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DESCRI PTI ON DEVELOPI NG DEVI CE, PROCESS CARTRI DGE, AND
| MAGE FORM NG APPARATUS TECHNI CAL FI ELD The present

wo powenti2ohn rel ates to a devel opi ng devi ce usedPEDIP2a06/309132

i mage formation using an el ectrostatic copying

process, and a process cartridge and an i mage form ng
appar at us enpl oyi ng the devel opi ng device . BACKGROUND
ART O fice autonmation is becom ng increasingly

preval ent, and use of coPEﬁcaégﬁg@Nts is growing. In

the past, office equipnent was mainly used for taking
copi es of docunents consisting only of text. Now,

doDBEVENOB INGCDORUI O, gPRPBESS SABARADGHr, apip AMAGE FORMING
prepared in personal\conpgégéiA @rinted out from

printers, and | arge anoun & ﬁies are taken to

produce presentation materials, for exanple. |nmages

output fromprinters include solid inages, |ine

i mages, and hal ftone i nmages. Thus, demands for inage
HHQENEXAEr o anging, and high reliability is

i ncreasingly demanded. El ectrophot ographi ¢ net hods

such @geepeeteast ahiventeoar dieigtasd tel ectdeostlatping device
printing include a_devel Qpin rocess for .devel qpin :
URCEI E0ET 88t ATPOST FREEEG O8N B EGe Ba oS S T #oPY ing
pbetecandyelion ByoeRBlsyicagta idewelaoRelard ArfdiRe forming

phot oconduct or, a transfer process for transferring
thpadetuksopet lovage themdeNe lppdtec siedicor to a

transfer nmedium such as paper, and a fixing process

for fixing the image onto the paper. There are two
tyrpesroiiNdewalropers for devel oping the electrostatic

i mage fornmed on the photoconductor, i.e., a '

t wo- cBFBAFENEUFSTEItIHSr 1iSn OEEMgar e SIf o e vatent,
and assi B eaoReRndR e iaProwitieh deesidtpast, office

require carriers, including only nmagnetic toner or
ranipyestti eatsomerd nlyThes sdwdosoripdridret aRid oy dnguments
%g%sisting only of text. Now, documents including graphics
such as graphs are prepared in personal computers, printed
out from printers, and large amounts of copies are taken to
produce pfesentation materials, for example. fmages output
from printers include solid images, line images, and
halftone images. Thus, demands for image quality are
changing, and high reliability is increasingly demanded.
Electrophotographic methods such as electrostatic
récording and electrostatic printing include a developilng
process for developing an electrostatic image on an image
carrier such as a photoconductor by applying a developer to
the photoconductor, a transfer process for transferring the
developed image from the photoconductor to a transfer
medium such as paper, and a fixing process for fixing the
image onto the paper. There are two types of developers

for developing the electrostatic image formed on the

:photoconductor, i.e., a two-component developer including
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foll owm ng di sadvant ages: the devel oper deteriorates as
toner particles stick to the surfaces of the carriers;

wapmealswxkt ure of the toner and the carriers npeOdIP20a5/309132

be mai ntained at a certain ra5|on so that toner

density in the devel oper does“not decrease as the

toner is consuned. Accordingly, a large-sized

devel opi ng device is needed to realize such a -
cenfiigusatndn Lo@ert hanst lers iparid- QQmPQnQﬂﬂeﬁqﬁﬁﬁRﬁﬁﬁw which

Bre PR e e Rater, e rHal RS SRRIRe dgper o

rrade corrpact er can

henwsedctinderoary .t emper afwa—e oatpdnemitdidey «clansht itons . the
Accordingly, the single- conponent devel

BeLifrigSahaPASEFEacThare i 4y it gpiorates as

$hnghepeormenent 4aval aperige | d%ﬁaééénﬁﬁﬁﬂﬂé3carrlers and
S|ngFe conmponent devel oper including magnetic toner,

antiatnoenadndhiec t@lmam @mﬂorﬁi&mmﬂd@nﬂ opeads ned (ke ng
nonmay neti.c _toner netic si one

E@&QI RI) tﬁogeéﬁb oylﬁgﬂfhé ragne é%(%rﬁéf1&gn51ty in
%h@gld%mmmembe@ewwwcr@s&\&é ctpi@g:@{@evm Widihs @med .
magnetic field generataor such as a ndgnet provj ded

ARSCIEIRGIYs Phe aReifTeHiZed sifste i aRIMAI 4Ry Mrejgnkt igeeded to
substances such 23, i1 . ansh alAYSnd hi1ekNesSthe

Festricting member reduces the thickness of the toner
fsamgtlhaeo@mpeln@mmgiepmicm TFhedmgr@deous in that the

e co onhent devel s w del used N0
ﬁ%ﬁ%&& |7 glﬁﬁhﬁﬁﬁhgf nw%f%d?“%%nponen dete oplng
Ia%tv@@p@iplc%ﬁ e thedamEgneline g erooronetunidity

devel oper, the toner does not have a nagnetic force,

mdﬁﬁép@f%r o A TSHAIT SUppHYA gL 1) OTRP RS il é Loper i
?@ %@dgygggﬁleeve to supply the toner to the

oplng sl'eeve, and the devel opi ng sl eeve hol ds the
t oner Thyerst atriec wicedtypies tof s&ncawcqrmmi@ssdevempers ,

nestrlctégaggg%1 red ces the thi cKy of the tpner

flor® thé Chggl[ﬂ' s%om@erbearb%e ‘?‘ﬁe Toner - does 1o
id&&dé%ic toner, and a nonmagnetic single—component
developer including nonmagnetic toner. In a magnetic
single-component developing method employing the magnetic
single-component developer, a developing sleeve with a
magnetic field generator such as a magnet provided inside
holds the magnetic toner including magnetic substances such
as magnetite, and a layer thickness restricting member
reduces the thickness of the toner for the developing
process. The magnetic single-component developer is widely
uséd in compact printers. In a nonmagnetic single-
component developing method employing the nonmagnetic
single—component developer, the toner does not have a
magnetic force, and therefore, a toner supplying roller is
pressed against a developing sleeve to supply the toner to
the developing sleeve, and the developing sleeve holds the

toner by static electricity. A layer thickness restricting
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chromati c magneti c substances, the nonmagnetic

si ngl econponent devel oper is useful for producing
w@odoen1i2emges, and because the devel opi ng sl eePET/i2065/309132

not include a magnet, a |ight-weight, |ow cost

devel opi ng device can be realized. Accordingly, the

nonmagneti c singl e-conponent devel oper is widely used

in conpact, full-color printers. However, the

BeRgee- é@ﬁp@ﬂénthGeVEﬂ§gpﬁ§Sn@ﬁh@heh§§nﬁ§nioﬁrG@Fens

@gvgfo gro!:gsghe EMRLG gp%ﬂemtoge%e'dg@ SN St shedude

are used to e ectrlcal y charge and
chﬁwﬁatthemhgnetlcThebemaaceandthbenoamageeilarelngle—
sufficiently aned and stirr t oget h and tq
COMPEYEn ot BLVRLOREY oRGpiG Ciedoe PoPoLRe e oG dgages.

PhACBsSautheraboneyet BpihWwosterpenerk sdenval apeyl RN denagnet,
steadily charged_and conveyed over a long tine, and

eahipbtusedghh, alpighospedevadoelapi AgVvden can b mealized.
gt ngdlﬁg%t @Sesmhsgglgtﬁzg%nea&lﬁ%ve' o%% AW 1oper is

0€S N0 carrie at ca stea arge an
woagey hbedtmnebpm@adtthém&ﬂenelo&apkum&&r@ccur in the

chargi ng and conveyi ng_operations n e devel in
deV|c§°W§VS§edtB§eF15%98nﬁoppﬁ€e MEFVE gt ot has

Elehgﬂ pubai ksl Rot Be BenRREnet irg %@Itenﬁ@m@mnt
devel opi ng net hod, the toner contacts friction-charged

fembérpisgc meébodhe thev CeaFiLed ss Iaéf@véls@td ttie 9lgadrically
pll CkﬂESS rf% ltﬂ% [E%%?Er oq:lh% %El d%/ t':Heoréarrlers
f: ﬁg ore chance O

“Théfe there I'S & "hi gher creating
hew eh&rgedehaner makeriewelds elty rafear gediettorar, tamah ’umen

t he two-conponent. devel gpi ng et hod. Furt heynore, the
FRP¥FYER ERNESS BEVEIRE TGN 54 ST Rer oy i Ofﬁgf

Efgbe'% sGONVeys rthe rkongh d @Whe dffRER A ldd R Lodtae d:fiaﬁ Bbe

as thin as possible. Accordingly, the toner
steweyilyg ciremged pacdeiopey ey eioyef Pormarite 1iMeer and can be

LRRFLI5S SR SO0 Rl BB Sl owner nana,
the single-component developing method dees not employ
carriers that can steadily charge and convey the toner, and
therefore, failures occur in the charging and conveying
operations when the developing device is used over a long
time or at a high speed.

Particularly in the nonmagnetic single-component
developing method, the toner contacts'friction—charged
members such as the developing sleeve or the layer
thickness restricting member only for a very short time.‘
Therefore, there is e higher chance of creating low charged
toner or reversely charged toner than in the two-component
developing method. Furthermore, the layer thickness of
toner on a toner conveying member, which conveys the toner
to the image carrier, needs to be as thin as possible.
Accordlngly, the toner conveying member receives a force

from the layer thickness restricting member, Wthh pushes
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i nside the toner particles. This significantly
deteriorates the chargeability and the flowability of

wo b@otion2es . To sol ve the above probl ens, techhol/orpoes309132

are disclosed in, for exanple, Japanese Patent
Application Laid-COpen No. H08%122559 and Japanese

Pat ent Application Laid-Open No. 2005-062215.

DI SCLOSURE OF | NVENTI ON PROBLEM TO BE SOLVED BY THE

O AVENTADN Howesepn Whehsuhéaceneénithendonesc RasitéGiles,

It 1s difficult to stabilize r.g |1t
%?%%éﬁi#ﬁ?yg8PeFoﬁ%F%lﬁgF rcuﬁgﬁfyggghégﬁéﬁﬁggﬁb

808k eocoupanent dadebepeliliicy andevteleofilogateviicy of the
over a long tinme. The present invention has been nmade

Fen9Frew of the above problem and it is an object of

the | @xegshee £RePLBYLEE pR B8 KRISOPIREHARMIRA dh@trecan
prevent decreases in the chargeability and the

&i swabikit ynof foonexainplehe Jdpealkgsi Fgtéak de@plication

articul ar a n i ¢_sinal 0 t _devel s
B3RP oAn P raglorEPRRRY Spfar RECE R RE el ty e som
tlevel optngndeviboescamzpneduce high qual ity images over
along tinme . MEANS FOR SOLVI NG PROBLEM To sol ve the
above problens and to achi eve the above objects, a

giééhegbﬂ% devirgeraeeendi ng to one aspect of the

esent invention I ncludes a devel opi ng unit that
droBLAMS T Bat SOLVEDaGY GHEadNVERFE®arrier with

toner; a toner cartridge that .i.s_detach 3! rang :
in paPSIFPSFIvi f’“ﬁ%trhhé:fh&e\?&ng&nr?d‘ Olﬁlr?ﬁt ?Ceacn %iuog%Jﬁefg;’s%tqf]els
Horen Lo tt he dewpliopiRg dhairgeadid iy epenifiguamil ity of
di sposed between the devel oping unit and the toner
taperi dger tiRudagH Y @WW&Y@%@F FALH S~ CATP TEY
GaLLILAAS | 6] U0RR. R 19pAGE IR JUL d NRind AlfiRe 2
space in t'hé toner stored’in the toner

The present invention has been made in view of the
above problem, and it is an object of the invention to
provide a developing device that can prevent decreases in
the chargeability and the flowability of toner in the
developing device, particularly a nonmagnetic single-
component developer, so that an image forming apparatus
employing the developing device can produce high quality

images over a long time.

MEANS FOR SOLVING PROBLEM

To solve the above problems and to achieve the above
objects, a developing device according to one aspect of the
present invention includes a developing unit that develops
a latent image on an image carrier with toner; a toner
cartridge that is detachably arranged in parallel with the
developing unit, and supplies the toner to the developing
unit; and an opening that is disposed between the

developing unit and the toner cartridge, through which the
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cartridge . An inmage form ng apparatus according to

anot her aspect of the present invention includes a
web@sgings unit that charges a surface of an i negEJIP2006/309132

carrier that carries a latent_inmage; an exposing

device that forms an el ectrostatic |atent I mage on the

surface of the image carrier charged by the charging

unit; a devel opi ng device that visualizes the

eirext st ses ¢ | Bhentonengeafborhdde ohnehedsar fagpasp forming

the i e carrier, to forma vi [ -
QQ%ﬁmégE%!f&f%%v?c%p?ﬁ%tl?rg%%f§$§é¥hg%§?ggbﬁg Fﬁgggoner
égﬁ&&i&g@jﬂﬂge carrier onto a recordi ng nedi um

directly or via internediate transfer nenber;

fixi i devage fﬁé@l$9xégpﬁﬁ%t9?S?BF@rﬁﬁﬁgetPraﬁggB%FeaspeCt
&@t€héhﬁré§§§£diﬁgfﬂﬁgbﬂnlﬁalﬁééggaacﬂsabiﬁg @nit that
e

pressure. devel opi ng devi ce includes a devel opi ng
cimtgéhas slewvBhopsofhen| anege camgéeonthhe caRugées a latent

carrier_ wWith toner; .a toner, cartridge_that i .
H%T%%ha%?yeﬁP?iﬁﬁgdd?ﬁlﬁgrgPFeI af%% ?heggSSEFSSFﬁélc
1tént aDda§EPHHI €Bet BarEQBer ofothbeifeyel epirrd ettnicharged by

and an opening that is disposed between the devel gopin
Hretchauothe ¥BhEF BafeVRdgRINThFBUGRSWHPER VASUR ﬁé@ the

898§€§%sg2fi&053£eﬁ@f&ﬁgsgefbgﬁéadsﬁ 2nePage rheMoRd the
uni a orms a space In the toner stored in the
1@@?f cartﬁéﬂgetoAfprmcessisaaﬂrﬁMQeeac@otdB@@fﬁ@ring
sti anot her aspect of . the,present i [ .

SR EP Al N5 S bHODPEEL ! tEalt SARLPARESEarFeD) thisy Iage

. | . rrier and
deyvel opi pardeyi eecodbdnysmdat aghablgcaliachesr ito an

i mge form ng apparatus . The devel opi ng devjce
inteudediatdetepBping BRMPSrhaf defelfdFeng davdme that

Liage t i e.carri i er.; t.ener,. ;
i
tnbaidavelopktigguni heaandrsappiessutries t Gier deyellmping

developlngy Ul andon onel ng.Aakdis AaRoset e dacent
theguabnWhheh ibhhget @Reh-iRas%@sh t@er; a toner cartridge
that is detachably arranged in parallel with the developing
unit, and supplies the toner to the developing unit; and an
opening that is disposed between the developing unit and
the toner cartridge, thréugh which the toner passes. The
toner cartridge includes a space forming unit that forms a
space in the toner stored in the toner cartridge.

A process cartridge according to still another aspect
of the present invention integrally supports at least an
image carrier and a developing device, and is detachably
attached to an image forming apparatus. The developing
device includes a developing unit that develops a latent
image on the image carrier with toner; a toner cartridge
that is detachably arranged in parallel with the developing
unit, and sgpplies the toner to the developing unit; and an

opening that is disposed between the developing unit and
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toner cartridge includes a space formng unit that
forns a space in the toner stored in the toner

w@ambnitge. A devel opi ng device accordi ng to sPCT/iP2006/309132

anot her aspect of the present i nvention includes a

devel oping unit that develops a |atent inmage on an

image carrier with toner; a toner cartridge that is

detachably arranged in parallel wth the devel opi ng

bRt tonpe eBREFLEEPt r FREEUSBPPNYCRg thRe togRer PRSI ThE

QﬁMSEOBEPQrHﬁgE?iﬁelﬂe Q'QQSFEQE E%r%ﬁ%@o%Qth%kﬂ%E%orms a

the developing unit and the toner cartridge, through

wbach thethenepnpasstsyredndna thenttoolery alave rtildge .

control s an_ampunt .of .t he_t oner. .t hat pass t hr h

the ofeRPRGLCRA BrdBE FEr AFRG app: S0US addoPHng Ty 25Pect

§ti theapothehtaspoehtobnt hacphasent deveniopamg Reliddesat

a charging unit that charges a surface of an image

dareilepst hatatapki égage| ghenl iLMRGE, Cafrdffodiifd toner; a
Lce ; e G, | ' e t

S e R S

whih; theddeekdpphggdenitce tthat twnsualdazes itdge supplying the

el ectrostatic |atent .i mage ,forned on the rface of,

ERESF nege Coar PGP LoP PPt v PuaPrage g & 1e Hisposed

beanskar thaggdeki 6 ihBatintiransierhd e ndrsidalre dirgs,

fromthe |nage carrier onto a recording nmedi um

threeghywbichi ahpntepgidPassssrandller foMiecl afd e that

ELxing devhog, biak bixehe o Sihlg IR d MNRI Ahe
ont o e recording nedium by using a heat or a
ppeasunge. The devel opi ng device includes a devel opi ng

unit that devel ops.,a |latent inmage on [ e carr.ier '
with PBneMaTs CORBENEaPPRRTGS ThaAC s Hethaialily Lo another
ashapged £ RhRapaklseh t Wit dnta HevelORIRE Widha@fithg unit
supplies the toner to the devel oping unit; an opening

that ichadigsgosedusdeneert k@ d@pdlcosiaryad tthatd qarries a

998 (3498 LAWY d e Yo RS SED: and 2
electrostatic latent image on the surface of the imége
carrier charged by the charging unit; a developing device
that visualizes the electrostatic latent image formed on
the surface of the image carrier, to form a visual image; a
transferring device that transfers the visible image from
the image carrier onto a recording medium directly or via
intermediate fransfer member; and a fixing device that
fixes the visible image transferred onto the recording
medium by using a heat or a pressure. The developing
device includes a developing unit that develops a latent
image on an image carrier with toner; a toner cartridge
that is detachably arranged in parallel with the developing
unit, and supplies the toner to the developing unit; an
opening that is disposed between the developing unit and
the toner cartridge, through which the toner passes; and a

control valve that controls an amount of the toner that
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control valve that controls an anount of the toner
t hat passes through the opening. A process cartridge

w@ewoenti2zeg) to still another aspect of the preseei/JP2006/309132

invention integrally supports-at |east an inage

carrier and a devel opi ng deV|ce and i s detachably
attached to an inmage form ng apparatus . The

devel opi ng device includes a devel oping unit that
Bavepspshaorgtettis RFRGE1GF -an i mage carrier with

toner Fbgggr carthdidge %@%brbﬁn@@%ﬁpﬁﬁghﬁ_Qﬁﬁfﬁﬁg¥jaspect
in para with the devel oping unit, and supplies the
bonthet prebendteu@lvemtngnunmttegmldp’emum:qﬂm ats least an

osed between .the dev Iopln uni.t_and the to
&3?8?|86§rlﬁﬁr8&8hawﬁﬁcﬁ tﬁénﬁg gwqﬁggsescpéhddg%aChably
geRkEAbAVabYant hakhgeororalisigaappaetiu0fl e idefloping
t hat passes through the opening. EFFECT OF THE
ﬂNWEN$I@NCiHée@e@eﬁ@ﬁﬁﬁ@P&é@'@@iéh&hﬁﬁaqQﬁﬁ%QHﬁn%n%ﬁfent

