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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 cleaning 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 v1brat10n can occur. This is
parucularly true since the photosensitive drum is a thin-walled metai 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. F urther, an alternating current (AC)
electric fieid 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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t ool i ng yansierted to the paper. Noise problerns can also occur as a result of the generation
- of gases (ozone) which occurs during an image forming operation, however this noise is
typically relatively small.

To eliminate noise and/or vibration, the physical characteristics of the drum can be
modified, for example, by increasing the thickness of the druny. 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 result.
the vibrations are eliminated or reduced, or the frequency of the noise which might occur caﬁ
be shifted so that it is outside of the audible range. However, increasing the thickness of the
drum can make the drum more expensive 10 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
gnother manufacturer. The process cartridge could be refurbished or a newly manufactured

replacement process cartridge of a different manufacturer than that of the photosensitive
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positioned at a precise location within the drum, which can complicate the manufacturing
process. Further, the plug must be secured in place, which can require the use of an adhesjve.
thus further complicating the manufacture/assembly process. Further. the plug must be
- precisely manufactured. If it is too large, it could cause deformation of the 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 o7
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 othef 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 piug or
weight which is inserted inside of the drum has been less than optimal.
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. For exanple, it is ideal to use expanding chucks to hold a
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vi bration asdoeicat eftthefdrbgoiaadetic® Bndhe t itive.drum Such a
device gpd method are preferably suitabl eog?)% l%ggéa%}re\é“cmg noise and/or
ahion In tmage 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 perform

ance of a photosensitive drum in an image
forming apparatus. | “
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Anot her obj ect@of the [nyention is to provide an insert for
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di amet er™ i‘sc‘ﬂrgF"s&P%P@éW% tiameign of tha énmersurfase of thefphotogenisinive dngwr f ace of

the phot 9§&R8HL § : j.ng . to the invention, the insert is

configurézd suf(l:%{ot %%:H ve en’ t 38% zig??rg?%%bsé?h twhen,the slastic mgmper is
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an the 1

el astically r@duged to a dianeter equal to or less t ner di aneter
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interiorgf, anRRRFOIBNGLLL MGy HL 'ijnsn}aBXd to the interior of a photosensitive drum by ‘

elongating the insert then releasing the insert so that it expands into contact with the inner

surface of the drum such that a pressure contact between the insert and the drum increases.

since the outer diameter of the insert, in a relaxed state, is larger than the inner diameter of the
~drum. The inner diameter, outer diameter and material used for constructing the insert are
chosen 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 th¢ 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 ébout
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 d'irection, the outer

diameter can be reduced within the elastic range of deformation of the insert such that the
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el ongating the insert then releasing the insert so that it expands into

contact with the inner surface of the drum such that a pr USY
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the out eg;andk r . reduced within the elastic range of ormati on
of the inIsert&rSEEc S%‘i%g?“?%éer%a\}\%‘ed&?e{ ieggtey of henboRyeriD4 dr@ETByS00/ 17879

outer di aomstractingfthé igedt ASQIch, &b ggﬁgle | t.han the inner diameter of
the drum _Furthernore, the outereﬁ)‘g'l anet’g%r%#%@“% CPITHEATeE slegve ey

state, | &Uydlatencd; thereby plowingahe swerntiamétet ofksiedve 194t easiﬁgééglégc? whicit he

insert a dre i ace of the drum_nmintains the radi y out war d
force negg?glgir%ins %ﬁgré%%%%rgwﬁé (%?rﬁﬁs BRSSP 10 nsartion. hadditionadis etheicbirugataie nber .

The pr esspeveimayeintludnatlbRt 6kOEI8s:a\LRH IR LRE ; fr. adhesive and provides
is relatively Si rrplﬁg ?%th‘§’§%§? Hlleﬁfe Ve YR ALisav one F’gﬁ@da

an insert GEH\%L _
phot osenSi% FiFdn¢EfEe Pe clgngated by irsertiog aneo! intdagehd 6NthE RiER ogﬁésﬁt@ gably, the
t |

el astic HBERGL 1 fedl he form,of .a corrugated sleeve. wher e outer
di anet er of chd dier \?ges“u‘gsé’F 199) agaipst 2 dloned prch v asiicostengate thé inshe. Since

phot osenthe friser idkonfuRy sudhoRst thel 6 ' rt _as such, upon el ongati on,
the folds forming the corrugated 'stlleg(g(%p[g?éémggss?l §ar’fli’%%]’t‘sé‘ﬁg®freflwéﬂé@y

al | ovi ny % yalist than the lmtdfaénﬁrefm? drmeudedsoa pertieast ¢ RALGR el n i
Ad(rtlr})t | Onegﬁgyf&ﬁsﬁéﬂ @gtrtﬁg glékFl‘e fameétier of the elastic member ig/ constricted. thereby ailowing
the elastic member to be inserted into the drum with little or no insertion force. Once the
pressure from the tool is released, the outer surface of the elastic member is pushed against
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 clastically 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 inéerted 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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sl eeve may include at | east one closed end. By providing the sleeve wth at
| east one closed end, the insert can be elongated by inserdqg RANY AR 20bAt O

an end of theydmsaasds opposite the closed end, then pressing ';‘2‘2”%0@3
agai nst the closed end, so as to elongate the insert. Since t 7 s

conf i gur agdnedds ind ad OULSf «HERDBF L 4of the insert can be elastically
reduced to be smaller than the Inper di ter of the drum at |east a
portion of thelcebmlity o aretiibeispeand iR préleRNEAGE ‘ { | aner

di ameter of the, elastic nenber is constricted, ?’ﬁ%@@b{i}&g‘ﬁso%g#dﬁsﬁ%‘d

el astic FEMFNE deyid5e Whichstse cemmonlysonhestadrta mevittdiling dévice. MheROnirHIGES t i ON

force. e tool is re|leased, the outer surface of
the o astr ot BeonfEGEI N Bl A Bnb SCond ndeiios cericraielitios ta snsh o

ther eby ampodsentiygrefehed enbodiment, it shbbige dEHRs ari (H o bilbaoQRdEL 10
renmove the insert, the tool can be inserted int oégt ms?értr%er&?g?lﬁf%ﬁn%s
during i 5%0RE Frs. of ap Arpep sianfacg ofi ar elasticiesdrnfoes photsconatimtetgdntbdremavgd from
the drum, : .1 tion and epoval, can be perforned by inserting a
tool intot Re uga%%g r%%l Q‘ﬁoﬁgtuﬁeéﬂa PR® ﬂ{‘%g‘gb"ﬁ&? seengeneagingéeviees eelatiwtoand
removal  pachasiy aRmg ARSIk fgh, 8 (ot HUAREE ; thlecl ey PRESENL, i nvention,
a method for inserting an elastic insettlaalrg?éf%%gg%%%s&eggg%m%é‘%?

i ncl udes 2% Flastist1ggsst. sHcheas shy insertsl deseibed gathirageano tRS®b Ve adphits hnhas an out er
di amet er . ter than an inner dianeter of a photosensitive drum
such tha?ﬁlg‘?\&l%lﬁ tgr%%%fﬁ%?%tr1n&‘TnﬁPHecain%é‘PSF“?%‘nEQihPIPCa@QO@dH@bfeanﬁdlhmmzsuetr t hat
i's | ess adwphoastondingive delindMPicedrall), thb EotARIRRYEL 1 Yo sdrum The insert is
then inserted into the drum anéarglteas% go agi%?f%s%ﬁ“ﬁéwcalﬁ%mﬁgéﬁﬁrito
return t¥dseriidongeeing devcesarith uiiviemforcaes £as @longsRRh ki PIRSE MR mp VO

01/ 11433 4. PCT/ US00/ 17879 between the insert and the 1 nner
surface 0 tt%eléru%ozage RETOPIPHEee & atigREr leasthae thedhner Misnpatersdie

i nvent i odrpma t ool includes first and second engagi ng devices which are
commonly connected to a controlling device. The controlling device is
confi gured t ofhfsy@ngenesttt of Sie reesdntsipvantion éngegitigodem LAMBE bRdsHE © each

ot her. | ; e Y. ef ed enbaqdi nent, the engagi ng devices are
configurﬂgrdgt’? (l)l{E é%geaéguéérfs Fﬁéﬁe ﬁ%%@%’éﬁﬂcmw thginnersurfasaofithee of an

el asti ¢ phosgedsitherdranPheREARENG '\ﬂ?eﬁ{ggmfer he .controlling device is
configured to nove the first andﬁs{econ enag%nl%ﬂgh%%%%sé?f’tﬁ'ﬁtd%t?o each
ot her ~al'BHgPRersiiedhatdhe weariapes, fremientyof théidrue ig shisklelof SRy dudfMrRge 3} T et ched.

