Al R DUCT AND TONER CARTRI DGE USI NG SAME BACKGROUND 1. Field of the
I nvention | 0001 1 The present invention relates generally to image-form ng
devi ces, woaomorneosparti cul arly, to the cooling of a tonecTaseawiosgeli n an
i mge-form ng device. 2. Description of the Related Art | 0002| | nage
form ng devices such as laser printers utilize a light beamthat is focused
to expose a discrete portion of a photoreceptive or inmage transfer drumin
order to attract printing toner to these discrete portions. One conmponent
of a laser printer is the photoreceptive drum assenbly. The photoreceptive
drum assenbly i s macgr QUCPANPTEOIER CARARINEE TBIRGIAIME hat s di scharged by
| i ght photons typically emtted by a laser. The drumis initially given a
charge b % roller. As the photoreceptive drumrevolves the printer
directs éAﬁgser ‘%g%m across the surface to discharge certain points. In
this way. the laser "draws" the letters and inages to be printed as a
pattern of elleddpfdalnveitmnges - an electrostatic |latent inmage. The system
can also work with either a nore positively charged el ectrostatic |atent
i mage onRofior € Negabl¥%al Mvaiiah BefesRRRSANAN Hhpe WL &vIRE andWaBRL I Vel y
charged electrgstatic |atent inage on a nore positively charged background.
| 0003 Thastipidrhyt erthascoplirgeqf adener gasEdeswan ineg-fagyeheavicedr aws the i mage to be
printed on the photoreceptive drum A known | aser scanning assenbly may
include a | aspdciptidRVait Reldicdn@r, and a | ens. The | aser receives the inmage
data defined by pixels that make up the text and images one horizontal |ine
at a ti 0 65 thelb'earp m?v’e evaé%[%s‘f?a&hxeer drrinl'{nrl Bl?herelaqfs’ﬁlrbegrmlﬁ' i;a pul se of
light folf0%lery pi"8e P8 BRI RTEa™ FYpPEETT VI F AEEMaar "§hEs not actual Iy
nove t hefdertto dxpsicaalikcteleportameanrt apbdtbrecdpsve drémhgeghinstoredinmaod brder inovabl e
mrror. As the mrror ves. the |ight beam passes. through a series of
lenses. TP POYUIRHFE TSR SistiEE ppprt (@ BERA et B B by the
varyimng ¢ghddradepevcaiiniesamblie 1hé photsrec@milcgainnaserablp iigndde@udsfum The | aser
assenbly noves in one plane horizontal.l S the photoreceptoy drum
cont i nuoB'%‘i“iFOP‘?}Fﬁfee'E‘,“e'g’(Ba\"h‘éIalséréa eg%%é‘éw ’to'&saﬁpg?l 1 “T'ﬁ%‘%r)rve‘;([‘” ine. A print
control | @he &ymdhinanlly giset hetargadlyiachdrge roller. tAsehqphosesspof dium mivalgest he | at ent
| mage -Ont};[er[])%nlep 8¥e(c):{$%(fzggrtblegr% aLdrI;)ls*ls c;[ubf%cel l%‘%%[:hargc 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.



di scharges those areas where the latent inmage is forned.| 0004 Wen the
toner becones electrostatically charged, the toner is attracted to exposed
porti ons wo 20tve118088ge transfer drum After the data i nageTamskeensi’s set.
charged toner is supplied to the photoconductive drum Because of the
charge differential, the toner is attracted to and clings to the discharged
areas of the drum but not to the simlarly charged "background"” portions.
Toner is an electrostatically charged powder with two nmain ingredients,

pi gnent, |¢y0d) Pl astwken t}'m@ndalbgdmﬁ& el@&tﬂ)\gaad&aytcmgéaOJh@wnegb atM@bd @S black in a
nonochrome printer or cyan, ent a, | ow, and black in a color printer,

and for rr§“R°ﬁ‘?é’ Roghians gfige l'??&&é'%"s eTHé‘"bl '?ﬁér‘he dote impgERIBEM S TR chargesh i ¢

parti cl esorgPis bk IidOBHe miobom&ttve\aﬁﬁm MRask DOt BLuaRirtBRiaheRtE @ fuser
assenbly. The toner is stored in a toner cartridge housin a snmall

cont ai nerUBEIFY 0 andelipes Lo Badivdrreed argas Ghdhe drwe Bk pitathe g'atﬂhar shafued toner from

a sunp Wriddkfoddae pbiabs ﬂgn&nﬁdnsém%iuﬁml'l)tchh@e@p&%é?l\ﬁﬁﬁto MBint using paddl es
and transfer rollers. The developer roll is a charged rotating roller,

typi cal | J&iidientsaPieBetARe plagh crré‘thalp‘ggﬁ&‘fl'-t""‘aﬁifd the colonparsishcasdbiiliiict i ve coating,

whi ch r eqRh¥&@sorh ﬁﬁuf&@fanamﬁ,gya&r ydaeindtMck ihO&Idrippine aAdicrGent the
devel oper roll. e to electrical char ge. and nechani cal scrubbi ng, the

devel opefext ddjimagss| Lha Rignei iy blepded with %‘§S‘T°rp6WI"L°ﬁ%" Do iearr Widest WP . A doct or

bl ade as$gEhbYhr&pHAGaRalTE fEeVALOREY. THRltbnet B sfoF@Mh d@ner &x&ﬂagesﬂoﬂghb coating
of toner along the |length and surface of devel oper roll scrapi ng or

"doct @r i Agmalbsengairer PyH ao p Femavalle casigel Bppntsr gpihers thejaneg EF‘d‘rs“B‘Pade may

al so i nd%@@ln%h@mglggaﬁ\mh@ﬁ:s ttQ@@BevchBér&nﬂ'uﬂné Wﬂles RdOMineiRSrofers ONId St ent
supply of toner to ot oconducti ve drum en_the coatl ng of toner on
Bare

the develdeyséperigl! i 4 chareh i (RURE WPy wHD & gondugityempial shabyan t he

coating (ﬂf) Ty\tnblec &Jﬂ@&&@@&ﬁus@ WhRhGédeVed ®nériTaSilosdradder r(ﬂﬂﬁbstuhﬂed eve| of
dar kness printed ge nay var%/ due to thes ngons{kI éenm es. This
a TURPINg 1

condi ti oﬁdJF“sc“b‘Bﬁg‘ivél'é?P@d‘”é l|3‘r‘“| ‘Ht"cﬂ‘é’fﬁé req %ﬁmhaﬂ'% $51°P¢ i mage on

t he pRot eAPRMLGS loX& paitidiy fr&m@tkbﬂb@@dd&ﬂﬁiﬂ tah@dctok BRA¢ aefblpaighpalies move from
t he devel oper roll onto the | atent gﬁg{% on th hot ocon uctl ve drumto

create adesHeE PHEHROYAS 3 HRESISRBHCEHES F’\/”é‘)‘%ﬁt NeE G SYHES 9 rage i s

t ransf er e dpk o) b ser SCAR M VR esoHEr Fromahdich E1bgp k@1, m&féldumrs uch as
paper or onto a intermediate transfer belt which then transfeL&s t he toned

