WD 01/ 11433 PCT/ US00/ 17879 PHOTOSENSI TI VE DRUM I NCLUDI NG VEI GHTED NO SE
REDUCI NG DEVI CE TECHNI CAL FI ELD The invention rélates to an i mage form ng
appar at us, wayelnRagzt i cul arly to photosensitive druns in WACTHSeMi7#Msert is
provi ded for reducing noise and/or vibration. BACKGROUND OF THE | NVENTI ON
Di scussi on of Background I nage form ng apparatuses, such as printers or
phot ocopi ers, include a photosensitive nenber ically in the formof a
phot osensi ti ve B BEW@%WF"W@'OISEW%S‘%E?‘?%e drumis of
critical inportance, since the inage being produced (or reproduced) is
fornmed and devel oped on the drum surface, The devel oped i mage is then

t ransf QECGHNIQAJnFIBIE drumto. for exanple, a sheet of paper. Typically,
such.as. al uni.nu netal is anodized

the drumis_forned.o t al

or coated wi ﬁ"’é{e‘?‘ﬁ‘?"ﬁegﬁégoeﬂwage@gﬁgﬁg apm%g}‘g‘ﬂ’“ﬁﬂﬁafﬁ’aﬁ"um i s then coated
Wi th phasesasaraihems ia MidahatineR eI ot AYatiAg RS andlve vibrglogact ric | ayer.
In formng an inmage, the drumis rotated, and a given |ocation on the outer
surface of the drumis thereby rotated past a charging device, an exposure
| ocati on, a devel opi ng wfﬁtﬂmurm@éis applied), a transfer

| ocati on (at V\/mch the toner rmage s transferre fromthe drumto paper),
and a QisassiomeflRackgrioond at whi ch a cl eani ng bl ade renpves excess toner
fromthe dr th.at t he process ca ber eted nage form ng
operat i on. IS L0EL e LOCESS o b S0 N A
| Nt er agdenthar, Wpidhllyie thédoinObEa sHotveénsitive dReN CThepepforthdige bfige f orm ng

appar atus, noise and, vibration can occur. This_ is partlcul arla%grue since

the pheherewmsiive @@nuaseﬁfm&ahmmmcﬁaqmcéahm? beipg produgsd (eriemro
char actgf, ’rrﬁéd &dfa%oémped%n%ﬁymmssae&&r 4 WEetdp gﬁgg%% thién HhdsY@Rd BonfNY

mechani cal resonance. For exanpl e, V|brat|on ( ssoci ated noi se) can
occur theghumhe fortxatmiplena stieet ¢f@aphtu Kypicallyntheslmym isfoaredef mictalssuch ag he dr um

t he gear f.l an at t t.he d of v |nteracts
b0t Bl S50 ¥ BTN S et B ccbled Bip A isCliciblife S Stonbli e T €7 221

el ect 1 idfurh isthéh dogited ath phdtogenekdtion afidplgtodondictibn layad ovérahaditlestiat i ng current
can al so cause noise - and/or vibration of the drum or between the drum and

ot her &Xﬁizonent s. In addition, as the -1 WO 01/11433 PCT/US00/ 17879
In forming an image, the drum is rotated, and a given location on the outer surface of

the drum is thereby rotated past a charging device, an exposure location, a developing
location (at which toner is applied), a transfer location (at which the toner image is transferred
from the drum to paper), and a cleanihg location at which a cleaning blade removes excess
toner from the drum so that the process can be repeated. During an image forming operation,
as a result of the rotation of the photosensitive drum and its interaction with the various other
components of the image forming apparatus, noise and vibration can occur. This is
particularly true since the photoséhsitive drum is a thin-walled metal drum, and thus has a
characteristic harmonic sound spectrum which is easily driven by any mechanical resonance.
For example, vibration (and associated noise) can occur from the rotation of the drum,
and any imperfections of the drum, the gear flanges attached to the drum, and/or the drive
which interacts with the gear flanges of the drum. Further, an alternating current (AC)
electric field is applied to the charge roller, and the alternating current can also cause noise

- and/or vibration of the drum or between the drum and other components. In addition, as the
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.drumrotates past the cleaning blade (which is in contact with the drum,
noise is often’ generated, particularly if the drumsurface is roughened by
use. This iRy, ﬁﬁ%on between the drum and cl eani ng bl adePCBUSIOHEBETRNOWN as
chatter vibration or "stick-slip" vibration. (See, e.g., Chatter Vibration
of a U eghalotleaffe ihl clehfifig BBH@S%& a{ﬁmha/ondamﬁamm ndibe i Bfen

January/ ruar @96 I ssue of Journal of Inmaging Science and Technol ogy)
The noi sgnaatdd pnrﬁmhﬂycﬁiheé@mnﬁamﬁsmughe@éé’b’a@q wte@cpmb@WM@:t i ve

drum not , onl rese anc n vicinity
of) the H d nﬂa%?ﬁf)%lrs%lgﬁ% a&"l?vmgt °§ #%ilcg raﬁé}] gér}e%tan lead to
| mage ded gl Cluite# Vibratioh oﬂamﬂertBIadehﬁ Bﬁnﬁaplmtogsaphy rbyﬂéavtanmud a thet he
vibration can result in poor perfornance er ’}lﬂ"i Ween th

phot oser@nvqry/gelwml%ssu&e@w%f%fn& ?'Pﬂﬁ& 039\/{ ‘Wﬂ‘i?ﬁ‘“ he drum

|t er act gy Fel Ui i m@éﬁ%ﬂb@ggﬂ&a&%@aﬁv@me&m Yk ant e devel oper

devi ce, . al so cause 1mage blurringespecially with the
current axmeyuﬂlcemwurlgémusing@sbiﬂne mmltd@ﬂtheanz(geﬁmimng apparhwusrhuBalso, it gr eat er
t han 1200 For exa | the | eani not
proper |y ‘P E‘ﬁg)m %&dﬁeﬁ 'é%q ?raflﬂfnggertg *H’P?%ﬂg ﬁpcaﬁtécyga&ﬁ% i mages
can OCCUﬁbiaﬁoﬁmsf@mtembodrIﬁaﬂm&ﬁrtaﬂefacndﬁb&b&nmdmtosﬂﬁmveahmi geid or

devel oped properl the resultin mage can have |te spaces re the
i mage Ea@nepr%!n%ﬁ%@yﬁhe W@?% ?"%&Bt %@'\'ﬁ@l‘ﬁ‘iﬁ@ﬂtsdpc P@‘é&g‘rﬁé?‘?@ﬂg\ﬁ@ﬁ &bl ack
spots wh rébd‘%ﬁérr erg@%ebagn transferred to the sheet of paper.
Noi se pr cur as result of the generation of gases

(ozone) vvh i chVibratiom mayi allsn nglsamamgemﬁg)ﬂ:smmglyorpﬁr the mmﬂm twendero dighethi s noi se

S typlcall | atively.snal | To ellmnat vi br n, the
st &a1 Rtimen Rt anbichiRim 200 stealdf RS0 0 Bor ) For YA iC ™

i ncr easi ihgcie&ﬁn% bladedeRs fotPro dﬁehse réhidy@residiiabronérendesitableGesolitien odeSI gned so
that its natural frequency ffers fromthat of other conponents of the
appar at ugharagiehimeaees ¢7ECCHR 10 spbssRusdnages, FrrthegdEthe dpun isgot chargedion which t he

drumis givep gﬁbpe{@sm@ﬁsmg imagetcaﬁhave%ﬁfelsﬁms Whéte BlelifhQALS doeeh duced,

or the frequ the noi sé which mght occur can be shifted so that it
i s out si prepaly fomedadayeloped wrarag&fcrrd!dmeblaq:k spotsoﬂsmndgmedmmhhaslbness of the
drum can e, dr.u uf act ure %g cularl.y if the

Lol paaiRieol g e dF2bec KPRR Rt an aps bat & endr it slblion ' nen

phot 0sengf dakesFofdhel WhicH Sccuidrnth@ et Magdf@mm@ﬁeﬁﬁ&mawmﬁwm&my will
often be ipserted into Process cartridges of another nanufacturer. The

process WRIANY ghEvelys#lpe refurbished or a newy manufactured repl acenent
process cart ridggniffie foisH dofdfh $ibkariBaNHUE RS sitlaBéhatRR st 8F the lindrl €an be

phot osensi tive
modified, for example, by increasing the thickness of the drum. Thus, the drum can be

designed so that its natural frequency differs from that of other components of the apparatus
and/or that of the process cartridge (the unit within which the drum is disposed). As a resuit,
the vibrations are eliminated or reduced, or the frequency of the noise which might occur can
be shifted so that it is outside of the audible range. However, increasing the thickness of the
drum can make the drum more expensive to manufacture, particularly if the tooling utilized to
manufacture a drum must be replaced. Moreover, when photosensitive drums are
manufactured as replacement parts, they will often be inserted into process cartridges of
another manufacturer. The process cartridge could be refurbished or a newly manufactured

replacement process cartridge of a different manufacturer than that of the photosensitive

2-



WO 01/ 11433 PCTI US00/ 17879 drum and the manufacturer/refurbisher of the
process cartridge could change (or the design of a given

manuf act urwehismlasy bi sher coul d change). Thus, it can be BCY¥s00ut879 t 0 si nply
select a thickness of the drumwhich willbe suitable for avoiding noise

probl eg@m, sidtEemaminhrbr/ R furbillies k@8 frobéss 6@IriAgE E6hld Hange @ tHededigdr OCESS
cartri dge, that thickness could be unsuitable for _another process

cartri ivensmapufastiarirefusbishercopldshangsl Thup, ityen be diffieyly tosimplyselast enatic with
phot os&Fa‘tiu ' : g;\;&[, t her

difficult %sg\éﬁ?‘g Caﬁ@??‘é‘@%@@gﬁ%ﬁﬁ@@h@?ﬁ e %lrg%%’ss%cgé‘t'{?gﬁthe roundness
or ci rthidkaess isseloéted for adertain pmnesy eartridge; dinat thickeess\ebitld be opsuitabile forl ead t o i mage
deteriorgtion. The .roupndness, or.circularity of.t dr can re rapidly
ot o | GioBebIPpes? Etridlt s 8 <91, et Bl ey siicp ARy BhHReaRE st o

di sposgibiabitive dAnsthati¥actuiFasRéptiteRBhtGans. al SO be reduced by providing a

t hi cker drum however as di scussed above, increasing the thickness of the

drum can ish8rbesdiifenlily vhich can arse withphotosensitive drumsdpdiatithe avadnsss ¢ he
re 'rgr@@@l-r Wk ol altar ' ' . b tilized
[ nq;“he pas a‘?tgrofglgl Vi nghh%%égﬂﬁ}’ov?ﬁ%agfgﬂﬁk%%a\g?g%sgn%gtzmbggg ;Jol [ In;ert
pl ugs meubduess drbizcybdrity ofthe diutn can nehreirapidiySiRtchiordSif Aeirurh s viibratiag 2t al .

di scl oses an exanpl e of such an approach. . . Wth this splutian di sk or
eyl i nanastngfhe pmpenents 3isppssr Spait the SR Tk probler R &l5p RE SEReed By i des
addi t i goalingaitkitier G, BoWeiRr asldistikde@ abdve Shcréd3mgTRSHIckhds ULME Mrum
characteristics of the drum_However, the use of plug type .inserts is

undesi faanEeasethe sosh frapes materipls stapdpoint prd/arithe neguirementfor e iookirg.r equired to
be positiog Yol I | ﬁlii@ﬁ j Y ' an conplicate
t he manuf ac@ﬁ?ﬁeﬁgtﬁgﬁg@g{s@&hﬁﬁgg, t y%?ﬁ%?%ﬁ.gél ﬁgnggggéhé% I n place,

whi ch dbmtioreproblems hisdears® indertpluga dithin thephotasensirivie dirunheUSE §i#88,45%t i ng t he

manuf actur e/ as I rocess. JFurther, thepl.ug.nust. be ..precisely

Tt ABrdPRe? & Fispsts B8 BERRe ot iebprsich Wit i RBeR A of 1 he dr um
or reqilihdricahétidrt isiifRfttd Bt the Gawn, avdihe hseropiplidesdddRiohilevagifiagd thie pr ocess.
For exanple, it is ideal to _use expanding chucks to _hold a _ photoconductive

t
dr um Cte St HheeRasyfrqiseey haractegstcs pt e Arma e fISEe Y RlkesYRes, since
damagepies imdahee f&"élrrfuﬂﬁ@r&rgatsbﬁs. .‘i“ir'étlglﬂhb ilugri§yﬁéatr@alhemer , -expandi ng

chucks have limted holding ability. Theréfore. 1f a insertion force

i s r ecpesitioned:d a presise tocatiqn within the drum. pthixheen peiuplicateshemamfachuringay not  be
P22 g e e A B O S SRR L
I St octhssfatther complicatingthe chahiifactutefasiembpogrbdes0 IFurther, the pipgwhiisober t he drum and
secur eljrectisrt]-:gr tgelmu aciturgecf ll? 1% ?s to;)r palrjgse’, ittcglﬁd léa'lsu%e efforzxina?ul:ullJ gf tﬁcre drum, or require =

high insertion force, which complicates the assembly process.

