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| NSERT TECHNI CAL FI ELD The invention relates to i mage form ng apparat us,
and partiwobarisyy t o photosensitive drunms in which an i nsepet/Usel/8633vi ded
during manufacturing, packaging and/or assenbly for reducing noise and/or
vi brati on. BACKGROUND OF THE | NVENTI ON Di scussi on of Background | mage
form ng apparatus, such as printers or photocopiers, include a

phot osensitive _nenber, typically in the formof a photosensitive drum The
per f or mance of ?H@T‘Bﬁmgﬁgﬁ?ﬂ?éUMlHAWI&GJNJEGTEKH‘QM@MD ance, since

t he i mage bei ng produced (or reprodINSERT is fornmed and devel oped on the
drum The devel oped image is then transferred fromthe drumto, for

exanpl e, a sheet of paper. Typically, the drumis fornmed of netal, such as
alum num and the nmetal is anody to provide a thin dielectric
| ayer. The drumis then coat e?%mégﬁﬂgﬁ%ﬁghggner ation and photo conduction
| ayers over 1ILhe dingj ectrjic layer. In formng an_image, the drumis rotated,
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t r ansf eedwihg nase antdie vdbration.o paper), and a cleaning location at which a
cl eani ng bl ade renoves excess toner fromthe drumso that the process can
be repeated. During an inmage form ng operation, as a result of the
rotation of the photosengt/ i I tion with the various
ot her conponents of theﬁlAn%%gR%Wn@piyﬁmlﬁgﬁ(ﬂgi se and vi bration can
occur. IhecussisampBackgrvidd ati on (and associ ated noise) can occur fromthe
rotation of the drum and any inperfections of the drum the gear flanges
attached t o ligee draring aprdkasys, sheh adriiringers haphotocupiers dicdudei & photdsengeas

urrent (AC) electric field
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is formed and developed on the drum. The developed image is then transferred from the

drum to, for example, a sheet of paper. Typically, the drum is formed of metal, such as
aluminum, and the metal is anodized or coated to provide a thin dielectric layer. The drum is
then coated with photo generation and photo conduction layers over the dielectric layer.

In forming an image, the drum is rotated, and a given location on the outer surface of
the drum is thereby rotated past a charge roller, 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 vibration can occur. 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 that
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. Further, as the drum
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rotates past the cleaning blade (which is in contact wwth the drum, noise
can be generated, particularly if the drumis vibrating. This interaction
bet ween tWe@odrise® and cl eaning blade is also known as chapCEUSMI/I8638t i on or
"stick-slip" vibration. (See, e.g., Chatter Vibration of a C eaner Bl ade

in El to, in. the. Feb 1996 i f
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and/or that of the process cartridge (the unit within which the drum is disposed). As aresult,

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
tube or the “substrate” (that eventually would be coated to be used as an electrophotographic
drum) can make the tube more expensive to manufacture, particularly if the tooling utilized to
manufacture a tube must be replaced. Moreover, when photosensitive drums are
manufactured as replacement parts, they will often be inserted into the 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

drum, and the manufacturer/refurbisher of the process cartridge could change (or the design
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-2 WD 01/ 75529 PCT/US01/ 08633 of a given manufacturer/refurbisher could
change). Thus, it can be difficult to sinply select a thickness of the
t ube whi ohowi/fds2oe suitabl e for avoi di ng noi se probl ens, BCTEIS0EN8633 i f a
thickness is selected for a certain process cartridge, that thickness could

can be harty Cuh iy PRk R RHBECR ARnLHL 180 R E R RY sledPed as

repl ac ethiehhespaf th@ tubﬁe \'fvliifch R b@lsﬁi&é‘tﬁé‘f&ﬁvt\ﬁ’ﬂin%hlo%@r@tﬂérﬁ§ sMckRvahgtosensitive
drunms is that the roundness or circularity of the tube can vary over tine,

whi ch c,tBJr‘ikJéﬁSNﬁ selegtedifpr aﬁﬁ@enn@peasw@rtadge@that ’tl’hfémeasamnﬂhl&msunakde faul arity
of the L a terJora if the dru is vihrating, and

cont act’i ng oPrh ?ssggﬁg%eoﬁts rﬁf thgléi‘jP fﬁ??s PRde PRI a"i'lbflpé(’lﬁ?‘éﬁ‘]“‘e}‘ﬁtban al so
be red%ﬁ%s@%ﬁn@dﬁing'rﬁwmﬁcmé&&?% HediBn: poyever as di scussed above,

i ncreasing the thickness of the B can‘Increase the materials and

manuf act ur i g fiwtst diffieulty whichlten akguitieplotbschsitive@minisd9 tHab the ré¥indktLdnat e
sol ution i.ch éﬁ%‘-}% en utilized in the past for solving noise and/or
vi br at i S BFBH? S $AP E/Y QYS! Flﬁ§e‘f"]@1°bp%¥g%lsweﬁwmlmm detstiptionsiTheve drum
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insertion of plug -ty(ge inserts is undesirable for a nunber of reaso

First, @rpudipggghicker aime howevpuias éucmS@edeoowo,sncmmmthatthlalqmsecf the dimﬁatl on
W t hin whi.ch .can,co icate the actuyri ng rocess. _ Further,
the pl ucéﬁr?r%cg%asgg“eslg%tu?%la apd, ”&l@%mn% Fesks: @ggio ’fglﬁlﬁ?‘l‘%refrﬁét o W dpolimg.
adhesi ve, t husax&m@%luﬁ&mm%g B DA BR B BLA TS BRIRIRLN RINGESS.
interference fit can al so be provided between ruma ?ug, however

an i nt efilfrefiempwbients has betrdtoriasut plugmwdlamhmﬁtdtmnﬁﬁvé Oendrwid tWisf ur t her

di sadvanta glathag an.occur. Wi th ng inserts, is that the plug and/or its
associ PRIy ipdrical gRieg] is dpsert 1%@%‘#%#&@ ¢ inaerhprovidesmildisiondl t he

drum R U e to t cost
associ av'glée} \%ig'[][ ﬁ%lﬁ] g s?dé% t}% é@g&ﬁ&@ﬂ%ﬁ‘é}&%&i?@gg 5010 WGV?F
parti cukparatetiertionsefiflugrigk indfts #AFIdgARBIAE 2 GaRbEAIS 16R3hS RLS, thE'%Hf red in
desi gni.ng_and purchasing the tooling required to manufacture ‘a par lg whi ch

must  beS EBfpERAIBIEL; be H%ﬁmnamt aspreeseloctionaitlph (ﬂhﬂ)@‘ems Mﬂma}ecad rcamplicatbe
the. 1 oraghEhebOEARR FrolER, Kyt HEIISH Boblhedetperdin Pl BiS Horeeisety or
use of an adhesive, thus further complicating the manufacture/assembly process. An
interference fit can also be provided between the drum and plug, however, an interference fit
could result in deformation of the drum. A further disadvantage that can occur with plug
inserts, is that the plug and/or its associated adhesive, can alter the performance
characteristics of the drum. Prior inserts have also been disadvantageous due to the costs
associated with the design and manufacture of a separate part. In particular, the insert must
be designed and capital costs are incurred in designing and purchasing the tooling required to
manufacture a part which must be compatible in form and size with the photosensitive drum.
The inserts must then be kept in inventory in sufficient quantities,
In view of the foregoing, a device and method are needed for reducing noise and/or
vibration in an 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
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vibration in an image form ng apparatus, particularly noise and/or

vi bration associated with operation of a photosensitive drum Such a
devi ce amdonetrisor are preferably suitable for use -3 WO ORCTVHS@N8633