i mage ontide may #5e indupspEhsreePn 1BE O 15k Brugy oY SeaPSINE SUAPY Upposi tel y
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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.
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belt. This charge is stronger than the charge of the electrostatic inmage,
so the paper or belt pulls the toner particles away fromthe surface of the
phot ocondwotznioet1seseam Since it is noving at the same speed/domiosoidrum the
paper or transfer belt picks up the inmage pattern exactly.|0006] One
problemthat often occurs in a laser printer or other image-formng device
is toner | eakage. Toner fromthe sunp can leak into the toner cartridge and
interfere with the proper operation of the unit. One significant area of

t oner 'egmaf g»@ﬁ%;&l lﬂ&g)ﬁgﬁ)f)éc'ugrﬁangcrtphﬁtepﬁ'vo%c(PnﬁJécrtmﬂlnm%rﬁ a

J-seal i one oxi mat e both ends of devel oper roll. dably
engages titenedévbdgepé@ner Bpm lhcpfamplcélulcetf inip lWh@F"e t@'ﬂf@%@té%l"b—‘p‘é?ﬁ W‘tﬂ lhﬁ doct or

bl ade, KR RirLAE Ak ONSneicak e i d Sl dioduhoRRAL oflue to the
tolerancg%p&%ﬁgkyﬁtgg aﬁdcﬁpgﬁeétﬁbns of the égore nt%%ﬁgm conﬁonents
bser vat ﬂ@rdsvcdxfpcowér\‘dme@risﬁealt pasdiongst pseximple bath ends df theglevgloneatallon and drop
testing bt dREROSHE ALERpG DAY, phiEud PORerB U0 R ot R Al aldI

devel oper ro 5 &re a requent toner |eak path, especially in
hi gher vghhﬂbmh@u$hmgkwmﬁm®®?Pﬂﬁh@lpﬁ@éﬁﬁd@@CWé@%E@ﬁSﬂﬁeﬁaéveloper roll and
the J- seﬂl‘ cctl %QHhLbf%ﬁen%ﬂné gcgﬁéﬁcﬂpeﬂﬁbsew‘illor@%f B;n:‘?at ﬁil%ﬁ@r )Q‘@QQK asCreat es
heat |nS| e toner cartri en the developer roll turns. Friction is
unav0|dabkéammbhhwumﬂdnmtd@s&@n@d@@@@ﬂ@@dﬂhehgm§%e¢mwﬁ§ﬁSééﬁﬁééﬁcthe

devel oper, | 1k bath] “tgaghéeab Lnterface is a
source oF“ﬁ?@h“?ﬁ?c ei&%&%ﬁ%?ﬁ&ﬁh%o@ﬁgéaha g ; fronTa pliabl e

mat erival hpuwsings.der to securely contain the toner in the cartridge. The
J-seal interface contacts the devel oper roll which is frequently covered by

a pO'yﬁefmﬁnOf fUhh@Hx@r@@e B@tvé'ernltﬁédt\oettétr@onmngmcqqetlfidt;mﬁm oRfhef riction. It
wil | ppreciated that the tenperature of the developer roll along its

| engt h i §e\§10@ﬁf i axthe I%dﬁlb@rﬂer"‘%est“ﬁﬁ insfds e ‘B%Fﬁ(‘:l%mtdlg‘é Rff’t th devgloper

i nt er nedi;@f @rROFiidioR RSundifidabR WitH Gt QieMbrdsbedal® tle S8al mudt Q&Qﬁk tHone sol ution
to excessive heat fromthe J-seal interface has been to ap F@g%a | ubri cant

to the cHesipperaalammprdits peripheragiial tigiest bhedletepldnigidace pi LOHEF P nt of

frictjson fnm%tyc%ﬁsc HRUCHR 13RSI KRB F DS 28 cGRtitdriaC A ded fcspbaek SontAiRY
Iubrlcant applied to the J-seal or to the ends of the devel oper roll can

pot ent i alheyonspifthntaades: tive ) sephdrerpgcantich hedlpvPonchidla i gt i onal Iy

the | ubri.Ganl 1sahoRARAC bituPheRl e hatdi£#a%h @ﬂngtttteematnttrdt dgsoRr it pﬁu R er.
causi ng unwant éd damage and interfere with the P operat of the
unit. appreciated that the temperature of the developer roll along its lengt 19 51g:mhcant y higher at

the clean bands than it is at intermediate positions due to friction with the J-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



| 0009| Another solution to excessive heat fromthe J-seal has been to
utilize directed airflow, such as froma fan. to blow air across the entire
| engt h ofwohelodasessoper roll. However, this had been fowraa/useolo®30171
ineffective in lowering the tenperature of the devel oper roll by any
significant anount. fOO Q In addition, the heat created by the friction at
the J-seal interface causes further problens with the proper operation of a
| aser printer or other inmage-formng device as printspeed increases. Since

it is es%&!@ 'in@lease? SRLA R &eﬂfa?ﬁ;%lﬁlam?ﬁééﬁﬁé"b \b@tn‘lﬁcsﬁﬁgl AAtht he devel oper

roll, nore heat 1s create as t rint speed I ncreases. In known printers,
a print Spebueopll3norpheets cpﬁewdmmgpem(Spmmqr@ﬁ@I dwkrenowrginiershaprinteven with

coNt | NUOURBEF0Y il JePnRALy S €8k E DAl tle eeml iR Repfagl et ed Tnto

t he surrounding c arts and 1nto the atnospheric Bir to prevent
heat rel Asatarepiad #‘uhfe’-seﬁln?de eﬁssawtqdnetpah?cﬁeﬁomdegtcew&ee@am‘twdgeﬂean reach a

ther mgl  eQulshieRE Liv D O nSHehd rki1aRB 8L RES IRERRER In¥taliel the WEi LBl aFBCHI NE
airflow as a cooling nethod. However, printing at higher speeds such as at

or above rGoh phamheailbriamand sl epeerttrrapdriygyithuadisestadgnachipa st t he ends
of the d%&ﬁ{ gnerhoaOhh“é\replmquﬁgheh%hée?écdg akﬁrfmeabokewo ﬁlﬁmﬁés conductivity

of the devel oper worsens the condi tion and | ar ge tenperature
gr adi ent egteameyerbeatiag.evhidyis inselizchat thg @dh0Hh%é@’eioﬁCthﬁ‘earak'?ddhc H#bgakct i on of

the devel RARE:. rodu therln%%nﬁacdvhy wdhé da@m@mw%e&edhé RatindVcgubeAREr at ur es

negatively aftrect the ability © J-seal to seal toner inside the
cartricdge ldf@%lemeg@m'fer&@ﬁeﬁlh@“@le éﬁﬁ‘e@)&fﬁﬂﬂdalhe‘égd"l bepdsgp shegxiphdiracBomer at ure of
the surfagc&.fiodehgudevel oper roll increases, and the tenperature of the
toner in the |mTed| ate region also increases. Tenperatures of up to 700C

around the J-seal inferface ha een measured when rinter was operated
at 50 ppM9THor sorlrb“"tl g’ﬁé?%’“‘f‘&!‘ﬁﬁ‘g‘ @éﬁ BT S ﬁ‘tbaﬁff&%ﬁ}zﬁh‘f Al (/‘VWZ%.“ Thus it
will be apanecdeati@dr nkiaé the eadridgh U n@znamuacmah bhdl dréwe irfeasesahe cont act