%ﬂggéagﬂsa%CQR%%'n%akglgg %ngd%Q§ﬂ£:0f tﬂgiéywﬁﬁyﬂrldge

invéntion aré able to maintain chargeability of toner,
sbathat bliegheghalbiltyy amragl@edcarm e qerldaiic ed v erhea detmfgloping

tine. Moreover ro I|t of t qQner r event ed fro

HbdEe S SIS CiGesest T qr el Ay B

%Eea@h\%/ tﬁ%@;dlzl_%e@l%\fﬁse@ |b<éﬂ:@fetelnfm:he @%@ﬁd@ﬂS@QIﬁHmnd
NGS Fig. Ais a schematic of a devel opi ng

8891 Cenaec SRR Igs 2 HIRONT e SEIEe dlonde FrTient and a
' ?}ﬁ%%'b'lo@’a I\:f'eg thIaEE 'c%nacr%(i@e@?lt 'a‘?nocﬂzn@%cg t@{e Wf@ & hat

e deve opi ng device according to the first
eabedismehiroulghy.th?2 icpemicet.ai | ed schematic of a
control valve in the devel opi ng device according to
the first enbodinent; Fig. 3 is a diagramfor

explrarnioRg TS pasaNTaloed in a toner cartridge, and a
fl ow of toner from a devel opi unit to the toner
fﬂégl

car t r Tlge davether ey sleopiony the derastaliiRpol 1hepparatus
gb%%&dﬁ%&?@&ngg;embodiment of the present invention are

able to maintain chargeability of toner, so that high-
quality images can be produced over a long time. Moreover,
flowability of toner is prevented from decreasing, so that
images of high density can be steadily produced over a long

time.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1A is a schematic of a developing device
according to a first embodiment of the present invention;
Fig. 1B is a schematic of another example of the
developing devicg according to the first embodiment;
Fig. 2 is a detailed schematic of a control valve in
the developing device according to the first embodiment;
Fig. 3 is a diagram for explaining a space formed in a
toner cartrldge and a flow of toner from a developing unit

to the toner cartridge in the developing device accordlng
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Fig. 4 is another diagramfor explaining a space
formed in the toner cartridge, and a fl ow of toner

wo e@nai1$2e8 devel opi ng unit to the toner cartri dBET/g#2e06/309132

devel opi ng device according tg@ the first enbodi nent;

Fig. 5is still another diagramfor explaining a space
formed in the toner cartridge, and a fl ow of toner
fromthe devel oping unit to the toner cartridge the
Hevehepf hgsdeseeda®edEdi ng to the first enmbodi ment;

Fig. &:1s h | GO ' f ' La
A
fietakd eilh sthenmabvnerotaatcodueni eatli agfdpeniodg tiometrhgrom the

devel opi ng deyjce a [ to the, fi di L
Grye) abi a8 S8thehar Eh L EoRie Car bp R Ry BotedoPurly
&@yﬁcéegeegrgﬂhgdteeaheoﬁigae BRhBs&aAMehmveNt i on; Fig.

9 is a diagramfor explaining an operation of

suppl §iag bohérsEidin anpsher é&ﬁEF?@géoFoeéﬂ&%ﬁﬂ%ﬂﬂ|%38pace
Hﬁ%ﬁ%aniﬁhgh%E¥8£%8|BgrQ§gb§%,agﬁ rg'QQothEh%o%%%o&@om the
enpbodi nent ; Fi g. 'S a dragram for explaining
gévemepin@fuhmnetobehmeennehec&mheﬁdgar¢hbd@@vad@pﬂm@

evel opi ng uni t in the devel gpin evice according to
?ﬁ%lgﬁcaﬁgoﬁﬂﬁﬁaig@nf??F$é§?%lfﬂng;PFE%are det ai | ed
schempt jcsef 95 gXBbakRbRY cMBYerBNi maket Toemibel Wparatus
the developing unit and the toner cartridge in the
deverdphagtdetheefa&esr gMh§LBerleé second enbodi ment ;

Fig. 12 is-a.pers Iy Vi f fiofeSL QR ;
paddl%lgécgr En% ?%%%ﬁg%geggﬁg%g§%gdfée%t; Fig.#ﬁ%ﬁﬁgg
apeahagatihctht deceiwpingatiend cepemicegdimg e the first
devel opi ng devi ce according to the second enbodi nent;
prgodimepsia schematic of a toner-chargi ng- amount

( Fig. 8 is a schematic of a developing device according
to a second embodiment of the present invention;

Fig. 9 is a diagram for explaining an operation of
supplying toner from a toner cartridge to a developing unit
in the developing device according to the second
embodiment;

Fig. 10 is a diagram for explaining movement of toner
between the toner cartridge and the developing unit in the
developing device according to the second embodiment;

Figs. 11A to 11P are detailed schematics for
explaining movement of toner between the developing unit
and the toner cartridge in the developing device according
to the second embodiment;

Fig. 12 is a perspective view of a first conveying

paddle according to the second embodiment;

Fig. 13 is a schematic of a communicating opening in
the developing device according to the second embodiment;
Fig. 14 is a schematic of a toner-charging-amount

evaluating apparatus;
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eval uating apparatus ;Fig. 15 is a graph of a result
of evaluating a toner chargi ng anount according to the

w@emond2esbodi nent; Fig. 16 is a graph of a reRCi/iP20606/309132

eval uating a toner charging agnunt according to a
conventional technology; Fig. 17 is another graph of a
result of evaluating a toner charging anobunt according

to the second enbodinment; Fig. 18 is another graph of

a resbiy.ol5eval aagraghaofonereshdtgofg eamduating a toner
ccording to the_caonventional .technagl c Fi Qs is a

graphioe ﬁmBEPEeﬁFgaggéPgat o%an€S%§ecy§P§8 } é%%?

when gionek e€arhr ydgphi 8£r apkrasedic bifgevaQuas idggeapioner

for showing a collected toner divided into_each

eharging amenntapgcprgingl tps aa cgpasRtdrraly égahmology;

af ter p4-cyehe, exgruihon. JEXBLANATLONS (O tLBFTERA 1R ¢
NUNERE&%'I inﬁge Porninggapgaratug 1OSphotoconductorlng 2
taher| thphotiogoadoonicveckelrdiny pleottbeosdgoner embodiment;

cl eaning deyice 13 argin ol ler 14 drivi ral.ler. .

15 prf ryﬁgyéﬁsFEP%Eﬁﬁo§F%€%r8ﬁlSrrféuéx gﬁgﬁ&$luatlng a
rehber cRArWihli BBoARLI alkodeMnee tol tsemcserdinttienal

| aser 22 polygon mrror 23a, 23b, 23c reflecting
reERBPSOgY,; 300 devel opi ng devi ce 31 devel opi ng unit

3la d%!%[085”933B98¥%p%1%fS%P@éﬂdahﬂagé‘%f a low inverse-
charged toner when a toner cartridge is replaced;

Fig. 20 is a graph for showing a collected toner
divided into each charging area; and

Fig. 21 is a graph of a result after 4-cycle execution.

EXPLANATIONS OF LETTERS OR NUMERALS
1 image forming apparatus
10 photoconductor unit
11 photoconductive belt
12 photoconductor cleaning device
13 charging roller
14 driving roller ‘
15 primary transfer opposite roller
16 extension roller
20 writing optical device
21 semiconductor laser
22 polygon mirror
23a, 23b, 23c reflecting mirrors
30, 300 developing device
31 developing unit
3la developing sleeve
31b sppplying roller

3lc restricting roller
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31c restricting roller3ld, 31Qd first conveyi ng paddl e
311, 312 film 31le slide shutter 31f elastic nenber 3lg

WORmaowRIB82 toner cartridge 321 first storage BOHIROG2DI132

second storage space.32a secofgl conveying paddle 32b
third conveying paddl e 32c elastic nenber 32d slide
shutter 32e fixing seal 33 conmuni cating openi ng 34,
340 control valve 34a support unit 34b elastic resin
fil ms338,r BHO40Tigesr pEAVEYANEr RASF® device 41

i ntergedi ate transfer belt 42 belt cleaning device 43
position’detecting sensor 44 driving roller 45 primary
transBee relllide 4B6uséeandary transfer opposite roller

Coner 248et B3P AR CaB°GLEandar y (1 ans er devi co 51
secondagy thaasker roller 60 fixing device
32 toner cartridge )

321 first storage space

322 second storage space

32a second conveying paddle

32b third conveying paddle

32c elastic member

32d slide shutter

32e fixing seal
33 communicating opening
34, 340 control valve

34a support unit

34b elastic resin films -

35 rib
40 intermediate transfer device
41 intermediate transfer belt

42 belt cleaning device

43 position detecting sensor
44 driving roller

45 primary transfer roller

46 secondary transfer opposite roller

47 . cleaning opposite roller
48 tegsion roller

49 toner waste tank

50 secondary transfer device
51 secondary transfer roller
60 fixing device

61 fixing belt

62 pressurizing roller



10

15

20

25

30

61 fixing belt 62 pressurizing roller65 duplex

changeover claw 70 paper reversing device 71 reverse
web@angeaver claw 72 pair of reverse roll ers 80PCT/aree6ein9132

paper cassette 8la, 81b, 8lc ggper feeding rollers 82

pair of registration rollers manual feed tray 84

paper discharge tray 90 transfer sheet BEST MODE(S)

FOR CARRYI NG QUT THE | NVENTI ON Exenpl ary enbodi nment s

6P t hduphlegefhan@eOMSTof & | be described in detail

bgl ow %bgg &g@g&%q_?.nopq$gpnpany|ng drawi ngs. The

prese I'nvention Iimted to the enbodi nents
FiLgs. rkAeasd cBaaceosehemdiawcs of a devel opi ng devi ce
%2 accordln to a first enbodi nent of the present

venPPdR. © éeggﬁﬁﬁnﬁ “dévice 30 includes a

devel epbng runi Hadbt Ralssdavel ops a | atent image on a
phot oconductive belt 11 (see Fi , Which is an

Bﬁage8é@nrﬁép padex tfaesingama %ﬂéﬁ§ 32 that supplies
% ner % n E% @gﬁﬁégya qp&%#?%tThe devel opi ng unit

faEES t oconducti ve 11, and i ncludes a
eevelmpmm@lsﬁeewet&b@'that is a devel oper carrier for
conveﬁ % toner _.to a devel oping area forned between

frie pREPECOAdTEIAFE DAL, - a suppl ying rol ler 31b

bat syRRISIRS ert onto the devel opi ng sl eeve 3la, a
restricting roller 31c that is a |layer thickness

restricting nmenber for restricting the anmount of toner

3G eYel icho SLESIS, G Atk Bfingtraenveyi ng

thatis a rotating or conveying the
toner Exemplary embodiments of the present invention will be

described in detail below with reference to accompanying
drawings. The present invention is not limited to the
embodiments.

Figs. 1A and 1B are schematics of a developing device
30 according to a first embodiment of the present invention.
The developing device 30 includes a developing unit 31 that
develops a latent image on a photoconductive belt 11 (see
Fig. 6), which is an image carrier, and a toner cartridge
32 that supplies toner to the developing unit 31.

The developing unit 31 faces the photoconductive belt
11, and includes a developing sleeve 3la that is a
developer carrier for conveying toner to a developing area
formed between the photoconductive belt 11, a supplying
roller 31b that supplies toner onto the developing sleeve
3la, a restricting roller 3lc that is a layer thickness
restricting member for restricting the amount of toner on
the developing sleeve 3la, and a first conveying paddle 31d
that is a rotating body for conveying the toner. ‘

The toner cartridge 32 includes a first storage space

321 and a second storage space 322 configured to store
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The toner cartridge 32 includes a first storage space
321 and a second storage space 322 configured to

wGer@sa1es ei n toner, a second conveyi ng paddl ePGREP2a6H309132

a third conveying paddl e 32b {%r conveying toner to
the developing unit 31, arib 35 that is a plate
menber that protrudes fromthe bottom of the toner
cartridge 32 beneath the second conveying paddle 32a, .
ARETaieonPREE val PECORT IRRRVieY 12 & pl% enferperhird

4 i 0 ni [ ‘gﬁg ' ;
%?%g?ggggnggﬁg%% gg%éFg%LfQ?E sE%ngggﬁéﬁﬁéJgF%6%?7e10plng
Vhen Bepl aciriyp @6t erhiadr dise@d tpdrdre wiendper g3tatt gertrudes

the case of t wo- C onent devel ope i.f, i.s difficult

£& Og‘eggfea?’(?t?'(?ﬁ‘ef)ff ?Cg’?ﬁ Eca?rnrelre rcflrécﬁgléjrqteh e3§/2 é)reen?ﬁakédt%e
tegehbetonkByvtihg ¢RsRIIQS ke SinDlL-erm@ientalve 34 that is
devel oper, tgé same kind of toner is stored in the

poRevabaet plage semhed tiog FRQORIhG HRRMEE CaRh & fpening
erefore be easily replaced. Thus, the devel oping
eévi ce 30 can enpl oy the singleconponent devel oper. It
i s papt isdulakehy oppeinerdabldeved apser d s norathgrettilte developer.

si ngl e- conpgnent. devel oper.. \Wen out.er ditives on .
Figens depacs 1ol P&Wl&a’%ea ST tﬁ%ﬁﬁﬁﬁh&%@ru in the
?,ia'%%l &1C AMRQREHorfRRIAD e vdaRAs e, 1 € hiad geabi 4 il it ansl

| owabi ity of the toner decrease, thereby '
seperriadeattiong rd Ersino sty idpemde sshepvisire mized t froether.

q%v%lgl%pic%%ed%\@ & es%'rﬁ;lset—%frrgj tdé)vuéfcg é‘P,d' ljlé/e§ame
can be maint ained on tHe surface of toner ﬂ%rtlc es .
Theddee ltapialg isnigtdXedanc tites ttonerr coat il dige 322 aamd the

tor AR ALl | opossd, |t s evel opiag S0t 25 9551 acea
heteen e AVl PRl Gidnide o anth tdipIOpeEnsasingge

32. \When toner is consunmed in the devel oping unit 31,
focagionteariedeive ot 1 ed f rigmRaet i r barpFeigealdbe tgo use

SRRSO S YR (A8 SOPU! CARED outer
additives.on the surface of toner particles of the
nonmagnetic single-component developer decrease,
chargeability and flowability of the toner decrease,
thereby deteriorating developing properties. However, in
the developing device 30, a stable amount outer additives
can be maintained on the surface of toner particles.

The developing unit 31 and the toner cartridge 32 are
horizontally juxtaposed in the developing device 30. Toner
passes through the communicating opening 33 between the
developing unit 31 and the toner cartridge 32.

When toner is consumed in the developing unit 31,
fresh toner is supplied from the toner cartridge 32 to the
developing unit 31 through the communidating opening 33.
Deteriorated toner is discharged from the developing unit

31 to the toner cartridge 32 through the communicating

opening 33.
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Deteriorated toner is discharged fromthe devel opi ng
unit 31 to the toner cartridge 32 through the

w@oorwnm2eat i ng openi ng 33 . The toner on the deRElr/apoeg309132

sl eeve 3la receives suppress sgrength fromthe
supplying roller 31b and the restricting roller 3lc.
Accordingly, asperities on the surface of toner
particles are crushed, and the surface becones snpot h.
A s aThesiirneradReitdrc sleyreliomd nhfdre R rEld 652 & Heat

Chep0ae dheces, i spnabo LR e el coondi vne

es it har ean the toner
Aeshaigh ingamsfléen 13§ qr operddmesiigipr 0vees peheint dasn i tthe

in the environnment decreases, cleaning, failures occu
SHA T8 CPog TalPeaTS PAT T G & A ROy, T ey it 2oe
bRecHRP e thl.M eNGl B pushas: OH@edid ioescion tdieer
surface of toner particles inside the toner particles,

Becagsseshecothet 4@ (HPEF AMITHUSOthaTEMIhonke the
?h@%%ﬁ:%%??lc'tQVteh%eﬁ_@t’lqt, thi %(a]?éjéj'fﬂ antcE S@Jb?an the

urfac a toner particle changes chargeabilit
thhactromett.. Forl téoarghl & rasheiersiing priaparseikasinimeove when

ut er,.additive, the t i.s highly ch d b :
BiFTic tHad " sy GEGTRRIIAE SRR S o HE Y o 1ores
ohangealind ty f@fg RIardedeas em sigmddicrddya i f the

silica is pushed inside the toner particles. Moreover,
Flugiisiinome .o fthieh & URRTEs S el d) wiE e heo W eradditives

iy 03,80 LU AdIS IS 110 JONGH s DAL LKL Bfoner
['owabi I'Tty affects the erence of the toner, and
therdfddres,, Whemddeoowat |duter saduighl vesd heere ricer det welean the

the toner and the photoconductive belt 11 decre .
OGP T oRabISGHER SR o0t ddth G 1R IS B A bt VReren the
the dsnrer fand dhe deyvahoRing slaayss FtrfabBity of the

devel opi ng properties inprove. As anounts of the outer
dddietri v ed con exeenpsier f aden oflilided tiohaksgrhras ctleg outer

%g:fdreistﬁg%dt ittll?l]lge f leo\?le rglpJgéng’}G_gqjel%; ecﬁ’rc'aersge& q%c?mse silica has a
large specific surface area. Therefore, chargeability of
toner decreases significantly if the silica is pushed
inside the toner particles. Moreover, flowability of the
toner decreases when the outer additives are pushed inside
the toner particles. Flowability affects the adherence of
the toner, and therefore, when flowability is high,
adherence between the toner and the photoconductive belt 11
decreéses. High flowability also decreases the adherence
between the toner and the developihg sleeve 3la, so that
developing properties improve. As amounts of the outer
additives on the surfaces of the toner particles decrease,
the flowability decreases, thereby deteriorating developing
properties.