PCT/ US01/ 08633 in both original equipnment and for replacenent parts. In

addi ti : I Qul r rably.mnimze.the cost to
nmanuf ag? b PEH% (131%}1 g@ék%%gﬁ%%aﬁg%{}%%rﬁg%%{t %‘gpnsﬁgﬁm&hsgqhﬁs vicezng I%eﬁléﬁﬂod al so
pr ef er ahbyldprefplablyyminiiei ARRAIEGRE tothinfTad¥i@ GRS BiserSMVARYn i cltidi o MMENT! ON It
is an agbject of the present invention to provide a product and process for

reduci rgseripidsbould alsorprefetablit simplifintha manntageiring process. appar at us in a cost
efficient manner. It is another object of the invention to provide a device
and nmethod that elimnates or reduces noise or vibration which can occur

during operation of origi ng{lﬂ\,ﬁ\qgk@n@ptﬂgmggg gent photosensitive drums
of an image formng apparatus. It is a furt object of the invention to

provi de a dévisee chidt abthe prastrdnveitibot ploaide awrbdudp by prdeeds@br *Bh&ng el i abl e
and consi.ste{il} g rf ormance of a photosensitive drumin an image formng
appar ati8® 2ne/or ﬁjﬁ?@’tondﬁé‘flﬁ@?g%@jr@&g FppapRes 1p A gesieliimentenanneyi de a process

for providi [g; ' : IR0 SIAVA ' reduei ng inser r,.q. .

phot osensi t pgles%gpﬁkﬁf?wg%%gé}gédl nﬁ@gﬁfo%étb gfg%% N 1"[%haé‘H nzﬁlfﬂ?f{ (%f“t ‘ﬁmé’ﬁ‘a@ﬁ fAesi ve.
It i's aedices hoibeiot Vibratiohiveidh €dn dcb@ duingBhbiafod Of HiAMAIGGuAAL € and/ or
vibration reducing insert for a photosensitive drumin whi ch novenent and

danage TERIacement Redtagensitiye dimgs offemtimage 6urming appshitypi ng and storage of the
drumis redyced ,or. el iim nated.. The above and ot her objects and advant ages
are achi eve P}Sr? @E%%rro(ﬂ?% 8%%6%\'61“?}8“ top‘i’r8¥@ﬁla deMigeand aysosiatedmmethodihat nser t
i's ol deid @ovies fdrindrB $é18B1dnd ﬁ)@ﬁ% ' - hagert is
manuf acturpgd 1durirng rt heﬁﬁaﬁﬁ chgél}g% r ag%?ncglogﬁg)pb?%%ﬁ%wgt%@gﬁé| ive drum

and i timage froomingappesdusy t o separately manufacture, inventory and insert

the noi se/vi Fr ation reguci ng insert. Further, since the insert is nolded
directly i ndteehbinothr ofjsghpt the invsptesn iewrpvide 8 prasessiar plexjsting aneise i nner
peri phempy/eitkh ; Lt el cessar rovi de .a separate
adhesi ve foor1 se%&%%&elﬁgsé%ggﬁﬂh%%gﬁ%ﬁ Cﬁﬁ‘ééﬁ% r’%?&)flﬂtgjeot?q}?ﬁr?&)ﬁont 8ccordance
wi t h t hirugprvatiesnt adhiesivent i on, the material formng the insert is directly

injected into the interior of the )
It is a still further object of the invention to provide a noise and/or vibration reducing

insert for a photosensitive drum in which movement and damage due to thermal cycling that
occurs in shipping and storage of the drum is reduced or eliminated.

The above and other objects and advantages are achieved in accordance with the
present invention in which an insert is molded directly inside of a photosensitive drum. Thus,
the insert is manufactured during the manufacture or assembly of the photosensitive drum and
it is not necessary to separately manufacture, inventory and insert the noise/vibration
reducing insert. Further, since the insert is molded directly inside of the drum, it conforms in
size and shape to the inner periphery of the drum and it is not necessary to provide a separate
adhesive for securing the insert in place inside of the drum. In accordance with the present
invention, the material forming the insert is directly injected into the interior of the
photosensitive drum to fill a portion of the interior of the drum with the insert material. Once
the insert material cures, the step of providing the drum with a noise/vibration reducing insert

is complete. The material which forms the insert can include a single or multiple part
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phot osensitive drumto fill a portion of the interior of the drumwth the
insert material. Once the insert material cures, the step of providing the
drum wi t W@ onmisg®/ vi brati on reducing insert is conplete. PUhESoaBe33 al

which forms the insert can include a single or nultiple part -4 WO 01/75529

PCT/ US 18633 r at S, such that a
pr edet gagﬁr%‘lgned hlgﬁg%ll fécye? Br%éspg)?(’pnsate rPoanl% 8%1 g%t aﬁ%d% %%IB?CEISB%%{#?%W%%IS any
OPC dr lpi‘a)v{c[@tﬁatlt%ﬁlfobemtzﬁidr@dfaﬁ ORt @il The MicR ehatG el %Pﬁﬁg:ntaﬂ caﬁbeh or be
conpatible with the thermal coeftficient of expansion of OPC drum
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time of,the herm) t| caﬁy tgdhem ve s stem sel ected are
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and |l ocation of the insert can be controlled to ensure that t e |nsert is
ef f ect impaiesig, the giadt ﬁgﬂsﬁ(ﬁllﬂéhqn@teawelght)l@tf dtei iosert éﬁhdaermeckﬂterngnadf Thee i nsert
the insert is, al advant ageous in

he .d
That t ABLiGESt Y st Posvetiot i Had Bs cCrmlibd So P Boor einzeibe et dr e or
as a  dB§josdy 4aRd Bésﬁéél 'l&ﬂtlf)&fnsﬁie%riﬁé GHATTHRE %}hmet\pé?gﬁt aﬁ? HaLibi 8r the

modi fi cations to manufacturing tooling as was thé cas conven |onal

pr ef or reskri eagdetcontr@bwipatenkire ittay tHerinseetrirsffedtivelig rddueingaloise@ad/bt ci ent  of
expansi drum ang the insert is inmportant due to the conditions

of t
whi ch & @TPH?H -c Hif Weteripgob thedpsarigmptgriahdireailngitathe dramde soyen the mnspame alsal ar,

cond t Facafthels BORBAGE l8 RS e SRLF 2T BE E1 AN e Sh AR Al R her e
coef f i alesigh noddifi@xipa st Q?mﬂfsuléﬂ”kﬁuﬂ!) WALGkE ﬂ@qﬁ@iﬁ? %ﬁdlﬁ&ﬁ%ﬂ@to' R oturtdpe

insert can be dislodged fromthe interior drumif the i1nsert” should
shri nktB‘}h%naSa‘Wl}hQCﬂjﬁé@t@onﬁ’h@wnahmfmedhsem um or the insert can

et o e, e il R R SRR O SRR AR e e

abl e t dn¥yrt i8 $hB&YehnR dGY £ e @bnditions which a drum can be subjected to in shipping and
storage. In particular, drums are often shipped in unheated cargo space and stored in non-air
conditioned warehouses. Thus, if there is a poor match between the thermal coefficient of
expansion of the drum with respect to the insert, the insert can be dislodged from the interior
of the drum if the insert should shrink by an amount greater than that of the drum, or the
insert can deform the drum if the insert should expand by an amount substantially greater
than that of the drum. Preferably the drum and insert should be able to withstand a cycle of
temperatures of from -40° C to 80° C. It is to be understood that the thermal coefficient of
expansion of the insert need not be identical to that of the drum as long as the thermal
coefficients are sufficiently close to one another so that damage to the drum or insert is
avoided for the conditions under which the drum is to be subjected. Thus, where the shipping

and storage conditions are better controlled, the matching of the thermal coefficients need not
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tenperatures of from-40 Cto 80 C It is to be understood that the
thermal coefficient of expansion of the insert need not be identical to
that of tweodrise® as | ong as the thermal coefficients arePeDiBiidisesst | vy
cl ose to one anot her so that damage to the drumor insert is avoided for
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advant ageous in making the thermal characteristics of the insert cfoser to
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90% by we ht have. a roduced atisfacto resul . Filler ampunts
abo(i/e Qtt?(yad e é’uf)&'??gﬁng the t?‘?“b%ﬁﬁ?ﬁ‘ﬁ??%@&ﬁ?é‘?@ﬁ er tostﬁﬁc?é thadumnser t
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of the material s hat the material can be Inje I'nside of a