Wth su
%e@n&t‘ﬁ?&tch the resonance frequency of other components of the apparatus. Further. since

(D

7 _the elastic member of the noise prevention device can be elongated so as to have a diameter
less than that of the inner surface of the drum, the noise prevention device can be inserted
with little or no insertion force, thereby preventing damage during the assembly of the drum
with the noise prevention device. A further advantage is that the drum and insert materia} 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 exposed to temperatures between -
120°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 duri;lg use. For example, such thermal cycling has caused an insert
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an elastic insert, such as the inserts described with respect to the above
aspects and enbodi nents of the present invention, can be iﬂf.@hmlﬁvti‘}?oﬂ

phot oconduct ixsefmEIEr ., such as a photoconductive drum Pre]ﬁﬂﬁ%}ﬁ/ t he
controlling device is configured to nove the first and seco d’r”ﬁ&

devices w} W&l r s 1o el.ongat gl astic insert such that
an outer diH}z})rl}'esétd’iérfrFJ lfﬁo‘!fll?'za h%éf?arpgl gF%%@“‘f%‘%ﬂ%‘e‘gﬁ’%Gng ogﬂ’ﬁm is nasipsedraithihe
i nner  di gewtfor exdngld elf e im Theudds 3 HRSEHEMn.Oh LAvenELon s
advant ageous in a nunber of respect?é First %%éﬁg%&{tﬁégﬁéwgwogﬁﬁwegt of
t he i nsemaYiBoyewiljh thecdrumitherelyhehanging thesnoifeatenpehinkefectiTohoOmessi ti ve
drum they [ he.mass/ frequency characteristics of the drum
to there dﬁlﬂgﬁ%} d%gtﬁ{ﬁ‘-é?e%?éof@gwgﬁ&a}?&%me@f andier {tanges provided stithe of
the audi bhds sfahgemnOrAlidRes adiRkivERhAR He fr.eguency of. of her
conponent s of the appar at _gs. Fur ther. s?xﬁggéeasﬁt? erb%?tégtelg%"ﬁg}%’é’ﬁm&mgﬁé
noi se pr &Y EHeN sithiney divan, differdnsesindhg ededficients afthefmdl % Fariofli RMReRkhe | €SS
t han tha%d}%fsivg‘? ei.nnﬁ s&xg}:‘e ce gf the drum the noise prevention device can
be inser P LR Ppet Al aﬁB" Reapsesiadhesives, to renswre ldyring eyadictthermatianage
during t Bgoaseraduin ftraﬁ:?@rtﬂfdﬁ £ dfirhd i se_prevention device. A
further advantage isg;t.ha t he :iBrum aﬁdweggfé?ef%H{}%‘?‘f“&gﬁ“&é’ﬁegg’éa%lvle?
recycl edio Baiptn the positiowof the isers sithit OphiRecorduaileain Stht Brf Gndelfod fRSEr
W th thenotia?tteeéi Br of ,the dr Addi ti onal | % during transportation of
phot osensqHyEed &RPWW&S%@@WWWW% gen mpwnet betemoa eyclirassenbl ed
phot osensitive druns nmay be exposed to tenperatures between - 20C and 40C,
or even tenperatures as extrenme as -40C to 80C. The exposure of druns to
such thermal cycling has caused photosensitive druminserts to becone
di sl odged fromthe inne ce of the drum thereby changing the :
characteristics of noi seiStppeb<HbalQN QMEHEDRAWINGSYi ng appar at us duri ng
use. For exanpihes otfjel@dadd vl ocs BEIH - sed .an insert -7 WD 01/11433
20 JANUARY 2004 P%T/ US00/ 17879 txgmc??é%gg@tglﬁg%gio&‘vﬂé’ﬁw%aPQaEﬂ%?So@énsi tive
drum i f Seme beprmestbetttrunderstnod svithotfepdres esltheifb llowing A8@iled @sc le. I'f the
drum i ncd?ﬁ%f R gear. oL fl%nge attached to the enc_gi t her eof, e’ insert may
move wi thi D othe GrUreRHETEh i ortmgtiomywith éhadsawingdimphichng ef fect of t he
i nsert- Addi tRj i L nsert. damage the gear and/or
:c | :m ges pr Oi/itFé%g@étsM}txerr]ﬁeé@i%alm%ﬁéEé}ﬁs £ E’h&ggoplleﬁo Whicdihle present snvention s

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 alternative 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 F igure 8, during insertion into a
photosensitive drum.



ends of the drum Al though adhesi ves have been used in the past to ensure
the positioning of an insert within a drum differences imdg JRNUARY 200
coefficients of thermal expansion between the adhesives, the insert, d
the drum have caused adhesives to rupture during cyclic thermnal

encountered-during transportation of druns. Therefore, by renoving the need -
for adhesi vdigured Orimi secdionaltview pbs firfhsn embodinent nfthe inseitshiwn i Figure 8.

phot oconductj.ve d esent ntion.is .not affected by problens
caused by CEGeoL! a2 R R edhY B b fteinehi Pl Ehatgrontiie <
DESCRI R} Fng a'\flﬁﬁhé? Qﬁéct@%@?ﬁe%mﬂriﬂv&gi‘éﬂm ages of the present '
|nvent|on W becone apparent as same becones better understood with
reference t Figire 18ds hoealagedsidaiviendofiamcanidpifian mnsertrmarzdrdmlgltatﬂemrmﬂ

considered in conjunction with the drawings in which: Figure 1
scherrrattlmif‘ziltll‘)§l represents a phot ocopr er to which the present inventionis

appl i cabl e. LR h .t he ,
pr esent mveﬁfk&% ?4%11&?9%@& @‘ggﬁe gcﬁlu’g’ 'gtgsrp%‘gtoﬁ%ﬂc HV%nd vi ew

of ‘an Idrﬁlerdcceﬁﬁrgrtalarfﬁnh&etﬁuadﬁﬁ@ﬁeﬂﬂaepréh\émmsﬂmnFl gure 4 is a side and an
end view of a photoconductive drum of the presentt invention. Figures 5 and

6 are side Higwss d6 anch 17 slsev b nzetlvol fdi mgertiog tah engertasi@ra phiotnoenductive drum .

posi tioned .wi t hi rh‘ hot.o onduckl ve drum- Fi re 7 is an alternative

erbodi MERRTIRE 19 [PHUEmoodmrR O s SRS F i nvention,. Figure 8 is a
sectional vi f according to
t he present I% venltgral%]%tllg d&?ﬁ%"‘r’gf hﬁ@%gdggﬁ@@g%ﬂ&t g;eSé-Put“}rrtégﬁﬁtsert shown in
Fi gure 8, dur| Ag insertioninto a photosensitive drum -8 20 JANUARY 2004
Figure 10 is a_sectional _vi ew of a further errbodl mant of the insert shown
in Figure 8. PESMBEEDIDES UN O RREDEMBODIMENTES ng an insert

into a phot o gurg&%@é&ﬂ%ﬁ?&%ﬁgﬁ%%%&&%%&%tugﬁlntﬁgtf [ofre present

i nventi on. S arge one en an insert
accor d']ﬂﬁtdc@piehﬁ) Whﬁﬁ@lilé present invention is applicable. In such an arrangement, an original

document is placed upon the photocopier glass 10, and is 111um1nated by alamp 12. The - .
'resultmg hght is then projected onto a photosensitive drum 1 by way of an optical system 14,
-and the drum hasbeen prev10usly charged utilizing a charge roller 16 As aresult, an

electrostatic latent image is formed on the drum 1, and a developing unit 18 then supplies
toner to the drum 1 to develop the electrostatlc latent image. Paper 1s 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 fedtoa ‘ﬁxmg device 24
\rvhich typically utilizing heat, fixes the toner irrrage to the paper and the paper-is then
conveyed out of the apparatus A cleaning blade 17 is provided downstream from the backup

| roller22 (i.e; downstream with respect.to the derCtan of rotatlon of the. drum 1), so.that any.
residual toner remaining on the drum after the image is transferred to the paper 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 charge roller 16, and the process is repeated for the next image. 7 |
' Fig. 2 schematically represents a printer device to which the present invention is also
~ applicable. As shown in Fig. 2, in contrast with the phetocepier device, the printer provides

an image by way of a control unit which provides a video signal, for example, by a laser
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invention. Figures 14 and 15 illustrate a nethod of inserting an insert

I nto a photoconductive drum according to a further enbodi t

present invention. Figures 16 and 17 show a net-hod for insg?qll‘]ﬁgfuaélﬁi?nzsoeoﬂt
into a photoconductive drum according to a further enbodi nent of the
present invention. Figure 18 is a side view of a further enbodinent'of the
pr eserscanmugmit 3. TBER1SEDIDESCR! PO thoklpavidusR IRREFERREDNIBNBODI MENTS  Fi g.

1 h ticall : tg an i e f ' t ' he ,f f ' _
phot oQBIFR G s MU S FET FRHRSHLY BRES REpAbasr el 9 bR an — .
arran el : sl ~ed.: t ' ~-10,
oo SRR ks adBoBA Bl ARy clOHERBYic: 96,28 BECHUPARIORARRAIEAR £ 00852 |
ont 0 aa $Wuededse BSileipdperdiassts betweende ot@engtite dam 3y atdenbdbkup raled40t he drum

has' been previously char%ed utilizing a charge roller 16. As a result, an
el ect r'Bag pavectheatrayrls pai gdINIng deyiceet? a9d ouhal Ge PRNEr by YarQUSFOREERE ng uni t -

18 t hen,suppli es, toper.,tq.the dr . l.ectrostatic |atent .
[ na‘ge'.mggrﬁ‘ég‘d iggldfﬁ'qﬁ??g‘i!ﬁqéorgéﬁ%c@enﬂfémt%gd gg%%@?ﬁ%“%&%@r@?t 0 a location ' Vo
bet ween theAsiEm&b@wpaae‘r@%hmerf&leg@ihgﬁﬁe phGobdisitive eurh @@ftical toREE Of the -
drumis transferred to the paper. The paper is then fed-to a fixing device

24 whintige forppng atdegssyuand fozieath dystetof opesationtthe phasnesnsitive goime i reqeirgdaper and . |
t he paper is then. conveyed out of _ the appar.atus. cl.eani ng bl.ade 17 is '
o1 ov! (e ORBRAER FRFOWID ﬁémﬁé’mfpcomp&rl? F%‘%@‘PS@?‘? charge Tofler, the o
downst 1.1 h- ne ‘ | ' ' ' [ e SO
that 208 o0 HdeB O RRAE Chode D ALHIGRE AR e Sl I B WEIARME e, =0 . ©
t r ansf gk gedirtid rfotaeespdpar alss viteam ved rdsylt of the driveanilingl inl rathéing The dihm, t oner .
removed by the blade then falls into a caontai-ner (not shown) provided for . °

col | ecimpryfecéensdnine drypesnd/orie grag Sangesoh 8iF GrBY Plide  WHNER TS M1 A al - charge
by the ch . 16, - h i next i mmae.
O, RaTRE o e ad 5 SR S A SRS B0

_ ) _ y represents & printer he priesent.
| nvent j@ub$vietation aAdRl h6isdleringd spesativnrofittie diugi; adcan the Giddttonabdonwdct 6f t he -
phot ocopi er device, the printer provides an-i ma? way of a contral .unit

b
whi ch theclriniewitiathe ivasousstogrpanents ancludinghiesleapingd f@sérarg@mﬂat@rdent ‘Page -3
20 JANUARY 200 anping.unit 30..The |.ase nni j t 30 thus id
2 RS bl o Rt pURAREn SO Pl Gl e o e
char gega Wi RcAih 3R id AbdhifgedftnowlSs the PagSeh disdRast eFad), aid tislevel opi ng

device™36,” and Is transferred to paper,;, which.is fed from - .
discharge is also believed to be a potential cause for noise and/or vibration of the drum.