In the developing device 30, toner that is
deteriorated after consumption in the developing unit 31 is

discharged to the toner cartridge 32 through the
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properties. In the devel oping device 30, toner that is
deteriorated after consunption in the devel oping unit

W@o0s81tbscharged to the toner cartridge 32 thpouagr006/309132

t hecommuni cati ng openi ng 33. The deteriorated toner is
m xed with fresh toner preseniL in the toner cartridge
32 so that the ratio of deteriorated toner is
decreased, and the mxture is then supplied to the

gevELepicoad i CPED it Gdgh (The cmamicrated ope rgg mixed
%%th } s ‘i%f‘é%' QY DG ARy Cq 3Q halydes @arztgcaffg% %‘eé“ 49 that

unit orne a spaceé in "t he' S oner st©
threratdot pifdge t32.ioHataddoneneyr adaldarddddds, tded the

S e fornmed in the tqner car as the taoner
ERRERrGgd 2o SHART Sy o G IR 1 ofieratT o hrough
oheabohiREe MM G RRARIANRES, or by the gravity of

the toner. To prevent thi's, the toner is periodically

stirr8fet @leﬁf@rhﬂpar@sﬂ@é’uqe\asu% Jtrmlqctﬁﬁera agd diprmBng unit
f@ﬁg%r %I rn‘:%' y’a % fd %\@@ty tt%énoeir tg}c tshé)riiecyneen% ed

rom aecr easi n ace orm ng un| causes oner
tarftkawgler am.t he?h;ée\te;ln@m @gtatmjatlj:ggl A1 tdtee s|te formed

formed in the toner, cartrid 32 . The space formn
R then&rnges cerdrdedend zco%Fe YRR & %e

caRkEd! palave i3hgel 1S &AMy QJpe\@!»aé@or%ﬁ Sarprﬁwagfi@dfdﬁnmg
the toner cartri gge 32 at the conmuni cati ng openi ng

8BpaThé& usontorobyy dlhee a3 vitiowe fi bt gtonelr op€els ritevdret this,
%:EL P%gC%nFP%lr V%{lc%l get ta'%gl.l\l\ll’nr I({] O rm Opse;?%ceatlnw.de

enatic of

cast It@he\ta|d\ae:t?¢4dgféa Bize da\tﬁidrmmgﬂq;evmee ) B0 di g of
to the first enbodi nent. The control valve 34 is
5BSt EQTES & SsBESYEP UGG £198 FSSEER SIS casing of the

toner rgar 098 £32miThe ant 1l 3 U& R4 IS 4SS from the

rectangul ar plates, which are elastic resin filns 34b,
peveildpd nal veritats] yindor riéspepdiary ffarndye in the toner

comIyRiGating

The space forming unit includes the second
conveying paddle 32a and the control valve 34. The control
valve 34 is provided in the toner‘cartridge 32 at the
communicating opening 33. The control valve 34 shown in
Fig. 1A opens at the top. The control valve 34 shown in
Fig. 1B opens at the bottom. Fig. 2 is a detailed
schematic of the control valve 34 in the developing device
30 according to the first embodiment. The control valve 34
is pasted to a support unit 34a fixed in a casing of the
toner cartridge 32. The control valve 34 includes
rectangular plates, which are elastic resin films 34b,
provided alternately corresponding to the communicating
opening 33, so that a plate is not provided where there is
no opening. The support unit 34a is made of a rigid metal
such as SUS, Cu, and Al. The elastic resin films 34b are
made of polypropylene, polyethylene, polyester resin,

fluorine resin, etc.
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opening 33, so that a plate is not provided where
there is no opening. The support unit 34a is nmade of a

wo p@od13zes al such as SUS, Cu, and Al. The el asPCTJIN2066/399132

films 34b are made of polyprogglene, pol yet hyl ene,

pol yester resin, fluorine resin, etc.The toner noves
between the toner cartridge 32 and the devel opi ng unit

31 through the comruni cati ng openi ng 33. Wen the

t oner Th&r thon@Fe MPY §ss qtWean iilveh st g arbidge of2 and the

o dat if facult di f .
S8oniind Bale 1 il B AN e L Npdifing 33.
thens phee thorem ke uinitddeordss is sfiddesd rwitle 4 adnerge amount

cartridge 32 near._t C ni cati openi ng 33, SO
frratt er Cart¥ Iddvéjf%ﬁl% djg]vséﬂ%p‘l@f?g Eﬁ{?efr TR ihe
H'é@-etl%@ﬁhgc@l’ntipd dge 2.t Gonked cAHRYAMI OF Thus, the

explaining a space fornmed in the toner cartridge 32,
ahace floowisw terdr Forma tcheRisee|ighiHye Urnenicaptiidge 32

05, S Lo 22 g hplag o g g Ahetieon riow
Ifeiog emeu glevied. opdnicacin itthe3 Ic dntirol theal twen S84 . cahieridge 32.

second ,conveyi ng paddl e 32a has addl i ng fil mnade ,
of an Tt ¢ St GHIBHT AT P T S HE T 1S (BTERGMArormed in

$hld GVt AN, Idhd A fiRe PRAHANY Fidd the
rotates and contacts the control valve 34. As shown in
@@yvelophigas awdiid dormteyilsy tsaki a3 gels3 ol e

ont r.ol_.val v 4 ang, bl ocks .the c I cat, 0 F Ng
%.v e&s‘? Pt &/md%‘%c(e 4;%,' \M%’ en 1 OeWen S elgch’oﬁ%}g ?%%ggr;rpa%dl' e .
IdavegIses dayidard 32l dasdoridhesrmagh alo adviea3d, thdecontrol
control_valve 34 quickly flips back open by its own .
At Sity, Thfd S £LLPHERITRAIGH rifd VS e? Fpddling

PGS RSN AN LRt i A andh @ Slased stAlS- WeMNesin and

contacted by the second conveyi ng paddl e 32a, thereby
fsdrlimiaegr aesyace Fet vidmvt hien cohit + dihey adadd Bun@ngii ttherotates

%]% r(‘)ingct%té:ii{% et?'{)egﬂcieoggcrso% 'vaALvSe Sﬁp .Wn Zisn éhS wn Jt_r? n%) l S’the "
second conveying paddle 32a holds down the control valve 34
and blocks the communicating opening 33. As shown in (4),
when the second conveying paddle 32a passes by and releases
the control valve 34, the control valve 34 quickly flips
back open by its own elasticity, and forms a space. The
control valve 34 moves between an open state and a closed
state when contacted by the second conveying paddle 32a,
thereby forming a space between the control valve 34 and
the communicating opening 33.

As shown in (5), toner is drawn into the toner
cartridge 32 from the developing unit 31 through the
communicating opening 33.

When the second conveying paddle 32a holds down the
control valve 34 as sﬁown in (2) and (3), toner on the
control valve 34 is pushed into the developing unit 31

through the communicating opening 33.
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cartridge 32 fromthe devel oping unit 31 through the
communi cati ng openi ng 33. Wen the second conveyi ng
wpawdhe232a hol ds down the control val ve 34 asPGharm04/399132
(2) and (3) , toner on the COﬂérol val ve 34 is pushed
into the devel oping unit 31 through the conmunicati ng
openi ng 33 . The control valve 34 shown in Fig. 3 opens
at the top; however, the control valve 34 can open at o
t he b&heorPnaselniyed vEhe 4t ShOMN At Ad%arke dghiferat the top;

ﬂlggég?so” h%o%‘é@éié%ﬂ Raddle s32a dneldudes ong bepdable  ang
pa re 0.04

'''ng filTm and the rotation uency is
hewtzthe Gonérhemt the Fheepaddinery filmis nade of

resin_such as fluorine.,resin d | yester resin.
Fl uor FRE FESPRY SORRFYABG RAFSLST Grat abl e Bt e jRondable
pasaqg9ead $hilppi AgdPRARELIte%i NG RafiehdyW d 10 @4 Hertz to
coefficient. Mreover, the bendable, resin paddlin
Pi Bmheaftzbe e PPERgERTt KadTa Fadfiden® T id9f ifadarut a8

.1 .oaterial, c t:.h of Ly ff fddm.
ﬁ%gpglﬁgv%efghbggﬁi%?ﬁgggﬁﬁrgr eﬁ9?0|ﬁ%€§€?4%u§%ﬁ§%qﬁf
pamred coaatliydpeeF2rabier deareesea igpaes carodies figrnedy

within the toner w thoyt |eavi a dead space between
PREPEANH g 11 AFSnG (RE GasiTtg Bt e fLongt - Horeover,
¢akt betgend?,  rERenseseid ienvaniGRAHY &ald longer than a
i ncl udes one paddling film 1f there are two paddli ng

PRAAE inghd ilgnerden ofhe ¢t daiatiidge o vide length
BECEFR! L& ; feﬁlﬂneWO%ﬁ% Ha3RAGE ?@QQLgn b@ec{ Q'er{mcg:der to
properly. The Space néeds to be forne For a

sufchitel emfs itdemehico tortert larttonetgd 3om t HEhadevfdop) ey space
unit 31 nove jnto.the ace. However, if.  the toner_in

FRE PEn&PTEE: Midgd 33 S v W eFHEE AL space
Bli-Gleleyy frirld %%deﬂlthilﬁgt ha 1hoRela heforea dhey paced eanhes

the vicinity of the comrunicating opening 33 . The
cotratriicdwef Bequefty sfecdrel serviay lcuhwBddie pithll e @hedes one

ip%ld%‘l?.%gh %ritl%n .t 0 IQ_" 4chlﬂ]e(:“rret Za'reI ftv}oh%g&:{lafr{go %Ifn?sq,“ Y toner
in the toner cartridge 32 receives excessive pressure, and
a space cannot be formed properly. The space needs to be
formed for a sufficient time to let the toner from the
developing unit 31 move into the space. However, if the
toner in the toner cartridge 32 receives pressure, the
space 1s quickly filled with the toner before the space
reaches the vicinity of the communicating opening 33.

The rotation frequency of the second conveying paddle
32a is 0.04 hertz to 0.4 hertz. If the rotation frequency
is less than 0.04 hertz, the space moves too slowly, and by
the time the space formed at the bottom of the toner
cartridge 32 moves to the vicinity of the communicating
opening 33, the space is filled with tonexr. If the

- rotation frequency exceeds 0.4 hertz, the toner receives
large pressure, and by the time the space formed at the

bottom of the toner cartridge 32 moves to the vicinity of
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iIs less than 0.04 hertz, the space noves too slowy,
and by the tine the space forned at the bottom of the

W oven12es tri dge 32 noves to the vicinity of tPer/Jpr2006/309132

comuni cating opening 33, the_ space is filled with
toner. If the rotation freque%iy exceeds 0 .4 hertz ,
the toner receives large pressure, and by the tine the
space formed at the bottom of the toner cartridge 32
e s amurHecasi g i aBewinhe3 Tornthmi ser ¢agli ®pehl hgd38ith
g% space is filled with toner. Accordingly, the

vﬁ opi ng device 30 can forma space in the toner

with tptce:cﬁﬁtnrt_mwpntsm;/ld@@miﬁm; Raviwki 80 t¢Snaform a space
rotatln body, |n the toner cartridge 32. Fi

Sl xXft %e%ecqrb\f%éjdngnp?wég?o%%@, which is
céarﬂt&ﬂadtﬁ%lg:)’%oc?_f]d ﬁ’l f’&l@é’\’ ané:@r@e{r’éfﬂﬁ%é he, devel opi ng

unit 31 to the toner cartridge 32 in e devel opi ng
devi c&'i20. 4Thies spatieadomi fry mnl@mmg bedspacEi gormed in

cl ud h dl dth
{38 WL, a0, comverla, Pl o, 228,200 LD LR

clude roI

sl dpirdl)unit I8l Ses otttk cmwldsugrmﬁ@@@ BRaifotaées
in the toner_cartridge 32. As shown in (2) , the
SEVSHPRIAH SR HF atilit e 32a contacts the rib 35, and

whi | e e S35 d sl Pald Ng donerspddhe; segn d 4 includes
conveyi ng paddl e 32a continues rotating, so at a

w)&:e,sa@rbercmdfemlrtm@aCbiﬂe& 32% arhdweh ¢ nr£13)35 agnd does
er, Cros Lver t.he rib dt ace rea S
Q controf vé §H‘ i% %ﬁ%w%e%%lggfhgthe

e CO ni C I ng openl ng toner

lﬂéﬂdorﬁﬂ. ddromsy ing Qoddl d BEs :_ecattatttesigﬁl 3ehdyLPressusetridge
The second conveyi ng paddl e 32a incl udes one bendabl e
pddl iAfy SR Fhel %add@i%gsqqq’ri’ﬁl rRAYREIRG R3REHRt 322

o R U T Shr &) B ol oty onal L6l T et roRg toner.
tidret e axoinemcaty I qpediy 33 eenhoutes etotagitgneso that
%Igﬁgéglis formed in the toner. As shown in (3), as toner
crosses over the rib 35, and the space reaches the
communicating opening 33, toner in the developing unit 31
flows into the toner cartridge 32 by pressure.

The second conveying paddle 32a includes one bendable
paddling film. The paddling film rotates in contact with
inner walls of the toner cartridge 32, conveying toner from
an upstream side of a rotational direction to the
communicating opening 33, without letting toner slipping
into a space formed beneath the paddling fiim. At the
communicating opening 33, the pressure of the toner
conveyed by the paddling film is stronger than toner from
the'developing unit 31, so that the toner is sent into the
developing unit 31. Because the paddling film contacts the
inner walls of the toner cartridge 32, the toner above the
paddling toqer is prevented from slipping into the space,

so that the space can be maintained for a sufficient time.
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into a space forned beneath the paddling film At the

communi cati ng opening 33, the pressure of the toner
weoveryeo by the paddling filmis stronger thaPCT/aireee6/309132

fromthe devel oping unit 31, Eg that the toner is sent

into the devel oping unit 31. Because the paddling film

contacts the inner walls of the toner cartridge 32,

t he toner above the paddling toner is prevented from

& i5HHG it @ F A Raddling thHam (e spieendant®el 105 to

i ined 4f ufd i i td I
ggé%f ?Jrfg%f ille?n{gc%lr %es%o%gé%eo dl%%% oﬁl%}i}% la‘%oggF{eﬁn(gt%Ody of
[Ehier sracoel ety igfg tdealdist &3dang-dodye afnddre w&Lbndof the

veyi ng .paddl e 32a to the inner | s, of_the toner_ _ _
SR NS T gt O S Rt 110w of
the lengtth L, = deal gpace is loafdt hetwead the paddling
paddling filmand the inner walls of the toner

Calf Page BBe imathealdiaf Hhexeasss dmoveidoe 2.  If the
h%ﬁ%%ﬂ_%l’éQH%édg“T7d§3 \%ﬁé‘yéﬁﬁ%ﬂgifcghéﬂk?ﬁfﬁrﬁﬁﬁeives

excessive tinme. As a result, toner sticks to

Walkelssugle thoe teonexamdiniadden®?, ol § orewult f on@ter sticks
fil The taoner film ones thick aver, ti After

e Todrrisg Pt o SOty diRE o [y GHth SRS 2
33netrtheipadd! imhg fidoBrC aritin 4ReInAMHNIG I ROt aGhe |

with the inner walls of the toner cartridge 32, so

that BSher does pretdliney Filampars asorder W teqrigm Bating
fto%eh@.ﬁgdgga %@fen%aldﬁltin%]' ff‘m{j c,Ioﬁpc%_rndess q#ostcap@i&%eﬁlr} hceontact

rom t he dével opi ng unit to the space Torne
worter thar tinndge w32 Ls Bet dalise et arart mhinpee 3he so that

B OBl W SR el R e
Herelopangs whahy 3f1l, 0Wrd e e itorars G tdd Jae-32 dHOm
t he devel oping unit 31. Because the space is surely
fsvReaPiag anddf Bilcitentthe wpaceod@rmashtin stheeltoner
SSRGS SRR U0l S S D08 LYo 1o
p3eYented3@Uoaf slipping into the space, the size of the
space is maintained, so that toner can surely flow into the
toner cartridge 32 from the developing unit 31.

Because the space is surely formed for a sufficient
time, toner that is well stirred in the developing unit 31
flows into the toner cartridge 32.

The rib 35 is arranged in a range of -30% to +30% of
the length L from a position vertically below tﬁe second
conveying paddle 32a.

Fig. 5 is another diagram for explaining a space
formed in the toner cartridge 32, and a flow of toner from
the developing‘unit 31 to the toner cartridge 32 in the
developing device 30. An angle at which the paddling film
contacts the rib 35 changes according to the position of

the rib 35. TIf the rib 35 is positioned upstream, which is

—-30% to 0% from the position vertically below the‘second
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the length L froma position vertically bel ow the
second conveying paddle 32a. Fig. 5 is another diagram

wo enexb&ai ni ng a space forned in the toner caPCT/iRPges/309132

32, and a flow of toner fromthe developing unit 31 to
the toner cartridge 32 in the | evel opi ng device 30. An
angle at which the paddling filmcontacts the rib 35
changes according to the position of the rib 35. If
tdmnvepieh padposiidonedt upstdefficwhichoilsle3R%he Gomer

fro he position vertically bel ow the secondconveyin

S R IHATE. 1S T BP ke Henpgher Oangone! that
ffirdwa Sfaeechd Msvelass Bagesnihesamyntnhef +6888r chbatidge 32.
flows fromthe developing unit 31 to the toner

it it s and hel ot e REPAEO | §s thesitborsdi downstrean,
RAS! i onech oSt @as i Gl 1150 0984 0 *IOM T LOM o1 0w the
position vertically bel ow the Second conveyi ng pad e
SEmontthegpane pqubtl sndtd, fiike ssphco decoeasesmahe. This
amount . of toner that flo fromthe devel gpin nit 31

B Ao T oSBT A AR Gr S € by LA ahpHighie

e dlidp 38y Wit B 1A tangee ofonsP%dpr#383efsom the

position vertically bel ow the second conveyi ng paddl e

32a, ATHEEPate BarrbetdiMedthe heklebys i wekeasi agrange of
t ) of r f V, in

et 3 T The tan e T o R R P8y "Phg secon
paddteynignd ipaddife t3dn s et o gonveycageapadot efGPaeils thereby

l.onger_t.han di stance fromthe center. of the rotating
DOty 61 1o 'St GHEPHOnVAk | i Paddies 325045 Then the
fasidiesiiefamiod Jhecsommainieadt ngaPPEMIRY 33, by 10
mllinmeters or nore. An average dianmeter o f toner

parti b jenddh Mk rdetaddbing eSslm a8 theretored it

AL P s esioile  petrag c0nt g

spadef arfivethdyrdteet pariddddyg 4f | the Hoveoed , cofivéPpeng paddle
%dgg%ﬁé%%ﬁge%gebyoéotﬂlclzénqneltlr?irgaigirngoégertljﬁgg 33 by
10 millimeters or more. An average diameter of toner
particles is 10 micrometers or less, and therefore, it is
difficult to completely block the toner, regardless of the
flowability. 1In reality, toner slips into the space formed
by the paddling film. However, if the paddling film is
longer by 10 millimeters or more than the distance from the
center of the rotating body to the furthest edge of the
communicating opening 33, there is enough time for toner to
be discharged from the developing unit 31 into the space
formed in the toner cartridge 32 at the communicating
opening 33.

