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PHOTOSENSITIVE DRUM HAVING INJECTION MOLDED
INSERT

TECHNICAL FICLD

The invention relates (0 image forming apparatug, and particularly to photesensitive
drums i which an insert is provided during mapuficturing, packaging andfor assembly for
reducing neise andfor vibration,

BACKGROUND OF THE INVENTION
Discussion of Background

Image forming apparans, such as printers or photocapiers, include a photosensitive
member, typically in the form of a photosepsitive drun:. The performance of the
phetosensitive drum iy of critical ithiportance, sinve the image being produced (or repraduced)
is formed and develeped on the drom. The developed image is then transfarred from the
druin te for example, a sheet of paper. Typically, the drurm i formed of metal, such as
aluminum, and the metal is anodized or coaied to provide a thin dielectric layer. The drum is
then coated with phote generation and photo conduction luyers over the dielectric [ayer.

In forming an image, the drum is motated, and 2 given location or the outer surface of
the drum is therehy rotated past a charge roller, an exposure ocation, a developing location
(at which toner is applicd), a transfer location (at which the toner image is transferred from
the drurn Ly paper), and & cleaning location at which a cleaning blade removes cxeess foner
fooms the dnum sa that the process can be repeated. During an image forming operation, as a
result of the rotation of the photesensitive drum, and ifs interaction with the various other
cemponents of the image forming apparatys, noise and vibration can occur. For examyple,
vibration (and associated noise} can aceur fam the rotation of the drom, and any
imperfections of the dn, the gear flanges attzched to the drum, and/or the drive that
interacts with the gear flanges of the drum. Further, an aliernating current (AC) elechic field
is applied to the churge rolfer, and the alemating cwrtent can also cause noise and/or

vibation of the drurn or between, the drum and other components. Turther, as the drux

-1-
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rotates past the cleaning blade (which is in contact with the drum), noise ean be genarated,
particularly if the dourm is vibrating, This interaction between 1he drum and cleaning blade is
alsa known as chatier vibration or “stick-stip™ vibration. (See, e.g., Chetter Vibration of a
Clesner Blade in Electrophotography, by Kawameto, in the January/February 1996 issuc of
Joumal of Imaging Science and Technology.)

The noise and vibration assotiated with operation of a photoconductive drum not only
presents an annoyance Lo workers using (or in the vicinity of) the image forming apparatus,
but aise, the noisefvibration can, ead to image detericiation, digtortion, or damage 10 the
appasatus. In particular, the vibration can result in poor performance ar interaction between
the photosensitive diurn and one ot mare of the components with which the drum interacts,
including the cleaning blade, the charge roller, the developer device, ete. For example, il the
cleaning blade does niot properly remove residual toner, undesirable foner spots can ocour in
subsequent imapus. Further, it the drum is not charged or developed properly, the resulting
image can have white spaces where the ipage has niot been properly formed, developed or
transfesred, or black spots where undesired toner has been transferred to the sheet of pHDEr.
Noise problems car also oceur as a result of the gencration of gases (ozone) which occurs
during 2 image forming operation, howsver this noise is typically relatively small.

To reduce or eliminate noise and/or vibration, the physical characteristics of the drum
can be medified, for example, by increasing the thickness of the drum. Thus, the drum can be
designed so that its natural frequency differs from that of other components of (he apparatus
and/or that of the process carfridgs (the unjt within which the drum is disposgedy. As a result,
the vibrativns are elimingted or reduced, or the frequency of the noise which migit oecur can
be shifsed so that it is owtside of the audible range. However, Increasing the thickness of the
tabe or the “substrate™ (that eventually wanld be coated to be used as an, electrophotographic
drum) can make the tube more eXpensive to manufacture, particularty if the tooling wtiliced 10
manufacture a tube must be replaced. Moreover, when photosensitive diums are
manufactured s Yeplacersent parts, they will often be inserted into the process carlridges of
anather manufacturer. The process cartridge could be refurbished or & newly manufactared
replacerent process cartridge of a different manufacturer than that of the phatosensitive

drum, and the manutactner/refirbisher of the process cartridge could change (or the desipn

-
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of a given manufacturer/refurbisher could ohange). 1hms, it ean be diffieult to simply select a
thickness of the tube which wifl be suitable for aveiding noise problems, since aven if a
thickness is selected for a certain process cartridee, that thickness could be unsuitable for
another process cartridge, As a result, noisc preblems can be particularly problematic with
ohetosensitive drams manufactored as replacement parts.