phot os entisfactory msuitn Fllke apmeaintsrabbvweo9(4) Whitelp@sibke afeeg&nnaraﬂ;a (ﬂoif rlefeﬁi’ed mat eri al
i nserts.of he |nventja1lo]g have been found advantageous in reducing

possi bi YRy "t’r’i‘é?rt materian Begomegppste-hike apdbdifhe beschan ba gncaatiengd m@aaMngfor age

due to L n Cc i,ch c Qeeur

dur i ng %ﬁ?%%rf%‘ o L B S D BB DL P SR BB o

t hermal nmat thertglemamwolﬁﬁrt&dhd:ﬁ%ﬂéﬁména fifletigBtefhl ifsdrisldreie iMBdRibhdbvsuch as
silica or al umi na, since such filler materials are inexpensive and have

t her i begR &pyaxiaduantogrion inmeducing therposwibilifathabihe fsertsvib decaneloose durmg

phot os ch is typical I a m or. an al ym num based
nat er i a%ﬁ%pé{l‘agp&éid stor% \@h 8 H?’BB?F%‘S" %’@8 {n PRYRIIIE VHYCh @ Q5w of
reacti ClurinBisBipbir@hndRtHh@d A above, cost reduction and better thermal matching can

be achieved by the use of a filler material such as silica or alumina, since such filler materials

are inexpensive and have thermal properties which are closer to that of the substrate of the
photosensitive drum, which is typically aluminum or an aluminum based material. Rapid
injection/curing speeds can be provided by the use of reaction injection molding (RIM)
techniques whereby the curing reaction of two separate monomers takes place immediately
within the cavity of the OPC drum. RIM processes allow for a wide selection of various
polymers that would otherwise have to be preformed and inserted separately. Preferably
monomers are selected such that exotherms do not exceed of 80° C as the monomers react
and cure. Extreme exotherms could cause damage to the surface coatings of the OPC drum.
A small amount of shrinkage of the resin during curing is acceptable and the resin will

nevertheless remain adhered to the inner surface of the OPC drum. However, if desired,
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t echni ques whereby the curing reaction of two separate nononers takes place
imediately wthin the cavity of the OPC drum RI M processes allow for a
wi de sel acooomsed various polyners that woul d ot herw se PeU@SNSHES
preformed and inserted separately. Preferably nononers are sel ected such

t hat e@égﬁfiﬁm‘aﬁoﬁ% cgff GREYe ?%:h?cf%d i&h%srfsﬁg%a@% aggéoilg%el%?%% gora q]gl?flégapc

Extrenme exot rms coul cause dannge e sur

drum iAesdesdile ditilige houRicciika@ao @ie fekif niRGidls $Idctdirof tHeliflrd THACCEpt abl e
and the resin wll nevert hel ess remain adhered to the inner surface of the

OPC dr 1additiqeved prpanding njerimerg (or-oghepexptiicrasaeh RCIP LSO $PIEBE3 B optiopalrmiiing
rmnorrernsee&%ngielso ige included, i n.the re@in material to conpensate for
shri nkdg&® ip% JXEE &} pleiey lﬂ%éé rs‘(_?"fé’ﬁ‘i’ PG VPR et ARAVEES al s
sel ect egf sBﬁﬁkég@PeﬁpB%ﬁ% mohBfersdd bk h@dedat d@s’fr@lﬁ.n gt &aﬁigggi%ﬁrﬁexgﬂfns Qe hgr

expedi ents such as hol Tow spheres) is optional an not be provi ded

wher e dhseradteg ewiing ave clgse tbthe imter diantdtangl/Br), of ewephotésehsitvediumafopunt s of
shri nkarge,. expandi Ng monomers can be added if desired. Preferably, the
di mensiBHYOYR pfegnal Catartares hebyeqn the fifed nsers pad thebotosensitivissrumitanet er

(I.D.) REvil Eﬁ% j id drumfor rmaxi muminternal contact area

bet vveer‘}ﬂtweg'?iblgtlteég mggr%ﬁe\gﬁd the photosensitive drumto provide a better

muf f1ing ef fAchddidonahddidniage af trduvetiones Ght, Wil thOWRAk g e thidhal W th the
the internal portion of the drum the insert can provide a

insert fillin ! | .

suppor tnositémb@&gté% frumg, thoymserh earoprerisle visvepagtivereffect brethe photosenditive dgurihe  dr um
nore d d.less suscepti.ble to.deformation or deviation qof . the
phot os Lej[ h%?t’f%eglaecﬁm AL infdge dyraRlg and 1555 S‘bﬁcel?tgﬁ‘?ﬁ?n@gm&ﬁlpp G H%u‘é@?o’ﬂ‘?ﬁ s
suppor tth¥ sh&bieasitive | | 1§ i ' i | ward
reduci ntg tghe thi%lzﬁg?snp g?%f\%%%%%%??ﬁ%@%mg}ﬁ% t tgmggosﬁlpgcgg?n |f%1°g| y

| ower tibpattioslarlptlesitabledinubat tiSutcdndrie thveed redubingkhethédkaedsefder t he drum nore
susceptible to.deformation. In accordance with the present invention, the

i nsert RUQFPSERSEYS & F?WB?“@%%&W“%C easotihadrue Breliredyesd with a
e e RS ARG B T B

preferred formo einsertisin

cyl i ndrineaition] thg insen e provide dditousl AppdOaMRE diuis 86 that Sndvidl $thikerf or med.
For example, a sqljd cylinder may be used if increased mass is desired,
wher eaﬁ@p@@&ﬁ@nﬁleﬁwtﬁbk tgldgtosmatiorsert coul d be used if greater |ength

along the i rtﬂearpré)s%ﬁ{} Bfkfgr;edtég§m dey ir\%én%oh,ecﬁg IS8t 3 it the form of a solid
cylindrical slug, however, a porous or foamed insert could also be formed. For example, a
solid cylinder may be used if increased mass is desired, whereas a porous or foamed in place
insert could be used if greater length along the inner portion of the drum with less mass or
weight is preferred. A porous or foamed insert can be achieved through the use of blowing
agents mixed with the resin in an amount <1 wt.% in proportion to the resin so that, during
injection molding, structures with high levels of porosity result. Insert materials other than
thermoplastics or thermoset resins (filled or unfilled) could also be used which possess
thermal expansion coefficients sufficient to ensure that the insert is not later loosened from
the internal sections of the photosensitive drum. Other organic or inorganic materials could
also be used which flow for use in an injection-like process and still cure or solidify rapidly.
In order to resist or counteract shrinkage which can occur during curing of the insert material,

an additive can be included in the insert material, such as an expanding monomer and/or
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weight is preferred. A porous or foamed insert can be achi eved through the
use of blowing agents mxed with the resin in an amount <1 w.% in

proporti wOvo735k®e resin so that, during injection noldi NBCT/ABeWNSEIBr es Wit h
high | evels of porosity result. Insert materials other than thernoplastics

th I il ed filled d .al d i ch
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Qther organic or inorganic materials cou al so be used ow for use
in an i%pRbicy¢lond BiOk sopmseds- And )stdidralangr Spios-7sdHicdthdyela B, 6] nonand-8, or der

t st t t shri i dur i i f th

nsert it oPRTeIo PRRBAHAY D SSUR RIS 17 1030 | OO R oF SHESdy Pal | such
I /= T |1

apher ea R T e 2ol B Bl ™"