The ge_neraﬁon of noise and/or vibration is often accompanied by a deterioration in
the image quality, since the dfum is not ‘smoothly and consistently interacting with the other .
bomponents of the image forming apparatus. Asa reéﬁlt,- toner may appear 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 épots). Less than optimal images can also occur over a
period-of use as the circuiarity of the drum diminishes. In particular, after fhé drum has
opérated for a number of cyclés, 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 vi_bration can also be an annoyance to the

~ operator of the apparatus, or those in the vicinity of the apparatus.
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a source 38; as the paper passes between the photosensitive drum 32 and a

backup roller 40. The paper then travels past a fixing de\F/?'d:‘g wiﬁ'ﬂh
R

of the printeayobyid& i ous conveying rollers and guides., #
can be renoved by a cleaning blade 37. As shoul d be apparent

foregoing, th | L 1), | ritical to the image formng
process, and &?fﬁg}a%rs]ﬁg)ﬁlic '8 %‘Fggglg%‘zf ﬁ“%ﬁ?“‘?ﬁ’é“ﬁofﬁa? adWersthaye designad e

r equi r ed drwn sotipethahetuss desoniree &etudhcy bf ﬁxemﬂbeﬂotmﬁt@fé\q bxln%ll udi ng

t he charge -raller, the .optical imge form ng- system the 8 fJer

devi ce, WEG"SEH&% MPERENsss apd alse methet danatupl ésadance fkgudreg o iRt RS. , it
in rotating the drum

can al sojyj : r fe.the .drive, utilized !

i nper f ecgl?/%lﬁégqlﬁle? %neg% d rﬁﬂae%l‘ggéfrwgrﬁgo‘b&wl QCGHG &S dss deptrugiivenjincecthe .

Furt her , frefpemey doesAGt matbhitBAf i seRB h G0l Ler 16, 34, the
al ternating charge can al so have & terﬁ%n%:dﬁpﬁdﬁ.gltl% ?g%géuo\%’ t)hl’eé’tofs&‘f’ Md/ or

noi se duffHYC6¥eF kst Blkelpto bandihiente desopeemtortdrehdse i theamshincoMipealiofbs t he

drum wi t [ ponents includi ng the cl eaning bl ade, charge
rol l er aﬂ’ﬁtapfﬁadée@ga %%?’ﬁé%@ RN P‘PHQC%H?P%RC% ©19°6Yr g e¥lERgRauishensrit trmeal SO

been  ougdtetcosijernat it ne@Saho LRRRL eSlnehsGl kg ASEharge (kpown as

t he Paschfe di scharge effect), and this arge is to be a
pot ent i af! BadE. fgithepsvemrif be thidkioesstis modiffed! firh distiftiod Begiaapesat i on of
noi se angy; | Lon.is often acgonpanied by a deterioration in the
i mge qu%llgft;aflt}‘h@l;l%éggf HeE BT Y %WB@HITWIW%WFSSS@IGMNH% simeehact i ng
W t h t heprotdsetartridge (RIS The RSN | . apatus. As a result,

B o cas T e e RERe Y N PR B R ah B hl ack

toner nmay appear in areas in which it desir
spots), Hdpesiels anrbihe wiannfanwrerap pamisher efireacess eGtHAE(of Other ERETnEg s f he

I mage | I ' 0] . .Less than optimal i1mges can al so occur
over (uigggtgdl‘gmLﬁem}’é%tﬁ%@%@ﬁ%f%ﬁqﬁﬂe&“‘?}he drum dlgm ni shes. In

over a perio of uSe as

part i oul ar, abfcater bprodeaG i moRg nBle dnd B B el SR goL 2T 1

| ocations of the drum can becone deformed so t C Shape of
the dr urRSBREVRES! 41@l8 oF migieht gatpredetirmineddscatibn ofithinihaidiin. RbSBvGORLT i but es

to degr | f i ual ity, .and the loss of circularity can occur

nor e rag{ggf){lgﬁlfu gt#égqg?eﬁagﬁ’ﬁ%ﬁa%g ,aﬁ/l ihhat the elug is vnieally iequined e balint@redor e

concent raab patitalaraal dbcatibaidii B aftud ANGH i BARL YE A A0 OUL be the case
Ceh

if the drumwere snmoothly rotated. OF course, SPig il pot
undesi r FF&BIopEr A 3ad ¢pWd gvérowomsemtha heise bevibridReMAase hadien, QPer at or

g ;gte hil 87%@% ?? 51‘1:[% §E§%§ Mrza\éag’gepflege%ceo%t gaﬁ%e%%ﬂgédagoljt}sxét t}?eepﬂhg (i:se rent
‘secured in place once inserted. Fixing the plug with an adhesive can be cumbersome, and
could resplt in the adhesive being inadvertently disposed at locations other than desired, or
the plug could shift if the drum is transported prior to curing of the adhesive. Bonding t;he
insert to the drum also complicates recycling of the drum. If an interference fit is utilized. the
drum could be deformed upon insertion. F urther, 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 locatio
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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PCT/ USO0/ 17879 I n order to avoid or reduce noise, some equi pnent

manuf acturers have designed the drumso that the natural r n
frequency of the drum does not match that of any of the sﬁfgﬁﬁéf ¥ 2004
conponents, and also so that the natural resonance frequency of the drumis
not in the audible range. As a result, if vibration should occur, it is

| ess dgminst tied inver, susfacecef thérdrunt.r Hgwewneryifgdesh msertign ferpe igygquisgd fora

di ts. .In additi t.h i j bl is | ‘
el patisnge agh B SpsodmarEugb et rorm o, Riee AT ool oper ac on
of = th& 2RPaua tH%vex'éBﬁ(fﬁ\fﬁé ing%rftioﬁ fORRESS RSt IR i drmnif alRoggcur in

exi sting equipnent, 1t can qui‘te costly to redesign tooling necessary

t 0 chafggatibe BirfRAgoeNE ahengrt retieestatiigh insertionderse pecaube fiheutdr um  Furt her,
even if the tube thickness is nodified, .such a soluti.on m ght not be .
sat i sHigoneseryis lagerdepnabag ofghaBnsedigmeies pf (regirup; tg‘ﬁ cjrpHlaty _quﬁ?&'@@m parts

situation sj:nce the . proge a i LW t:hi 1 ] i's

o spoedyitt GRg Wiericy TRETRE IRl AR b P LR AR BT 2

manuf aed W&l folle, 1,61 HE RisSh@mlPilightioesthes aif ddek dgecon(aet thetihner saffagosfihe s - i S
not always .the sane as that of the photosensitive drum Another approach to
m ni. mdzramgluniog $mediod/ or vi bration in photosensitive druns has been to

insert a plug-or weight, . at redeterm ned | ocat.ipn W thin the drum '
However | teleriag a8 g, 3% isertons e g e i e eFesstl Bvfeeh iy ™ he pi ug
IS tynh6ahlier kiGN fi6wh & P% hNS8LE §6is AbfeRbBRIcEd ek hdbldmdr@satsoon wi t hin
the drum and 1t ] npr oper placed, the plug will not perform properly,
and caiakthoerasioraiaedert Pcantoirsianardiatheientd. ofs grostl iarfig. 3, wutetdiamaser. 52 he

pl ug nust be either ~adhered in place, or an inferferﬁnce fleséciq? be

ut il i Zethesaiteriametprofinsegt 3%m %@@&Pgatat% Freferablys AT ARSI 1S B8 g t he

plug with an adhesive . cap_ ] %pgﬁ SR o gsul t in the adhesive |
bei ng%?fé%m’é mtc{jlﬁgégglgogog#g#ﬁgéa_ |-or?g’aa[§§h%r .%aﬁ’r esired, or the plug’
coul d shi f t Abdordifg tihdimventibli ANSHDSA Bopfigured surhahaticuterafiarhéter SZibesi ve. |

