEed ODwaddd the £ilm
rei nforcenent rrenber 104 is attached to the outer

;%ﬁg% %Ontét%ﬁ%lﬂ | on 18%%5%5% %—Oﬁ'@tlngt gdg?at JBs
t 102 h bl
FIFREG Sreary ﬁﬂ'a Hefive BaPER GRS (e JiGneRs the
|nvvard as the ink is consuned, the capacity of the sub
casgnkOfmy be changed. In such case, a corresponding

portion of the flexible filmnmenber 102 may be nol ded
i nt #ha casw el ishapéudes tdmtinkhéntapgectisoy tdagh portion 111

for supplying ink to the ink accommodating portion 100, and a
connection unit 112 may be detachably mounted onto the case 101
to connect the ink introduction path portion 111 to the supply
tube 16, which is connected to the ink cartridge (main tank) 10.
It is noted that a liguid transfer pump (liquid transfer
mechanism) is implemented between the ink cartridge 10 and the
sub tank 15 for pressurizing the ink to send this ink from the
ink cartridge 10 to the sub tank 15. A'detailed'description of
the liquid transfer pump is described later.

At the bottom portion of the case 101, a connecting member
113 for supplying ink to the recording heads 14 from the ink
accommodating portion 100 is provided. An ink path 114 for the
recording head 14 is formed at the connecting member 113, and a
filter 115 is placed between the ink accommodating portion 100
and the connecting member 113.

At the upper portion of the case 101, an air flow path 121
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102a may be easily fornmed. At the outer side of the

filmmenber 102 , a negative pressure |ever 106 that
woreapshoeocsi spl aced accordi ng to the def or nmati onP@F/Jr20e/009051

filmmenber 102 is connected to support portions 107

that are positioned at ong side of the case 101. The

negati ve pressure |ever is forced toward the film

nmenper. 102 contactin i de_by_neans of .a spri 1 .
of Ft S A e BoRh BTD ST RedR RESTERS oo Pt Tho s

| ever 106 and the case 101. The case 101 includes_an
provikdedht r dieceisni bt Pafdr dednindiudssy adupplLyaRee | Hiew eath

the i nk accommobdating portion 100, and a connection
pouhion 1122 rey whécll etracipemliypgnbantehanites tthetbasenk 01

to connect the ink introduction path portion 111 to.

actBamS&PRIngG ekeid®, 10 chd a eentbeiell flowt pethnkortion
cartridge (main tank) 10. It is noted that a liquid

12§r?9§f§¥réHJq%e%Eiqé%égg'ﬁya%fEEtHE§$Eﬂﬂdﬂﬂb kfat continueé

I mpl ement ed ween the ink cartridge 10 and the sub

tank. 15 for pressurizi the.ink;30 s qagg#s b ok
£ aitMi21
frPﬁ‘elé]i‘%ke%*arrat”r".edégo“ldﬁt’%gﬁ%’é-‘%éﬁg %ank %gl ) de;Lal Igeo‘fg{n
_description of the liquid transfer I.§ described
is| gpBReChRd (40 B0 P BRI, O S Fa%e*?@ar%elﬁo??mgldeg at the
connecting nmenber 113 for supplying ink to the
dompetreimgsitEads thefean tI0d /i ARAaEE R AONRGCHBR t FO PR
100 is provided. An ink path 114 for the recording
acheadlidion dortied a6 ttimicdsnett angowenimesitisn, tha whe
filter 115 is placed between the ink acconmobdati ng
athRspbheRid Oklease hole 131.

The atmospheric release hole 131 includes an atmospheric
release valve mechanism 132 corresponding to a means for
switching the interior state of the sub tank 15 between a
sealed state to an atmospheric release state. The atmospheric
release valve mechanism 132 includes a holder 133 that
accommodates a valve seat 134, a ball 135 corresponding to a
valve, and a spring 136 that forces the ball 135 toward the
valve seat 134.

The accumulation portion 126 is for accumulating ink
entering the air flow path portion 121. When the recording
apparatus implementing the sub tank 15 is tilted or shaken, for
example, it is highly likely that the ink will enter into the
air flow path 121. Accordingly, by arranging the ink entering

into the air flow path 121 to be accumulated in the

accumulation portion 126, the ink may be prevented from
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and the connecting nmenber 113. At the upper portion of
the case 101, an air flow path 121for discharging air

w0 p@s00dse4 | nk accommodati ng portion 100 i s proRCHERR004/009051
The air flow path 121 includes an entrance fl ow path
portion 122 of which an opening is connected to the
i nk accommobdati ng portion 100, and a conti nued fl ow

_portion, 12 ferred_t ' S I p
er BB b At Sl hae® rofe i I 33t O Dt

ortion 122.  The air flow path 121 i onnected to _.an
a ?ﬁEEﬁﬁﬁﬁiQ?l?@F%dgg“ﬁbW@chﬁlEWoﬁiﬁéiﬁgtOpﬁgs Snd ©18hes

downst ream si de of the case 101, and is al so connected
thig hmladdimsbatheh pottlicss 1r6theaarsmtirnacf oes
position than the atnospheric rel ease hole 131. The
atabspiseiier ireleekeas®El vwiechdhismncl 32 esmyvaveab Mo Sedxd reven
rel ease val ve nechani sm 132 corresponding to a neans
whEfl 1S g&hitigtbBeih i efHeOk 18t @l 6w abatha 23ukhtAnkhd 5
between a seal ed state to an atnospheric rel ease

T; j Lea ~hani d32n
Pl fins s RePRey I A R R e
134, .a ball 135 coryespondin o_a.valyve, and_a spri
T36MHRAC YRS o HeL Bt Leboald T S piaBed i Mhe
134. The accunul ation portion 126 is for accupulatin
UpPRK BHERr¢ngheneaaf ritl dwipsehepbiy dhel e WignppEc of
recordi ng apparatus inplementing the sub tank 15 is
gasi witdinrtishaientatbriexarmpireachedi s prigpabprmiredylevel.
that the ink will enter into the
The amount of gas may be detected based on a change occurring

in the conduction state between the detection electrodes 141
and 142 depending on whether both of the detection electrodes
141 and 142 are in contact with the ink in the sub tank 15 or

at least one of the detection electrodes 141 or 142 does not

‘reach the liquid level of the ink.

In the ink supply apparatus of FIG.4, a negative pressure
pin 151 and an atmospheric release pin 153 are movably arranged
with respect to the sub tank 15. The negative pressure pin 151
is forced to a non-operation state by an elastic member
(spring) 152 and is used for applying pressure to an end
portion 106a of the negative pressure lever 106 of the sub tank
15 to operate the negative pressure lever 106. The atmospheric
release pin 153 is used for forcing the ball 135 of the
atmospheric release mechanism 132 against the spring 136 to

release air into the atmosphere.
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air flow path 121. Accordingly, by arranging the ink
entering into the air flow path 121 to be accunul ated

w0 poosheregccunul ati on portion 126, the ink nay PET/JP2004/009051
prevented fromentering into the atnospheric rel ease
hol e 131 and the atnnsphg{%c rel ease val ve mechani sm
132 that opens and cl ose his hole 131 so that

pro Iens t he eration of.the atnospheric.release

val T A ﬁ%msnde%%ﬂab

penetrates into the air flow path 121 when th
copphaVER O s theoPPERILIHF PEGSFYES t FafRip dilPalit oﬁhe g tank

exanpl e. Al so, detection electrodes 141 and 142 are
15phacepemrtdchegappet Siaepsfinght03 dxe m@hsf of det exgdatgve

whet her the anobunt of gas within the sub tank 15 has

pregathedhn rrdekadmmethisevehte Thehanmnti sobugabidmyto the
be detected based on a change occurring in the

suﬁoggﬂfeti@n frateyhetyean thgadetectii Bleeatiagdesyd4l
142 dependi ng on mhether both of the detection

Iectrodes 1 re c
re?ﬁgsgﬁb S an %igﬁor a kgasfagﬁeﬁg*ﬁ§%1iﬁ etec?gs]ul;']l?;edq:O
el ectrodes 141 or 142 does n rea h the liquid
1tst of ke k. F9TH e HHAICRUPH 355pﬁa athfs GP3 %f“ého ihe sub
negative pressure pin 151 and an at nospheric release
tapkn1358ink eaqnsrapPyting argddon LA0} ekpediensdyt hrcsiased-
tank 15. The negative pressure pin 151 is forced to a
Hearetsn , Operlatémmeostthteatyospheglias reteasaberl vies percheg) i 2 32
and is used for applying pressure to an end portion
clla@@@ of ﬁé@aﬁ%b&é@s@f@&&#’ ®el geperdO6d afithie 8hd ink

t ank
accommodating portion 100.

The atmospheric release hole 131 may be opened by forcing
the ball 135 of the atmospheric release valve mechanism 132 by
means of the atmospheric release pin 153, and ink may be
supplied to the ink accommodating portion 100 in this state so
that the air in the ink accommodating portion 100 may be
discharged via the air flow path 121 and out of the atmospheric
release hole 131.

In the ink supply apparatus of FIG.5, the negative
pressure pin 151 and the spring 152 for forcing the negative
pressure lever 106 are not used, and the negative pressure
lever 106 may be used to detect the replenishing state of ink.
In this case, the end portion 106a of the negative pressure

lever 106 may correspond to a simple detection end having a

sensor (not shown). Since the negative pressure lever 106 may
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15 to operate the negative pressure | ever 106. The

at nospheric release pin 153 is used for forcing the
wh2005/000884 of t he at nmospheric rel ease mechani snPAB2P2004/009051

agai nst the spring 136 to release air into the :

atnosphere. In an ink supply apparatus having the above

- described configuration, the negative pressure |ever

106 of the sub tank 15 is operated agains e i n

belgj§88§7a ingc%?r Y n a%??/eg‘ff ]%I%autrlgmpioné 157 J%ajgfd“ ilﬁember
this state, the ink is supplied to the sub _tank 15,

1027 t RS c Frhen 2RaghtY vaanees 8fir ENPevd? ek jlo, the amount
rel eased so that the flexible filmnenber 102 is

ofr @stkorigd the i s8bortegkndh freymisy déeesind ngy 168tegidng the
the capacity of the sub tank 15 (ink accommodati ng

poPOtid®oAQd) drsl tdwereby 064 easethe Hes@itivebypriceepraglever
t he atnospheric rel ease val ve nechani sm 132 cl osed, a

jpRegative pressure may be generated within the ink
accommodat i ng portion 100. The atnospheric rel ease

hol . f ' , | .
1o e T 500 g L e oo L3 o o

ani sm y nmeans o

t he ]ﬁm) pheric release pin 153 , and i%%ma b
paH}pb? e%gt%“et [FE0; HRMac ﬁ%@&??ﬂgwb{:l? th rff)%ei ﬁoth}ﬁes'lo’

state so that the air in the ink accommopdating portion

100GHas™ beadi oraledidilevedecdi t0k| v {hd k21 and

out of the atnospheric release hole 131. In the ink
acsoppbyaappanatusoof 16 Gt B stehdshebhtdtatepdesste® i n

151 and the spring 152 for forcing the negative
reference plane RF, the air flow path 121 is arranged such that
the flow path central axis of the entrance flow path portion
122 is approximately perpendicular to the reference plane RF
(01 = 90° ), and the cross flow path portion 123 continuing
from the entrance flow path portion 122 extends in an upper
diagonal direction with respect to the reference plane RF (the
angle 02 formed by a plane parallel to the reference plane RF
and a bottom plane of the cross flow path portion 123 is
greater -than 0 degrees, i.e., 62 > 0" ).

In this case, since the entrance flow path portion 122 is
arranged to be approximately perpendicular to the ink liquid
level (reference plane RF), owing to the effects of surface
tension, ink may be prevented from entering the flow path. The
effects of surface tension are weakened with the increase in

the slanting of the flow path so that ink may easily enter the

flow path. However, it is noted that the ink liquid level
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pressure | ever 106 are not used, and the negative
pressure | ever 106 may be used to detect the

wo epbemieshi ng state of ink. In this case, the BCTJIP2004/009051
portion 106a of the negative pressure |ever 106 may
correspond to a sinple defection end having a sensor
(not shown) . Since the negative pressure |l ever 106

maybe_ di spl ac accordin o the deformati.on of ..the
LR A1 6° Al iehen bt o BRRtOR Of T

sub tank 15, the anount of ink in the sub tank 15 may
capgieng dé-e@nBylHet @A FOBRELHBSHR | BIHPILTEAY eEevent the

portion 106a of the negative pressure |ever 106. In
inkhérdmoldrowirngy theleflow edtlesven prlian the ehsraiee filow

path 121 of the sub tank 15 is given with reference to
pathGodfh.orGivenits hatrdfed itgubd pemedndifculak ko tie ink

accomodating portion 100 at a standstill state

re§§98&§§§ﬁa5%fRF?nCﬁﬁidfv“iﬂQEsa%PQfé%ébﬂé QWaRatHe 1l dasice

arranged such that the flow path central axis of the

SRt HRAs % W %E PRI Ld10T 182,152 | %ekﬂ t of
xS0 BENESE) S PAHIRRRIA NI, 1620 e AHAL GHATRE g . «
. and the craoss flow path portion 123 continuing from
inknEREREREhEer FORY patH porti on 122 extends in an upper

di agonal direction with respect to the reference pl ane

RF BY herzangiiegqgthef erped Bpvwarpthnk2dacitiiening fHen the

reference plane RF and a bottom plane of the cross
enftirancpat tTow grtthopot28on slAfr éat exterdain Grdegpressdiagonal

i.e., g2 >0) . Inthis case, since the entrance
difreews patwi PPoieispBct 220 i Ghe reference plane RF, ink may be
prevented from entering into the cross flow path 123 even when
the ink enters the entrance flow path portion 122 due to
fluctuation of the ink liquid level caused by vibration of the
sub tank 15 and/or the capillary effect, for example. Further,
even when the ink enters the cross flow path 123, the ink tends
to flow back toward the entrance flow path portion 122 owing to
its own weight.

In this way, the entering of ink into the air flow path

121 may be reduced, and ink entering the air flow path 121 may
be prevented from reaching the atmospheric release valve
mechanism 132, sticking to the ball 135 and the valve seat 134,
and debilitating the sealing function of the valve mechanism
132, for example.

With regard to the entrance flow path portion 122 and the

cross flow path portion 123, when the angle 01 formed by
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arranged to be approxi mately perpendicular to the ink
liquid level (reference plane RF) , owing to the

webdosoowsof surface tension, ink may be prevenP@dIf2001009051
entering the flow path. The effects of surface tension
are weakened with the inggggse in the slanting of the
flow path so that ink may easily enter the fl ow path.
However .. it is.noted.th he ink liquid

PR FLIL AL Bhehi thela bRyl SRERENE bhp (1 SESRRRRG
of the carriage 13, and it is not possible to

PlegwpREL 5 y9G RESE helveik Fhadmteat areHRy FHFEed BY Bhen
even when the entrance flow path portion 122 is

crarssafiged patibeogdipand2durarh tresphetr &b eftencatyhrane flow
RF. Still, it is preferable that the entrance flow

padat bok22okel perigeadhedbarad nogr der® t0 mwegduergdie . when
amount of ink entering the flow path. By arranging the

tkg% %ﬁx%l%' @V &%Eﬁsézﬁy% | 29 BT PTG ';t%ﬁg&;%%‘&?&fiﬂ” with

porti'on 122 to extend in an uppe ona

i ti i t t .ef RE, |nk

dbg Gl LN L0 33088 of oL el SEECOAL AP el
ath 123 even when ¢ he HH( epters ot he entrance fl ow

(dg%tﬁ FortirohP@27 due )t & 4 ActuatibnTof® t he "WheD £eidrale

| evel caused by vibration of the sub tank 15 and/or

O fih&ormpd | barheehbrance of Llaw aashepoFurathd2? svsh whewect
the ink enters the cross flow path 123, the ink Eends

td ocHd awfbackcd @iame REeientésnamahl 60 gadieqrorioon 182 ),
owng toits own weight. In this way, the entering of
(367K -i B0t ke o r<f (1@ pat B° ).

To obtain the effects of gravitational fall of the ink,
the angle 03 may be set to 03 = 180° , for example, according
to the above conditions. In other words, the entrance flow
path portion 122 may be arranged to extend upward instead of
arranging the cross flow path portion 123; however, in such
case, the atmospheric release valve mechanism 132 has to be
placed above the sub tank 15, and this configuration may be a
detriment to miniaturizing the sub tank 15 and the mechanism
for releasing air therefrom.

Accordingly, the angle formed by the cross flow path
portion 123 and the entrance flow path portion 122 is
preferably arranged to be close to 90 degrees (63 <180° ) so
that the ink supply path (portion connected to the supply tube

16) and the atmospheric release valve mechanism 132 may be

arranged at different sides of the sub tank 15, and the size of
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121 may be reduced, and ink entering the air flow path
121 may be prevented from reachi ng the atnospheric

w0 edosasmwsd/al ve mechani sm 132, sticking to the Pel/jP20@6009051
and the valve seat 134, and debilitating the sealing
function of the valve nechanism 132, for exanple. Wth
regard to the entrance flow path portion 122 and the

th%fggg flaw %%ygg%tiéﬁhég%s, when the angle q | forned

yentrance h- on 122 with respect to the

reference plane RF is 90 degrees, given that t angl
f or a8 by EKD 1EVBLsOT | T paeRopEbt Pk ST oRCEn L RL D
3

to the entrance flow path portion 122 is denoted as
portdon<1z2 agthe whenfidwe ratyl 2§ flrgrurseshyithethe

entrance flow path portion 122 wth respect to the
morefrenence fHearmerRrags 1Essrichahe98byegrleds E86ne t9 ,enter

(90 + a) <03 (180 +a). Wen the angle 0 1 forned

thly ehbeaged r@%ﬁ?atﬁv%@ﬁﬂbrpqrztzi.onAéaardelyr,ew@cieﬁcgth of
the reference plane RF is | ess than 90 degrees (90 + b

th)e e(’x%gaflcé 3fl)ow<ipg?:§l ﬁ)é%‘t?lqir}"] 11%.2 é,sT?ﬁQPéﬁlﬂﬁg[ %ggeg) egts

of gravitationa e in e ang nmay be

set. to. g 3 = 18 or exanpl.e, .accor di to_the abo
LeEGHH EREhesY Fivtorhbr v UBR AR BT et ArS P SRRRGE nE To

portion 122 nay be arranged to_extend upward i nstead

Padh RPEARGR ntPd O BPBYE I tVFUFANRTportEP ol el PFOSRohk®Path

in such case, the atnospheric rel ease val ve nechani sm
pok32ohag28o b plhisedanboek tendegihat bivk ag-rangedfiew spath
configuration may be a
portion 122 due to movement of the carriage 13 may be prevented
from reaching the cross flow path portion 123.

According to testing results, by arranging the path length
of the entrance flow path portion 122 to be at least 2.5 mm,
ink may be prevented from entering the cross flow path portion
123 when the liquid level fluctuates due to the scanning
operation of the carriage 13.

The capillary effect becomes stronger as the diameter
(width) of a hole pulling up liquid is reduced, and once liquid .
enters the hole, the liquid may not easily flow back and out of
the hole due to the generation of surface tension. Thus, if
the openingvof the entrance flow path portion 122 at the ink
accommodating portion 100 side is narrow, ink may be pulled up
into the entrance flow path portion 122 just by coming into

contact with the opening of the entrance flow path portion 122

even when the ink liquid level is not fluctuating. In such
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detrinent to mniaturizing the sub tank 15 and the
mechani smfor releasing air therefrom Accordingly,

wao b@saogBe forned by the cross flow path portiPCI/2804/009051
and the entrance flow path portion 122 is preferably
arranged to be cl ose to_gg}gegrees (03 < 180 ) so that
the ink supply path (portlon connected to the supply

and _the at her i v

cab S35 ot o SHPPaNRatT A i or el Tl SOt S el iRt

15, and the size ofthe sub tank 15 may reduced._.The

cup | boi TP, Ghei HRK ATGEELg The BHRF SRCE PRBW AoV
portion 122 of the air flow path 121 fluctuates with
batheambvanewt ghet fkowaathage 13 , and thereby ink is
prone to enter the entrance flow path portion 122.
Ac cBy thangtawinbhehé efiptvh paftht, hehentasandd If maw pat h
portion 122 is preferably set to a length that may not

migh b oWri fdg enter iA%ai Add henpBheancerdd awopaphtpaidy o
122 to penetrate further into the cross flow path

na ?B&é& c%t%g J1. Sh th' RKeCRLEL i G- 4HeneRE! ARG s

OMIpa ortion to novenent of the carrlage

eve d fro r ch| e .Crgs ath
5B B P b K08 PRy ?% FRE THG veL S Lopg e
arrangi ng the path | ength of the entrance ro 3
PIgSPRF ofPines the the PRERAWES L5 PRET1PMIC ey epé 10 fakn is
prevented fromentering the cross flow path portion
art28getiero tirevd iaquildthevell fimucbust E8e dieentigat Ré the
scanni ng operation of the carriage 13 .
entrance flow path portion 122 is arranged to be wider.

According to testing results, a width of 3 mm is the point at
which the capillary effect and the surface tension may be
avoided. Thus, in the present embodiment, the opening of the
entrance flow path portion 122 is arranged to have a width of
3.5 mm. However, the present invention is not limited to this
embodiment, and the opening at the sub tank 15 may be arranged
to have any width as long as the capillary effeet and the
surface tension may be avoided.