bet ween the J-seal and the devel 8}{)er roll when he |ma%e form ng device is

oper at ed EtPepEegdhoiuriges of th dsyelpreg Falh '“Crfﬁ“sﬁﬂfjﬁ QIMPHERE &he PR IY . geql

cont agt Suaenmhfeane@ué@dn ARy Rdreis. fluﬁ@aaﬁ@@efu;om Toteard@dehopeanl inetthce and not
an extrenely snooth face, which i sg{gﬁeomst desi rabl e ondl tion in order

to achi eVR¥ePEHREASWE W T YRS e Apegat PRR; §OCBMGI BN E 6% toner to
escape pasdur kilipprdxinRaly 4590 Thils, ©vilt lbtﬁapb&ﬁﬁfed aar t()hd:rcfg;&ng, h0d2{r iee t oner

| eakage a area ()P contactsbee%\l/een en%IJ seal dné) lrl]lgléievc?opcr roh m?\en the 1md e%or(r:n(?rpé c'lcrvlllilzg% at a
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



rapid rate, permtting several granms of toner per mnute to escape into the
printer. Such |arge anmounts of toner | osses are substantial enough to
sever el y wbheovi11smst ri dge yield, and may result in yiel g#sTafS2aewarial

t housand pages fewer than expected. In addition, major print defects occur
as the escaped toner fromthe toner cartridge can spill directly onto the
transfer belt near the |ocation of the first transfer or onto the print
medi a. SUMMARY OF THE INVENTION IUOQ 3 ) In accord with the present

| nvent i 0, gheGRldSHARR amrhcq&nai ‘?xhd“érﬂgr JLQPf%F cdﬁ@&&mL@ir ﬂU§/§groLsnth9n | mage

form ng device conprises a devel oper roll, a seal "providing an

i nt er f acéwirtape iveoldeadevelpear ralbl | and the ‘toner and an air duct for
conducting air flow across the interface to cool the developer roll. |0014|
Further jgmi#ccor d pokkdd i £8orRnaHERY prisaMi8iNchGsh, amdlr dbck i Ghrilig f@r car tri dge
for containing toner materjal, a devel oper rol |, .and a seal provi di ng an

i nt er f ac&ONHPIAS toRgr eRsTiY: d;ﬁ‘éYel‘?PGT 'Io"tﬂﬁ'éadéf\}é’f"db‘é}t andnterfycs Withdhes di stal  end

and aspr gxiclipér r6Mdne dWEIBpP A1 ORL aldRERbRIhndh pRAGHaI @hd, th ik Sl and
proxi mal ends conprises an el ongated holl ow body a pair of noz/les in fluid

comuni ciepehatgpehpf theedisd prdpropaendy sempises %@'W&%ﬁég"%bm Yrddsed at

the di st gl,,e0¢h @fid Emnmﬁhmﬁﬁ tHe Bbllov@Bshiyt HiR 0Pt @b Ads bt:mgdn, gh &S bei ng
di sposed at the proximl end of the devel oper roll. SCRI PTI ON COF

BRI
THE DRAWTRIGS! eshas therdsuclanss b and theiodise el thnep7gienbeing disropsdes themepiidlant ages
of this invgmdR0elogpebit he manner of attaining themw |l become nore
apparent and the invention will be better understood by reference to the

foll ow n es of the invention taken in conjunction
wi th 'Phe%§§3 %Sﬁ@#"ﬁﬁo’gﬁﬁmg*‘m@ : Figure 1 is a perspective view of
an exenpl ary el ectrophotographic printer: Figure 2 is a perspective view of
a toner ¢mms)ridge 'Iihsetd)vbmehﬁmeéhmtdnhmbhmtr@gmapdiﬁaotag%iorﬁuéxinoefntiFh gude 1;

Figure StWeénagPl ra(')li tt}a(x)raré%the)(pwlﬂ ed nRShol eé:{l;[dlreﬂ‘:'\dn\édﬁ\/\{no%ngh gﬁyl? RS assenbl y;

Figure 4 ey spec%ol ve Vi e er 'seal assenbl y:
Fi gure 5underxmopeny$qjecm0e\r®1hvncﬁw~mfg casrnexemplcawyd:mcm%dtjtbt ireadlioa idevel oper

rOl l I n Enh(,eon}ugc leOI;'\ w1 lﬁergcg( epd%;lné Qrdwpnégs\NanCHl nventl on,

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;



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
t aken al owQ 20tve11Bisses 8-8 of the air duct of Figure 5: PCHAISe019/0BE7A Cr 0SS
section taken along the lines 9-9 of the air duct of Figure 5:Figure 10 is
a perspective view of an exenplary toner cartridge cutaway to reveal the
air duct of Figure 6: Figure 11 is a graph illustrating the tenperature of
a seal used in the toner cartridge of the present invention; Figure 12 is a
graph illustrating;ai - - I gi=vat I, he toner
cartridge of the %P%?éﬁ?gﬁﬁgéﬁfﬁ%ﬁ?“gﬁgmg%gh@$9fgé{gﬁgﬁ éﬁ%ﬁ%@ﬁ§ve vi ew of
an al t er myed therarolictrad figusf6:t he toner cartridge of the present invention
DETAI LED DESCRIP TION | 0016] It is to be understood that the invention is
not limted in itsg;RRP1i¢aLiapRilklrding tdedmictRur@br £QABIEMMhORBr@nd t he
arrangenment of conponents set forth in the foll ow ng description or
i |1 ust r ac@tidenotthePrigicaPKg$o™ The i nvention is capabl e of other enmbodi nments
and of being practiced or of being carried out in various ways. Al so, it is
t o besunderstood tHijatke t2ieaphRprt RSy aidBisked edrsls phpegyurt sSedleRae@im are for
t he purpﬁﬁe of"deﬁcri ﬁion and shoul d, not be regarded as Iimting. The use
"i ncl {ifi'pgr car %“rﬁf[r% SRR BYengPn- A0 i ng" and variations thereof herein is

meant to enconpass the itens |listed thereafter and equival ents thereof as
wel | as additi onalFigurelsis a perspessvd vigw blad abehate winbadimthef thetorer ' connect ed. "
"coupledb¢%kpgdﬁhgqggggigﬁ& and variations thereof herein arc used broadly
and enconpas§ ai Teet™and S ndirect connections, couplings, and nountings. In
addition, the terms "connected " and "coupled " and variations thereof are
not rest MEdAGEER BESARETIAAN or mechani cal connections or couplings. |0l7] -
Referring now to Figure 1. a perspective view of a peripheral device 10
havi ng adeaser print W Jwe&hasy S thSindeRbelsadt liriidaek apgplitatend @w. Al t hough
t he peripheral device 10 is depicted_as a laser_printer, one skilled in the
art shouldglisedPpBu¢iRaand the angngement oAt RgREN! it i at1'9¥"¢ be used with
an al | - i ReRARICARY Ik rat@AR IRIdraviiAgs, THE AREmBh 2PV fReheOEmbdiméntkerdhavi ng an
el ectrophot ographic (laser) print engine. The exenPI%{y 8e(igpﬁral devi ce

of being practiced or of being carried out in various ways. Also, 1115 to be’understood that

the phraseology and terminology used herein are for the purpose of description and should