Mononeregpanddygnimoasinsss, khesvae bibet @qiahding nemdndRDdrk §adsitdeISIn 4UditRh; 8¢ can be
utilized. Prese iro-7 oxabicyclo [4.3.0] nonane-8, 2' - (1', 3') -

ly, )
il oxe cgmatgsly hoflovwosTRPtsR Aeiher Slpd i) sphsiverre e filohotk spheres) Such as
| : i - - di -. 2, 1'.- s b, f :
onr oS YRR RAEs pallaikea 5 il GRS igR cotig ol Bzt DRI O " omane

are beldoantethcpsieinkagh| € tiassphenp anrdilig, tmpe&i%éﬁum‘ffrve%ﬁlglle:j%h%pandi ng

nononers, are possible. In addition, or alternatively, ow spheres
(ei t heroligomeeaf ehutplenepher es or unfilled hol | ow spheres) such as hol | ow

spheres manyf act ured.by the PQ Corporation could also be utilized to
i nhi bit or 1 Oéﬁfé? %?&Qﬁﬁlﬁﬁs%@?eﬂg aiiamept oF ermpplastic gapdikephegorcan be

filledsph of%5TOpSate Wallttdhs gl%édgé% gfp%ed%&eﬂnﬁ%%é’altigﬂ%vifhlkrgg&r % goftotfl))e ' nj ect

the insert material, a thernoset or ernopl astrc cap- plu spacer
of appr@REidatre. Onecrttespades iyihated, Alling iPieoRbasivinetslaeMoaistoh ik n one
end of the OPC dru Once the spacer is in place, filling i's acconplished
usi ng &°KEFVEH %?%%Zgﬁnepwg onqggaddiioppk MasiicrrepZike phigentisneseohaving arldi t i onal

pl asti N er. havi n eni t hr ough ich the nozzle

U ot SR OGPV ke BPARSHIAR I BB0 malBel  Sn it heoh S BebRd, e

fillingnsmtelit e fling Readri 6abd freed!ii® EPOPAr ANV ARAH BoHib RS eI of the

ends of the drum This arrangenent and nmethod al so allows the Insert

mat er i £nds of e drEpedhisdrrangenent pad drethadwitid allotisehatinsert mataniat foderihgbtedwhi ch
ed assenbly equi pnent used

5 L) SR B S OB S SRR, £ 2
automated assembly equipment used for attaching flanges/gears to the drums. Thus, once the
insert material is injected into the drum, the drum can then quickly proceed to subsequent
automated assembly operations including the insertion/attachment of flanges or gears into the
ends of the drums. It is to be understood that it is also possible to inject the filler material of
the present invention while the drum is vertical or at positions between vertical and
horizontal.

To ensure that the proper amount of material fills the hollow OPC tube, a metering
pump or other suitable means may be employed to dispense a predetermined volume of
material within a specific time (preferably less than 6 seconds and more preferably within 2-3
seconds). Once the material is dispensed, it should cure or solidify as quickly as possible,
such that there is little or no flow of the filling material immediately thereafter. The length

of the injected insert can vary based on several factors including the vibrational frequency,
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insert material is injected into the drum the drumcan then quickly
proceed to subsequent automated assenbly operations including the .
insertiowabt/zskment of flanges or gears into the ends oPCT&0ISEHI®E. |t s
to be understood that it is also possible to inject the filler material of

th i 41 en. whi t drumis.verfical or osi ti.ans, between
e P SRRk B b D TR P RSl BB e
fills tinpcldlihew teRGehd BOer 2 1438 SHL A ofITRnSh Fiedrygyi t abl e means may be
enpl oyed to dispense a predeterm ned volune of material within a specific
time (preferbs @T]ane@gemthﬁmh@m@gpnmnmgns mﬂr@tqr:]geellﬁﬁnl?girlgnbg bgroelsli)e('jb;ts?y as
ds).. . t he teri I s di spensed,. i Qu .
oo ot 5Pt ESeb BT Shelbot ABFRTS et bi BRSSP 1

mat er i absdaARArafuhdy $H8E 8Alh 'Fs_routs;m@oi} B gAb1ed 5t (lidaHs %ﬁ{ Sl r,%seer t can

g h
vary based on severadl factors including t%e Vi %[rléaef_l on requ Yy, -8 WO

01/ 75529s@i¢d fSaled@6&othetasinpedentnsthe appahiusi Firtieh, Siaferthe Rfdceda crdst
insertion, etc. It is presently preferred for the injected insert to
ext end BYEFisgelafively ilg]étrié-"f?égma %Par{ bredipteibyter opextendedlona a Majerigy okthgenent  of

th [ 1.Op ] ani: in a nunber of respects. First, one
c aﬁ \F/);?EE%}E & J Hn’l\ltés S g # § @8@% %3&/5 q Lé]?‘ggggécfvia%{aig%s.sasﬁﬁm %ﬁ%W&P l?FhOPPIE}gTWJé? WS Sensur e
t hat t hia whieisthe phgeorfweghtaR eoncehtritbe a0 sHaLifed MHafbs &Ml &Q@Iﬁ&!dwgé e range,
or does not match the resonance frequency of other conponents of the
appar atagngapentiefurther desirable@venplogtyet inserisas that thesendencysof thé aﬁ?oﬁaﬁy li ght
[ [ i.t..can be distribuyted or extended along a majority of the .
:gn\évtelh (l)gédtclﬁét 18?%11.5%? F?él?aé‘wmg SHRaTgIegiian ﬁhaégl&m sdie lgd)l%et h prior
| ug-t ' i i 3 L: i R at. a.
Cpea 11 T B,y e SO ol o T BN R B inSice o

over plafgh¢ e, itnser¢mainmdhéad td the drendesgyr. Qiiccbi‘tﬁnglﬂ,i £bhiafe adhbdive cast
insert is t i,ally). upon injection such that the insert is held

d
in pl ac¥®t r?q?férgé glf o f‘gl{@{éma e ingehinsideof theedrim os Sprcholding iiedgesrt toietber. t he

i IS Inj i nside. qQ he . dr it. can.remain adhered to the
drum 1 nt or i oreHEREHEEEE ARl dfiond: bV BarEtiRb el in ) SRR R BAISERT her 1 or
hol di ngnttheadtmsé s a sesirate paf, dnbehell tHo @kt dsecidied Jith Gb{a_ﬂﬁn% {&%ﬁﬁ% E&roget her.
The arrangenment of the invention is al so advantageous 1 n that e insert

need noPalgeg ofdieitsers andthegostpfdeyeatay erqrvoidedatic ivestiort Bsdfintiest associ at ed
i i ni i i i ts and the cost of inventor
‘é\‘r éha\? g%dgé@'_ag ué ?n?t:kléfgx%g%rgﬁn f@?&é‘xﬁﬂ@%cgtyo% tlo r‘El?e:eirnsert 1s needed (e.g., in the Y
thickness, length, weight, etc.), such a modification can be made to the insert (e.g., by

selecting a different filler material to form the injected cast insert, or by varying the amount
of material injected) more readily than making a modification to the photosensitive drum
itself, or in modifying the design of performed inserts. This aspect of the invention is
particularly desirable in that an insert might be found to perform less than optimally after it
has been used in the field. However, even a slight modification to conventional inserts has
required design and tooling changes. In accordance with the invention, a modification to an
insert design can be readily achieved, simply by modifying, for example, the length along the
drum into which the insert is injection molded. Thus, in addition to the simplicity and ease of
fabrication, insertion and low cost, the invention is also advantageous in that design
modifications, such as adjustments to the dimensions, volume and/or mass of the insert can

be readily achieved without requiring new manufacturing tooling for the insert.
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advantageous in this regard in that if a nodification to the insert is
needed (e.g., in the thickness, length, weight, etc.), such a nodification
can be maweot/ossehe insert (e.g., by selecting a differenpCTiUkbisessat eri al
to formthe injected cast insert, or by varying the anount of material

injected) nore readily j ﬁoﬁ’ﬁ m he phot osensitive
drum itself, or in mﬁ%?%@&@g! g . R?‘méi nserts. This aspect
of the inverthenobjécts MaY ddvaitaged of thefiesehblivehtiod WAl bedBmeAppatntHs @Y  be
found to performless than optimally after it has been used in the field.
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manuf act uri |4 r i . -9 01/ 755 PCT/ USQ01/ 08633 BRI EF
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i nvent i apipmdnk fdrégecingePPAs@Nint@S pﬁcﬁ‘c@sené‘riﬁﬁ?@dﬁﬁ?&%@ox@ﬁﬁ&%ﬁh‘ﬂl@‘ﬂéﬁﬁ@ﬂ wi th
reference to the follow ng detailed description, particularly en