For example, it is ideal to use expanding chucks to hold a photoconductive drum by

its inner surface during certain manufacturing processes, since damage to the outer surface of

the drum is prevented. However, expanding chucks have limited holding ability. Therefore.

if a high insertion force is required to insert a plug into a photoconductive drum, it may not

be possible to use an expanding chuck to hold the drum during insertion without distorting

the shape of the drum. On the other hand, if the plug is too small, it can be difficult to

position the plug within the drum and secure the plug in place. Thus, the use of a plug or

weight which is inserted inside of the drum has been less than optimal.
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~weight which is inserted inside of the drum has been | ess than optimal. -3
WD 01711433 PCTf USOQO 17879 Anot her problemthat has arisen with respect to
i nserts tha&v%&ﬁl%gnded to the inside of a photoconducti vepgrmusoonrgot hat in
recycling sdch equrpnent,.:dissimlar materials must be separated from each
ot her. For exanple hot.p. ' L cak f.

al um num vm)fs‘lngal%%rgﬁlf % %3@%%%‘?%@@%&‘%&%@?? %n){dp astﬁlleélgsg)d(;gr()ff oans,

et c. Theayphbwteduttive dnirtlds tHaoinrregyylihesich equipraent, dissemithar materialstmise bs epar at ed
fromthe insert. 1f, howeyer, the insert  has been honded t he inside of
t he phots _?‘P\?@hoq‘% ﬁWﬁleaﬂ??é@Pwm&?W%%@M@gfmgl be taken
Lo remyg Hilem! VIRR! hsekts G tihl€ally mhidfle oPhiBbbd) pliMied drFomin bt S Thiefoke, iSpect 10
the nounting of end pieces to a photosensitive drum such as gears and/ or

f | anges .ordep o rxycigpthe druni, the dremmustbesepareted fromathe ingerk il howvever, thhbsertensi ti ve

drum t ovi.de l.nt.er.face w.th a togthed r. ofy a. and t hereby
transm t egltbf’ c?'f"glqo R e@?ﬂ‘é’p°§%4%cg¥%%u8g’§ﬁl ar?uaél?%gg? %’%rg Sred with
suf f i ci ahdasizrbd GG S tdken toeinbed o chsery Gonythé &fuonal forces over its useful
life span. It _has been we]l-known to use adhesivg or to, cut an end of

S,
the drumto Sielaree yrith gespegt puthe moupting ofgpd pisees to a phatesensiiydni ques
to atta f | es probl ens
qumﬁabsgggas Vée?ﬁ%%}'ﬂ%ng’ép. VRN €k amp10Gf 4! gé;a_r afatBRE B thE SndHUS

di scuss respect” to drum’ nser Furt hernore, specialized
machi ni rpowkensitize dohmy o prodidle aminterfageiivith agpnshddgeartad @imatey, andrthereleyw of t he

f or egoi a. devic nd hod are needed, for.reduci na..noi se _and/ or

V¥ br a1 cnme eiion® BREs RheBim b 685 TR b Sonirfy Y SREEGHRAE U Ly i on

associ atwithsiahd Such@epeticial fofced bvet it iedfaidEFa Spanl Wchas besmwelldGlowa telgsei ce and

met hod are preferably sujtable for use. in both Otixi gi nal ,‘Ee?gui prrent and for
mesBpieal g

repl acer?&h?swﬁﬁr"ﬂ'é"_. %WWWWX’W% i : laclig present
i nvent i Qehhdued 18 wtihth Lreti®dia’urdNHoWetd? Ofle ﬁwqfaacéyﬁbmuseeg_fo%fenﬁnd/ or

vibration in an i nageaa% ormng apparatus. It is another object of the

i nvent i cliscussegpabwye sathaespestite semist Futhetmpreespeetlized maghining of h¢uci ng noi se
or vibragjon Lch n cur. during operation of a photosensitive drumin
ori gi nal eqﬁ?‘ypg]r%aﬁimg‘gmasﬁg?#ﬁﬁgmgbr m ng apparatus, or . during operation of

repl aced or i eiewidfite fofbeping, tasde@ice and mbihge ate@estet Goragiudingnuise and/orl S a

further leJ;ect_ of the invention to provide a device and nmethod which wll
vibration in image forming apparatus, particularly noise and/or vibration associated with

operation of a photosensitive drum. Such a device and method are preferably suitable for use

in both original equipment and for replacement parts.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a device and method for reducing
noise and/or vibration in an image forming apparatus.

It is another object of the invention to provide a device and method for eliminating or
reducing noise or vibration which can occur during operation of a photosensitive drum in
original equipment of an image forming apparatus, or during operation of replaced or
refurbished parts of an image forming apparatus.

It is a further object of the invention to provide a device and method which will
provide for more reliable and consistent performance of a photosensitive drum in an image

forming apparatus.



provide for nore reliable and consistent performance of a photosensitiyve
drumin an image forning apparatus. -4 WO 01/ 11433 PCT/ US00/ 17879 It is a
further obyweGin@ss the invention to provide an insert devpcrpusmnis9

phot osensitive drum which can be easily installed inside of a

phot osensi tf e ffktFobjébtlof BétinveRfioh foipidridd 1 indeit F8Vike foP a PRotBRAGEeE Wi thin the
drum It is yet another object of the invention to provide a drumw th an

i nser t damdvhieh eande cpsilyd @ fnsigls ofa gentpsensiéyesirurp, withget 1RAVIERS thees not

requi r & . 30Res Y Eaed witBEHL rachi ning of the drumto anchor the end pieces
or the insert to the drum "Anot her object of the invention is to provide an
i nsert for Iaxsp/nnatmﬂlemhjcmb%edrvamonmpmhideardnhmthhmnfsedamfntdném)ved

wi t hout, da ing t h t oco ctive drum he above . [ her Obj ects and
vt BT et SEn Thtee JUUCh e bl gk adE e G WeuA AR ton by

Provi dingdrusn dUnelfor EHeRNE Pleb&br @R MhdeR tb MeAkdn®d i Nto a photosensitive drum
and which is constructed of an elastic nenber having, in a rel axed state,
an out er di/nathespbieciief te invention iy & providpaminseriioes phfitependustivedrumhe i nner

e confan el ReRbeRaiabhlSyioH fanap g U BB RN AET Ty 2 T

| ongi t udi nalhecbswecind other aH)ectxnnﬂadvzﬁt@mareach(dVed inencedrdemice ovithweber nmay be
el asti cal | recluc d t o, a di aneter e fo.or ess than the inner dianeter
of t hePHifoLY Y providing aRoisppEever c"‘FﬁE‘S‘?’Wéé‘P P 2 REQIOHASINKEYET ed to t he

interigg vﬂfxclﬁs ammm alelSticnbiibéhavifig, 3 8 AeldxBE sthidCanl i@ dlanielt®n T €l easi ng
the insert so that it expands into contact wth the inner surface of the

dr um swhish istergerthasyandnner diamsier atthe baenaecerof heiphetosansitive drue dr um _
| NCr eagesrdin %%@iﬂ%ﬂﬁo@%@ﬁs&i @g%&f%%uéea hnﬁatwﬁtpr%’ela'slnc %ex‘hﬁérqg(ed state, 1s

| ar ger t an e I nner di aneter of e | nner aneter, outer
di anet dongtu:d imatopgituslinal) dipedtibm rthem)mrtdiamaar efjithe klasticrsember aragz bechosen such

that, i.n.a.relaxe te, and ter bei inserted i Ot oconductive
ar . S TR o e i Bt S Bl oo bRV S g not ¢ he
i nner g Jerefoke, tHrangdrtniny beusstatled & the hiferioR 684 Photdie@BRBRARGA LY O t he inside
of the drum Therefore, the conplications associated with using adhesive

to borfdongating{be insert then Frleasing ghejipsertgp that ¥ EXRapdSIAto; contget veith the § gqngr avoi ded and
recycl gu&qcecsfﬂ;mﬂrsuamha ?r&ﬁ'lrb bkt Bleesn m@ﬁséméﬁrtﬁe&geé gyroved

relatively easily. Furthernore, since the 1nsert can |nserted W th
| i tt] esigpe theoouter dismetep af the insert, in heeldqedmatetslarmd@nehb 1mreha1hﬁtelloftheand | ess

Susc epérhltrjal %'he mner Jlax{ugg 5\8& & Jm&eVI a9enaf died ROF angfemc% S msert are

choscn such that, in a relaxed state, and after being inserted into the photoconductive drum,

the insert provides sufficient force or pressure contact against the inner surface of the drum
such that the insert is anchored to the inside of the drum. Therefore, the complications
associated with using adhesive to bond an insert to the interior of a photosensitive drum are
avoided and recycling of the drum is simplified since the insert may be removed relatively
easily. Furthermore, since the insert can be inserted with little or no insertion force, the drum
is rendered more durable and less susceptible to deformation or deviation in roundness about
the circumference of the drum.

In a presently preferred form of the invention, the insert is made from an elastomeric
material and is structured such that when it is elongated in a longitudinal direction, the outer
diameter can be reduced within the elastic range of deformation of the insert such that the
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the circunference of the drum In a presently preferred formof the
“invention, the insert is nmade froman elastoneric material and is
structured womhnidmt when it is elongated in a |ongitudi nafCHY$WE™HN, the
outer dianeter can be reduced within the elastic range of defornation of
the i nsemteramﬁiatethﬁmf:idsm edn BAMnATE/sinb 1S 3hdaihe inB@dianaadl tmdram. di arreter of

the ins canb made .snal | er .t han the in of..t he

Furt her WFFEPEWCEHSC? 2 T%E‘fftat?ﬁs El }'gﬁzﬁﬁgﬂ"’%@ 8r°e| s such
that a fHet\ﬁeIeh%reaJutefr QlirfRe oPBE WREA ahd'Ble MteLfurfasl dfakSdra, Mamtdis@et and the

i nner surface of the drum maintains the radially outward force necessary

for anc hedlialhgommrd|fwsemcewxyriohmch@nqmb% serhwithin the nhetpsensitive meabst.esent
e & bR NG Bl A SRl T AMRR K BRYRE Bt P ls | 1T

that is Iseftinto an roma p dsensi tive
menber, mlaﬁ#bl& smipleaodxrsennimo mmnhveﬁomarphetosdasmfvemh:byr, wiithdittkd arabi ¢ nmenber .

Is in the formof a corrugated sleeve. where the outer dianeter of the

sl eeve ('8 8®t han the inner dianeter of the photosensitive drum By
constructi ng prdigrablpSiGe Elaﬁﬁ: rﬁéiﬁﬁbr iR e fBHBAddrRBated S8eveOlvBise tR0TeRT t he
corrugated sleeve are ~easily flattened, thereby allow ng the outer

di anet erdiaheterrnd the| skesveistiogtydhandbe in}herrfbmgcpf thetphetesensitiypidiunieBY i nserti on
and redug r S or rugat ed
ol ceve rageTiearE e napT RESRE iR ohBERh bpBrostoibl Btfbintead BTN T o

| east onreasity flerenked, thefkby hln@;_vmgﬂerdum aianiee:r ef the gla¢vedo by edsils eafdmcemgwaxch ool into

an end of the insert site the closed.end, th ressi the t.ool
agai nst sﬂ‘ﬂ%hf%isb%s@‘awg ﬁB‘P gg'bceé OTEeS NEPESTATATOS ifsFEOR. nég‘?‘f‘gm%r ’i"f'géefinsert i s
conf i gurspgdvs el idchk af 1@@ kaétc%sed eAdTE e proPidiniz e dléb%@%ﬂl%a&ah%n@l:@é‘eﬂ' cally

reduced to be smaller than the inner dianeter of the drum at |east a
portion e, tbh nsest @mhe@lqm#%by buertinga tool g aad of ﬁ@hnaeﬁ@ppwfe thenner

di amet er . I n he

el astic crlr(gsfe - e %L§§c“ {eﬁ‘rgltzgge)o agéut?“&l%%oséd &t "’fsttgl?lo?%\{ e o \r%% §1rrl'gléert i on
force. Ghemstrhe commédsudx thaothe biner diaatter cfﬂueahsamd be tlasiically aﬁuﬁdrté ace of

theelatlc heda n e inner e of the d :
t her eby F“nﬁﬂ‘tp @FT‘CW%%H ‘if“‘?lh%tqﬂ’tslﬁﬁo“ﬁ?nrﬁ ‘%“r%@s“cl”ﬁm FEPé‘ et 0
renpve tdiéhghidd Siich thdt AR iR Wiadfter BEthe BRStid Aenbddicohfificted TRerBBSdiloWiy as
during insertion. and pushed until the insert is conp Ietelé renoved from

the dr urﬂle gipsticatember to hedrsertpdintaihe drumewith little onno insertion fage doyhe nserting a
tool i nt pr SaE g%r L e?b%flls%leésgf tger&f&' s{nl}gcre%?&le e?as{g)llnér;xgér Qp\ksﬂ a(gta{n%p an.d

renoval
the inner surface of the drum, thereby anchoring the insert within the drum. Similarly. in

order to remove the insert, the tool can be inserted into the same position as during insertion.
and pushed until the insert is completely removed from the drum. Therefore, insertion and
removal can be performed by inserting a tool into the same end of the drum, thereby
simplifying insertion and removal procedures.