Bonding the insert to the drumalso conplicates recycling of th§2 dttum | f
an i ntiesére5@ panche reduded togidiameser, 5S¢ which gy lgps hay rigeayel Warpsigmeisose of :

i tion. Further, si th I ; oeaki f the
bl g,  Biosstiiyeaii & Yaaaer T e R 7 1 Heillihal 86 5bORpr O (10
the | Oééﬁﬂggﬂégffeﬁ]@?ow 160Fi81 §RihenGhsdpes (i REInghted hlonk its 16Mgiudaal bag 88ions of

the drum in that where: the plug is disposed. Another problemthat
has ar ihgirettiort dfatrromised;phebusedigineter of tsert 5 gerduees torwe aitareliameter $ace of t he

e Can e SaREed M ek, he, SRPREd Rl gRl R A A" O
ex pand{nrslgrt 88 'ijsctiﬁa(rleoffom an elastic material which allows the outer diameter pf insert 50 to :
 reduce to diameter 56, which is less than or equal to inner diameter 62, when insert 50 is
eiongated in its longitudinal direction, within its élastic fimits of dist('mioh_.
--For example, it is Wéll 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 di:edtion
pcrpendicﬁlar 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 diametgr .
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 photosensitive drum 60 as shown in Fig. 6, the outward
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hold the drumwhile a process is being perfornmed on it by expanding the

expandi ng chuck -1; 20 JANUARY 2004 agai nst the i nner Surfi@fﬂg&%ﬁ"%e

However | f a high insertion force is required for a parti

expandi ng chuck nust exert a correspondingly large radially outward force
in order to overcone the insertion force; to thereby hold the drumin a

pr operl‘ad@l fozer latttht)ﬁlreqn@ﬂpﬁé‘r‘fﬁ’ﬁﬁ & is |Sﬂfﬁ§|tﬁni F?s@@hOrrléafm Pewithihdgm éthser t i on
force use As oute i a ' tha t of..th r dianeter
of ¢ helGBIA T AESTE R WA TN HE iR feion Al e ORI hoor £ on.
Thereflggﬁcttod(ﬁﬁ{ﬂég an insert is inserted with little or no insertion"
force, 1.e., the insert only slightly touches or does not contact the inner
surface of Insert 58 maybeiformgl ofrmgreiasnnmaRﬂ!i‘aerowgvenplwetpreﬁmgspreI&Tﬁi insert
50, in accordance with the present invenption, is  shown therein. As shown

in Fi gembodimgrle Fltse%éoﬂ%mﬂ% ema?au e;last%mwaafaga Isueh Bi negpreRsn s e By, havi ng .
o vt 6 il T LSKa B R0 sBhal 0Bl QBF:Bn e S0 SOPYR BB hnah e

Prefer ﬁeidystreﬁglﬂl%n@léem@tm}o t5200 eod) pEiQ @isertt J0ARaPAlsd DO SnstiuBRBIERIM §2 Of
phot osensi t'i ve drum 60, as shown in Fi g. 4. According to the invention,

i nser t “Blied snatondl yioh eslresivowith barbowblack adfledmityeqonsipugsimgiangasert wBith seoh be - .
i nner

d dt di t t dj t 62
e L SR Bl Tt Ao e B S i LB %
| ongi ti‘éﬁhaﬁg ttudeafof ki@ BleB sit&f BdrisTor MPdnPsizéddrums, When i nser % S, 0 '

i s elongated along its longitudinal axis 58 in .the direction of arrows A’
t he ouFethatinans sech mhteiialsie readd9 avattbtﬁemdtrolaamlpu&mto@bmuevarﬁﬁs swbs ch is

| ess. t han or equal tq inner diameter 62 of th hot osensi ti.ye drum 60.
Pr ef er abl y, AsipRdystrativge example el meerhy Gieapraue P’g’ ey ogpewl%ﬁ“éﬁuit%ws ‘the"

out &1 ST BF ook A58 S0, b rl £US B WAL, BB apstbliludiy shiz ¢ han. "';'i

or equa inn |ane en 1 nsert 5

| ongi t wti Nadeighi bLaipreximavdly DO0EH/fis Teasting whab sirétchedfuntil sfeanitératiaméter ‘.
exanple, it is well known in the art of solid mechani cs that. when an ...
el ast i Was rdwped toj appraxiBaiehieb IR, andryassthenyingertad 1819, a Biptossnaibye dramenber ' wi'l |

coner afryhAaf i iR sRPR Yl 2omh gl ol R Bl

when. i gReahcOBetiveertiho el S6kfida of iR Wbinghil e inheratiffadsofihe hgn dOadEIRr  Of
insert 50 shrinks in.the direction of arrows B. As shown in Fig. 6, when

i nsert tubing was mlossai;@da desirad postien Wishini the drum, 5ioe bingevas neleasedanddhergio

state, se contracts in the direc
aflo c{to expan and facrease a pressure contac Haetween the outer surface of the tubmg and

the inner surface of the drum. Since the outer diameter of the tubing in a relaxed staie was
30mm, and the inner diameter of the drum was 28mm; the tubing provided an ample rédially
outward force for anchoring the tubing into the drum without the need for adhesive.
Furthermore, since the tubi.'ng was elongated until there was a 2mm difference between the
outer diameter of the tubiﬁg and the inner diameter of the drum, the tubiﬁg could be inserted
Wlth 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. e'xtehding
members 72 provided around the periphery of member ‘70. 1In this erﬁbo'diment-, as in the
previous embodiment, it is preferable that an outer diameter 52 of insert 50 is greater than an
inner diameter 62 of a photosensitive drum into which insert 50 is provided. In this

 embodiment, first longitudinal member 70 may be in the form of a tubular member
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of arrows C, which thereby causes an expansion of its outer di aneter in the
direction of arrows D. Preferably, outer dianmeter 52 of qﬁﬁ&£&ﬁﬁﬁ*ﬂ?§°4
rel axed state, is chosen such that when insert 50 is provi
phot osensitive drum 60 as shown in Fig. 6, the outward Repl acenent Page -12
20 JANUARY 2004 radial force in the direction of arrows Dis sufficient to
anchorcdnegedted 60anv t hin drum 60 so that it is not necessary to use an
adhesive to ensure the imupbilization of. insert 50 with respect to drum
60. Insert 50 may be forned of any elastic material. However, in a :
presently preferred enbodinment, insert 50 is nade from an elastoneric
mat eri al such as neoprene. Preferably the material used for insert 50 has
an el astic elongation |imit.between 100% 500% and a yiel d strength between
: 10, 000 to' 100,000 psi. Insert 50 may, al so be constructed froma "filled"
naterial, such as resin with carbon bl ack added. By constructing an-insert
with such a material, a single insert can be sized to fit various sizes of
phot oconducti ve drums, thereby reducing the burden of stocking different
sized inserts for dlfferent si zed druns: Furthernore, such material is
readily avail abl e ahd relatively easy to obtain-in various. sizes. As an
illTustrative exanple of insert 50, neoprene tubing was formed wth-an outer
di anet er of apprOX|nater 30nimin a relaxed state, a wall thickness of
approximately , 8nm ' and a weight of approximately 200gn ft. The tubing
was stretched untiI the outer dianeter was reduced to approxi mately 2 6mm
and was then inserted into a photosensitive drum having an inner dianeter
of approxi mately 28mm ,thereby providing apprOX|nﬁter 1 mm of clearance
between 't he outer surface of the tubing and the inner surface of the drum
Once the tubing was noved to a desired position within the drum the
tubi ng was rel eased and thereby allowed to expand and i ncrease a pressure
cont act bet ween the outer surface of the tublng and the inner surface of the
drum Since the outer dianeter of the tubing in a relaxed state was 30mm
and  the inner -di aneter- of. the drumwas 28nmm the tubing provided an anple’
radially outward force for anchoring the tubing into'the drumw thout the
need for. adhesive. Furthernore,-since the tuping was elongated until there
Was a 2nm'di fference between the outer diameter of the tubing and the
|nner di.anet er ‘of -the drum the tubi ng could be inserted with zero
i nsertion force. An alternatlve enbodlnent of |nsert 50-is shomn in Fig. 7,
wher ei n |nsert 50 |s : : :
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constructed with a first |ongitudinal nmenber 70 and a plurality of

| ongitudinally extending nenbers 72 provided around the pegd r

menber 70. In this enbodinment, as in the previous enbodi me;%q Bﬂﬁtm]\@ 2004
preferable that an outer. dianeter 52 of insert 50 is greater than an inner

di aneter 62 of a photosensitive druminto which insert 50 is provided. In
this eagsonpsrel. Jimilerlyy lengjiudinatly srtendimgapemberpdy nwy bedn fneforsoh of a

t ubul a nmher )| acenent Page ~. JANUARY. 4 constructed of an
Repl acWRBE SPEyE e IR SR ool e S I By T
| ongi t Yhiohakinyl BXhMBEd0) BYEITRENGINEAnSRY 585 4 tabhRe ndefibel, @fshaft whiylRr or rod .
shaped nenbers, .not necessarily nmade of the sane,nmaterial as first

| ongi t imdtatlet threngtethe ZonteBj4 chinstrt 5@ whin is nemmonbused minagedbamingenber., a

shaft may be install-ed through the center 74 of insert 50 which is conmonly
used i APRARHYESf or mi ng apparatuses. A further embodi nent of.the insert is . .
shown 11 Fi @Seuipe dibodithe inert DB Bes. 51105 AslsnGnii? afeafzhioCt ed
in-the formof a corrugated sleeve . I'nthe’presently preferre : .
enmbodi iReik 5049csnsgated isihedyen dba basugtcdai¢avgds eth tlapscady prefoitpda o
plurality of annular.'corrugations 76 fornmed al ang the I gngitudinal axis 58

of t heeinhedimensEorrygeed slee\sght hasasonmgatgd shape defindge arpdwghtyof aspdlaput er

fol ds 78. il trat.ed in, Fias;, nd. 9%, s}.eeve has _an: outer djianeter '
LS i afSiradihions P FOTRY orens | ofBirofip@Niise SR8 YRert S0n TRe BufiBhe Tb ot ng -
sl eeve ddfndNnhBr RIS %R R Tolas 78.5 A6 MHustRRdaH Fels. §laad el @keveZ50has gheeve 75 .« .
is easily reduced upon elongation, as shown .in.Fig.. 9. Furthernore, the"

cor r.ugatiteordizmmtensi2dbatds gregter then dheinnahdismeies 62 ofiffuntd@&nBy gomdtmisting t o .
generate a radially. outward force for.. anchori the_insert 50 to, the inner °
JurT acslegte O WP aiTBER G aF Siegihy oule? G LI Heelt 25 JRcinlly Fueghipon ner - -
folds ion §ti$xﬂrag§l'iov5fpfiﬁ“i§: 9.SkirfHARSS:, fle doR® atﬁin%y&ﬂéagiucw@.m#ﬁs fiolds . .
78. By constructing sleeve 75 as sucﬁ,_the gegree of reduction of .the -
out er duffivhkingy ehi2tiofo gdreerea Fhidlytwed folverfosireboeng/thiciiser] Ortgahethner S
enhanced. For exanple, since the stiffness of sl'eeve 75 at the inner folds