More than one communicating opening 33 can provided.
By providing plural communicating openings 33, the amount
of toner flowing between the developing unit 31 and the
toner cartridge 32 can be increased, and the amoqnt of

toner can be easily controlled. The communicating openings
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center of the rotating body to the furthest edge of
t he communi cati ng opening 33, there is enough tine for

wa ewen 1208 be di scharged fromthe devel opi ng unP€T/B%2006/309132

into the space forned in the k&ner cartridge 32 at the
comuni cating opening 33 . . re than one

conmuni cati ng openi ng 33 can provided. By providing

pl ural conmuni cati ng openi ngs 33, the amount of toner
3w mey detawesd tihe aevetopl ndioactisd, aaddt heet shape of

trid 32 be, i d, dt t t .
SRy B o T EEEEe BhRL A RRs Re Sathi REoshe
afenni BRgEethd Nosen axgal 33li ¢eetibhOnanagdal heashapeapfle, a

each opening is not |limted. The shape of each of the
TatPhg dperi-heRl EBraan EOBRRCYHAl , 2 ampekt aAgl Be

DA AR 2 OF R RAALEL OO AT JOLEONGT 338 Mesh can be

provi ded at the conmunicating opening" 33 . Fig. 6 is a
schem®tig. of % a nageedatid gt appaimdéus foamtogdapgatetus 1

the first enbodi ment. The . e form apparatus 1,
RS Thor b ottt GrmEnase. o BoPs FRavBptpEding
dpHoeadts 1 hendBy@d o Nehseyeeed38toanuhnt et 0pdhakeiting
transfer device 40, a secondary transfer device 50, a

faBG ip Hede ecs (20 anth e frifRICPEVerdeigcdedP cea?0 used

fs ; i i Ny s of

s ke, 0 ko UGN dnges Bl sBloplsey o cor

(deerigtandi@ erg £MIng abel yed | @y, (dwed ea nedper, révér¥ing device
e sequentially fornmed on- the ot oconducti ve be

S et S TRE e | P R R e S et

tadimardalt | codior) | nB@gen MOHaths heephotofongdugehve

belt 11, there are arranged a photoconductor cleaning
déarelngiter chdf'gi nerdlYeklag, (hepeiraftey,of ¥") are

g R S
piict toondiict toe delt 14, i snéxdeadsdparposddatdr fvimga full-
"OIE fho& PrATBLY, HANSH el SBPOSLEE DO LELL 1P, there are
arranged a photoconductor cleaning device 12, a charging
roller 13, a plurality of developing devices 30, an
intermediate transfer belt 41 of the intermediate transfer
device 40. The photoconductive belt 11 is extended around
a driving roller 14, a primary transfer opposite roller 15,
and an extension roller 16, and is rotated in a direction
indicated by an arrow A by a driving motor. The writing
optical device 20 converts color image data into optical
signals, performs optical writing corresponding to each
color image, and forms electrostatic latent images on the
photoconductive belt 11. The writing optical device 20
includes a semiconductor laser 21 as a light source, a
polygon mirror 22, and three reflecting mirrors 23a, 23b,
and 23c.

The deyeloping device 30 includes a Bk deve;oping unit

30K storing black toner, a C developing unit 30C storing
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and an extension roller 16, and is rotated in a
direction indicated by an arrow A by a driving notor.

wab@emrizdd ng opti cal device 20 converts col or POEIR006/309132

data into optical signals, pe%orms optical witing

corresponding to each col or ifrage, and forns

el ectrostatic |atent inages on the photoconductive

belt 11. The witing optical device 20 includes a

Sensine dreduest orarl dsele vl gsirey Ut 3Wrseorngohygemta toner,

mrror 22, and t.hree r.efl [ mrrors. 23a,, 23b, and .

f@éﬂr aTﬁé R Bpiticy ey 0320‘%03'3?%%1[%% e%ejaf%ﬁ Hevet opthgthts

Wiide 3@ 5t AHand ddeacks tdnest #hd& Oevgd opdb REinkGi dpPékatus 1.

storingcyan toner, an M devel oping unit 30M storing,
Fhohareighd of or s St hgt i 1S B3TCRIRY | v Lce 30

YRldrow tonars cd it i g der ddonadde; Fougr side,pfaipe

image formng apparatus 1 . These are herein re?erred

tsepas athieord evesd fopi imgn. dev imeBi0lavhefoa pavingudach cddoerloping

I S_not eci.fied...,A contactseparati on nechanism,js
SESHCTed S O v Sy TRER eVl OB b dEUTEes (b LR | f (30 23
ajd ddirddghindBSsagemedh ifrdm Gthé Sifoescédeopiastband 11.
separate fromthe photoconductjve belt 11. Toner

i nsi daneEF deviEidshi e ARHLCBNT JdehhFg et t S geharged to a

RARKLALNRM RAAL Lo, 3 JRKAL ) bjAss i 85 appbifdd to tn
?{) t he d’leﬂ/le opﬁ%g S leté}’ve 3la (s%(;é{l:fw%. IA? E?/ a © ©
dewe lgp ing b laseypoviEelra saecgiandlahebdevedepehgping bias
sleeve 3la is bhia to,a predeterm ned poiential,wt
Be e A e b i io) 1957e thes 1o Badtid wo
eiRateSeRE A A BEIant SR | A4 pEles 89 the photoconductive
el ectromagnetic clutch, not shown, for comunicating a

eilvi g £ oree fAUHaE a2 13t e inerhambsH el bptley an

%%\Qtééﬁ%égaggn?e%ed’] c;lnft(ﬁl,eq{gt?%,l CfF]&eJl_ 3%@@}1%%%%%ting a

a driving force noves't
dendivcen B E dmowari-dea piotcc ondued alveo Hethe 1devdt op ey

YL 8P R e Pl S LR PR €2 201 e on,
& egtinoMRYNEd e Gt the developing device 30 toward the
photoconductive belt 11. At the developing process, a
selected developing device 30 moves to contact thé
photoconductive belt 11. When the electromagnetic clutch
is turned off and the driving force is not communicated,
the developing device 30 separates from the photoconductive
belt 11.

When the image forming apparatus 1 is in a standby
state, the developing device 30 is set at a position
separated from the photoconductive belt 11. When the image
forming operation starts, optical writing is performed with
laser beams based on color image data, and electrostatic
latent images are formed (hereinafter, an electrostatic
latent image of Bk image data is referred to as a Bk
electrostatic latent image; similarly for C, M, and Y).

Just before the leading edge of the Bk electrostatic latent
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is turned off and the driving force is not
communi cat ed, the devel opi ng device 30 separates from
wao b@ephapoconducti ve belt 11. Wien the i nmage fRCTiIRRG06/309132
apparatus 1 is in a standby state, the devel opi ng
device 30 is set at a positionseparated fromthe
phot oconductive belt 11. Wen the inage form ng
operatl on starts, optical witing is perforned with
lats?ege U@%ﬁ@%s@&brﬂ%ﬁb@mmw@mmnan@l Bk developing

an é%é%f%%%{ fn%eﬁgyg é o? g&gfﬁ%ﬁgeéglnffégrbstatlc

rleaftesrrrtedmacgeaslsa c&(v@l@_@éd%iﬁlﬁlBHﬂ:bﬁ@i | NBBéh the trailing
larly for_ C, M . Just before the

X Rf dtfe B %%CW%’F%H? ostbent {BrentPABges by the Bk
[RARNES) 6 Phosieme] ap] ni9he9°§]kt&@@el%ﬁ%dﬁﬂf{:oﬁbﬂgseparates

sl eeve 31la starts to rotate, so th
el reen ridst arictdenrechici g doe bt dJelxel @p@dtlwat fieBklophey. device

4 N DAL g o of b Ble el setrostani e latenty e 1y

|rmge passes AT Opl

dmeesleomp@:aﬁmdns'sa&»é mﬁ@@ﬁecﬂ r £ lé@sphpé@@%dﬂﬁéi V8ading
belt 11, and the devel opi oﬂ@%%%” ce 30 of the next
S Q:%rﬁfhc%lseqfﬁ@%%’%% £ En3@e (0f 1thehpest color

QRS Ad ONGH AT & SUHY ?tdé@éﬁéppﬁ(g %8s£’8§ohead' ng
edge of an el ectrostatlc atent 1 nage of the next

coI or Theen clhrelse tnbeed oot e elsmmlf@g @I@Wed:@p‘ﬁ@lgllp%ude@nthe
inte di ate tr nsfer de des. t

Hﬂ eelrrr]?n\se lrgtece ?Crraanns Tttt All be‘?jt{1 t%%?ﬁﬁgd%‘\a/}’%%e 42,

4dd anthas ipoisir ldﬁt@kﬁe&mg | m&eﬁ&m . 43rndhéntermediate

internedi ate transfer belt 41 is extended around a

dHARHET Aedr 44,19 prindsd taetis@ra r@rieingsropler 44, a
MHM}%@&M% rol &84 %r}? fe£§§9t&9 opposite

opposite roller 47, ‘and a tension ro 8,
dmhﬂear H6 a anctleshovry drpve sigtentolleA 7 urauhdtg béns1on

oY e delast o0 R, L Lo deg e e i mel,
fplrunamglw&af o dihe dintesesh 2de hd st e Pebtiddd along the
hg%?%f the intermediate transfer belt 41, outside an image
forming area on the intermediate transfer belt 41. Image
formation starts from a time point when the position
. detecting sensor 43 detects any one of these position
detection marks. The belt cleaning device 42 includes a
cleaning brush 42a, a contact—separation mechanism. While
a Bk image, which is the first color image, and the second,
third, and fourth color images are being transferred to the
intermediate transfer belt 41, the contact-separation
mechanism separates the cleaning brush 42a from the
intermediate transfer belt 41.
The secondary transfer device 50 includes a secondary
transfer roller 51 and a contact-separation mechanism that
causes, with a clutch etc., thehsecondary transfer roller

51 to contact and separate from the intermediate transfer
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formation starts froma tine point when the position
detecting sensor 43 detects any one of these position

waledeatizeh nmarks . The belt cl eani ng devi ce 42PCTiar206e®9132

a cl eaning brush 42a, a contaég-separation mechani sm
Wiile a Bk imge, which is théfirst color inmage, and
the second, third, and fourth col or inmages are being
transferred to the internediate transfer belt 41, the
bedttacdtl separ aayo rAstrR son sebir at esimbeg cileeani agtransfer

om the i | at e fer, belt 41. The
ls;‘]"(r]enclé getricdggr%? egaaér?ls %ra d{é{/aﬁ{:e %%)aklg%scjf%%gé’ a{%eec%é]%%?(flt
treqrasfeer i arolnlearh &ili sam b sau cont Eiod - SePaidd PNt PECHBEE SHdller

t hat causes, with a clutch etc., the secondar

R BoiR GOBEY Gt ht RS HRPSLERF Lt o 1 bAe L fentact-
iR gl 3 enddiaisi Gk Peldcead iy By NChEONE 28k & PO Wt Bt 90

a timng when a transfer sheet 90 reaches a transfer

pesintessed mgasioritacihse para ireed helchapf ams tauslesl t hél by the
condary. transfer rolle nov piVvoti on_a

SRR B G e IR R e PRl o e

Apgrgditginol tde 44 ansferpsdbete Minsd ppessedragai Psécision

the internediate transfer belt 41 by the secondary

SrafstePd6 6! PP Hd The s ot ST aRe  BF2Rphosi Feller

5l S AR AebRiBdeter R RESSSU € FELLESI 98 0F
the parallel positi'on of the secondary transfer roller

spntyralhled duored aros itriansieg opPost t eneol $leewrp psovided in
not_ shown

(i:%relet .ri0|t| er%hebc%/ihaaceo%friatr{sofﬂrn%eerfelrncg%e;l%Oe.r d%Vﬁ)%%l‘ijoc_)nJAng rolle;

provi ded 1 e 1 ernmediate

pesit Wiy tdeildddain stiovyeddyacedetdniher roller 51
secondary transfer roller 51 stabilizes the contact
ﬁrtéé%ldflezeo? e QG fFaRr 3T 2L o1 efesAnGRrY heransfer

iRhardediatg thansfare beld; 4 Whensthe dé&f@”@f‘?y hen the

transfer roller 51 contacts the internedi ate transfer
Feldontia rya ttraarmsifeer WildenfSlh polaadty Oppositermediate

N AL I HEXE X AT S
M=t Edit@er is applied to the secondary transfer roller
51, so that toher images superposed on the intermediate
transfer belt 41 are transferred to the transfer sheet 90
at once.

When the image forming operation starts, the transfer
sheet 90 is conveyed by paper feeding rollers 8la, 81lb, and
8lc from a transfer paper cassette 80 or a manual feed tray
83, and is preséed against a nip between a pair of
registration rollers 82. When the leading edge of the
superposed toner image on the intermediate transfer belt 41
reaches the secondary transfer roller 51, the pair of
registration rollers 82 is rotated such that the leading
edge of the transfer sheet 90 is aligned with the leading
edge of the toner images. The toner images on the
intermediatg transfer belt 41 contact the transfer sheet 90

as the transfer sheet 90 passes a secondary transfer
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transfer belt 41 are transferred to the transfer sheet
90 at once . Wien the imge form ng operation starts,

wao bwetiresf er sheet 90 i s conveyed by paper f erdi/ogp006/309132

rollers 8la, 81b, and 81c frogra transfer paper

cassette 80 or a manual feed tray 83, and is pressed

agai nst a nip between a pair of registration rollers

82 . Wen the | eadi ng edge of the superposed toner
inﬂﬁﬁiiﬂntruﬁh¢nt¥¢m§ﬁ%mEﬁh@@hs@@ri@e¢baﬁgedehyhe3etheansfer

econ ary, transfer roller 51. the
L L34 SHAITRE TPELTagt ngoddpenby Lhe toner
tﬁ@dds’ﬂtsﬁeertlsit@ﬁeﬁﬁecﬁ somgtd gfiesl widhstbe geeétngo edgehe
of the toner images . The toner inmages on the
iR e afisfet BYevad centHee fhelrgadsvépe 60, and

sheet: A As s 4 ransf el sheet 0, Iﬂl@§s€l§ea‘t§ﬁﬁ99g9r%§eet 90

transferp05|t|on The transfer sheet 90 Is ar ged
tehte a rreins fleart v ers a)fflmel@el@@h’daﬁiy amdnaferessbikeribd, roller

h f d th ,
hnoine el TR A G4 SR 0Pt Behigun forming

tapgahe thiinginleyi Cer & i andiddiecd ©8@ by NRYEsSrab® C, and
nelt-fixed onto the transfer sheet 90 at a nlg bet ween
£F5hYy I BB, & RARIUrd LI FRPFEP | BFaB234 TheThe

Jgﬁé'};%fﬁor?%tpxg&idéléfrg ﬂyfl oéoi@f Jbrg@gg {gr%ﬂ% completed.

apparatus 1 1n a dir i on 1 ndicated n arrow
and sﬂaum@mfpmxntkwwrxﬁrRE#%QEme@r&&hﬁ@QboWSay Bater

The Qper t r od crn a full-color_i IS thus
s B Pt B VIS B sSuP L cihoiGeover
ASTt8¢ Glﬁ?gﬁilrtgesl hﬁr@g&tdﬁl@féﬂ Xd i €leyd Co 60he BpAYBL Xeversing
changeover cl aw 65 guides the transfer sheet 90 to the

eAfer si iy RS IRPTD. revREHENPafRYieeved si agreverse
h
”arrgf% 5 SRS D PRI ST LM DE GHLEESo) Mo

eet 90 I n rection indic
a'irmmaqn Andihea tedidy rn exigeowfD t heas ransferasheey edge of

0 RIe L0 S clangeonet claw Tl S PALOL ciaw 71,
a pair of reverse rollers 72 stops rotating, and the
transfer sheet 90 stops. After a predetermined time, the
pair of reverse rollers 72 rotates in a reverse direction,
so that the transfer sheet 90 switches back. This time,

the reverse changeover claw 71 is switched to guide the
transfer sheet 90 in a direction indicated by an arrow E,

to the pair of registration rollers 82. The transfer sheet
90 is pressed against the nip between the pair of
registration rollers 82, and stops for a predetermined time.
The pair of registration rollers 82 rotates to send the
transfer sheet 90 to the secondary transfer position,
superposed toner images on the intermediate transfer belt

41 are transferred onto the transfer sheet 90, the toner
images are melt-fixed onto the transfer sheet 90 at the
fixing deviee 60, and the transfer sheet 90 is sent out of

the image forming apparatus 1.
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transfer sheet 90 stops. After a predeterm ned tine,
the pair of reverse rollers 72 rotates in a reverse

wa@looeti920,1, so that the transfer sheet 90 sw tPCBEIP2006/309132

back. This tinme, the reverse ?Eangeover claw 71 is
switched to guide the transfef~sheet 90 in a direction
indicated by an arrow E, to the pair of registration
rollers 82 . The transfer sheet 90 is pressed agai nst

t he niAfteet wedmatdye tpains Ifr r edistywtfare rof | 8is 82,

and ,stops, fqr. a predeterm ned tine, .The .pair, of

PR DR v IS Pt s T B Rh e fhagraguotor
sheelhn %y taevike seconrdar edd ansfieri fosily i scharged by a
super posed toner inmages on the internediate transfer

SeisChar dng tledls G ed Ontas e & Faridie re serietngoperation.

he Loner, d Al & elitefi ed- 004 o d hend rapsi€Fer sheet 90,
h

eet 90 at the Tixing device 60, and the transfer
sheets@F dce sehttheutirgfe tnesliaiey et faraieny lappar4l uss cleaned
After primary transfer, .the . surface of, th . .
CESETTN [ BAETITd S Odhiu BPTHt the intermediate
pheeeendyeliar 4l eaninyg W e ldanadbeantben the
uni formy discharged by a discharging |lanp etc, to

fladianmestia teh & raredifih P oerdt i oh. 2 aF WL 3R r iR nagelner

are 44 qlfker4r9e_d.to the transfer sheet 90, the surface
of t%eatfl%nter nedi ate transfer belt 41 is cl eaned by

pressiThg tdeveadlagamngdrivsh ARalmgaidst tie developing unit
i.nternediate transfer, belt 41. The toner cleaned o
Fon e it erar A R (e S P TS SETRGR ot by hat
i t2 He@N e dNaslre- it ke A r e ey ed0pid@e devé €60 80for

i ncl udes the devel oping unit 31 (see Fig. IA

ideUAnig S Fe ARSI T Bl e\t Faa 1de rer aEe? and

' t : rf t r | opi
G AR D I S S R O D&y PRy e 314
Ikearrdg hd H)i ridtatcomieyties padkiteodlahd seel FigoneéA) and the

B! L8153 40, SRR, SLg Lonel ang b Topey
developing device 30 is divided into two units because the
developing unit 31 has the durability to last while the
toner cartridge 32 is‘replaced many times.