In the present embodiment, the cross section area of the
opening of the entrance flow path portion 122 is arranged to be
greater than the cross section area of the continuing cross
section flow path portion 123. Thereby, the cross flow path
portion 123 may be narrowed while the entrance flow path
portion 122 is arranged so that the capillary effect and the

surface tension may be avoided.
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The capillary effect becomes stronger as the dianeter
(wdth) of a hole pulling up liquid is reduced, and
w@rwse/obieswi d enters the hole, the liquid my nRCT/@2004/009051
fl ow back and out of the hole due to the generation of
surface tension. Thus, if,the opening of the entrance

flow path portion 122 at_?“t e ink accommodati ng portion
100 side is_narrow, ink_may be lled up into the N
enCVAITE FObMBUEH o Pometsolf L SBBRRNGE (T ¢ Liouid
contact with the opening of the entrance flow path
copbainem arZRreyed Wheanatheri arLPAHIRT [Ody &hej Bremnt
fluctuating. In suchcase or in a case where the ink
incenplet elsy desteilsed heitf owfpathcelus tEIGShaki higroudie 14.
ink entering the flow path may not fl ow back and out
of #he 11 ewopat B. s BYe RAIOWENGhE heud ltamkpath, of hensase
101 may be miniaturized, and in a resin conponent, the

prib oYt PRI STy Re ?%Fﬂ“’%@lo@g"\@nt@nﬂa%}ﬂd W b e .
eration to

CONSI d t actors such as nol d degradation. As

for the suh.tank_15 of th esgnt i.aen t

F10%, PR sROXBEdPﬁ 8h glf‘et%éeb ?cra% ggt hofwrlgﬁggth%?hsa{lvogs e
a wdth of 1 mm_ but the openi ng of the entrance f] ow

PeFEPACHBTR (GiEWL2S FReAtadded PaTheLN e ABGof nJg‘]‘ tSgrows
testing results , a wdth of 3 nmis the point at

a whbeh-séeticapill Vaey ef fidut admdflpe BT REetieRsPHnthfmypuP
be avoi ded. Thus, in the present enbodi nent, the

ta@ReDb ngo Hfricha leptitaaceodd dwnpaBhBportion 122 is
arranged to have a wwdth of 3.5 nm However, the

presgntnd NUBNH0M 18’ Not dHdrigredeh® &fb&diment, an air flow

path 121’ is formed at a case 101’, and a Wall 127 that blocks
the air flow path 121’ midway is formed so that the air flow
path 121’ may be divided into trench 12la and trench 121b. The
air flow path 121’ also includes a through hole 128 that is
formed at the wall 127 to connect the trenches 12la and 121b.
The side wall of the through hole 128 is arranged to be
discontinuous from the side wall of the trench 12la as is
illustrated in FIG.14.

According to the present embodiment, a trench is formed at
the case 101’ as the air flow path 1217, and a flexible film
member 102 is attached to the case 101 to seal the open side of
the trench. Thus, the flexible film member 102 forms side
walls of the trenches 121a and 121b. However, the film member
102 does not form a side wall at the portion where the wall 127

is formed, namely, at the through hole 128. In a configuration
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enbodi nent, and the opening at the sub tank 15 may be
arranged to have any wwdth as long as the capillary
webdosooosand t he surface tension may be avoi dedPCT/aP206009051
present enbodi nent, the cross section area of the
openi ng of the entrance_fhgm;path portion 122 is
arranged to be greater tﬁ n the cross section area of
t he canti nui cross section flow_path_portio 2
herifo P By LM TR0 S o oty FERIPHpGDt FBAT 13 1ig e oF 20
narrowed while the entrance flow path portion 122 is
aimrfilamgpathe iHamayh@cagprataripter et 2a4hdt1a7e Re(Hf aéend
tension nay be avoided.ln the followi ng, a sub tank
sidd'waddr pespoms Rif ttheaali i giiav garthaehevhaek orldi g lmo
anot her enbodi rent of the present invention is

mefiRSciznhbednh thed@f errenesntied FIES s biihbraughihded EbGthe
11 shows a side view of the sub tank 15' of the

i JeG 142 +eBhBb @SR eWnaf ai
Cag%lel}?&t fe?ggvegé?ﬁﬂ}oegrtiénl%ft%?%?%ﬁt ank 15" of FIG o

11, E 6?9&3 shows a pe ective,vie 9&-5He ﬁg{ 43&@“not
fl‘ﬁ)"&tﬁ?%b font® a%]araﬁg%dﬁ SHOWESE & 6SEM e H Ohal’Vi ew

of the air flow path portion of th sug ank ' af
hayp @ siflechplackoseed iRve the BLim II??“?}% 4p $AnK %S 1

the present enbodiment, an air flow path 121' is
enferim due fochbe daritllagwdeffopt Imat2 Per RAPCEPSCIARS he

air flowpath 121' mdway is forned so that the air
hifderedatdoml 2htenhyg behaiarindsghemto taleask hola bhld

trench 121b. The air flow path 121" al so includes a

t hr Mg @8 1448nghatnd Sbove mechanism is described in
detail. Referring to FIGS.15 and 16, ink Ia is easily conveyed
along corner portions formed by the film member 102 and the
case 101’ owing to the capillary effect, and as a result, the
ink Ia may penetrate into the air flow path 121’ along the
corner portions to reach the atmospheric release hole 131.

Accordingly, as is shown in FIG.17, the air flow path 121’
is arranged to include the through hole 128 at which the film
member 102 does not form a side wall so that even when the ink
Ia penetrates into the air flow path 121° owing to the
capillary effect, the penetration of ink may be stopped at the
wall 127 configuring the through hole 128, and the ink may be
prevented from penetrating further into the air flow path 121'.
In the present embodiment, the wall 127 is arranged so

that the through hole 128 may be positioned away from portions

at which the capillary effect is likely to occur, namely, the
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fornmed at the wall 127 to connect the trenches 121a

and 121b. The side wall of the through hole 128 is
w@eeodngess t 0 be di scontinuous fromthe side wabdT/aif2004/189051

trench 121a as is iIIustrated in FIG 14. According to

t he present enbodi nent, rench is forned at the case

101" as the air f|OM/path 21', and a flexible fllm

ne 102 i,s _att ed t.o the case t I
cfETREL 105,05 8L PCR0 10, e, ofe, 10t gl o e i1
menber 102 forns side walls of the trenches 12la and
meybep. Lipvanderchet RECRER mardHoer 12852 doddshsesfotfla In
side wall at the portion where the wall 127 is forned,
thianehy, fdte ting ehteuihy Holte 1R8. trench 121la side may be
configurationwhere a filmnenber seals a trench to
pre@eftad Sttt Wahktoht oy aintd kow pRtbugh Molwny 28 .
penetrate into the air flow path along side wall

por rhensud dikgedbt &Fowndatoatnwhbrd the ifsi kay pephery

and the trench are bonded, this being attributed to

é%% 08%}?' x ar%ﬁﬁglf 5128 ﬂ—é“?{agf))é'ffigtﬂ?&grbel%%t

arr f rrange

i nclude a portion that does nqt .have a_si de._wa
DRGEAEELBY he i RHETEREIE FEP A3 o ChaeE T Wreﬁegﬁwﬁa i

to the capillary effect nmay be bl ocked, and hi ndered
thisoprent ekl @avheaat hosphieas dheeltbagedhdide1328 FAcR he

foll owi ng, the above nmechanismis described in detai
viRefsgi oh ngedwrshl GShetBbmndtls dilemetea and eagidtjp of the

conveyed al ong corner portions forned by the film

tHAyHEr hd02 Byl drkepeaserddlly aMBgetiosd hehaapinkl dogs not
effect, and as a result, the

pass through the through hole 128 when fluctuation of the

ligquid level occurs during a scanning operation.

According to testing results, the penetration of ink into
the through hole 128 due to vibration may be substantially
prevented by arranging the diameter of the through hole 128 to
be no more than 3 mm. Also, according to testing results, the
ink penetration may not be sufficiently prevented when the
through hole 128 is shorter than 1 mm, and by arranging the
length of the through hole 128 to be at least 1 mm,‘ink may be
prevented from passing through the through hole 128 and
penetrating into the trench 121b at the downstream side.

Further, in the sub tank 15’ of the present embodiment, a
rib 129 is arranged at an entrance flow path portion 122’ of

the air flow path 121’ (see FIGS.12 and 13). Depending on the

diameter (width) of the entrance flow path portion 122', ink



10

15

20

25

ink la may penetrate into the air flow path 121" al ong
the corner portions to reach the atnospheric rel ease
wheios/0dss4 Accordingly, as is shown in FIG 17PCT/BR20@4/009051
flow path 121" is arranged to include the through hole
128 at which the filmnmenper 102 does not form a side
wal | so that even when the ink la penetrates into the

0WI1 to th r ff he
enBehitg 1 tp i e B8 bl gl | b
configuring the thro h hole 128, and the _ink nm
EIBFEVRTTY O GHF peHtFhtindg SPEERRe MAhfe Tt F&CY; PU |Vo%ﬁy
path 121'. In the present enbodi nment, the wall 127 is
eagilangehs dot harfade tdnsdegh héh eth@@nﬁéﬁnﬁeembodment
positioned away from portions at which the capillary
thef érttane |flkel yatlo meeiiion nacel ys dheedge kbnkave a
portions of the air flow path 121 formed by the film

dlﬁﬁ@@@f &PZ@andokhe & gNc RELL oAk Inska f 1t BatCaseread of
1'. In this way, the |nk enterlng into the trench

ac%ﬁﬂ@b%tfjfﬁ%rgﬁf%"%ﬁv-@@t r Qe BCASE rf"H %er aLe ion

en t di armet er of roug

28 i veI ar ge, A
cooPraet: ol bRk - thel ﬁé?&iﬁﬁﬂn AT l&l@iym el Fing
capillary effect; homever in this case, ink
theagitPylahtisr thgeviaiatigh Holtde1 oBeniRA 4 Pst PB%rance flow
occurs. Thereby, the dianmeter and | ength of the
patchr paghidm| 22128 the espr&fan dlgnpiadj vay deb dwokient amk the
does not pass through the through hole 128 when
tifdeUgtgatren ffr the Lhguid davemagcbearsedlirddng a

scanni ng operati on.

Generally, liguid that enters a narrow path with a small
diameter tends to accumulate in the path and is less likely to
fall even when the liquid is detached from the liquid level.
This is due to the effects of surface tension, but when an
outside element comes into contact with the portion at which
this surface tension is in effegt, the surface tension can be
broken, to thereby cause the ink in the path to fall.
Accordingly, the sub tank 15’ of the present embodiment
implements the rib 129, which comes into contact with the ink
surface formed close to the opening of the entrance flow path
portion 122 where surface tension is in effect. The rib 129
may have any configuration as long as it comes into contact
with ink forming a membrane-like surface owing to the effects

of surface tension.

In the following, the accumulation portion 126 is
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According to testing results , the penetration of ink

into the through hole 128 due to vibration may be
waasvenssd al |y prevented by arrangi ng the di aneCEIP2064/009051

the through hole 128 to be no nore than 3 mm Al so,

according to testing resylds, the ink penetration may

not be sufficiently prevented mhen the through hole

128..i s, short rd . angi h
a=BFP LS TR SR hol LI5S R | Shot EoR Y *koe”c%
be prevented fron1pa33|ng through the thro gg hol e 1
praﬁ%in’beﬁﬁ%'—toﬂéfnﬁﬁ*g'r |Pﬁ%ﬁ%°ﬂ?éﬁéﬁeﬂ%‘?§satar€hg STt r°§
side. Further, in the sub tank 15" of the present
toentdetermnd, cantrol 1otk ipengtrahyer rtarrhentiBnEkow Pewh
path portion 122' of the air flow path 121' (see FIGS.
1212, arbvisdj)er., Bapenthagrcanriiiag dappeetarus( wisdth)ted drhe
entrance flow path portion 122', inkentering into the

sh&RER ange fd ewghay h;?cpé%f fd1@n £322¢ h&uenit Qelettebdadh ofd dccur
the [iquid ink sur ace may not flow out very easily

inoﬁ%fgetéf é&fﬁgagg on. In the present enbodi nent,

entranc ow pat portion 122 ' is-arranged -to

have a dia er mm so. that_ i

(ol Fid A G B P RLaE: 75, PROtasyer oo Pipbioc that

time for the surface tension to break to thereb | et
paghes FREqudh thec EBFdly NP lehy2B1 aRT Pt aeh 112’90 i e

the vicinity of the opening of the entrance flow path
trporhi bALY 2Ry, ackhemslafacdarensi onThexelhe IsveRenher ik

the tinme required for the ink to fall nmay be reduced.
peGenenats Yintd iieddbimat s erdzar poathanrofv at laiwi £hoa path

smal |
121’ dﬁe to dropping or falling of the recording apparatus upon
its transportation, for example, the ink may be prevented from
entering the atmospheric release hole 131 and the atmospheric
release valve mechanism 132 that opens and closes this release
hole 131.

In the following, detailed descriptions are given of the
liquid transfer mechanism for transferring ink from the ink
cartridge (main tank) 10 to the sub tank 15 with reference to
FIG.18.

The liquid transfer mechanism includes a piston pump 181.
The piston pump 181 includes a cylinder 182 and a piston 183.
The cylinder 182 is connected to one end of a hollow needle 190
of which the other end is inserted into an ink discharge outlet

portion of the ink cartridge (main tank) 10. The piston pump

181 also includes a connection portion 184 that connects the
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di aneter tends to accunulate in the path and is |ess
likely to fall even when the liquid is detached from

wa b@sibged d | evel . This is due to the effect SPCF/JP2004/009051
surface tension, but when an outside el ement cones
i nto contact mnth t he por&don at which this surface
tenS|on is in effect, the surface tension can be .

ken her use th nk in the path to fall.
suﬁB %r%ﬁ q§$ ggéu %ﬂﬁ?r1§850f the present
enbodlnent i mpl ements the rib 129, which conmes into
conFaR (PyitaR Lhe LakdgifemapackorRRdERI BL &Yt 6 FHE 169 that
openi ng of the entrance flow path portion 122 where
issuntegetashsiidh asworm effesdt 18Fhewhidh 120 dmayehaand any
configuration as long as it conmes into contact wth

roitBkedl OF 18 Y wdritGBAANES 7 Uyl kBeSubt@coroW Mg toitdenctor
effects of surface tension. In the follow ng, the

1g@ccunul ation portion 126 isdescribed in detail. In the
sub tank 15' according to the present embodi nent,

233923%% SO IPUEER. FLRck AR s IR SUNE, wren
1' . However, when the recordi t tilted
th&r PIRERREIR 18 FF gHPS PSSk Bi Eg@?ﬁ ‘?%303%??@5% st
penetration to occur in spite of such measures . The

geaesahaf a39 dhajoinkohn 198 ko Cav a0 0l G MY PRKIEHARD
passes through the through hole 128 and penetrates

initiot ¢heheyl iretwrh 1821 biaayheadoldoivaneedherldh thaketeby,

even when ink penetrates into the down stream portion
inglertbe ahfo fiHaWip&t Bartridge 10. The ink that enters the
cylinder 182 is then carried through the connection portion 184
and into the sub tank 15 via the supply tube 16, this being
realized by the pumping motion of the piston 183.

In the following, a control unit 280 of an imaging
apparatus according to an embodiment of the present invention
is described with reference to FIG.19.

The control unit 280 may include a CPU 281 that
administers overall control of the apparatus, programs that are .
executed by the CPU 281, a ROM 282 that stores fixed data, a
RAM 283 that temporarily holds data such as image data, a non-—
volatile memory (NVRAM) 284 for retaining data even when the
power of the apparatus is turned off, and an ASIC 285 that
conducts various signal processes on image data, image

processes for rearranging image data, and processing of other

input signals for controlling the apparatus, for example.
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121' due to dropping or falling of the recording
apparatus upon its transportation, for exanple, the

w0 ndosnenssbe prevented fromentering the atnospP@r/iR2004/009051
rel ease hole 131 and the atnospheric rel ease val ve
mechani sm 132 that opens and closes this rel ease hole
131. In the follow ng, detailed descriptions are given
of the liquid transfer mechanismfor transferring ..nk.
e ot Mo el bed TS s ChePaneain T rating Eh oY dimpid
15 with reference to FIG 18. The liquid transfer,

dipgleargs SMOURE aEdsan ghsoranipung a8t PHe IBESFBH-IRihp
181 includes a cylinder 182 and a piston 183. The

pecybimdey th82 ilsqubdndicichdrte emeusndaf aashetibie
needl e 190 of which the other end is inserted into an

dikBKa €l ghareenodhl edn pOslirpRi6h deuriink sedr thFdgration
(main tank) 10. The piston punp 181 al so includes a

' ort{Qn: n tdhe 16
P A B R B LT e

e E T R e L

ro I a a Worm-gear
187 by the rotation of a drive 186.

| not or In the .

drfivgti df QT SFSFLemetRabiS rhog® eésé?f*b‘@aoreabox?g,e WA Hie-tLe
pi ston punp 181 is operated, a negative pressure is

megener 28 ednasd stheze pRkameunthefi ARk caPRFWERE OT0CagR Enount
guided into the cylinder 182 via the holl ow needl e 190

oft Rak 11 the sub tank based on the above information, for

example.

The control unit 280 may also include an I/F 286 for
transmitting and receiving signals, a head drive control unit
287 and a head driver 288 for driving and controlling the
recording head 14, a main scanning motor drive unit 291 for
driving a main scanning motor 290, a sub scanning motor drive
unit 293 for driving a sub scanning motor 292, a subsystem
drive unit 294 for driving a motor 298 that drives a suction
pump for conducting the absorption operation from the suction
cap 72a of the subsystem 71, a sub tank drive unit 295 for
driving a drive unit 162 for opening the sub tank 15 to the
atmosphere, and an I/0 296 for inputting detection signals from
various sensors such as the detection electrodes 141 and 142 of
the sub tank 15, and possibly a full tank detection sensor 299
(i.e., in the embodiment of FIG.5).

The full tank detection sensor 299 may be placed at the



10

15

20

25

inserted into the ink cartridge 10 . The ink that

enters the cylinder 182 is then carried through the
w@emwaseate8on portion 184 and into the sub tank BGI/¥12804/009051

the supply tube 16, this being realized by the punping

notion of the piston 183;4ép the followi ng, a contro

unit 280 of an imagi ng apparatus according to an

nbodj nent. of the, present .invention i Linke '
eroPRF D 1o Pl che S BP6POhre OGS 1O i s
a CPU 281 that adm nisters overall control of th
tagkndpatds 15 glesGraRedwhth Ao cEgBESt By BiF RecPb BH3.5-
a ROM 282 that stores fixed data, a RAM 283 t hat
Thiee fpbt akdnly dedledsidat aemimh 289 margee crdapteg fondetect
volatile nmenory (NVRAM) 284 for retaining data even
whaht@Bsrt Hite pawk poafibhel afparatats ai prédeteachioftd, panttam.
ASI C 285 that conducts various signal processes on

AddREEnYE 2 wHSTREBPEAE 06508 10N s BALAGNAIIY lied@geth ink,
data, and processing of other input signals for

thCOthu'_:L?: chﬁg c{ .c1RBar ?&Hsc‘or f2@9 %9”8!—:‘ eug&? Me%égmﬂﬁé( and

store information pertaining to aliquid discharge

amynt . and an%%s r ?(i amount, or_ipformation_ .
SSBALalAERG=o P (FG0Fd i St HergEalBURY Tor S9REEHY 1 ¢

di scharge pattern and an absorpti on ampunt, and )

i nf GhEREPRR-PerdrditnAf 1o AL FREreFtef thets wPerahkons

15, for exanple. Alternatively, such information nay
pdreels 267 efiowi trputtangr end dispi@vinpoinésamptiion ite Phe

formof software. The non-volatile nenory 284 may
usiiGrzedaBy atis! rdppefraitok . consunpt i on or an anount

The control unit 280 receives print data at the I/F 286
from a host via a cable or a network. The host may correspond
to an information processing apparatus such as a personal
computer, an image reading apparatus such as an image scanner,
and an image capturing apparatus such as a digital camera, for
example.

The CPU 281 reads and analyzes print data stored in a
reception buffer of the I/F 286, administers the ASIC 285 to
conduct image processes and data rearrangement as necessary or
desired, and sends the image data to the head drive control
unit 287. It is noted that the generation of dot pattern data
for image output may be conducted by storing font data in the
ROM 282, or the image data may be arranged to be developed into

bit map data at a printer driver of the host and sent to the

control unit 280.
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of ink in the sub tank based on the above information,
for exanple. The control unit 280 may al so i nclude an

WO 20588884 or transmitting and receiving si gnal BCT/aPae®9051
drive control unit 287 and a head driver 288 for
driving and controlling lgg_recording head 14, a main
scanning nmotor drive unit 291 for driving a main
scapni ng_not.or. 290, _a s scanni ng rive unit
2630060 ST a e g ho b g U8 KEpilutehy
drive unjt 294 for driving a notor 298 that drives a

the, EeFRrtihfmpersr 1 & ofdeie tiatderRe dab3br pti M 8he 5t YoN

fromthe suction cap 72a of the subsystem 71, 'a sub
conginkl derie AR sYROBréwizal ithiendod BRiterngiatale? ¢re line

opening the sub tank 15 to the atnosphere, and an I/O
wiZBb6af elodcl@ilgnalg dedeséndn thlegmaksliimmdaai adsserial

sensors such as the detection el ectrodes 141 and 142

da@h thersdhdpnlariterangs possidbhraa drlte telerdet geit org7
sensor 299 (i.e., in the enbodinent of FIG5) . The

allsyl %eﬁé@ k%gl%tt% ! F%Qméf“&?!‘tr?eg%e%yd%v{} aGR( 2 t gt heend

portiron 106a © negati ve pressure [ever 6 of the

sub tank 1 585 i s described with reference to the
pﬁ§§§§e6W1¥$ BIN9The full tank detection sensor 299

may be adapted to detect whether the end portion 106a

i s Zheahpr@dBiisieniCRBET b i tort 8 7AREYr HRRHHIR awkeM (wich

sub tank 15 is being supplied with ink, the full tank
magetcectreopond nsorth2980May8 e Wedd stordetratiiaram dada of a

signal when the sub tank 15 is filled up to ful
dicideaGhiryform (drive signal), a waveform generating circuit
implementing a D/A converter that performs D/A conversion on
the data of the drive waveform that are read from the ROM, and
a drive waveform generating circuit implementing elements such
as an amplifier.

The head driver 288 may include, for example, a shift
register for inputting the clock signal from the head drive
control unit 287 and the serial data corresponding to the image
data, a latch circuit for latching a register value of the
shift register based on the latch signal from the head drive
control unit 287, a level conversion circuit (level shifter)
for changing the level of an output value of the latch circuit,
and an analog switch array (switching means) that is controlled
to be switched on/off by the level shifter. By conducting the

on/off control of the analog switch array, a desired drive

waveform that is included in the drive waveform data may be
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The control unit 280 is also connected to an
operations panel 297 for inputting and di spl ayi ng

w0 pdosoomsd on to be utilized by the apparatus .PJHEP2004/009051
control unit 280 receives print data at the I/F 286
froma host via a cable ofca networ k. The host may
correspond to an infornat|%n processi ng apparatus such

S a.personal. .c uter, ani e reading a ratus

s eh B PRnEe B Pl St o b SRR s 14 o
apparatus such as a digital canera, for exanple . The

drgme 2Bisre@fd- and anal yzes print data stored in a
reception buffer of the I/F 286, adm nisters the ASIC
285The €BWdIRY mayageapunoe egsesumndtdaf al i@sid amegemeption
as necessary or desired, and sends the inmage data to

byt RRUAtafg dehey engdatr 6F Uit 8ikopkt that notediitskabrbe from
generation of dot pattern data for inage output may be

tonRduet-ednbmsionisng tontndatadan therROM 2844 B%_s {:ﬂgrge

I mage data nmay be arranged to be devel oped 1nto

ar%r%}%td gtc?o i&ll?% Ipctrol %&\gr p£ J:l){aefe%eo.fpatttﬁgrﬁ 0L X ezie, n%:h% ﬁ%mount

€ contro on receiving I nage 0

line to ge ecorded by the recordin ead 14 %% t,
of gAnEHRe a%h‘?ul,dt‘ﬁéloﬁéﬁao ﬁ’g‘e C@GﬁPg‘Bgl it tained by

synchroni zes the dot pattern data of one line with a
cingdRds ichRanumegid ofe Al dhechasgigs: pagedyler o&r faprs)

data to the head driver 288. The head drive contro
famidack8paadtsmm sends a | atch signal to the head driver

288 at a

Specifically, when information pertaining to the discharge

amount and the absorption amount of liquid is stored beforehand,

the amount of ink consumption (V) may be calculated based on

formula (1) shown below.