77 is FaasO4ofdqumB% at ‘the outer folds, the inner folds 77 resist’

i -t he. out 78..:. FOF exas! '
ol bngat o0, TRt A B ELIcb Aoachlle it RAOTP furaBinal ECcelBrlR. e

i nner fsRkds75 at the outer folds 78. By constructing s‘l‘e_eve: 75 as such, the degree of reduction of

the outer diameter 52 of'sI.eeve 75 achieved wheﬁ Sleeve 75 is elongated, is e'nha'nced'. For .
example, since the stiffness of sleeve 75 at the inner folds 77 is larger than that at the outer
folds, the mner folds 77 resist expansion more th_an the outer folds 78. For example, as sleeve
75 is elongated, the inner folds 77 and outer folds 78 are expanded such that the inner folds
move outwardly, and the outer folds move inwardly. Therefore, where thé stiffness of the
‘inner folds is larger than that of the outer folds, fhe 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
ldngitudinal axis 58. Preferably, in order to form inner folds 77 with a higher stiffness than
outér 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 embodiméht, corrugated sleeve 75 may be made
out of a widely available synthetic rubber, such as polybutadiene, with tﬁickness 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 té form a gas-tight closure. Rather, closed end 79A is
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nove outwardly, and the outer folds nove inwardly. Therefore, where the
stiffness of the inner folds is larger than that of the o I

outer folds are forced to deflect inwardly nore than they \%{ﬁféﬁ%‘ﬁ@ﬂﬁ
stiffness of the inner and outer folds were equal. Therefore, the overall
radi al contraction of sleeve 75 is enhanced when s|eeve 75 is el ongated
al ong preferapiyt cmifigatedds iserve 8s a Fiopffer aitsio) usedrfoneldagating stasven/nHer fol ds 77

ith a  higher stiff th ter f 78, a_thi 77A of /i
Fol ds SxmpE, gt Syt & TORFLRIRGE RNEHOBR SR Heoh iR RgrodEhnp o,

in a ' r diy : g at ¢ ; de out
of 5 WPELER oo BEHRE R IR lpeca Gl TR 28 (DS Pt sodBE oL ce out
t hi ckneghed Zinet closqpéraXiotatoethyreby Oloapatasitere Thiuwkrba shy @hendiamper 62i mat el y
0.9 mm Al'so preferably, sleeve 75 has at | east one cl 0§1€d end 79A,.
Howev eof slgeve 78 iswfficigpibeteduesyd tpaHlow|siesaa /& iRiPass Atp drymp Offy Asghewpiigfie.
closurge. .Rat her,, closed e Al , - Y 2004
pr ef ergtﬁ;frye@BWf.lf‘rg‘fﬂr@&a %nsgfe%rzélg)wa%lé%yeﬁﬁ (F)uﬁ%g %rgag}?g%g&&ééﬁi gFG%S:é%% ating

sl eevedRid iiSuter AMaATENIEit IS0t HBEWBary Bo Mhdhor SperfendOTYBEIE stdye 76 dusiig t o
el ongate sleeve 75, by inserting rod 81 through open end 79B, until rod 81
abut s mkerienl Bnther 9 ndturat tesistapos geneoted baveed the artep surfangsh sleewgyad asd

| osed_end 79A to thereby el te s 75 h ttd ter di amet
2" or theres nfaseicd SRR SDdnEReratisca o oL Beve e sl o
drum 699'Af$}§}?si]?d‘ﬁlr$dkh':rﬂm6 ), since annular corrugations 76 allow sleeve 75
[ e

to be eas ongat®ed, and thereby easily reduced in outer dianeter, it
i s not necead@imptively atlosedrendJOA fistbeVOBS odn ls¢ foemed Rithdrendglate méwsht i on.

Rat her, 'the natural resistance gengrated bet_welg_n t@e 0L11t er. surface of
ol cevenms baiat ot ahe By OLATCPRIEIG IO ofas dOWT BbF it | LUBY foPURE Clogedstbe
el ongat, i on .of sl eeve. ' y ' 2 ce rum 60., :
Al ter hZ?ﬁg\)’QﬁVF"e %%c\sfgagé’ntﬁlggg’R%%ﬁ&gﬁaetgd\glng‘Z@&g gﬁu‘ﬁiggplggﬁnég 1%/)\”&{% éaah end plate
which may Refdiad noW tb Figshe, fami10f a setteddpt Astting Acertd9 istoawn in Fig. 10.

By formng closed end 79A with receptacle 79C, the proper orientation of
rod 81phetosénaigive dowmn ©Parillibs deprsibed derebrlo.i ng now t'o Figs. 9, 11 and 12, a

foscri bed-hPaRSBIOREAL SHb A MRy MRER BRI SEi  pholByebieve 12, g
i nsert 450 kPR iMRRAASARNISMEng Hisun566y b I gidemariastibeatd actlaredt i ng
insert. 50 in a-longitudinal diréction, froma relaxed -state wherein the
i nsert shaswheremuthe inselit hardreoutbrdigmetet kager sban awfonerdlizmeieref te  t he
o photosensitive drum, such that an outer diameter of the insert is elastically reduced to a
diameter equal to or iesé than the inner diameter of the photosensitive drum 60. Insert 50 is
then inserted into the drum 60, wherein after insert 50 is released, and allowed to return to a
| rélaxed staté, ‘a pressure contact of the outer surféce of inéert',SO .with the Vil_mer surface of the
photosensitive drum 60 increases. In the present embodiment, épert,ures 80 are forméd in the
| first and second ends of insert 50, and engagirig means 90 such as a wi;‘e c’ablés_ 92 and 94 are -
interfaced wiih first end 82 and second eﬁd 84 of insert 50. Wire cable 92 is then threaded
through photosensitive 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

~ photosensitive 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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phot osensitive drum such that an outer dianeter of the insert is
elastically reduced to a dianeter equal to or less than t i i er
of the photosensitive drum60. Insert 50 is --then inserted nf‘gnmm
60, wherein after insert 50 is released, and allowed to return to a

rel axed state, a pressure contact of the outer surface of insert 50 with

t he i paistes Slafd@Ecanfthtmbe rairetbswhdhatitheorendimseter pEmsers 88 expands Hethpr esent
enbodi nent, apertures_ 80 ar ,.f%rme in the first and s%ﬁong t%vnds oef i nsert
50, amére Ay ViFd $h0YD 18 fig, 0aand ihgrehy mCreAsesd BsSsiie Coiact PEIWCER NG 4o
with firs nd. ‘ ' «ts50. Wre cable 92 is then -
thread@&‘%ﬁ%@%‘?ﬁ%?@?ﬁgﬁﬁgmgérbﬁg’quedg@‘zfgt 5v(\},il'sre cable 94 is i mobilized,
Wi th a vi Seyhef diufe60 iskBoxedaiver Blvan), as Thowh anFigs 12 remisapgimend betwesir e
cable 92 in the direction of arrow E, as showq in Fi % iq%gso_ as to cause
i nser tphS®sensitiseadsning®) and insesnybimay sash Uy &pd SROT HFFR PP PREAEFIISHET nsert 50

i ameieoA og g7 80 R BEPFimSb R I e B "Rl 30
i um G0 B B e e Gocr 1 50, v e Repl acenent Page - 15
20 JANIARYG(26 8dnpliflekdes 92 ‘and 94 can then be rel eased such that:.. the oyter:
6, “and t herRHpRISCN B 58 dsbtieet ettt oo g e b 6

of dr utrgg %cﬁg.grcﬁd“%leﬁu ] Tog:%ﬁ fg@ 72%, inﬁsaﬁﬁihs@osewbﬁﬂ T9AUA Shobd IHPYVED, over - g

i nsert , as shown i n- m salt gnnment between photosensitive

drum @@ faébn geaeiatedy doRYact Betsee ik sutes ek 82 odfsleens &5 endhetinndr sefacggai nst | |

an end of drum 60, thereby tpr_eventi ng drum 60 fromsli gi.n ) oYer I nsert-
50. Thefpotosensities dmoud isisuffmient forgaupipg.syhegrgd 83 ippressrd dggingplosgd end .