15 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



enbodi ed by the laser printer 10 conprises a housing 12 including a primary
access door 14 positioned on the top-front of the housing 12. The housi ng
12 gener avbypomormpossses a front surface, first and secon@#c3iuseoswsdiaces a
rear surface (not shown) and a bottom surface to enclose the |aser printer
operating nechanisnms. On the front of the housing 12. the primary access
door 14 is pivotally nounted to all ow opening and access for installation
or renoval of a devel oper assenbly 40 (Figure 3). The front panel of the
primary aﬁ%—%@nop&@&seéﬂwa@@mguré@;s ﬁ@f&ﬂﬁﬁaﬂ&l'o@ﬂ{% pﬂﬁ{agl acéﬂ@s bhati4i ncl udes a

di splay 18, an al pha numeric keypad plurality of selection buttons
22, as mmmpragwwrrawsm%wlhsq ‘B‘f‘“dzfiiddfFﬁ'ey b%enakphowgn%ar#éwaiml% in

el ect r onp e GRBTYAEGRE bRbnihs s Al QY fifth hRoky @41 28 hQMperatBhhaniTaY be
enbodi ed by one or nore m croprocessors, In order to operate t he | aser
printer bOn elprirpaistcAmaIBICHon YA hyA eaEaliss (ngbdpwn )y whishanay be smbedisd tictéss door
26 that amlasgreéésow.rm@er%y&me%s Pas@prih@PRY. EALdK lh‘éﬁbﬁ%aﬂ,]a%c&§ee Figure
2). The printer may operate.in both nnnochrone and color. In the later

i nst ance deasr 4 éscesvpangary eeresscdoguidl hitgHars 1c6eme o o HOEIOPHRYT tgacrgendesed t o

provide ghe s‘é@h@llre p? i ﬂk'p‘?lgier FOHRY by%‘ﬂfgmtbhﬁl rh&H3SKrom@ bR SidtY Bthe Y&k | OW, " or
magent a, al t houg colors nmay be utilized. |0018| F@ferrlng now t o

Fi gure Slnsanﬁefﬁ’éFtﬁﬁ‘é’ie ﬁ‘é@éﬁﬁf‘?"ﬂh@“i’%‘oh’éﬁp‘?’@t %“ﬁ"hﬁddétf’?pé’ét"?"\fé? i ew. The
devel Opegnﬁ JB*HJprsuﬂchG QHRF do¥iS cyn NRUSW NG nﬂi%enli QlRRgh @tfhelacofdrf @hy Bousi ng
portion 44 and a second housing portion 46. Al ong at |east one side of the
housilAg 4lided. a |id 43. Wthin the first housing portion 44. toner is
stored, and at |east one paddle is |ocated therein on a rotating shaft to
nove the }160@81 ler fr Qv dow s lgaw@bagveweﬁdsmma ©epicled gespaand housi ng
portion A toner ad er roll 56.is ocate %iﬂ.gr %d acent.to t he
second h&§¥ Age porrelorgiseablyAdsomarsss ¢ Bausingt PASTHOSE ROBIRS:  adder

rol | 56 @9aida debshddhBvdlggReTonr8! IAIdAgw leliistbl&ﬁ@d&(}ﬂi%lhbbyh@ﬂ&@ﬁ&ﬁ@d or
"doctored" by the doctor blade 54 to faorm.an even er. on the

devel operW'F*Eﬂ the first Boging ROigR A dQspisiserd; i ét l“[’séo’f‘h%’ ?!lﬁ'édlohdéedq%“ m
phot orsecgpt kdtRind siiM 1o Move Bl 1@ REMINE fifdl hbﬂlhlgbpoh&nleleadx\&ge thefsedoather bet ween
t he devel oper housing 46 and th

orner 59 fo b e doct.or .bl ade
bracket BOUSHEPORRE 4Boltier fﬂdéblré?ﬁé ‘W‘@;‘Fdﬂ’f‘“ﬁ"&o'gﬁ b‘ﬁ‘iﬁ’ ‘p‘ah‘a("}iil 8 &%ir i ng
oper at i oR,NBE D6, lah@redaves |t(9{é€ihex%ﬁ‘5:ﬁ mlfhé’loﬂ& adddd @t Bscoan theadcedbs rdllnd er nal

g; etSﬁgr gz\(}télt%gé?alhlc-ﬁq&cga%g orQ‘Boclorec?' € Xoclor blagcgéyto orm dnse,ev%rll ﬁxeroot at the ends

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

roll D. The developer roll D is exploded in Figure 3 for clarity, so that the J-seals 70 may be

tJ
i

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



roll D. The developer roll Dis exploded in Figure 3 for clarity, so that
the J-seals 70 may be seen. The J-seals 70 are substantially J-shaped to
recei ve twe2dsvakaper roll D, although other curvilineapPCshspes/osmyl be
utilized. The J-seals 70 are as described United States Patent Application
Serial No. 11/959, 016. entitled UPPER SEAL FOR | NH Bl TI NG DOCTOR BLADE
TONER LEAKAGE, and United States Patent Application Serial No. 11/959. 058.
ent!tleg DEVELOPER ROLL LI P SEAL, each filed on Decenmber 18. 2007. all

assi gned;. t . ' i1sp 2pRLA EAL he. e i,an.of the
J-seal 78“?2&&;&%%?{63&%?@&#%@% gﬁk’?ﬁ?%‘if&?@e}r;@}t@%lgﬁ?g hJedogg)E Iwél%{%ggl shape of
t he bl adeé0.5vhichEntendsgnelenpdribdt sirpardleltp the axigbdimemixineof ¢herdgeglopen ralldeei ve t he

devel opehdy Es&ms@da vg%%ﬁsgal6)’9(?Svaedotct&?brl?ﬁslg?klk{:%agsfchﬁl)%ﬂ%ﬁgginEla‘tqga%t seal 60,

whi ch exten&s In aﬂ ggé;t that Is para e “axi al "di nension of the
devel opepng fisiy bracketAR qnd e dpaierddpda ity bike Hs dgctarhiadedenl 68, the dustar Sledy| ade

bracket el WL Slas ireb . nk ’ izand the doct
bl ade 54?@% keStrﬁgg)(sjggg%éﬂﬁdgg‘eaa&sreegﬁﬁgk %'? E%;t%lgilzyoé%ﬁegﬁte‘h%%gﬁket assenbl ;r
50 al so dimeasignsofhethaheioperetdas rolt Haandidgvelappsrol it i Tk dgctprahizdersed| 60 & t he axi al

di mensi op, Qe PQ4ech iR Jo&gﬁtsbla&@&&etragéelng@%o%ﬂﬂEh{é@ﬁ@hg@%r thé @k 43 DyheThe doct or
ade

bl ade seal’ 60 1 capture et ween t he doctor racket assenbly 50 -and
t he J- scdbctrilage 54 pragds dhesRvelanee radide tooerape exgesssence g desutfps ofiével oper rol |
U Lo SCT aRRIBKGERD, hARFprol 10 LG EHLRRS Ber b1Fe ABYRLAPRRoBlb, whi e

provides a consistent |e oner to the imaging or photoreceptive drum
of the pdiunt@rthelginteTh@ Hrscdostor Whdpdeal $8 49 se@ed prsthe dagabed’Ugn inhiit 1gakge) s 70 to

i nhi bi t l)fet%@g.@ar echgsncﬁrthcncﬁ%loﬁcj??qlﬁ@Q& Rhwdeh ehedRVa! AP RHe de@lidpcP and bet ween
the Iid 43 and the devel oper housi n%@ggq The doctor bl ade bracket assenbly

50 conpr beusing 42hEhaidnston plafe brakekasggm eomprgsrce e doelar Plage sel ORP s ar ea.