Fig. 7 is a detailed schematic of the communicating
opening 33. A slide shutter 3le is provided on the outside
of the casing of the developing unit 31, and an elastic
member 31f adheres to the slide shutter 31le. By opening
and closing the slide shutter 3le, the communicating
opening 33 of the developing unit 31 is opened and closed.
The toner cartridge 32 is provided with an elastic member
32¢c that has openings corresponding to the communicating
opening 33, a slide shutter 32d that prevents toner from
spilling from the communicating opening 33 when closed and
allows toner to pass through when open, and a fixing seal
32e that fixes the elastic member 32c and the slide shutter
32d to the éasing of the toner cartridge 32. Thé elastic
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devel opi ng device 30 is divided into two units because
the devel oping unit 31 has the durability to | ast

wabioba12be toner cartridge 32 is repl aced manyPCT/ome006/309132

Fig. 7 is a detailed schenati%6of t he conmuni cati ng
opening 33. A slide shutter 3Ie is provided on the
out si de of the casing of the developing unit 31, and
an el astic nmenber 31f adheres to the slide shutter

FREbeRy Brent hP Rk ey nipdheo 5| ferneuneberdab, suple as
qlq;gla_%ic tJ g | ng: 33 . devel oping unit 31.is

opene naeﬁdﬂ%?lorgggm %ieﬁlt%c%grf%gyg'ri dge 32 is provided

Wi th athesl adie ctarembera32ciddmt3 hass openangsd in the
corresponding to t co nicati openi ng 33, a slide
SR 35 e o o Ty Shi T Popg31 S ompdngne
A LAt 1 oD 18 Fhahencikd osefn@ndcat L aYSchORehg 33 is

to pass through when open, and a fixing seal 32e that
fopess tchel &t dsner abert3xudhd the slide shutter 32d

to the,casing of,tde d i ;ﬁid§§ 3 gyfa%ged in the

el asticnenber 32c 1's prefera made of foane
rgtverlical irsycleaiscalral hanechesime@ndf srthi conapestéitus 1, the

en the toner cartridge 32 is arranged in the
\oégv"@eop? Vi teS 36 SheSQ TRt TR thr 13 1R agnted from

e 15lifde shutderei e Gpaty dher COMURLESAGh Nehe
opening 33 is open to |let toner pass through. Wen the
teerEUEa tig o3 Ang npt - arranged in the devel opi ng

devi ce,,3 ' . form i ) he.slid
shutt ﬁh%ig&}é‘s h(%v([)se lsr(o(y t%?@t%gefé ﬁég%r%EE%{lggdf %%m%he
seivdliogiroytdeafidd el Mevel tpd nignagie t £3dmitd oagbatdeus 1, the

conmnuni cati ng opening 33 . \Wen the devel oping unit 31

iS5t HtEfged 1t the AR ot ngPdlevieeeBot drr¥pgented from
IFRA8 R B9 APPAtttshdr 1ca{f‘@r§ch<%ege3§hﬁ'ﬁf&ﬁg§29hés

closed so that toner is prevented fromspilling out of
tdpeutuarera lard rarkyeli82 33w ough t he conmmuni cati ng

Qpem'%ﬁﬁg%WS 31lg are provided on the slide shutter 3le.

The windows 31g match the Communicating opening 33. When
the communicating opening 33 is closed, the communicating
opening 33 is blocked by the slide shutter 3le where there
are no windows 31lg. When the communicating opening 33 is
open, the slide shutter 3le is slid so that the windows 3lg
match with the communicating opening 33.

In the developing device 30, the first conveying
paddle 31d stirs toner and conveys the toner to the
supplying roller 31b, the supplying roller 31lb is rubbed
against the developing sleeve 3la, so that the toner
charged by friction-charging. The charged toner is adheres
to the developing sleeve 3la by image force, and is
conveyed on the developing sleeve 3la. The restricting
roller 3lc restricts the amount of toner conveyed by the
developing sleeve 3la to the developing area. A thin toner

layer formed on the developing sleeve 3la is developed onto
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W ndows 31g are provided on the slide shutter 3le. The
w ndows 31g match the comuni cati ng openi ng 33. Wen

W b@eaoizeini cat i ng opening 33 is closed, the PCT/JP2006/309132

comuni cating opening 33 is blgcked by the slide

shutter 3le where there are n6’wi ndows 3lg. Wen the
comruni cati ng opening 33 is open, the slide shutter

3le is slid so that the windows 31g match with the
dhemmicmdarglupeieadestt . 11 by e develaping degscen the

t first_conveying paddl e 31d stirs toner and
%%Wﬁgﬁ?%¢%§?§%gr to the supplying roller 31b, the

suppl witegh riald erorddb drs thbbeghrEpgad mst ré hee deveb ops ngubbed
l.eeve 3la, so that the toner charged by ,
o HoRMFF MY SAREEhatod HomeroRer aafee L%t ol #Hee

Al QNG S @M Hidk O 1 B, FU& ey ARt & So £0pYRYEd
on the devel opi ng sl'eeve 31la. The restricting roller

PEx tdashtas @re tdrusmslntwivich oheeroosweyadhdyenbe of the
|.opi sl.eev 1 0. the devel oping area.. A thin

S: (;%\r%l:err L agiglre flgarrried %orﬁe%%ué% eQ/uesI'er(l)%sl ncguts?ree (ggjﬁjav?é on the

demdaare d Hrioaide phat o onducdide. bedld dlrdyust,

devel opi.ng bias in the devel opi ng area. Wen the toner
I R i HRo 11 P T 3 Sitbe iy 3 Heharging amount

davelRpinthed erMe-3Hldos  headanss ‘&%:eélr\!%_sgiﬁ(% O98mount cannot
pressure so that asperities on the surface of toner

ey taddlues et e ridshediteshi addihicrensesTadher éercel gping
he taner. The | arge pressure pushes outer additives
gbﬁf% e sll?rsf’agcé: of ornelrn%fr]iol% retslel"sn’siaone. %f%a%l‘ng
esfdrt fdsowabidtid yeafet hietonesrHecr eases, and a
chargi ng anount of the toner decreases, because the
char gi'FTarkRfRE dehrfRnBEedj Ut P CeHee Gt @f deteriorated

adiidy MeRrcHULSy devE ORI RYORES ghggu t# ans{RLLLAGr e,

properties, and cleaning propertie e toner
dbkeﬁidxukﬁziMh@mnuﬁﬁﬂdiEﬁtﬂNﬁhﬂﬁﬂEVlepimgcwmiagélofrom

%%}ee[ﬁﬁ)g{e%} gcgaé:ttgfr}_%’gel '392' et SJ:eguélfp ‘El'pee ggxﬁ’n%r?fc':aﬁ‘glrlilgl ct)pening 33.

The second conveying paddle 32a and the third conveying
paddle 32b provided in the first storage space 321 and’the
second storage space 322, respectively, rotate in contact
with the inner walls of the toner cartridge 32. By
rotation of the second conveying paddle 32a and fhe third
conveying paddle 32b,. the toner is pushed into the
developing unit 31 through the communicating opening 33.

Toner in the developing unit 31 is discharged to the
toner cartridge 32 through the communicating opening 33,
and the toner is mixed with toner in the toner cartridge 32.
The toner cartridge 32 stores a large amount of unused
toner, which is mixed with the deteriorated toner from the
developing unit 31. Accordingly, outer additives adhering
on surfaces of the unused toner particles are distributed
to the dete;iorated toner,'so that chargeability and

flowability of the deteriorated toner becomes close to that
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fresh toner is supplied into the devel oping unit 31
fromthe toner cartridge 32 through the comrunicati ng

wop@nilng9B83. The second conveyi ng paddl e 32a aPdI/g#e06/309132

third conveying paddl e 32b prgyided in the first
storage space 321 and the second storage space 322,
respectively, rotate in contact with the inner walls
of the toner cartridge 32 . By rotation of the second

SOVl M PRmt €82 and'? HePt 4 rdl eehreyehol pedhee
e lod MRy LANEY J15 RUIShed fﬂ&w@oﬁﬁglnggagg ggie t;31

t hrough the communi cati ng opening 33. To
deveiqypichganilte Fedandlisthagredpace h#22 dogrthe second

cartridge 32 ro t he nicatin peni 33, apd
tcl%en vteé’r%g’rg ipsf—ic{nglrixeetlljgﬂ\;l\‘il1 1 har}do: g@{%’q ¢ he" I?%‘?Ow ef© cglg? r ? Hhet
Itorathe dnes AN oy dgee 3h SEOr@snvey i@ o MMBLAL 3 9F |
unused toner, which is mxed with the deteriorated

Porem S ridms P IRl Bpi drurmutsn addkotengiye duseributed
addigjv ep @dhering pn sy f aces of the unused toner

particles are distributed to the deteriorated toner,
so t hd@hehangeabitlat yi safd-ddgvialildck yrofan henused state is

deteri orat.ed .,toner becones cl ose t.0 thatof the unused
EETEFefhe G st |Vseg‘r§)z§)rjﬂ)egd lfr}‘]otm’%t]he%%‘éV/eVb%i ﬁ’g‘ Ui gtorage
3palce A fi msfe st SPape Ikl Sty ayesd® $H8te and
second storage space 322 by the second conveyi ng

pRYFSE IPAeTand (Heh JetuaRid g onHe 33 rEerstarbigen layer on

3k t ey . N
TR Bt U S O MR D it e
Alre adwtierglor,athedit enerlithhelragwsy ddratbeé solbraughd dask a

gp an unused state is returned to the devel oping unit
P56 drite first storage space 321. The toner brought

back tra athainsed opigle b dusehdanelidd tdethe first
devel oping unit 31 forma thin layer on the devel opi ng
§I‘”@@\?’é“@1§i A+ dhed@pateisiing s okt d rerjeo v iabedrih nighs, toner

a9 .94Rd % 1903985 AN RE R AGHEMET L And WBAIAT 33, so
that the developing unit 31 discharges toner to the toner
cartridge 32, the toner 1s mixed with toner in the toner
cartridge 32, and the toner is supplied once again to the
developing unit 31. In a developing device 300 according
to a second embodiment of the present invention, a control
valve 340 is provided in the developing unit 31 at the
communicating opening 33, so that the developing unit 31
discharges toner to the toner cartridge 32, the toner is
mixed with toner in the toner cartridge 32, and the toner
is supplied once again to the developing unit 31. Toner
can be steadily supplied to and discharged from the
developing device 300. Moreover, the developing device 300
includes a first conveying paddle 310d that uniformly stirs
toner in the developing unit 31. |

Fig. 8 is a schematic of the developing device 300.

The components in the second embodiment that perform
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In the devel opi ng device 30 according to the first
enbodi nent, the control valve 34 is provided in the

wo ewen1es tri dge 32 for bl ocking the comuni caPCT@P2006/309132

openi ng 33, so that the deveI%%ing unit 31 di scharges
toner to the toner cartridge , the toner is m xed
Wth toner in the toner cartridge 32, and the toner is
suppl i ed once again to the developing unit 31. In a
A op iyl ieeld € ef Yoot he 0P Hi Hep t chaveesend enbsdinddar

! V. n, n v S
o e oM S0 P R 5 B BaMnk Sare denotea
domire cenergr @peremce 3Bumsovalhats t hiee dEvekopengodiinent, and
31 disscharges toner tp the toner,cartridge 32, the |,
(DI FP AP TP T ONE? FTE 1 HBLTbRGr cAPErFayelsping
angy tde 30eind BudePpPtih& I OAEEoiad Nub Ot e dRMELRRI Bner
unit 31. Toner can be steadily supplied to and

dischardsl 37 om T developling wevt c2l 30oclndeesovbe,

t |_Qpi [ 300.in .a fj 0 [
S OERE (el £ U Ehe MNP L OB £ ORYBY! Pl
desdimipitnihqiniel Bdr Flg, &ndstlee sEhesht conoéytihg paddle 310d.
vel opi ng devi ce, 300, The conpponents_in the second -
G SHREE TS T of AEHE G1o% | T F of LT GhCEFORagR Space 321,

thad SchSaBoMgsS| fpHdas TONf | Qs abbOBNAScHRPES1hE paddle
the first enbodi nrent are denoted by the sane reference

| iAter dihe dhind qoneey EMbdeR ¢ 3dnd @veér thpprhg 35. Toner

qﬁﬁﬁg. tjﬂﬂﬁ ' T e ' deyi

i'nc fggglt e(%LS%§§&éé§¥%ﬁﬁ$§§%%¥ﬁ%8$%£ggo%%rggt%ggn the
chrtaliggenBini Thel devel dpe ngonk tca8dt i hdgad®s. t hehe control
devel o Sl eeve 3la, the sup ing roller 31b, the

r

: . | '
V&SNS Mﬁﬁ RTSFLEEL 1 nehe rfge‘%/?lr%?l%%nk}‘é% néyl palidtee
FRhunfite ¢:anero {44 dge, 32 includes the first

storage space 321, the second storage space 322, the
secondhomanyingl. paaldie 324, hahea thimilaonyeyinagure to that

BRI, Yo 200 R L 14 S TaELy OSSR BLOM e
3harnd thedafere cagddr dged 321t hee £Oéi©é to Fig. 2. The
control valve 340 is provided corresponding to the
commuﬁicating opening 33, and is pasted to the support unit
34a fixed in the casing of the toner cartridge 32. The
control valye 340 includes rectangular plates, which are
the elastic resin films 34b, provided alternately
corresponding to the communicating opening 33, so that a
plate is not provided where there is no opening. The
support unit 34a is made of a rigid metal such as SUS, Cu,
and Al. The elastic resin films 34b are made of
polypropylene, polyethylene, polyester resin, fluorine
resin, etc.

The first conveying paddle 310d has a paddling film
that rotates and conveys toner supplied from the toner
cartridge 3? to the developing sleeve 3la. The paddling
film of the first conveying paddle 310d can be single or
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valve 340 is provided in the developing unit 31 at the
comruni cati ng opening 33. The control valve 340 has a

W R aR9st ructure to that of the control val veCB4P2006/309132

according to the first enbodingnt, and is therefore
described wth reference to Fig. 2 . The control valve
340 is provided corresponding to the comunicating

opening 33, and is pasted to the support unit 34a
i bveer i n tﬂi@@a@#‘?@“@‘a’ t%etmré@lﬂewtﬂbrgecelz bghe single,

G I v
SO el ¥t el et schaonuan Lot e LD convace
dﬂn;es¢uﬁaﬁguﬁax)ﬂjﬂmusonﬂuhm@amwm@r@bemahge334059rthaged in

aplate is nq%ﬁgﬁovrded re t here 's no ppeni ng. The
SugiBit i s et Jr%r%l T5HBh2aE sus,

%c@er}rbﬂar The el asdn Gd e&h@léﬁré@sa§4@h@rﬁaa@ﬂ§ngf film of

pol ypropyl ene, pol yethyl ene, yester resin, fluorine
thﬂrflnﬁt:COMK?Y#R%fPQQ#&%y$h@ﬂpaddle 31Qd has a

padd 'E“%;f'é M4 haty %ﬁ;lerﬁggﬁd ;ﬁfé’lg%fn{;"{-]ﬁé 8@?95%?911 of

from the? t oner- car vet opi ng eeve
%hppi@ﬁhgﬁﬂhﬂeﬂufﬁomrmhé t&mef|¢5ttﬁb@g@y3ngt@adﬂée

31 can be single orplural, ecrfrcall ,
pﬂfafcﬁlrofrglrfqmﬂlagr{ﬂbel Bagiey r%wgnr.riﬁqyrlﬁr §00 The first
RIHALY i %adﬂcéajmafoié’@:@ dhatcsopiect the control

rectangular films of the control valve 340 arranged i
aadorth-34 ke ot rho W otimathoncentony valvieapdo . When the

e Yifle! RO RIS S SR P15t (g P LA0L LA

Haagreon fwerlwex @40 Nitige tdenopel atda bne 0848 UgpPLykDy flips back
toner fromthe toner carfridge 32 to the devel op |n%
(RN 3 i HE3 YR Dt Tyt devie et 30b. teRRr fppsped towards

C@{B/Qi/éxfhglcﬁ?ﬂgg[ Qur3ilOB 1 Of AL RSt R0 0 698 a@&:?tlfb&aé oBbr 9!5 drawn

val ve 340 hol ds down the control valve
tinecd i tlse dvradesp g paddt €3 B1¢thir pasls e”sh©y0<arn1duneteaseg

tgg%ning 33.

Fig. 10 i1s a diagram for explaining movement of toner
between the tonef cartridge 32 and the developing unit 31
in the developing device 300. In the toner cartridge 32,
toner in the second storage space 322 is conveyed to the
first storage space 321 by the third conveying paddle 32b,
and is then conveyed to the developing unit 31 by the
second conveying paddle 32a. The second conveying paddle
32a includes a single paddling film, which is rotated to
convey toner to the developing ﬁnit 31. The first storage
space 321 includes the rib 35, so that toner is stopped at
the rib 35, and a space is formed between the rib 35 and
the paddling £ilm. Although the space 1s gradually filled
with toner having high flowability, the space is maintained
for a predetermined time. When the paddling film is |
further rotgted, toner moves into the space from gbove,

until the space is filled up.
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control valve 340, the control valve 340 quickly flips
back open by its own elasticity, so that toner pushed

w0 owan 298 he devel opi ng unit 31 from the tonerPCT/JP2006/309132

cartridge 32 is drawn into the.devel oping unit 31

t hrough the comuni cating opening 33. Fig. 10 is a
di agram for expl ai ni ng novenent of toner between the
toner cartridge 32 and the developing unit 31 in the

devel GpiRF HVIEL 30D | frndie ivnevskadt intigetBe, developing
Rﬁﬁef; in 4be S@ﬁl@é‘dcéfr%%g%n%pv@fﬁh ﬁ ol StRQNUENEE.1 Oatve
irst e

storage space I'rd conveying
ﬁﬁdﬁh&s&ﬁ&:hﬂﬂﬁ|dpmeMycbm@qyﬁﬁdlnnghélﬁmvefophegflrst

AR 0SSN, coner g, paClLe 928 The secend,,

Vfdﬂ Gh Ispdiot At Lek | oSO8 efotONefréR the @I@M@koeaﬂerldge 32
uni t 31 The first storage space 321 includes the rib

I® e tdriekanErg i wnkE ed at the rib 35, and a

q
space ijf, [ELIES Beteenideasldy doapduhhe 02ddhindus tne
tannﬂrdﬂnna&yén@ﬁﬂflcﬂw%ﬁéqm@ntlye spaceths tanhataisedushed
for a predetermned ti en the dling film

el T EED THAGr Hovth T ht e hEOSpRCEAFFBAALS 32 by
ahoves i dintat the SPaeeing £ilhesr U@hé\cﬁﬂfgtngbﬁve%\@ﬁg paddle

toner is pushed into the developing unit 31 at a
cdidttiaki iy Wne ehErci®EnGont bl whenve saacesfavnefeby the

oy, by 106 S0 0001 MO JDE-ALESHCODUEN Afcar 1o

m@ynﬁﬁguiﬁ ttﬁmﬁtmmy351ér@M@¢m£r¢@@efr@mrthedgevazopmng

the developing unit 31. The, toner_enters the
Eélﬁﬁ? HNeHVER ST 1S DAt rol val ve 340.