Ink consumption V = X (discharge amount X number of

discharges) + Z (absorption amount X number of absorptions)

e (1)

The sub tank 15 being a plastic structure made up of a
flexible film member and an elastic member, it is quite
difficult to provide means for accurately detecting the amount
of liquid (ink) within the sub tank 15. Thus, by adding the
amount of ink consumed upon ink discharge that is obtained from
the ink discharge amount and the number of discharges, and the

amount of ink consumption upon the restoration operation
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predeterm ned timng. The head drive control unit 287

may i nclude a ROM (which may correspond to the ROM
WQ3Ryp/oodest stores pattern data of a drive wavePOr/am2004/009051

(drive signal) , a waveform generating circuit

I mpl ementing a DA conver&?r that perfornms DA

conversion on the data of "the drive waveformthat are

and Ve mavefor ener at
BB ERH M e tene L e Bt SOk R e B Paroasily
The head drlver 288 may include, for exanple shlft
anfle §ESPER t9loF QQ%ﬁﬁﬁﬁF%% t degy écﬁu§bﬁﬁuﬂffﬁﬁﬁﬁgﬁﬁgsh%%&ﬁt
drive control unit 287 and the serial data '
fogodebspuinting the thechasre ageuat ar| theelgorpgiionfanount,
| atching a register value of the shift register based

a protibet | @f cdh singnak fnom thevkead s drowels @l ekchinddse is
287, a level conversion circuit (level shifter) for

cadlangtag dh&d G¥eknohk B LDULRH o¥athe Wiodie sl akChbtained.
circuit, and an analog swtch array (swtching neans)

tSRIa#PI *Eh:c.: n&a{soé ! %d E?f@.}e%rgg&otﬁ_%h?ﬂ oﬂﬂﬁfénr%g(&% Iarﬁ&%t is

er y Sordict ing contr

erB S L A LA Ll ene

applied to the actuator of the recordlng head 14 to
cadeinkatian svandid o fThBe GRik XBE hayIRe Bt thfe CRFBERESHILY

l'iquid consunption by counting the nunber of |iquid
usdmgps tbeffibriendi sbhar geddtr dafohehard cralianglingato 14.

In this case, if the liquid discharge
parameter that reflects the ink discharge characteristics of
the heads. Specifically, the number of drops may be reduced
for a head that discharges a large-sized ink drop, and the
number of drops may be increased for a head that discharges a
small-sized ink drop, and thereby the differences between
apparatuses and the differences between the heads of each color
as may be reduced and an even image output may realized.

Also, in a case where information pertaining to an ink

discharge amount and ink absorption amount for each discharge

pattern is stored beforehand, the amount of ink consumption V

may be obtained according to formula (2) shown below.

Ink consumption V = X2 (specific pattern discharge amount X
number of specific pattern discharges) + 2 (absorption amount

X number of absorptions) 1 (2)
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anount according to the discharge pattern is stored,
t he anobunt of consuned |iquid (anobunt of ink

W@ o0vsHmps4 on) i s obtained by counting the nunbRCT/aif20041409051
di scharges made (nunber of drops) for each pattern.
Specifically, when infongﬁ%jon pertaining to the
di scharge anount and t he “absorption anount of |iquid
is stored beforehand, the anmount of ink_consu t%on
(V) Py BERLEY cF SEEAF IS8 Bh FErmA A LT Showntone
bel ow. Ink consunption V = édischarge anount nunber

pabteEns arar §esFrared Apfmrehren, aapiHPRuRBEEOTRLng tone
absorptions) " (1) The sub tank 15 being a plastic

prsbhtimg urdientde opnedimet fonerinbliet findymbeewbéprinad
elastic nmenber, it is quite difficult to provide neans

mufl QL p BEGY athel Yndedesdndviyel hRoanPuddtapffdd guedtéhdlgattern
MAt%In the sub tank 15. Thus, by addi ng the anmount of

py Pe @fu888u£%@é§%|%aEﬁﬁ thad dasbhai ned X QMyay,

the in I scharge anmount and the nunber of discharges,
and_t he nnun% of iIn ns tion n, #& r tion
mog e AT B abSsT BEPBR) CRGbRI CARbO GPT iy Be
consunption n%g be easily and accurately cal cul at ed. q
rephéncd FRIMRSGCIEOsERR IR RISt Thor FenPHgUtheé™
di scharge anmount or the absorption anmount, a product
thef nambermuhdischaagasndesr "ofl tiphhed. f dhesdl fessece s
cal cul ated after which a total sumof the products is
be@thtahntitk dbovehifornase, (I3 dintff épemgkai ()t Hdeisnkn the fact
di scharge anmount is
that in formula (1) a deviation is likely to occur depending on
frequency characteristics of the discharge, but in formula (2)
the deviation is already taken into account as data so that a
more accurate detection can be realized.

In the following, an ink supply operation of this imaging
apparatus with respect to the sub tank is described with
reference to FIGS.20~22.

In an ink supply apparatus of the imaging apparatus
according to the present embodiment, operations for supplying
ink to the sub tank 15 from the main tank 10 include an
atmospheric release supply operation of arranging the sub tank
15 to be in an atmospheric release state in supplying ink
thereto, and a normal supply operation that does not involve
the atmospheric release of the sub tank 15 in supplying ink

thereto.

FIG.20 is a flowchart illustrating the atmospheric release
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created between heads. Accordingly, it is preferable

that the cal cul ati on value of the ink di scharge anount
wheoosnewect ed by using a coefficient that is SBCT/JP2004/009051

bef orehand according to a paraneter that reflects the

i nk di scharge characterL%ths of the heads.

Specifically, the nunber of drops nay be reduced for a

head that . disch .a large-. siz i pk. : t he
SRR SE St Bps 1y B8 PREFSHEIN F B hoad thar 2

di scharges a small -, sized ink draqp,.. and éh reby the
OPHF A FT dhEed TBRIRRRI G FFarab iR 9 He SAFFf Bences

bet ween the heads of each col or as n%y be reduced and
atmespharid mageastitymiivermgchanismdd? Afs§hei aul Bade 15 is

where information pertaining to an ink discharge
op&ddNtthandbiy Nkerdisaips ithe ansidd dortieachfdikehaurgeank 15

pattern is stored beforehand, the anount of ink

toCRASHIRL QRmYsPRYr e laisBedtaes o(gliyng Waehotiall sl Zhnk
shown bel ow. I'nk consunption V = (specific pattern

15dh§0§§gﬁgﬁ %gUEH% hé}%,sgﬁg'fiiﬁlH@h&%&nlOZ is pushed
di schrarges) + absor ption "anount X nunber of

absorptiqns) '"(2)For_exanpl.e,, di schar noun t
ouSHEE g An T TR (RS e Be B Bihd e AP ana R

and upon performng tone printing, the ink consunption
thgnsapRCciey ofe tThBt anp Py IRUlEFEESTSH (HhE PARRATLY

di scharge anmobunt data for the tone pattern by the
preasrbee gF¥negedipnentes e¥panide)tone pattern. In this

way, nore accurate ink anount detection (calculation)

may 1hethgaldtaed  conparedHte ihkeceaseiddeer @atihetank) 10 is

di scharge anmount and
transferred to the sub tank 15 through the liquid transfer
mechanism (S2). After the ink supply is completed, the
atmospheric release valve mechanism 132 is closed so that the
inside portion of the sub tank 15 is shut off from the
atmosphere (S3). Then, a nozzle surface of a corresponding
recording head 14 is capped by the cap member 72a of the sub
system 71, and the motor 298 is driven so that an absorption
pump (not shown) is operated. In this ﬁay, a vacuum process is
performed on the nozzles of the recording heads 14 of the sub
tank 15 so that a predetermined amount of ink is absorbed
therefrom (S4). In turn; the film member 102 of the sub tank
15 is pushed- inward against the force of the spring 103 and the
capacity of the sub tank 15 is decreased (the negative pressure

generation unit is contracted) so that an initial negative

pressure is generated.
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the nunber of discharges are nmultiplied. The
di fference between the above fornmula (1) and fornul a
W@ 200sh00s84 i n the fact that in formula (1) a deRCEIF2004/009051
is likely to occur depending on frequency
characteristics of the d|5?charge, but in formula (2)
the deviation is already~faken into account as data so
a npre accurate detectjon can be al Izenﬁg‘i n %ﬂg

foITih@\H'nﬁ eaﬁu}%g%sef,eg’bkq%ﬁegﬁogf i 62y
apparatus with respect to the sub tank is descrlbed
rosi tipy efetbacdetartfioasendol®9a 9fy the PRRESLPHIRFEssure
apparatus of the inaging apparatus according to the
leypsesd® aedbstbrernthisopesationsifrmegpphyi(8g i nk to
the sub tank 15 fromthe main tank 10 i nclude an

at nps phehbg el eHRRS -2l PRIy s PRET Bt 119l cabeab Py Nepelreion
sub tank 15 to be in an atnospheric release state in

ma? %”%@ﬂ&ackeé égggﬁﬁﬂﬁ 2Rd+Ae NOFHERY [YRRhY+ OPEIAdRAures

oEs not involve the at nospheric rel ease of the

ta 1 n su k t i

s { SRR PRIt r g B S %@%ﬁél%%b?éfsé%ggﬁ% s 102
operation. In this operatlon the drive._uni

mappee AENCheNHRRDSHIFEMSE CBPeSRELNT 1 CP55Ys BB? h%?g%‘“hl

at nospheric rel ease val ve nechani sm 132 of the sub
preaskrd Sleveropehedhen Heveelpplr éatkrihgis PSPRS] Be the

portion of the sub tank 15 to .be in an atnospheric
athekgaste Sta&ﬁeafﬁeﬁ.t%mpahétgubftm si® itenbpéhetb t o

the atnosphere, the filmnenber 102 is pushed
reduced, ink may be transferred from the ink cartridge 10 to
the sub tank 15 through the liquid transfer mechanism. After
supplying the ink to the sub tank 15, the atmospheric release
valve mechanism 132 may be closed so that the inner portion of
the sub tank 15 may be shut off from the atmosphere, and by
releasing the pressure 6f the negative pressure lever 106, the
flexible film member 102 may be forced outward by the bias
force of the spring 103 so that a negative pressure is
generated within the sub tank 15.

By using the flexible film member 102 and the elastic
member (spring) 103 to generate a negative pressure within the
sub tank 15 as in the above examples, the negative pressure
generation mechanism may be simplified.

Tn the following, the normal supply operation is described.

In this operation, as is described above, the amount of ink

consumption V is detected (by counting the number of drops),
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outward by the recovery force of the spring 103, and
t hereby, the capacity of the sub tank 15 increases

W@ pdvs/oomesgat i ve pressure generation unit expandB)T/JP206u/009051
this state, ink in the ink cartridge (main tank) 10 is
transferred to the sub L3£§_15 t hrough the liquid
transfer nmechani sm (S2). ter the ink supply is

conpl eted, fhe atnospheric . ease val ve chani sm 132
anfWRPBSGIE S ERAEO (TP s e LpORLS CFO I o8 heraie 2

15 is shut off fromthe atnosphere (S3). Then, a .
prageEPELNAd deedi Hleokt dgpandrhEe? sEeiithg ABkdcatyigige

capped by the cap nenber 72a of the sub system 71, and
10t he tid osul®3Bnks1Arthvierugdo thieatinhntedosoigan meghpuhgn

(not shown) .is operated. In this way, a vacuum

wikhegesspésimerher sad €K he rozzhesatioddiereeeor dhag the
heads 14 of the sub tank 15 so that a predetermn ned

t ' i bsor g 1tiher ebr ( 4 gern, e
de%??%?n%ﬁ%gﬁp?gzgg? ?ﬁe sunggksglgﬂ%sé%%gﬁEd ??nmﬁﬁ%g

agai nst the force_of fhe. sprj ?ﬁ ]g_;lgﬁéc?% apachiy.
anggthg%s{éktEﬁw elgngilé%réisg% % % nega i3§ pregsd?%

generation unit is contracted) so that an initia
tifegefi ¥ee WS4t i s generated. Then, the full tank

detection sensor 299 may detect the gosition of the

det 8¢t Lanmetrtl 1064 thetdeowdgad vekpreseuradpdder 196

and store this position information (S5). It is noted
pridfatrabhe ajurbsiikeri tor eheasesupplfy iobecatsuwoptiay He

conducted according to the other alternative
hd¥WeR@@dUE 8Spractice, errors occur in the calculation of the
consumption amount V due to differences in the amount of ink in
one drop and the absorption amount. Also, since the ink supply
is realized by the back and forth movement of the piston, the
ink supply has a pulse and the amount of ink being supplied may
differ depending on timing. When ink consumption and normal
ink supply are repeatedly performed, the actual amount of ink
within the sun tank 15 may gradually deviate from the presumed
amount owing to the errors described above. In turn, a
deviation may also occur in the negative pressure value within
the sub tank 15.

Accordingly, as is described above, after the atmospheric

release filling operation, when the initial negative pressure
is generated by absorbing a predetermined amount of ink, the

position of the negative pressure lever 106 is stored. As the

ink in the sub tank 15 is consumed, the film member 102
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as descri bed bel ow. For exanple, the flexible film

menber 102 may be pushed i nward agai nst the spring 103
whyoosheresegat i ve pressure | ever 106 when the seOI/IR2004/009051

15 is opened to the atnosphere, and after the capacity

of the sub tank 15 is re ed, ink may be transferred

fromthe ink cartridge 100to the sub tank 15 through

the i qui ansfer hanl m After su i ng e .i nk
coRBLRHES AR 15 o SAERLLERAVT T B ereh o e 150

mechani sm 132 may be cl osed so that the inner portion

moges t Hewasih thgn ﬁug5t:#§y 19e 26ROFAHRILY 1 o™t ABe nOTrmal supply

at nosphere, and by rel easing the pressure of the
opaegatowe tireeSaliethrev etetBf iohheefisexidd% rhy| meoegbiere

102 may be forced outward by the bias force of the

thakr tH& ddA1S@et BabsquRegalicre1psess usraderl gaBRrr 8 etks
within the sub tank 15 . By using the flexible film

1nJRIDETL I AR chie el astd:LdTeuhar ke higilly 408rk0ion may
generate a negatlve pressure wthin the'sub tank 1
i n_the above,.ex t.he negative pressure
5H§?§t??ﬁ95ﬂ% gﬁlsni?mﬁpﬁfew Apf T |%§i&;e Ppgifferences
follomnng the normal supply operation is describ d

in khehpetidperiaty GROURES jaS dﬂééelrfts@a AN DAYhESahB
of ink consunption V is detected (by counting the

andu trber neda dirusp Presantde whrsh behaejareed ealt drsuanigial
i quid consunption reaches a predeternm ned |evel, ink.

ndogattiransfessiect foightt aetémkheanbrndyesdtbiyo qpleeasudzn.

tank 15 through the ink transfer mechani smwi thout
OpeRkNYst fiss StibdaaBkos, tind peabrpspher epsmihBathé haub

tank 15 to the atmosphere to supply ink (atmospheric release
supply operation) does not have to be performed each time ink
is depleted in the sub tank 15. Moreover, this operation may
be performed when the amount of ink consumption reaches or
exceeds a'predetermine amount, and in other cases, the normal
supply operation of supplying ink to the sub tank 15 without
opening the sub tank 15 to the atmosphere is preferably
performed.

In the following, a detailed description of an ink supply
operation according an embodiment of the present invention is
given with reference to FIGS.21 and 22.

Referring to FIG.21, in a printing process (S1l1l Y), when
it is determined that printing of one page has been completed
(S12 Y), the amount of ink consumption V with respect to each

color that is measured according to the procedures described
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desired amount of ink is supplied to the sub tank 15 .
The anount of ink to be supplied may be controll ed by
w0 b@sdedese tinme of the punp 181. It is noted tPer/Jr20et/009051
anmount of ink to be supplied is preferably equival ent
to the anmount of ink con§¥¥pt|on V ; however, in
practice, errors occur "he cal cul ati on of the
consunptlon a V due to differences in_the anount
abgye ik 4 onégg glbe TP FEREWESHRT GHCMRbul 1S ATEared
since the ink supply is realized by the back and forth
witibve meredestrnheedi Stion) veheei vk suisitprmaseavpethar and
t he amount of ink being supplied may differ depending
v3oKsid) ngt Waenotedk ioordenpréesananitsvorimpalionpktisemrinting
are repeatedly perforned, the actual anount of ink

ofbhdlighddecsuRst 8okt Jrantgngdyaldie davieabe 4rgugd e the
presuned anount OMAng to the errors described above.

cakl 5f’rap’du%ld§§fh§t e@%agaeg r in the negative

pressure val ue mn ank™ 15. Accordingly, as

IS descrlbed above, fter th t.nmo c relea
(1o dSorstraRLasher g 243 A obht | U s 1
I S generated by absorblng a _predeterm ned apount of
ofi kS THEFESNELBE P he Hedat FYRI FTexs (e thEvRFTATReTLC
is stored. As the ink in the sub tank 15 i s consuned,
reflhas¢ | $uppianbperadleontilect-s Par forertheasgbt fankeght jafe the
pressure | ever 106 al so noves toward the sub tank 15

coaee oLtk NGy whiieht BRe nDUkrElonsuppt yoo pea@tritenY the Balldw the

tank detection sensor 299 nay recogni ze
predetermined value V3, normal supply operations are conducted

(817), and the printing process is continued.

When a consumption amount V is determined to be greater
than or equal to V3, if a normal ink supplying operation were
to be conducted, a capacity hysteresis might occur when the
elastic member for generating the negative pressure in the sub
tank reverts back to its original position, and the ink
diécharge characteristics might be destabilized due to
ineffective control of the negative pressure. Thus, in such
case, an atmospheric release ink supply operation is performed
(S16) in order to solve the problem of hysteresis generation,
and the negative pressure is reestablished after the ink is
supplied so that stable ink discharge characteristics may be
obtained.

If it is determined that there is no ink of which the ink

consumption amount V = V3 (S13 N), the amount V for each of
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that the negative pressure lever 106 is placed back to

its initial position that is stored, and the supply
wop®sanicen my be ended accordingly. In this wWegT/Jp2004/009051

errors due to differences in the actual ink amounts as

descri bed above may be [%%gped, and the negative

pressure nmay be returned™at its initial negative

pressure right after .the normal, suppl i.on.

enf SRS b TR e OBET It FOR S opoar g ChES (V2
tank 15 to the atnosphere_to sup Iy I nk_(atnospheric,

< V3 easeseppiye ofertdieron) =d0ds (ﬁgfl havkf tgege is an ink
performed each time ink is depleted in the sub tank

of 1ibhid eV ebnstrhbisi @permauheny n&y Ve (P4 FOr med nptmeal t he
anmount of ink consunption reaches or exceeds a

suPp B IR EAGn aI® Udinduditddl Aot fies safsesnkt he obrewmih of
supply operation of supplying ink to the sub tank 15

thi &#‘M QRRe 8} ?f{&? R 2Rk %%Ji.rlt.&ﬂgh%p@ﬁ:aﬁ§@ﬁei§ is

preferably perfornmed. In the owi ng, a detailed

description of an ink supply operation according an
Cogﬁb%‘b‘?cgwsnt of the present invention is given with
reference to FIGS. 21 and 22, Referr.i

tlgg to FIG.I%} ind A
a pREFRIHEDESCEEE - $51 I"PPR, thAeRT TR REPSPRP BT nér

printing of one page has been conpleted (S12 Y ), the
prafetetmigfed rikmeonetigpd i Fapveni therelpatt (Sd Eachtl®dl or

that is neasured according to the procedures '
codesmpt bedabhoveti ¥ ofachcangkt he read, cows@aghi opnsumption

anount V is conpared with a predeterm ned third val ue
am¥udtl @ determareqvwhetnel pfedetermined first value V1 to
determine whether V = V1 (822).

If is determined that at least one ink satisfies the
condition V = V1 (S22 Y), the sub tank 15 of the corresponding
éolor is subjected to a normal supply operation during a
capping operation (nozzle restoration operation) .

Herein, by setting the value of V1 to a relatively small
value, the sub tank 15 may be filled with ink before being
switched to standby mode. The ink supply operation performed
herein may not hinder a printing operation since it is
performed at the end of the printing operation. On the other
hand, when an amount of ink within a range between V2 and V3 is
consumed, a supply operation may be quickly performed at the
end of printing one page before the consumption amount exceeds

V3. By conducting the ink supply operation according to the

amount of ink consumption using a combination of differing
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V 3 (S13) . It is noted in the present description,

the printing of one page refers to the printing of one
wGar@e/oafesa page in the case of a dual side priPCT/oRR004/009051

operation. If it is determined that V V 3 (S13 Y )

the sub tank 15 of the ggggesponding color ink is

subjected to the atnosphéric rel ease supply operation

(S16)., A.s for,_the sub.tanks 15 of.t.he r..Jd.nK f
St TRLSPRK CoRe APy FBR Rt £ et puf g thae

predeterm ned val ue V3, normal supply operations are
stk FiEeaars TSharcdorhe thes Mah gD P&ag%a? 5

conti nued. Wen a consunption amount V is determ ned

t 0 Sreqgrféatdtyt mrccomtegquatiapted/ Br mepSHIHeY fdle iSFReunt

suppl yi ng operation were to be conducted, a capacity
of hysit efeshuipRiL@htv 0gayr makeBet heowildest,i chaefbest f or

generating the negative pressure in the sub tank

C 45 ok BenakePOsidizonchandetdigd i nk

pr%?%c %ﬁ%ggkﬁ%%g%terﬁgpzcs m ght be destabi |'i zed due to

ineffective contr of e I r.es i n
Prederedhss gﬁ%é? nosp Oeroi’lc% 'y gﬁg%ﬂéé/iecn r?uggiége%%%#i}ﬁdon

is perforned (S16) in qrder_to solve the_problem of, .
vahyste} d4 4 -gendPhtFXHPEnd {*ﬁ‘éoﬁ‘gjgpaq i%re Thr 5éggucfoenclﬁstlon v
reestablished after the ink is supplied so that stable
Z ink dissehaigbiahardtesr & spredetirpibedobing rRl@psepf frem

is determined that there is no ink of which the ink
theotsmepd ipoinafogndpatratidn $h8sN § noxmed SWORAY SPFHHFLiION

each ofthe colors is conpared wth a predeterm ned
isSeeRBEcYal WiV €M2 nozzle of the corresponding color is

capped. If the condition 1.1 >V £ 0.9 is satisfied after
completing the printing of one page, normal supply operations
are performed with respect to all the colors, after which the
printing process is continued. If the condition V £ 1.1 is
satisfied, the atmospheric release supply operation is
performed with respect to the corresponding color and normal
supply operations are performed with respect to the rest of the
colors, after which the printing process is continued.