According to a further aspect of the present invention, a method for inserting an
elastic insert into a photosensitive drum includes the steps of elastically elongating an insert
which has an outer diameter that is greater than an inner diameter of a photosensitive drum,
such that an outer diameter of the insert is contracted to a diameter that is less than an inner
diameter of the photosensitive drum. The insert is then inserted into the drum and released so

as to allow the insert to return to a relaxed state, and thereby increase a contact pressure
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According to a further aspect of the present invention, a nmethod for
inserting an elastic insert into a photosensitive drumincludes the steps
of el asticgpleyr@Pngating an insert which has an outer geposdarsidhat is
greater than an inner dianeter of a photosensitive drum such that an
outer @QLARE]®es ik Lttt Ief durths Faridr@gt ed to a dianmeter that is |ess than
an inner dianeter of the photosensitive drum The insert is then inserted
into the drﬁmoading wdneﬂ&smpmof the presentiiniventon retopligelndes fiost and secondt 0 a

rel axed s Qnt ssure, -6 01/11433

peT! UsEy s GeviBR T Rimn il Bl AT REDIPE B30T SonteipEr um

Accord kiékgcetlecdﬁﬁ(gtd&d to mSPEhE ﬁedt afid®@cqndengiping devicsd felifive @ caclOdthérN@d udes fir st
and second glng VJces whi ch_are comonly connected to a controlling

devi ce2 PRt Z (B dimgat, W@B@“@&W‘icﬁiﬂ%@"ﬁﬁ&“ﬁé\?‘éﬂgﬁ%ﬂ fisstapd and second
engagi BgoftPads 8far 1ﬁhéi'tshf'ffceto? arf ladic s for alp'ﬂoto@or{ﬁﬁ@tﬁl% MdnibeP afid & " €d

enbodi nent, the engagi ng devices are configured to engage Fﬁrst and second
ends ofcomllmsrdevxcsmcb@ﬁﬂrdtoawveﬂmﬁrst@nd second engagmadms wmiativeltct | ve nenber,
and th cantrol || ev .ce ured to st ,and second
engagi Eﬁcht?g’w %lgrég?g‘%%\ 10?’503}3%21 ﬁé?se’&fa‘hgo cithpgt\fh/gfnisxéc&amﬂ so that
the el arsélhshcImmn!dilclcmhbms&tsrdeﬁdﬁb&ﬂwﬁ?ﬂeklbbcﬁmhe #bolvo@dpects &gt el astic insert,

such as the inserts described W|th [eer@gqt to the above aspects _and
enbodi ARAPKmEHS p4fhe PrESADL Hiventionesap bp Hsered intg @ phatoeonduefive megnbsr, such

phot oc giiipiotdc¥RdudB R im. PrétablgShécdORE ARAMCE cMiifigtid D moveihe rak! v, the
controlling device is conflgured to nove the first ~ and second engagi ng
devi cegndseeandengdging demices mﬂcslfﬁ@ems‘om@soaswglangtm aldstic insert sugk gt such t hat
an out janme t han t he

I nner gl; a&r¥'ét=:rtadl](:§’rtl eg ? Lhe IH‘%H i %koaar ‘E%ﬁégﬁgsq tg%’fath? W@er dﬁ%@%ﬁt vention is
advant dgeous in a nunber of respects. First, since the outer surface of
the insert js in contg&t with the inner surf ace .of t he photosensitive

drum the i the prgentip¥enfiop isdustageaysdn éé‘P’é‘P‘F@f FESBECHF t he drum

to t herehince Relbuer sikdice bhhe &0 RAA 66htdck RetH MG kurtleB oflihdm i s out si de of
the audi bl e range, or _does not match the resonance freg1 ency of other

conpo nehﬁt@seleﬂtmew@naﬁbwa%@m veryrthevapss/freueney chasectesistiestof therdsirheto of t he
noi se Fﬁﬁ; l e
t-h;\ t at g?ﬁ hﬁ%?%éerrg&’sur# 5“%’9 e %ﬂﬁlﬁngo 1&&%%@1%&1@&%% on deV| 22 can

be i nsémdsedt mateh the késondnee frequency afsthet compohancef the ii;!paﬁb!ﬁ puthegnincelg danmage
during,t assenbl f the drum th th oi se preve t|on device. A
Fur t hoesfolienier b e pate pirketiipn Hivick s e BPpeeieaso s f bavo dlmeer

less than that of the inner surface of the drum, the noise prevention device can be inserted

with little or no insertion forcc, thereby preventing damage during the assembly of the drum
with the noise prevention device. A further advantage is that the drum and insert material can
be easily recycled, since it is not necessary to use an adhesive to bond the insert with the
interior of the drum.

Additionally, during transportation of photosensitive drums from a manufacturer to a
downstream user, assembled photosensitive drums may be expdsed to temperatures between -
20°C and 40°C, or even temperatures as extreme as -40°C to 80°C. The exposure of drums
to such thermal cycling has caused photosensitive drum inserts to become dislodged from the
inner surface of the drum, thereby changing the characteristics of noise suppression in the

image forming apparatus during use. For example, such thermal cycling has caused an insert
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“be easily recycled, since it is not necessary to use an adhesive to bond
the insert with the interior of the drum Additionally, during

transport at wadedfig@hot osensiti ve drunms from a manuf act ur er PEHUSBVIFIANSt r eam
user, assenbl ed photosensitive druns may be exposed to tenperatures between

- 20C ang dffeonipletdly 61k dfQPRSOSENbiiOS dithn i€ Weretdof @e drufi¥is@ot eloRA&vithhe
exposure of drunms_ to such thermal cycling has_caused photosensitive drum

i nsert s geer fosexastplel; 1 thedigan incluges 3 grer of Hangr ataphedtodhegndithaefy heinsether eby
oo TOYS R rract Y orm
changi ngmamoe@g&@ggg@' e %Pse&,@n?ﬁ%g HERE EleRibhe cfieds B meliaAC T Or M Ng

appar at us ‘durin cycling has caused an
i nsert -ZAdditionAlly Oh¢ hiodSGenPGIthiSOG¢rt 3y damags thie ggar anstigylflangdsypravidedat the

phot osensi.t i drum jf, t nd_of. the drum.s, not, closed.with.a. r for
Ecarp! o e of the A Al Sy el Bes AP iy o G R B rbetaching et oot
the i nSeintinse?@ﬁtmﬁ)aM,Hiﬁe&xkéﬁndﬁdﬂ&fﬁ%ﬁh&@fﬂfehﬁﬂ%&?&sfoh%ﬁ@bﬁ&edarfpeni ng
effect of the insert. Additionally, the novenent of the insert nmay danage

t he gearadhpsiyesythe insergand pregurg havesaused adhesiyastogppturgdugng eyclipthemmalgh

adhesi ve qégq“' . Pasd It L OAl an

i nsert wa}cﬁlﬁl\r@gé)grur% | @?@%es in %ree%(;%’e{)f|%‘P§ﬁ?§%5#fﬁjé$&n§%%sxpansion
bet ween tomerintait isesposition of the insens evithin spiebtdcheductti vendrinmy the presan dhvenimsis ves t o

rupture durj clig ther count ered, durin apsportatjon of drumns.
Thor ot oriot stgte iR gt Ty BVt 6 bied el RERAERGg0s 1 on - of

the insert within a photoconductive drum the present invention is not

af fected by problens caused by adhesive that has been ruptured by thernal
cycling- BRI EF DESCRI PTI ON OF THE DRAW NGS Ot her objects and advant ages of

t he present invention \éﬁéﬁgﬁﬁwr@g%gﬁlﬁ@lg%m becones better
understood with reference 10 W N | escri ption,

parti cul arl y Qthenvbirotssind edvadtages of dhej presett iovention will beeonie appanas as the whi ch:
Figure 1 schematically represents_.a photocqpier t i.gh t.he present

e LR SRl oA ERLESSI Rl PLOL RSO Shod Sl Gl RGP e5oN
whi ch  t hftrituRelyWheh RYSSiderediin bénjurtbbh With fhedrawingsinevidc: ncl udes a side and an
end view of an insert according to the present invention. Figure 4 is a

side and an éngurg il schepmtcallymepresentn a photpoapie tqiyhish therisespptdnyention is
applicable.

Figure 2 schematically represents a printer to which the present invention is
applicable.

Figure 3 includes a side and an end view of an insert according to the present
invention.

Figure 4 is a side and an end view of a photoconductive drum of the present
invention.

Figures 5 and 6 are side views of an insert according to the present invention
positioned within a photoconductive drum.

Figure 7 is an altemative embodiment of an insert according to the present invention.

Figure 8 is a sectional view of a further preferred embodiment of an insert according
to the present invention.

Figure 9 is a sectional view of the insert shown in Figure 8, during insertion into a

photosensitive drum.



invention. Figures 5 and 6 are side views of an insert according to the
present invention positioned within a photoconductive drum Figure 7 is an
al ternat i vewoaiiags nent of an insert according to the preBETUSINIEIAL i oN.
Figure 8 is a sectional view of a further preferred enbodi nent of an insert

according Fipuie1® iPa Séetional visweTh if@ther EhBidirer? of te thser® SHovaialFigtkgy Of the
I nsert shown in Figure 8, during insertiqgon into a photosensitive drum -8

WO 01/ 11433Fiseres hseny h2Adngrates methed fopinserting apiasarigntg|a nipwgorstuctve yr t her
enbodi a&Brng[%%me}aﬁ@&%mkﬁrﬁéﬂ%@n&n. Figures 11 and 12 illustrate a
met hod for iInserting an I1nsert 1nto a photoconductive drum according to a
furt her aspEiguredf is areentargeiside view efineend ofzinguses a¢@rding trthepiesenged si de vi ew
of one.end.of an insert according to the present invention. Figures 14 and
15 i 11 &P a method of inserting an insert into a photoconductive drum

accordi ng t Bigarek 14 blP15 illéret dMethodéf ihddfting 2l Hidet intdly pidrb@Aduddveur es 16 and
17 show a nmethod for,  inserting an _insert into, a photoconductive drum

accor didrgn acomling e a fwthep prbrdiment of e present BveRlion: i nvention. Figure 18 is a
si de vi ew Of; LTt r ' ' ive i\ LED
DESCRI PTI mﬁﬁg’eérﬂ%%%%%ﬁ ENB(%?)IIO{VEM i El'% ﬁﬁ?%a@im ap E@?r%‘%n:ag%tfvley represent s
an i magecofdingiorndunips ambodimentrof tegrdsentrimehtian. phot ocopi er to which the

present inventi .S |icable, In.,such an.arrangenent, an original
Gocunent | sF a8 €8 Rewar Bnbest Spdiegt QB AARAERR ol Ui Pt ed by a

| anp 12. The resulting light is then projected onto a photosensitive drum
| by way of apn optical system 14 and the drum has beenTrevi ously charged
utilizing a cREAGELEY CRIETION-OF THEPREFERRED EMBODIMENIS ¢ | atent i nage
s formed opgl Nndhbtially repiderts AFiHALORIAg Wldkarklin tikaBra Upp! T €5 toner Lo
the drum 1 tg develop t ree%el_eectrostgtil%c I tgfﬁt | mage. Paper is fed froma

sour ce pR@ogppier towiichthe prsis¢nt inyentipnds spplicables rin sesthe arrangement; emvrigisaid a backup

roller Q . e.drum.is transferred to the

paper. d e e%%ﬁé{rl@éldsﬁ‘{a ﬁéﬁr? @g{?cgﬂ#@i% g‘?’r?éﬁlﬁé@?n@g&?iby ?Aﬁfn@h,ﬁr't ically

uti | i ziresgltihg light if thereprojebed baw arphotoBpsitivodriume pawsr ofan dpiidad syaaper4,i s t hen
and the drum has been previously charged utilizing a charge roller 16. As a result, an

A A hde iz Lo

electrostatic latent image is formed on the drum 1, and a developing unit 18 then supplies
toner to the drum 1 to develop the clectrostatic latent image. Paper is fed from a source 20 by
various rollers to a location between the drum 1 and a backup roller 22, so that the toner
image of the drum is transferred to the paper. The paper is then fed to a fixing device 24
which, typically utilizing heat, fixes the toner image to the paper and the paper is then
conveyed out of the apparatus. A cleaning blade 17 is provided downstream from the backup
roller 22 (i.e., downstream with respect to the direction of rotation of the drum 1), so that any
residual toner remaining on the drum after the image is transferred to the sheet is removed by
the cleaning blade 17. The toner removed by the blade then falls into a container (not shown)
provided for collecting residual toner. The drum is then provided with an initial charge by
the charger roller 16, and the process is repeated for the next image.