Subsequggy | v 1 0hen 1he a@@eaeta%lp&&hgéhéﬁgmwefor
devel oping unit 31 to the toner cartridge 32 by

regtltd igni od ndreerpeidd| o hgtdnemigtwdentthstdevaveying unit 31
%ﬁ%ﬁl 1&%&§§ é%} rlaggi§§!diﬂ@emééyefggfng é?é&&a 3la etc.
in the developing unit 31 are omitted herein.

In Pig. 11A, the control valve‘340 is arranged at an
angle © with respect to an inner wall of the developing
unit 31. The first conveying paddle 310d includes a
plurality of paddling films, which are rotated. The second
conveying paddle 32a and the third conveying paddle 32b
each includes a single paddling film. As shown in Fig. 11B,
the first conveying paddle 310d rotates the plurality of
paddling films that holds down the control valve 340. 1If
the control valve 340 is pressed to block the communicating
opening 33 when toner in the toner cartridge 32 is
contacting the communicating opening 33, toner between the
control valve 340 and the communicating opening 33 cannot
enter the communicating opening 33. Therefore, the toner
in the deve%oping unit 31 is pushed out from the'sides of

the control valve 340, returning into the developing unit
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second conveyi ng paddl e 32a reaches the comuni cati ng
opening 33, the toner is discharged fromthe

waleweliopdtrg unit 31 to the toner cartridge 32.PEI/gE004/4509132

Ato HP are detailed schematiscs for explaining
novenent of toner between the devel oping unit 31 and
the toner cartridge 32. The devel opi ng sl eeve 3la etc.
in the developing unit 31 are onmtted herein. In Fi

FA - 1 S CORUDI Vel V- SUEC T ST (BgRbRY GhLBAGPS Ghe first

i - i mpe e opj [
g%%n¥%e ¥qﬁ%¥£%%%3%§@%gf%gﬁﬁ%%qéﬁ%%g?%C?ﬁ%egbggrgﬂ balve 340,
Fardlat yclofrepadsdl swgstahnsalhi th swace dvatedenThee control
second veyi addl e 32a and the third_.conveyin ,

S b W DT TR LR T T R i 1 | B Afovn in
shioyn 11D R BBy, thes f | 4Ste £ONVEYANDL BRI en3A&es away

rotates the plurality of paddling filnms that hol ds

dim tHe ot vaa e 33180 | #h¢ hecrbre ¥ ovabapva4B84peturns

[ i hcat ' when
R T
coremei icatfiomgnash ére nge 83, thonernted Weenltde3 ¢0nsndl the

val ve 340 and the comruni cating openi ng 33 canngt
SR i R EE T A Dot P35, CTReF drores them the
LS r idhAde Ry ed DPE QO deddl biSikyshedt ost £ReBuEhethe
sides of the control valve 340, returning into the

RSB GR- W tEn I shdwn in Fig. lie, the paddling

filnms i st nveyd N d h :

pr essezgsgt%]ﬂe}%{:%nﬁrﬁoqﬁ%al %ﬂ‘B%‘b}?@s%éﬁ%%%%%éigao 1s pressed
sulrst aagd ial 1y rncipjecse eddeeng t fiele onf rohe VAl ¥8t 340nveying

and, the co ni_cating openi ng 33. As sho in Fig, . HD
sy SR A A S oS (P FET m b AP Oy r DT FhaE the
G A, 34D, pd dieL £09 4 O s Vb V€2 BhDng EMENSiH035 in the

the position at the angel q . Athis position, a |arge
Frnd sturagsl PEsRer’ 2 hef come rivtneal garuddaad32he As

qumfplicr{e‘t’r"‘ﬂ:g ol ,' nags 3%16 Z;?a(ﬁ({fﬂngﬁlof]ffm ng%e&l%r Enr%lge
toner cartridge to the developing tnit 31 throug
tdmveying paddle 310d is further rotated, the control valve
340 is further pressed down, so that there is no space

between the control valve 340 and the communicating opening

33, At this time point, the paddling film of the second

conveying paddle 32a rotates past the rib 35, and toner is
blocked by the rib 35, so that a space is formed in the
toner of the toner cartridge 32. As shown in Fig. 11H and
Fig. 11I, the paddling film of the first conveying paddle
310d releases the control valve 340, so that the control
valve 340 returns to the angle 6, thereby forming‘a large
space between the control valve 340 and the communicating
opening 33. Thus, toner that is lifted up by the paddling
film of the second conveying paddle 32a moves from the
toner cartridge 32 into the developing unit 31 through the
communicating opening 33.

The control valve 340 is pressed yet once again by the
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comuni cating opening 33 . As shown in Fig. HF, the
control valve 340 is pressed once agai n by anot her

w@awdiiinzgs fil mof the first conveyi ng paddl e 3BCIP2A06/309132

this time point, the paddlingshilmof the second

conveyi ng paddle 32a is contacting the rib 35 in the

second storage space 322 of the toner cartridge 32 .

As shown in Fig. HG as the paddling filmof the first
OGAFy IR PEIRE f BIOP T sthirkedt repnyeving Headdhe rd10d. At

vl § 340 4. Furtdermor poxy\gllvé%/i@ax%]aeg hﬁf@sééd NQown,

spacé between the control valve 340 and t
ddrenmives irpepem ngheSXonkr tdrstt idege pd2 nheat hehe

ling filmof the s nd conveyi ng paddl e 32a ,
%c;% a uélsl%p?écsjtng{ e err}lﬁl%g’%o'an eolﬁee‘ér/mf ' bﬁ?}% KEF' Dy thethe
dely Ap isy thisitt BISpace guisHed Mgk | frdhechonerqof sheche
toner cartridge 32. As shown in Fig. HHand Fig. H,
R EFRId VY § 1341 ofr SHE IS tilenVigls idevabepng @it 31.

@i%ﬁ%é,h%&map,' 1 a\{%e’ﬂﬁ&eé@ft at SOt f&k% toner

val ve 340 returns to the angle q , %ere For T ng
Icalrggjskmé%etaﬁeemhme:cc@MHiﬁamWeoﬁdkﬂiwoB3 hethe toner

t ' 33, T ,toner, that js lifted
08 By XTE S e s S AL it T o ¥R TRy aeidbenes
FdavrivRREe faormHimdionale Gt 82d MSed 8y 33 as the

devel opi ng unit 31 through the conmunicating 33c31|oen| ng
peddling dodi A vaie 1340 ierpressises Baddonckl Ggavresses
Y, o ' il first_ conveyi

RS PERR) R LD St T AoV 08

340 way progsgechaldire fiherte owasvdyaney paddhe 300h@rat a

artridge 3 ar the comunj cati ng openi ng.33. ,
OO RE = Shd T c e - SRS AR T AT 3g, tomer is
pushed rod frem the sides @fiddantontiplcyalve 34k
returning into the developing unit 31. This tineg,

Fowdrédgshedauss hame il & igsace iMh thel ¥Rner

carty R RSN NG ST R0 AP0 et My
be¢wieemerthe developing unit 31 and the toner cartridge 32
through the communicating opening 33.

Rotational frequencies of the first conveying paddle
310d in the developing unit 31 and the second conveying
paddle 32a in the toner cartridge 32 can be controlled to
adjust the amount of toner moving between the developing
unit 31 and the toner cartridge 32. For example, by
rotating the first conveying paddle 310d in the developing
unit 31 at a higher rotational frequency than the second
conveying paddle 32a in the toner cartridge 32, the number
of times that a space formed in the toner cartridge 32
contacts the communicating opening 33 is decreased, while
the number of times that the first conveying paddle 310d
presses the control valve 340 is increased. Accordingly,
the number of times that toner is supplied into the

developing unit 31 is increased.



10

15

20

25

30

cartridge 32 through the conmunicating opening 33 as
the paddling filmof the first conveying paddl e 31Qd

wpe@saerIt he control valve 340, as shown in FiRGT/Jrd06/309132

to HL. By rotating the first gﬁpveying paddl e 31Cd at
a hi gher speed than the second ‘conveyi ng paddl e 32a,

toner is discharged fromthe developing unit 31 to the

toner cartridge 32, as shown in Figs. HMto HP. These \
oper atThoh g epbatedes onening tbakveppvebebdevwednping unit

t opi [ t c ' 2
i GhEh e el adtr R0% 38 SaR e AR BLPTE A7 the number
foegtlenciasmofi ¢deifid rspecomyseysdhg paddéetBafdons t he

devel opi ng unit 31 and %ge second conveyi ng padd| e 32a

| TPEHE A FRT e 32 e BECEORTR ol | St BUBHFGSpE

thenalPwt « ofg taner i ARy 59 Det yeedrhhe-deNgboni B8 YAkt speed
31 and the toner cartridge 32. For exanple, by
ot difihginadae fiogringnokyiagipaddl e 31Qd in the

h . : ; | f
than th SliBileCorfhy? 0! AR LPAGY! RPrasbBRES o che

caurinfu rdigen 132 g tdyeemimdped 3 ofadt i v@sa t bethbal $paceofar NneAcluding
in the toner cartriq%e 32 contacts the conmuni cati ng

GhEMiHF B LUt e5s2d, ThE I PR HeChuvideyesdf 3 ¢Ppadidcent to
té&ﬂhtéﬁhéﬂréﬂfxQﬂ?%ﬁ&éﬁ&t@@dgi€e§ﬁ$§eg%?SS§5e&Egically, each

control valve 340 is increased. Accordingly, th

ruiidre ofwa inaddlieg folres ¢85 Suppfiedti acoveheng paddle
veloping unit 31 is.increased. The_amount of .toner

ARG W AT e et R Rl G S B

cHrtairige: 132, o tieaadhubt eslt byhd heomunber vaiveBe340 are
comuni cating openings 33 ., Mre than one

FHAARTE Y P ORMD BB b prand delye TheeruABef of the
G 1Cafd ek OPEIH NGSe 33- bS5 8816F MNET- PASEA Q84 DSy £i1m.
speed of the inage form'ng operatlon. T%e con?ro?

Vet oo B4 Ior oviialeslr cor relse odelvabon ong hentbndlinceat bagevenly
PR 53 €A% A% & LIy Lk T oLy Lpghyding

Fig. 12 is a perspective view of the first conveying
paddle 310d.

Films 311 and a rectangular film 312 are attached to a
quadrangle axis. The films 311 include two films, each
extending in opposite directions from opposite surfaces.
The films 311 are in a comb-like form with alternate
concavities and convexities, and the convexities of the two
films 311 are shifted from each other. Thus, adjacent
control valves 340 are alternately pressed by the two films
311. The convexities are provided corresponding to the
communicating opening 33, and are long enough to press down
the control valve 340. The concavities are arranged so as
not to contact the control wvalve 340.

Each convexity is tapered so that the base of the
convexity is wider than the tip. Accordingly, thg

convexities also move toner in a longitudinal direction of
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a plurality of valves. The control valves 340 adj acent
to each other can be operated alternately.

wepweitiizeal |y, each of the two paddling fil ms BET/IH2606/309132

first conveying paddle 31Qd cg be a conb-like form

with filns provided alternatelg, so that half of the
control valves 340 are pressed by one paddling film

and the other half of the control valves 340 are

prtess sy ephon ey otriier Pladdd | tige f £1 nst Accwv ey gy ypatldher 310d

i_.n .the devel opi nit, 31 can be evenly, di scharged .
vl\ﬁat%agc[ﬁs'l esa%%ﬁbaqg 1gjeeadt ThcetS gt aedi &0 aglﬁ)%rg%%%jrﬂ}glnal
viewsfidhe first conveying paddle 310d. Filns 311 and

a rect angul ar film312 are attached to a quadrangle
axi s. AFhe-l¥s 1 fier 931 COHed kR tRRd} ¢ ndl 0@ aeptakeendthg

[ Sl st ' [ ' f s e
G i T o v P Ff s oeones
cuntayitiesantraclonasixig | 5] ok s hentonviexi toesrofartridge
the two filns 311 are shifted from each other. Thus,

‘acent control valves 340 are alternately pressed by

the twhd ifis8onvigit@nyLxdle €510 eiProyisdedd at a higher
correspondi ngibeto t he communi cating opening 33, and are
ISRRFeicRgh T presr o Thelrdierdile ad 2@, 330 thahethe

Vi 'r?\?e i n e
GO e Ay MNP B Bor el SOt et Oyt ve 340
tdwy dyasle wifmdsheviciory exigpads W desriddnit hehé i poner

Accardingly,, t convexities, al so nove topner in a
G2 i TS G oL e EY O REEUIRG S9°GE TRethe
fddridr coymveyidyg: maddl e 31Qd rotates, so that the toner

is stirred in the longitudinal direction. A's the

first "EoHvdfihgPuthiiie 0P § otle o5l lmhe3 tbrivess thesthe
ARSI PO Lol vabte -3 IALtoNST HeLeAlea cron
suppress strength, and flips back open by elasticity.
Accordingly, toner on the control valve 340 is returned
into the developing unit 31, and a space for letting toner
in from the toner cartridge 32 is formed under the control
valve 340.

The convexities of the two films 311 are shifted from
each other, so that the control valves 340 adjacent to each
other are alternately pressed and released. Accordingly,
toner is efficiently circulated between the developing unit
31 and the toner cartridge 32.

The first conveying paddle 310d includes the two comb-
like films 311, and therefore, toner is efficiently
circulated, and mixed in the longitudinal direction.
However, with only the two comb-like films 311, toner
accumulates near the communicating opening 33 in the
developing unit 31. As a result, the toner surface in the
developing unit 31 ripples in a vertical direction, forming

mountain parts and valley parts. If a mountain part is
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The first conveying paddle 31Qd is rotated at a hi gher
speed than the second conveyi ng paddl e 32a, so that

wo bwofliz2ss conveyi ng paddl e 310d presses the cPCIL/IRM006/309132

val ve 340 several tinmes while %_space is formed in the
toner cartridge 32, thereby eé Iciently conveying
toner to the toner cartridge 32. Wen the convexities
of the films 311 pass by the control valve 340, the
ottt afal e 320ME et BhRG dOPeBIRS UPPr e58NSEr EAgIththe
[ | Ci c i ngl t r
B R P T
dencelropio tond¢r 3duprhy Bn spaeedévelopitgngniondtl dacreases.

f t he t trjdge_32 is f d_under t .
DTS Vol L THEY CORVBTRT koGP ™t NESFROPPI AR 25

Hdetd Ry st fiiedl f6OM eackhOtSintsOnt Ppattt heasont £8kult, the
val ves 340 adj acent to each other are alternate

prassedi antPre ke elnh e tordi APy, Pedngrevenly stirred. To
f fi.ci.ent Lr b e opi bt

SHPTHE el (SHoB Sl PECHECRLRERGRYELPLTG Sib sty has
3Ot omed uidese ¢ her t ovwoncanbtike, fwhhsh 314, shodter than the

therefore, toner igs, effigcjent|y circulated, and njxed
TP Tt U el ST et § ont S HORRVEREd P ERWGRDy Chetwo
tAN0 neP M1 1 e i | By Bd 1o £ t ONec@LEHI UL ERSB8PECENEO the
comuni cating opening 33 in the developing unit 31. As

d¥lesul 311  heheored inghY ackhe imewetaénveboptngfunhe Bener is
rélpjt%ﬁ%a% %’&‘r{ﬂ&@' tﬁé{%ﬁfé’@e £ AL, TRHILAL Mdeveloping

a
parts and valTey parts. a nmountain part iIsforme
turel c Baruis calb sigaopenl hy B8Battoner fromthe toner

cartridge 32 is inhibited f povi ng in, and the
amount? %%%@n%ﬁﬁ yﬁﬂmt#@ﬁ“ dey ePbpr hgednPetygen the two
decIeases: %@F@Q&&&il@-%@@§rt$ﬁgﬂlEé@ﬁééﬁethgnééveloping

cartridge 32 is created at the foot of the nountain .
pErtt Fs and eshg ttonere caneridge spiewhat thahi bheedoner is

fé&%@f%ﬁé@kﬁye@i¥c§1££é§q' Jge rectangular film 312 also

prevents a toner flow from being created at a local
position, so that the toner is evenly stirred in the
developing unit 31.

Fig. 13 is a schematic of the communicating opening 33
in the developing device 300. Each of the communicating
openings 33 is diamond-shaped in the second embodiment;
however, the communicating. opening 33 can be rectangular,
oval, etc. A diamond shape is more advantageous than a
rectangle, because the width of each of ‘the communicating
openings 33 1is wider, and toner can be spread further in a
longitudinal direction. Thus, with diamond-shaped
communicating openings 33, toner can be circulated more
efficiently between the toner cartridge 32 and the
developing unit 31, and the number of films configuring the
control valve 340 can be reduced.

The width of the control valve 340 is equal to or
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I nprove these problens, the rectangular film 312 that
has no convexities or concavities, which is shorter

wao bae/119288 convexity of the filns 311, is proviPedJr2006/309132

between the two filnms 311 at an angl e of 90 degrees

with respect to the filnms 3117 'Accordingly, the

mountain part of the toner is elimnated, so that the
surface of toner in the developing unit 31 is
sustamnthian [§he [weitdtiThet ridet seepuhari¢atim@1Qpesing 33 by

rovi ded b N -t fil o Steadily no :
?5ﬁ3%q%5?h§%n Jﬁgjgg§% d%ingf%ﬁﬁ%§3§0%§50?h%a¥%%e¥20 5
eerdrdvege 33n Sthd hadmrilel dotetg | spswiddg c3Bnt tyner in the
cjrculated. The rectangul ar, film 312 al so prevents a
(BTET- ARG 1O beh iy T et e st OBt Et Chiogi eP8ningo33.
thadrddip LANS d S PUE r SSgE B £ Poh hendevehopi Bgrtridge 32.
unit 3I. Fig. 13 is a schematic of the communicating
dparfihgii8 ddtvadie de et opirgyl device 300.amachhef the
co ni.cat.i.ng openi.n i i nd- shaped in th
N SR I L8 LTS B PR B eir g topang
Ithicars becd etHangidar ,cavatided c32 A sb atmatd shapegei Smount
nor e advant ageous_than a rectangle, because the w dth
S dP o R e ShAMEEsh? bpeifhigs BIVeEeHi dbt , thRd
direction. Thus, with di anond-shaped comruni cati ng
cpEtiimgs BB, a dergeandaiciotutened horélisthdcgedt | gnd the
het n t toner. cartridge 32 and the d | oping unit
R dne e ard (e TR shthg The S5
vial suef 1346 . be reduced. The wi dth of the control
val ve 340 is equal to orwider than the width of the

éhﬁﬁﬂ

comuifit dtth THRPS3 by HeRsCUHarP R0V TEi AP et s.
| A GRNEY Qi Ml UG 30 i S é‘cﬁﬁr&%‘ﬁtﬁ%{ﬂ?@v% ening 33, the

conmmuni cat’i'ng openi ng 33, toner in the devel opi ng unit
3ndpirge kest theecongheni cattengs opesh Ngh&3sidéerebythe control

IR AP 0080 SURP! o LT QMRS LoDl CRES 1L 898 32

communicating opening 33 is reduced. Accordingly, the

ORI SRR P& S ARG l&«([jéﬁ%wéf‘ EndONghd U RRdlnicating

amount of toner discharged from the"developing unit 31 to
the toner cartridge 32 is reduced, so that deteriorated
toner is not sufficiently replaced with fresh toner. The
toner supplied from the toner cartridge 32 moves to the
bottom of the communicating opening 33, and is mixed with
toher at the bottom of the control wvalve 340. Thus, 1f the
control valve 340 is excessively wide, the amount of toner
supplied is reduced, and therefore, the toner is not mixed
sufficiently evenly.