[ 0020] R%&B&Jé@ ifdO\WMhiQrdal gure 4, an expl oded perspective view of the seal

assenbly 38 I's e%i ct edi. The doctor bl ade bracket assenbly 50 and the

doctor bl ade seal 60 are cut in section for purpose of. cl arit}/
“lﬁ’F‘ngfig’f"

previ ousl420indi caetemngnowds Etegre hrage HE TP yheisal as Cmbﬁ’gos ed
SbOYeISt BFS ngé i@t@d.bhaedk : %ct%ﬁﬂ%?eﬁﬁ%%ﬁ%se%!ym% b teniedoatilasacillse al-scial 70, The

oct or ade bracket asse y _conpr,jses a bracket 52 and a bl ade 54
connect eetipn toRBUTBPSs Ok EErig o AS Wé’obﬁéﬂ‘g‘%‘ﬁii‘%" ‘1%6108@85“1 Waﬁkﬁbasﬁﬁ"bbgkg? 52.
However, istd?ﬁ,omtas&@tm&%cfasawa&esegcm niee {sgdsitionet hBobluadiescbi70byrhadddorat | ve such
as epoxy, cenent,
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The blade 54 is welded to the bracket 52. However, the bracket 52 may be 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



between first and second bracket nmenbers. The bracket 52 includes an
aperture 58 for connection of the doctor bl ade bracket assenbly 50 to the
housi ng ARO 20tverisgerture 58 is oval in shape so as to praviuseoian3@adj ust ment
for the blade 54 toward or away fromthe devel oper roll D. The bracket 52
is generally a stiff material such as steel and rectangular in shape
extending fromone side of the housing 42 to an opposed side of the housing
42. The bottom surface of the bracket 52 is generally snmooth so as to

engage t?@ldé’ﬂpﬁ[lu&?r ff\%ﬁ@su%cetﬁ%nﬂiggapgurﬁk@ﬁﬁ 19EBladE 15(39&]%}% intitsthe bl ade 54
extends fromthe bracket 52 toward a perd pheral surface of the devel oper

rol | D i naterabsate,bgt. Srardgsdo prryide s “dosteaipe’ lorson He dsvalener mlir. daea gieht he

devel Opeeurwhﬂe e mm@rréle@c@%ﬁ/ﬂhe&vas&%mlMpdneﬁmmgm ah JidishaRe. having a
long or wd w se dinension substantially parallel to the direction of the

axi al di hegsibrspetchasdN prayndpplethe pladq for remphiap plh geedom felcndied the £ r ont
sur f age ﬁge%gr Bl g)e@feresﬁ'rnft %@00@ fot (u_dre rhé ng@e ﬁ%iﬁal@tréc@@mﬂ eleltril-1S natural

state, but. in or to provide a "doctoring force on the devel oper rol
D. has apekitightn aeder etharge thgulevaeper rolldy vish a destredpql#rity Heringeopetabgier Theol | D

upon i ns@lel Qrfaflor thdbrad §2'eq gel M@L%ﬁaé§7W%e%Qétgm%el\gezﬂ%@rso%gds of the

bl ade for renovi ng ?? t oner on1t devel oper 1 wher e
pri nti ngtawesratbe Ste’cfzﬁ)lhelwt’ifhéwlﬂp‘adfeblm apgybly S9and dediseadd 78n Ty ederiical

potenti al,.\ Be RIHES ofl Ro AT tHEE l&?prg@&eéhgggsrrcﬁ Abdiicly, Mdtdnec@icdesi red polarity
duri ng opefatlon THe Tower surface bracket 52 engages an upper

surf ade 6andyétivitheor @biernasively) ra@ebesfe@pedfs’d)d hgrger;gg 5‘1“6"‘-&%}5?%?"6”?“@" Seal 60
bet ween }i&%ﬁgaﬁ Qﬁv %ldaa(ﬂs% \A"F}§ﬁ§{§ﬁg) 0Yro§9n @Q@n%nleda%q Ldu@lop&h@ll bl agg..54 may be

formed o osphor” bronze to provide the eS|re el asticity and el ectrical
conductlvmnydhom)ah@é¢wdum$ely, may be formed of a hardened stainless stee
to provide a desired elasticity and al so withstand corrosion that m ght

damage t hgagevel Opﬂfena(%lluopw S thefociar bRk @dassmyh@nmohemuu ihezed. | 0022
An end portlon 6 he doctor bl ade se eFé&“éﬁ@ wn above ?ne of the J
i

- seal s 7@s mhéhﬁé‘&“ﬁrb‘aﬂlﬁ srgbolhes firgs gndsgeo &oﬁblpréﬁ‘é]%” % 1 (Figure
3) . A3 PUENMHBUSIRY dERSBIddE 8l 66 é}@erﬂesétmécnbh@diﬁs 6Eila (ﬁr@uﬁmtgemdﬁlvbet ween the

ends 6 1 in a direction generall aral | el the a si,on of the
devel opePaib! o the ¥y dern@*waﬁ&& évd’gprp” '8'1% “5‘80}’61‘?1%“ 8@& oy ld%mjg‘edmé 60 is
formed ofyage §QPED ITRIrAEd 6 a fbam afaleriao actdeh asfombibe ssaeakmbat e dnackdne br acket

Z.;S:g}f)la)éé%(gm?&g gg@ég J Ssgflilw or lhg{ld Ehgs chlgas aroungshc )usmg Ea((),lclnqc(in he housi ng

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 lid 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 tongue
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.



70 and between the bracket 52 and the bl ade 54. The ends 6 1 are positioned
on an upper seat surface 73 of the J-seal 70. The portion of the doctor

bl ade seavo@01asossen the ends 6 1 is supported by the Ipcad/es3o10f03dihe
housing 42 (Figure 3). 10023 1 The doctor bl ade seal 60 has the upper
surface 62. a |ower surface 63 and a plurality of sides extending between

t he upper and | ower surfaces 62, 63. Along the front of the doctor bl ade
seal 60. toward the doctor blade 54, a tongue 64 is integrally formed with

and ext eg&*aﬁn QML A8 HQG Ory p@gﬁ @gaiefmﬂl R A,Jme% y.te@er.v%%ngaof the

t ongue 6 t ongue end surface ctor e sea
Perpendl end wall 470 trdﬁgubanénﬁremeﬂaeemﬁgpmr$€dt¢1@trtscahgué 864Aﬂemlou%3e bl ade 54
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66 is an ang a ered ace e angl e sur 8 Joins the
t ongue- extendhnfa smdlflahr;et 68! rerrgndiclardp the seedia feadrpatiadiregi®n i eposixt ends t he
di stance, df ftspa%goctor bl ade seal 60 to the opposite end 6 1 (not shown) of
t he doctor brade seal 60. Therefore, the tongue 64 generally extends from
the angled surface 68 in a direction substantially perpendicular to the
front se#l02&ur f acdepaih q’ﬁd%ﬁﬁidﬁaﬁﬁab@p thesedd P ropRsses 9 RS, 68 RYEPMne a

recess WHerLGh Qd@c@loﬂ@ﬂ@lﬁ le@@@twﬂlﬂﬂ@"su!ﬁ@ﬁllmll‘j\@lsllwngar@fdcbchﬁs FomeRd upplr 1S
received. An end wal is indented and’is received against upper seat

out er se&dat paation B 1%Sﬁ»‘:ﬁlé@menéq@m?ﬁdpeat%n&weudbewraswaaeﬂsea| 60

ext ends ijyjdn :V"L(ﬂﬁpl?es%ﬁﬁwﬂinﬁe(%rtdtﬁ)é?,knm &bce@QE rmmndgsa pigstithacwisdt h of a
nmedi a sheet, and perpendi cul ar to path directi on to an

opposiot e”‘éﬁﬁi’%“%’é‘ﬁ\’”@@"'“& @)BEadelnaBé ﬁéﬁi'l@"t‘{ﬁ@ bdo‘é‘?ﬂﬁ*s Hihageredspries, the

