WO 2010/118085PCT/US2010/030171 AIR DUCT AND TONER CARTRIDGE USING SAME
BACKGROUND 1.Field of the Invention [0001]The present invention relates generally to
image-formig deicd89%nd more 5particularly, to the cooling of a toner carb§dgeSiH i atidde-forming
device. 2.Description of the Related Art 100021Image forming devices such as laser printers utilize a
light beam that is focused to expose a discrete portion of a photoreceptive or image transfer drum in
order to attract printing toner to these discrete portions. One component of a laser printer is the
10photoreceptive drum assembly. The photoreceptive drum assembly is made out of photoconductive

material that is discharged Akm EJ%'PQ%%OWBES}%@%@%&S%J?isﬂ\'l\;[lhe drum is initially given a

charge by a charge roller. As the photoreceptive € printer directs a laser beam across
the surface to discharge certain points. In this way, the laser "draws" the letters and images to be
printed as gﬁ%ﬁ&ﬁ%‘?@l@ctrical charges - an-15electrostatic latent image. The system can also work
with either a more positively charged electrostatic latent image on a more negatively charged
background; or ofi'dlhrdiBedayaiely charged electrostatic latent image on a more positively charged
background. 100031 The printer's laser or laser scanning assembly draws the image to be printed on
the photord@étive drunthApcerewnreseoscaining: assintblynnayfimoindd e iaserpd myovable 20 mirror,

and a Igns.pm@lj@;@[ {(?ﬁ]%il/&ﬁiﬂé%i@?&%ﬂ%}ﬁiggéiﬂ% Wa@i@ﬁﬁlﬁ& tqnake up the text and images one

horizontal line at a time. As the beam moves across the drum. the Taser emits a pulse of light for every

pixel to be 5’””‘%&3’.’?‘%%%#&% ser éjR%s not actually move the beam. Instead, the laser reflects the

light beam off a movable minor. S the mirror moves. the light beam passes through a series of
lenses. This system compensates for the image 25distortion caused by the var%/ii‘ng distance between

the mirror dA¥Pbints alGABEHETHI IS RS (K85 LEERMBRITHOVEL A BRR BtaRetibfizontally as the
photoreceplafusidim s@otinaldisstyi¢ piates, o thte taserraissemblygeandiiandtive mesddline. A print

controller synely BRIFRS IR AN UG BIFRERS PhiniRipG e detantimage. A0 fae photoreceptive

S
drum, the laser ischa ges those areas where the latent image is formed.

10 photoreceptive drum assembly. The photoreceptive drum assembly is made out of
photoconductive material that is discharged by light photons, typically emitted by a laser.
The drum is initially given a charge by a charge roller. As the photoreceptive drum revolves,
the printer directs a laser beam across the surface to discharge certain points. In this way. the
laser "draws" the letters and images to be printed as a pattern of clectrical charges - an

15 electrostatic latent image. The system can also work with either a more positively charged
electrostatic latent image on a more negatively charged background, or on a more negatively

charged electrostatic latent image on a more positively charged background.

16003} ‘The printer's laser or laser scanning assembly draws the image to be printed on
the photoreceptive drum. A known laser scanning assembly may include a laser, a movable

20 mirror, and a lens. The laser receives the image data defined by pixels that make up the text
and images one horizontal line at a time. As the beam moves across the drum. the laser emits
a pulse of light for every pixel to be printed. Typically, the laser does not actually move the
beam. Instead, the laser reflects the light beam off a movable mirror. As the mirror moves.
the light beam passes through a series of lenses. This system compensates for the image

25 distortion caused by the varying distance between the mirror and points along the drum. The
laser assembly moves in one plane horizontally as the photoreceptor drum continuously
rotates, so the laser assembly can draw the next line. A print controller synchronizcs this
activity. In the process of forming the latent image on the photoreceptive drum, the laser

discharges those areas where the latent image is formed.



WO 2010/118085PCT/US2010/030171 100041When the toner becomes electrostatically charged, the
toner is attracted to exposed portions of the image transfer drum. After the data image pattern is set,
charged ton®0gEGFpfieH to the photoconductive drum. Because of the chaP§d /disR&@nal the toner is
attracted to and clings to the discharged areas of the drum, but not to the similarly charged
5"background” portions. Toner is an electrostatically charged powder with two main ingredients,
pigment, and plastic. The pigment provides the coloring, such as black in a monochrome printer, or
cyan, magenta, vellow, and black in g color printer, and forms the text and images. The pigment is
blended Wiﬂq@%ﬁtic parﬁ@l'gg tES E?{grtaghceorm\ﬁgf %f?%gﬂfgacggfﬁﬁgﬂﬁbb‘fﬂ‘r&ﬁé’“@é&e&t‘é fuser assembly.
The toner isgtoratbimt@tonEtheantrigifechgfesingn 1 @disndalldeniaage plitithiisteca dargedable casing. The
printer gathgis e IapRLTEMRUBIBWNINI0 R AOURINGANG SURRISS IR AMRYSIRRELAIL using

paddles and transfer rollers. The developer roll is a charged rotating roller, t¥p|cally with a conductive

metal shaftsFa48IAASHRESSAHTANE RBEG AT 2P ALERE Tohkr throtimalsansFadettr roll positioned

adjacent thebaleyedaper sotlidnelienel ecir el tlharge Mnd imeeh poicddrsentblingathe developer 15roll

collects toner ‘p?hrtictlses.from thedtopaesz icadi;lne‘r roll. A docto bl de ?ssembl)f‘%gg%gﬁ the developer roll
oner

. ingredients, pigment, an € Pl ent proviaes the colonng, su n .
to provide a onsistertt %oatlng of t annE] the le gth and sur ace o Jeveloper rofl by scraping or

"doctoring" EBReeds DA NS e MeRsHE: isHOThand Stadk BHlagelonayussorsdacesditharge on the

toner. This, it tH iREREdERSHGONSIBIE BleBURPIV A TIeRRI faribiespheke cond wativactruren\When the

coating of toner on the developer roll is 20inconsis nr{, too. thick, too thin, or bare, the coating of the
photocondd’él Ve npﬂ?ﬁl gﬁlﬁeco%éf%{gn?,sgnfﬁsﬁﬁ"é?)?é\/eﬁﬁg s é:rrlgﬁé{%égtf'%ae (bnrfléﬁ ad rilr(’jr*f%‘lzzggheo lﬁsft?&’vary due to
these inconsisteihciesimdrisudomditioreisogabisicisreg d ripridefeethcro003dBidreteetrwstatic image on

the photocopehtiverdivmyis-anapgaek sueh MatifRlopetLiaALisles everimthaidevelgper roll onto

the latent image on the photoconductive 25 drum to create a toned image on the photoconductive
drum. The teaRRAYEI S FRHEFE RTINS ARl BRGTIEONALREORIERINT BF R bTAtSHIE tedium such as
paper or onjol arintertuatliaiectransier biithvbiclvéhemdransier s tive ddive coimageionrtb the printable
medium. The; PAREh 0L URANSIE' bR !tis ORPAIE L ARAFaesh oIS JARGT «GAUSIRG ihiQdRnspier to the

paper or transfer belt. This charge is stronger than the charge of the electrostatic ima%e. so the paper
or belt'30puRY sRBRSHEPHREEEA0a HorMthalderfale riROpRBISERTIRMVE I Since it is
moving at thevsrpie sReegrasidba ciuicthepapgodiiransiep bellpigksiupsihé:imaige pattern exactly.

developer roll by scraping or “doctoring”™ excess toner from the developer roll. The doctor
blade may also induce a charge on the toner. This, in turn, provides a consistent supply of
toner to the photoconductive drum. When the coating of toner on the developer roll is

20 inconsistent, too thick, too thin, or bare. the coating of the photoconductive drum is
inconsistent, and the level ol darkness of the printed image may vary due to these

inconsistencies. This condition is considered a print defect.

10005] ‘The electrostatic image on the photoconductive drum is charged such that the
toner particles move from the developer roll onto the latent image on the photoconductive
25 drum to create a toned image on the photoconductive drum. The toned image is transferred
from the pholoconductivé drum to a printable medium such as paper or onto a intermediate
transfer belt which then transfers the toned image onto the printable medium. The paper or
transfer belt is oppositely charged to the toner, causing it to transfer to the paper or transfer
belt. This charge is stronger than the charge of the electrostatic image. so the paper or belt
30  pulls the toner particles away from the surface of the photoconductive drum. Since it is
moving at the same speed as the drum, the paper or transfer belt picks up the image pattern

cxactly.