Fig. 2 schematically represents a printer device to which the present invention is also
applicable. As shown in Fig. 2, in contrast with the photocopier device, the printer provides

an image by way of a control unit which provides a video signal, for cxample, by a laser
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conveyed out of the apparatus. A cleaning blade 17 is provided downstream
"fromthe backup roller 22 (i.e., downstreamw th respect to the direction
of rotati onyafedfi@sdrum 1), so that any residual toner reREIHPMYG7HA t he
drumafter the inmage is transferred to the sheet i-S renoved by the

cl eani ngchfdQnit 30. THE1abd Reinnin fmﬁ@dﬂhﬁ[p}dm@hmi&thh@gaohﬁi the into a

contai ner (not shown) provided for collecting residual toner, The drumis
t hen pr ehpigeegsitive drump2, whichdps been upifom)y chaged ithyaydarge spileg 341 8be and t he
process.is_[r. ﬂ?ﬁ ' ' ‘?Hgé’i sents a
printer u&%%/el lggg{%%’%g%?g%d%%gp p esgiﬁgglg’ﬁa\?grflgtt?agﬁéfrgﬂgl S ’g%%%)?lscfsﬁ]agﬁ As shown
i n-Fi g. adourc&38;@asthedaperipassts beneeenithe pivtpemsitivédenine 82 asdwebgekuptoder 46 ovi des

an i nage_by way of a_contr@l. unit, i C royvj des a.video signal, for
Al o Thg pagst fhed reve LGPt SUinE Sanies Bepr oBhe) R e ORISR S0, The
laser sGaiup 4 gilet. BidddHPnd@X béRtncted 8§ £0kadikBHIRd O t he

phot osensitive drum 32, which has been uniformy charged with a charge

rol |l er 34. Tihe shouldibreanpsredifyern thecfaregging, thephottasprsitiyedionn iscrisical tafhg | s
transferred to . . Whi ' I . 1 he. passes
bet ween PAE %ﬁ%@gggoﬁgslst ?n\ﬁlgjgr raglrln&%ge éﬂo@@gﬁ%rg@t@gﬁtr%%sgﬁg ﬂ'%ﬁmgﬁﬁ%%per t hen
travel s tp addpefatd dndiiriteractoviticenubzben bflcomgionerts, invinding the eltargeyrollar theus conveyi ng
roll ers and _gui des. Residual toner cgn .be r ved a, ¢l eani.n |, ade 37.
As_shoulFugAl BRasdPRie Pt f'?‘?é‘ef’éi’@‘g ariEe ‘*’Fﬁ’gaﬁ‘ﬁa?‘g%éﬂ%ﬁ? clpaniag blaos's |

criti caladife b rotafRUE cdniidh Vibtaid/206 Skt offhE dfif nlREDinGYGliRg OF dAREr ati on,

the photosensitive drumis required to cooperate and interact with a

nurmber dfmperfestionsdn ths drimahd/or the gedn dlanges ofthe doinmLgic, Further. avherecdm AG nage
form ng . vel i t .eani ng
bl ade. * ST begliB oy Gl Touct Ut 56 el il 8 8o B a1y 270 10
uti | i zedo tause eibgition gnd/érenoibe daring opgpaioh @f thednsn,ias carhike fhiationa rodtact of he gear

flanges of ,the dqrum etc. Further, wher n AC_current is applied to the
charge T ‘?‘Eﬁ_‘“ g‘,‘H%X?“‘i“ﬁ@‘&P?"éPﬁé‘E‘il‘%“&tﬁ%fa’l@@“%ﬂa%r %Q?"&‘Faf\‘/’@eréggendency to
cause Vida{dbpe? BB T opQLdsh SHW chige RNRE Adsi 10 bedn follfd @ délRraR DzGR1Bat he

frictional contact of tThe drumw th the various corr§>onent_s including the
cl eani ngydecalieed eleetricglischarige Gmownas thedipsdhop discharggieflect), Bnd thipdischpigeis of a
charge rgl |.er. o . - igﬁg by | ocalized

el ectri ca?ég ibggﬂgggoeﬁé({ﬁ%%%ﬁg%a&%ﬁu%gﬁggec%%?gﬁéﬁﬁgﬁgg’ erfect), and this

di schar ge i s Thagarrdtieh bfisist dnd/ob @ibkatiof iesfteanakconfpasied bpe daericati@nd/ or

vibration of the drum The generation of poise and/or vibration js often
acconpa ee’&‘aﬁ?q‘é?h&éts’é‘f’? -B['Fgf‘ﬂ'b}? q°ﬁsﬁ’?9¥’élyiaﬁ‘£§‘€‘s’dl?ﬁil¥ Wm@%@é&t‘ﬁ‘@ umis not
smoot hl YeoApeneabTittRlifabd brhgabpdhtus) JA YA telult, ihePiB hppear in areas in which

it is not desired (undesirable black spots), and/or toner will not appear in areas required for

forming the image (undesirable white spots). Less than optimal images can also occur over a
period of use as the circularity of the drum diminishes. In particular, after the drum has
operated for a nurnber of cycles, certain locations of the drum can become deformed so that
the cylindrical shape of the drum becomes more imperfect. This loss of circularity also
contributes to degradation of the image quality, and the loss of circularity can occur more
rapidly if the drum vibrates, since the drum can be exposed to more concentrated forces or
forces of a larger magnitude than would be the case if the drum were smoothly rotated. Of
course, the generation of undesirable noise and vibration can also be an annoyance to the

operator of the apparatus, or those in the vicinity of the apparatus.
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conponents of the image form ng apparatus. As a result, toner may appear in.
areas in which it is not desired (undesirable black spots), and/or toner
wi Il not aywpesridsn areas required for formng the i nagePCVUS@sars7abl e white
spots). Less than optimal images can al so occur over a period of use as

t he circul dniokdér ofavbider eduse sbise] snfleqaipment MaTuficaérahavealetigiedtdie dr um has
oper at gd for a_nunber of cycles, certain | qcations of the drum can becone

def or H’FnaWF?é_r‘E‘anﬁ%l %‘&!“‘qug&t?é’"&’ d???émﬁmaﬁ‘ﬂlg@_éﬁf@é’ of#hee i nperfect.
This | muafm%@%haﬁg, a¥d AbSEd thA WY fabRalr&3ndrite ﬂ%&feﬁ&%ftﬂé‘%@{;. i p&t | mage

quality, and the loss of circularity can occur nbre " rapi he drum
vi br at indhe aydiblerangee Adramsultaif viheationshawddiogeur, itds lssodestentive,sinee tHeor ces or

forces I e i tu t han uld be the,c .if.the drumwere
smoot hﬁré;J"?o e@ é%f& a%ﬂc a& P g ) s't‘rﬁoém%%?’g?"lngﬂts'o %ﬁﬁlg&i PeBNE 158P5e and
vi br at audible@nisdéss tikélg (b Aibl) d6Hhe opdatbl ' thedp & fik @icirify of BFeratRipFat us, or

those |n the vi ?Pni ty of the agPar atus. -10 WO 01/11433 PCT/US00/ 17879 In
(S

or der H®3RRAFNY- Slowerduit a naise Breblemdsfound, in g5win existing equipmert: # cambe: desi gned

t he dr e $6stlly iitedtdih 1BalinY bess Ay & \MRAER the BRAGH Ok, iﬂa%u&rdﬁ@k&gﬁs not match
that o anéﬂgf Et he ~surroundi ng” conponents, and al SO so that the natural
q Gurtlsy,

r esonagfdke ayen ifitke wbethickpesnistmodified; $ush agolutivremighhom be As a resul t,

if vib ' ld.occur, it is |ess structiyve  since the frequency
does n%ﬁéﬁrr%{}x?é)%%s%g i3 b’ f)bﬂ??&f‘ %ﬂgrm%%#gwlsﬁué'ﬁﬂ?’ﬁ%ﬁhet he noi se

| S notprocessitalnttidge (Withirswhi€ls the ldinifiels\disposetipeat wetylkith differeh\BarBRfdd®r Or those
In the vici n%t:%l of operation of _the apparatus, However, if a noise problem
i s fouftd maegels: and the manyfactureror prfurbisher ofprecess partridges (98 other fomponessy) | v t o

redesi ig ot ahddys fie sBRiE a5 hai of thepHoltAddfive BRpdi Mensi ons (e.g., the tube
thi ckness) of the drum Further, even if the tube thickness is nodified,

such a sol {mother aApEIsch toominiyaizing apise frdéeryibyation in ghivtessnsitive drains basand/ or

Vi br aty 0.8l | 86 . S : | . Sl t rqgess cartridge
(i 1 i Uil e 1Set AGHE BN el BNt Bl Uil HBwme 6t act ur or
and nogeb$a plagript irsemaam Beaaidesimable ai thartheplbg hgpicaly requded sebetiaseed dges (or

ot her co nent s I s, not,.al ways the sane as that .of the photosensitive
drum aiﬁﬁ?*ﬁg‘ﬁﬂéﬁﬁ Ipsgipe fie o gl RopBabaiplaed P e ety

phot oS préferf, ttbcoiBevel) 4BRed the nBISE St vibtailbr o MEmYCInGakitih, Re

predeterm ned | gcation within the drum However, the wuse of a plug-type

i nser tPlegmush be eihgeadhersd i plage. oram interferepsedy cansba wiilizedisd thatthepligisd to be
ol acedr iy pReblc il Felnc B dthdoeeh BEciBROnE . (o The
noi se couldweésult irt the ndhesivb being inadivertentlyi disposed at lveations other than desired, or

the plug could shift if the drum is transported prior to curing of the adhesive. Bonding the

insert to the drum also complicates recycling of the drum. If an interference fit is utilized, the

drum could be deformed upon insertion. Further, since the drum is supported at the location

of the plug, but not in other areas, the performance and response of the drum at the location

of the plug might not be consistent with that of locations of the drum other than that where

the plug is disposed.

Another problem that has arisen is that the photosensitive coatings on the outer
surface of the drums can be damaged when they are engaged by tools used to hold the drum
during a manufacturing process. Therefore, it has been known to use an expanding chuck 10

hold the drum while a process is being performed on it by expanding the expanding chuck
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_plug nmust be either adhered in place, or an interference fit can be
utilized so that the plug is secured in place once inserted. Fixing the
plug with agoadhess ve can be cunbersone, and coul d resul tPAIUS0RE783Hhesi ve
bei ng i nadvertently disposed at |ocations other than desired, or the plug

coul d sipafrst thé irnbesueifacofithe drivan Howeadlifahigh inteetionifoica & reduiteddorzdhesi ve.
Bonding the insert to the drumal so conplicatgs.recycli. of the drum |If
an | nt che gt the pepaning ek must ert a ORPPORARE BrRrSPdiAR Y

I nserti g i Ulr('prErOVﬁl%bﬁg ﬁxetiﬁk%rtg)%lfﬂfcé,sc? eptghbRdhSdrunNg alpRGRE i on  of the

pl ug, but not 1 n other areas, e performance and responseé of the drum at
t he | ocardntationf Farteernponagif an ipisért requirdsea higininsegtianforogibedauserizstoutdr | ocat i ons of

t he drum ot her .t han t hat ere the plug.ig_ disposed. .Anat.he robl em t hat
has ar i UaWetekislqrgsr N é’@’f?%b’ﬂ\?gwgtgfﬁ%%a%ﬁlrfﬁgn%&?g}e‘{rﬁfﬁce of the
drunms CcaddifterslPdRMenhRg. trhavfon, Rieig as adeld)s iheabdwith Htlletopnbol d the drum
during a manufacturing process. Therefore, it has been_known to use an

expandi wgerienforce; be., the ingert prly glighthy stiches of dgpsob cantact thg dnner surface gfthed on it
by expa%i gl ndi ng chuck -H WD 01/ 11433 PCT/ US00/ 17879 agai nst the
| nner sur aceﬁg?ns?ﬁ%ﬁdrum However, if a high insertion force is required
for a partiReferinginowes Figst3@ imsepdndinnagearttamcdk with the pessenttinvgngaon, ispondi ngl y

| arge radi al out d farce in order to avercone t i nsertion force, to
t her _ebygﬁ‘?&Pdi_‘%ﬂBj é\\té%*;ﬁ‘?”hm%r‘%soﬂé?"t %(?ﬁsé’ﬁetf%‘f‘ﬁg ‘.’m’ﬁg}g{ %ﬁ‘ﬁm @Fm_ﬁ’?r an insert

requir eﬁavihgfungﬂuér QAfficker 0 ahdP&Cifind? et 54! As@hdvi in Riig_.a,nahar diarfietbrdg2ger than
that of the inner dianeter of the drum the circularity of the drumcan be

di st or t ahenteripmateraf inse 50 ipraselaxest gate Brebarably, o ‘iﬁﬁ%‘éﬂ S}iglargerted with
tthe fn BRinnb \RERLEL dfPhGBsentitife drubd ¥ adhn ibPigya. sl 1 ght [y touches or

does not contact the inner surface of thé umduring insertion. Referring
now t o Fi gs.A&ofding tosthe invédion, insestcSdds cenfigeredistdh thdtouter digmater fwiention, i s

shown therein. As shown in.Fig. 3, i.nsert 50 is preferably forped. as a
FUbul ar PR T SoRgh s e Shounie pess 3 e FREF SHmERERERT 03 "o
shown i Phdréc@ndwbtive Biugl 60] wheRinSért §¥isiefonghted SbhEHs Idh@iitingl 2@ 5§. IFeer t 50 in a
rel axed state. Preferablg., outer dianmeter 52 i s |arger _than an _inner

i

di amet eexagple;refeyming gew i Fig Havhen insem 60 isplongpisd alopg itHoggitudinahaxis p8limg to t he
i nvent i 88 4irb QARG I arGiw | : ' : f insert
50 can g r ec’[ﬁ’ggg to %id@g%%%aﬁ%mh@%@s% Ei{) a%‘ﬁ%f&‘%%‘g‘fsfo i nner

di anet ewhish isiess thivodrequal dinhéndiamirter626( thephetocondoetive dion 68. Brefengidy.ed al ong
its 1o ngxlsért] gd ﬂ%lmdg)ﬁ!o% a%%lasﬁg rrnaterial which allows the outer diameter of insert 50 to

reduce to diameter 56, which is less than or equal to inner diameter 62. when inscrt 50 is

elongated in its longitudinal direction, within its elastic limits of distortion.