J-seal 795 conmisl %%I@ﬂlt%@ﬂﬁ&@@% “mwhtp'r&"fhczgver@'ﬂﬂwﬁorde‘mé gReves7el | 1 eg 74,
which is substantially j-s and depends fromthe upper seat portion 72.

The J- seaowplonagherenc o Wéde‘ieh’P‘af i AN GaRYHS LBETSLE G FR He&L09VAT Wt | on

mol di ng, ; HYINE&SS AMe TRLMSTE als0 Girl okt NMOWRRY REHRICH vfuprlbtdf@rﬁ Bithg a
plastic, such as a thernoplastic rubber having the trade n SAN | OPRENE.

The | eg Perelope 'a”f)r(b'r%t"esﬂrf hecaroomss &oirp Hiseaskatan prgls-arhichymays °dr%fbves 76,

whi chyspr Qt\/dudﬁtﬁ%Va%&ﬁlforfﬂﬁﬁideglr&@s frorh She GTdOAMESH tHOIcg 3MOWl ow "' the toner on
t he devel oper roll D and capture toner between the grooves to inhibit

ot at Lon 9Bk Pe adBE peRss oot ot ergtiee S nu gl Gy hedhBe M S posed at
an angl e seay sedl wmwsbee.dfah QppeaRaUbuE8ED of @alalxOiLi0. fAogdp\Bofis digpodalyr ees from t he
si deval | bgtthnhtﬁe tllpei‘)%r 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



| 0025| The upper seat portion 72 conprises a seating surface 73, the upper
seat inner seal or seal wall 78, and an upper seat outer seal or seal wall
80. A gapwB@oinglisissposed bet ween the upper seat inner seall/UR801ansirhe upper
seat outer seal 80. wherein the tongue 64 may be closely received within
t he upper seat portion 72 to interlock the J-seal 70 and the doctor bl ade
seal 60. The seating surface 73 also conprises an aperture 73a made for
receiving an alignment pin for proper positioning of the J-seal 70 to the
housi ng 4admk9%§.lcomempﬁédl 36k dkﬂz Br BR® sulfrls J@@gérﬁgﬂgany@wd' y from
t he upper seat 'surface 73. eat i1 nner seal I Sposed at an
acute angmenmpbmapegm@em>@bhqﬁee 9@éﬂ1§6&1"80=mﬂhﬁehmnbmwe@pom@b0to t hat of
the angl eg SUhHiaGEAS Wit d angl ed
surface gﬁbehgage 3ne‘%nofﬁ$§&1ﬁﬂge ??gﬁf%ﬁp h§§ el%ﬁ?ﬁg:upper seat
i nner s eallotizg nisgle tigedaser prehtexi ! i mdttcnemrae@&ge tdwbdused cygpachezes thefedges 66, 68.
02 | , P#- basi ¢ ways
o mbve o e e e o e o B s ™
radi ati onnMdenhetdqerl%sl@ ssfnonfehaile becprse thedrightd operatingdempdigusnesidiahd cted i n
Figure 1., d $fonSh hERL YN Qurdt R heat. The limted
space |nS| %ﬁS&Jggergm%%ﬁkgg fb% %#%fnatgg nanyrpég§¥ lities to conduct
heat away fron1the developer roll D. The developer roll Dis relatively
thi ck and®8kl at i Viarynpry toddsaue @ pir gpctdédis disgesed wahiadons epides ol | D

supports IY% aclehtttﬁé &v@l@ﬁetr r&llr@&%f &Feus'ﬁ?%n@%&%ﬂ%@&%&ﬁ@aﬂ%ﬁn&ﬁ 3bhe
developer I are. in the preferred enbodi nent, nade of plastic nol ded

part sio V\/d?’%h‘ lb‘?@fvall‘)% f‘P'bPé‘i’P‘&Eé‘lWo’rb@éird"ééﬁﬁb@%élﬁ%]‘Q9f“Hedthc C@JaHeR t he space

a||0tted'hﬂﬁhﬁ?m%hﬂmbéﬁath%hQkﬁ&1&0 is reduced in an effort to produce a
conpact size, thereis 5 little roominside the toner cartridge 112 for

addi ti onal conponent Cbola adlatlon inside the cartridge 112 is not
f easi bl e because t%eiﬂ?bhesf“%ﬁ@¥é ing tenperature inside the toner
cartridge 112 is generally not high enough to realize a neasurabl e benefit.
| 0028| fum ng nowwHerd i gure 5. an air duct 128 is disposed within toner
cartridge 112 adjacent the developer roll D and directs air onto proxi nal
and distal clean ban 31930 132 of the devel oper roll D through proxinal
and distal nozzled 1 % e equation giving the heat transferred by

convection is q =hAAT (Equatlon 1) where
15 h = heat transfer coefficient

A = surface area
AT = temperature 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 devcleper 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.

25 {0030] 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



g =heat transfer rate 15 h = heat transfer coefficient A = surface area AT=
tenperature difference between surface and anbient air |0029| As is evident
from EquavDanioliis@seat er heat transfer occurs w th i ncreasiusgomesqer at ur e
difference. In the case of the developer roll D. the tenperature difference
O between anbient air and the surface of the developer roll D is nuch
greater at the clean bands 130. 132 than across the ot her portions of the
devel oper roll D. Also, the heat transfer coefficient, h. increases with
air vel oghfaon, hid dsdrlbed myapé?ﬁm@repro%nasreﬂ tpbmr.ntafsemgmruceme%r M&wcool i ng
of devel oper roll D occurs when the air ovvn onto the clean bands 130. 132
occur.s ats stedy Hiddheion ipwglered.e vel ocity. 5 | 0030| The air duct 128 carries
anbient air through the toner cartridge 112 and directs it onto the
proxinmal and distal ends 146, 144 of the developer roll D. without
obstructing the Iaféégpbatﬁg’tﬁr‘tﬂr’gh t he pr nter 10, in order to nmaxim ze the
air velocity at the ¢lean bands 130, 132. Ei‘f‘i‘eo’e%])uatr on determning the flow
through the air duct 128 is known as the Bernoulliequation, and descri bes

t he operating condiheteons at any point in a straight duct where the flow s
steady and friction is neglected. p +-1 pv2 + pgh = const (Equation 2)
where,p =pressure at apy ,pQial |ag M}ﬁtlg%tdua density of the materi al
|nS|de duct (|n this case air vel ocrty Inside the duct at the point in
guestion g gravitational force at the point h = height of the point in
question |0031 1 Si nceorﬁenseéph&bamarer'aleem%queﬁ "(tﬁﬁlﬁé‘tﬁl ¥H 2) describes any
point in the air duct 128. the density of the air inside the air duct 128

i s approxi mately eensioaitf insidethetdna ahék gbibt ialqueviery point inside the air

duct 128 is approxi mately zero. The Bernoulli Equation (Equation 2) can

thus be sinpli f| ed g Era(fﬂx%hﬁ 0823 pan‘?' ocity at the inlet and exit of the
air duet 128 fo