~



WO 2010/118085PCT/U S2010/030171 1000610ne problem that often occurs in a laser printer or
other image-forming device is toner leakage. Toner from the sump can leak into the toner cartridge
and interferdVWigaHe&IB¥per operation of the unit. One significant area of tofel/ 1€ERAYB3H H path along
portions of the developer roll where a 1-seal, positioned proximate both ends of the developer roll.
5slidably engages the developer roll, particularly where the developer roll, doctor blade, and J- seal all
meet. These locations are difficult to seal due to the tolerances, stiffness, and deflections of the
aforementioned components. Observations of operation& toner pressure as well as vibration and drop

testing havé8¥thonstraf&es Mablgm BrEALeaRASHE tha EsFfRE6t thatBRVEIB OBl YIS J-seal are a
frequent tonabirakHatlr, aspectadiy thchighpcaolukeniOhousiagsintaQodd heifterfadelthetween the
developer roll and the J-seal, identified on the developer roll.as the "cleap band," es-heat inside
the toner cgff)r?ab%pWﬁté%nt%%héél\?gfoé)%? ?&Hﬁﬁf ?f@ﬁ@ﬁ)qgr&e%%ﬁd%%@vﬁ %Proe?ﬁ%% eégns because
the J-seal rigsicrontscreHeviievaldpes rofisiromsaies paipbrthcad ool fradsvatpredlbal interface is a

source of hl@haﬂ»@fe'ﬁ%pgashﬁ@ae@%&e Htegakmoust e adefren amkliahiedmatesabi) ai@er to securely
contain the to el int e,l%lartbrid e. The J-il[%al irterfage c}ontq‘cts }he developer roll dWhich is frequently
covered bysgagﬁ She SFITINRIS ET IRl IR a4 Mg e R RRISERESs THERSH: T'%ill be appreciated
that the tendpBeetione dffithe idevetoparcbibal pengits. |€vgehviti wig nificramtohid ke aptseustean bands than

itis at intermadiatamasiians dup QdHgianwiiidherJeaak 4REP0RSIARE wollinR terqrcessive heat

from the J-seal interface has been to apply a lubricant to the clean band area in an attempt to
decrease th& cHemicRInISE fichisit! MORETareRUCRCA I Uom BRI LI Sig SRy dHRbacks. Any
lubricagpt apliedto the J-seal or to the ends of the developer roll can potentially contaminate the toner
and ruin any printed image. Additionally, the lubricant can seep into other areas of the cartridge or

printer, 25cayggh)g unwaniedhdamage apchimnestergopithJnenRreperseneratian Qf shenknit.

100091Another solution to excessive ant from the, J-.%ea}l has been t utilkze irecte
developer roll as the "clean band,” creates heat inside the toner cartridge when the developer

: roll turns. Friction is unavoidable with current designs because the J-seal must contact the
developer roll around its periphery at all times. The J-seal interface is a source of high
15 friction because the J-seal must be made from a pliable material in order to securely contain
the toner in the cartridge. The J-seal interface contacts the developer roll, which is frequently
covered by a polymeric or rubberized material with a high coefficient of friction. It will be
appreciated that the temperature of the developer roll along its length is significantly higher at

the clean bands than it is at intermediate positions due to friction with the I-seal.

20 [0008]  One solution to excessive heat from the J-seal interface has been to apply a
lubricant to the clean band area in an attempt to decrease the coefficient of friction.
However, such an approach has significant drawbacks. Any lubricant applied to the J-scal or
to the ends of the developer roll can potentially contaminate the toner and ruin any printed
image. Additionally, the lubricant can seep into other areas of the cartridge or printer,

25 causing unwanted damage and interfere with the proper operation of the unit.

[0009] Another solution to excessive heat from the J-seal has been to utilize directed
airflow, such as from a fan. to blow air across the entire length of the developer roll.
However, this had been found to be ineffective in lowering the temperature of the developer

roll by any significant amount.

30 [0010] In addition, the heat created by the friction at the J-seal interface causes further

problems with the proper operation of a laser printer or other image-forming device as print



airflow, such as from a fan. to blow air across the entire length of the developer roll. However, this had
been found to be ineffective in lowering the temperature of the developer roll by any significant
amount. 30¥00 20104 1&6Rfition, the heat created by the friction at the J-seal AT WAies! further
problems with the proper operation of a laser printer or other image-forming device as print speed
increases. Since it is essential to maintain pressure between the J-seal and the developer roll, more
heat is created as the print speed increases. In known printers, a print speed of 35 pages per minute
(ppm) is slow enough that, even with continuous printing, the heat created at the J-seal can be
dissipated G IHBEHFSURIIFY CAtFRIgEah i fRRANR TG e PatRss S Refiecalrtd Brevent heat related
failure. In syehelapcinstance: thatdnetcartidgepean sigadinaréhesnal eeuilibsiir-ndpsiil operate
properly with undirected machine airflow.as a coolin thod. However, printing at higher speeds
Clch a8 ot SPaL0L S A 51 e
developer risthersatsd thbelseal satdsaisnagd tHe thial Conatiesin ot sheateverbisét il worsens the
heatingscongitisyphanchitQa Jargadtrinperatdraigradientcanbr isatadamunchiiriglean bands in the
axial direction gf tq\e deyelo e%r roll. 1 (S)l %It will h% ap r&gi_latg%thqt Jqﬁaf‘cﬁ,eaneﬁ%er% negatively
affect the a[)eﬁ'l‘iy HIHEY SRAITE S8 foner IREide IR Eartri gé'. Shealtrom e clean band areas
increases, theliegpehatlrd ofthes quiftioe ahibbedenssispacral dhorebeess Gnpmivaussmperature of the

toner in 15the immadiataqgienialae ineisagasnl eRReAMMIES AbpR Frftuaiennddthe J-seal interface
have been measured when a printer was operated at 50 ppm. For some toners, fusing g@\n occur at

approximatBly e, Rt &STUMCORLPDALE Al B4t AR Il SRS Y ORI HRE HPBABY contact
between the ldrgeaingreative gedelopen belkwiten alvaridtagelfanrhangsde vicevis:biperated At speeds of 50
ppm or higtgﬁtrdyvle%@ ah instance, the J-seal contacts an irregular 20layer of fused toner on the
developer roll, and not an extremely smooth surface, which is the most desirable condition in order to

achieve a cansistent an reg ble seal. This ¢ nq{t'on allows toner.to eseape,pa t.{he q eal and out of
S . z 3 R Ay ] 7 ‘ 5
the toner cécépr?éi)e 100 tZ‘T Er%{%éi' onRer ‘jé%\i‘égé‘% {ﬁ%pir-ds%g be ?ng oﬁgﬁtotsg %Hkﬁ aWays

continues atssbpistrhtengpémivetthe cevises granvstdiaoribe permirgtartasaserapesntts the printer. Such

large 25am@uys i{onerdessas.arrRuRsiansialsnonahie sevaiRly.affeck cardiidgadialsh and may
result in yields of several thousand pages fewer than ex ectec;glq addit(i?otrﬂIéi rpgaé"qri ﬁ)rini defects occur.
n ransfe

as the 'BscaBedVBREAE SRS TSR ERIT LB RS SHi HitEy Srned TE tr s raF bl sk

thESF the location
of the first thansteromontodhe/ pnint priegtiawas operated at 50 ppm. For some toners, fusing can

occur at approximately 46°C. Thus, it will be appreciated that toner fusing may occur in the
area of contact between the J-seal and the developer roll when the image forming device is
operated at speeds of 50 ppm or higher. In such an instance, the J-seal contacts an irregular
20 layer of fused toner on the developer roll, and not an extremely smooth surface, which is the
most desirable condition in order to achieve a consistent and reliable seal. This condition

allows toner to escape past the J-seal and out of the toner cartridge.