The e GHupf NI CESRLRIEANBEIE) P PIGABETHG 3 08 o
Gl ool 1 1t RSty Bt 75 St Y e by M lE RO R TP LR 2 e

el ongafgpsbivei 358h kiiddirto dhRb0.SHEBmatvelpbpeaA chit 7TOB I slepe7 eoskld B8, and
agai nst CT osed end 79A° As shown in Fi._?._- 9, .the friction generated by . -
cont achndheteddyrhant er machinesmch dué sleeves] s wtongsted foysudhp@ xink tha thefote™  of

hot iti 64 1.5 ffici t - i . 0d. l: r d
Dai nofiagtciss 58 cgplgever nis TeiE g on GAmel BTt ey el BEthe iy Mhpic R0
di anet gﬁmiﬁQ 9& géiﬁﬁ{ﬁg%ﬁe stHoady ﬁ@.@nﬁg@@ ‘such, BRbveT BaitebehnserrE vitlioge i nt o

) ernatively,

drum 6 ‘ ‘open end 79B of-
hand ogentadiighy sabstintidh AtictivheeiethgSnnes sefeddtddnm 69uch an extent that

the outer ‘dianeter 52 of sleeve 75 s redyced to ? di arrﬁtgr smal |l er than -
t hat of t he Refineng sovitafigsehd and 15, a er embodiment of the method forinserting an *

insert 50 into photosensitive drum 60 is shown therein. As shown in Fig. 14, a tool 100 lfor o
élo'ngating insert 50 may include engaging means 90 for engaging first end 82 and second

end 84 of insert 50. In this embodiment, engagiﬁg means 90 may be constructed of expanding

‘chucks 102 and 104. Each of expandiﬁ'g chucks 102 and 104 may be constm¢ted with three
way (or more) exp.and-ing- chucks which are configured to engage with the inner surface 106
Vof insert 50. . Expanding chuck 102 may be attached to first arm 108 and expanding chuck
164 may be attached to second arm 110. In this embodiment, arms 108 and 110 are attached
to device 112 which is configured to move arms 108 and 110 relative to each otherina
longitudinal direction and to control the expansion of éhucks 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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drum 60. By performng the nethod of inserting as such, sleeve 75 can be

inserted without generating any substantial friction with [ia]

surface 64 of drum 60. Referring nowto Figs. 14 and 15, a#(ﬂﬁ@hlg}fﬁYZOM

enbodi nent of the nethod for inserting an insert 50 into photosensitive

drum 60 is shown _therein. As _shown in 14, a _tool 100 ,for elongating
&

O,
i nsert Hmeﬂrﬁythﬁwm%fr?@%ﬁgsoﬁé&hglogétg ger fJagyiying deviceddld 82 and

second __end of insert o lnthi hodi i Se. y be.
const r & Sélawc?ﬁ a@ﬁ%célha?eﬁegargg'ﬁﬁg ggg‘!@ﬁs g)%%g%g; @Eg&lﬁé\%?&{ elxpgn_ i %9602 uéétﬁs. 102
and 104hRRY50P T HeRAsE! dtahesh Whay Be hbldSRom Waitst(e@l T urespand aagexgamﬁhg whi ch
are configured to engage with the inner surface 106 of insert 50

Ex pandicheckchide kor k@ampiey while tnol 486 eeh beoudeidte eloagate D8It AR@nd ilﬁéﬁdﬂw'g Shuck
104 may be attached to sec rm2110. 1n this di .arms 108 and 110
are ac unipreim SDdresrond s100AAT A €0 Ure Y Bl UL SR FORERiRd 110
relati i i k b} FiRGutQ AR JfArFRBO! Glerdbie
expans;{%ﬁ%g?rﬁgﬁﬁ‘g@{?mg ﬂgﬁ%tol%@?&llt%ﬁsg (gelrﬁg?lggr@ W t h'u expandi ng chui:élz)?lOZ
engage@revehfing Banigerte thsoutéommefadd6f drimfé0.st end 82 of insert 50 and .
expandi ng chuck 104 engaged_w th inner surface 106 of second end 84 of
insert 50, fSimgerlyranshawninFig orxpanding shudke 1dwas deused Rananigititon of
arrow E whil e.geco f . R ‘ 2004
moved PRovRa S4RREERY gkl TRk eIt AGR Bilcc e 73 featitep itliORho"
devi ce jdskBiorCRRG hyckRadRg chudhis shifRidt srovettoatn® tiRabicss féherfédddraige Wi th
the insertion of drum 60 over insert 50. Therefore, drum 60 nmay be held

f r om a thgeridan efitdee8e 76f drum 60 with an expanding ¢thuck 114, for exanpl e,

whi'l e t ool can be used el ate,insert,.50 a inse i.nsert 50 into -
dr um 60°1 1 o ECBRASEHA 158 JF 4B 4 BT ek r g ea RAmBRot or iR Fie ey pe
| nsert g hed %M{bs@ﬁﬁm& bR itshewhead showR #FACY 6 MNka AL catis 96, shligagut er
surface o rum 60, thereby preventing damage to the outer. surface of drum
60. Si raxbaddiyg jigs1Xhauinl 22nméy be poyided paradins §24 md k26 dlasda vlongate Swsertt )

mai ntain the, position_of drum 6Q whi]e sleeve 75 is_jnserted. therejn.
Si nce SPéEveionolasrpyistdse that insgrt gp C_ﬁ‘bLC l“ﬁ%‘é‘?d(‘in@ng’rfl @Las she vk p; lr#g chuck

. ey ; . : 7 ' . . . P ;
T esot by blim LGRS L GERES RN BELMENS ud BRELRN,
nethod ghetwniipFesst | Nend N2 ivheeir diunt 60 B thkaddds@ies vite\ebld9AMAlso sduhown iAS
shown in Fig. 16,. eng&gi ng neans j

] 16,. e s 90, such as, expandiqr;gsljézi gs 120 and 122
may be Figolf, gaee waerhpprbasioen peaitions! wishinglrum 60, avesal2d andddpca be moved -

- towards e_ach other in the direction of arroWs I so that insert 50 can expand and thereby

increase a pressure contact between inner surface 64 of drum 60 and outer surface 59 of insert
50. In this embodiment, it is élso_ preférable to prbvide first end 82 with a rounded shape,
such #s thét éhowri 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. B |
Referring now to Fig. 18, once insert 50 has been inserted into drum 69, ﬁ_rst and
second ends 61 and 63 of drum 60 can be provided with end pieces 130 and/of_ 132. End
pieces 130 and/or 132 may be in the form of a gear 134 and/or flange 136. Typically, gear
134 is provided to a drum 60 so as t6 provide an interface to a motor (not shown) for drivihg
drum 60. Flange 136, is typically provided so as to provide a bearing surface for s_uppofting
drum 60. Alternatively, end 61 of drum 60 could be provided with a geaf 134 which may be
- used for driving other rollers or gears. In any event, typicaily gears 134 and/or ﬂanges 136

must be bonded to the inner surface 64 of drum 60 with an adhesive. However, use Qf an
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in direction of arrows H so that insert 50 can be inserted into drum 60, as
shown in Fig. 14. In this enbodi nent, drum 60 nust be thre r

124, simlarly to the enbodi rent shown in Figs.- 11, and 12%@6&@%?%060
is threaded over wire cable 92. Also as shown in. Fig. 17, once insert 50

has been positioned wthin drum 60, -arnms 124 and 126 can be noved towards
each adhesivd misehe nuinberotfipoeblems i thewsarufastire RAPhatpssaFitive Orusesm expand and

e b or e i ST SO She FBR HRBR B R S RR °
pr ef ergao} 1@. s t%g%éi-.?v e thiybe @;ngshéa oWl the @ut’épé{ﬂf'a%g 688RBfum 65US heAGstdat - —.

shown T'h hat” I nsert can be inserted into drum 60 W th

reduc Go(ihlf:lll ﬁ‘iﬁytr&?.ﬁrefthﬁtslrmﬁm lﬁme,d: atalpahstcarailed eRdrtidrmdre) b bnnige
insertion. Referring ' now to Fig. 18, once insert 50 has been. inserted into
dr um GWiterfspFage mayat %Céémmiomamwtbaﬁui/weaﬁonamﬁ%dﬂaaﬁo%oaf-rrawraed wth .

end pi s 130 a d/or. r t. form '
of a gt'e Xl Fort 4%%3%‘%%‘1 tgbpl caﬁ]r?fyIFQ OngHPtIO% |ugﬁl %sr g@ﬂi@% {]g’ a drum -
60 SO Affiduft B F&NbESUBR cd»:ﬂf)a{a]mehérpa ArufDEMs t6 BOkecyBRMN ThEefordyit 4 ng  drum =~ -
60. Flange 136, is typically provided so as to provide a bearing surface

for suhpmhlengavoddtlmlﬁe)ofwdheewnau vely, end 61 of drum:60 coul d.be pI’OVI ded
with a gear used. f or other. rol lers, or .gears. =
oy event e A Pt S R o g AT Pish o Bl o (e

i nner ARy aaRES] esﬁsldzpaeﬂyarﬂ eI mPve S
Repl accgurr%l%’taﬁl aggnﬁ%‘;g‘%l%p%\)ﬁﬁ? I500‘411 adhe%| ve raises a‘r:"ngunbermé”?| problens .
i Nt hepgsditinedtlyrte indertHphdadnsirt $0viesdrammseral inaxdmpi &). Fdr cadinpls ve must

be used during the manufacture of photosensitive drum .60, the risk that

adhesi shewmdy F 1§pgea?§ﬁéﬁ%%ﬂ&%’é%ﬁ%ﬁnc@&m@@%%g BEen b yhich gs —
i ncreased d e
Fur t he?t ged%%ﬁ%se?\%g{cgﬁ%ﬁglrfggﬁgp rﬂ{ ace %ﬂg%gbﬁ ot osenSI tivi ty '
and -or | e {tR LA Ge, Qéar UB 4RO ﬂzﬁhg@rleﬁahm bélattacﬁudl tdmmwwxmhﬂnhemc&dhea ve
is used to bond a conponent to a drumsuch as dfum60, it is ‘difficult to -
r enpv eadbwsivecdingstidandediparsusfaer efrfB® % t'0 be. recycl ed. Therefore; it is

Geel 012 Qattale, e APl G G and ol 805 9 S PR fRaP V10

enbodi i, 9ir ﬁz!ﬁge 56 3R HhouIMERL 2R endIERNS dhid cONIHRI 60 daanB&@Sbdfathmy be
bonded directl o I'nsert 50, after insert.50. has been inserted into dram .