consi der ed ifHCe 8Rjdgnists araliginate erhbodimanti afgsirim wit wlhral FisGits th aechrdamdei cal | y
depi ct Swifth %o}l\(,)c Bi er to which the present invention is applicable. FIG 2
schematica )} cFé)‘gl %ts a printer to which the present invention is
applicable. FIG 3Aillustrates the photosensitive drumand insert as well
as the process and equipnent for injecting an insert into a photosensitive
drum i n accor daRTAIMEDIDESERITNON OB THEPEEFBRREEPESMBORIMBNITSr nat e

enbodi nent gj drum wi tlh plural inserts in accordance wth the invention.
DETAI LED DESGRI FPeR? HypppropgntsEARp e fsorg ErrRtuFinghe formedenat i cal |y

repres E‘lﬂ{o&)c 'ef Wﬁclfl %ﬂr@&nﬁ%&%&%@ éa%élié% hfhg %H: %&ﬁ%&pﬁ%ﬁ%@%ﬁgﬁ%o

whi ch t'he present Invention i1s a . 1
ori gi naiocdmemxriepIacd:@uﬁﬂrﬁﬁe_?%Mb@dbiérf‘gﬁtasE ho! £@AP IRINiFABS By 4PamADe. The

illumnated by a lanp 12. e
resulting light is then projected onto a photosensitive drum 1 by way of an optical system 14,
and the drum has been previously charged utilizing a charge roller 16. As a result, 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 electrostatic 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 charged 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
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resulting light is then projected onto a photosensitive drum1 by way of an
optical system 14, and the drum has been previously charged utilizing a

charge rovoer/7558 As a result, an electrostatic |atent i|PeD®SI28633r med on
the drum 1, and a devel opi ng unit 18 then supplies toner to the druml to

devel o e Atent Paper is f ource. 20 by
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t oner isf@peng wnit e seran@imtu’r&urpb?pﬁaﬂluﬁ prowh?@slalaicnt\lmylgdomutth@f t he
appar at A cl ea 17 IS tream fromthe hackup
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IS transferre(g@}{% theOpréIEéeet ?és rgﬂrr&g)s%ﬁ%@h%ﬂ)gp%? %l ngfnbu%@agﬁ 1 )agﬁje t oner
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col | ecti nglﬁrem toner. The drumis then charged by the charger roller

16, and@vPR&a %% devdog e and u of the nrinéer PEXeLpRERnaveFing rolferseidegriddscal | y

repres esent invention is-also -10 WO
01/ 755%@&%%@%%%&6\%& i cwg g g‘t%{gges%vm in Fig. 2, in contrast with
t he phot ocopdeshodRMiepatchefrBinithd Rireddidy 'tl%otcﬁ;@nélﬁ@d’ruﬁb’ls\é’ﬁﬁca‘?fto fecontrol

unit that provides a video signal, for exanple, by a |aser scanning unit
30. Thémags &mmgamnmg andifor @Chichels opoperatites the pihatosmsm\macgemam teaquirbé

phot ose[n5| ti ve drum 32 vvgha geen uni f or ged by charge roll er
34. The |?’r%Pge§a?§n Wé@%"ft(% B'ifmg TR GRPBHE H’é Ch%ﬁﬁr‘? kerithansferred
to pa

pholto og glgle?lqglgé%%ﬁl ai;\eg?g?e b(g%,ﬁ%geﬁ%l% i g%&;@;ﬁ%ﬁﬁ% aglrattwgganwf gl\e}%‘? S past

a fixinp ﬂievlrumr@i&teanﬂcam@sooémﬁaMSWmﬂtlmf thy dnred indlised GOt aHeNEe BRI er s and
gui des., &m dual toner, can be renpved by a cleaning bl ade 37. As shoul d be

appar erfPPRRTHONR (P BB EIHEROf 2sy manchies) g5ten drum eed/ar timepar flaniges ofithe domm,he

i mage f of oper hot osensi t| ve
aram i = cehe RS i AT s SRR B Sarag POl et “BrRe eaiein

i ncl udicag alsh Gha@&ateg&eﬁoghb Qéusetvk&au@péﬂdﬁﬁt'nols@@gﬁné Qf)éfht%h SHEL @fﬂm tRQan

devel oper device, the backup roller and the cl eaning bl ade ahe drum

r ot at edhe frictiepd can%t ofithe drum withahe esions cahpervetsdnéluding thd ¢lzaemhg bladgt at i ng

the d cce ities g es t he drum and/ or
thg gégw 5%62 and eégla ce.n{“ ! formation of an%margmﬁas also %eenq"ound to

generate ozone gas, and this gas generation is also believed to be a potential cause for noise

and/or vibration of the drum.

The generation of noise and/or vibration is often accompanied by deterioration in the
image quality, since the drum is not smoothly and consistently interacting with the other
components of the image forming apparatus. As a result, 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 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 number 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
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etc. Further, where an AC current is applied to the charge roller 16, 34,
the alternating charge can also have a tendency to cause vibration and/or
noi se duwaguoyser ati on of the drum as can the fricti onaPCTORtIABG330f t he
drumw th the various conponents including the cleaning blade, charge

roller } r I f an imge h al b f ound
to genfg{&g% gf%%%%g%ags, g%%a? %@%%stﬂgéé\%?gﬁe g eé‘?%o%ax r8€?getﬁl't be a

pot ent i hirse A6 gee@itidiod fSimdedfiBleioidd A ditiBiordéant Al B dHBnndPsce Ggkat i on of
noi se and/or vibration is often acconpani ed by deterioration in the inage

qual i t yPerierd thepparages, psthest inghewvichlity aftie appasitsst ent |y i nteracting with
t he ot her Q nents .of the inmage form ng apparatus. As a result, toner
may appear i H%g&ég% aY?‘}g\?m ce P‘?lg‘?’ §°’??8Fq‘8i§’_§‘ie$€‘8ar(‘{f?ﬁ\é‘§lfsr}%fﬂla designedithe pot ) |

and/ or dremeb tMdthhe MREraPRRE@MCE ﬂe?{]e?l@'f of & ldhf.rﬁ dofLot rﬁﬂéﬂ?h?goftalﬁg o fpge

(undesirable white spots). Less an” optimal i nages can also occur over a
peri od sufrouwydingeompencnis; end also so/thaf the hetuekd uesodante fiegheey dfthddutn is ubar ,
after t.h d”é has operated for a nunber of cycles, certain |ocations of
the dr d%%&ea%‘rl %%%ed SrifRt Hovibratien shoyld esery, wiis lesa degmshe, since e dr um

b i i i | i | . i but
Sy noarRbfey dBRehbOfbich Tl betBSAnGlndind EOM A, T ARSI st Kook 0y,
more  raadibdd Goriif lessemdibslelytohd b6y oﬁhﬁ&antﬁheviQih&g]é)?éﬁergﬁorﬁéfﬁ%ﬁéed to nore

concentrated forces or_-11 WD 01/75529 PCT/US01/ 08633 forces of a larger
magni t F@B2EREN HAsever: B neige prablem it found tdogentiie peisimpenuipgentoit earebk  Of
course, .t ration .of,.undesirabl e nois d vibration can al so be an
annoyan urlet}g 1(:% 8§§[h]t§ rg%eﬁlgrne{f) 8Irm%l?e°f§1§§ry a8 ﬁg?%eﬁg? gigqenflﬁ% &'&ﬂthﬁ H@’E\Iﬁ@@ﬁsﬁb of
the appamiad dsm. |MofoVer, tHeOn AP of Hﬁﬂ’t&%c&ﬁb§ﬁxor§ 1&?&&%?&

manuf acturers have designed the drumso that the natural Tesonance

f r equeriffersit thivkneisesmustds mmotidedifor Hiffdnatt eqhiparyt. ofhit bemplesity sundi ng

conponent s, a(i}?g’ﬂgllpso so t hat thF nat ural resonance frequency of the drumis
not i rfOPRQUALRY; Whete fppgare manylacied as replpcepnasit agits sined s magufictuer,ofi t i s

| ess degghibMchdny j not . nat hat of .t he i

surr ound}ig ng célnggrrtlszllrﬁ%ﬁ nfa%ﬁfaagé#%?}gﬁ{,}%ﬁ%?a%%?@gmibgr %fg(i}ﬂ%lgﬂgﬁnﬂfleé PEGrY & | ess
audi bl eppiess sfhbiffapear mbaufacturekdiose in the vicinity of operation of the
apparatus. However, if a noise problemis found to occur in existing