[0012] Once toner leakage at the J-seal begins, toner loss almost always continues at a
rapid rate, permitting several grams of toner per minute to escape into the printer. Such large
25 amounts of toner losses are substantial enough to scverely affect cartridge yield, and may
result in yields of several thousand pages fewer than expected. In addition, major print
defects occur. as the escaped toner from the toner cartridge can spill directly onto the transfer

belt near the location of the first transfer or onto the print media.
SUMMARY OF THE INVENTION

30 [0013) In accord with the present invention, a cartridge for containing toner material

used in an image forming device comprises a developer roll, a seal providing an interface



SUMMARY OF THE INVENTION 30100131In accord with the present invention, a cartridge for
containing toner material used in an image forming device comprises a developer roll, a seal providing
an interlace WRRtHELER9$EIoper roll and the toner, and an air duct for condu@rigERRFORSAETbss the
interface to cool the developer roll. 100141Further in accord with the present invention, an air duct in a
cartridge for containing toner material, a developer roll, and a seal providing an interface with the
5developer roll, the developer roll having a distal end and a proximal end, with one seal located at
each of the distal and proximal ends, comprises an elongated hollow body. a pair of nozzles in fluid

communicatidh i YRienssAeAABOHF, 'SRY- Pt AL AHEJBERTY Hiipoadlay #racdidhsl end of the

developer raltand thenthiae ofttiepanzdles being disposed at the proximal end of the developer roll. to
BRIEF DESCRIPTION OF THE DRAWINGS 100151The above-mentioned and other features and

advantageggof #is inveniiaReanddasdnamnss pleatirinirgdhenh wilhbacememeig apparent and the
invention will be hetter understood by reference tg the foIIowi(gg description of embodiments of the

invention t£iR8H MERNTAEH Hith 40 'SRETHD ARG R ARG RE AhEvETHs SR K 1 is a perspective
view ofsan éxerptarpléldetdopdiopegralphicipgintéisial end and Figowandliend. perspectiva view of a toner

cartidge ugd{n e glesisapbriaaaphin LRI BIaNELF R in B RANAlY Sxplpded

perspective view of a developer assembg;lglgureA is an exploded perspective view of a developer
NG

seal asseniiigH e0miJuikcs TN PEie BB dabxarsIIEE ardlietaing & eyl dper roll in the

toner cartriggainfahadpsesenidnientionsn mgure &lis:ahbespeckivedipwiofdha aitidusbeikigure 5;
Figure 7 isgﬁg}tﬁ]@d@laegovigv%l?f the air duct of Figure 6; Figure 8 is a cross-section
taken along the'lines 8<8°bF the air duct of Figure 5: 25Figure 9 is a cross section taken along the lines

9-9 of the air duet of Figure 5. .
10 BRIEF DESCRIPTION OF THE DRAWINGS

|0015] The above-mentioned and other features and advantages of this invention, and
the manner of attaining them. will become more apparent and the invention will be better
understood by reference to the following description of embodiments of the invention taken

in conjunction with the accompanying drawings. wherein:
15 Figure | is a perspective view of an exemplary electrophotographic printer:

Figure 2 is a perspective view of a toner cartridge used in the

electrophotographic printer of Figure 1;
Figure 3 is a partially exploded perspective view of a developer assembly;
Figure 4 is an exploded perspective view of a developer seal assembly:

20 Figure S is a perspective view of an exemplary air duct and a developer roll in

the toner cartridge of the present invention:
Figure 6 is a perspective view of the air duct of Figure 5;
Figure 7 is a bottom plan view of the air duct of Figure 6;
Figure 8 is a cross-section taken along the lines 8-8 of the air duct of Figure 5:

25 Figure 9 is a cross section taken along the lines 9-9 of the air duct of Figure 5



WO 2010/118085PCT/US2010/030171 Figure 10 is a perspective view of an exemplary toner
cartridge cutaway to reveal the air duct of Figure 6; Figure 11 is a graph illustrating the
temperaturéd? 304@a18988d in the toner cartridge of the present invention; PCT/US2{ig)#81TP is a graph
illustrating air speed versus temperature as measured in the toner cartridge of the present invention;
and Figure 13 is a perspective view of an alternate embodiment of the toner cartridge of the
present invention. DETAILED DESCRIPTION 10[0016] It is to be understood that the invention is not
limited in its application to the details of construction and the arrangement of components set forth in
the following descriptiorf BHTRUSH SEcRF FFPEREVE Ay ST ErEMRIFEN RIS 3EAK 4B RN GPEEr embodiments
and of being-pragkicad Qicodtidingeaarried out in various ways, Also, it is to be understood that the
phraseology and terminology used herein are for the purpose of description and should 15not be

regarded as limiting. Th?ié{ﬁ‘é‘ Pf [dRQHEingsERMPTIRIRGhp QL ha¥INGANRAHatiopsdhereof herein is
meant to encompass the items listed thereafter and equivalents thereof as well as additional items.
Unless Iimif@&rb‘{%ee?\ﬁ}ig%?ﬁf@’i‘e'mg‘"88hnected." "coupled,” and "mounted," and variations thereof
herein arc used broadly and encompass direct and indirect connections, couplings, and mountings. In
additiorf, the terms "conhigeted? &rfierapuplediraina At SPARANETRYS HEEIRGR IR HAPTERGELS to physical or

mechanicakigonnRacions @ GanpprgentidhhidRaferring now to Figure |. a perspective view of a
peripheral device 10 having a laser printing mechanism is depicted in perspective view. Although the

peripheral device 10 is ¢eRiCIe RS BRIENRENIEL ANG shileddeiBedar-ahorict ealize that the present
design may alternatively be used with an all-in-one device, copier, fax, stand-alone device or the like

25having afPBIEtETGbHSBESPHRY BT print engine. The exemplary peripheral device embodied by
the laser printer 10 comprises a housing 12 including a primary access door 14

DETAILED DESCRIPTION

10 [0016) It is to be understood that the invention is not limited in its application to the
details of construction and the arrangement of components set forth in the following
description or illustrated in the drawings. The invention is capable of other embodiments and
of being practiced or of being carried out in various ways. Also, itis to be understood that
the phraseology and terminology used herein are for the purpose of description and should

1S not be regarded as limiting. The use of “including,” “comprising.” or “having” and variations
thereof herein is meant to encompass the items listed thereafter and equivalents thereot as
well as additional items. Unless limited otherwise, the terms “connected.” “coupled.” and
““mounted,” and variations thereof herein are used broadly and encompass direct and indirect
connections, couplings, and mountings. In addition, the terms “connected™ and “coupled”

20 and variations thereof are not restricted to physical or mechanical connections or couplings.

[0017] Referring now to Figure 1, a perspective view of a peripheral device 10 having
a laser printing mechanism is depicted in perspective view. Although the peripheral device
10 is depicted as a laser printer, one skilled in the art should realize that the present design
may alternatively be used with an all-in-one device, copier, fax, stand-alone device or the like
25 having an electrophotographic (laser) print engine. The exemplary peripheral device
embodicd by the laser printer 10 comprises a housing 12 including a primary access door 14
positioned on the top-front of the housing 12. The housing 12 generally comprises a front
surface, first and second side surfaces, a rear surface (not shown) and a bottom surface to
enclose the laser printer operating mechanisms. On the front of the housing 12, the primary

30 access door 14 is pivotally mounted to allow opening and access for installation or removal



positioned on the top-front of the housing 12. The housing 12 generally comprises a front surface, first
and second side surfaces, a rear surface (not shown) and a bottom surface to enclose the laser printer
operating m&EhHHEAE0N the front of the housing 12, the primary 30acce$Sdd629W&3Hivbtally
mounted to allow opening and access for installation or removal WO
2010/118085PCT/US20101030171 of a developer assembly 40 (Figure 3). The front panel of the
primary access door 14 comprises an operations panel 16 that includes a display 18, an alpha numeric
keypad 20, a plurality of selection buttons 22, as well as a flash memory slot 24. The operations panel
16 is in ele@iroARXLORRMARSRARHY &ﬁiﬁ"&é&m‘rﬁl&hﬂ%%8@ﬁi RUATRH AYSS HE°8Bodied by one 5or
more microprepassaisoperatides faneplr diet ihdudser @irpiter1 80aBdpleathrteecprenyand, 2ceess door 14 is