60. Fompuﬁbedlllpblea slaeeft (i6deharft i mtiFegl, and.@lﬁp(gieémtmna amstessrdaangge IQ&— rray

i ncl ude connect | ntg menber 138 which is
utllxzed in a photocopier or printer).

t ot

As discussed above, the present .i'nv_ention provides several important advantages over
noise reducing inserts of the prior art. Firstly, by consfructing a noise prev_ention device for a
photosensitive drum from an elastic member which has an outer diameter greater than the -
inner diameter of the drum in a re}axed'sta_te, and which is configured such that it can be
elastically elongated and fhereby reduced in outer diameter to be smallerl than the inner
diameter of the drum, the presént 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 1arger 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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engaged with inner surface 106 of insert 50. 'Therefore, by attaching end.
pi eces 130 and/or 132 with insert 50, gear 134.and/or fla A2y :
attached to e§dppG93n t hout the use of adhesives directly b'lng %09 ,783?%4
surface of drum 60., After insert.50 is disposed within drum 60, ada ehd

i eces 130 and : flange .136 .are unted to each
ond of the dr umA%%,amS%*ﬁ?f‘%%e g;g%kfﬁggag@ﬂé %[%lﬁgﬁﬁsgm BYRRHPR ed ts3hserd (| f

a shaft i theoilirbtions dnd acidesiicnprasddiuvihg bpdtaorRaaES @ﬁfrﬁﬂﬂgd%ﬁafa&s% tilized
in a photocopier or printer). As discussed above, %he present 1 nvention
provi des S0 &rcdrsertnflisia is me nsed @rincigass thatbickness iof therdeatuc Theyefons elid fresehr t he
prior art;,El , LNg_a.noise prevention device for a

phot osens}ntvlg%treﬁégsér%l IP %8%%;%@1& f%nﬁgﬁ%”é 2 &6 curentytused

gr eat er t fomimagdecforminpappaditasgst er of the drumin a rel axed state, and which
is configured such that it can be elastically elongated and thereby
reduced in out@PViehshaugerqus madifioutiphsandivadatiarsef ieeesentinaemion farcof  t he
drum th . ‘o i hi.eves t dual goal s of providing a noise
Feduci ng TAsorat 1ihtBEE dde REMBEE T i lfarcior it iemioof HBbIHGR IF oPams.

whi | e genefithd appendddeiaiime) Bt intehtior Ya j Q roduced by an
interferepce_fit. Furthernore, sincgp?%gggﬁ%gpﬂgﬁgﬁgég%Lﬁiaﬁﬁéﬂﬁnsert in a
rel axed éﬂﬁFﬂmﬂéﬂFH¥ger than the inner dianeter of the drum and since
materi al s which can be elastically distorted as descri bed above tend to
possess good noise danpening properties, the insert provides nunerous

poi nts of contact between the insert and the inner surface of the drum

t hereby achieving a strong noi se danpeni ng effect. Replacenent Page -1g WO
01/ 11433 20 JANUARY 2004 PCT/US00/17879 Additionally, since the insert
according to the present invention can be used to absorb the vibrations
and noi ses generated during operation of an inmge form ng apparatus which
uses the insert, there is no need to increase the thickness of the drum
Therefore, the present invention also allows the drumto be manufactured
with virtually any thickness currently used for inmage form ng apparatuses.
Qobvi ously, nunerous nodifications and variations of the present invention
are possible in light of the above teachings. It is therefore to be
understood that, within the scope of the appended clains, the invention
may be practiced otherwi se and as specifically
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descri bed herein. WD 01/11433 20 JANUARY 2004 PCT/US00/17879 laims: 1. A
phot osensitive drumfor an inage form ng apparatus conpri sir%&;'A

t ubul ar phot egenEiiisve nenber having: (i) an outer photose |lf fzggg
and (ii) an inner surface; (b) a noise prevention device compri &Iy 3h

el astic neghes: di sposed inside of said tubular photosensitive nenber, said
el astic nenber having, in a relaxed state, an outer dianeter |arger than
an i nner di amdt ex piodtosembitive dnet fsuhiaee: i ;;raﬁgl .osensitive
menber, said elastic nenber configur eggsu{gﬁﬁl?ﬁg{) eh&égﬁgg 3| asti c nmenber
is elongated in a ®oh§iouinPheiosersitve member baiing:out er di aneter of said

el astic nenber may be elastic¢al reduced.to a_dianeter |ess than said

i nner di aneter of said t(ﬁbul g?"%%%?%"?%%?&%‘?}’?/%ﬁ@eﬂ. 2. A photosensitive
drumas recited in C aifif)l, whamesurf@éd el astic nenber conprises a

t ubul ar nenber mad?b of an elastonmeric material. 3. A photosensitive drum as
recited in O ai m 1{Puiepiss Arexentionalerict compusitean clasitphémiRg daspbidiShsi &gt and

a secondggn ' | t | east one of said first and second ends
i ncl ude an gtbbggt?@?gfo ﬁrégié’gé’gﬂ“é%ssf’%ﬁ?%w F pastie. e selaxed statd, enguteridi nal

axi s of tlameedr &spérahar@ger didnetdy e Ymas recited. jn Caim
1, wherei nng)gi d _gl astic menber co{srfp}‘ra%dgggé% |%&ﬂéﬁgﬁ%@%@ﬁﬂmé%}“"éach of
sai d fi r SEMPRH S¥d chghc msmber enpifiguied guchnthapehdn sail elevc onaiiRg is%&ba}%?ee% ally
per pendi fdﬂ%ﬁﬁdiﬁ% dﬁ'el:t?&xgiséiggi pah. axi s ?f ,élhe el astic nmenber. 5.

phot osensi 1 ve drum as’reci t eu PIelr af $aid elagticapember suaycdbeailastivally redudedr
conpr i se® adifmest leBEMae kaill MHeP ;i L& |snand. a plurality of

| ongi t udi nal | ext endi ng nenbe?giet)e?ggéagdejgfbg%{a%b%nﬁgﬁB’ﬁ §-of said first
menber. 6. A %hﬁ@é@@ﬁ@ﬁttm&r@nm@c@mmmnpwaraihmhﬁ,exa&hshﬂﬂbe ai d

| ongi t udyj | nmenbers are bonded toQ the outer periphery of said
first m%&sxsiéﬁfkhg}qgi%%gﬁgﬂg% ?/’Za”o‘il?ﬂﬁ%lfdpﬂmﬂ to Claimb5, wherein said

| ongi t-udi nal |3/ AgkbeBeisiie PR as fechLE; f el astoneric nmaterial and
are attached. to the outer . in T ¢! witei s2id efashi¢ member

comprises a first end and a second end, wherein said at least one of said first and second ends

include an aperture directed substantially perpendicular to a longitudinal axis of the elastic
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 member
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 3, 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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peri phery of said first nmenber. 8. A photosensitive drumaccording to Caim
1, wherein said elastic nenber conprises a first end havi

shape. 9. A photosensitive drumas recited in Caim1. V\he;%}ﬁAW%ggﬁi C
nmenber  -20 20 JANUARY 2004 conprises a corrugated sleeve. 10. A
photosensitive drumas recited in Claiml1, wherein said elastic nenber

conpr ice@fprideds tirlgated sidevannul ar corrugations. 11. A photosensitive drum as
recited in laim9, wherein said corrugf{ted sl eeye- |CE1CI udes i ner f ol ds

defini ng antd. n&@howﬁ@lﬁ@ﬁ/éﬂn&ﬁés ERsited 11 1@18‘?‘?’?‘?‘:‘%@"1 ﬁ]é‘StEﬁH’E‘F‘ 8 aneter. of
the insert, whe elnastl ? g%{qnt | east one inner foldlslarger than a
o)

sti ff FESPTSEs &P “Faé]:%f)f%ﬁl 12. A photosensitive drum accordi ng

to Caimlly V@%heﬂogbr@ﬁveld@\kfﬂ%se@edé@cmmlgemmmmeamu@ed desk one inner
fold is larger than a thickness of said sleeve at said at |east one outer '

fol d. ihSludés immemfolilsidefining dodimry diaméterand cyirs f@lfis fefinieg HiecPwisrshiameterof n an
|mage formng . apparatus co | S] on ert in a
| ongi thaiinesTt Whetera $ifmsss ‘?tnpliffaﬁg mﬂ?fafﬁf?.lé r ﬁf’é’dﬁ&iﬁ?‘ﬁg ﬁﬂé "% he

I nsert E%s outer diameter larger than an |nne_r di aneter of a _

phot os&f |ve menber, such that an outer dianeter of the insert is

el astical | y1z. eﬁ%@d)sérﬁltﬁ!e di‘umrmbﬁmrfgjbﬂlalhol prwHeesis a tthiaknesh ef saideleex anet er
of the photosensitive nmenber; insertin t he el ongated ipsert into the

phot os#rseidtatdeashenetianer fold ipldrery thayba rhvg@ﬁﬁs Qi saidesieev e at %i'lfgatr lg3st QRGO ¢
such tgﬁ% a pressure. contact of an outer surface of the insert with an