It is noted that the ink supply from the main tank 10 to
the sub tank 15 may be realized by activating a pump, for
example. Also, it is noted that the above ink supply operation
is performed in the case where the main tank 10 is not empty.
Further, once the ink supply apparatus is completed, the amount
of ink consumption for the ink may be reset to zero. In the

case where the main tank is empty, the ink supply operation may
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< V3) to determ ne whether V V2 (S14) . If there is an

i nk of which the consunption anount V V2 (S14 Y), a
wosaboe8uppl y operation i s conducted for the BCHIR2004009051

15 of each of the colors (S15) after which the

printing operation is contjnued . Referring to FIG

22, when the printing process ends, and a

redet er t| eri od pses ther S21
noghgedﬁﬁgghﬁi on® ﬁg Ieyydf gcﬁm? L% regghéﬁﬁﬂ“%§§ﬁ
consunption amount V is conpared with a predeterm ned
mayj RQE RKRHREeW tPoZ¥el erni ne whether V VI (S22) . If
is determined that at |east one ink satisfies’'the
con@int tlom fplMoWwif§22ary ink endedsbbctimk operetipoheaccording
corresponding color is subjected to a normal supply
toORpAr atbediniitd BE ah€ appideaitoparahtdoh (Idelkseribed with
restoration operation) . Herein, by setting the val ue

reggrghéetQDQHkﬁbgtlvely smal | val ue, the sub tank 15
may be filled with ink before being switched to

t b | .
her Brdrabie i g Maior, ML SN A0 A ORES ANt
(Sgerforned at the end. of the rintin

Ther” MEREEY vine RIS LT C6r CPAkoR Ryt

between V2 and V3 is consuned, a supply operatlon may
caaiagpckd y(HHr fr mblde aink RONSHELSLORr FPAYYg VoRe HaRe Yana
bef ore the consunption anmbunt exceeds V3 . By
coopadadt wigh theredktsuppied cpertht sbandecdrdilug V6 the
determine whether V = V6 (S33).

If the amount of ink consumed V for at least one of the
color inks is determined to be V = V6 (S33 Y), the printing
operation is canceled and the recording medium is discharged
(837), and the recording apparatus'may be switched to waiting
mode for the ink cartridge 10 to be exchanged (S38). 1In‘other
words, the recording apparatus may be switched to an all-ink
printing disabled state during the process of printing one page.

When the printing of one page is completed (S34 Y), the
amount of ink consumption for black ink Vk is compared with a
predetermined fifth standard value V5 (V5 < V6) to determined
whether Vk = V5 (S35). Herein, if it is determined that Vk =
V5 (S35 Y), the recording apparatus may be switched to waiting
mode for the ink cartridge 10 of black ink to be exchanged

(S39). In other words, the recording apparatus may be switched

to a black ink printing disabled state after outputting one
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amount of ink consunption using a conbi nation of
di fferingstandard values, tine and ink may be
webdosoomwst | y used and stabl e di scharge char act BCT/$r20€£009051
may be obtained. Specifically, a counter adapted for
measuri ng the anount ofJg@g consunption V (m) my be
provi ded, the first predet'erm ned value VI may be set
to 0.2, the second predeterm ned value V2 to 0.9, and
Pa9%e third predetermned value V3 to 1.1, for exanple .
Accordingly , if the condition V 0.2 1is sg}isted,
af tBf & predeterminrst thiefte tBe apRRAL FiommVkhe (Ve Sanot
printing operation ends , a nornmal supply operation is
satomiiumst e@3vhiN) ¢ & henlawinkecohswirtisey paopondVday icol or
is capped. If the condition 1.1 >V 0.9 is satisfied
combi££d GAMY at pRgdéhernfinedt Fogrof onmdpagevabos md (V4 <
supply operations are perfornmed with respect to al
he_c @ [ th r idydyng £SSt4 :
v} of R Eirine b hEtndb U B! 10 RIS Sefvely, this
t nospheric relea u ' LS. 0 i
AP aERa A repehEy (RN Rt BREERLAAL iRl R PEAR S
operations _are perfornmed w re ct, to the rest of
appREaEEt ot L laffelaihith fme‘cEﬁ Rl ﬁ%&s&gri‘-gge to be
continued. It is noted that the ink supply fromthe
exghppgednk W0 eisheRecasd AR 15 hayldeTEaefzEgabythe
activating a punp, for exanple. Also, it is noted that

ambhet abdbvink monsuppllyfopertatieenti sngerf deedoilart heks
case where the main tank 10 is not enpty. Further,
sa@Bseithecidkcauprk ¥n apparat us (36 0P| ehedrebdeaampunt
apparatus may be switched to waiting mode for the ink cartridge
of the corresponding color ink to be exchanged (S40). In other
words, the recording apparatus may be switched to a color ink
printing disabled state after outputting one page.
Specifically, for example, a counter adapted for measuring
the amount of ink consumption V (ml) may be provided, the
fourth predetermined value'V4 may be set to 5.0, the fifth
predetermined value V5 to 5.5, and the sixth predetermined
value V6 to 5!8. Accordingly, if the condition Vcl = 5.0 is
satisfied after the completion of printing one page, the
recording apparatus may be switched to a state of waiting for
the color ink cartridge to be exchanged. If the condition Vk
= 5.5 is satisfied after the completion of printing one page,

the recording apparatus may be switched to a state of waiting

for the black ink cartridge to be exchanged. If the condition
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of ink consunption for the ink may be reset to zero .
In the case where the main tank is enpty, the ink
wWa applogoseper at i on nmaynot be perforned, and theP&byp2004/®9051
anmount of ink censunption may not be reset to zero
In the follow ng, an ink end detection operation
according to an enmbodi mert of t he present invention is
described with reference to FIG 23. Accordin% tothjs
V &nbedi Hentatiffidiedy Ehprprntdper SPPBRCIER MaY P Spperled
the conpl eti on of one scan conducted by the carriage
and 3ti{eS3Zovydingemediumn orybapeisrhantadht a9di he eRPRGNI
conpared with a predeterm ned sixth standard value V 6
apbarsleie miyneenhet hetedV toVabst833)of. vefittihg &oputte dihk
I nk consuned V for at |east one of the color inks is
cag‘éfrﬂc{E nedpkOeRcBangsa VY 6 (S33 Y ) , the printing
operation is canceled and the recording nmediumis

di Sﬁfﬁ{e g:%t%ggé%.?ko, £ %detl@%imcgé%& ARRAIFALUS Yo

SW tc wai t1rng node for the ink cartridge 10 to

be .exchanged 38) . ' ot_her  wor.ds the record
théﬁﬁa?EEQégﬁﬁaygggeém??4J#§? F8u5ﬁha?quuquﬁlﬁFﬁn???ﬁég%d
di sabl ed state during the process of printing on
vaptge. MNE® PRESH! FRRT g0 16RE PAERHTIE ‘iRl BEENATS A
Y ), the amount of ink consunption for black ink Vk is
vatospared wdech ia predetemk dol sipply swaidadeny aviykla/she
(V5 < V6) to determ ned whether Vk V 5 (S35). Herein,

' fouftht thsowdel enmthedtahddrd/kralWes £83519¢d in theain tank

recordi ng apparatus may be switched to waiting
(ink cartridge) ink end detection operation. Accordingly, the

fourth through sixth standard values may be set to have values
relatively greater than the first through third standard values.
Also, the relation between the fourth standard value and the
fifth standard value may be set according to use. Specifically,
for example, a monochrome image may be presumed to consist

mainly of text content whereas a color image may be presumed to

.represent pictures and/or graphics. Generally, text documents

require little ink whereas pictures and graphics require large
amounts of ink for their reproduction. Thereby, in preventing
ink from running out during the printing of one page, it may be
effective to set the fourth standard value for detecting the
ink end of a color ink to a smaller value than the fifth
standard value for detecting the ink end of the black ink.
However, it is noted that in a case where the capacities

of ink cartridges for the color inks are set equal, it may not
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node for the ink cartridge 10 of black ink to be

exchanged (S39) . In other words, the recording
wappsaoetsss may be switched to a black ink prinPCTige2004/009051
di sabled state after outputting onepage . If it is

determ ned that the cond%§|on Vk V 5 is not satisfied
(835 N ), a color ink consunptlon anount Vcl is

oaEpER SLR LERL R I et ol TR AL Yo

Alternatlvel£ this determ nation ste al so be
ﬁn

angekhe rfddhwasandaed reddedi ndl B E YSt%Plaigﬁse where
waiting for the black ink cartridge to be exchanged.

atl heait here cakecambeitge dfsadeokewiindd othar than dwmak ink
of ink consuned for at |east one of the color inks

hagaki gfdert Bepeondy tih Yok r¥s¥ (S3theYchrtrifiges of color
recordi ng apparatus nay be switched to waiting node '

1nLQr%{ﬁ@%'Eﬁéncﬁﬁgékdﬂﬁk(”e e rEPERESNNHRE G8LAE #dK the

e exchanged ($40) . n ot her words , the recording
arat us m sy te rinting
coRPBaBT il S SPaCar PEF UL Bt e R e bl
SpeC|f|caII for ex Ie ount er, adapt ed
ot Py 1R OBt Lot %‘#fys%ﬁ@u?rﬁﬁwaé%c e e
prOV|ded the fourth predeterm ned value V 4 may be
wight referergze ttheFEEHt B prrstieter Maed KA ¢ V@°W6 g &op view
and the sixth predeterm ned value V 6 to 5. 8.
ofAcher gulmg@ystent 7theavdntliG.i2on skovs &. Oeliamaddci stiegture of

after the conpletion of printing one page, the
tHLGApdbPg-appar at ueeibyrde the tehed to a state of

wai ting for

As is shown in the drawings, the subsystem 71 includes a
frame 211, in which two cap holders 212A and 212B, an air shot
discharge receiver 213, a wiper blade 73 corresponding to a
wiping member including an elastic body as cleaning means, and
a carrier lock 215 are movably held.

The cap holders 212A and 212B (collectively referred to as
‘cap holder 212’ hereinafter) have two caps 72a and 72b, and
72¢ and 72d, respectively (collectively referred to as ‘cap 72’
hereinafter), each for capping the nozzle surfaces of the
recording heads 14.

In the present example, a tube pump (vacuum pump) 220
corresponding to absorption means is connected to the innermost
cap 72a held by the cap holder 212A that is closest to the

printing region, the connection being realized via a tube 219.

The other caps 72b, 72c, 72d are not connected to the tube pump
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the color ink cartridge to be exchanged. If the
condition VK 5.5 is satisfied after the conpletion of

w@eiosnweses one page, the recordi ng apparatus nmapCh@EP2004/009051
switched to a state of waiting for the black ink

cartridge to be exchangg%z_lf the conditionv 5.8 is
satisfied, the printing operation may be cancel ed and

he recordi ng yredi ym be di scharged n
220 oA KPR PR BE R nca st 5 ra e Tpeponds
waiting for the ink cartridge to be exchag ed. Wth
£0 r & SIREGOTEE 1M ANk MRHiSEH LB eF REH- e CPPr st Frrafughe other
third standard values and the fourth through sixth
cass aiitar d2eal T2$, cdnrespondt bd meérg MRS tRFesTetIowgs caps-
third standard values are used in a sub tank ink

AcSspling19newRth N, retidratibe spenrdticnhieugh s¢ xtdrformed on
standard values are used in a main tank (ink

a fﬁééf&i‘}%eheiaﬁ kq £n d-rile tc%%‘i:te@ﬁoﬂc@ﬁ{ tdeRRrdABGOReH A l4Y is
the fourth through sixth standard val ues may be set to

ave. val ues rel ativel aLer. I kst $4y ough
Se?ﬁ? Hm%¥%ﬁlg?§ @%ﬁbé§%¥g%§5%$£%ﬁgﬁ?éﬁgﬁﬁgn %tmeen t he
fourth standard val ue and the f%i%h% t andar
I

val ue

be SbrSERoT! 13 115 e, 2SHaBi FELBIAY. Pof eI L Paeed

nonochronme i nage may be presuned to consi st mainly. _of
unflext the maenhonfereasl 2 @aidor 1P Rag ey e EPr é§h?re%vi2]t'o cap

.represent pictures and/or graphics. Generally, text
camlecRPRRtand €4aBr £ot i tdilsinonkndhieessing dher 6gbapelders

graphics require large anounts of ink for their
21PRPERGUELIMN redpeEebYe 1y N pképent ¢ary 42K foromei siwg regrd

out during the printing of one page, it may be
lowering the wiper blade 73, and a carriage lock cam 225 for
raising and lowering the carriage lock 215 via a carriage lock
arm 217 are each provided.

At the printing region side of the wiper blade 73, a wiper
cleaner 218 that oscillates in the directions indicated by the
arrows in FIG.25 to clean the wiper blade 73 is provided, the
wiper cleaner 218 being forced in a direction away from the
wiper blade 73 by means of a spring (not shown). Also, a wiper
cleaner cam 228 for oscillating the wiper cleaner 218 is
disposed at the cam axle 221.

The caps 72 are raised and lowered by the cap cams 222A
and 222B. The wiper blade 73 is raised and lowered by the
wipér cam 224, and upon being lowered, the wiper cleaner 218

closes in on the wiper blade 73 so that the wiper blade 73 is

held between the wiper cleaner 218 and the air shot discharge
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effective to set the fourth standard val ue for
detecting the ink end of a color ink to a snaller

wo adoamodskan the fifth standard val ue for det ece@CTgP206u009051
ink end of the black ink. However, it is noted that in
a case where the capacities of ink cartridges for the
color inks are set equal6 it nmay not be necessary to

di sti ngui sh between the fourth standa lue a
req R FOF AdndanG VR ALROERbE iV v i ARG e e

at least one ink cartridge of a color ink other than
wiptmdkladek 7Rasay ke emmertcbagaet £ Yo Hae FRBSF eStedstent REC
cartridges of color inks other than black ink, a
cofitd fmesderiin shandar dshead wasﬁhargéeremnmvegp@haLng col or.
ink may be set accordingly. In the follow ng, the

subﬁa{étcﬂﬁrﬂgbsw@@qwm.@ iFRrdetiaid M tippeef et eaes dno
FIGS. 24 and where FIG 24 shows a top view of the

(18&93{% cﬂon?ng% fke%n?é ghgrom R 5pr$hg UGIdH €

syste Vi ewe e side. As is shown

in the d S he 71 |_ud
Snota) 1 W R ABY oS HOTUere B R Ard 0B Hiohm 217
shot dlscharge receiver 213 a W per

bl ade
cor FRsPEiRe (1§ ﬁélﬁevﬁﬁﬂrﬁ?tﬁﬁﬁbEPelFH??uﬂqﬂﬁ agoe?%ﬁnﬁh? cam
body as cleaning neans , and a carrier |ock 215 are
axirevabl y aelatorThearai3haoligeosedl12n angpt@r2Bxle 231la of a
(collectively referred to as cap hol der 212

moltereppafiLrandaged tooa qap® GRaraRsl3 /@ispcsrd Z2caamunp axle
72d, respectively (collectively referred to as Lcap

22038 oRer s Nafdeehlimp £8¢h diPrintapPREAGatdeyd2072B@ attached to
surfaces of the

the pump gear 233 is engaged via an intermediate gear 235 to an

intermediate gear 236 implementing a unidirectional clutch 237,

and an intermediate gear 238 that shares the same axis with the

intermediate gear 236 is engaged via an intermediate gear 239

to a cam gear 240 that is fixed to the cam axle 221.

The cam axle 221 implements a home position sensor cam 241
for detecting a home position, wherein at a home position
sensor (not shown) implemented in the sub system 71, when a cap
72 reaches the lowermost edge, a home position lever (not
shown) is operated, and the sensor is opened to detect the home
position of the motor 231. It is noted that when the power is
turned on, the home position sensor cam 241 moves up and down
regardless of the position of the cap 72 (cap holder 212), and

the position detection is not conducted until the home position

sensor cam 241 is moved. After the home position of the cap 72
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recordi ng heads 14. In the present exanple, a tube

punp (vacuum punp) 220 correspondi ng to absorption
wWOore@sm0i684 connected to the innernost cap 72a hedTJiRg04/009051

the cap hol der 212A that is closest to the printing

regi on, the connection being realized via a tube 219.

The ot her caps 72b, 720f6f2d are not connected to the

. tube punp220 in this exanple. In other rds, the. ca
i TeRE oS FBRCSTo BRSLEAPbr SETHIT 47 RO otariPves bY

retention cap, whereas the other caps 72b, 72c, 72d
predriraspord doshenee e beupesiet@nd Gits thgpsowermost edge.
Accordi ngly, when a restoration operation is to be
Thee, ffaretratage r & aiddicdg shaaskh i, artchd sc eetespahdion@he cap
recording head 14 is selectively noved to a capping

poPPsidd ARl HB8i€Ahh WaechSohs SNOWhd Rebb&lid headeam
axle 221 is rotatably placed under the cap hol ders

ar%lé%? 212B. At the cam axle 221, cap canms 222A and
2 or raising and | owering the cap hol ders 212A and

212B, respectively, wi.per . cam 224 faor .raisin d
| owet i T S%Fg@¥'EﬁaaﬁggsFﬁgnﬁoEp%%uﬁ%tg éoPdgﬁ gghfwtor
225 for raising and Iomean% the carriage |lock 215 via
233, cthe iRRYOT GERTat IR 2 theafBLEEREA IR v ided. 2AF - t Hee pumP
printing region side of the wi per blade 73 , a w per
geeke2ber 1B theatnbsonddiattes geprs he3ianst2dgnare rotated,
i ndicated by the arrows in FIG 25 to clean the w per
anbl Roeh 7hd soaevbrest e awlpep20h eanerhe? t8bbepug 220,
forced in a direction away fromthe w per blade 73 by

thBEaASe Oburfd 20 B9 §POtaSROWR) condh&®, tie WRBEption of the
restoration and moisture retention cap 72a. The rotations of
the other gears following the gear 238 are blocked by the
unidirectional clutch 237.

With the reverse rotation of the motor 231, the
unidirectional clutch 237 is connected, and thereby, the
rotation of the motor 231 causes the rotation of the motor gear
232, the intermediate gear 233, the pump gear 234; the
intermediate gears 235, 236, 238, and 239 so as to be conveyed
to the cam gear 240. In this way, the cam axle 221 is rotated.
In this case, the tube pump 220 is arranged to be prevented
from rotating when the pump axle 220a rotates in the reverse
direction.

Accordingly, in the state where a recording head 14
subjected to a restoration operation is positioned at a capping

position of cap 72a, a first step may be conducted by rotating
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cl eaner cam 228 for oscillating the w per cleaner 218
is disposed at the cam axle 221. The caps 72 are

wo 20080ah6and | owered by the cap cans 222A and 2PRBJIP20iM009051
wi per blade 73 is raised and | owered by the w per cam
224, and upon being | owered, the w per cleaner 218
closes in on the w per bl'ade 73 so that the wi per

bl ade 73 _i.s.,held between the w per .cl eaner 218 and

g G2 dBnaPger St er 515 R Touerahe The (i 228
way, i nk adhering to the wiper blade 73 may be

and cFat e &dteoFRPLY 22 hecaliies Ehe A kih $Uedatai Pedhen
the air shot discharge receiver 213. The carriage | ock

re@dfdirgy fheaded 4i, nratauipgethdi metes odB Y ligckhagnormal
direction) by means of a conpression spring (not

dis8eWYn tARGers tE atise dmrd pliaper2d, hd hdseabih@gdimk from
lock arm 217. In order to drive and rotate the tube

tnB U 220 ANGnkhecaray] @e2dli4@ Motor gear 232
i sposed at a notor axle 231a of a notor 231 is

engaged..t o .a _punp._gear dis u X
2200 o1 L PRSPt T ARl e 585f %54
attached to the punp, gear 233 is engaged via an -

ror—ﬁFé%ef&}eaf@t@éag%ssn ek eVREE? rfglg?eg%é'oﬁegf’ 5afpte the
i npl ementing a unidirectional clutch 237, and an

cajnn® 3t metichttdiegely 98B THAMNTs FhrFegaR helas foMakPe Bf3H-e
the internedi ate gear 236 is engaged via an

suirtfit ee nefli tdte rgeard289 tenda ldam Gearsedha sdepi Bay ibeed
to the camaxle 221. The cam axle 221 inplenents a

£N0BReQOS} td AhisENseep Caim4kiher tHeteiidnpladbon® to a
posi tion, wherein at a hone position

wiping position (contact position with the nozzle surface),

moving the carriage 13 in this state to wipe and clean the

nozzle surface of the recording head 14 with the wiper blade 73,

and lowering the wiper blade 73 to separate the wiper blade 73

from the nozzle surface.

The third step may be followed by a fourth step of
operating the tube pump 220, and absorbing the ink in the cap
72a.

In the restoration operation of the sub system 71 as
described above, the ink absorbed by the absorption pump (tube
pump) 220 and/or the ink adhering to the wiper blade 73 and
removed from the wiper blade 73 by the wiper cleaner 218 are
handled as waste ink and are discharged into a waste liquid

tank (not shown).

In the following, an example of a nozzle restoration
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sensor (not shown) inplenented in the sub system 71

when a cap 72 reaches the | owernost edge, a hone
wWEo®sNiwed | ever (not shown) is operated, and tPEr/SENG0009051

is opened to detect the home position of the notor

231. It is noted that whe 6;he power is turned on, the

home position sensor cam 241 noves up and down

regardl ess of the.posjtio f the_cap. 72..(cap_hql der .
on5§9716n S Tirs TBoL10) Bt dureet Pon® | oA GeR eI LeLe 18

until the home position sensor cam 241 is _noved, After
degre Rt idsiteitencBES t He Fdép 272i sTlikt iq%dde ERatppwelon

position sensor cam 241 is noved by a predetermn ned
opdirs t &ere end o e cposicol bed dyattheheoh bk nositt @d§eshdwrenin

the carriage is noved sideways and is returned to the
FICAR9posdt i dfangfieer position detection, and the

recordi ng heads 14 are capped. In the subsystem 71,

Wi tRst e NAdmIbobBEON Hirddde iRy OheaBlindthe sMBE iy
gear 232, the internedi ate gear 233, the punp gear

3 Ned UBLARALALE HRAL3 5701 8N 430 A8

S“%B?SF%@?t%n GVAF% ?Eekro ég%bﬁ%% thqu§ nggﬁa %F The

t uhe punp, 220, the_ tube 220 is operated t
CHEHBECPOT Hel b S PP oReRI e 3PEs B at? 611 S hBFSL of e

retention cap 72a. The rotations of the other gears
refoerionw ngeathel gdr caBBedry Bladekad BYyetFRP 72a (S51).

uni directional clutch 237. Wth the reverse rotation

of Thenpotipr RFkcitibe abymhledroonghecélratrae®? L4l and

connected, and thereby, the rotation of the notor 231
1avavFeshtheuss otaikd Q5 aket iod¥®OogE8tect the amount of gas
in the sub tank 15 (852), and a determination is made as to
whether the detected amount of gas is greater than or equal to
a predetermined amount (S53).