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
., 28p
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)



given pressure difference and the resulting equation is 2Ap V2 = VGt v m
(Equation 3) where v/ = velocity at duct inlet v2 = velocity at duct exit p
= densi t ywo 2b10211808®p = pressure difference between i nl efPCaru$2@xioso171
(operating pressure difference provided by the fan)|0032) From Equation 3.
one of skill in the art wll recognize 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 |ower

flow rat g ggPO?’BI HR6h & Ldiag 3H&wommﬂnqwé SowRl kQpfize PhabhBeIBL fe Vi ew of the

air duct in the toner cartrid ge 112 incl udes an el ongat ed body portion
138 and tpressud differienqg@grpbsahd dipduch 28 ineregseoke el velnsity:| Bowagr. increagipe | be

appr eci attl%dprésgtgg}iﬂe%%%acﬁ)s% tebirblls 19 BbabenAEaLatizd o | ocated adjacent

ldlstald ¢ 144 evel oper rol | e the proximal nozzle 140 is
ocat ed adj acent proxi'mal end 146 of the devel oper roll D  The el ongated
body por 1984l 138 &efctrﬁ@s v todfiigures p1g 9; asepgmatic yjey %‘Pﬁﬁ&frﬂ%hﬁ*‘dw i th ag

pl enunt negef &lr@tdgéﬂwmxda%&lma&u 86ty lpbRion 1he aftl wAERINR2LIE ObTankiaRe i s i n
fluid communication with air froma g ot her ajr bl ower 150 | ocated in

the | asePrpimapagzler(§0. fvdll g appresesnted, fiam H‘éé’eélﬂi‘a‘% distad pegrts W2 e el ocity

to the eld@jaaﬁtmstmw1@4)5ftth@akv343§erwdut\omtenﬁe Rb@amzz18ng0 dilshell nozzl es
140. 142. Air fromthe proximal and distal_nozzles 140. 142 flopf acr oss
‘a

proxi mal agiAeentd ewmal:?r@aw Bhtieideveipper reib B Jhe elqpeaifdhefypastion b8 of Bicadj acent

the di st al; 4809 2959¥ niRlcomrdgichibt wihdGidnbareaifoldTise val eaupdididkol d 152, in
the illustrated enbodi nent has only a single developer roll g and a S|ngle

air dWct'TQB“"%@HH&@?%Hib%&‘Wééﬁ“ﬁBWPVWH“TﬂQa"QHEW‘ AR OVRUATATBEYbund in a

gnnochr 02?0 l&&@d mnﬁé lBsIe%mikS} 10: Mhé he ! 86 b@buﬂ@dﬁr ﬁm]gzdlugmhedafu&ngwr e 13. as
i scussed nore er ei nbel ow, the nifold 1 connects mul tiple
devel operh ereéf%gwebm%&oweﬂ 3Hedtp 5oy} “' a ‘ﬁﬁ“‘gﬁ%\lf gkt F‘é N cat | olr[:

with the pf'(ﬁ('fhtﬂﬂin@ﬂlléwlb{(@zyl@ilﬂﬁﬂn flows across proxlmal 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 [0034) 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



| 0034] Wth reference to Figures 5 and 8. the proximal and distal nozzles
140, 142 generally taper in an axial manner in a direction away fromthe

el ongat edwbadi/pessi on 138. A cross section of the distacTnszabe3@dl has an
irregular quadril ateral shape. It will be appreciated that the cross
section of the proximal noz/lc 140 is a mrror inmage of the cross section
of the distal nozzle 142. Wth reference to Figures 5 and 9, the el ongated
body portion 138 has a generally substantially regular rectangul ar cross

section @joasg i ts rakndlg do@NGtHburdsti1 W 13, 2 RS RRREFRILRE 8¢ bl ddagodi 1 duct
128 provides airflow fromthe Tan 150 across the distal and proximal clean

bands 13@7eaT) arFrewsimythethasied widkyasthsaroysralagd displdeandpedt PR Frgure 7.

the proxibfdhhcarRekisiestondlD d40is cddiduRaviea 8REIHAISIt ok a &t €082 e air from
the fan 150 to exit across the clean bands. 130, 132. The tips of the
proxi mal PEMEF aypilable fromboimask igationeh, IngyfumineahiralsoAFRgadinG s 2 spesd ar e

| ocat gd, ofis) gpaf. ‘BRANEARGE .mlseaéu mfgdﬁesla?p(and ilf:zerqfedtzmm@em&&wpemlré U. but
are in close prOX|n1tﬁ theretqo so that the air therefrom nmay bl ow across

the devePbBefcvelopsr rll Poloaps|vikdrarasing gir srse t brepdeyiiorss ol pas %‘0*%9 Test was

conduct eghabyo MM Big was NRWEOW by RaPMhefievioper 3PP i BMp&hdiret he same wi dth
as the proximal and distal c¢lean bands 130. 132. onto the developer roll D

as it isddisepeegarhasyed ivers et of epirlpy sobngfem theabictBBol o i nt er

avai | abl eshifsQHeQBE Bedifit &R drgghadf hg'uFLCI’? whidh nluagm@tmaafdraﬁceea@mgr espondi ng
to a speed of 50 ppm This test, as il ustrated in Fig %S 11 and 12,

ver|fWeda¥ﬁ%¥d%H@“@UFP&E%OE@ﬁﬁ%?QPHF@'Bﬁo?he“BHWE?ﬂﬁeW'Y 9D drops with
i ncreasing air speed. The devel oper roll U was enclosed so that no anbi ent
air was aodepmed t Figuass ilvddatet hiecridehapef the predenDnveltibn tneimmrdmtrre

di (Terences achi eved were the rect, result o t|ng fromthe
air ductPﬁ@§1R¥H@SP%ng@§“6$“¥ﬁ8d¥§§{mﬁfed3%p§cté§ ?%{ghg“d SBRBY Figure
12, whi cRedmdiysihd acisg bddmpiclearnin Figareens Ngrhaialr dspe2wls 202 bed. Lodrperat ur e of

t he develo er roll in reas n | oci t gure 13

i 11ustraf® °8W"@H585Wﬁ@ﬁﬂﬁ%?"§%)lBﬁ&#ﬁ gﬂvéﬁF. ﬁafwbxw‘l %?g'ésgr printer
t hat MBSﬂwseﬁdﬂnathwf&fﬁ&wmamdﬂbmmkudedlﬁmpnammnmdmmbSuﬁﬁﬂglmﬂﬂpm204 206

with the sa eonetry and spaci |cted n Figures .5 to. 9 The air
Guct's pogrogegpns fsanr ot a ol iR B R 2 etk R Prb®ed 1 20° T