2 secondary ageess daon A sabAloNa.AcaPse RG ARV RIS Or IDGLARTIdgER L@ (See Figure
2). The printer 10 may operate in both monochrome and color. In the later instance, for example. three
additional tiriBeiBE reagBENAifiPe M Srernte b RO pRMtIY Sk B PR TP IIE fd e Colors cyan,
ﬁelIO\lN,sor ma&@r&gr@&am&s&&ha;&e&eﬁs apax)mbeh&me'ﬁ;ﬁdsew@.lla&&eﬂermg&m%magure 3,a
eveloper asse 40 is depicted in perspective view. T veloper asse 40 comprises a
housing 42??8?57%8@?%%% rﬁéﬁcsﬁ%sgg(&r%o}? PN gcscg%so?ﬁgﬁ §ﬁ§,n°é’ eﬁ%ﬂff&?\" 6?%%63%:% least one
side of the hbligFauis 2 lidPrivihif they st Heirsimghporterhemesneerostdrdle &4 at least one
paddle is logatiedhsrelnhpenadoiating shafhipaonadhestonardom phe diksthbeuring portion 44

toward the second housing portion 46. A toner ac“jer roll 56 is ,Io‘cla}t1ed ithin or adjacent to the second
housing poPfisH e dRe REelVR L RSHER thefetPont. e TR AHtudr o568 Coats the't

OFB6 coats the qae\ve'“loper roll D
with toner, whigkdis scraped or "doctored" by the doctor blade 54 to form an t,ven layer of toner on the
developer roll D, and in turn supplies toner to the imaging or photoreceptive drum. A seal assembly 70

inhibits leakggPf tonendeiwaeRdhedayeloper favripg 4b-athhe saepaidbigunacby.the doctor
blade bracket 52. and thq doctor blade, »4 when it is durggpgfl,fgndcglgf, during operation when the
developer A& mb f/%()evﬂgfé e&ind createdintérna preésu’res. 0191The dévegfc?per assembly 40
includes1-seedsdrOsatthehendeaftioniéiettpas 253eat DreTi @ésibper teit S8 B4dibded in Figure 3

for clarity, s@ {Raf HheilagfAlnEQ oA RE, 3607 isThe k- seals TR spheRntialixidshaped to receive
the developer roll D. although other curvilinear ]?.h??e% max be uIiIiz&p. The,J-seals 70 are as
the first housi foward t

described @ﬁifé’atg&%ﬁégaﬁé?éﬂ?ve the toner from g portion he secon

housing portion 46. A toner adder roll 56 is located within or adjacent to the second housing
portion 46, and receives toner therefrom. The toner adder roll 56 coats the developer roll D
with toner, which is scraped or “doctored” by the doctor blade 54 to form an even layer of
toner on the developer roll D, and in turn supplies toner to the imaging or photoreceptive
20 drum. A seal assembly 70 inhibits leakage of toner between the developer housing 46 and
_ the corner 59 formed by the doctor blade bracket 52 and the doctor blade 54 when it is
dropped, and also during operation when the developer assembly 40 vibrates and creates

internal pressures.

{0019] The developer assembly 40 includes J-seals 70 at the ends of the developer

2
[

roll D. The developer roll D is exploded in Figure 3 for clarity, so that the I-seals 70 may be
seen. The J-seals 70 are substantially J-shaped to receive the developer roll D, although other ‘
curvilinear shapes may be utilized. The J-seals 70 are as described United States Patent
Application Serial No. 11/959,016, entitled UPPER SEAL FOR INHIBITING DOCTOR
BLADE TONER LEAKAGE. and United States Patent Application Serial No. 11/959.058.

30 entitled DEVELOPER ROLL LIP SEAL. cach filed on December 18, 2007, all assigned to

the assignee of this application. The upper portion of the J-seal 70 is slightly curved

substantially to match the deflected shape of the blade 54. The lower portion of the J-seal 70



Application Serial No. 111959,016, entitled UPPER SEAL FOR INHIBITING DOCTOR BLADE TONER
LEAKAGE, and United States Patent Application Serial No. 11/959,058, 30 entitled DEVELOPER
ROLL LIP SEARIEAETEd on December 18, 2007, all assigned to the assiBAE& DI IgApHMication.
The upper portion of the J-seal 70 is slightly curved substantially to match the deflected shape of the
blade 54. The lower portion of the J-seal 70 WO 2010/118085PCT/US2010/030171 is curved to
receive the developer roll D. Disposed above the J-seal 70 is a doctor blade seal 60, which extends in
a length that is parallel to the axial dimension of the developer roll D. Also disposed above the J-seal
70 is a doctdFBrddorrsers b deYFBRF 50 L bin Pirargbtheuste demist b fettenbds ¥ doctor blade
54. Like theclaaionbklageispal RAgthesiociardicde bk dirnssem blyihOdalatmpxtesidd.in a direction
that is subsfantially parallel to the axial,dimension of. bpth the toner.adder roll 56 al veloper roll D.
The doctor}éjll?fcfg‘S 8%.1J (fgeﬁ’af)tﬁ?ga Zlgaﬁmaege(ﬁafﬂg @g%:t%?‘tl)(ﬁaésg}]ag&%? 833 Fﬁ%?’ﬁ ggegﬁd the J-seal 70
or the lid 43nT fiesiduesket Sadrd ske SaejapRladn e dvbiope AeapTdiasis seal ) dhe desiebhbBEfrom the
Sltl]rfaces of m&avags@wyeﬂ Dsd%hi@hd@iﬁ%idﬁ%ca&QH%%@mﬁd@MﬁbIW Hangrieothe iihmging <|3r "
photoreceptive 10drum of the printer 10. octor blade seal 60 is seated on the J-seals 70 to inhibit
leakage of i}bﬂ%?sﬁ’é’aor%oépelﬁaéog rtﬁ%d%cfé\?g](f(f)é?ér;c‘fﬁ?ﬁcé)ﬁﬁr tr)%ﬁ\%&éeﬁrllhﬁmdzoﬁlﬁ ! dg%ae aéod‘éveloper
housing 42¢3dphecd detorbiabiedorsmikdadeszenkblyssomityidrenses thesal détor bRldéseal /80 to improve

sealing in tﬁs%@r%@ddm%ﬂgﬁgiwegv@fa\eem(ﬁiwsé@a@e%@m%@r PRASRBCtye:view @f the seal |
assembly 15 38 is de%icte . &l'he doctor blade bracket assembly 50 and the doctor blade seal 60 are

cut in sectidAviarRSTFRHE: WRIEPRYIAS BRURITIEN, NGl ioac T o ltER B BPANREPAYSembly 50 is
disposed abawe dthedatier bladihsdat6dtilhat isado8itioaaddaivae theals-3eal ¥hibineallagtor blade

bracket assqmbly 50, SOMBLSSs ANARKSD%311A e 5 A0NDEsted Inule biagket 52. The biade

54 is welded to t racket 52. However, the bracket 52 may be connected to the 20blade 54 by a
fixative suchPrEngsxy! hednent Hitde burkrernabhh omamase ity sty padssfdd&iPto the bracket
52 by a fasigpeivietiiadiadesadmay be captured or sandwiched between first and second bracket
members. The bracket 52 includes an aperture 58 for connection of the doctor blade bracket assembly

50 to the heyisipg 42. The RREIIWAAS ik inshanasoRsiechrevide an ddistment by the blade 54
toward or away from the 25 developer roll D. The bracket 52 i energl%/q%assﬂf%naterial such as steel

and rettangfIS P SHdpe BRHRGMY HORTBHE &fBPined ng?n 493" 3

SPpOSE §iiéof the housing
42. The botanvsusianepobthd daacken Sprivigesipialliy sedobthdsoadtedehgage thieeupperbsurface of the

doctor blad 53l 60 K024 TG oS S4TSR N BRehS3 tewald miperieeral surface of

the 30 devéTop D in order to scrape excess toner from the outer surface of the developer roll D.