For example, it is well known in the art of solid mechanics that when an elastic
member is stretched in a first direction, the elastic member will contract in a direction
perpendicular to the first direction, so as to generally maintain a constant volume. As shown
in Fig. 5, for example, when insert 50 is elongated in the direction of arrows A, the diameter
of insert 50 shrinks in the direction of arrows B. As shown in Fig. 6, when insert 50 is
released so as to allow insert 50 to return to a relaxed state, insert 50 contracts in the direction
of arrows C, which thereby causes an expansion of its outer diameter in the direction of
arrows D. Preferably, outer diameter 52 of insert 50 in a relaxed state. is chosen such that

when insert 50 is provided within a photoconductive drnxn 60 as shown in Fig. 6, the outward
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exanple, referring nowto Fig. 5 when insert 50 is elongated along its

| ongitudinal axis 58 in the direction of arrows A the outer dianeter of
insert 50 Reglpeeesst o an outer dianeter 56 which is | ess pdaasorizsgqual to

i nner di aneter 62 of the photoconductive drum 60. Preferably. insert 50 is
made f rQdthiBrce kit itectiBh Bf driws\isGhffRlehCidendndLinsett S0 wihiaMBigko s i nsert 50
to reduce to dianeter 56, which is less than or equal to inner dianeter
62. whdhatiitis aetinegssarysto use amathesive forensursthe immpbilizationof isere8@ with, within its
el asti LIy f.distortion. For exanple, it is well known in the art of
solid %g%ﬁ%pﬁégrg&t%ogt when an elastic nenber is stretched in a first
direction, fisert&0amy be formed of anyieldsticmaterialc Howeves, ifliapessenthiprefegédendi cul ar

to the first direction, so.as to.generally maintain a constant volunme. As
shown ef’}'ima‘i“&.m’ Bsert %‘?lséygﬁ]ﬁrpg{ ’f"\/ﬂlfgf?“feﬂg W{mg%“&%?se‘}e%@% ekreferbhe directi on
of ar r quemateridl RS tbBifBEI0 had bn EIRSR longiichHnlifbetwien 100%- b0 L&l QR19f arrows
B. As shown in Fig. 6, when insert 50is released so as to all'ow insert 50
to ret shengtipbeiwean| 18,080 tas1 400 psin Jusert S§may also bacenstrieted fremai“filed™ on  of

arr ows [ _ paNsi f its outer. dianeter in the
di rection o ’Sﬁéglratrsge\%/{sne@‘h I%r ei 26?%1 F‘&‘?g&m er %ugtrlr%gtaélrm ‘%‘Fhﬁuﬁggrt 50 in a
r el axednaérial,@ singk infeaembssiedd tb fiavarionksigesiofl plstoconfuciive fruaié] Badbyvi t hin a
phot ocondugctive drum.60 as wn in_Fig. 6, the ouytward -12 WO 01/ 11433
PCT/ Ua GRUEERg s Durdey i°£?‘°‘f‘%'?$:‘§pforﬂﬁn’t%‘?€dmsg%%fﬂ ‘Bﬁhﬂaﬂ%ﬁzf*éwqa is sufficient to

anchor pufth@frored ShchWintaltirial 1 mmlf Bvatiable B relalivdly edd§ to SRHR 35 Rribud GzdiSe an
adhesive to ensure the immbilization of insert 50 with respect to drum

60. |nsert B0 anilpstriive gxannie of ingarh S0cneoprene tubingayas formedividhapontey n a

presen : | | | : astoneric

mat er i ﬁ%ﬁ%?ﬁ% ;‘ﬁ‘é‘g%t?@?gm r er}glﬁ’é cﬁr&?/a?é’tatvﬁg%ng% ?ogla%rggg%?ecl}f bﬂmﬁ’Sert 50 has
an el ashd e weigbtafapproxiniately 200get/five Ehe thbigsvadQfdtchadiumtil yheaduter didnfe@ngt h bet ween

10, 000 to 100,,000 psi.. | rt 50, may.al so be.consijructed froma "filled"
mat eri 3% "éﬂ‘&eﬂq%%pq?‘@gﬁ"ﬁte&%?ﬁm&éf‘%H%@F%We@géfgﬂ.ap BHEYS Y ng an i nsert
Wi th shgVingan iRéridndter ofagpre)anately BBRI, theadb %vﬁ%ﬁbp&&hhhﬁly\m& ges sizes of
phot oconductive druns, thereby redycing tﬁe burden of stocking different
si zed cligiapeedepsen theroptsr iface phibetubingippd thespnepairfess of the deum. (Rncetlieal i s
readi | @,yﬁ, &4 | - 5RO 3 J o VAT ' As an

I 11 ust }r(%t i veésg@av%rr%l e oééﬁiiaﬁésdgirﬁt%h%vd,ﬁ ne%pr eﬁg{e%lﬁ?%‘gasmggh%gr%nn@%%%&( h an outer
di amet elowdd ta pxpaps andeinerease B@massire cantacebatwent thd aitter surfaceaif kthetthbingarlss of

approx Ith@;[n%lr ¥ur?argm>f the drum. Since the outer diameter of the tubing in a relaxed state was

30mm, and the inner diameter of the drum was 28mm, the tubing provided an ample radially

outward force for anchoring the tubing into the drum without the need for adhesive.
Furthermore, since the tubing was elongated until there was a 2mm difference between the
outer diametcr of the tubing and the inner diameter of the drum, the tubing could be inserted
with zero insertion force.

An alternative embodiment of insert 50 is shown in Fig. 7, wherein insert 50 is
constructed with a first longitudinal member 70 and a plurality of longitudinally extending
members 72 provided around the periphery of member 70. In this.embodiment, as in the
previous embodiment, it is preferablc that an outer diameter 52 of insert 50 is greater than an
inner diameter 62 of a photoconductive drum into which insert 50 is provided. In this

embodiment, first member 70 may be in the form of a tubular member constructed of an
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~and a wei ght of approximately 200gm ft. The tubing was stretched until the
outer dianeter was reduced to approximtely 26mm and was then inserted

into a photweenfiass ve drum having an inner dianmeter of afi¢ToSONHEH y 28mm
t hereby providing approximmately 1mm of cl earance between the outer surface
of the diashi Retednr SiRfarty) IigitadinflBcextenliing heenthers 02 mycle ih ke fotmbf ng was noved

to a desired position within the drym the_tubing was released, and thereby
al | owedubwaror per thapadanembars Agtnesessardy %ﬁ%o%thﬁfaé’&? mpfengles frst Membet er surf ace

of the id‘tﬁw&nmn%hgeﬁwgaﬁm&%an&fr,maﬁgé]agme@tﬂﬁetﬁr nawd er di anet er

of the tubi'ng In a Telaxed state was 30nmm d the inner dianeter of the
dr um waeen28 il inkeet J0udhickyispommonlymsetindmegeformmgabparatusest war d f or ce f or

anchoring the.tubing into t drum w t toth& Niee |

Bt her or 6. A Sirite At of e Hedid bR ERTR. 17 s dBlm B BE B

di f f er ems@t $056 eeRGuéthEin theifoRi of b asRigatedQlectd 75, tinlthengesendly ploferredner di amet er
of the drum the tubing could be inserted wth zero insertion force. An

al t er nathislirasnbgrHeaied Yeeve 75 basa sprugated shgpg dafming gpluplitn g @pRAle i nsert 50
's con 39 7¢hddhe alohf Be DRAGIEAGAE SFBRAALEr S0, AR cBrRiatER 6l ¥ OF

| ongi tudin y extendi ng ~ne provi ded around the periphery of
menber ddéfine inet folds 73 rebd dierfolds 78s Alsillistrated priigi b sleewriifduis peovter it i s

preferable th n outer .digneter .52 of | rt 50, s greater .thag.an inner
G amet cPagsiep s balin BBt man BE e 4panR 62 & Gl Breeri i w8af 35 dea. 1
this ewhndérationsfas sch, 18 BLRF didfleldPS2 dfldeve 1911 ehdlyfediceduponabul ar nmenber
constructed of an -13 WO 01111433 PCT/ US00117879 elastic materi al.

Si mi | ar flgneatiom@s sharoria Fig, e Kughamats. the feregations prayideestuenia@hich i of
tubul ar su%ci&ﬁ%emggﬁac HEHRS ridialRPouriad el 'aXch'SBH%meinsreH%ﬁ@ﬂiﬁ ipRferial as

first nenber nstructing rnsert 50 as a tu ar nmenber, a shaft may
be i nst airfacel64 dfidyug60t he center 74 of insert 50 which is comonly used in

i mage form rat uses. further. enbodi .qf t I n t is.shown in
Fge: 8 10 ERBRA e of w18 e g b e 2 islrebt el § §fber R he 't or m
-of a coslesig I atlths iterRIdETS. By dohittruptiSsidtivt 5 Y bk thedbgre2ros esiutisnt of
corrugated sleeve 75 has a corrugated shape_defining_a plurality of annular

cor r ugafic ST Hemetst Meef slacyn S aaevedwhen dervhP isslongatsd, ispnhapesd; Kert 50. The
corrugagy , Gfice #l€ Eﬁ%‘%gé S devd 94 Qﬁhdgizn&rfﬁd??zﬁ{lﬁg% tﬁ%} tggt'at iR o'uiek| ustrated

in Fig. 9, 'sleeve 75 an outer I anmet er reater than the
i nner dfcddsethe inn@Pfodds 7dresist 6é0panfipn coresthanithe butgr oldsA8e Fobexamiplehacsbeaveigat i ons

as SUChgs | NFondMee hethATTIRE 77 and st AV h2 ekanEEOh LY whEHY GS £PRN

move outwardly, and the outer folds move inwardly. Therefore. where the stiffness of the

inner folds is larger than that of the outer folds, the outer folds are forced to deflect inwardly
more than they would if the stiffness of the inner and outer folds were equal. Therefore, the
overall radial contraction of sleeve 75 is enhanced when sleeve 75 is elongated along axis 58.
Preferably, in order to form inner folds 77 with a higher stiffness than outer folds 78, a
thickness 77A of inner folds 77 is greater than a thickness 78A of outer folds 78A. For
example, in a presently preferred embodiment, elastic sleeve 75 may be made out of a widely
available synthetic rubber, such as polybutadiene, with thickness 77A of approximately 1.0
mm and a thickness 78A of approximately 0.9 mm.