Figure 1&Lﬂn0ﬁyﬁ B@BénEpma&&nn&nuhawampﬁmamunedmﬁs2Mk7m&§@a20@0 at 750
feet per mnute

ur R es rat w. aﬁ 000 fpm
curve 212“Tﬁﬁ¥ﬁggﬁgngh§ @ﬁ%&%ﬁfﬂ%& |t ° ﬁgﬁéﬂ?g ﬂrovgﬁgﬁ?gégéﬁ %epresents
t he tenp&had mefured 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:



at 2000 fpm Figure 12 illustrates that the air flow fromthe air ducts
200. 202, 204, 206 asynptotically reduced the operating tenperature of the
devel operwopablo/msdsom 68UC t o 46C, when neasured 2mm fr @cTiuseo1enso16f t he
back of the blade 54 as the air speed increased to 1500 fpm and hi gher with
only a slight decrease in tenperature occurring at higher air speeds.

| 0037| The foregoi ng description of enbodinents of the invention has been
presented for purposes of illustration. It is not intended to be exhaustive
or tolimt the invention to the precise steps and/or forns disclosed and
obvi ousl ¢-A¥HY nodi fications and variations are possible in light of the
above teaching. It is intended that the scope of the invention be defined
by the clains, appended hereto. |038] . 1S el a Sy IMS 1. A
cartr?dgé‘forAS%ﬁﬁ ?§¥HESTEHEthH%§%F£P§%gtﬁ”ﬁﬁggﬁﬁgWéggv ormi ng devi ce.
conpr si ngnpraingevel oper roll: a seal providing an interface with said

devel oper roll and said toner; and an air duct for conducting airflow
across sai d iadeselbgeeolb 0o cool said devel oper roll and seal. 2. The
cartridge of Claim1. and rthern ¢ ri.sing,an,ai.k,blo in-fluid
connuﬁicaiicnf%WtWPg%P%NHP%H%ﬁGPB?%% 8?“#58”3??9‘%F§8§%%§aid air duct to
cool said devalapict foodonducBng dinflovcardss baidjmtepfacelh apahsdid deweéapei ieliged d ai r
duct gonprisegmgn el ongat ed body and a pair of nozzles in fluid

comuni cation Wth said elongated body. 4 . The cartridge of  Caim 3.
wherein said developer roll has a distal end and a proximal end. and a seal
i s | ogat@d atThexetiridge of Glaim évnd furdhseicomnsisol an aifbloyer 84U nozzl es is | ocat ed
at said QJE hidbic 06 wih s& hiﬂjd%‘?%ﬁ't&?ﬁﬁ%aiﬁQJrJ)ugﬁ@QdBifP@umch&%l Qfd &abidpdiozzl es is
| ocat 6d at sard proxi mal end of said developer roll. 5. The car?rldge of

d ai nv3, rdbherei n each nozzle in said pair of nozzles is tapered in an axi al
direction and has an irregular quadrilateral cross-section.

0 3. The cartridge of Claim 1, wherein said air duct comprises an elongated body and a

Il pair of nozzles in fluid communication with said elongated body.

12 4 The cartridge of Claim 3, wherein said developer roll has a distal end and a proximal
_13' end. and a seal is located at each of said ends. and wherein one of said nozzles is located at
14  said distal end of said developer roll and the other of said nozzles is located at said proximal

15 end of said developer roll.

6 . The cartridge of Claim 3, wherein each nozzle in said pair of nozzles is tapered in an

17 axial direction and has an irregular quadrilateral cross-section.

18 6. The cartridge of Claim 5, wherein said elongated body of said air duct has a

19 substantially regular rectangular cross-section.

20 7. The cartridge of Claim 6. whercin said elongated body ot said air duct has a neck
21 portion for fluid communication with an air blower.
2 8. The cartridge of Claim 1, wherein said cartridge comprises a plurality of cartridges

23 having a plurality of developer rolls and a plurality of J-seals providing J-seal interfaces
24 therebetween, and further comprising a plurality of air ducts, each of said air ducts

25 conducting air flow across each of said J-seal interfaces.



6. The cartridge of Claimb5, wherein said el ongated body of said air duct
has a substantially regular rectangul ar cross-section. 7. The cartridge of
Claim 6. wberw/msesai d el ongated body of said air duct hasTaSe@ol3@orti on
for fluid comunication with an air blower. 8. The cartridge of Caim1.
wherein said cartridge conprises a plurality of cartridges having a
plurality of developer rolls and a plurality of J-seals providing J-seal
interfaces therebetween, and further conprising a plurality of air ducts,
each gf sai d &j L dWGirsa &QHQQ&M Mtiﬁ{xﬁ& 1%9‘%@&1%%%&%@ 8. Sadhaidopeal
interfaces.9 . Ln air duct In a cart for containing toner material, a
devel Bpeseygirpvidignen iglepasewig %dé’é%zwéorﬁr 53‘r tHidhdgvelapgrrelbhavinea diital knd aj d
develﬁpeanw{nlomﬁa&.ﬂ SR 6AQRRin &sah Lm@aw e BLarieh &R &iflaidaPivaxi mal end,
with one seal In each said pair of seals |ocated at each of said distal and
pr oxi ¥l PEvmal cedsngoMPSSAG: an el ongat ed hol | ow body positioned within said
cartridge; and a pair of nozzles in fluid comunication with said hollow
body,3%ne of ¥51ePeaEd belloy hndy Resiinnehyibig syf calidge:gndt al end of said

devel gper rol} pand nbhes®t NEE cOhmbmtaion Ak lsag hblﬂiuﬂ&)d@'&i@%fﬁﬁﬁh Ad..Rai d
proxi nal end o? sai.d devel oper roll, 10, The air duct of daim9, wherein

sai d ¥l ongat edPFs 4'BRseE abrid il &B%%f%‘dﬁé&%o&‘ibwllaﬂﬁ thegthey PfLﬁ"H’ W&HHUNI cat i on

with gn air bl Qigfdispbsel at sBitEpratifalih@lor @fid ddvabparerl.and further conprising: a
plurality of said el ongat ed hollow bodies: a plurality of pairs of nozzles,

each pair of ald 0z ssoci at e th ea f sald el ongated hol | ow
bodi 60 A ol el 161 4 AT TR QAR SHTEdEd B PEH B BPETaR R of

el ongat edornid @wmedhes willZan all@owdrr duct of C aim 11. wherein said
cartridge conprises a plurality of cartridges having a plurality of
devel oper rolls and a plurality of J-seals providing J-seal interfaces

t her efset Wden, lmd‘ugtrqfﬁémmébmfvsh%gorapwhﬂsr ality of air ducts, each of said
air ducts conduct i ng air flow across each of said J-seal i nt erfaces.

37 a plurality of said elongated hollow bodies:

38 a plurality of pairs of nozzles, each pair of said nozzles associated with each of said
39 elongated hollow bodies; and

40 a manifold in fluid communication with said plurality of elongated hollow bodies.
41 12 The air duct of Claim 11, wherein said cartridge comprises a plurality of cartridges

42 having a plurality of developer rolls and a plurality of J-seals providing J-scal interfaces
43 therebetween, and further comprising a plurality of air ducts, each of said air ducts

44  conducting air flow across each of said J-seal interfaces.
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