I nner face of the photosensitive nmenber increases. 14. A nethod as

recited in ¢ akhdBod Mr9ERictheSAilchsEbRPofHoiselza8 Witeatdryindindnagt fargning onpr i ses
el ongating the insert such that the outer dianmeter of the insert is reduced .

to-a abmmuaaeommg, han.the inner dianeter of the photosensiti ve nenber.
&t ongat | ng. cedikshy Sobdne ety ol RGN RS FEEHElu AR Y
engagi thter(@ﬁé?ém tﬁé‘%&{ A% & ARG SmePBradk taRQniise mmﬂméﬂb@ second engagi ng
means, and noving sald first and second engagi ng
photosensmve member, such that an outer diameter of the insert is elastically reduced to a
diameter equal to or less than the i inner diameter of the photosensitive member;
msertlng the. elongated 1nsert into the photosensitive member;
allowmg the insert to return toa relaxed state such that a pressure contact of an outer
surface of the insert w1th an inner surface of the photosensitive member increases.
14. A method as recited in Claim 13, wherein said step of elastically elongatmg
_ comprises elongating the insert such that the outer dlameter of the insert ;s reduced to a
dxameter less than the inner diameter of the photosensmve member. |
15. A method as re01ted in Claim 13, wherein said step of elastically elongatmg
comprises engaging a first end of the insert w1th a first engaging means, enga_gl_ng 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 fnethod'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 elongatlng and

said step of inserting are performed 51rnultaneously
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means so as to elongate the insert. 16. A nethod as recited in C aim15,
wherein said step of inserting conprises threading the ph i1
menber over said first engagi ng neans and around the inserﬁd)jéglﬂ%mﬁgd
as recited in Caim15, wherein said first and second engagi ng neans are
inserted into an interior of said insert fromeither one of said first. or
second endsl9. 18n1mamfommgaa@pm@-m$cemmlm aim 15, wherein said step of

|

| ast |l at d st ' t f '
<1 ol  aneon@) 9 PP RdsRafm B30 s syl R B SRR BTG ¢ or i ng

apparal us G ﬂoﬁe;bgeve%}g)n BeROOL ARG fe LY SadicUABY dighodd inSiaBor s4lf ace and

an outer a nol se pre ntion device C I'Tpl’l Si ng an el astic

mﬂbernﬂh&ﬁpﬁﬁdsdnsﬁwém@ibes asatll etladmlra‘fmlmérm’raomgnml drelagedretntecan ostar d. el astic
nmenber havi ng in are|laxed state, an, outer neter | ar er‘.than an i nner
di anet éemgfer fﬁg@r thﬁh%‘% maer digmeten el spid inneysiifese OE

el astic nber. I r at ed
T SRR arc el AR SOl ol i Saff AR TR, baRkange
i s el apgighading diRdusedaidbuter d@h@aatcﬁrsaldeﬂmlc rh@mByr id ﬁ&ﬁmﬁhﬁfbd&@édﬁdd’mer |
di aneter of said tubul ar Jphot osensitive nenber. -20. An inage form ng

appar atliasicts: eedito edllesntheh adidirer dieeatesiaf Ss!dltdbléilraﬁm@emmmembﬁqar ises a

t ubul ar mad | ast 21 An f
appar at us 2287%’(1?1{15%?0 H%%Iggi’g%i‘g‘geaé\}ﬁ%?tg& éLﬁ“ﬂ 18 39?‘?651 g?tlco’{}%]ﬁggﬁ ses a‘

first g&gﬂ%&@ Inclﬁﬁgg%b&’lﬂade%h@ld%t&ﬁé&rﬁﬁtehﬁaSt one of sai'd first-and

second

$rod 8@@%@&) PIPEENSHYSher, sai.d

an-aperture directed substantially perpendicular to a
| ongi t udi naIZIaXamanﬁge fhelinghmatdtes aeetiesd in (AZim 19) wheege sdid retdstig neepyher at us

as recited in Claimi9, wherein said elastic.nenber, comprises a first and "

second C@ﬁﬁﬂs%é’cﬁf signdzd @ seeqnshend iwhereomi drerst Preof id st and sesend

menbe orm ng appa as.’ reci
el astl fmmfeber corrprl ses a first. menber having a | ongi t udi.nal axi s and a
plurality of 1ongitudinal 1y extendi ng nmenbers pfovided around a periphery’
of said fir&f. denimge f@mmg\npnamtgsaasrr@ﬁmchg pignlt twhereis soid ¢lasgc menthesi m 23,

wher chapBies gl i AP s, Fath $ Shidho AR S P R ARl
extending substantlally perpendlcular toa longltudmal axis of the elastic member. '
23, Ani lmage formmg apparatus as recued in Claim 19, wherem said elastlc member ,
COI'an‘lSES'a first member having a longitudinal axis and a plurality of longltudmally
extending members provided around a periphery_ of said first member.

24, Animage fonning'appafatus_ according to Claim 23, wherein said longitudinally
extending members are bonded to the outer periphery of said first member.

25. Animage forming apparatus according _to-Clajm' 23, wherein said longitudinally
extending rﬁembefs- are made of an elastomeric material and are attached to the outer
periphery of said first member. |

| 26. An image forming apparatus according to Claim 19, wherein said elastlc member
comprises a first end having a rounded shape. |

27. Ani image forming apparatus as recited in Claifn 19, wherein said elastic member -
comprises a corrugated sleeve.

28. Animage forming apparatus as recite.d in Claim 19, wherein said elastic member

comprises a plurality of annular corrugations.
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25. An inmage form ng apparatus according to Caim23, wherein said

|l ongitudinally extending nenbers are nade of an el astoneri 4&3

are attached to the outer periphery of said first menber. Z@H%w eﬁbg‘
form ng apparatus according to Claim 19, wherein said elastic nenber

conprises a first end having a rounded shape. 27. An image form ng -
appar at us a29.r Auiimegk formiDigsepparatis apmesited in g %), wherein mﬂgﬂ&ﬂrrpri ses a

d sl 28. .\ A fo daim 19,
Cher o edgiiao aterdnnes tolin Aiming gimet Bt RRA Lt o1 adifiid & oy oL ons.
Repl a @%@Eebﬁf‘&% 15%% \%ﬁe&ﬂWﬁfﬁﬁeﬁQQﬂaﬁ@aSt OV infBOPId BN Az BAnAPE 84 fFhdsS oRS
recite ereln sai

corrugated sleeve includes inner folds-
defi ni fidedbohd@er fdldanet er and outer folds defining the outer diameter of

the insert, wherein a stiffness of at |east_one_jnner fold Iargqler than.a
stiffness o30. Animege formns Wﬁ@ﬁusfa@P%F dingo GARIm £y W%Pﬁlﬂi’fﬁf“ﬁbﬁf

accor d'ﬁlgfg, B{g tggfi%]k %dqe é)u r%'m £ l%% ﬁ%ghe%gbﬁ¥a1§§? G eﬂt@ﬁldsaﬂe%t at

| east rger h| CKRes: o eeve at said at
| east gneogut®idfold. 31. A t ool corrprl sing: 'a first engaging device; a
second engagi ng device; a controlling device connected with said first and
second enga@ln@tdel/oqrmmsugl d controlling device configured to nove said
first and second engagl ng devices relative to each other. 32. A tool
accordi ng t 8 TestEngagne d‘%ﬁ%ff’el n said first and second engagi ng devices. are

expandi ng c ‘994 according .to Caim32, wherein said first and
second engag:érglééﬁlge%g gegég%e .mounted respectively to first and second

arni s whi Chaa;bﬁtrsmngaeﬁedcolmestaddnthcnatdﬁxtst ampsedend engaging4levides, sail accor di ng
to Cl aim33, wherein said second armis nmounted coaxi said first

ar m t ocentrallisgdevies ¢anFiguERehip Erove: Séldé-mtﬁmfié@?orﬁlce@gf“%fpﬁ e‘fl\éeséPffpﬁ? %ea%er ein’

sai d coH;trolllng device is conflgured to .

32. A tool accordmg to Claim 31, wherein sald first and second engagmg devices are
expandmg chucks. ' _ _ .
33 A tool according to Clalm 32, wherein said first and second engaging devices are¢
" mounted respectlvoly to first and seoond arms which are connected to said controlling device. "
34. A.-to'ol' according to Ciaim 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 coﬁﬁgu'red to
move said first and second arms relative to each other along a first direction. -
-~ 36. A tool aocordmg to Claim 31, whereln said ﬁrst and second engaglng devices are
configured to engage an inner surface of an elastomeric insert for a photoconductlve drum.
| 37. A tool according to Claim 36; wherein said controllmg dev_lce 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
" control 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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nove said first and second arns relative to each other along a first
direction. 36. A tool according to Claim31, wherein said fid?}\NﬂKh?%‘ﬂﬂd
engagi ng devi gp913§843 configured to engage an inner surface of an

el astoneric insert for a photoconductive drum 37. A tool ac&&FHSAYITEE
Cl ai m 36, L L rolli evice |s configured to. control said
first and ﬁ%ﬁ‘gﬁgﬂ%ﬁgg’gﬁ %gﬁglggﬂ%@gﬁ‘ga@%@éﬂihvmsyﬁémgagactad.t h 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 elastoneric insert, such that an outer dianmeter of the
insert is contracted. 38. A tool according to Claim 34, 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 Replacenent Page .-23 WO 01/11433 20
'JANUARY 2004 PCT/ US00/ 17879 el astoneric insert, such that an outer
diameter of the insert is contracted.
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