Also preferably, sleeve 75 has at least one closed end 79A. However, it is not

necessary for closed end 79A to form a gas-tight closure. Rather, closed end 79A is
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el ongation, as shown in Fig. 9. Furthernore, the corrugations provide .a
structure which is sufficiently elastic to generate a radially outward
force for WA®NOMPhg the insert 50 to the inner surface B‘ZT’H?““é?ﬂ% 60.
Preferably, a stiffness of sleeve 75 at the inner folds 77 is larger than a
st i f f nersfsrably qonfigured Wsprve a5a stop fare tood pead ferptlenpatig sl@ye 2HnBarr uct i ng sl eeve

75 as f ' ' . f sleeve 75
achi ev%%&\?ﬁéén&g?\gg\%ﬁgsf Fsr&g%é’}aﬁé;“i% foset]%%ﬁ%%%g%ﬁ ﬁl’—'g)?rﬁlts%(magéfi 31 since the
sti f f niasomghbpenl end 7B, Amtibtodi& abuts tlesedfent GSA 7 Th this positigg rod ladgantbbat at t he
outer folds,. the ipner_folds 77 resist, expansi.o re than the_outer folds
b omshadaging clostd GRL79AT Coeehy cleBeuR arver s SO IR ARSI 32 0l out o
fol ds Jif1eave7% BameiRatlyPreatel BPdlloW ek &S0 dald il dritR 66, AYEMAIh¥ig and the

outer folds nove inwardly. Therefore, where the stiffness of the inner

fol ds 9.sinceieyaigations 76 alew sleever/ido beicasily elongated, anddhesehyesasityoedsedine forced to
defl ect jnwardly. . nm, Jl d. i stihbffness of.the inner and
out er #ué‘%@'samv?gerr’elt lesg;gg e.cg%%grt ‘Ee%)ec%%r\,l%%ﬁgd b%%é?% ele. lrzélgll“gfg 5% acti on of

S| eeveRather] the pathrahesistandegenaited bwedn thesourdradiaie ofi sledverTg aad the iblr

Preferably, in order.to forminner folds 77 wit hi gher | ffness than
out er %"séﬁésﬁ%dr%n & insoRisitio PR tongatiga of B> pher 51%5‘?“&33% Afhan a
t hi cknaagediBrdugd digpiee fol ds 78A. For exanple, in a presently preferred
enbodi nent, elastic sleeve 75 may be made out of a wdely available

synt heti ¢ rAlispetively, sdased endsidA of stegvi Trran bafarmed with o erdsplate avhish

approx!gpﬁ . | O _appreoxj I nun. Al so
prefera yefaﬁés{f)%[g\(/héc %%ggmg?ﬁt%g é%ﬁ&%%séh%%gggg. ie)drid&ég)ﬁﬁ {ngoc\)/l\oé%deer%,d it is not
neces sHAywitioreceptarded( tiet prépér drfenktaiomofirod 83 divigghinsettimsis essurddat her , cl osed
end 79A is_ -14 WO 01&11433 P lléJSOO’tﬁgfg‘]Q, r,eferab% % configured to serve
as a stop MsferHng By o fags) % Hrand 1A methegfor insertine tpsert 3intoR anpl e, as shown
i N Fi gphofbcomiubiwé d?dm BB Yvild Be H&sBGbedReRimdBBM € sl eeve 75, by inserting rod 81
t hrough open end 79B, until rod 81 abuts closed end 79A. In this position,

rod 81 can Asehopminiaes. 44 andhkd, agmedpddordnserting dnsers S0 iiutp apyotesasrvmive sl eeve 75
such tdigh colineut aﬁstﬂmmsﬂaﬁ:ggigﬁge%ﬁhigy@;]ozmlﬁiég{oég b i ecuced o

al | ow sl eeve to pass I nto own in sl nce
cor r ugwdte wherein@heinsepi/has hie ewter didméter largerabai dnyinnee Hiamgtat efthe and t her eby easily

0Lkt St R o P SRR U B GG €2, £°
bet weediathdiér equidl €6 orSledsitemah®innérl didiveter 68 the PHotb&@sitivd\@am 60U ThseA S0 64 - of drum 60
is sufficient to cause el ongation of sleeve 75 when claosed end 79A is

then inserted into the drum 60, wherein after insert 50 is released, and allowed to return to a

relaxed state, a pressure contact of the outer surface of insert 50 with the inner surface of the

photownducﬁve drum 60 increases. In the present embodiment, apertures 80 are formedin -

the first and second ends of insert 50, and engaging means 80 such as a wire cables 92 and 94

are interfaced with first end 82 and second end 84 of insert 50. Wire cable 92 is then

threaded through photoconductive drum 60 and wire cable 94 is immobilized, with a vise, or

the like (not shown). Tension is then applied to wire cable 92 in the direction of arrow E, as

shown in Fig. 12, so as to cause insert 50 to elastically elongate such that the outer diameter

of insert 50 reduces to an outer diameter 56 which is equal to or less than inner diameter 62 of

photoconductive drum 60. Once insert 50 has been elongated as such, drum 60 can be moved

over insert 50 until insert 50 is inside drum 60. Once insert 50 is positioned as desired, wire
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.pushed through drum 60. Alternatively, closed end 79A of sleeve 75 can be
formed with an end plate which nmay be flat or in the formof a receptacle
79C, as showndAidsg. 10. By forming closed end 79A wth PEHEPOAHE™® 79C,
the proper orientation of:rdd 81 during insertion-iis ensured. Referring now

to Fi gs. cables b3 afdI0l dedh théh BEREIEAEd Fith thad BRI dubdd ianivte? bf inbddt S0xPamis in the
phot oconductive drum 60 wi ||l be described herei nbelow. As shown in Figs. 11

and 12, diregtiemefprrosys I, shesvn inig.i6nand thersby ingfeases 2 BrssuEeoRtrsLRsTeen s um 60

i ncl udes. ' I ' [ skt 90! ongi tudi nal direction, from

a rel axeﬁ’g&}tﬁg%%aé\ﬁh&gﬁg‘ﬁ@?%&ed%gﬁﬁﬁgggg# outer diameter |arger than an

i nner di amet eWhedf ditule60 is hmivedseves insérv £0, ds shmwnsin &lig. fl . misalignoent betiveemet er  of

the insert is elastically, red dto a .dia er..e to.or Less than the

i nner di phALgsepsitiye ‘{'ﬁ‘@%ﬂﬁéil 5@%‘#1&&?‘?’(/%“&? ﬁﬁlg}rjrﬁ%‘}%@g#%é@ l]%g,k a%aﬁgﬁaq nsert ed

i Nt 0t heed 4B 60 MHGER prevtintifg duRSEd fton? DlidiSy 6wk BR&ES0. Ridebfare] RWRSWH O

return to a relaxed state, a pressure contact of the outer surface of

i nsert 5 Kigt13, fitsterid§2cinsest f0fis preferdblst tgundedise that s durextiop of serh$® W ncr eases.

In the p&r%eggisgig&%e nt, apertures 80 are fornmed in the first and second
a

ends of i1nsert . and engagi ng neans 80 such as a wire cables 92 and 94
ar e i nt er f accRefuiriv nbivits FigeOychs 8dcued abecq nitewith Gd botlongwelly ib&rtinga e cabl e

92 is then threa hr qugh ph onductive dru and wire ble 94 is

i b | | ?th,“"aﬂi Wgéq\}f“&}gh_ G °t SH.aR gt g‘&??&ﬁﬁ%‘ 99"r-eﬁ§ P i hg, appl i ed
to wire gRii&ion eh&atws,( i€ bétRBenthie AltErNfhce TSlee BV kiR ifthed surkde SO as
to cause insert 50 to elastically elongate such that the outer dianmeter of
i nsert 50f draenbdds sufficient fonnavsing] iwhae radr8 158 pigpsed reainst elgsediend #94+thg ess t han

i nner di [ | ' been

el ongat e%ggéa%gﬁgﬁs,lg%F J%@%%Q@%%&Eé%&e e‘ﬂg\%g?slle%g?ttd g%éﬂ‘%cf ?Pug{ﬂﬁgaért 50 is
i nsi de dsleened car¥lde intnseurh 6G.0Altangivelyt omencedd A3B dfdeaveds covld be - 15 WO

01/ 11433 PCT/ US00/ 17879 . cabl es 92 and_.94 can then he rel eaged such that
Che out oPSGPERBY BRI AL B S RCRGLS 1 eRe=d it o] SHEEB obiee Wt
shown i ndiamter §2 offslébvé NS isGtickd o RBGRSerSmAMESHAN BatCT Medfer BREAE 6D of NE

i nner surface 64 of drum 60 and outer surface 59 of insert 50. When drum 60

i s nmovedd@ine0. Bisparforming thesmethord\wf insertitigens such, sleevisi78 i bpinserted Mithowten

phot osengi t.i.y: : Q % ii‘iﬁt nd 82 of insert 50 to
| ock agagénntg’fa a%%%%gg?&g%d%ggg)}&t&%ere éur%r?cg\%r?%l ng ¢ rum 60 from sliding
over insert OSReferfingmetvas Figsalkt aalldd/a futtherfetbodihent éfi thesmethodifoB thsemingtt 50 1S

prefer ab{ngerg 96] lrr]x(tjoeﬁm%)co}l u%:[dve;[ emI é&sise gl'}olxv%r{heq"];in! S%Eé\ cEwn5i(r)1 igtlg, a tool 100 for

elongating insert 50 may include engaging means 90 for engaging first end 82 and sccond end
84 of insert 50. In this embodiment, engaging means 90 may be constructed of expanding
chucks 102 and 104. Each of expanding chucks 102 and 104 may be constructed with three
way (or more) expanding chucks which are configured to engage with the inner surface 106
of insert 50. Expanding chuck 102 may be attached to first arm 108 and expanding chxick
104 may be attached to second arm 110. In this embodirient, arms 108 and 110 are attached
to device 112 which is configured to move arms 108 and 110 relative to each otherin a
longitudinal direction and to control the expansion of chucks 102 and 104. In operation, with
expanding chuck 102 engaged with the inner surface 106 of first end 82 of insert 50 and
expanding chuck 104 engaged with inner surface 106 of second end 84 of insert 50, first arm

108 of tool 100 can be moved in the direction of arrow F while second arm 110 may be
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drum60 is sinplified. Referring nowto Fig. 9, as discussed above, sl.eeve .
75 can be elongated by inserting a tool such as rod 81 through open end
79B, and aweionswsx| osed end 79A. As shown in Fig. 9. thEC?'P$°8{'786

generated by contact between the outer surface of sleeve 75 and the inner
sur f acenoved indthedirgtion ef agieMf I 8¢ ago elangate insert Hly, Bxwsing deyised10i s pressed

agai nst_cl osed en 9 ' he outer

di amet &P* 235 ucgj%\zlhetéfg‘E P g‘%lgﬁoﬁgg%yeﬁ%%@{}ﬁg%ﬁsﬁ%%%%%?:EgﬁérsI ide into
dr um 6GnseAIS0EThééforeplnym 60nay eristld/Sdn affirss babsleof Aoum 60 mdkhhaa exgandingr ed by
hand or machi ne, such that SL&%VE 5 ig elgfgggat,ed t8 s;ch an extent that
the outchick ldfdfREexampispwhie topliifcan be nsed to-clongats imsgrt20 and psertos |l er than

that Ofynds R @@Eﬁm%&ﬂbﬁ@&ﬁi o Urum G0 UDNAR thisSHetRGY; E&éﬁ%@&a& BE indEridaod of

i nserting as suc sl eeve 75 can be insérted w thout generating any

subst aritp diuni 60 withaw theingéd tolgentactiapy pertien efithe Gfershrfenewidam 6(etiessbyi ng now t o
Figs. 14 ang a further e 3153 f the nmethod for inserting an

i nsert PEO*M gaS“B‘ﬁ%"t% en°3§%§?r\%g§¥ﬂrw 'is shown therein. As shown in Fig.
14, a tool $Pfllki9)as shdvanigdig. 9gexpanding ciidk bd/canibe hssdao aagagnthg nmeans 90 for
engagi ng first end 82 and second en,k 84 of .insert 50. In this enbodi nent,
engagi MgsiHemetsingD Gmllﬁéﬂe’sﬁgﬂ% gsaried ﬂ&rellé@aﬁ?éfqﬁ&?%wamﬁlﬂ?ﬂ&ﬁd 104. Each
of expandi &@Eﬁﬁn&ig fisl QAR IBRY rh SvEedRing telbidesehtratell dREng WY (oOF

nor e) expanglfng’c ucksg\?ﬁach are confiéur ed %o eng%%ée vviath theg I nner

sur f acénse@idn obfledvaddrt 50. Expandi ng chuck 102 nmay be attached to first arm

108 and expgndi n . be nthis
erbodi ment - REPRRSEEY 18 Figh 1 R 1 EhlAaBukh TSR I nfee arl

conf i gused ifit®@a photesensitivg dihiB asstbwhitBereial Ak shosvriin Fignd6, enpdying meana 90.

| ongi t udi_nal direct.i of an coptrol . the ex I O f- chucks 102 and 104.
I n opers‘é‘{hiaéﬁf‘pW‘PﬁJl.g%&ﬂéﬂ il%m@ﬁgﬁﬂmf %wﬁggiwﬁﬁwﬁ% % yr f ace 106
of fir $iseRBRO iPdirefion dTaftbivs B0 insert BOBAH BAGnseREitol@dm BOIRAREWNM h 1 nner
surface 106 of second end 84 of insert 50, first arm 108 of tool 100 can

be mov&i.ilh Inthisgmbedimensndrym 60 mushbethypedecdoveparaniPdpsimilarintothy be - 16 WO
01/ 114 ' i i |
%g.g_ﬁ’%’éﬁ%%ﬂ &ﬁ%sl. g’gkﬁﬁg \Qlé%%ig t@ﬁdﬂg% t&(gfa 40 Ehd24 oﬂtﬁ' rvﬁ?c@bl% 92331sh0 €l ongate

i nsert y usl ng as such, ere are no
conponeanskowndn Figl &7, bacednsertt3@ hak beannpositioned within dinmré060me 124 and 126ert 50.