The blade $lrdé herkisarerabtanfaprrsshapeckenag oadsrdramnssisd QiR sitbstantially
parallel to thgedirertion o the dxiahdnersion didhevdevaidparkeoli Dndihie: connected to the

20  blade 54 by a fixative such as epoxy, cement, glue, or the like. The blade 54 may also be
connected to the bracket 52 by a fastener, or the blade 54 may be captured or sandwiched
between first and second bracket members. The bracket 52 includes an aperture 58 for
connection of the doctor blade bracket assembly 50 to the housing 42. The aperture 58 is
oval in shape so as to provide an adjustment for the blade 54 toward or away from the

25 developer roll D. The bracket 52 is generally a stiff material such as steel and rectangular in
shape extending from one side of the housing 42 to an opposed side of the housing 42. The
bottom surface of the bracket 52 is generally smooth so as to engage the upper surface of the

doctor blade seal 60.

[0021] The blade 54 extends from the bracket 52 toward a peripheral surface of the
30  developer roll D in order to scrape excess toner from the outer surface of the developer roll
D. The blade 54 is generally rectangular in shape. having a long or width-wise dimension

substantially parallel to the direction of the axial dimension of the developer roll D. The



WO 2010/118085PCT/US2010/030171 blade 54 includes a front surface 55 and a rear surface 57,
The blade 54 is straight in its natural state, but, in order to provide a "doctoring” force on the developer
roll D, has aVeR ¢uHRture due to interference with the developer roll D ugSiTiHSEARSHH.7In addition,
the blade 54 has notches N near ends of the blade for removing all toner from the ends of the 5
developer roll D where printing does not occur. The blade 54 may also receive an electrical potential in
order to charge the developer roll 1) with a desired polarity during operation. The lower surface of the

bracket 52 egj%cg[;es an upper surface 62 of the doctor blade seal 60, so as to capture the seal 60
between thB'#SbIsIudE AR AR I WERTD> Thihpiladesd AL BYHed of phosphor
bronze to pravidestive, desiiedrédasiipityidad eleatiioal 10cenrdubtidityelopalterinatively sidy be formed of

2 hardened siainless steSh (o 0ravide & desiist slae e apd aleo misand aiigsign that might

damage the deve oper ro er materials may also be utilized. 100221An end portion 61 of the
doctor bladelassaligBig kN d‘ﬁ@'\fé"&fé Eheth'édf feprsrormnErHblNsE iR BIdg & s A 60 has first and

secondsendg RlofeiguNe3imébre W@Ml@-&&l&’sl@d@&ﬁﬂbeﬂc theidostonpladerseal o extends between the
ends 61 ina dlrec ion ener%gé) arallel tq the ay? dlmenflon fthe dea/elo er roll. D aql the toner
adder roll 5%"%'8 doé ?'B?a 8 f’c?r% AR A Jesred Bl SHT IR WY Snable seal

between thk)hcasiaéacasa‘emkbll;acﬁ@laﬁdmb%gelzgeaipmsorfﬂqeﬂwﬂﬁﬁa@vv@ilbé@aﬁedrw theahousing 42
adjacent thg, 1:36al 10 and eeteem the ackeh.ae A0eHe Jade hé, The andmebiage pesitioned on

an upper 20seat surface 73 of the J-seal 70. The portion of the doctor blade seal 60 between the ends
61 is suppdﬂ%&ﬁ)&%‘i‘lﬂ%@%‘?hﬁ’étﬁ?)'ﬂfﬁh‘@pi‘?"(f*-‘ié}ﬂl‘rgeﬁ 14 G889 PHEURESY Blade seal 60 has the
upper ﬂurfam(ﬁmnandpwemmnnfacel6,31amdbeafplumeallmycohfsdi:esdameﬂchngubétwwenldh@ upper and lower

surfaces 62,65, ARG 415,120, o e A001or b 567 60 JMAEDG.AacIRk Riads wfng tongue 04 is

integrally forme wit exten s from the doctor blade seal end 61. On an outer end of the tongue
64 is a tongOEeEnls Bifate Bswiitse- doctor blade seal 60. Perpendicular to tongue end surface 65 of
the tongue 64 near the blade 54 is a tongue-extending surface 66. Angled from the tongue-extending
surface 66 |8(@3)angled dn tapexetios ffadeh oTthetdaylewIfiackodd fbins o1 onkfLE- extendlng

surface 66 gnd %fr%fe%%@J&%i&%@%@%o%@h&%&%h@&@J@W?@Irm As previously

15 described, the doctor blade seal 60 extends between the ends 61 in a direction generally
parallel to the axial dimension of the developer roll D and the toner adder roll 56. The doctor
blade seal 60 is formed of a foam material to act as a deformable seal between the bracket
assembly 50 and the J-seal 70 or the lid 43, as well as around the housing 42 adjacent the J-
seal 70 and between the bracket 52 and the blade 54. The ends 61 are positioned on an upper

20 | seat surface 73 of the J-seal 70. The portion of the doctor blade seal 60 between the ends 61

is supported by the 1id 43 of the housing 42 (Figure 3).

6023} The doctor blade seal 60 has the upper surface 62, a lower surface 63 and a
plurality of sides extending between the upper and lower surfaces 62, 63. Along the front of
the doctor blade seal 60, toward the doctor blade 54, a tongue 64 is integrally formed with
25 and extends from the doctor blade seal end 61. On an outer end of the tongue 64 is a tonguc
end surface 65 of the doctor blade seal 60. Perpendicular to tongue end surface 65 of the
. tongue 64 near the blade 54 is a tongue-extending surface 66. Angled from the tongue-
extending surface 66 is an angled or tapered surface 68. The angled surface 68 joins the
tongue-extending surface 66 and a front seal surface 69. which extends the distance of the
30  doctor blade seal 60 to the opposite end 61 (not shown) of the doctor blade seal 60.
Therefore, the tongue 64 generally extends from the angled surface 68 in a direction

substantially perpendicular to the front seal surface 69. In combination, the surfaces 69. 68.



30 doctor blade seal 60 to the opposite end 61 (not shown) of the doctor blade seal 60. Therefore, the
tongue 64 generally extends from the angled surface 68 in a direction substantially perpendicular to
the front sedY QAGHEEI®BSIN combination, the surfaces 69. 68. WO 2010/1 1I80BSPRT{U2041.0/030171
66 define a recess wherein an upper seat inner seal wall 78 of the J-seal 70 is received. An end wall
67 is indented and is received against upper seat outer seal wall 82. As previously indicated, the
doctor blade seal 60 extends in a width-wise direction. Which corresponds to the width of a media
sheet, and perpendicular to the media feed path direction to an opposite 5end of seal 60.

100241 Berfé4itiifie drseto MBI SB4PBY, b IN0&bsaT DL bMPidhs sl gPét sesit #sbriidn 72, and a
developer ralli kg7 47 whighris suhstaniially j-shane dppsesele pere scionatie uppersaatsportion 72. The
J-seal 70 may.be fopmed in & mpldinaprosesk. sudh ag iieclion meldina., compression molding, or
other known processes for forming a p as’ilc, SUCH asa'10 t%ermopﬂsistlc rubber Ravmg the trade name
SANTOPRENFidTthel ey ciinisher b nd memeridics! #3 comptidinty ed phibaditg b gio @pepmeitwhich provide
severalfunglippsscitg grooves 76 "snowplow" the toner on the developer roll I) and capture toner
between the grooves to inhibit leakage. The grooves 76 also direct the toner toward a storage area via

rotation of %ﬁz‘z’l‘f"ebpe{séﬁ’é‘?ﬁ &1@%85%13%1%9%9{8&\@? 18 AR di5R0Red A QQQL‘?RMM‘ may he

from 15about zero to about forty-five degrees from the sidewall of the leg 74.'100251The upper seat
portion 72 d8nipfiads alspatinY sarfAceird therbippsiele it pet Qe prdairomi? 8PEfd an upper seat
outer seal geagahwall801TR: gap.Bfoimeispobeaddienuarsidihg pipesseahinnaleseat 78 and the upper
seat outer seal, 80, wherein the tongue 64 may be closely received within ‘llhte‘uspBRr, seat portion 72 to

50 ¢ ; 3 1 ,
interlock thénﬁd-g’éaﬁ‘ofﬁpéeﬁa’ Hhe’ 3%11 detor ﬂllgggnggglp'é_%c.e%/ ife %ég(flrrr\nd%uarfrécsemn also comprises an
aperture 73hemudiafir retheiingi zhtadigeda apmpinAbr BHOpEN boditiv it ddfahe fmeearrf29¢to the housing

41 100261159%&&9@&%@9&11}5\%&%@@}waéls778,%%n%d&muaédéyafrmﬂaasunn@rgs&aksue‘ace 73. The
upper seat inner seal /8 Is disposed at F\n acusfe an%le with resgre]g:t to the outer seal 80, which

correspondsS 8RS or 4 BRGIEANS HT4HaRsEr UL IRAY (1B LIS T LRSS RS BEaN7 & and angled
surface 68 @hiiigeabne . afintiperdnes@alihg fashioh: Foethewatie sopak seatvia rotation of the

developer roll D (Figure 3). The grooves 76 are disposed at an angle. which may be from

15 about zero to about forty-five degrees from the sidewall of the leg 74.