The width of the control valve 340 is preferably equal
to or wider by less than 20 millimeters than the width of
the communicating opening 33. Accordingly, the amount of
toner supplied and discharged is controlléd, and toner
supplied in'the developing unit 31 is mixed even;y.

Intervals between the control valves 340 are 2
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Toner in between the control valve 340 and the
comruni cati ng opening 33 is discharged fromthe

walewehopdsg unit 31 to the toner cartridge 32,PGDJIR2G1/309132

a large anount of toner is noty.di scharged at once.
However, if the control valve 340 is narrower than the
comruni cati ng opening 33, a |arge anount of toner is

dlscharged and the anmpunt of toner in the devel oping

AR e o ey 3 haurkl EReRRTs On Fhethbenbrtasanalsiare less
R OGOl Ml e SA0 S SX685E1 Y8l YobAernihanthes in
comuni cat'i ng opening 33, the anount of toner that
@ﬂﬁwﬁﬁﬁrthﬁt¢ﬂﬁthﬁ¥N&ﬁV¢fﬂﬂ@xﬁ@doth®a¢0®m3ﬂﬁcahlng Openlng

en the control val ve 340 and t conmuni ¢
AR SR S Rl e R BEE A P RS B S8 Eeat £x0m
tﬁhﬁﬂdéhémﬁﬁﬂmgﬂhﬁiﬁﬂBIfuééﬁh@%@@lngIﬂnthe3int@r$£Es exceed

toner cartridge 32 is reduce so that deteriorated
2oh & J Sinpsie s g SHtTRe T e?# VA B ERGHOPORERTS 33

Aol SUP AL ARG LONGE COLLE! 08CR2-4BY Eron and

tom o e communi cating openin
rsuged id htd orter develwpbod twom of 31 héecoadses . val ve

340. u i f the trol valv cessj yel

vvide,E{Lh LR < o]?ftr}b fhet© %%%f.‘é%f‘f ?gﬁu%:%dw P limeters
tee e ofel 1 e daner Tise NOdndxesle sthé i €b80LLY SXERLY340
The width of the control valve 340 is preferably equa

e tarmdnRs B |Eisze tHatxd $93¢¢ nee epedthehvede Whetgontrol

: g%%hﬁfi%gﬁ?%ﬂ%r suB%F@@gﬂ%nd %é% ﬁgrge%épg£an%$§f[ebF the

drechgtdnerf slllmolccmtrcnl t\helmv@«l@)plmgl@m t tBé.nI 30 mketimeters,

A it £ SR TTRATRT O Hee rfereLpR ay qunic 31

| Rss-dhds 2 48 |ﬂﬂd@tc%1§eric¥h%’@é@%n@f 1ongsttbatriciently
enters in between the control valve 340 and the

caphatechtv g dp@fiingddetecrehse’e senghatof hehaneemtrol
szaltxzcg]%rll@'e%%@écgsedzgrn?ir@limeters, the amount of toner

‘discharged from the developing unit 31 increases, so that
the amount of toner in the toner hopper in the developing
unit 31 is insufficient.

The angle of the control valve 340 is 20 degrees to 45
degrees when open, and 0 degrees to 15 degrees when closed,
against the coﬁmunicating opening 33. The control valve
340 bends because it is elastic. Therefore, the angle of
the control valve 340 i1s defined assuming that a line
connecting the point where the control valve 340 contacts
the wall of the developing unit 31 and the tip of the
control valve 340 is straight. The angle of the control
valve 340 determines the size of the space formed between
the control valve 340 and the communicating opening 33.
Thus, if the angle of the control valve 340 is less than 20
degrees when open, the amount of toner discharged from the

developing unit 31 decreases, so that replacement of
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the developing unit 31 decreases. If the intervals
exceed 20 mllinmeters, the nunber of communicating

wop@nilngss 33 decreases, so that the anmobunt of PCT&Er2006/309132

di scharged from and supplied tq the devel oping unit 31
decreases. The length of the 6%%trol val ve 340 is 10
mllimeters to 25 mllinmeters. The length of the
control valve 340 determ nes the size of the space

fa rrpel et e nt eer cohth of resh veoBd40 aadnbheperformed

nj cat j ing. 33, Thus. jf_th th of t
OB i 08 3555, % cduotRifie 16 Frmherer gatpReoto

s d Of 45 ol r &b s clilae geslp &k pnah hexdevel opi BEouAkt 08ltoner
decreases, so that deteriorated toner is_not
st fH eI T9ed epf At et i daveteRrhngonett L.t Ae LBAL khe
it C@@t{&heyaiﬂetﬁéot@%gfeﬁé?%ér%k' L1Et 85@«515?? unit
anmount of toner discharged fromthe devel opi ng uni 37
iHeriensiessusbiehentt he anount of toner in the toner
hopper...i n t he devel oping. uni 1is jnsufficien The
angl e Of° t %Y%g T %%?% e3%%§i%a%0bﬁe§F%gslPo£2% Same
degRe st MRTh @ pedha Bt § segnessrivedSidegheesiwhen
cl osed, agai nst. the comuni cati ng ogenin 33. The

FOISTHE VB BA0F ERER N BRCBRISEIYt Ps @pastherefore,
-ngfﬁ ﬁ&nérgkﬁﬁgﬂéifgn%hgréq&£{9£eaalVﬁ @é@lésof the
defi ned 'assum ng that a [ine connecting f he pol nt
wrrerelt e tiong rapeviahy e3 34dre ontacsame haswakbscoibetiein the

devel.opi nit 31 and the tip of the, control valyve
40 T's T THEC AT SRR Re Lot Vol / vaR e SBTetore,
dBtef MHgiRing hex sl Z@a0foddea spasei £oeaed bet ween the
control valve 340 and the communi cati ng openi ng 33.

Thus, THe tIRVeRPEGFIehce orteordimyveo 3aej §1rgEsand the

tgggﬁ fﬁ§1¥€§ oner
I SC rﬁ?ge r orﬁ't e%d%\?g%]%p%ﬁge%?gglﬁggférggs%gésgoa
tdattaaplidoement aidetrmployed ethtanerowetsh taeshitigaethat is

i s .not rformed sufficient]y. If_the angle of the
FFRIGAR - S ek ChR " 45195 B hh@n bpeRataR.  In the
XGRS AU cOf S OPEF additives are reapplied to

deteriorated toner so that high—-quality images can be
obtained over a long time.

The developing device 300 according to the second
embodiment is compared with a conventional developing
device. The conventional developing device is configured
in such a manner that the control valve 340 and the rib 35
from the developing unit 30K, and the films 311 and 312 of
the first conveying paddle 310d is replaced by a single
paddling film, similarly as the second conveying paddle 32a.
With this configuration, in the conventional developing
device, the toner passing through the communicating opening
33 flows in substantially one Way from the toner cartridge
32 to the developing unit 31, and unlike in the developing
device 300 according to the second embodiment, is not

virtually discharged to the toner cartridge 32 in the
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is discharged fromthe devel oping unit 31, so that the
anount of toner in the toner hopper of the devel oping

w@riob/18298 s i nsufficient. The devel opi ng devi CBCBOR20G#309132

be used in the sane imge forqbng appar atus as
described in the first enbodinent with reference to
Fig. 6 , and therefore, overlapping explanations are

omtted. Details of the conmunicating opening 33 are
ey sl ras e 3o ded 1NN eb i e ety qPeRring 33.

ref er gng . i V4 : r '
LRI e S ANETELOL b B SLERTIS co conpare
acoeydidith op rich e Ha west t eanics t hes Secioneke e ntioel | deevd Sogamng

be integrated with at .l east a photoconductor , and
et G 0t S slialh tayrihe (el SRSt SR 1B the
AIAFNRY drid 12 dvERGS §1Rf NAde @PPparetdisdevdop N8y unit 30K is

devel opi ng device, outer additives are reapd$|ed to
detterdimordtednagiferf gorintappayratual 1 t y Ahegescehipubeing

i ned..ov | i T V. [ ng-deyi c 0
ALY B Q0% Mg N5 JEvELER) 10 95, o8 3000 nc
aomeentirondle dived lap ingy devi€e31 Tded conw endhenain the toner
devel opi ng device is configured in such a manner that

R orAFoIP v AV ERIP AR tHe FYHI BT rdnrifEIing amount of
denelQRidg, uniftg 3K BNnd; thendid 1Bc 4 andod2-Shat§eng-
first conveying paddle 31Qd is replaced by a single

pagdin thgevd lup tigigriarnd 5atss ¢ helkecovril eabhieyi @ the toner
paddl e 32a. Wt | S. C j e} ' h
é%ﬁﬁ%%IF%ﬁ%ﬁ”ﬁggé%%%ﬁﬁﬁepéég%%?ﬁéﬁ@gt%ﬁé% %%%%?n%nalyzer

t teeilghe ey coppamitosd )i nopopead tgrS3 By oMESSORAWA MICRON
subst ant i one way, fromthe toner cartridge 32 to

| |
tqﬁ@wgﬁ%g WA 3 BHE- uhti ke in the devel oping

devi cer300: aGaldi fith 1P, d hec $e oty eabodh Pl ¢ 1L SdDheter
virtually discharged to the toner cartridge 32 in

temeti ey ettopi QiU remMo W1t taiF oueh sdree cobmenbr aneaguring a phase
g%%?%? §§§%§g%%%gﬁgﬁgm§¥§@réPEQtéhQ?&SdbggPticle that
moves in response to a vibration by an acoustic wave and an
influence by an electric field, using a laser Doppler
method. As shown in Fig. 14, the E-SPART analyzer includes
a measurement area 100, a particle input port 101, a
particle output port 102, an acoustic vibration plate 103,
an electrode 104, a focusing lens 105, and a photo
multiplier tube 106.

Fig. 15 is a graph of a result of evaluating a toner
charging amount according to the second embodiment.. Fig.
16 is a graph of a result of evaluating a toner charging
amount in the conventional developing device.

As shown in Fig. 16, in the conventional developing
device, a peak of the toner charging amount in the
developing unit 31 is deviated from a peak of the toner
charging amount in the toner cartridge 32. When there are

mixed toners having different charging amounts, a
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W

toner charging characteristics between the devel opi ng
devi ce 300 according to the second enbodi nent and the
@oveen2bonal devel opi ng devi ce. The devel opi NECTIIR2006/309132
3K is set in the inage formng apparatus 1 . After

out putting 10,000 sheets with an i nage area ratio of

3% each of the toner in the developing unit 31 and

the toner in the toner cartridge 32 is collected to
Spgtieataund R AR 3Rt OB Ehe 2Revher| ghe 1@ikedgamount
schemt i &, & tonels afﬂﬁr?@?%@% &Y@{;ﬁétiﬂga vertical
apparat us. The eval uafion of the toner charging ARDUNT
vedsciger f or med usi ng an E- SPART anal yzer (eval uating

f b OKA CRON
PR A S %ﬁ:ﬁrﬁ‘gﬁ%s. " e SPAR an&P§zBpak oF

e G ehPaFing! enslaietertp@ddavenap ghgguaiust almost
at the sane tine by neasuring a phase |ag and a

defichas ofi dhotit ek chatkedieetieherghag apoesti hn the

I ' tJ I C and,a :

in ueﬁcgaefﬁlj?%%é ke){ %C%I?P%@%(g{vdéfﬁ%‘%% %éé‘?%’geerﬁ‘ Op%?%?rdlng
ret hdce sescaibvembod Fnept 14, In hehd&- SPARToAnBhy zeecond

i ncl udes measurenent area_ 100, a partjcle jnput port
POt o R P ot E Ao S e obir | chorara shounts,
RIrdt &3, a8 ef Bfd rofeod@dut BiA@cUsI 09 t888td05 §P8d image
a photo multiplier tube 106. Fig. 15 is a.graph of "a

el o fbaskdtrmihgeen tameratien g agdemeiihy abeekdrhgon

Qo d ‘Ef éefc £modi rgnt; o Rl 16 15,2 EIﬁth&fes%ﬁs the

resu of evaluating a toner chargi ng anount~Tn e

camientl onalvel el dpy ng oevdicieon A8 shewhitrst Feognvdping

in e conventi onal devel opi ng devi ce, a peak of_the
A o e R VRS HE enf o500} (value 340
demiated {4 oma Reake ofathe deneso chak §h 1 RFOUAL ah Nenough

the toner cartridge 32 . Wien there are m xed toners
Hed Iy dif fdrentondiargi nighanums canbatdge odmdand the toner

%ﬁ“ﬁﬂg'5%4é¥h§§ﬁé”&hitaﬁp.“hen the m xed anount

Although the above experiments were performed using
the black toner, even for the yellow toner, the magenta
toner, and the cyan toner, it was confirmed that the toner
in the toner cartridge 32 and the toner in the developing
unit 31 were sufficiently mixed.

To evaluate a stability of time-dependent toner
charging, following experiment was performed using the
developing unit 30K of the developing device 300 according
to the second embodiment and the conventional developing
device.

The developing unit 30K in a state in which the toners
are filled enough in the developing unit 31 and the toner
cartridge 32 (a state of a product to be shipped) is set in
the image forming aﬁparatus 1, and an image formation was
performed until the toner end is displayed with the image

area ratio of 2%. After that, the toner cartridge 32 was
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is not even, a density fluctuation occurs in a
vertical strip . On the other hand, as shown in Fig.

waoetiedpeak of the toner chargi ng anount i n PEEJIP2006/309132

devel oping unit 31 al nost matghes with the peak of the
toner charging anmount in the toner cartridge 32 in the
devel opi ng device 300 according to the second

enbodi ment. In the case of the second enbodi nent,

R e s oLt 1§ VR n A Bhar Yrage afepaResioandas
evsi- Bl time of outputting 1,000 sheets, a good

i mge wth no background contam nation or density

fluct Ut iorplotiel bee obtad hedty | ¢ £ i shbecausedeéhenfiehth toner

h . 340_by. tion of th
BRI By g bt & e 96t SRR COnER Lt the

e aanteanlodiaterer A retalr dSntOnt Nénd DN@EvEBEHEhFY8evice,

32, resulting in an enough m xing of the toner in the
t fert it It d S HARL UMY ohEPSYH 3he Wevefopipgted at (a)

WHd Bie Alddioughs the, ahaye, WI%@&%&@rgePeiﬁo{ﬁgdimage

usi ng the black toner, even Tor the yellow toner, t
rfegemnirey tagsrsatams I he(lglyarhe onene whemasheonbnenednd was

that the toner.in the toner cartridge 32 and the toner

i THS e Bl ngc)un' esiil%r@%rbf%?%i%%ﬁ/ ﬁ?]iEH.lg‘?% 32 was.
e ad et avistrabl lidw e t {HBrsependend seneha€heh ohag,
foll ow ng experiment was performed using the

RS UMY At FOCHTLIME dew el opr hepHewi devBoe for about

apr i Q4 ' d , .
convenfﬁgﬁél J2§%|o%|E%’@ggfggyéa#ﬁgpd%%gﬁﬁb? g'uﬁ?tflgure
IR il sy st tian ahittie ttendoneriso arenfud tedtieaougher

in the devel opi.n it 31 and the toner cartridge 32,
BHES FUR oaUt® 157 B Ppeth Tie Seeneh Thatging

idregmt ofdd e raRRaet Uss hg @ BspARDEAQTPBRLEON was

performed until the toner end is displayed wth the
iMpggefactured by HOSOKAWA MICRON COORPORATION.

Fig. 17 is a graph of a result of evaluating the toner
charging amount of the developing device 300 according to
the second embodiment. Fig. 18 is a graph of a result of
evaluating the toner charging amount of the conventional
developing device.

The peak of the toner charging amount tends to shift
to a side of a low inverse-charging area with time in both
cases. However, compared with the conventional developing
device, an increase of a low inverse-charged toner is
suppressed in the developing device 300 accofding to the
second embodiment.

As for the toner charging amount, a high charging area
is set to equal to or less than -2 (fc/pm: femto-
coulomb/micrometer), the low inverse—-charging area is set
to equal to or more than -0.2, and an intermediate area
between the high charging area and the low inverse—charging

area is set to a medium charging area. If a percentage of
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area ratio of 2% After that, the toner cartridge 32
wasrepl aced with a new one, and the inmage formation

wor®enon2ds nued. To evaluate the stability of tPer/JpP2006/309132

ti me-dependent toner charging %or t he devel opi ng
devi ce 300 according to the sé ond enbodi nent and the
conventi onal devel opi ng device, the toner on the
devel opi ng sl eeve 31a was collected at (a) the tine
wWhien ttane i eive | s rﬂgbvurﬂirtV%ev@lsa%@iw reréR imegeases, the
r a the t when t toner. end
fb%crﬂ Sﬁrgcgeﬁ%gﬁn&rt l(%ta’] Ojil S "g\é fg%%gua'élon occurs.

cart r |Edg,e 3D vias & eptaastechfMd rpeards@v\w@@ cﬁhoavey@w itherse-
eval uatjion was perforned after operating_th

ATV i T A ite B P 3eoHiES aié%e%SrJé%nﬂa%?%ﬁ As

R PNE! 1R 1 ri A9 orlfh fd QUF BLIOUER &1 XSt AL 82 Of 4L D81 oping
toner) , to evaluate the toner charging amobuni. The

Seyligat i dhefdevrel awime ddhweires nigo%rmmrdmg p‘ecpfblwealecond

usi,ng, .t he E PART .anal yzer nanufac ur.ed
R A e me Bl 26 W Do TR gparea

Q:\baieliatddtg:dahféd Qj’yerakﬁhﬂf OB 3%, awUEH r@éaﬁ:heud@wetl@@l ﬂ@ner in
devi ce 300 according to the second enbodi nent

10, i A 32 Vel AT (He Tomeievelbping unit
aghargl g %&&&M%ﬁ%&enﬂ&{@&@e& opb g &iﬂl(l;&fatlon

The peak of the toner charging anoun ends to shif
toF ahs deorgfr.a | ow i nverse-charging area with tine |n

bot h ses. wever mpared with the convention
devel%?ﬁhg evite Jﬁﬂﬁhgggas%howlng eg? ffec@eg toner at

i Ayerse- chardied danemtic sapressetk | thd hgitleverops ng
devi-ce 300 according to the second enbodinment. A s for

Ry CORNARLLONH FEERkIRiMg dPehcts toe
tdév’él%lﬁ%) ﬁvm&s%dw%c&&{%% tﬁ@'@e@&lﬁ)&” Qfﬂ@c{)dlment

m cr onet er | ow i nver se- ar gl ng area 1s set
egualradunay glorrgdhat Riermmben ¢ht Enaeddates alleathe high
charging area and the low inverse-charging area, making it
possible to stabilize the toner charging amount on the
developing sleeve 3la from the time when the developing
unit 30K is set to the time when the toner cartridge 32 is
replaced with a new one.