When it is determined that the amount of gas within the
sub tank 15 is below the predetermined amount (S53 N), the tube
pump 220 is operated so that a first absorption amount is
absorbed from the nozzle of the recording head 14 (S6l), and
then, the cap 72a is moved away from the nozzle surface of the
recording head 14 (S58). Then, the wiper blade 73 is raised to
a wiping position (contact position with the nozzle surface),
and the carriage 13 is moved in this state so that the nozzle
surface may be wiped and cleaned (S59). Then, the wiper blade
is lowered to be positioned away from the nozzle surface (S60).

Herein, for the purpose of preventing color mixing, the

recording head 14 may discharge ink from its nozzle after the
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232, the internediate gear 233, the punp gear 234, the

i nternmedi ate gears 235, 236, 238, and 239 so as to be
weovseyess t 0 the cam gear 240. In this way, theCTarmR004/009051

axle 221 is rotated. In this case, the tube punp 220

is arranged to be prevented fromrotating when the

punp axl e 220a rotates in the reverse direction.

. Accordingly,.in the state er [ 14
Wl%%%?@ff@dggol%I?QQF%?QWF%nFQ%%ﬁg%i%ﬁggggp%§$ i oned at

a capping position of cap 72a, a first step may .he

Corififet &3 by FBATHAGCHENAB! Gie SEPUT Phes BVEIdED the

direction to rotate the cam 221 and raise the cap 72a,
sulcapping St he aloxvd @15 eladetof thhenesesraMhgchampuns, (553

rotating the nmotor 231 in the normal direction to

Y) opeiatditheuhubel gunp 220venamed altsarbilhgdi i dpemtehéhe
nozzl e of the recording head 14. The first step nmay be

atﬁﬁéﬁﬂé/ﬁ@ by18as8cend ShRpnahi sRI B RE the 5BbOFardd15i Bo
the reverse direction to rotate the cam 221, and

tht%J; 4 eby. g€ I%%glétn%@ %Ié% %ﬁ_%%ﬁé& {5 omd henBegrLee stydmace

e recor e second step my be

followed by a third st of . raisi t i per,_bl ade
TER o R (g RBL T ofF (B CHE: CPOb I o ¢ h FRES s AT
surface) , noving the carriage 13 in this state to
supbpeinm d i llaknmehiedh e e r8erf ekl bitheh&1rEEEPIRhgH4L and
head 14 with the wi per blade 73, and | owering the

14%i getedt ahet?Bheoswlepeardt € 5t haswipeehdsl dde I81lireRRatidy .
nozzl e surface.

for example.

By performing atmospheric release while supplying ink into
the sub tank 15, excessive air accumulated in the sub tank 15
may be discharged through the atmospheric release valve
mechanism 132. Then, the drive unit 162 may be driven and
controlled to close the atmospheric release valve mechanism 132
($56) , and the tube pump 220 may be operated so that a second
absorption amount is absorbed from the nozzle of the recording
head 14 (857).

Tt is noted that the second absorption amount is greater
than the first absorption amount. When the atmospheric release
operation is not performed, the negative pressure within the
sub tank 15 may be maintained, and thereby, cleaning effects
may be obtained even with a small absorption amount. However,
when the atmospheric release operation is performed, the

negative pressure within the sub tank 15 cannot be maintained,
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The third step may be followed by a fourth step of
operating the tube punp 220, and absorbing the ink in

W b@soepsd/2a. In the restoration operati on of PEEIE0G:/009051
system 71 as described above, the ink absorbed by the
absorption punp (tube pu_;ggz)_ 220 and/or the ink
adhering to the w per blade 73 and renoved fromthe

wi per bl ade 73 by the wi per cleaner 218 dl ed .as
anHAr e Sl S U ROEHEP Eba | BT shoretfrafidl BRaBe vo
(not shown) . In the follow ng, an exanple of a nazzle
reestalorishi $hEpReGR oI PoRSFEEE OFHHY Tt ABCsPEP etk 45 In
recordi ng head nozzle is described with reference to
otk 6 wls , THiL§ f ezt elrsespaiati @mwper areonsadyderending on
controlled by the control unit 280 shown in FIG 19,

whEEhe £ XD la@moAhd 5 dlesarkhbedopbeysiom iseper dbngedigiad the
that is being subjected to the restorati on operation

reE%oPélﬁiérl %%g?agioﬁ_ cappi ng position of the cap 72a,

and tdebno e surface of the recording head 14 is

cappe y raising the.cap 7 ( ) -Th h

dﬁt @%?I? or?ssgﬁﬁgfgb?roar]ﬁ ‘f]eé éﬁgc%;%d?ezs B 4§Bgﬁg Y Jrrom

the sub tank 15 are checked to detect. th unt of,
thgaBOFRLe @RSt ARkt NS HeSSFF N R %t(gpmaﬁ% RS

made as to whether the detected anpunt of gas is |
blgrdeafdrig harised bouehe tirdngr PAetELIR NEPEREENPOTSHHR

When it is determned that the amount of gas within
witthethe nozzle surface), and the carriage 13 is moved so that

the nozzle surface may be wiped and cleaned (S59). Then, the
wiper blade is lowered so as to be positioned away from the
nozzle surface (S60). It is noted that, for the purpose of
preventing color mixing, for example, the nozzle of the
recording head 14 may discharge ink after the wiper blade 73 1is
moved away from the nozzle surface.

As described above, in conducting a restoration operation,
when it is determined that the amount of air within the sub
tank 15 is greater than or equal to a predetermined amount, ink
is supplied while opening the sub tank 15 to the atmosphere so
that excessive air accumulated within the sub tank 15 may be
released. In this way, air shot discharges due to bubbles
formed in the ink contained within the sub tank 15 may be
prevented, and the negative pressure within the sub tank 15 may
be reestablished so as to stabilize the ink discharge

characteristics. On the other hand, when the amount of air
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sub tank 15 is bel ow the predeterm ned amount (S53 N
), the tube punp 220 is operated so that a first

wa@bmsomieBon anount is absorbed fromthe nozzl eP@f/Jr2aet/009051

recordi ng head 14 (S61), and then, the cap 72a is
noved away fromthe nozzI% surface of the recording
head 14 (S58) . Then, t R Wi per blade 73 is raised to
~a W ping position (contact Eosition wi th the nozzle x
witdhiry &08) subgirnk HO dar FRaFetRP (K BVEHSFRPHIS SQrBt:
so that the nozzle surface may be w ped and cl eaned
the¢ $89) tankhéh, i3 eotwiopened| toleths dtawspBare cshehat the
positioned away fromthe nozzle surface (S60) .
reses€itionf opetdel UIRES BeObhepfement iimg acehorten xpargod of
the recording head 14 may di scharge ink fromits
1ROzl E 13t ShothevPamxbhade 73 iife pdskedasidy dgaratiba
nozzl e surface. Wien it is determ ned that the anount

of,_ai ithin the sub tank 15 is above or equal to the
ma%r%%e eeﬂrcﬁeﬁéd amount (S53 Y ) , the drive unit 162 is

dri ven .and ntrolled to operate the at.npspher,c \
ol 5o ded SO et bEoE P PR BE S Eh€ rerding
the sub tank 15 may be opened to, the atnpbsphere (S54)

appaTiiErs 3qFRIPdng upplanaFhes eneodimeaé Hhe(RBsjent
Herein, the supplying of ink nmay be perforned until
inthet bbrecis deesriddd anidhl 42fdeeree thdtIG.-Ré -sub tank 15
has reached its full capacity, for exanple. By
per fe¢didihat-apspherdbddmease whid¢eoslippgl hiead 14k
into the sub tank 15, excessive air accunulated in the

suﬁﬁ'@c{:@@ ke ol & HEB Y- BEo £l Sichiopadat D6 UL ddie tabAeapherd ¢
rel ease val ve
capping position of the cap 72a, and the cap 72a is raised so
as to cap the nozzle surface éf this recording head 14 (S71).
Then, an amount of liguid (ink) contained within the sub
tank 15 that is detected (calculated) based on a liquid (ink)
discharge amount and an absorption amount measured beforehand
is read (872).
In a case where information pertaining to a relation
between a liquid (ink) discharge amount and an absorption

amount is stored, the amount of liquid (ink) within the sub

tank 15 may be calculated using formula (3) shown below.

Liguid Amount in Sub Tank = Full Capacity of Sub Tank -
{E(discharge amount X number of discharges) + X (absorption

amount X number of absorptions)}! *(3)
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mechani sm 132. Then, the drive unit 162 may be driven

and controlled to close the atnospheric rel ease val ve
worembaniessn 132 (S56) , and the tube punp 220 nBYT/BrE2004/009051

operated so that a second absorption anount is

absorbed fromthe nozzl e f the recording head 14

(S57) . It is noted that ‘tthe second absorpti on anount

is greater than the first absorption anount. en .t he
©at n%é'kﬂ"r’efcih@ PBP e B GRETEEPERIT sthét %ﬁ‘?gﬁﬁe%%]rq(?%m

negative pressure within the sub tank 15 may_ be ,
thahi naiuvss, aafdexHere il lmc mewpeh et fa@cteéaﬁ%yc geember, it

obtai ned even with a small absorption anmount. However,
iswhethdheligftfieaphets prelidasacaper &in ardusapet ¥ otategting

t he negative pressure within the sub tank 15 cannot be
thBBhd @ NeE aRduifeleidhe @ugl eahRr i BSG . pt TRAsaMBENt s

desired in order to reestablish the negative pressure

sué%fgé{ﬁﬁé"%ﬁéuQoh@ﬁépéfén ah%uﬁ%beéoﬂ§g§¥6nd15&fEéeﬁﬁe sum of

sorption anounts "are use ependi ng ‘on whét her the
at nmospheri c ,rel ease operati i s, perfor.ned in t
e R o O o PR BT FFAEh igs T HELKS (heq A0 e i 20
cap 72 is noved away fromthe nozzle surface of the
thpebBHRhPhedgchargsyg) and fBenppRY I h@Eorat {ohtainsd
to the w ping position (contact position with the
frpozihe shsdzpddpn, aneent ad ahei agabas 9fs aspertiend)hatfrom
the nozzl e surface nay be w ped and cl eaned (S59) .
thEhenoutheofMldeiibl atdefill lcewaredy sof ashd gubetank 15, the
positioned away fromthe nozzle surface (S60) . It is
amBhedot heiquifdrehBen Py POS@HRf sub tank 15 may be accurately
calculated.
In a case where different discharge amounts according to
different discharge patterns and the absorption amount are

stored, the liquid amount within the sub tank 15 may be

calculated according to formula (4) shown below.

Liquid Amount within Sub Tank = Full Capacity of Sub Tank
- {Z(Specific pattern discharge amount X number of specific
pattern discharges) + Z(absorption amount X number of

absorptions)} 0 (4)

For example, in the case of conducting tone printing,
discharge amount data corresponding to a tone pattern may be
stored beforehand, and thus, the corresponding discharge amount

data may be multiplied by the occurrence number of the tone so
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preventing color mxing, for exanple, the nozzle of

the recording head 14 may di scharge ink after the
wor@snodsBade 73 is noved away fromthe nozzl e BUF/IRR0@L009051

A s described above, in conducting a restoration

operation, when it is de?ggnined that the anount of

air within the sub tank 15 is greater than or equal to

a predeterm ned anmount, ink is .suppl.l j 0
o THb B EaRKRT e (et T B el b FuoREpea
air accunmul ated within the sub tank 15 may be
tordieases. of nstpLy gl tiRtY iRk oY idecharges Jpmpand the
bubbl es forned in the ink contained within the sub
nutlask olfs dimyghbeggs event ed, and the negative pressure
within the sub tank 15 may be reestablished so as to
st abi InaZe thbe beakishiaehaegewicdeiacttic shilealatad tiHeuid
ot her hand, when the anmount of airwithin the sub tank

am%gn’& S.il&Sambian) the Pedabershined am wat owt Hepsddeteafikned
I's not opened to the atnosphere so that the

Lestofakhon eReLallon, Jiey be PULA Hedh Ao SARM @apacit
ALY o 'ti%g%%fééégks Aolnt 6% (K Used in the _opactH

restoration operatjon may _be reduyced. In the ..
amPBR i igie §UPSRRF atd off SpEPAt i O DIOTHRE BRI AGY Pe

apparatus accordi ng to another enbodi nent of the
mageclasrd jomy &hei K| CORFEFPCEBR dap Y _ff &hensBP LR &2 -

27. According to this enbodiment, a recording head 14

subiectled dhovehdetestinadtioon dpetria iamoung pdsink ochredhe

at a capping position of the cap 72a, and the cap 72a
subSthAk SEBY i$0 determined to be greater than or equal to the
predetermined amount (S73 N), the tube pump 220 is operated and
a first absorption amount is absorbed from the nozzle of the
recording head 14 (S81). Then, the cap 72a is moved away from
the nozzle surface of the recording head 14 (S78), and the
wiper blade 73 is raised to a wiping position (contact position
with the nozzle surface) so that the nozzle surface may be
wiped clean as the carriage 13 is moved (S79). Then, the wiper
blade is lowered so as to be positioned away from the nozzle
surface (S80).

On the other hand, when the ink amount within the sub tank

15 is determined to be less than the predetermined amount, the
drive unit 162 is driven and controlled to -operate the
atmospheric release valve mechanism 132 of the sub tank 15 so

that the sub tank 15 may be opened to the atmosphere (874) .

Then, ink may be supplied to the sub tank 15 (S75). Herein,
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as to cap the nozzle surface of this recording head 14

(S71) . Then, an anount of |iquid (ink) contained
waowdosioeeshe sub tank 15 that is detected (cal cRCEHIEMG)4/009051

based on a liquid (ink) discharge anbunt and an

absorption ambunt neasured_beforehand is read (S72)

In a case where informati On pertaining to a relation

. between a liqui in di schar a ;

SR 6 SPBIAR I Tk B nd it SRS | fbetyodes 141
éink wi thin the sub tank 15 may be _cal cul ated usi ng

and gdruidetesy Erpvitiharead 18i BRikf AvddHt TPRISUPREShKk =
Ful | Capacity of Sub Tank - { (discharge anount nunber
of B scpaigbsy ink (Wilider ppevinampuihengiberawf 15 to the
absorptions) } " "(3)Since the sub tank corresponds to

atdodpRydel)| exGéssinidIrAa 1 hatuinitd titesna theexibl €arfl [IH may be
menber and an elastic nenber, it is rather difficult

dig?nﬂg%\é! aTBRES s s Y ak 8] dadletRatienge bhgn B Ui .
of Tiquid in the subtank itself. Thus, by subtracting

t he .consunpti on. ts, : [
Ol A R R
anount and the nunmber of discharge nd the
ARSI SROGREC (GO HEGTFRORT 12 s 5Pt PO SR
and the nunber of absorptions) , fromthe anount of
(SPfyuiahdattheutibe apaes t3200f st fREERIEG &%k that, at Hreeond
amount of liquid remaining in the sub tank 15 may be
abaogpit airelaynocalkc it adleshried dromsthevrerzeldi pfereatrecording
di scharge anounts according to
head 14 (S77).

It is noted that the second absorption amount is greater
than the first absorption amount. When the atmospheric release
operation is not performed, the negative pressure within the
sub tank 15 may be maintained, and thereby, cleaning effects
may be obtained even with a small absorption amount. However,
when the atmospheric release operation is performed, the

negative pressure within the éub tank 15 cannot be maintained,

and thereby, a greater absorption amount is required in order

to reestablish the negative pressure within the sub tank 15.
In other words, different absorption amounts are used depending
on whether the atmospheric release operation is performed in
the restoration operation.

Then, as describe& above, the cap 72 is moved away from
the nozzle surface of the recording head 14 (578), the wiper

blade 73 is raised to the wiping position (contact position
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di fferent discharge patterns and the absorption anount

are stored, the liquid anmount within the sub tank 15
woreapshoeoesal cul at ed according to formula (4) shPgmIP2004/009051

bel ow. Liquid Amount within Sub Tank = Full Capacity

of Sub Tank - { (specifl rsoattern di schar ge anount

nunber of specific patterirdi scharges) + (absorpt|on

t mb f_ab t '
i ER o R S A CBREERTE ng AEnET FRTT R Qs ehaPgEsdiiitPt

data corresponding to a tone pattern may be stored
thpehoralrasdrfang mauhe tHipedoprndsplarfiang (@78tharfeen, the
anount data may be multiplied by the occurrence nunber
wipéribkeadeone 3oasréd bt roabaDpes BCicurest ewdgt Eodm dine
(cal cul ation) conpared to the case of sinply

noHHh.é' Phyine tBeodi scharige narelnthand fdie thenperp&de of
di schar ges. It may then be det ermi ned whet her the

pr gESHL%%%QﬂDEqMEQ %ggﬁﬁnunt Q dHEzHEeo§UPhéank

| ow a pre erm ne
rnat a[én in a,ca vvhereth fuII aC|t

reﬁﬁﬁ ﬁ?gc}fe éél‘s BY { AHEC lfl?(x%gt SRS (‘ﬁ &t mglr%elgr?’ is

may be nmade based on the |nk consunption .amount of the
mOé’@E pudk oM [thet RezabRvelidéCsrni nation, if the anount

of ink in the sub tank 15 is deternmined to be greater

t hahleo, egudls notedietipriedat divei dedcaiwiimn ES78hR), the

tube punp 220 is operated and a first absorption
er@®RtREntsS @bsotrbedstoomidie opezaktonf thee fiesar dndgsecond

head 14 (S81) . Then, the cap 72a is noved away from
absorption amounts do not signify any specific values; rather,
the first absorption amount represents the absorption amount in
a case where an atmospheric release operation is not performed,
and the second absorption amount represents the absorption
amount in a case where an atmospheric release operation is
performed.

As described above, in conducting a restoration operation,

when the amount of liquid within the sub tank 15 is less than a
predetermined amount, ink is supplied while opening the sub
tank 15 to the atmosphere so that the capacity of the sub tank
15 may be prevented from becoming too small, and the hysteresis
of capacity change caused by the contraction and return of the
elastic member may be reduced. In this way, the negative
pressure within the sub tank 15 may be controlled, and the ink

discharge characteristics may be stabilized. On the other hand,

when the amount of liquid within the sub tank 15 is greater
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the nozzle surface of the recording head 14 (S78) ,
and the wi per blade 73 is raised to a wi ping position
W@ cwapearss4 position with the nozzl e surface) soPChar2004/®9051
nozzl e surface may be mﬁped cl ean as the carriage 13
Is moved (S79) . Then, mﬁper bl ade is | owered so
as to be positioned amay fom t he nozzle surface (S80)
On the ot her hand, when the ink

within th .
EhARIPT SIS AT BB UL R PHB LarK 15 is
predet erm ned anmount, the drive unit 162 is driven and
notovpensid d¢ the opareaniiarke sat HoapHdre CesEpEastony gRpFation
nmechani sm 132 of the sub tank 15 so that the sub tank
mait Sodmedforapantd 4 cHdreeat pespbered (1ST) and Thies, aniavint of
may be supplied to the sub tank 15 (S75) . Herein,ink

inRBYs e SURRL edstOrdthe s bbetatkod mdintdel rbhfced.
el ectrodes 141 and 142 detect the sub tank 15 to be

ULty SERIRRLBAG £ SHPBLYLDdaL Dl MLl Bﬁeﬁté‘ﬂefﬂéd

t he su e atnDsp ere, excessive air
unul ated in,the, sub t 15 may be dis harged
mgﬂ 115%%@@;)&&@5}%@@5%@%% AniEmeI32% Then Al Ankget
the drive unit 162 is driven and control]led to close

repREd BGPRNEATES  PBHIER) aPFe mrethsiniaifid38°8FVehe Eifb
tank 15 (S76), and the tube punp 220 is operated so
prehantaam&ﬁﬂrmwnabsomgﬂ|kmmu§aduﬁp the gyvieh edoponer e and
nozzl e of the recording head 14 (S77) . It is noted
malyhat sb hee sgeunedabs o pfdrirdteuappasaigreatercophan t he
first absorption anount. When the atnospheric rel ease
apparatus, or a printer/fax/copier multi-function imaging
apparatus, for example. Also, the present invention may be
applied to an imaging apparatus that uses liquid other than ink,
a liquid supply apparatus used in such an imaging apparatus,
and a liquid container used in such a liquid supply apparatus,
for example.

In the following, examples of ink as liquid used in the
imaging apparatus are described. However, it is noted that the
present invention is not limited to use of this particular ink.

First, the static surface tension Y of the ink at 25 C is
preferably arranged so that v = 20. 1In this way, discharge
stability may be secured.

When the static surface tension Y of the ink at 25 C is
vy Z 20, ink drops may be regularly formed, and a clear image

may be generated. On the other hand, if 20 > v, the ink may

substantially wet the entire nozzle surface, or it may form a
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operation is not perfornmed, the negative pressure

within the sub tank 15 nay be mai ntained, and thereby,
w@eb®@aniwes ef fects may be obtai ned even with a BCEIT2004/009051

absorption anmount. However, when the atnospheric

rel ease operation is perferned, the negative pressure

within the sub tank 15 cannot be maintained, and

t hereby, a greater rption amount iLs.required.in
Lot BT bt 15 CRECHEDAL e Vel SaF o ER A Ehe

sub tank 15 . In other words, different absorption
nozgRmt SharEchsetR open 8P biSHatsr Mekenat s pivdrrd at

rel ease operation is perforned in the restoration
thepeszatlign anfiheneretsy déskr fbeps atww ot be cagulaxlys formed.

noved away fromthe nozzle surface of the recording
Thieatk 14 HeSE8kchatdie ddireribhatey T i sbaterted o Ui sired

Wi pi hg position (contact positionwith the nozzle

smS¥ f s %s@@glii%%‘a¥8ﬂ59gﬁa§3béiﬁéﬂé@%@e&o Lhatst ARy be

nozzl e "surface may be w ped and eaned (579) . Then,

crbpfadt R il a1 okSy | 88eR2: 28, (DAoL R UK

nozzl e"surface I's note

.the purpose of preventing color,mxi.ng, for,ex £
a1t Rt o5t SERE oot AGCReSE IRy dPstRarpREhE B0

after the w per blade 73 is moved away fromthe nozzle
fosmr$ adesignaded pixek godesirhd: #BA tHRdFeSEEPRET AT Of

t he enbodi nents of the restoration operation, the
likelgtt@ansbaacond absorption anmounts do not signify any

specific values; rather, the first absorpti on anount

r epres entis e aabs oEMit0m Aanevnbrify material. The
coloring material may be included in the ink in a dissolved
state, or the coloring material may be included in a dispersed
state, for example. If the coloring material is to be included
in a dissolved state, dye is preferably used. If the coloring
material is to be included in a dispersed state, pigment or dye
having low solubility with respect to a solvent is preferably
used. By using pigment, high light resistance and water
resistance may be obtained.