[0025] The upper seat portion 72 comprises a seating surface 73, the upper seat inner
seal-or seal wall 78, and an upper seat outer seal or scal wall 80. A gap 86 is disposed
between the upper seat inner seal 78 and the upper seat outer seal 80. wherein the tongue 64
.may be closely received within the upper seat portion 72 to interlock the J-seal 70 and the

20 doctor blade seal 60. The seating surface 73 also comprises an aperture 73a made for

receiving an alignment pin for proper positioning of the J-seal 70 to the housing 42.

[0026] The upper seat inner seal wall 78 extends upwardly from the upper seat

surface 73. The upper seat inner seal 78 is disposed at an acute angle with respect to the

outer seal 80, which corresponds to that of the angled surface 68, so that the upper seat inner
25  seal 78 and angled surface 68 engage one another in sealing fashion. Further. the upper scat

inner seal 78 is received within the recess defined by the surfaces 66, 68. 69.

[0027] As is known, the laws of heat transfer provide three basic ways to move heat
from one location to another: convection, conduction, and radiation. In the case of a laser
printer 10 such as the one depicted in Figure 1, convection is the most efficient way to

30 remove heat. The limited space inside the laser printer 10 eliminates many possibilities to

conduct heat away from the developer roll D. The developer roll D is relatively thick and a



inner seal 78 is received within the recess defined by the surfaces 66, 68, 69. 100271As is known, the
laws of heat transfer provide three basic ways to move heat From one location to another: convection,
conduction, WRYEHIAERHT. In the case of a laser printer 10 such as the one BepifEdtit{Ridite I,
convection is the most efficient way to 30remove heat. The limited space inside the laser printer 10
eliminates many possibilities to conduct heat away from the developer roll D. The developer roll D is
relatively thick and a relatively poor conductor of heat, so the developer roll D supports very little heat
transfer. The matching com(%onents of the developer roll D are, in the preferred embodiment, made of

plastic moldef s LWHERAFL LIS 0ER AptdPRSG FRiliBtSYBRSF R ey BieBem&rapide allotted inside
the laser prirtiemi@hmpedugeddnast effaid e dqpedeiC® areompagh sizesdbens relittiadeon inside the

toner cartridge. 112 fqr addijtional comppnents. Cooling by radiation in idPe the cartridge 112 is not
feasible be adﬁgé rtr_ﬁ)ﬁe?ﬁ?%égt Q@éﬁaﬁﬁg%grrr?qpazlrva%](‘ﬁr%o?r?s‘ﬁfgqedrlt'ﬁ%rtso%@re%%r rﬁrécﬁélflsfﬁé%enerally not high
enough to rellikd vseakulziebeipetl. i1 cORsTn M s Hbly RoofigureSnRrrEidubEEAS is disposed

within tenengatiddgansidd hadinceakihg denvetonsiaiodnk anfpdiiasts alianiooprayimahand distal clean
bands 130, to132 of the, evelgper roll Dt rogc%h prox'En@I and distal nozzles 140, 142. The equation

giving the hBSPEHISSFEITEE D) cSHBIEBICIS B R A (BBt B HEPPH L lPiPS Aer rate 15h=
heat transfarcoefficidgt N Zisuefecd! prea il etewpharataliecdiffersnedlbétivden surface and ambient
air 100291As is evident from Equation 1, greater heat transfer occurs with increasing temperature
difference. |odi® case QhuthegdeyelepagialDathe tavipesatuiepdifereinsa oner cartridge

112 adjacent the developer roll D and directs air onto proximal and distal clean bands 130,
10 132 of the developer roll D through proximal and distal nozzles 140, 142. The equation

giving the heat transferred by convection is
g = hAAT (Equation 1)
where
¢ = heat transfer rate
15 h = heat transfer coefficient
A = surface area
4T = lempcréture difference between surface and ambient air

10029] As is evident from Equation 1, greater heat transfer occurs with increasing
temperature difference. In the case of the developer roll D, the temperature difference

20 between ambient air and the surface of the devclbper roll D is much greater at the clean bands
130. 132 than across the other portions of the developer roll D. Also, the heat transfer
coefficient, h. increases with air velocity. It will thus be appreciated that the most effective
cooling of developer roll D occurs when the air blown onto the clean bands 130. 132 occurs

at the highest possible velocity.

18]
N

10030] The air duct 128 carries ambient air through the toner cartridge 112 and directs
it onto the proximal and distal ends 146, 144 of the developer roll D, without obstructing the
laser path through the printer 10, in order to maximize the air velocity at the clean bands 130,

132. The equation determining the flow through the air duct 128 is known as the Bernoulli

11



20between ambient air and the surface of the developer roll D is much greater at the clean bands 130,
132 than across the other portions of the developer roll D. Also, the heat transfer coefficient, h.
increases WO WAIB®ES. It will thus be appreciated that the most effectiveP€Jalifg 8 ¢fNéloper roll D
occurs when the air blown onto the clean bands 130. 132 occurs at the highest possible velocity.
-)s100301The air duct 128 carries ambient air through the toner cartridge 112 and directs it onto the
proximal and distal ends 146, 144 of the developer roll D. without obstructing the laser path through
the printer 10, in order to maximize the air velocity at the clean bands 130, 132. The equation
determininG ARSI ThE SAPEIEPE 58 L YGTS WP RS RNE BERTYEIRN VRSt Where the fTow
2010/1180854e4ady Wh&Xeit 060 30degleagdation, and describes the operating conditions at any point in a
straight duct where the flow is steady and friction is neglected. p +-pv2 -I- pgh = cons' 2 where
(Equation 2) 5p = pressurejat any point in the duct p = density of the material inside duct (in this
case, air) v = velocity iniide;tﬂ‘é dl%lhaft‘fﬂ’é"’point in question g = gravitational force at the point h =
height of the point in question t0100311Since the Bern uﬂﬁa&ﬁgﬂion (Equation 2) describes any point
in the air duct 128, the density of the air inside the air duct 128 is approximately constant. and the
height at every point insitié"the air duct 128 is approximately zero. The Bernoulli Equation (Equation 2)
can thus he simplified to relate the air velocity at the inlet and exit of the air duet 128 for a given
pressure difference, and the résupigigueeydieaiorppsnt in the duct

p = density of the material inside duct (in this case, air)
v = velocity inside the duct at the point in question
g = gravitational force at the point
h = height of the point in question

10 [0031] Since the Bernouilli Equation (Equation 2) describes any point in the air duct
128. the density of the air inside the air duct 128 is approximately constant. and the height at
every point inside the air duct 128 is approximately zero. The Bernoulli Equation (Equation
2) can thus be simplified to relate the air velocity at the inlet and exit of the air duct 128 for a

given pressure difference, and the resulting equation is

5
v, = Jv,z L
15 P (Equation 3)

where

vl = velocity at duct inlet
v2 = velocity at duct exit
p = density of air

20 Ap = pressure difference between inlet and exit (operating pressure difference

provided by the fan)



2,6p 15 (Equation 3) where v/ = velocity at duct inlet v2 = velocity at duct exit p = density of air

zip = pressure difference between inlet and exit (operating pressure difference provided by the fan)
WO 2010/1Y608%031§¢$852010/030171 100321From Equation 3, one of skilGd/fHedt/Wil fécognize
that increasing the pressure difference across the air duct 128 increases the exit velocity. However,
increasing the pressure difference across the air duct 128 provides a lower flow rate. 100331Referring
now to Figures 5 to 9, a schematic view of the air duct 128 in the 5toner cartridge 112 includes an
elongated bodg/ ortion 138 and the distal ngzzle 142 and the proximal nozzle 140. It will be

appreciated ¥/ Figure SR WSS A h B3he 8L & cRepice ek 1rEEarBRH 44 of the
developer rpitdurabife:the pioxisnalenozaler 140 s togatateadjaceit ayproximate idrddmpf the

coveloper gl B H1E SIASAIE ORI AD.H A GIUBAY PR FRRRID fuid communication with 2

via neck portion 28.