Fig. 21 is a graph of a result after 4-cycle execution,
taking (a) to {(c) as one cycle. In the second to the
fourth cycles, the evaluation of the toner charging amount
was performed also at an intermediate time between (a) and
(b), and a result of the evaluation was added.

For all of the four cycles, compared with the
conventional developing device, the developing device 300
according to the second embodiment can reduce changes of
percentages of the toners in the high charging area and the
low inverse-charging area, making it possible to stabilize
the toner charging amount on the developing sleevg 3la over

a long period of time.



bet ween the high charging area and the | ow

i nverse-charging area is set to a nedium charging
w@e@a/119208 a percent age ofthe toner in the | ow PCT/JP2006/309132

i nver se-chargi ng area increas%%, t he background

contam nation or the density fluctuation occurs. Fig.

19 is a graph of a percentage of a | ow inversecharged

toner when the toner cartridge 32 is replaced. As

shown in Fig. 19, conpared with the conventiona

' ' vel opi ng devi ce 300 according

to tEgﬁgggﬁggﬁgﬁggﬁ%ﬁgHﬁ?shoms t he percentage of the

| ow i rntey skewdilasgiaty taset cepctleasathdy aboningdS¥pparatus,

whi ch neans that the toner in the toner cartridge 32

A (e RARTETH TH TS AFHYTUHRY 81 hRpePreSent

sifd it €1 | )s M1 | neli €8t amﬂ&%QsPb&cghaél88t9$static
the toner. Fig. 20 is a graph Tor show ng the
csidwotedtarrgs atafd)paot{eylali by desefut oiraphevéntheg a
charging areas. Compared with.t convention

dgevce oaps%n gl e e(%s}} %reqen%]lefﬁte% et %% i %Jgow gk\)lll' jgle£§ 089 aE?:%? ain g
to the second enbodi nent can reduce changes of
percentages of the toners in the high charging area
and the | ow inverse-charging area, nmeking it possible
to stabilize the toner chargi ng anount on the
devel opi ng sl eeve 31la fromthe time when the

devel oping unit 30K is set to the tinme when the toner
cartridge 32 is replaced with a newone . Fig. 21 is a
graph of a result after 4-cycle execution, taking (a)
to (c) as one cycle. In the second to the fourth
cycles, the evaluation of the toner chargi ng anount
was perfornmed also at an internediate ti me between (a)
and (b) , and a result of the evaluation was added.

For all of the four cycles, conpared with the

conventi onal devel opi ng devi ce, the devel opi ng devi ce
300 according to the second enbodi nent can reduce
changes of percentages of the toners in the high
chargi ng area and the '
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| ow i nverse-charging area, making it possible to
stabilize the toner chargi ng anount on the devel opi ng

webmenes28da over a | ong period of tine.| NDUSTRPGLIP2006/309132

APPLI CABI LI TY The devel opi ng 2gvice , the imge
form ng apparatus , and the process cartridge
according to the present invention is useful in
form ng i mages by an el ectrostati c copyi ng process,
and particularly useful in pLE&VESti ng a decrease in
hargeabjlity and f]lowability of toner.CLAINS 1 . A
eve|§bﬁk§9ﬁﬁﬁ%ﬁ9 PrSSi HYP 5 WV opi ng unit t hat

devel Py d 1Sty IVFRGe ¥Hh BNdVENsp£a4 i LEetk t inage on an
toner; a toner cartridge that is detachably arranged
sk Aamlisi tH-ith& Q& ! opi ng unit, the toner

cartrid SUp ' ner; 4 o | opj It

and an gcgoenl ngéa%%%%&lg%ed% sposlé% %%?m%}g%&eé)%%%#g%i %1%
gairta ldred. twhiect driey dsardramligey wint oughhehtahet heatonedge

asses,, wherein the toner. cartridge, includes a ace
Bt 4 ks oS e T eiier &dPasti

the tepelogadlildd Adtit % -dildiso S8y &b OB deh Jeé C@eveloping
according to claim1l , wherein the space allows the
Uerdr ansl fihsy 1Ry 1ot HigleVdlepialy winieh Bhe tpeer

\. i vi.ce according to claim2 , wherein the
%ﬁgre%g'agg}l gle further includes a rotating body that
r ot at eshd nsirder tdeerttoinye cardIudige. a dspaddefadeweshgpungt that
evi ce according tqQ claim3 , wherejn the space .

g GiHRCG s tg}fnﬁ‘%ﬂe%a?%r‘% at™ f o st e her spatkridae.

in the toner in cooperation with the rotating body. 5
. The devel opi ng device according to claim4 , wherein
the cdite sleval ot Gree A PrRE at? nglawni bn Byerein

the space allows the toner to flow into from the

developing unit.

3. The developing device according to claim 2, wherein
the toner cartridge further includes a rotating body

that rotates inside the toner cartridge.

4, The developing device according to claim 3, wherein
the space forming unit is a control valve that forms
the space in the toner in cooperation with the rotating

body.

5. The developing device according to claim 4, wherein
the control valve performs a reciprocating motion by a
rotation of the rotating body, to form the space in the

toner.

6. The deyeloping device according to claim 5, wherein

the rotating body is formed with a bendable film, and
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rotation of the rotating body, to formthe space in
the toner. 6. The devel opi ng device according to claim

wWG200henes n the rotating body is forned w th aP@ENRbadd/3®9132

film androtates at a rotation frequency of 0.04 hertz

to O .4 hertz, and the control valve forns the space

in the toner by making a contact with the rotating

body. 5 7 . The devel opi ng device according to claim®6

Iofrdres it e Sphtelnrigegienty ¢hcl ulésharprate 0.4 hertz,
er provided on an inner wall of the toner

cartridge, and the rotating body contacts the plate

menbertivhidentrebtadivg. f@&mThehaevphopi hy tewi tener by

according to claijm.J erein the ratating body
FRI 7 A S v o DO T HHor R SOF T om an
upstream of the opening in a direction of the 5

rotation, and passes over the opening. 9. The .
devel dgisgt URLIHE CHR T PRy 2@CeFAI Y stowRbpenn6) wherein

| engt [ ' % .t 0; 0 ' n m
a an{]c elfé o%g%?%éel #%%%%%%yl%goﬂt{%% i %nlg%g&gl ]i‘ﬁ&.né%?
Hrovitiedlewe| api hnetewrakl act otltk ngoher ctartr9dge, and
wherein the plate er is provided in a range of _ .
oot b B e o e SR ot ke hefie drogpetghi Le
rdwtd gy body to the inner wall, froma position right

bel ow the rotating 5 body. 11. The devel opi ng device
according to claim 10, wherein the filmis |onger than

di st e C 0 LN y-to \
ngge o? %h%é%%%%r#%gg b@é}&lﬁé% grr(ly’if |%%I? raé(go(rgl‘r%%ge?’ ‘ﬁﬁgreln
The denrsd opo gt deyiloedpcootaiay 1w coéatawdlyivhetkéninner
wall from an upstream of the opening in a direction of the

rotation, and passes over the opening.

9. The developing device according to claim 8, wherein
a length of -the film is 110% to 170% of a distance

from a center of the rotating body to the inner wall.

10. The developing device according to claim 9, wherein
the plate member is provided in a range of -30% to

+30% of the distance from the center of the rotating body

to the inner wall, from a position right below the rotating

‘body.

11. The developing device according to claim 10, wherein
the film is longer than a distance from the center of
the rotating body to an edge of the opening by 10

millimeters or more.

12. The developing device according to claim 11, wherein

a plurality of the openings is provided in the
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a plurality of the openings is provided in
t hedevel opi ng device. 13. An inmage form ng apparatus

weowpniedg: a charging unit that charges a suPCHIR0G{309132

an image carrier that carries | atent inmage; an
exposi ng device that fornms an el ectrostatic |atent

i mge on the surface of the inmage carrier charged by

the charging unjt; a devel oping device that visualizes
iV lerinddaifite! atent i mage formed on the surface

of the image carrier, to forma visual inmge; a
transferring device that transfers the visible imge
from tare dmrepe Tarmiry apparatuecoedpngs edi um

directly ,or via internggiatehtransfer nmepber ; ﬁnd a,

fixi nd dEATE AT xEe T g eT 4P hI 2 FREbRCEr AhsPBr 1B39°
UH O 1dre HIR0OrEH N SR UDa byntISimggd; heat or a

pressure, wherein the devel opi ng device includes a

devel 6Pt riFRAT PG rfé@va%%et%g fpens adeneleahgesbatipelatent

F Iy Wi d ; tof C | dge i\ S
N A e R R
wiangiree droner cartri dge .supplying the toner to the

devel opi nit, and an opening that.is dispose .
ot wedh T A el anr Chahar 1 AE Hofef | EhR: Fiagerostatic
tihragh WHEh tdhenddnet passesrradd éhechénehage carrier, to
cartridge includes a space formng unit that fornms a

shoade a Vi@t oHeagstored in the toner cartridge. 14.
The i @g&e{r%f@fplrwp@é@{gé @t?ggrgf&gsf&t:%la?h@ \]/.%siible image

further conprising:”a process cartridge
ifteegridid yirsuppardsridie omagen caecordimgdnétitum directly or

devel opi ng device, the process cartridgebein
oo ATy 2ch SF 1105 T ¥ TSRS f o?Ming appar at us .

a fixing device that fixes the wvisible image

transferred onto the recording medium by using a heat or a
pressure, wherein
the developing device includes

a developing unit fhat develops the latent image
on the image carrier with‘toner;

a toner cartridge that is detachably arranged in
parallel with the developing unit, the toner cartridge
supplying the toner to the developing unit; and

an opening that is disposed between the
developing unit and the toner cartridge, through which the
toner passes, and

the toner cartridge includes a space forming unit that

forms a .space in the toner stored in the toner cartridge.

14. The image forming apparatus according to claim 13,
further comprising:
a process cartridge that integrally supports the image

carrier and the developing device, the process cartridge
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15. A process cartridge that integrally supports at

| east an image carrier and a devel opi ng device, the
weeweasRITartri dge bei ng detachably attached tBCHIP2006/309132

i mage form ng apparatus , mherﬁin t he devel opi ng

devi ce includes a devel opi ng dfit t hat devel ops a

| atent image on the inmage carrier with toner; a toner

cartridge that is detachably arranged in parallel wth

s e i i aniat tadieed oberticar imdggef supphyi agpahatus.

toner to the developing unit; and an opening that is

di sposed between the devel oping unit and the toner

adr.t rizdgesoddyoughrtnhidide ttieat onete PASEES, s@apfotbe at least

toner cartridge includes_a space formng unit that

oY iEP S e 19T 1 1otV St B eI i FP Y HeS t oFfe process
Cal i dae belthg Adenel AP N0 deyiie&s COIPLA S{RSge 8forming

devel opi'ng unit” that develops a |atent inage on an
iepaRpe-adfars i ethegiedn t oner; a toner cartridge that is

det achabl y. arr.anged i arallel. with the devel opi ng
unit, &}hee C%eafneelro%a{lr rcl{]eaglec%ulprbtfly%egst he toner to the
devel opi ng ainidvelasbiapening: tiwdt | Ge b BPOses bet¥geNimage on
t he devel oping unit and the toner cartridge, through
S HMaEe tHer-Fadtidd BRe% control val ve that

control s an, amuayt Ofpihgidongiat hal Passesab W 048 anged in

the opening. 17. The developi ng device accordihg.to
Clagiah1k6, witer dilve tdrevclom i walve fle provédedartridge

correspandi t,o the .o i ng, 18.. The devel opi hg.device
ST H (0e R 70 vl a1 4 HeP Hed et BhY g i

infludes a drotadmichpathatt hiad I dpyesed Nee €0EEH Othe

val ve.

developing unit and the toner cartridge, through which the
toner passes, and

the toner cartridge includes a space forming unit that

forms a space in the toner stored in the toner cartridge.

16. A developing device comprising:

a developing unit that develops a latent image on an
image carrier with toner;

a toner cartridge that is detachably arranged in.
parallel with the developing unit, the toner cartridge
supplying the toner to the developing unit;

an opening that is disposed between the developing
unit andvthe toner cartridge, through which the toner
passes; and

a control valve that controls an amount of the toner

that passes through the opening.

17. The developing device according to claim 16, wherein
the control valve is provided corresponding to the

opening.
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19. The devel opi ng device according to cl ai m 18,
wherein the control valve includes a plurality of

worewengs2part s made of an elastic material and BCT/JP2006/309132

supporting part that supports the noving units . 20.
The devel opi ng devi ce accordi 7 to claim 19, wherein
the rotating body alternately drives the noving parts
adj acent to each other. 21. The devel opi ng devi ce
according to claim20, wherein the rotati ng body

l[u nged
régpedﬁg%%%ﬁ%ve o%%%%é%g?(gée{%%% 1Ell ng gltL)?ar rﬂvﬁereln

21 V\k'tﬂfealdmtéﬂeapsm@turngt (01010 CARTTG 3 uaieﬁoaatﬁﬁ@ apgayathat

|, m 23. The develo devi ce according to claim 22,

VS e GPE Hy %l anond- shaped. 24. The
devel opi ng device according to claim23, wherein the
control valve is forned with a width wider than the
dfeni Myl edaninetdesice @@Wdiﬁl%t@rslazﬁ. 1l§hewherein

devel NG 1o cIa| ereLn_an,
i nter ﬁg%eﬁéoﬁft‘a%%\g% &fu arve % Jf#é{ %n‘fl?‘éf'ng parts
weldee dfs eh nalddned et 20 awd | & nelepSrt20g gALt that
develcﬁpl ngc( devi ce, according to claim25, whereina

Nfe MO DIURATSe is 10 millimeters to 25
m I limeters . 27. The devel opi ng device according to
claim 26, wherein the control valve is arranged with a
vdlve %I@\{ﬁlmr@gieeebce e déodemeeko atlaimeb?) avherein
p03|t|t% d a val ve; angl es t 15 de

at an opera |ao%lnﬁ:63|?dyon %rn%ef C(E]‘g ¥% rﬁ'lﬁ% ReH 5> parts

apparadrits o disidigied charging unit that charges a
surface of an image carrier that carries a | atent
I mage; an exposing device that fornms an el ectrostatic

l-at ent e
CZ%ar geTé'iég?ﬂ?\f&rbﬁlhfg Ui Ace a@écéf@1ﬂ@a\9§ EPE{h€50, wherein

the rotating body includes a plurallty of films

arranged in a comb-like shape.

22. The developing device according to claim 21, wherein

the rotating body includes a rectangular film.

23. 'The developing device according to claim 22, wherein

the opening is diamond-shaped.

24. The developing device according to claim 23, wherein
the control wvalve is formed with a width wider than

the opening by 0 millimeters to 20 millimeters.
25. The developing device according to claim 24, wherein
an interval between the control valve and other

control valve 1s 2 millimeters to 20 millimeters.

26. The developing device according to claim 25, wherein
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charging unit; a devel oping device that visualizes the
el ectrostatic latent inage fornmed on the surface of

wo bweiinge carrier, to forma visual inage; a PCT/JP2006/309132

transferring device that transfers the visible inmge
fromthe image carrier onto a5pecording medi um

directly or via internedi ate transfer nenber; and a

fixing device that fixes the visible imge transferred

ont 0 tehelarexidr dbhgtinedeamt byl usahge aibedd nildimeters to 25
pressure, wherein the devel opi ng device includes a
dgaa%ﬂﬁﬁﬁf%nit that devel ops a latent inage on an

image carrier with toner; a toner cartridge that is
detachably arranged in parallel with the devel opi ng .
wnh t, Thee d9mRICRERY rdelgecs uppt9r Ay heot eheimt 861 heherein
devel api it nj ng ' i spose

the deulf astng i 1= 0P8 {hertBaletd M BRGEC=PRE R B e of 20
wleteddecd ohferdepasses; attngd segohdr ogbovatvent hahd a valve

controls mount of thetoner that passes through the |,
GHHDEE 0 ST rmie fﬁrﬁ%%e%%pﬁ P heORRESFUPRQPPBLELON

- claim 28, further conprising: a process cartridge that

integrally supports the inmage carrier and the
el dpt ngnaies i ERIMing PPRRe3sUS @R H§eLlngi ng

det achab : ' or mj ar at
30. A Drofult B B G AR oI Pes P HPPLBRRTLR M mage
|czastican thmigecaar ¢ era ahmitendeired@pt ng devi ce, the

process cartridge being detachably attached to an ,
i mge ?Qﬂ?ﬁﬁﬁf“ﬁ%ﬁégﬁYh e TRHkrEPTE R deverbpPagatic latent

Gl g8 dinctnulesy ey eb Oping thhde t b2k de¥ebARSg8d by the
| at ent i mage on
charging unit;

a developing device that visualizes the electrostatic
latent image formed on the surface of the image carrier, to
form a visual image;

a transferring device that transfers the visible image
from the image carrier onto a recording medium directly or
via intermediate transfer member; and ‘

a fixing device that fixes the visible image
transferred onto the recording medium by using a heat or a
pressure, wherein

the developing device includes

a developing unit that develops a latent image on
an image carrier with toner;

a toner cartridge that is detachably arranged in
parallel with the developing unit, the toner cartridge
supplying the toner to the developing unit;

an opening that is disposed between the
developing unit and the toner cartridge, through which the
toner passes; and

a control valve that controls an amount of the
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an image carrier wth toner; a toner cartridge that is
detachably arranged in parallel with the devel opi ng

wainios/112be t oner cartridge supplying the tonerPCDIRA065/309132

devel oping unit; an opening that is disposed between
t he devel oping unit and the toner cartridge, through
whi ch the toner passes; and a control val ve that
controls an amount of the toner that passes through
tHRGp iy passes through the opening.

29. The image forming apparatus according to claim 28,
furfher comprising:

a process cartridge that integrally supports the image
carrier and the developing'device, the process cartridge

being detachably attached to the image forming apparatus.

30. A process cartridge that integralfy supports at least
an image carrier and a developing device, the process
cartridge being detachably attached to an image forming
apparatus, wherein

the deveioping device includes

a developing unit that develops a latent image on
an image carrier with toner;

a toner cartridge that is detachably arranged in
parallel with the developing unit, the toner cartridge
supplying the toner to the developing unit;

an opening that is disposed between the
developing unit and the toner cartridge, through which the
toner passes; and

a control wvalve that controls an amount of the

toner that passes through the opening.