Accordingly, the coloring material is preferably included
in the ink in a dispersed state. In such case, a pH change may
occur the instant the ink drop comes into contact with the
surface of a recording medium (paper), at which point the
dispersed state of the coloring material may be broken down so

as to cause the coloring material to condense. Also, the

coloring material may be caught in the fibers of the recording
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a case where an atnospheric rel ease operation is not
perfornmed, and the second absorption anount represents
W0 b@sabses pti on anmount in a case where an at noBQNEN064/009051
rel ease operation is perforned. As described above, in
conducting a restoration.ﬁyeration, when t he anount of

liquid within the sub tank"15 is less than a

predet ermi ned _ampunt, ink is_supplied while enin
meflyan o3t itk T8 LBRUIRY AL £5 d IHAr haS CAFAL TPt
of the sub tank 15 may be prevented from_becom ng too
owgnel to simh fderyst efexierénocapdcF P hdFGELREURSY sy
the contraction and return of the elastic nmenber may
preeeheddicethd lancflhas iveyge tlag begatiamsaiprdessure within
the sub tank 15 may be controlled, and the ink

di sgharge sharachen Skhas tRY cbeosindihdteadalMst hecluded
ot her hand, when the amount of liquid within the sub

int 1 . . ur
ma%% }&'rﬁ% %g S@%@B&O@@S&{ast%guebehowﬁ&? éJr;@ﬁ%hﬁth”@@c s

nount, t t ank ot opened to'the
t h 1z { ti i+ b
EreAPOrREd 11 A EnOrLor Boriid t6F P oa AR ihe TBunt

of ink used in the restoration operation my . be
digsgdEed. CoIOT o BREET { Rat™dth NPfre eaﬁbivﬁé Eafe%fe%lgﬁts n?RAt

preferred enbodi ments, applications of the present
thiemebt | bine | eplaringk jpeterexlo mdivn§oiphbar RNHEETSEH- nt 850,
are illustrated; however, the present invention is not
wHenmtheditlo pdrectaboee enbodilemesoadingayediien BE the
applied to a facsim | e apparatus, a copier apparatus,
clor@nB hat&F{aff &4 caphedidaived stuBel i DO naf@@ogbe caught
in the fibers of the recording medium and may thus flow
relatively far out. As a result, feathering and color bleeding
are likely to occur so that a clear image may not be generated.
Among the dyes that are classified into acid dyes, direct
dyes, reactive dyes, and food dyes according to a color index,
dye that is provided with good water resistance and light
resistance characteristics may be used as dye to be included in
the present ink. Also, it is noted that a mixture of plural
types of dye, or a mixture of one or more types of dyes and one
or more other types of coloring material such as pigment may be
used as well. These coloring materials may be added to the
extent of not deterring the desired effects of the ink.
In the following, a listing of specific dyes that may be

used in the present embodiment is given.

With respect to acid dyes and food dyes, the following
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apparatus, for exanple. Also, the present invention
may be applied to an inmagi ng apparatus that uses

wo p@paioahe®t her than ink, a liquid supply appar apCEIRS@H09051
in such an imgi ng apparatus , and a liquid container
used in such a liquid suggLy apparatus, for exanple.
In the follow ng, exanpleées of ink as liquid used in

t he i magi ng ﬁg arat us. are descri bed. However, it is
Ay iy PRSEIP %ﬁ?é§¥ﬁﬂ i nvention is not limted to use

of this particular ink. First, the static surface
C.tensiadnl Yedlovhk’i Md.atd2254€ i % pridiferably arranged so
that y 20. In this way, discharge stability may be
C.SecuEd rdien,t Be 83 atid, 96faée 2ensifon 37,082t heZi nk, 87,
at 25 Cis 7 = 20, ink drops may be regularly forned,
sgan@lz a wl eabel mage, meys beigenesaf eBe ,O240he26t hezsshand,
20 , the ink may substantially wet the entire

nngQ%é?elE@cg 96 '45“@% fexen al ower contact angl e,

“and t y, 1hk nay |‘'eak "around the nozzle. In such
state, ?aé ni scus may not be forned at the
nazz?%} reby, ink drops may not be regularly
formed. That is, the dlschar e dire

di soridit &gsPraRtes? rC@dfe&?ﬁaFiY Ur o ((:ftéjé@QWFP% gg?%sp?)f dyes

may be generated, a m st may be created, or in a worst
magabe we®whari o, the ink drop may not be discharged, for
exanple. In such situation, it is difficult to forma
c.desi ghased ypiltelw as desixded26and3 i nidge Sdof 86t slabe 132,
likely to occur.
142, 144,
c. I. direct red 1, 4, 9, 13, 17, 20, 28, 31, 39, 80, 81, 83,
89, 225, 227,
C. I. direct orange 26, 29, 62, 102,
C. T. direct blue 1, 2, 6, 15, 22, 25, 71, 76, 79, 86, 87, 90,
98, 163, 165, 199, 202,
Cc. I. direct black 19, 22, 32, 38, 51, 56, 71, 74, 75, 77, 154,
168, 171
With respect to reactive dyes, the following types of
dyes may be used.
C. I. reactive black 3, 4, 7, 11, 12, 17,
C. I. reactive yellow 1, 5, 11, 13, 14, 20, 21, 22, 25, 40,‘47,
51, 55, 65, 67,

C. I. reactive red 1, 14, 17, 25, 26, 32, 37, 44, 46, 55, 60,

66, 74, 79, 96, 97,
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The ink may al so contain a coloring material. The
coloring material may be included in the ink in a
wal@sobosesd state, or the coloring material nmayP@BIP2004/009051
included in a dispersed state, for exanple. If the
coloring material is to _Be included in a dissolved
state, dye is preferably used. If the coloring
material ,is to be included. in |.sp ed st ate,
C. pf g7 S YR vt 1y TRELS %f’y%rvﬁs't %Sr’eggéc%l’t Yy 8o
solvent is preferably used. By using pignment, high
95| ight resistance and water resistance may be obtai ned.
Accordingly, the coloring material is preferably
i nctwded fumthée noted rehatdaspey sdesst gves, | ackyclyes and
case, a pH change may occur the instant the ink drop
difORE YRt areoptacdradilyn usba. surface of a recording

medi um (paper) , at which point the dispersed state of
the,calgr 'p@%fngﬁ{ﬁ,r I &e MRY 1B61HE Okt GAWN t§PedSot Gigments
cause the'c oring material to condense. so, the

coloring material may be caught in the fibers of the
May e2ortiFrgmedi um so that the ink nay not flow far from

its landing spot. Ow ng to, such effects,efeather{n nts

andVEd} dieSBEEEdER L TR 15e WPEveht e XMkt ®a EFRaY gr”%g

may be generated. On the other hand, when the col oring
phitheodydnine phoheded, iantraauARORS RIHNIE! vEdCOE A,

even when a pH change occurs the instant the ink | ands
piomchbe, ractindi phomedtsim titied ndigs apimeErds!, openglene

material may not easily precipitate and thereby, the
piGRkALs NG JWBtRIbh dhofBYp N@les , candensedlatiksopzomethine
pigments, rhodamine B lake pigments, and carbon black may be
used.

With respect to inorganic dyes, for example, iron oxide,
titanium oxide, calcium carbonate, barium nitrate, aluminum
hydroxide, barium yellow, navy blue, cadmium red, chrome yellow,
and metallic powder may be used.

Also it is noted that the above pigments are used in the
form of grain particles with grain diameters that are within a
arrange of 0.01~0.15 um. When the grain diameter of the
pigment is 0.0l M4m or less, the opacifying power of the ink
may be low, and thereby, the density of the ink may be low.
Thereby, the light resistance may be lowered so that the light
resistance of the ink may be the same as that of a conventional

dye when being mixed with a high molecular dye. Also, when the

grain diameter of the pigment particles is 0.15 U4m or greater,
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when the ink penetrates into the recording nedium if

the coloring material is in a dissolved state, it nmay
wmoedoshessaught in the fibers of the recordi ng PEdiRMV4/009051

and may thus flowrelatively far out. As a result,

feathering and col or bl eggl ng are likely to occur so

:jhat ahcl ear image may not be generat ed Armng t he

es that are classified into acid ect es,

the dead PR esteTampyt 56dPYges 5%&19& agro cso“ra&qy

i ndex, dye that is provided with good water resistance
dlfacridaliq@gh!harrest@tlaﬁé@scFﬂéls’a@@’érb%tq ipgd-be used as

dye to be included in the present ink. Also, it is

notEsd haheaink xpuaferablpl tnal udgpes wottedybaset erganic

m xture of one or nore types of dyes and one or nore

op&&% ﬁo&kp%%s%a]@g} %rdjﬁhgtﬁa ethdl prdpdrtasspbgrenyd iy,
be used as well Tese coloring materials may be

‘prgggggggptkgeﬁﬁ§if t oEodg%e£5'éﬁbﬂbhﬁlg@ﬁéfﬁgjdefects,

e 1n e followng, a listing of

and (ERANERE 2o g Jei? be Wich Prapubitl SRR bdiona

food dyes, the foI I ovm ngdyes may possi bly be used. C.
stpbilyey PfydhpodPIgringy Makeriahs. 79 142, C . | . acid

red 1, 8, 13, 14, 18, 26, 27, 35, 37, 42, 52, 82,

87, F89,e:g2pley, 0116@6?15 MEB, f@lﬂlpwi&%,tw, Of.8€,01‘2q19§3 or a

254,_289, C. I . acid blue 9, 29, 45, 92, 249 C.
comb@ghtidi atlerdor BaWWidd mieepeet th ovaliarect Sgpesfically, the

follow ng types of dyes
possible solvents used may correspond to multivalent alcohol
such as ethylene glycol, diethylene glycol, triethylene glycol,
polyethylene glycol, polypropylene glycol, 1,5-pentanediol,
1,5-hexanediol, glycerol, 1,2,6-hexanetriol, 1,2,4-buthanetriol,
and petriol; multivalent alcohol alkyl ether such as ethylene
glycol monoethyl ether, ethylene glycol monobutyl ether,
diethylene glycol monomethyl ether, diethylene glycol monoethyl
ether, diethylene glycol monobutyl ether, tetraethylene glycol
monomethyl ether, and propylene glycol monoethyl ether;
multivalent alcohol aryl ether such as ethylene glycol
monophenyl ether, and ethylene glycol monobenzyl ether;
nitrogen heterocyclic compounds such as N-methyl-2-pyrrolidone,
N-hydroxyethyl-2- pyrrolidone, 2-pyrrolidone, 1,3-dimethyl
imidazolidinone, and & -caprolactam; amides such as formamide,

N-methyl formamide, and N,N-dimethyl formamide; amines such as

monoethanol amine, diethanol amine, triethanol amine, monoethyl
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may be used. C. | . direct yellow 1 , 12, 24, 26, 33,

44, 50, 86, 120, 132, 142, 144, C. | . direct red 1
W@ 20050006843, 17, 20, 28, 31, 39, 80, 81, 83, 8BCT/H2H04/009051
227, C. | . direct orange 26, 29, 62, 102, C. |
dlrect blue 1 , é% 22, 25, 71, 76, 79, 86,
?; gg 98, 163, 165 19 202, C. | . direct bl ack
32, 38, 51, 56, 71, 74, 15, 77 168 7
amifg h PESPIL G e 00 FELEFREL FHE Y0P ’ﬁgc?nﬁPdun%‘Sf such
dyes may be used. C. | . reactive black 3, 4

as 1dimethyll pulépxide, spdfelpve, yatd glpipdieghangl; Pf@Pylene
14, 20, 21, 22, 25, 40, 47, 51, 55, 65, 67, C. | .
caflieaciiare daedod etildent?, o025y 2mty321a8%ond4, 46, .55,
60, 66, 74, 79, 96, 97,C. | . reactive blue 1, 2 7

: lﬁ::¥5mo%%d Bkat 3pongBithélabévde ﬁﬂbsﬁwielbolﬁeﬁtﬂther
noted that anong these dyes , acid dyes and direct

PP PRSPt [ SR OT 1, s
i SERFELN Qa9baRM G108 T 7 2S5 ARl G4BT PROTRAL S,
buthant;iol, petriol, 1,5-petandiol, N-methyl-2-pyrrolidone, N-
hydroxyethyl pyrrolidone, 2-pyrrolidone, and 1,3-dimethyl
imidazolidinone are particularly preferable. By using these
types of solvents, high solubility or dispersablility may be
realized for the coloring materials, and ink discharge defects
due to water evaporation may be prevented.

Also, the ink preferably includes a penetrant.

A penetrant may improve the moistness of the ink and the
recording medium, and may be added in order to adjust the
penetration speed of the ink. It is preferred that penetrants
represented by the following chemical formulae (I)~(IV) be used
in the present ink. That is, polyoxyethylene alkyl phenyl
ether surfactant as represented by formula (I), acetylene
glycol surfactant as represented by formula (II),
polyoxyethylene alkyl ether surfactant as represented by
formula (III), and polyoxyethylene polyoxypropylene alkyl ether
surfactant as represented by formula (IV) are preferably used

in order to reduce the surface tension of the liquid (ink),

increase the moistness of the liquid (ink), and accelerate the



pht hal ocyani ne pi gnents, anthraqui none pignents,

di oxazin pignments , indigo pignments , thioindigo
w@e@seotess , peryl ene pignments, isoindolinone pPCMBERNEL009051

ani line black, azonethine pignents , rhodam ne B | ake

pigments , and carbon bl ggk may be used. Wth respect

to inorganic dyes , for exanple , iron oxide |,

' i ide, ' r.b , bariumnitrate,
peé%%égﬁ%ﬁﬁ h ggx?ggb%%gghﬁﬁgygp oﬁi navy bl ue, cadm um
red, chrone yellow, and netallic powder nay be used.
Also it is noted that the above pignents are used in
the formof grain particles with grain dianeters that
are within a arrange of 0.01~0.15 b m. Wen the grain

di anme of the pignent is 0.01 mor less, the

ofRet Ofakt, GH,t 09, ilHk may--be(lioy, and t her eby,
the d ity of tzhe ik ﬁay be | ow. Thereby, the |ight
resi stance may be lowered so that the Iight resistance
of the ink may be the sanme as that of a conventiona

<Rd¥8r}9é‘ﬁ;5b&€§ Y g‘ﬁﬁgré%éﬁ)o"ﬁ i, 9 Mol LS WARF tdYBradbif® with
wh e [

en t grain aneter of the pignment particles is

0.15 m or_.greater e Jhead .and filter nay be prone to
> @ 8?858?h@, dogtggﬁg’d$sgﬁ§® e characteristics may not

be obtained. Also, the ink preferably includes a water

based organic solvent for desirably adjusting the

properties of the ink, preventing the drying of ink so

as to avoid discharge defects , and inproving the

di ssolution stability and di spersion

OHy O OHy o
CHy—CH—CH,~C —C=C—C— CH,—CH —CH,
0 0
A A~
GHy CH,

CH, CH,
~O|» 0

H AP

(m, n =20, 0 <mtn = 40)

10

R — (OCH ,CH, ) nOH--- (ill)

(R corresponds to a hydrocarbon chain that may be branched with



stability of the coloring materials . For exanple, one
of the follow ng types of solvents or a conbination

wa b@seafessmay be m xed with water. Specifical | yPCT/i2004/009051
possi bl e sol vents used may correspond to multival ent
al cohol such as ethyl ene.gJycol, diethylene glycol,
triethylene glycol, polyethylene glycol

ol.vpropylene gl yc ..1=5-pentanediol , 1 ,5-

a %?%%édﬁ%#e? 8?y§é$%1le5,58?6- hexanetriol , 1,2
, 4-but hanetriol, and petriol ; nultival ent alcoho
al kyl ether such as ethyl ene glycol nonoethyl ether,
et hyl ene gl ycol nonobutyl ether, diethylene glyco
nononet hyl et her, diethylene glycol nonoethyl ether,
di et hyl ene gl ycol nnnng;yl et her, tetraethyl ene
gl ycol nononet hyl ethér,” and propyl ene gl yco
nod-b-et@Cl-bé@Hg)mu-l—(O@ﬁ@th hoetOR ard (Mher such
as et hyl ene gl ycol nonophenyl ether, and ethyl ene
gl ycol nonobenzyl ether; nitrogen heterocyclic
conpounds such as N-nethyl - 2-pyrrolidone, N
hydr oxyet hyl - 2- pyrrolidone, 2-pyrrolidone, 1, 3-

di net hyl im dazol idi,none,. and.e.- gcapr 1,0 .
h
(5 GER BRPrbes B IRE RGBT B HAE G, e R CHLSE i
di nethyl formam de; am nes such as ponoet hanol ami ne,
a GREPRRNHTRER €, 6 tFetRarddl 2nPRePehBRoet hyl ami ne,
di ethyl amne, and triethyl am ne; sulfur conmpounds
such as di net hyl sul foxide, sulfolane, and
t hi odi et hanol ; propyl ene carbonate; carbon ethyl ene;
or Zsibdt e aticorompbunds nepeesthaed dpp ntpdrhvd agh ¥k~ (IV) ,
possi bl e sol vents, diethylene glycol, thiodiethanol,
oty ebhybenes Hueohs2RART60Rlent alcohol alkyl or aryl ether
such as diethylene glycol monophenyl ether, ethylene glycol
monophenyl ether, ethylene glycol mono aryl ether, diethylene
glycol monophenyl ether, diethylene glycol monobutyl ether,
propylene glycol monobutyl ether, and tetraethylene glycol
chlorophenyl ether; nonion surfactant such as polyoxyethylene
polyoxpropylene block copolymer; and low grade alcohol such as
fluorine surfactant, ethanol, and 2-propnol may also be used,
and among these, diethylene glycol monobutyl ether is preferred.
Also, the ink preferably includes a pH adjuster agent or
an antirust agent in order to prevent the dissolution and
corrosion of portions that come into contact with the ink. The
pH adjuster agent may correspond to any substance that is

capable of adjusting the pH of the ink to above 6 without

affecting the properties of the ink solution. For example,
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triethylene glycol, glycerol, 1,2 ,6- hexantrio
1,2,4 - buthantriol , petriol , 1 ,5- petandi ol
WORWBOINEB4 - 2- pyrrol i done , Nhydroxyet hyl pyrredT/aemnet/009051
2- pyrrolidone, and 1, 3- dinethyl imdazolidinone are
particularly preferable. usi ng these types of
sol vents, high sol ubility or dlspersabllllty may be
realized for the coloring naterlals
it e Ade PLEERARRIe 6 at 8RO eVERHTAEP gn%lg-ebélydromde
prevented. Also, the ink preferably includes a
copppetdamt. aAkpbies regia lmey enApE 9\’ é Sl §h s shysfroxide,
the ink and the recording nedium and may be added in
soat derhytdroxddest pdtes siame hiyat brids p esthoofi unhbydndesidd,
is preferred that penetrants represented by the

qub @b oW NGB e I6 ahy d M deAe abl) qld MrRe yusadshonibe
present |nk That 1s, polyoxy ethylene al kyl phenyl

hy8§:'8% EQE‘#oﬁét SR LSEREed, byndahmal,an( !a)s » 1ithium

ace ene g yCco sur act ant as represented by fornmula

, | ene al k her. surfa

Ca&éﬁ%@?%ﬂﬁ%’ Hé FRF AU | po %F%P?yoxyepﬁ§F efay be

pol yoxypr opyl ene al kyl et her surfactant as repr esent ed
usggl. f ohiniie EPy-rese w@r’fer &Py SHRBRIL ¢ n 3GiGe PHEBL FRduRRETUm

the surface tension of the liquid (ink) i ncrease the
thiohstness, dhivdeglygol it (@aik) ammemitec chligoprepyl ammonium

t hepenetration speed of the liquid (ink) . QCH2 CH2
ni@rRHe( pentacRytart espobsiscard taahy dr acardiaycdbakryt hat

may be branched with a carbon nunber of 6-14; k
amcf%m nitrite may be used.

The'ink may further include an antiseptic antifungal agent
in order to prevent decay and molding. As the antiseptic
antifungal agent, for example, sodium dehydroacetate, sodium
sorbate, 2-pyridinethiol-l-sodium oxide, isothiazoline
compounds, sodium benzoate, or pentachlorophenom sodium may be
used.

The ink may further include an antifoaming agent in order
to prevent foaming of the ink. As the antifoaming agent, a
silicon antifoaming agent is preferably used. Generally,
silicon antifoaming agents may be classified into oil type,
compound type, self emulsifying type, and emulsion type, for
example. When using a silicon antifoaming agent with a water
based substance, the self-emulsifying type and the emulsion
type antifoaming agents are preferred since they may provide

good reliability. Also, modified silicon antifoaming agents
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CHSCH3 CH3 CH3 CH3 - CH CH2 - C- CC CCH2 CH -
CH3 O OCH2 CH2 ?H2 ?HR O OHH ~" (m n 20, 0 < mtn
waeosmo6g4 OCH2CH2 ) nOH - ( ill ) (R corresporPcBIr2004009051
hydr ocar bon chain that may be branched wi tha carbon
nunber of 6 14; n: 5- 208)0 9H 3 H (OCH 2CH2 ) m
(OCHCH2 )n - -(1V) (R Z-‘orresponds to a hydrocarbon
chain that may be branched with a carbon _nunber
sugh1zs qRtaiped” SpomradQwedAdiigatiPdm L CGHp8a ?}aélcatlonr

represented by fornulae (1)-(I1V), other conpounds such
meblsaemyt tiiov abénf ied tiohnl pellirgkher Imcwfl@ﬁﬁépns uehk¥ls

di et hyl ene gl ycol nonophenyl -ether, ethylene glycol
moHDADEERY], Bigergraid\iaeny gby@%sﬁmﬂmoalﬁ.ylic&ttm,, or
di et hyl-ene gl ycol nonophenyl ether, diethylene glycol

H?f&?é“dééld%t!ﬂ@{ilf:@é&ﬁ)@rﬁﬂﬁ giogcgéedmnobutyl et her, and
tetraet hyl ene gl ycol chlorophenyl et her; noni on

SUIATEL el 38, AN mELLs coLaaraeRyLre
ma%lglél’grégee ssll'Jl_rlfc%%t gg‘tcl oeetmli]lanngo'age%r’ég %y PE OR! rkgcsun%\flemlcals Co.,
Ltd. (e.g., KS508, KS531, KM72, KM85 (product names)), silicon
antifoaming agents by Dow Corning Toray Silicon Co., Ltd. (e.g.,
02-3183A, SH5510 (product names)), silicon antifoaming agents

by Nippon Unicar Co., Ltd. (e.g., SAG30 (product name)), and
antifoaming agents by Asahi Denka Co., Ltd. (e.g., adeka nol
series (product name)).