Therefore, drum 60 may be held froma first end, 61 of _.dqrum 60.w th an
el SHbe BB AErdE chelp el the RN et 9o dor il Sfl st rd 01 angat ¢

i nser t yRibebybréabSLpressineohitact Hetween e fifurfatedd Jridaimn 6eaM win@Ra R 59f drum 60.
Using this nethod, insert 50 may be inserted

of insert 50. In this embodiment, it is also preferable to provide fli'st end 82 with a rounded

shape, such as that shown in Fig. 13, so that insert 50 can be inserted into drum 60 with
reduced risk that first end 82 may impact an end of drum 60 during insertion.

Referring now to Fig. 18, once insert 50 has been inserted into drum 60, first and
second ends 61 and 63 of drum 60 can be provided with end pieces 130 and/or 132. End
pieces 130 and/or 132 may be in the form of a gear 134 and/or ﬂa_r_lge: 136. Typically, gear
134 is provided to a drum 60 so as to provide an interface to a motor (not shown) for driving
drum 60. Flange 136, is typically provided so as to provide a bearing surface for supporting
drum 60. Alternatively, end 6.1. of drum 60 could be provided with a gear 134 which may be
used for driving other rollers or gears. In any event, typically gears 134 and/or flanges 136

must be Bonded to the inner surface 64 of drum 60 with an adhesive. However, use of an
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into drum 60 without the need to contact any portion of the outer surface
of drum 60, thereby preventing damage to the outer surface of drum 60.
Simlarly, waoesh@m in Fig. 9, expanding chuck 114 can be REFAHOYYSTRI nt ai n
the position of drum60 while sleeve 75 is inserted therein. Since sleeve
75 r equiaflasive rdites @ n@fnb&®f protieid in dhe hanéeureiphotbséigitive dedms. s suf fi ci ent
for overcom ng the forces generated rin I nsertion,qf sleeye 75.

Ref erring noﬁP&%@P’ﬁsﬁfa%S’é(ﬁ&mf‘??e‘ﬁ %Fmg‘?e @%@%‘%ﬁfﬁmﬁ“&nﬁﬁ%ﬁt@ﬁ&a"f or

I nserting §Prisk ﬂﬂ%eéi@xﬂaﬂageé%%ﬁbﬁ%ﬁi th ¥@ter MRS cHIRWA 60116 RlcAsedAS Shown

in Fig. 16, engagi ng nmeans . such as expandiurll_& jigs 120 and 122" may be
pr ovi deavhich maynequi4hatddum 86 be onmedistely alisoarded. Furtherrare, a8lesivies dit thect i on of

arrows Hso that insert .50, can be insented dnto d 60..as _shown in Fig.
YR s S S S M R R L R
t he enmbqlith@iioress WaNar aihEdiesis udct 18 BendlPcomponeit o 4ldwim €0h kSdiuby 6aited over
wre cable 92. Also as shown in Fig. 17, once insert 50 has been

1
posi t i oW toHPIHOYE YRR erspoReRss Whota diym 608 o begrexsiedndbhersfare s ds each
ot her i Ryelib@iedh hiisid iHRVsOEF ARLHNS. | so that insert 50 can expand. and
t hereby 1 ncrease a pressure contact between inner surface 64 of drum 60 and
out er sur f acén Bght obthe probéants d@sing adliesives fonbandingeend piects to phetosepsifivef er abl e

to provide first end.82 w a rounded. sha such as that shqwn in Fig.
13, "o i i e begnent otshe Protedt Btion, a4 AEok et Ploaiod 1 ok t b
first endnded diemly toR@eft S0 afRP thsét 56IhdéMeéinstifiel Ro HASEEU. | Kot exdtgilerasi Nng now
to Fig. 18, once insert 50 has been inserted into drum 60, first and

second SHeRn BFigd. gear 534 and fiango 1 36mashieclyiorArnestingmembentiSoviieles 130 and/ or
132. En | ; | : r nd/ or

) ange T3EREEARR imnElaRREC M6 oiimeiBY. Mokl BFatRhiRE Ghd BicfBAB0 didol0 O e
an i nt erlBawvthtiasert SArgear 1 Y4raod/ozs Aangs)136 oan birdttathed to dmuoméWB@ithdut thegree 436, i s

typi cal | rovi.de 0 to QVi a hearing surface for supporting drum
60. Al téﬁ’h%ﬁe%‘ﬁi,y §%‘H‘a"§i°%f‘ﬁfﬂpﬁﬂ€%6mé§ul d be provided with a gear 134

whi ch nmay be Afisimert 50%s dispovddaitih bfin 60) ahdPér pidce§ B30 fd 15D sadhyas g¥aNt ,

typi cal llé gears_134_and/or flanges 136 nust be bonded to the inner surface

64 of dridfprdionflange kib aemeuntgd 1o qaghenAaf the drum§0. dpm.60canthen be Totatably

PCT/ USO i ' 0 h'l?ﬁﬁ | facture of
phot ose gé({ht?lfé\a}% p%l?ﬂ %%ﬁ dlg%rsrl%& gsﬁrﬁplﬁlge,d? | a%fr?gésdi V&% ?{Héggg Qaltsulg‘ggegﬁ rg‘ji:] ng the
manuf actutitizeddf aphatoespimor piinter)dr um 60, the risk that adhesive may be

spl ashed ont As thsgusgéch a rovg,'%ﬂg f)argezseent6 f?lve%ttiorq h%@ld@? several ftrglp%{'tgrﬁsa%gdntages over

noise reducing inserts of the prior art. Firstly. bv constructing a noise prevention device for a
photosensitive drum from an elastic member which has an outer diameter greater than the
inner diameter of the drum in a relaxed state, and which is configured such that it can be
elastically elongated and thereby reduced in outer diameter to be smaller than the inner
diameter of the drum, the present invention achieves the dual goals of providing a noise
reducing insert that can be inserted with little or no insertion force, while generating the
relatively high radially outward force produced by an interference fit. Furthermore, since the
outer diameter of the insert in a relaxed state is larger than the inner diameter of the drum,
and since materials which can be elastically distorted as described above tend to possess good
noise dampening properties, the insert provides numerous points of contact between the insert

and the inner surface of the drum, thereby achieving a strong noise dampening effect.
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which may require that drum 60 be i medi ately di scarded. Furthernore, .
adhesi ves on the outer surface may affect the photosensitivity and/or

per f or mancwo@1/183um 60 i n operation. Furthernore, when BETHHEYe is used
to bond a conponent to a drumsuch as drum60, it is difficult to renove
such conponéyidisiopslbi sincethe insgbadcarding t thepeesent[izngntiorrap b¢ ysed to phsorbs

desira L0 | es] J i obl.ens of using
adnes; SRS obisf 15afs dAHITRIKAS) of il Yoming bRt UGS

enbodi nses theifnsért) eheps i3m0 mted toirdasenthe thixkaess of thé damal/ DhierdfoMe predssd nay be
bonded directly to insert 50, after ingsert 50 has been inserted into drum
60. Forl™ swb%léz allgys tp e wg.ﬁa%'g,ef virtpally apyqhicknesyeurrenty wsd i ncl ude
connectf'oﬂqlag@fmﬁ{ngja? §h is engaged with inner surface 106 of insert
50. Therefore, by attaching end pieces 130 and/or 132 with insert 50, gear
134 and/ or Obxieydly.Benereus medifications iadivaristions aftlepregenttinventiohare use of

adhesi ves .4l 2 Suf. Ny t. .50 1is

i spos s 1 MORGE et BERetts BB oo b ideBShlacsbe 5,

and/ or dfitrragpentiebelains, o investibntmayctegiracticed dlierivize aslh aspédficatly um 60 can t hen
be rot%%%%L maunt ed upon a shaft (if a shaft is utilized, and di sposed

Wi t hi n % dcartridge to be utilized in a photocopier or printer). As
di scussed above, the present invention provides several inportant

advant ages over noise reducing inserts of the prior art. Firstly. by
constructing a noise prevention device for a photosensitive drumfrom an
el astic nenber which has an outer dianmeter greater than the inner dianeter
of the drumin a relaxed state, and which is configured such that it can be
el astically elongated and thereby reduced in outer dianeter to be snaller
than the inner dianeter of the drum the present invention achieves the
dual goals of providing a noise reducing insert that can be inserted with
little or no insertion force, while generating the relatively high
radially outward force produced by an interference fit. Furthernore, since
the outer dianeter of the insert in a relaxed state is larger than the

i nner dianmeter of the drum and since materials which can be elastically

di storted as described above tend to possess good noise danpening
properties, the insert provides nunerous points of contact between the
insert and the inner surface of the drum thereby achieving a strong noise
danpeni ng effect. -18 WD 01/11433 PCT/US00/ 17879 Additionally, since the
insert according to the present invention can be used to absorb
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.the vibrations and noi ses generated during operation of an inmage formng
apparatus which wuses the insert, there is no need to increase the

t hi ckness oOfyoloig1485 UM Therefore, the present invention REUEIIBEHS t he
drumto be manufactured with virtually any thickness currently used for

i mage f Q@i apparatuses. CObviously, numerous nodifications and variations
of the present inventign are _possible in light of the above teachings. It

is thereforelt @lﬂ@t‘!}ﬁ%ﬁ&@t"ﬁ%f?%fma%f?ﬁﬁ“ﬁg NSFIWPIISIPEY he appended

clainms, the inven se and as specifically
descri bed herei n. Ed)%u%%ﬂﬁﬁ%l@&wléﬁci% U%%l(t)%%l 879 Cinms: 1. A

phot osensi tive drum f ofi) an anromtee phatosensiivepplaceannd conprising: (a) a

t ubul ar phot osensitive rrber hav (i) an outer photosensitive surface;
and (ii) an inner sur@’gg "‘Jﬁ%‘fse prevention device conprising an

el astic nenber di ggosessd Iﬂé\'eﬂ@orﬁdevm&%bﬁpﬁﬁbglirﬁﬂmbﬂieﬁﬁeﬂ&sﬁdsmnﬁiﬁ@bﬁr sai d
el astic nenber having, in rel axed state, an outer dianmeter |arger than

an i nnersauhtammho@se@wmewherp said plasticancaabes Aaving. ipMelaxe HBe ATt i ve
member @4.%@ %%%th%m 39%&%m J}g\tsax%ma% ph&o&hﬁﬁ@e ¢ nmenber
a ongl t | nal

is el ong I'n~a I rection out er aneter of said
el asti c memtwe;saiteefastie meinhert doofigured mﬂﬂm&dfhen widelalitio member iselongatbrdin asai d

i nner dianeter sai d t.ubul a nber hot psensi tive
drum as lf“éﬁf E’ﬁlo‘glﬁ’ Efl"his?# Tuteﬁ.}gtﬁg 1%@?’%5“%%5 elas Cg‘ %J'

t ubul ar tmaramietmﬂﬁﬁsﬂaneiea&haaefw‘samama@hom&nsxﬁv@memaaensn tive drum as
recited in Caiml, wherein said elastic nenber, conprises a first end and

a second end2 \ﬂqu%?sﬁn%tAYe(ﬁf'H{‘ af eeided ip (aipy 1, %Fﬁlqﬁafds‘tlasﬁﬁﬂleg@ébnd ends
i ncl ude &%gﬁ?gﬁratt%lﬁar%énﬁ%}ﬁﬁdébk{%}te?a%{ohﬁ%)[na%?fape”d' cular to a |ongitudinal

axi s of astic tosensitive drumas recited in Caim
1, wherein s&d&pﬂuc&siensmw&htnmasrecmq:lm@am I wherest saidelastic oemberend, each of

d first d i t di bstanti al |
Do pend PSR ARS PO AGH £ FaPHLFnyhaeR e Rlleatats plSidRfaRd sipongeds ' @ 1Y
phot osenstlide/sh dpeitive Afedt@Csubstantially pérperBicklar th £ lodpitudimil dxn@ beGt blastEenber

member.

4. A photosensitive drum as recited in Claim 1, wherein said elastic member
comprises a first and second end, each of said first and second ends including an aperture
extending substantially perpendicular to a longitudinal axis of the elastic member.

5. A photosensitive drum as recited in Claim 1. wherein said elastic membcr
comprises a first member having a longitudinal axis and a plurality of longitudinally
extending members provided around a periphery of said first member.

6. A photosensitive drum according to Claim 5, wherein said longitudinally
extending members are bonded to the outer periphery of said first member.

7. A photosensitive drum according to Claim 5, wherein said longitudinally
extending members are made of an elastomeric material and are attached to the outer
periphery of said first member.