equi pnent , iANEhE approaghfq minigéAing neise ansdursiimtiontl photoseesitesdmnsthas change
t he di | O : t ube thickness af, the dru Mpr eqver, the
manuf aE:BtDe gr? 'teOi!(i)I‘ eré%g%bg cgé%eg htgo%},l@pﬁe ﬁ%a‘f’eéﬁh%raé’re etermined Jocation

within the drum. However, this insert approach is disadvantageous in that it requires the

manufacture of a separate part, and the part must be designed and suitable tooling must be
procured to manufacture the part. Further, once the part is manufactured, if the performance
is less than optimal, redesign and retooling can be required to improve the part. The use of a
plug-type insert can also be undesirable in that the plug is typically required to be inserted at
a particular axial location within the drum, and if improperly placed, the plug might not
perform properly, and could even worsen the noise or vibration problems. In addition, often
the plug must be adhered in place, or an interference fit must be utilized so that the plug is
secured in place once inserted. Fixing the plug with an adhesive can be cumbersome, and
could result in the adhesive being inadvertently disposed at locations other than desired (such
as on the drum exterior which could adversely affect the drum performance), or the plug

could shift if the drum is transported prior to curing of the adhesive. If an interference fit is
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di fferent thicknesses nust be provided for different equi pment. This
conplexity is conpounded where druns are manufactured as repl acenent
parts, siwaevasemnufacturer of replacenment parts m ght npeDUsats638 dr uns
for a larger nunber of different nodel printers or copiers of different

nanul ackitt Gl ne ARG 06fla BPRERRR W ThALHLE A0SR AL MDA LRT, |

phot osensitive I NSer

pl ugs cthe WhbH &) thatﬁhg, B LEsHENR6hs, BefetfBFnantk bhd Reshbife BF MO drtRWEVer
this insert approach is disadvantageous in that it requires the

nmanuf adhefasaiden of the pheanighpaotibe cangdstemevipathiat of therdecatioss gfibe damal sui t abl e

t ool i ng nust . procur to nuf acture the part. Further, once the part

i s manuf act %ea?l%ﬁoﬁtgﬁﬁgngﬁﬁﬁﬂn 1 @CCPE‘E@C‘%)W% s REIRE MVPRIEIS gn and

r et ool i @i ' ' : - Qf I fype
QiR aPRrell @ L Eﬁ%éeﬁ}ehf@qu}ﬂﬁgé@ ﬁ{g&ﬁl&% Tﬁ@nk@?m%c?x?rda&e Y t¥1§ ‘o be

insert can also be undesirable int Is typically require

i nsert quesent inyeygamt iTowkder tafiral the dsedt il 04 withirihe delie 100,um endrdp bf pluppr oper |y
pl aced, t23e Eelgu m'fght_ not .performproperly, and could even worsen the

noi se ot Breferaby fstdpsested intp gnagrd of the drush.« The caphe niwg 0 2rstbeba adher ed

in placg 30 e [ t._he utilized s hat .t he ug, i.s
secur od T opt oo LeBREBRALEN R o T g T el B el e L sk
cunber sisiectadihto theudramrae el dorret 16&EoadipasdsRt BBNG: biaE\e8h bek!dkdi sposed
at locations other than desired (such as on the drumexterior which could

adver sellip Ring &84 canysmain,vyith dref drpmeatice fhe inserittine bp¢nuflledcand wirshi Alterndtelyhe
drum i ior t i ng, of the adhesive. |f an interf fit
o P B2 B P Bnh S SRR by iSO e v iR B Selr O
upon i nE@phig@BrveEHs & Blk-upHeR i%ﬁﬁ%tﬂgl%f‘th inSYP R e i mop@c?wh&f;@' on of

the plug, but not in other areas, pertornmance and response of the drum

at t hdohgrrareded. df the pdugnis ugmoneghiftenedchifdlinposdrai@nt nwiré BulabRt n@fstpkher
| ocations of .the drum Referri. ne%énow to Figure 3A, a drumin accordance
with t HBAEHAdE RreferRsebile A relativeli piexpeive plugpapteriakwhigh gan adhgesrterthe and

met hod ; ; ' [ . r. ce W e esent .in tion. In
or dor £0For i Tpact MG RERYE if B AR A G A Wlpe. MRS wp S5 102
i's pr efiepddebythé injedtionnad fo@htion b tHeiBsep¥hnProdeB@ drum The cap or plug 102
can be an inexpensive thernoplastic or other material, and is used to
ensure that Brideckered forseet thesnventien, the insdrhinetetiekis inmjeded Wilixdngiamaedzld he

out of, the end of, the d The pl ug

102" can a1 eS8 Rt B Wi e 8 o g afnefr o B v 1001 e,
Al t er naA€4h Yesult, during filling, the insert material is formed at the desired location along the length
of the drum and will not flow back around the nozzle or out of the end of the drum. The
nozzle 106 is mounted upon a reciprocating plunger rod 110 which is hollow to provide a
conduit for feeding the material to the nozzle 106. The plunger rod 110 reciprocates in the
direction indicated by arrow A. When the insert material is initially injected, the nozzle 106
is disposed adjacent to the plug 102. As the injection/filling progresses, the plunger rod 110
and nozzle 106 are progressively retracted away from the plug 102 until the injection
operation is completed. The filling operation will preferably require only two-three seconds,
and thus does not present a significant delay in the drum assembly process. A suitable drive
112 is utilized for reciprocating the plunger rod 110. Such reciprocating drivés are well
. known and drives similar to that used for drum gear flange insertion can be used. Thus, the

invention can be compatible with existing equipment utilized in the assembly of drums,
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the plug 102 could be renoved, for exanple, by nmounting the plug 102 upon a
rod such that the plug serves as a back-up during formation of the insert
and thenwa@orgiseved when no | onger needed. |If the plug iBCT/®RuNVSB3aft er
each filling operation, a nore durable, non-stick material is preferred,

whi | e Vel Y. in nsive, pl u terial. whj.ch can adhere o the

i nsert atflé(ﬁ%%%%;&ra gt e\;\ﬁ@é&éc %ng dﬁ%ﬁé‘g?cg%lr glaP%enlEF l?malﬁ?léecéﬁrﬁ?ﬁt?ft{“%lz’fupg?rl i ng.
Once thﬁdphol,ghna,oﬁdbﬁredime%@ﬁf‘oncﬁ’@ﬁuétmz@_ﬁi on and formation of the insert
can proceed. In a preferred formof the invention, the insert material is

i nj ected utiAmeterpgapumyy kl4efeeds0Be hevoit muptexiat frotnea rei@Boinbr supdt brd ofthéy t he

sane Si as.the inner dianeter of the drum100. As a resuylt, during
filli ngt%l?etr Fféat‘?r}?i'e Fe W&Eeé‘ﬁga?rmﬁpsca?l@%&h%ma{%@P‘fgééipf%*&t%Wianum ®hg t he

| engt h i8¢ of &8 rﬁ'été&rﬂl@ﬁgltéﬂak iéy ?81%1 el q}i"eﬁﬁé}lﬁag’ec BN Flio R84 ﬁtaf%flap\gfuﬁ f the

end of the drum The nozz I'sS nounted 0pon a reciprocating ger

rod 110swphinpkd inso theldraw ctw bpeantialied and alo6 dat be Faledfs6 €t AR aFRiuBEIE tO
t he nozzl e %106' The plunger rod 110 reciprocates in the direction

i ndi cat®BYeHY cap by Rumpe diffeeenit deen modalse i addifien, ifik tsi dekirgd fonpedifiedie t he

| is_di i t to.the pl 2. the injection/filli
o ogr ol b HeRARRn AL AETHCCbR 08 B R Fmddcaln s FReRgY ot act o
away f raeovmpléshel ua.cddingly, i shbllg beReREL i aPPareRBAAhE Hdsdr® RRARMELRSys The