Also, the viscosity of the ink at 20 C is preferably
above 4 mPa/sec. By maintaining the viscosity of the ink to
conform to this condition, ink may be prevented from bouncing
back and generating a mist,‘and discharge stability may be
secured. 'Accordingly, a clear image may be obtained from the
use of high viscosity ink.

However, it is noted that as the ink viscosity becomes
higher, discharging air bubbles (foam) generated in the ink
tends to get more difficult. Thus, in the case of using a sub
tank system (an ink supplying system using the sub tank), it is
preferred that such problem be properly addressed. According

to embodiments of the present invention, an atmospheric release

operation is performed depending on the amount of air and the
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and anong these, diethylene glycol nonobutyl ether is
preferred. Also, the ink preferably includes a pH

wW@ooasemss4 agent or an antirust agent in order PQI/JP2004/009051
prevent the dissolution and corrosion of portions that
cone into contact with Eg i nk. The pH adj uster agent
may correspond to any subistance that is capabl e of
adj usting the pH. of the ink to abhove 6 _w t hout

ameite i AgAE prYderty E8oFUR HEFNIESs baTi BROPgs caused
exanpl e, am nes such as di ethanol am ne, and triethano

by afvamginchypdyoke deremmyednds of al kal i ne netal el enents
such as |ithium hydroxi de, sodi um hydroxi de, potassium
hy drexi < o tasmem i lyduoki e, T aterveady s apipii ermo £
hydr oxi de, and quat ernary phoshoni um hydroxi de; and

emﬁé@{?gﬁg§*5foﬁhélﬁf@ééﬁ% melaht s&eh @ lathBsPRAtric release
carbonat e, sodi um carbonate, and potassi um carbonate

nay, be used. (o agent X ; i
oPRFE P e S SAPRRR b F S e et A bS] ves oraerd B
ammoni te, diisopropyl a niumnjtrite, . e
anSRE 4 i FPSI RSt T3 PrabE id aieE drEYBtoRExyauid in the
amoniumnitrite may be used. The ink may further
subntankie GHSINBESRPYTRETER PEENHAFO RRTRIBLE oRdukrigh the
prevent decay and nol ding. As the antiseptic
atansphemgalredgent, oparatExanplsepesbaingd dehpdtbarterna of a
sodi um sorbate, 2-pyridinethiol - |- sodium oxide,
cak8OL A @z 0dH RBeCanpanndst sSeditnthenadatienkoteaches a
pent achl or ophenom sodi um may be used. The ink may

prEHEEQ?ﬁiﬂéHﬂdﬂ%ﬁn@noﬁnﬁﬁéé¥§g,ngrageaéséIIIPM%QEh the amount
of liquid in the sub tank is below a predetermined amount, and

the atmospheric release operation is not performed at other

times.
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to prevent foamng of the ink. As the antifoam ng
agent, a silicon antifoam ng agent is preferably used.
w@evenaleBy, silicon antifoam ng agents may be PCT/JP2004/009051
classified into oil type, conmpound type, self
enul sifying type, and emy| sion type, for exanple. Wen
using a silicon antifoaggﬁg'agent wth a water based
substance, the self - enulsifying type and the
emul si on type anti foani ng® s are preferred since
they may provide good reliability. Also, nodified
silicon antifoam ng agentssuch as obtai ned from am no
nodi fication, carbinol nodification, nmethacrylic
nmodi f i catliiemidpebyedhreyr rabditf Bcadmmoodat@skyhiquid used in an
nodi fication, high grade fatty acid ester
1mABehE | 4 1RusOr tBE KVl qaRre cextdensPdidnipiakiag: my be
uSed. Some exanpl es of antifoam ng agents avail abl e on
t he i, ar N [ ' I o- su
Sl € M SR s 2R Y1
.(prqduct nanes) ), silicon antifoam ng agents by Dow
lléﬁ?ﬁfnﬂm%oray Silicon Co., Ltd. (e.g., Q- 3183A,
SH5510 (product nanes) %J silicon antifoam ng agents
by MRppoRh Ui dathofor |digchegddng ShestF prdguétauid
nanme)), and antifoam ng agents by Asahi Denka Co.
ackbumodetigng ,pcadeka; nohesEm es (product nane) ) . Al so,
the viscosity of the ink at 20 Cis preferably above 4
nmPatBecCaiByr I Maghninglidies winseasiréycofftdwe pank portion
conformto this condition, ink nmay be prevented from

tHRQURCT REnhack-ARY gaBel ahliRD ar cBinibda Bty Hos&hahgeand a
stability may be

continued flow path portion that continues from the entrance
flow path portion; and

the continued flow path portion is arranged to extend in
an upper diagonal direction with respect to a reference plane

corresponding to a liguid level of the liquid accommodated in

the liquid accommodating portion at a standstill state.

2. The liquid container as claimed in claim 1, wherein a
length of the entrance flow path portion is arranged such that
the liquid does not enter the continued flow path portion when
the liquid container is in use and liqgid level fluctuation

occurs from vibration of the liquid container.

3. The liquid container as claimed in claim 1 or 2,

wherein a cross section area of the entrance flow path portion
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secured. Accordingly, a clear imge may be obtai ned
fromthe use of high viscosity ink. However, it is
wmodosdodskat as the ink viscosity becones hi ghePCT/JP2004/009051
di scharging air bubbles (foam generated in the ink
tends to get nore difficy-t. Thus, in the case of
using a sub tank system (an ink supplying system using
. the sub tank) , it is prefer t u
i ey B BShUs RECRA NG D S SenPLAGE g path
present invention, an atnospheric rel ease operation is
POBEEPDT med depending on the anmpunt of air and theanpunt
of liquid (ink) in the sub tank so that problens
caused by foam ng nay be prevented. It is noted that
al though in the above description of enbodi nents of
t hes4 pr egentl iigoy @ntbots Lridte aat nbsjphat iin rdladasé, wherein a
operation is separately described for the case of
ridsSt 8% N6, D URt AQf o?ér[in@n@ft Rge Casericauging phen portion
amount of liquid in the sub tank, other arrangenents

are. al $9. POSSIPLE Lhe WA ot AL -BLADEPNGI bortlisase
th%%e%%t?%%rpelcé%gektg olﬁﬁ%m@&tggr one o gla‘ibc?ase In

whi ch the anmount of air in the sub tank reaches a

predet erm ned anount or greater, or a case in which

the anmount of liquid in the sub tank s hel.ow a

pr efet eFRE NSO GRECAIRE Bife CARMBSPhER i T4 daskherein

operation is not performed at other tinmes .CLAIMS 1 .
thA kehtuagce ofiteai mertht hattimgc disnedaseged i triskte@sedin i an

i magi ng apparatus, the liquid container conprising:
substantially perpendicular direction with respect to the

reference plane.

6. A liguid container that accommodates liquid used in an
imaging apparatus, the ligquid container comprising:

a container main body that forms a liquid accommodating
portion for accommodating the liquid;

a flexible film member that is attached to the container
main body and is adapted to seal an opening of the liquid
accommodating portion; and

an air flow path that is formed at the container main body
and is adapted to discharge air from the liquid accommodating
portion; wherein

the air flow path includes a flow path portion that does

not have a wall formed by the flexible film member.
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a liquid accommodating portion for accommodating the
liquid; and an air flow path for discharging air from
wao b@sioomsd d acconmodat i ng portion; wherein t heP@l/aP20040049051
path includes an entrance flow path portion that is
connected to the quuid_gg_pnnndating portion, and a
continued flow path porti that continues fromthe
entrance flqQw path portion; and the. continued_ flaow .
oot - pois an e daroBiRAReT Bookl Bt A ief, WHerein
di agonal direction with respect to a reference plane
theop e shendipaght dnalyderiia trepeh BPrigfk aY dhipdcontainer
accommodated in the Iiquid accommbdating portion at a
maghahddy ) ldndskatbro@gh Hdle lthaui ds cOmregdert aswelhilmiegking
in claiml, wherein a length of the entrance flow path

a PeEtien dS tdef apgaehsuch that the liquid does not
enter the continued flow path portion when the |iquid
container is in use and liquid | evel fluctuation
occurs fromvibration of the liquid container. 3 . The

liquid container, as_¢clai nmed in.claj 0 wh L.
2 cPoss eciB tar BB e e et riied 11 G v Wbt
portionis greater than_a cross sectiqugaea of t

he

theo FhrAndd HAGwisatRTPe 130 POFLLI9R e uisy FEGACRFHTTO™

as claimed in claim1, wherein a rib is arranged at an
a dpewi ngtivfeddee ldner dnceed |oivthat Brpoek i Bl tifgt fhgm member.

connected to the liquid accommpdating portion.

9. The liquid container as claimed in claim 7 or 8,

wherein a length of the through hole is arranged such that the
liquid does not pass through the through hole when the liquid

container is in use and vibration occurs.

10. The liquid container as claimed in claim 7 or 8,
wherein a diameter of the through hole is arranged such that
the liquid does not pass through the through hole when the

liquid container is in use and vibration occurs.

11. The liquid container as claimed in claim 6, wherein
the air flow path includes an accumulation portion that

accumulates liquid entering the air flow path.

12. The liquid container as claimed in claim 6, wherein

the air flow path includes an entrance flow path portion
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5. The liquid container as clainmed in claim1, wherein
the entrance flow path portion is arranged to extend
WO p008/080R6t ant i al | y per pendi cul ar direction w PET/JP2004/009051
respect to the reference plane. 6. A liquid container
that accommodates |iquid _used in an inmagi ng apparat us,
the |iquid container coﬁﬁ%FSing: a contai ner main body

that forns a |iquid acconmodati ng portion for.

thafe commcaaeragdt e Tigqditguld FFemide HPPnPetEt: ARg: 2
is attached to the container main body and i s adapted
conbimesl fapwopeth mpmfionhghit gedntiavesmisaat Frg entrance
portion; and an air flow path that is fornmed at the

flewnsaimeoriabn; batdy and is adapted to discharge air
fromthe liquid accombdati ng portion; wherein the air

f 1 oppdatdh i AEEY 0ESoR Jd@WpBat o0l d IaRahBall Heesield in
have a wall formed by the flexible filmnmenber.7 . The

anl%ﬁgéfé%%%égh 41 A% léﬂ %?th9%§¢éﬂﬂn a“@@ﬁ§£éhéé“%lane

a I ncluades a trenc ornmed at the

cont ai ner in_body,, and a_through hole that is r ned
coRPeRERE P BoRT TS DO Ean o6 Lo TPERc AL T 0

liquid container.as claimed in claim?7, wherein the
thehtbugi lsicemneda bine Pt ignpati ¢ i Brrndsdi s SHREached

froma flow path edge line forned by the trench and

the filmmenber. 9 . The liquid container as clained
inclaim7 or 8,

13. The liquid container as claimed in claim 12, wherein
the entrance flow path portion is arranged to extend in a

perpendicular direction with respect to the reference plane.

14. The liquid container as claimed in claim 12 or 13,
wherein a length of the entrance flow path portion is arranged
such that the liquid does not enter the continued flow path
portion when the liquid container is in use and liquid level

fluctuation occurs from vibration of the liquid container.

15. The liquid container as claimed in claim 12 or 13,
wherein a cross section area of the entrance flow path portion
is greater than a cross section area of the continued flow path

portion.

16. The liquid container as claimed in claim 12 or 13,

wherein a rib is arranged at an opening of the entrance flow
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wherein a I ength of the through hole is arranged such
that the liquid does not pass through the through hole
wob@s/00dses | i qui d container is in use and vi br ap¢DIP2004/009051
occurs . 10. The liquid container as clainmed in claim
7 or 8, wherein a dianmeter of the through hole is
arranged such that the T?BUid does not pass through
t he through hol e when the liquid container is in use
patingoyitheat fhat decGparectad trhehe qifH ¢ HGHHEPahsng
claimed in claim®6, wherein the air flow path includes
poxdtioaccunul ati on portion that accunulates liquid
entering the air flow path. 12 . The liquid container
as claimed in claim®6, wherein the air flow path
i ncl udes an entrance flow path portionthat is

Coqﬁ?Ctﬁdlgéhf&“%%ﬁgqyig?ﬁéfgﬂﬂpqﬁkﬁﬁguﬁﬁliéénliqwﬂa &0 a

conti nued ow pa portion that continues fromthe

entr.ance flow path _pottion: Qgg e.ean 'ﬁgﬁg s
re‘boalfc{‘}nﬁoﬁ??%n&i sanarlfr% éég ?%pex eJn% itglga'trLli pperJ oty

di agonal direction with respect to a reference plane
APRBFF GRUPRY ¥ a liquid I evel of the liquid

acconmodated in the |iquid acconmpdating portion at a
st andsiguib semtainer3 inciding qui HeBst arAeree M9 med
in claiml12 , wherein the entrance flow path portion
potBi@t rivrgedctameikttendg itheal pgnpdndirculear adirekev geth for
with respect to the reference plane. 14. The liquid
di SO AR 238 EFah Mak ingehal stdédumrdakdngwpereion a and
| ength of the entrance flow path portion is arranged
a liquid supply unit for supplying liquid to the liquid
container; wherein
the air flow path includes an entrance flow path portion
that is connected to the liguid accommodating portion, and a
continued flow path portion that continues from the entrance
flow path portion, the continued flow path portion being
arranged to extend in an upper diagonal direction with respect
to a reference plane corresponding to a liquid level of the

liquid accommodated in the liquid accommodating portion at a

standstill state.
18. The liquid supply apparatus as claimed in claim 17,
further comprising an atmospheric release unit for opening the

air flow path of the liquid container to the atmosphere.

19. A liquid supply apparatus that supplies ligquid to a
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such that the liquid does not enter the continued fl ow
path portion when the liquid container is in use and
wo p@paioabeBL£vel fluctuati on occurs from vi brati oPCDIP26M009051
liquid container. 15. The liquid container as cl ai ned
inclaim12 or 13, whereiyn a cross section area of the
entrance flow path portion is greater than a cross

sectjon _area qQf the cantinued f|ow path ;0 6.

e e TG T gy 3 noP A PPREAC TR O Are i Syt
wherein a rib is arranged at an opening of the

aPPATR HAT CTIEWEARB: portion that is connected to the
I iquid acconmodating portion . 17 . A liquid supply
appar htwsid tantsipet i ssclidjmiodat gortaiawsy diedg hedr grat
an i magi ng apparatus , the liquid supplyapparatus

foeRBPAI Bidigid Ackbfidbdh€ay Porteionncdbridargpmaockating the
accomodat i ng portion for accommodating the |iquid,

1iA0daan, 3k T fikaw path fQihdl sehar gkngr@ldndd @B the
[ qui d acconmopdating portion; and a liquid supply unit

copfai BFPR T ol IhE 19 i edib A SoN ) ReleninthSE it

arr ow path es an entrance
portion that is connected to the Iji qﬁ?vgcc%ﬁn? a ifg
Liggidi ercompfati8gnPPRbEF 1 135 ﬁ&tﬁlgo o4 Ha
continues fromthe entrance flow path portion, the
fogowdi abethd |oomtpanar porin dwdveing 4Fr ¢ §oelterprae
in an upper diagonal direction with respect
air from the liquid accommodating portion; and
a liquid supply unit for supplying liquid to the liquid
container; wherein

the air flow path includes a flow path portion that does

not have a wall formed by the flexible film member.

20. The liquid supply apparatus as claimed in claim 19,
further comprising an atmospheric release unit for opening the

air flow path of the ligquid container to the atmosphere.

21. An imaging apparatus that forms an image by
discharging liquid drops from a recording head, the imaging

apparatus comprising:

a liquid supply apparatus that includes a liquid contailner

having a liquid accommodating portion for accommodating the
liquid, an air flow path for discharging air from the liquid

accommodating portion, and a liquid supply unit for supplying
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to a reference plane corresponding to a liquid |evel

of the |iquid accormmbdated in the |iquid accommbdati ng
weorosiewsat a standstill state. 18. The | i qui dPGT/p0§4/009051

apparatus as clainmed in claim17, further conprising

an atnospheric rel ease g@iL for opening the air flow

path of the |iquid contai%er to the atnosphere. 19. A

liquid supply apparatus that suppli liguid to
Licgiek Sodithg Paé%l@gfcoélﬁaﬁﬁﬁﬁi nv&ﬁea%ﬁar ?Ss?% her Y 58
supply apparatus conprising: a |iquid container
in¢hdasdiang eateamtaifler path PoEylathdhatol fsCPNS§GEdgto the
accomodating portion for accommodating the liquid, a
lidbexiddcembtat egrhyerrttibat asd & taottédued fhew qeatttaipeaiion
mai n body and is adapted to seal an opening of the

that G idCeaNRREAL 1] pRrhhes, FBW mithabbritiow patd
that is forned at the container nmain body and is

di . _ o lat
CO%%r |%ﬁié¥§gdb§&Fﬁ%%ﬁgﬁgﬂS%F@ah%gﬁnk%%yggpgfging Iiéﬁ?g

to the |i id, t ai o Wh ' h ' {
uopfe | SRR PERPRR SOT BRCPRGE Hods Thor Rave s

formed by the flexible filmnenper. 20. The liq%ﬁq:d .
cosupPPndipsarat aslidiid disved PR BrRi MAYS fEPPHEpIated in

conprising an atnospheric release unit for _opening the
thai tidiolv gratomoflatireg |Hapkiignceht ai HeandsdidheState.

at nosphere. 21. An inmagi ng apparatus that forns an

i mage by

22. The imaging apparatus as claimed in claim 21, wherein
the liquid container of the liquid supply apparatus is

installed in a carriage that implements the recording head.

23. An imaging apparatus that forms an image by
discharging liquid drops from a recording head, the imaging
apparatus comprising:

a liquid supply apparatus that includes a liquid container
having a container main body that forms a liquid accommodating
portion for accommodating the liquid, a flexible film member
that is attached to the container main body and is adapted to
seal an opening of the liquid accommodating portion, and an alr
flow path that is formed at the container main body and is
adapted to discharge air from the ligquid accommodating portion;
and a liquid supply unit for supplying liquid to the liquid

container, wherein the air flow path includes a flow path
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di scharging liquid drops froma recordi ng head, the
i magi ng apparatus conprising: a liquid supply
wa@ppanatess t hat includes a |iquid contai ner haRCTHgP2004/009051
i quid acconmopdati ng portion for accommobdating the
liquid, an air flow path for discharging air fromthe
| i qui d accommodati ng pofTQQﬂL and a liquid supply unit
for supplyingliquid to the |iquid container, wherein,
PorhEOR e GRepanht | Tudeyadh EorRehEY fHhewtpariple film
portion that is connected to the |iquid acconmodati ng
mepbeti on, and a continued flow path portion that
continues fromthe entrance flow path portion, the
continued flow path portion being arranged to extend
in an upper diagonal direction with respect to a
ref g5 encg, plign iﬁ@réﬁéﬂ%&%'sln_gst 01 &ihdAuird 18Rl 29f Whein

liquid acconmodatéd in the |iquid accommodati ng
ortion, at standstill Lg% . %@ %%g | 1B .

th%p%%\?%“t%scoéls Sh8R8h e iy, DR ERT e Tqui d
. container of the, liquid sy éé aggar tus is instqﬁle
inphabled it £9&RARIF Nt TheT Tt diSrg=Aead. ol

An i magi ng apparatus that fornms an i mage by

di scharging liquid drops froma recordi ng head, the

i magi ng apparatus conprising: a liquid supply

appabat us guiattankckodesimindd duiodidostppniead Haeinng main
~container main body that forns a |liquid accommodating
taB®RF Bh@Nod Dig aeererdas i figpgiRe thequiguia 4d exilkhbeidi | m

menber that is attached to the container main body and
dfs%hggsgtﬁégd(%hat discharges the liquid, the sub tank
comprising:

a negative pressure generation unit that includes a
flexible film member that is disposed on at least one side of
the sub tank, and an elastic member that forces the flexible
film member outward with respect to the sub tank, the negative
pressure generation unit being adapted to expand and contract

in response to the supply and discharge of the liquid, and

generate a negative pressure within the sub tank.

26. The sub tank as claimed in claim 25, wherein the

flexible film member has a thickness within a range of 10~100

mm.

27. The sub tank as claimed in claim 25 or 26, wherein

the flexible film member includes at least two types of films
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seal an opening of the liquid acconmodati ng portion,
and an air flow path that is forned at the contai ner
worados/obwsy and i s adapted to di scharge air froPCT/iR2004/009051
i quid acconmpdating portion; and a |liquid supply unit
for supplying liquid to the Iiquid container, wherein
the air flow path i ncl udéé-a fl ow pat hportion that
does not have a wall formed by the flexible film
tharerdyey lamPratqhe | magi ng apparatus as clainmed in claim
23, wherein the liquid container of the liquid supply
apparatus is installed in a carriage that inplenents
the recording head. 25 . A sub tank containing liquid
suppd i ednkr efbacamt hd ankiasd beidigiadapt edhéoe SuUppley
the liquid to a liquid discharge head that discharges
£1806,1d GGl LGS UL ARICSCORPIEAING: (R198ERYIME filn and
pressuré generation unit that 1ncludes a flexible film
mepber_that is disposed on at | east one side of the
a BYHPR ™ and an el astic menber that forces the
flexible filmnmenber outward with respect to the sub
tank, the negative pressure generation unit being
adapted to expand and contract in response to the
suppdy ek diubchangeanfclieiaeli fui dlaighdbgebpreen dhe
negati ve pressure within the sub tank. 26. The sub
£1banK1 &S Clrim@EBeirnist Ridas?5, sihecaiveddre debexiibien flidyer.
menber has a thickness within a range of 10-100 b m.

30. The sub tank as claimed in claim 26, wherein the

flexible film member has a protruding portion.

31. The sub tank as claimed in claim 30, wherein the
flexible film member is formed by molding a film sheet into a

convex shape.