[0033] Referring now to Figures 5 to 9, a schematic view of the air duct 128 in the

5 toner cartridge 112 includes an elongated body portion 138 and the distal nozzle 142 and the
proximal nozzle 140. It will be appreciated from Figure 5 that the distal nozzle 142 is located
adjacent a distal end 144 of the developer roll D, while the proximal nozzle 140 is located
adjacent a proximal end 146 of the developer roll D. The elongated body portion 138 of the
.air duct 128 is in fluid communication with a plenum/manifold 152 via neck portion 148.

10 The plenum/manifold 152 is in fluid communication with air from a fan or other air blower
150 located in the laser printer 10. The fan 150 provides air at a predetermined velocity to
the elongated body portion 138 and to the proximal and distal nozzles 140. 142. Air from the
proximal and distal nozzles 140, 142 flows across proximal and distal clean bands 130, 132
of the developer roll D adjacent the distal and proximal ends 144, 146 thercof. The

15 plenum/manifold 152, in the illustrated embodiment, has only a single developer roll D and a
single air duct 128, connected via neck portion 148, such as would be found in a
monochrome laser printer 10. In the alternate embodiment of Figure 13, as discussed more
fully hereinbelow, the plenum/manifold 152 connects multiple developer rolls D via neck

portions 148, and provides fluid communication with the fan or air blower 150.

20 j0034) With reference to Figures 5 and 8, the proximal and distal nozzles 140, 142
generally taper in an axial manner in a direction away from the elongated body portion 138.
A cross section of the distal nozzle 142 has an irregular quadrilateral shape. It will be
appreciated that the cross section of the proximal nozzle 140 is a mirror image of the cross
section of the distal nozzle 142. With reference to Figures 5 and 9, the elongated body

25 portion 138 has a generally substantially regular rectangular cross section along its axial
length. It will be appreciated that the air duct 128 provides airflow from the fan 150 across
the distal and proximal clean bands 130, 132 to cool the developer roll D. As illustrated in
Figure 7, the proximal and distal 140. 142 have openings 156. 154 for the air from the fan
150 to exit across the clean bands 130, 132. The tips of the proximal and distal ﬁozzlcs 140.

30 142, where the openings 156, 154 are located, do not contact clean bands 130, 132 of the
developer roll D, but are in close proximity thereto so that the air therefrom may blow across

the developer roll D.

13



10The plenum/manifold 152 is in fluid communication with air from a fan or other air blower 150
located in the laser printer 10. The fan 150 provides air at a predetermined velocity to the elongated
body portioVIBY HMEL#88the proximal and distal nozzles 140. 142. Air from PETWEIMPAIAR distal
nozzles 140, 142 flows across proximal and distal dean bands 130, 132 of the developer roll D
adjacent the distal and proximal ends 144, R6 thereof 'Me 15plenum/manifold 152, in the illustrated
embodiment, has only a single developer roll D and a single air duct 128, connected via neck portion
148, such as would be found.in a monochrome laser printer 10. In the alternate embodiment of Figure
13, as discti¥s2d more S HEFIRBERWES plefm %i‘f"cf’lﬁcfl’.?g“%ﬂRé(!’ﬂé’ﬁ\%ﬂ)@’&é‘%’/eloper rolls D
via neck pouticns 48, spdoprovidesiuideomdtumchtiprnthl thd fanabrlaanblowei 160320100341 With
reference tg Eighies RiaRs SR PIoXRAlERd s Al NRRAIES I B hA2 Aenp @i tagsy in an axial

manner in a direction away from the elongated body portion 138. A cross section of the distal nozzle
142 has anPifegit GhisdmEre ek JucTRAPBe 'AhphBiatat 1AL HETErBRM ek GBI the proximal
nozzle 1404858 ppiiorn iitage. af thfiseﬁuﬁsixséqtm of the dﬁstairnnzmmaaswm nefgrencecto Figures 5
and 9, the glonggies sedrf et iatiasdaeheialy SHiss0lislly ied Sl LeetaRquay, cross

section along its axial fength. It will be appreciated that the air t 128 provides airflow from the fan
150 acrosstiengistatian@iproemreé ahrseris e d930asTdol| theMdesBRspEr oIl a As illustrated in

Figure 7, thareexiaialanrdedisiat 1dOdil42 baveooprnings 66 dbAdartkeiaddsornghedan 150 to exit
across the clezilr] T‘ﬂd? 1t30, 3.32.{_1’ e Hps of %.hef r(,)xric al gvnd}d;ﬁtal rgo‘z%Lea? £40. 30142, where the
openings 15 uff'é’ are jocated, do not cortaét cleafi bands fé%’ B o the deve oper r4ll D. but are in
close proximitspthdsate sontivaattihe diththésrefienst by isiows adrogy rsidevelvgesiivll D. WO
2010/118085PCT/U S2010/030171 100351Referring now to Figures ii to 13, a test was conducted by
blowing a nau3By strearwigirair 3 appextnately ibd samef vidticas the prosmnnah asidrdistal clean bands

130. 132, optg Ing devaionsriqlae Jhim GaniOHiED i Bule wlppms il e @ dnadel i 82 color

printer avaifa fe from Lexmark nternational, Inc.. turning at a rate corresponding to a speed 5of 50
ppm. This testmasyiliadirateddrirderirl in e, etifiy ted e Kihiale wrhpdfanire 8 the
developer rglid-grppsmwiivincigasingirsspeedigihel davelepes efbwasiencoses so diat no
ambierll;[ airl}\{\éﬂigﬂ%gg%% Q(?E:%Spgvrglrnmee ( pen\{)e;lg rgcl.: 5?” r:!égrcétl:lr\Fse mé) te(.@})w‘?lura at 1000 fpm;

curve 212 represents the temperature at 1500 fpm; and curve 214 represents the temperature

at 2000 fpm. Figure 12 illustrates that the air flow from the air ducts 200, 202, 204, 206

asymptotically reduced the operating temperature of the developer roll D from 68°C to 46°C,

when measured 2mm from the end of the back of the blade 54 as the air speed increased to

20 1500 fpm and higher with only a slight decrease in temperature occurring at higher air

speeds.

{0037 The foregoing description of embodiments of the invention has been presented
for purposes of illustration. It is not intended to be exhaustive or to limit the invention to the
precise steps and/or forms disclosed, and obviously many modifications and variations are

25 possible in light of the above teaching. Itis intended that the scope of the invention be

defined by the claims appended hereto.

|6038] What is claimed is:



differences achieved were the direct result of the airflow exiting from the air duct 128. The results of
the test are depicted in the graph of Figure 12, which illustrates that for increasing 10air speeds, the
temperature of the developer roll D cools with increasing air velocity. 100361Figure 13 illustrates an
embodiment of the present invention in a color laser printer that was used in the test, and included four
air ducts 20 120R4204, 206 with the same geometry and spacing as depicted in Figures 5t0 9. The
air ducts 200, 202, 204. 206 were in fluid communication with the fan 150. In Figure II, curve 208
represents the temperature of 15the J-seal 70 at 750 feet per minute (rpm); curve 210 represents the
temperaturelat 1008 qamiridgevéo R Tameinese hedh enarrjztrasade int b 0O dgen famingudeyizd 4
represents the temp @Hgﬁx ] 2000 fpm. Figure 12 illustrates that the air flow from the air ducts 200,
202, 704, 206 asymptotically reduced the operating temperature of the developer roll') from 68C to
46C, when measuradievalepgoralthe end of the back of the blade 54 as the air speed increased to

201500 fpm and higher )i Rihgaanl Bk e GRFEsHid SRVRRSBEIRIPSRHIEH 1BhBIg ARk alr speeds.