8. A photosensitive drum according to Claim 1, wherein said elastic member
comprises a first end having a rounded shape.

9. A photosensitive drum as recited in Claim 1, wherein said elastic member
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conprises a first menber having a |longitudinal axis and a plurality of. .
l ongitudinally extending nenbers provided around a periphery of said first
menber. 6.WA0MEHEsensitive drum according to Caim5, \Aﬁ%‘f’ggqq"?&?d

| ongitudinally extending nenbers are bonded to the outer periphery of said
first Gampayesavormrygasdslee¥ensiti ve drum according to daim5, wherein said

| ongi tudi nakdy EaTo M I : he material and
are attachegé't%pﬁﬁ%&g%%er prem??% %‘ira{lllq%)l séiv@lgl%el I's e?na%{r%g%?ﬁn'bgr A

phot os emmptisey @ phirality oftanouleki cogrugasiofis.ai m 1, wherein said el astic nenber

conprises a,fifst .end.having a _rounded .s . 9. hot gsensi tive drum as
recited in E:{-a)lz‘ﬁi“lt?seﬂﬂ Yee‘?’H‘%ﬁF??“%‘P‘agl?‘E‘%ﬁB@rﬂ seld gBpested HoEYE 111 1 1111 G L
M S WOirthidés ihaek fRdT dd536xg ah A8ne? diabRiEP idSduer Fol@OdefinmgiRtouidraitieter b8 A

phot osensitive drumas recited in Caiml, wherein said elastic nmenber

conpr i Shednsertpwhereinastifosss ofah laastone innex fgldk is lorger than a stiffeespefatdeastioneve drum as
recitedybiptd @ m9, wherein said corrugated sleeve includes inner folds
defining an I nner dianeter and outer folds defining the outer dianeter of

t he insert, 122 deimacaordingftdé Chdia 10§ whereih e ditknessef saidisieevieat shid & 1éa8¢ ger than a
stiffness, of at .least one_ .quter fold. 12. drum accor dj to Caim1ll,
wher ei ﬂn%m{‘ﬂifg]eﬁ%lgﬁg%ﬁharéﬁp’bc fss o e geeé'ﬁiattfaétat Feé%fé’f‘e °‘E}F|‘é%°rq2ner fold is

| arger thanin A hictod @rSedikcing at Rasi bfCHhoRt a8Pibrafién indAthafBuiger fold. 13.
A nmethod for reducing at | east one of noise and vibration in an inage

f or mi n@PPAEARSLPBPUE M onpri si ng: el astically el ongating an insert in a

| ongi t udi nalja&icdiIRidd3Rt tiﬁk%rti' i ﬁjilm : MS in the
i nsert has a?l ou%yéetrl l%lgtggeqtner éﬁrlgg{n&t an %&Pﬁﬁéﬁtﬁ%ﬁlg‘%@:ﬁ&ﬁ% aEae
phot os etateiwhierein the irsert hassanohtet fiametenlacget than ah ianertdéametdr of he i nsert i s

oot ol Y Bl i BOE b il P RehlLE o A 2Tt
phot os diafiietet sgaani® wb ks thad the Wineodikkeier TR pliotoBersiive idmber; 2 r el axed state
such that a‘111£)errtmesgs é eelor(lzgqape%?gsgn ?x];to ?h% p%g{[os?ernsitive member;
allowing the insert to return to a relaxed state such that a pressure contact of an outer
surface of the insert with an inner surface of the photosensitive member increases.
14. A method as recited in Claim 13, wherein said step of elastically elongating
comprises elongating the insert such that the outer diameter of the insert is reduced to a
diameter less than the inner diameter of the photosensitive member.
15. A method as recited in Claim 13, wherein said step of elastically elongating
~ comprises engaging a first end of the insert with a first engaging means, engaging a second
end of the insert with a second engaging means, and moving said first and second engaging
means so as to elongate the insert. _
16. A method as recited in Claim 15, wherein said step of inserting comprises
threading the photosensitive member over said first engaging means and around the insert.
17. A method as recited in Claim 15, wherein said first and second engaging means
are inserted into an interior of said insert from either one of said first or second ends.

18. A method as recited in Claim 15, wherein said step of elastically elongating and
said step of inserting are performed simultaneously.
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surface of the insert wwth an inner surface of the photosensitive nenber
“increases. 14. A nethod as recited in Caim13, wherein said step of

el asti cal | yv&amggi ng conprises elongating the insert suebrabeanigihe outer
di anet er of einsert is reduced to a dianmeter less than the inner

di ameter of t II%QP .15, A nmethod as recited in Caim13,
wherein said lls@feé%qgﬁaggrﬁgﬁécaﬁ y e (g{%%%%hg conpri ses engaging a first end
of the inser t(ayd phvtasetsitiwtdrenhavjingan imsarera@mgdgn egtensusiecnrod end of the
insert with ecqnd en i ng.nmeans,. .and Vi n aid. first and.second
engagi ng me ia E‘Bseagre‘f%‘%g? 8%'@%&°8“¥’H§‘“$ ﬁ%gllg“?h.c 'g%n%eﬁgﬁ%?sﬁgﬁ’sgg ofﬁ%‘?t ed in

C ai m 15nbuliepidtdiedsitive hdnttier, abid B¢ nbMberdRMiBE) ifQgelatddistiangutthe

phot osensitive nmenber over said first engaging neans and around the insert.

17. A nedissgteplsraepthan ap inngr dipmetes of said ipner arface af Wid bwlar phelpsastIRd engagi ng

means ar g . nserst | | 1.Qr. of a6l : ls f said
firer or eBarihe sty Ll ol 08B SR Sty SO W Ripali £, 5
step of hingiudimahtiractioh caigiaduten diaareter oSsnidleladtie menfbet 3elastidally ratueeddenf or ned
simultaneously. jji'jji ,CL. 01/,11433 [ US00/ 17879 . .19. | mage

For i ng. ppaELsel tostises i Cogr Gapich o SEH ST OGP EAHHEL RREoen | aner
surface and agp. QUpedtoseHSifiRCEiumas decttbd incClaRi PE wWheRUEdAld @ikt @aénfber CONpPri si ng
an el astic nmenber di sposed inside of said tubular photosensitive nenber,
‘sai d el asemprispeniybplanmomhey madg of an elpsiraericomatenial. an outer di aneter |arger
t han an i nner,di ] vt 4 | d. tosensitive
menber, said 2ell' £PF%§J§§I%%% cona% ?%ﬁ?%g‘t@'&%ﬁ?%ﬁ‘g‘?‘% \?dﬂ%lnéésf%lﬂhﬂgfdggﬁ i c menber

i s el ongedmptisesia first énpirappid taisciéand lend)}iwhersfn said atdepsttbne ol eaid firsaanet secondfendsai d

TN AT R e

phot osengietnbsie drum as recited in Claim19, wherein said elastic nmenber
conprises a tubular nmenmher nade of  an el astonmeric_mterial. 21. A

phot osensi t i v o Bbetassnsifivg drue &5 secitedinflaun 13 mdersinsaidglestie medbet nenber
CONPI i Segorprshd $firsE A RBGhd%nd SaONEK saidtirst M8 SR SR Rofie Of sai d
first andoxg%csognd résnds I ncl ll}d’e an&.asg{gr tru\rlgg dﬁg%glggq%%éé”ant 8‘?‘&5

per pendi extending substaritialy iperpendicular & pngitudined axik afthe elastivantyaber.

23. A photosensitive drum as recited in Claim 19, wherein said elastic member

comprises a first member having a longitudinal axis and a plurality of longitudinally
extending members provided around a periphery of said first member.

24. A photosensitive drum according to Claim 23, wherein said longitudinally
extending members are bonded to the outer periphery of said first member.

25. A photosensitive drum according to Claim 23, wherein said longitudinally
extending members are made of an elastomeric material and are attached to the outer
periphery of said first member.

26. A photosensitive drum according to Claim 19, wherein said elastic member
comprises a first end having a rounded shape.

27. A photosensitive drum as recited in Claim 19, wherein said elastic member
comprises a corrugated sleeve.

28. A photosensitive drum as recited in Claim 19, wherein said elastic member

comprises a plurality of annular corrugations.
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22. A photosensitive drumas recited in Caim19, wherein said elastic
menber conprises a first and second end, each of said first and second
ends i ncl uWPRYIMBS aperture extending substantially per pERHPEIIE? 1o a

| ongi tudi nal_axis of the elastic nenber. 23. A photosensitive drum as
recited in GaiArphotpsersiive drym asseeited in Claim 2/oMassin said pqsrugsted slgevei r st menber
havi ng Ghdeb £l X by S ' | QR i y __extendi ng
menber sﬁ‘[:)ll_rugé\}i d edﬁé%ﬁgﬁgg%gﬁﬁp er {:/t&i{)@h lg gtlgﬁﬁhsrdg'?ﬁ%%g rﬂ%{' %‘.netﬁ\r of”

phot os ethe ins¢ry avhgreima stifinessf ayeasbor@ ionenfsld is lniger thama stiffnelss ofagleasuchenal | y
ext endi . ers are bonded to the outer periphery of said first nmenber.
25. A photosensitive drumaccording to Caim23, wherein said

| ongi t udi nal3oy A deitthessbrdif @ECTRET 29, ¥WherefFthicRhessBf AldPIPOR b 2RLET 1 @l and
are attached to the outer periphery of said first menber. 26. A

phot os eP€ioMey Bneis jorase than atiekness ofsaid pleevs at sgicbatdeast angioytenfoaddt i ¢ menber
conprises asfi hSboleBRipfidg:N9 a rounded shape. 27. A photosensitive drum as
recited in Claim 19, wherein said elastic nenber conprises a corrugated

sl eeve. 28. afirgiiengagingidevicé;ve drum as recited in Caim19, wherein said

el astic ne i .a.plurality of annular corrugations. 22- -

SUELiii o HP‘S%‘P“&%B%?%‘I%% PCTI US00/ 17879 29. A photosensitive drum as
recited in @leaitrall2of dewioe tinseiediivith Sd fitsfaidadednepyingieliesesid nner fol ds
definin arl,i n&%r di aeter and outer folds defining the outer dianmeter of
the i ns“g’f‘?‘? Hhvise qordiguredite moesaid first andsgeond epgagingsleyicesarlativedo eashger t han a
stiffnegserof at | east one outer fold. 30. A drum according to Caim 29,
wherein a thickness of said sleeve at said at |east one outer inner is

| ar ger t han3#% Ao Rererdingstp GaimdB Is Whereim said fiastiadd secondengagingéevives e f ol d.  31.
A tool ¢ W&E%’% a first engagi ng device; a second engagi ng device; a
controllTng device connected with said first and second engagi ng devi ces,
sai d cont r33.] Angpl decording to @iimA2; etlertin said fiestand skcbnd dhigagingldsvreond engagi ng

devices re] ative .tq each
mounlea respectway to t?rst and second arms which are connected to said controlling device.

34. A tool according to Claim 33, wherein said second arm is mounted coaxially with
said first arm to said controlling device.

35. A tool according to Claim 33, wherein said controlling device is configured to
move said first and second arms relative to each other along a first direction.

36. Atool according to Claim 31, wherein said first and second engaging devices are
configured to engage an inner surface of an elastomeric insert for a photoconductive drum.

37. A tool according to Claim 36, wherein said controlling device is configured to
control said first and second engaging devices to selectively engage with first and second
ends of the elastomeric insert, and to move said first and second arms relative to each other
along a first direction with sufficient force to elongate the elastomeric insert, such that an :
outer diameter of the insert is contracted.

38. A tool according to Claim 34, wherein said controlling device is configured to
contro! said first and second expanding chucks to selectively expand and thereby engage an
inner surface of first and second ends of the elastomeric insert, and to move said first and

second arms relative to each other along a first direction with sufficient force to elongate the
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other.. 32. A tool according to Claim31l, wherein said first and second
engagi ng devi ces are expanding chucks. 33. A tool according to C aim 32,
wher ei n sai &vd dwnRisszand second engagi ng devices are nount eBCTASEWAIs™vely to
first and second arns which are connected to said controlling device. 34.
A tool acdstaiery ihertGueh thadah outdtAisefer D tHE iSRAN ChnREdRRd. S Mount ed coaxial |y
with said first armto said controlling device. 35. A tool according to
Claim 33, wherein said controlling device is configured to nove said first
and second arns relative to each other along a first direction. 36. A tool
according to Claim31, wherein said first and second engagi ng devi ces are
configured to engage an i nner surface of an elastoneric insert for a

phot oconductive drum 37. A tool according to Caim36, wherein said
controlling device is configured to control said first and second engagi ng
devices to selectively engage with first and second ends of the

el astoneric insert, and to nove said first and second arns relative to each
other along a first direction with sufficient force to elongate the

el astoneric insert, such that an outer dianeter of the insert is
contracted. 38. A tool according to Caim34, wherein said controlling
device is configured to control said first and second expandi ng chucks to
sel ectively expand and thereby engage an inner surface of first and second
ends of the elastoneric insert, and to nove said first and second arns
relative to each other along a first direction with sufficient force to

elongate the -23 | LILLELEL FLEEEL 00 1 VI 1t 11> CLMS W 01/11433

PCT/ US00/ 17879 elastoneric insert, such that an outer di aneter of the

insert is contracted. 1111 LIT1111 *>Ccilhrre rrrrerrrrrrrrrrr MmSs -24
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