32. The sub tank as claimed in claim 25, wherein the

elastic member corresponds to a spring.

33. The sub tank as claimed in claim 25, further
comprising a case that includes a negative pressure lever that
is arranged to be in contact with an outer side of the flexible
film member, the negative pressure lever being displaced in

response to a deformation of the flexible film member.
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27. The sub tank as clained in claim?25 or 26, wherein

the flexible filmnmenber includes at |east two types
w@Rookiobasss hat are | am nated. 28. The sub tank BGI/JP2004/009051

claimed in claim?27, wherein the flexible filmnmenber

i ncludes at |east a polyethylene filmand a nylon

film 29. The sub tank a5 <Xl aimed in claim26, wherein

the flexible filmmenber includes a siljca vagor

depdsi t iB1E Bapetankes THeiggs tAKIHE FPai ABITHRT cl ai m

26, wherein the flexible filmnenber has a protruding
copprisiny =31 atfhepkebic arek easechal pelPy wrendnm Bige sub tank

wherein the flexible filmnmenber is forned by nol di ng
toathé| Msheelerent o a convex shape. 32. The sub tank as

claimed in claim25, wherein the elastic nmenber

corresponds to a spring. 33. The sub tank as cl ai ned

in claim25, further conprising a case that includes a

negativ ressure lLeyer that .8 aL ?ngﬁrﬁ .0 be in
con?étt GAWi aﬁ obngr g6 gﬁu?herp exi gé film

menber, the negative pressyre l.ever bejng .djsplaced i

respofidR 133k tg‘@'ftoFPrBﬁJo?F g’ﬂqﬁlﬁg g? e‘?(ie]b]tog“r# ?1r]nscﬁarge head

menber.34. The sub tank as claimed in claim25,
thiagr dheehaegrsy ithengianidr moshRerpén r B3as@ainistippstes the

openi ng the sub tank to the atnosphere. 35. Aliquid-
lisuppl yo apiparatusackppthsisg tankubntchedinchan sGppsplsric

liquid to a liquid discharge head
release unit for opening the sub tank to the atmosphere, and a
negative pressure generation unit that includes a flexible film
member that is disposed on at least one side of the sub tank,
and an elastic member that forces the flexible film member
outward with respect to the sub tank, the negative pressure
generation unit being adapted to expand and contract in
response to the supply and discharge of the liquid, and
generate a negative pressure within the sub tank,

wherein the ligquid is supplied from the main tank to the

sub tank, by opening the sub tank to the atmosphere by the
atmospheric release unit, and expanding the negative pressure
generation unit, after which.a negative pressure is generated
within the sub tank by closing the atmoépheric release unit,

discharging a portion of the ligquid in the sub tank, and

causing the negative pressure generation unit to contract.

36. An imaging apparatus that forms an image by
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that discharges the liquid, and a nmain tank that
supplies the liquid to the sub tank, the sub tank

w0 p@badiesy an at nospheric rel ease unit for opePCTIP2M009051
sub tank to the atnosphere, and a negative pressure
generation unit that includes a flexible filmnmenber
that is disposed on at I€Xt one side of the sub t ank,

~and an, el asti ¢ _nenber that forces éhe E%gxibl inJJn
04 REhBET LB LAAPE TP roSeeratns UREEh TRRke §hes
negative pressure generation unit being adapted to
diegharak dedd;onie abtadimg epponstus CIWESdpEly and
di scharge of the liquid, and generate a negative
pr eassute tankhconthiensuh tHankd shepkied thren pquadh itsnk and
supplied fromthe main tank to the sub tank, by

be@RENAASEde BUBubBNY¥ tRe thenaldmspheeel Dyuidi@lischarge head,
at rospheric rel ease unit, and expandi ng the negative

] SERLAA ARSI S Bl e s gl Yo

. the atnospheric release unit,.dischargin qQr of
SrERIFF b 6 LR Eo D TR TRACchnat A Bgak bEtt
pressure generation unit to contract. . An_inmm

36 in
ongppafat s tHeafUPoFARK arfitrdde chFaFS¢e MGy tPFaug%lrcqes the
onto a recording nediumfroma |iquid discharge head,
£ ltela bil gafyi Iny mepparatuswaohmritdi mgsractule ttdek sub tank, the
containing liquid supplied froma main tank and bei ng
neRpaptiedptes siepbynthetiomuird it betthg ddapitiatl diosehpage and
head, the sub tank having a negative pressure

cdifakat o -difidnsthat LtRE! 4das yaahliedi bleaddd mrmenberiquid,
that is disposed on at | east

and generate a negative pressure within the sub tank.

37. An imaging apparatus that forms an image by
discharging liquid onto a recording medium from a liquid
discharge head, the imaging apparatus comprising:

a ligquid supply apparatus including a sub tank that
supplies liquid to the liquid discharge head that discharges
the liquid, a main tank that supplies the liquid to the sub
tank, the sub tank including an atmospheric release unit for
opening the sub tank to the atmosphere, a negafive pressure
generation unit that includes a flexible film member that is
disposed on at least one side of the sub tank, and an elastic
member that forces the flexible film member outward with
respect to the sub tank, the negative pressure generation unit

being adapted to expand and contract in response to the supply
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one side of the sub tank, and an el astic nenber that
forces the flexible filmnmenber outward with respect

W 005k@6e8ub t ank, the negative pressure gener apCDIP206W/109051
bei ng adapted to expand and contract in response to
the supply and discharge_gf _the liquid, and generate a
negati ve pressure within the sub tank. 37 . An inaging

h nJN by di_sch ' J_iquid
-AIRAS L0 Tl TS S 8Ghr LR Ui e

onto are I Nng ne Iqui

fhe i I ng_apparatus conprising: a liquid supply
Wﬁgﬁﬁ}gggssahdﬁgﬂimg a sub tank that supplies liquid to

the |liquid discharge head that discharges the |iquid,

a naihereanktidatigushlisesuphblied o thethelin uinnkamk, the

the sub tank including an atnospheric release unit for
superdnig biyhepening athle tsabt henlat i gplee émoaphegathw ehe

pressure generation unit that includes a flexible film

atRdEieri Batel Sadh SPASEda08 &lpdRBSly eRe Si&e-Bfe thessure
sub tank, and an el astic nenber that forces the

g%%%ﬁ%ﬁltoﬁxeﬁhhm w w‘l)llﬂ:ﬂag dnge%]éﬁvree g&%g Eu}:g b{e %,1 re?ge‘?ilégated

negat1 ve pressure genheration unit
adapt t o expand .and.contract i response to. the .
SR St S R 8 G SR RhE Pl iAo s R LR St unit,
negative pressure within the sub tank, wherein the

disRATTING aupPFHer Rfoiriendidaith imaiker 89 headub angnk
by opening the sub tank to the atnosphere by the

catpoxpiéel pegat s @nasisureagenesgided B9 itheo negettiags -

pressure generation unit, after which a negative

pressure i s generated

38. An imaging épparatus comprising a liquid discharge

head that is adapted to discharge liquid from a nozzle, and a
sub tank that is adapted to accommodate liquid supplied from a
liguid storage tank and supply the liquid to the liquid
discharge head, wherein an amount of liguid that is consumed
from the sub tank is detected and a liquid supply operation of

supplying liguid to the sub tank is performed according to the

detected liquid consumption amount.

39. The imaging apparatus as claimed in claim 38, wherein
information pertaining to a liquid discharge amount and an
absorption amount is stored beforehand, and the amount of
liquid consumed from the sub tank is obtained through
calculation of formula (1) that is defined as

liquid consumption amount = X (liguid discharge amount X
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within the sub tank by closing the atnospheric rel ease
unit, discharging a portion of the liquid in the sub
W a00k/00@84d causi ng the negative pressure generBCT/aire004/009051
unit to contract. 38. An inmmgi ng apparatus conpri sing
a liquid discharge head égat is adapted to discharge
liquid froma nozzle, and®a sub tank that is adapted
to accomodate liqujd_supplied froma |iquid storage
nuntark cAndisappraehe” | Fo@bgoratipe W%tdqgi%mé
head, wherein an anount of liquid that is consuned
abddxpnitne) sub-t@nk is detected and a |iquid supply
operation of supplying liquid to the sub tank is
performed according to the detected |iquid consunption
anmount. 39. The inmagi ng apparatus as clained in claim

38, gpvhengien i had-idraldRRaRaLt 2 Nt NG red anl EUMiM 39, wherein
di scharge anount and an absorption anount is stored

thgﬁ%gréﬁ%(%gd 8 %i:§§§?Eﬁg@Eeoi1éﬁfﬁ“disﬁﬁﬁ§agfﬁhédﬂ¥g the

'S O ough cal cul ation of fornula

(1) that i,s defined as liquid consunption_appunt. = .
ot TR i BB G SR P o P SO GEa: ghat is

(absorption anmount X nunber of absogg%ions) '"51%. 40.
seThec¢omfingg tappapataneter charnedti5FtS & Arseladdfer ei n

the calculated total sumof the Iliquid discharge
chapatidsi Sts cc of r eloe e sidnglachaedethaad-ned correction

coefficient that is set according to a paraneter that

reflects a discharge characteristic of the liquid

di schar ge head.

41. The imaging apparatus as claimed in claim 38, wherein
information pertaining to a liquid discharge amount for a
specific discharge pattern and an absorption amount is stored
beforehand, and the amount of ink consumed from the sub tank is
obtained through calculation of formula (2) that is defined as

liquid consumption amount = 2 (specific pattern discharge

amount X number of specific pattern discharges)

Y (absorption amount X number of absorptions) (2) .

42. The imaging apparatus as claimed in claim 38, wherein
the detected liquid consumption amount is compared with a first
standard value V1, a second standard value V2, and a third
standard value V3 (V1 < V2 < V3); and

when the liquid consumption amount is greater than or
equal to the first standard value V1, liguid is supplied to the

sub tank right before capping the liquid discharge head;
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41. The imagi ng apparatus as clainmed in claim 38,
wherein information pertaining to a |liquid discharge

wW@rwaneos8or a specific discharge pattern and aPCT/JP2004/009051
absorption anount is stored beforehand, and the anount
of ink consuned fromthe sub tank is obtained through
cal cul ati on of fornula.(i§9That is defined as liquid
consunption anmount = (specific pattern discharge
anotiRen XhideMigf cepuaifiionpanperh i SHFat§EsFhan or
(absorption amount X nunber of absorptions) (2). 42.

eqlibd tougiegemppdr atasdas] cledured? i nldwidnids suphbied o
the detected |iquid consunption anount is conpared

thel Bhbatdnk sin peandan bard waitWut epsegainchsst andar d
value V 2 , and a third standard value V3 (M <V 2 <

V3)wheﬁnﬁhéwﬁyﬁuﬁaecb+§%%9%#§ﬁn%HHHBEofbEﬁﬂ@ﬁﬁéri%han or

greater than or equa e first standard val ue V
|’ iquid.is _suppli d(%o t.he s g &%Bg .ﬂihﬁ b %
eq@%%p%ﬂgg??m} ﬁﬁ?u?gaﬁg%% é?ﬁé%heg ¢ en-%%e IFqg %ﬂéﬁ to
consunption anount is greater than,or equal. to the _.
tho BbHACRESFRIAT A LOAPHEONES , GG HOFS" Shighi ided ot Supsied to
sub tank in between page output operations ; and when
theheupi gaild ashsuRpoRBhVAMIANSULS §F cdeReTIIeeh theredial
to the third standard value, the sub tank is opened to
the atnosphere at |east once, after which liquid is
supplied to the sub tank and a negative pressure is
genanat edn¢ heiRjifg 48padditnd MRYicNgiApPalBtldi®ias 38, wherein
claimed in claim 38, wherein the detected liquid
+HRORRYARELEM AP LohSuaOPRA &ehothtNid compared with a
fourth standard value V4, a fifth standard value V5, and a
sixth standard value Ve (V4 < V5 < V6), and
when the liquid consumption amount is greater than or
equal to the fourth standard value V4, printing with color ink
is disabled after a page output operation;
when the liquid consumption amount is greater than or
equal to the fifth standard value V5, printing with black ink
is disabled after a page output operation; and
when the liquid consumption amount is greater than or

equal to the sixth standard value V6, printing with inks of all

colors is disabled during a page output operation.

44 . The imaging apparatus as claimed in claim 38, wherein

a viscosity of the liquid at 20 C is greater than or equal to

4 mPa/sec.
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fourth standard value V4, a fifth standard val ue V5,

and a sixth standard value V 6 (V4 < V5 < V6) , and
wob@s/0o0dsed | | qui d consunption anpbunt i s great erPCNaArRIGY009051

equal to the fourth standard value V4 , printing with

color ink is disabled after, a page output operation;

when the |iquid consunpti “anmpbunt is greater than or

equal to the fifth standard value V5, printing with

black ink is disabled after a page output operation;

and when the |iquid consunption anount is greater than

or €%ualThe iMpeinganPasrgndanrd obdieed/dn FLpHRi $ wiherein

inks of all colors is disabled during a page out put
thepei@tidniisbhardhehearhgiongeappadat s saheebaihed isn adapted

claim 38, wherein a viscosity of the liquid at 20 Cis
todieatRirddhan PhdeBddd tp 4 bRah§eCit R pllkeoklBEt

apparatus as claimed in claim38, wherein the liquid
elgﬁggggrge head corresponds to a head that is adapted

to drscharge |liquid based on a change in a

piezoelectric element . 46. A liquid discharge

apparatus conprising a liquid discharge head that is

adapted to discharge liquid froma nozzle, a sub tank

t hat6i s addpied 65 RTTIMGEREEAFPE T A RSPl 1Tt

liquid storage tank and supply the liquid to the
dibcharde dischabgs heartlaphed 4 dperhardeddauadt ffer a

switching a state of the sub tank between a seal ed
nogkate ansblart-openrdt is adapted to accommodate liquid

supplied from a liquid storage tank and supply the liquid to
the liquid discharge head, and an open-close unit for switching
a state of the sub tank between a sealed state and an opened
state, the sub tank including a flexible member and an elastic
member for generating a negative pressure, wherein

a nozzle restoration operation is performed in which the
sub tank is opened by the open—close unit when an amount of air
within the sub tank is greater than or equal to a predetermined
amount, and the sub tank is not opened when the amount of air

within the sub tank is less than the predetermined amount.

47. A liquid discharge apparatus comprising a liquid
discharge head that is adapted to discharge liquid from a
nozzle, a sub tank that is adapted to accommodate liquid
supplied from a liquid storage tank and supply the liquid to

the liquid discharge head, and an open-close unit for switching
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state, the sub tank including a flexible nenber and an
el astic nenber for generating a negative pressure,
wob@sedwsa nozzl e restorati on operation i s perPCr/ado4/009051
whi ch the sub tank is opened by the open- close unit
when an anmount of air mﬁﬁgin the sub tank is greater
thaE or equal to a predet i ned armount, and the sub
tank is not opened when the amount of air within the
2 SEAFY Stk e PESSCAHAREEHESPr 2R T S5ABnthen peneq
l'i quid di scharge apparatus conprising a liquid
stafte.cHdregsubesank hitclivslindapt Bt 1f §epbrgeatd ff glastic
froma nozzle, a sub tank that is adapted to
medic€0 Nftnd afeelrb ting s uppkitéde f poessudd,quhdrsior age tank
and supply the liquid to the liquid discharge head,

and; afb NN re6ksL 1l pbeht s¥h t Thigigacshatieinfwiid the
sub tank between a seal ed state and an opened state,

subNEa syl 4 %%lénleacﬂv difg A.blexibl exBmiglenafd &bunt of
C ne er

akas ! Ifo generating a negative pressure,
,wherein.a nqzzle restqration opgration i 0 [
LR TR 055 SRR T b penddoBy iR D eERbaligh St

when an anount of liquid wthin the sub tan is less. ..
anghihe S dddkedfi ARl WRBGAE WRERdERH SR BEk +<§mﬁl§tmthm

opened when the anount of liquid within the sub tank
thessybetmr ishgmesterquan g ehvapried i Hrregtarminnd |

48. A liquid discharge apparatus conprising a liquid
amduaeharge head that is adapted to discharge |iquid

froma nozzle, a sub tank that is adapted to
accomodate |iquid

48. A liquid discharge apparatus comprising a liquid
discharge head that is adapted to discharge liquid from a
nozzle, a sub tank that is adapted to aécommodate liguid
supplied from a liquid storage tank and supply the liquid to
the liquid discharge head, and an open-close unit for switching
a state of the sub tank between a sealed state and an opened
state, the sub tank including a flexible member and an elastic
member for generating a negative pressure, wherein

a nozzle restoration operation is performed in which the
sub tank is opened by the open-close unit when an amount of air
within the sub tank is greater than or equal to a first
predetermined amount, or when an amount of liquid within the
sub tank is less than a second predetermined amount, and the
sub tank is not opened when the amount of air within the sub

tank is less than the first predetermined amount and the amount
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supplied froma liquid storage tank and supply the

liquid to the liquid discharge head, and an open-
web@msmoowssit for switching a state of the sub tBeRkJIP2004/009051

bet ween a seal ed state and an opened state, the sub

tank including a erxibI%_ nmber and an el astic nenber

for generatlng a negatlve(gfessure wherein a nozzle

stor ti.on .operati i s perforned whi ch t he
SRR e By 1 T FERECh P ngh SR iR
of air wwthin the sub tank is greater than or equal to
segopdl retedstedBiare A ount, or when an anount of
liquid within the sub tank is |less than a second
predet erm ned anmount, and the sub tank is not opened
when the anount of air wthin the sub tank is |ess

t hamgt herdd nshupaedes &idvgeedppapaits aitd dlaemadoimtaly one
liquid within the sub tank is greater than or equal to

ofl Bfa}gfﬁgowt@l&%@shew natk.agunt. 49. The liquid

di scharge apparatus as cl ai med |n any one of clains 46

LT ORAD AR BCREhD 10D RBCAUR Lankd wioloopesed

noce .o
Fest orat ioon o opera e nozzle is

covered by a cap and Iqu|d at a f|r absor tlon
reAVBERL LY QSEERHEa. fF%%nW@lﬁo%a%OV% {¥e 3cHpE

the sub tank is filled with liquid to a prescrlbed
ligmbddnet anthusfermbshersion tanmunts ispeheareed i fipm fée nozzle,

nozzl e restoration operation, the nozzle is covered by
vikheheaga@ndird ghiedsab earsedendiabsdrpttiton igmdntois

absorbed fromthe nozzle via the
prescribed amount; and

when the sub tank is opened during the nozzle restoration

operation, the nozzle is covered by the cap and liquid at a
second absorption amount is absorbed from the nozzle via the

cap, and the sub tank is filled with liquid to the prescribed

amount.

50. The liquid discharge apparatus as claimed in claim 47
or 48, wherein information pertaining to a liquid discharge
amount and an absorption amount 1is atored beforehand, and an
amount of liquid within the sub tank is obtained using formula
(3) that is defined as

liquid amount in sub tank = full capacity of sub tank -

{Z (discharge amount X number of discharges) + X (absorption

amount X number of absorptions)} *(3).



10

15

20

25

cap, and the sub tank is filled with liquid to the
prescribed anount. 50 . The |iquid discharge apparatus
w@gooshaicsed in claim47 or 48, wherein infor meERCDIP2004/009051
pertaining to a liquid discharge ambunt and an
absorption anmount is stogfg bef orehand, and an anount
of liquid within the sub Pk is obtained usi ng
fornula (3) that is.defined as |liquid amunt in.sub
tankl= f 4 Ioae fySoraxdmh a@@ﬁwagui i e Anotat® 47
X nunber of discharges) + (absorption anmount nunber
orpfi8absbepripAsfopmaticy martathany| frid HiBdKafgecharge
apparatus as claimed in claimd47 or 48, wherein
arionfhar fat | @rsgeeritfaicnihgcharge Ipagitbdn dist ey gédosamptindn
for a specific discharge pattern and an absorption
anARMNE s Sttt ed fiebpaeanthd aRdaapuaiantl iQfuill GuUtEin the
within the sub tank is obtained using fornula (4) that
st tA8k! BELAS el s ADHImAIL SUP ERRK £ fdlldined as
capacity of sub tank -7{ (specific pattern di scharge
amoynt_nunber of .specjfic pattern discharges) _+ B
(ab 698%5dﬁmﬁﬂﬁﬁﬁﬁ-ﬁuhuﬁ%%g‘b#£%258?%??%H§y§% SHb Jynk
52 . The liquid discharge apparatus_ as clained in any
{onésracidilsi pathers HHiseglRres, 2wpigiei h BUPPRE ¢ spesiflc
the liquid at 20 Cis greater than or equal to 4
patRafraedisSBarde® H quiabstirpdhanganappar’at osmasr cifai med
- in any one of clainms 46 through 48, wherein the |liquid
asHaghange) head (4) .

52. The liquid discharge apparatus as claimed in any one
of claims 46 through 48, wherein a viscosity of the liquid at

20 C is greater than or equal to 4 mPa/sec.

53. The liquid discharge apparatus as claimed in any one
of claims 46 through 48, wherein the liquid discharge head
corresponds to a head that is adapted to discharge liquid based

on a change in a piezoelectric element.

54. An imaging apparatus comprising a liquid discharge
apparatus that includes a liquid discharge head that is adapted
to discharge liquid from a.nozzle, a sub tank that is adapted
to accommodate liquid supplied from a ligquid storage tank and
supply the liquid to the liquid discharge head, and an open-

close unit for switching a state of the sub tank between a



corresponds to a head that is adapted to discharge
liquid based on a change in a piezoelectric el enent.
w®2005000684109i ng apparatus conprising a |iqui d PCHIIRas4g®051
apparatus that includes a liquid discharge head that
is adapted to discharge_giggid froma .nozzle, a sub
tank that is adapted to 8 ommodate |iquid supplied

froma liquid storage tank and_supply.the liquid to

seqlfd Biahe P ShaP§ eﬂeﬁﬁ?t%ngjﬁhSﬁ%eE%?oégK%ﬁdﬁngo?
switching a state of the sub tank between aseal ed i

fletidtle madben Bpered edpates BB OragRNFTRINE fgrgJative
flexi ble menber and an el astic nenber for generating a

préwegatd, vehpressure, wherein a nozzle restoration
operation is perfornmed in which the sub tank is opened
by 4 hez0peNreStOSE iWH bpehetiad i@mpiifoonedi in wWitilhnthe
the sub tank is greater than or equal to a

r M AU, and the subtianknbs aotaRRereds air
Su§h§%1 ﬁgngﬁgﬂﬁtqﬁ?_§$? %i?h?n the sub tank is | ess
wi%ﬁfg]éﬁéesgﬁeggéfrfgr8¥éa%g9ugﬁan or equal to a predetermined

amount, and the sub tank is not opened when the amount of air

within the sub tank is less than the predetermined amount.