100371The foregoing description of embodiments of the invention has been presented for purposes of
illustration. It is not 3tE@TdEHGoIBSLhERIEIN@E OO IRAFUFIthAEARYN AT e THECiBERERSSStnd/or forms
disclosed, and obvigusglysigany modifications and variations arc 25possible in light of the above

teaching. It is intended }hat the scope o{ the invention be defined by the claims appended hereto.
100381What is claiff¥g %erdel&m seal, said air duct comprising:
an elongated body; and

a pair of nozzles in fluid communication with said elongated body, said pair of
nozzles each being tapered in an axial direction and having an irregular

quadrilateral cross-section.

2. In an image forming device having a cartridge for containing toner material, a
developer roll with proximal and distal ends, and a J-seal providing an
interface between said developer roll and said cartridge at each of said
proximal and distal ends, the improvement comprising:
an air duct disposed within said cartridge adjacent said developer roll for
conducting air flow across said J- seal interfaces to cool said developer roll,
said air duct comprising:

a body; and
a pair of nozzles in fluid communication with said body, the pair of nozzles
each being tapered in an axial direction and having an irregular quadrilateral

cross-section.

3. The improvement of Claim 2, and further comprising an air blower in fluid
communication with said air duct for forcing air through said air duct to cool
said developer roll.

4, The improvement of Claim 2, wherein one of said pair of nozzles is located at
said distal end of said developer roll proximate said J-seal and the other of
said pair of nozzles is located at said proximal end of said developer roll
proximate said J-seal.
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1. A cartridge for containing toner material used in an image forming device comprising: a developer
roll; a seal providing an interface with said developer roll and said toner; and an air duct in said
cartridge for conducting airflow across said interface to cool said developer roll and seal, said air duct
comprising: an elongated body; and a pair of nozzles in fluid communication with said elongated body,

said pair of npzzlesraaGhprinehiapesedisIAn axirt@iressiarhany dresdiandiice Galah Aegdstateral
cross-section. 2. In an image forming device having a cartridge for containing toner material, a
developer roll with 5?8539%%%@%% HABs, and a J-seal providing an interface between said
developer roll and said cartridge at each of said proximal and distal ends, the improvement

comprising: gn alr dyei dispasedayitin said cartidas sdiagen; said deyeloper rollfor pgngucting ai
flow across said J- seal interfaces to cool said’developer roll, said air duct comprising. d body; and a
pair of nozzles in fluaitddgﬂﬂd_m\zhi@ola vm'llhrd?ﬂd Dbdiﬁ\/ﬂmpairfojfsnandles c_ahmhlibein@ legnated inan
axial direction and B?(W[}ﬁh NEEPEYL rgﬂ@ﬂ%&f&ﬁ?iﬁfﬂﬁ’ﬁhé"r g&ﬁdmmé)\égmﬁ f §glaim 2, and

Sue
further comprising an air b?ower in fluid communication with said air duct for forcing air through said air
duct to cool said deljeleyesrenesofr rridnalir iskh aasseiatre nwith voRerefnsaisedsvelaBeh arlist nozzles is

located at said diSt@b@lﬁ‘_@@aﬁ_@ﬁcﬁ)@WdMi%%Fﬁ@W ﬁ&s]s%ﬁﬁh%egl ﬁhﬁaﬁfﬂl@&.o‘c said pair of
nozzles is located at said proximal end of said developer roll proximate said J-seal. 5. The

improvement of Claim 2, wherein said body of said air duct has a regular rectangular cross-section. 6.
The improvement ofielainpverheneinfsaldieaalidge comerisesmiiglidy mbasstddgesitiaging a

plurality of developﬁr rolls and ag)gﬂral%tgf J- ejls P{ovi inb%{'nt rfaces at the ends thereof, and further
comprising a plural 9' R ? e A% Y A4t with one of said developer rolls,

each of said air ducts conducting air flow across said J-seal interfaces. 7. The improvement of Claim 6,

and further gpmprisj ifol |di dco icati [ | ralit ir dycts. 8. The
cartridge ofcglaim ?fﬂv%h%@iqr? gigfggr}ﬁ;a?gé& h% 3&] o%gﬁ%?%%%m@j a% ?Sglgté%?tié y jci,%gﬁﬁar
rectangular cross-satisentiallyHegsdatrigg@ed iaierrss-eaedisin said elongated body of said air duct

has a neck portion for fluid communication with an air blower.

9. The cartridge of Claim 8, wherein said elongated body of said air duct has a

neck portion for fluid communication with an air blower.

10. The cartridge of Claim 1, further comprising an air blower in fluid
communication with said air duct for forcing air through said air duct to cool
said developer roll.

11. The cartridge of Claim 1, wherein said developer roll has a distal end and a
proximal end, and a seal is located at each of said ends, and wherein one of
said nozzles is located at said distal end of said developer roll and the other
of said nozzles is located at said proximal end of said developer roll.

12. The cartridge of Claim 1, wherein said cartridge comprises a plurality of
cartridges having a plurality of developer rolls and a plurality of J-seals
providing J-seal interfaces therebetween, and further comprising a plurality of
air ducts, each of said air ducts conducting air flow across each of said J-seal
interfaces.

13.  Anair duct in a cartridge for containing toner material, a developer roll, and a
pair of seals providing an interface with said developer roll, said developer roll

16



10. The cartridge of Claim 1, further comprising an air blower in fluid communication with said air duct
for forcing air through said air duct to cool said developer roll. 11. The cartridge of Claim 1, wherein
said developer roll has a distal end and a proximal end, and a seal is located at each of said ends, and
wherein one of said nozzles is located at said distal end of said developer roll and the other of said

nozzles is located afasiig RrendtarbRAAT SRigreiarRIPBRA, tH dnEhR Ak ead abfdlgan brwherein

said cartridge comprises&glur lity of cartridges_having a plurality of develgper rolls and a plurality of
i ?j-ﬁgegtt Hﬁ%lrtgga

J-seals providing J%85 i hE?SBefletdida cBIYIMah A% iRy AF s 6ticts, each

of said air ducts conomgtiisggir flow across each of said J-seal interfaces. 13. An air duct in a cartridge
for containing toner. maerial . develoer ol and spait,of saals providing an iyerfageith said
developer roll, said developer roll having a distal end and a proximal end, with one Seal i each said
pair of seals locatedrat Eoredffsenl aliseidrgatqsdwitoal body ahd aipaluof comgesiaftjxedutdtary
structure insertably Qosi iBHEéﬂgd thiAn3aysing atidas anddermat YR Eirpgated hollow
body and a pair of nozz%es a |xenl]tq said e_g’n?atgg%@lﬁw_ odyﬁ@e%nterior of_thg?l Jorgg;lged hollow
body in fluid commaaTeENGIabien AthirpIavreaYimRR dHatvamd thEhpie Ao es188z8efk of said
n_ozzles being d'Sp%?@d&ts%@ddr@ﬁ%E%@r%f é%&b?&i’%‘@@ﬁﬂr9|_§t%'ﬂ‘éﬁheo9t§'ﬁﬂ Qfe%l%%‘?%ﬁfs _belng
disposed at said proximal end of said developer roll. 14. The air duct of Claim 13, wherein said
elongated hollow b88§ 8 UREEr % B BAFBIRF R SItEd LerRRsd A 1R Wi Db e0r 6RRIF 15. The air
duct of Claim 13, fudtiveropereiising: a plurality of unitary structures inserted within a corresponding
plurality of cartridges; and a manifold in fluid communication with said inlets in said plurality of unitary
structures and said air blower. 16. The air duct of Claim 15, wherein said plurality of cartridges have a
plurality of dédelop&heodiis dudt afpllaatity3pwheemissaid vldimgptkd dallimiebate s thetehetmaskn, each of

said air ducts CO”dBSPﬁ&%rfkﬂ}%%rrﬂﬁﬁjﬁegﬁo%f \%&F{%g%oapmgﬁgqu J-seal interfaces.

15.  The air duct of Claim 13, further comprising:
a plurality of unitary structures inserted within a corresponding plurality of
cartridges; and
a manifold in fluid communication with said inlets in said plurality of unitary

structures and said air blower.

16. The air duct of Claim 15, wherein said plurality of cartridges have a plurality
of developer rolls and a plurality of J-seals providing J-seal interfaces
therebetween, each of said air ducts conducting air flow across each of
corresponding said J-seal interfaces.
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