filling operation will preferably require only two-?rﬁree seconds, and thus
does ndor gxeé@,@mnoa of impaits ptearious sizeywithout heyuinmdesnamidolingrmaedfisatiofs
suitabl.e drive,. 112 is utiljzed r. reci procating the plunger rod 110. Such
r eci pr&gé’f(?eﬁéo fopin sEgh HFS“M? ghcik‘ifgwp gfh RIFGISEICE the Insart isdommpesh wilkiad f or
drum gegg dfunELink & Al Lok i St Lgviention can b
conpatible with 1élxi sting eaﬁl?ébn@gtlﬁ{%?%(ff}g% in’ %tﬂgg’slg{r%ﬁﬁ@n%c%gsﬁ%%s, -13
WO 01/ 7528 tRIeUE pReE8 hannfadiufing thlsanidiat otdeety oeh PERAALT he cdfrbite used

for flan er#'élrrlt?lerti oln al so recjprocates the plunger rod 110, and, if
desi r ed! P dherlpeatiogrof theigserbean be visgied by warypurihe plegethenidf theug nser t

mat eri aﬂOzfaﬁ’a%@St‘r&%?ﬁpﬁgﬁh@f}%?wfgﬁ@el(?000{1p he filler material. The

nmet eri ng punp can ra edeterm ned anount of tine or

can neter thes dséuesddedariie, peferPy tHeNn®it iREriNAS & ond mwwp&gﬂg?ésegﬁl rt

material which is punped into the drumcan be controlled an an be
vari ed 1630 t¥hagh @iresrapidht. Rraferably thf totahsitrer fominjestion ked purinpeef thetnserdi f f er ent

KRN IO R X TR L TN A

readi | yare suitable include polyesters, epoxy resins, or other thermosetting or thermoplastic resins,
however other materials are also possible. In addition, the insert material will preferably
include a filler material such as alumina or silica so that the thermal expansion of the insert
more closely matches that of the drum 100. Such thermal expansion compatibility is
important so that the insert does not become dislodged from the drum and does not deform
the drum when exposed to hot or cold temperatures during shipping or storage. Drums can be
exposed to high and low temperatures during shipping as air cargo or during storage in
warehouses which are not heated or air conditioned. The use of fillers in amounts of as small
as 5% by weight have been found advantageous in making the thermal expansion of the insert
more closely match that of the drum. Preferably, the amount of filler material will not exceed
90% by weight so that the filler material does not unduly disturb the ability of the filler

material to flow and thus be fed into the drum. As discussed earlier, if the insert material
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acconplished. Accordingly, it should be readily apparent that the present
invention allows for the formation of inserts of various sizes w thout

requiri ngvaes7yya or tooling nodifications in order to forer/@senssisserts.
As shoul d al so be apparent, since the insert is formed within the drum

the in eri of the. dr t.hus, it is not
nec esszs(rﬁ){/h{(gl\A grh%@%gé '{}1 &S%ﬂ glﬂuﬂé BF %ﬁ%lsssﬁﬁmwaagﬁgﬂ)ﬁflﬁ‘b%dﬂ@?%@%‘ge| n order
to f or ririus ¢Idveeved, ittdag aI/‘s@rbfte%Elrab?é ‘&ﬁnclﬁ&'é é)ﬁﬁﬁﬁhng ReonbReR! e Rfirol e i nsert
can be varied %évar ying the placenent of the plu 102 and the stroke of

t he recqxgbw@lpu[ Oﬂ)h@lﬁ@éfg Rod(11 80).- diexathinerSsised, %éﬂoka@rclo [Brefleronbher8) he

i nsert terial art t erm) ttjn resin which cures

rapi dl y. 'Pr %’faé?/%lml%‘?n §Hl@ftt\goqlgﬁgm?eor 5| nj@g) f ’(§H AREEL ORgPEe-7t Be i nsert
mat er i ad 1Hid t d €y R econds
VbR e b S R S RIS SR S o

t her nosehith n@aldocminapnmpthmg oftthe ﬁﬁbﬂﬂﬁnateriaDV\Ay@lﬁ aldrhgiverB iRy isalog are al 30
possi bl e. P—%‘ﬂ addition, the insert material will preferably include a

fill er SRRAMHPHMOLPIESQF Ialadérlfuﬁa t‘thesHS? pEexpgnding monemers, hthenetpediepterfer on of

expansr o ing B BB AIRGEIE S 025 R el Aoy Y38es P becone
di sl odgrided toohe flowable lﬂﬂiﬁték*m V&i@@ﬁfoﬁ% t&qﬁ%ﬂﬁpohf&ﬁnﬁ% WINAERLIRGPSHRRst 0 hot

or cold tenperatures during shipping or storage unms can be exposed to
hi gh aridanusseteiedrbe PR Gomeragioni g bbilppiphprecaaicithadrediledroranfilled) Htigr age i n

h h h d d. Th f fill
o one dRIpEhs A TRY, 00 Bt e e hra b ioP B8 f Hokinicateous. | b maki ng
the thermal wxpRRASIHRY tefplgL;}e 3;32&1?51&%&9@@138&@%3{” é&tﬁ@hﬁ@ g&?gégogﬁh?n drum

Preferably, the amount of materi a excee wei ght so
t hat t Hbisfeiibodimena doubik inkeeds molvidedd i yardewh) i3etH 240006 iaf r@fad&dﬂ@t fi | | er
material to fl ow us be fed into the drum As di scusse earlier,

the i nssé?P?edr%a‘EﬂélPP%@ona eigngih prths soupcrylibgpah wéiysly shartiiagerts é%,rﬂe’zﬁlararmunt
Lhe | nseibhy SRS ARNRNELE Tl SRR uRdRer Ryl 9y e LLETor of the drum

However It can also esira o1ln

Spi r 0- Tocatvali Tls(ecin@eri éarﬁb@ﬂonﬂ@d@jﬂﬁnﬁallyzpla&lﬁg ace'fp 128 indige%abANS:d IRhé O- 7,
9-di oxacycl o [4.3.0]_ nonane-8, 2'-1'- oxacyclo-pentane; Spiro-1,

3- di ox e ollowed by fillime aff the insexs lmatma‘l tor Eomm ingertSi4r o Turtt®r cati @vyab L3E| 0
[4.3.0] e clo nonane) . to. conpensate for
shrin kacgag?19 eéﬁac(? g &51&"?5%%&% faif“%‘ﬁ tq fsurefhatithe pagerd A 24 mill pgt an
al t er natdfyien prdorlth uiS® ‘Phe next plug 132 can then be installed, followed by filling of the

insert material to form insert 126, and optionally, placement of a further plug or cap (not

shown). Alternatively, the inserts 124, 126 can be formed at the same time. With the
simultaneous formation, the plugs 130, 132 can be initially inserted. Next, filling nozzles can
be inserted into each end of the drum to inject and form the inserts 124, 126 at the same time.
Optionally, caps or plugs as shown at 128 can then be inserted into each end of the drum.
Obviously, numerous modifications 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 claims, the invention may be practiced otherwise and as specifically

described herein.
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expandi ng nononers, or in addition to the use of expandi ng nononers, other
expedients for resisting or counteracting shrinkage can be utilized. For
exanpl e, wobl/ospheres can be added to the flowabl e mat reT/@komissish f or s
t he insert upon curing, such as holl ow spheres manufactured by PQ

Cor por gt . The hol |l ow spheres can either be filled or unfilled. If the
hoIIow sp eres are filled, they can be filled e.g., with an oligoner of

i sobutyl ene. Referring now to Figure 3B, an al ternate embodi ment of the
invention is shown. In this enbodiment a double insert is provided. In
particul ar, } ndartkodigiforming aaﬂetqsﬁmtn‘ceehumwﬂsmm@@tt touptisiogis al ong t he

| engt h of the grum %t[ ﬁqp Iatlvel%lfuslhor'g1 serts 124, 126 are shown,
it is to be NRGIPEEIMISHATIYS,; THECONEEFYE%E%N vary, as can the
pl acerent ligRabdofBowlhie s ini6 4R e dUrTEd yhpto's siti\%' drimRLaig a cap
128 inside of one end of the drum fo he I nsert

mat er i seidiondronrfe¢ensieatd diddosessifive diner provideos mpldifpr :kélﬂ ﬂomabletrhﬁlrldilgaarm aced
adj acent to e |nsa(1)C[]El 124 if deﬁlre to ensure _that the insert 124 wll
not defor maPJ]PWb‘?gi aPablg material tsalidgly ygthin seid ghotosragitiye drumt al | ed,
followed by filling of the insert material to forminsert 126, and
optionally, placenent of a further plug or cap (not shown). Alternatively,
the inserts 2124 melRGl aancibd iheli@d, ahetdethe 3 of injBetindishid ﬂ&i@able’iinméhhﬁneous
formati,on, the plugs 130, 132 can be initially inserted. Next, filling
nozz| ednelies ipiectingsarestd i nto each end of the drumto i nj ect and form t he
inserts 124, 126 at the sane tine. Optionally, caps or plugs as shown at
128 can then be inserted into each end of the drum oviously, numerous
nodi ficatiors Ankiva dsabbigiisin@faith e wWhERSEME résm/ﬁﬂafdd%a ﬂ@r mRR §1'% eRteldh
| i ght of the above teachings. It i$ therefore to be un erstoo W t hin
t he sccfpenthﬁgmmcww@ng@damhanmdmh@ i nvention may be practiced ot her wi se
and as specifically described herein. -15 WO 01/75529 PCT/ US01/ 08633
Clainms: 1. A method of formng a photosensitive drumw th an insert
conprising: 4p v { out er
surfaces; | nL} e%’?tly érglgdd;&fégl&%@cblﬁe%ﬁﬁ%? é&\%h\é Hgg lﬂerhg% r%n%t %grdlq grgﬁ"gdb/d P’ d’ cight

phot ose)fshetﬂmeahleumamd;h that said |nner surface of said photosensitive
drum provides a nold for said flowable material; and allow ng said
flowable material to solidify within said photosensitive drum

5. A method as recited in claim 1, further including:

inserting a plug into said photosensitive drum prior to the step of injecting a flowable

material;

inserting a nozzle into said drum and positioning said nozzle adjacent to said plug;

and

injecting said flowable material through said nozzle while retracting said nozzle away
from said plug.

6. A method as recited in claim 5, further including:

providing a collar about said nozzle to prevent backflow of said flowable material.

7. A method as recited in claim 1, wherein the step of injecting said flowable material
comprises:
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2. Anethod as recited in claim1l1, wherein the step of injecting said
flowable material includes injecting a resin. 3. Anethod as recited in
claim2, wherasmthe resin includes a filler material sel PCT/®d01/d8633mM t he
group consisting of alumna and silica. 4. A nethod as recited in claim3,

wher ei n sai e Lal. i %,90% by weight of the flowable material.
5. A net hodqgiﬂg%?%ﬁe#c azli(? ?nm , aﬁgrt her including: inserting a plug into

sai d phot osednjetling/sidiflowable n@fteri? irfth 8ai8 UM Mhilk MiRelihH i@ nbiAavabl e
material; inserting a nozzle into said drum and positioning said nozzle
adj acent to said plug; and injecting said flowable material through said

le while, retracti ng said npzzle.a . fromsaid plug. 6. A nethod as
chzzizt:d in c'a‘fgﬂ%mdf%fgfﬂqulflﬁﬁaﬂrﬁgfﬁ’ﬁl\%ﬁ%_{ﬂdﬁ}%g a cgl I gr about said nozzle
to prevent %ﬁﬁéﬂlﬁ‘%’aﬁfanﬁﬁhgofféa : @ol@ﬁta%ﬁ'apifln?ec?edllﬁ? ﬁﬁtﬁ&glegﬁil&@g'at ed in

claim1l1, wherein the step of injecting said owabl'e materi npri ses:

-16 WO mdtertESpenCT/ US01/ 08633  inserting a nozzle into said drum and
injecting said flowable material into said drumwhile retracting said
nozzle. 8. A nethod as recited in claim?7, further including: controlling

an amuntofo saek flONAPLEITRLALEY alfkPaLAgRY said nozzle utilizing a
al

netering punp. 9. method as recited 1Th C , further including:

provi di ng a proviiag aadadldt atsoai shithadzdletot Bene baRFoRaTishidavalbisSah@rihl owabl e
material. 10. A nmethod as recited in claim11, wherein the step of

injecting said flowable material includes injecting a flowable materi al
whi ch inclu l.east one of ., (a) expandin noner, a b). hol | ow
spheres. 1 1.dl%sA }Shlgtthé)s end F?lf%\(}én S%agﬂ])lf Hﬁgﬁ’r’i‘qk‘ﬁ%@é g?lw FHIRG S%%Bglé’&?%’{?s

Conpri Shixgrial includes injecting a flowable material which includes at least one of: (a) expanding

monomer, and (b) hollow spheres.

11. A photosensitive drum for an image forming apparatus comprising:
(a) a tubular photosensitive member having:
(i) an outer photosensitive surface; and
(ii) an inner surface; and
(b) an insert comprising a rapidly solidifying material which is injected
inside of said tubular photosensitive member and which solidifies inside of said tubular
photosensitive member, wherein said insert is molded in said inner surface said tubular

photosensitive member.

12. A photosensitive drum as recited in claim 11, wherein said insert extends along a
majority of the length of said tubular photosensitive member and is disposed at a

predetermined position within said drum.

13. A photosensitive drum as recited in claim 11, wherein said insert comprises a
flowable material which cures rapidly and which upon curing exhibits an exotherm of less
than 80° C.
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(a) a tubular photosensitive nenber having: (i) an outer photosensitive
surface; and (ii) an inner surface; and (b) an insert conprising a rapidly
solidifyiwmgonatsesial which is injected inside of said tubOl/@s01/08633

phot osensitive nmenber and which solidifies inside of said tubul ar

phot osensi tiye awhere i.d jnsert 4 | ded.in sai.d i nner surface
sai d tubul arM' mg%r%wggghﬂgi%ggéd ]fnguk fﬁgﬁg’éegl}n%q@ ﬂ\gggfahemﬁtgéalr ecited
in cl aicirelIn (M EHaRI10 se@inds intsRS df semttamds: Ropensive @R ity of the length of

sai d tubul ar photosensitive nmenber and is di sposed at a predeterm ned
position within said drum 13. A photosensitive drumas recited in claim

11, wherein _said_ipsert conprises f1 owabl . terial which cures rapidly
and which u hAcHIreﬁ‘r? aé%%‘ilnﬁﬂ%aaﬁn i%’o‘f’lﬁé?lﬁ]s@)‘ﬁ f@@[e PRigHalgemMptses 4 7 \\p

01/ 75528erRfotéikig0 s 38633 fillédh- mAe@f1Ot OSensi tive drumas recited in claim 13,

wherein said flowable material cures in |less than 10 seconds inside of said

t ubul ar photosensitive drum 15. A nethod as recited in claim 13, wherein
said flowable material conprises a_ thernosetting resin and a filler

material . 160 A Msthddsaecrieddp elaim L p, whespimsaid fillon aretarial isai%-90V4 ber mat eri al
i's 5% Q0% F MBI f .0 flowable material. 17. A method as recited in
claim 16,gv\her8é({a¥|ﬁr€g§gbgﬂ¥1|§t? %f material is selected fromthe group
consisting of alumna and silica. 18. A nethod as recited in claim13,
wherein said _flowable material includes an expanding nonormer. 19. A nethod
as recited ili- & gictoRs rogiied én plaiail 6, Wheseintshid friter sriteadal isrseleatbd frdmotHeow
sphere 0] as recited in claim219, wherein said holl ow spheres
ol s oW P SR

are fi 4 sobut yl ene. - 18

—

18. A method as recited in claim 13, wherein said flowable material includes an

expanding monomer.

19. A method as recited in claim 13, wherein said flowable material includes hollow

spheres.

20. A method as recited in claim 19, wherein said hollow spheres are filled with an

oligomer of isobutylene.
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