A further difficulty which can arise with photosensitive drums is that the roundiess or
circularity of the tube car vary over time, which can also lead to image deterioration. The
roundness or circularity of the drum can more rapidly deteriorate if the drum is vibrating and
contacting other compenents disposed about the drum. This problern can also be reduced by
praviding @ thicker drum, however as discussed above, incveasing the thickness of the dvony
can merease the materials and marfacturing costs, andfor the requireneent for new tooling,

Anr alterrate solution which has been utifized in the past for solving neise andfor
vibration problems has been to inset plugs within the photosensitive dram. With this
apprasch, a cylindrical object is inserted into the drun, and the insert provides additional
weighting to the drum to alter the mass/requency chatacteristics of the drum. However, the
separate inzertion of plug-type inserts is undesirable for a numbsr of reasons. First, the plug
is often roquired to be positioned at 2 precise location within the drum, which can complicate
the maifscturing process. Further, the plug must be secured i place, which can require the
use of an adbesive, thus further complicating the manufaciure/assembly process, An
interference fit can also be provided between the drwm and plug, however, an inicrference fit
could result in defermation of the drum. A further disadvantage that oan oceur with plug
inserts, is that the plug andfor its associated adbeosive, can alter the performaance
characteristics of the drum. Prior inseris have alse been diszdvantageous due to the ensts
assnciated with the design and manutacture of a scparatc part. In particular, the iosert must
be desipned 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 insets st then be kept in javentory in sufticient quantitiss.

Tn view of the foregoing, a device and methed 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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in hoth original equipment and for replucement parts. In addition, such 2 devics and method
should preferably minirnize the cost to manufacture te insert and a drum including soch an
insert and should also preforably simplify the manafacturing process.

SUMMARY OF THE INVEMTION

It is an object of the present mvention to provide a produet and process for reducing
noise and/ur vibration in an image forming apparatus in a cost efficiont nzanmer. .

It1s another object of the invention 1o provide a device and method that eliminates or
reduces noise or vibration which can oceur during opetation of original equipment or
replacement photosensitive drums of an image forming apparatus.

1t is a further object of the invention to provide a device and associated method that
will provide for more religble and consistent performance of a photosensitive drum in an
image forming apparatus.

1t is yet another object of the invention 1o provide a process for providing a noise
and/or vibration reducing insert for a photosensitive drum that necd not be bondad to the
drum with un adhesive.

1t is a still further object of the invention to provide & noise andfor vibrution reducing
ingert for a photosensitive drum in which mevement and damage due fo thermal cycling thet
ocurs in shipping and storage of the drum is reduced or climinated.

The above and other objects and advantages are achjeved in accordance with the
present invention in which an insert is molded directly inside of a photosensitive drunr. Thus,
the insert is manufactared during the manufacture of asserably of the photosensitive drum and
it iz not necessary 1o separately manufacture, inventory and insert the noise/vibration
reducing insert, Funther, since the ingert is molded direcily inside of the drus, it confoms in
size and shape to the inner periphery of the dram end it is not necessary to provide a sepavate
adhesive for securing the insert in place iaside of the drum. In nocordance with the present
invention, the material forming the insert is directly injected into the interior of the
phetosensilive drum te fill a portion of the interior of the drum with the insert material. Onee
the insert matetial gures, the step of providing the dium with a poise/vibration reducing nsert

is complete. The material wiich forms the insert can inciude & single or multiple parl
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adhesive swhich is injected by appropriate means such that a predetermined, specified mass is
provided at the proper Iocation of any OPC drurn.  The insevt material or materials can be
selected to mateh or be compatible with the thermal coefficient of expansion of the OPC
drurm, while alse being low in cost. Preferably, the injection and inttial curing time of the
injected thormoplastic or adhesive system selected are accomplished rapidly, preferably in
less than [0 seconds and more preferably ix less then 6 seconds. Such a rapid cute ox
solidification time hielps to sosurs that there is no ocemrence of leakage or spillage out of the
internal section of the OPC drum ente undesirable external surfaces and also minimizes delay
in the drum manufacturing/assembly process. By melerng a specified amount of the insert
material, the exact mass (aud thevefore weight) of the insert can be predetermined. The
injection of the insert mutarial ca also be controtled so that vpon swing, the lusert is
disposed at the desired location inside of the drum. Thus, both the weight and iocation of the
insert can he controlled to eusure that the insert is effeetive in reducing noise andior
vibration. The metering of the insert material diveetly into the drum to form the inser! is also
advantageous in that the size or mass of the insert can be varicd (for different drums or a5 a
design modification for & particular drum) without requiring modifications to manufaciuring
toaling as was the case with conventional preformed inserts.

Compatibility i terms of the thermal coefficiznt of expansion of the drum and the
insest is important due to the conditions which a drum can be subjested to in shipping and
storage. In particuiar, diums are often shipped in upheated cargo space and storsd in non-air
conditioned warehouses. Thus, if there is 2 poor mateh hetween 1he thermal coefficiont of
expansion of the drumn with respect to the insert, the insert can be dislodged from the interior
of the deuin if the insert should shrink by en amount greater than that of the dram, or the
insert can deform. the drum if the insert should expand by an amount substantially greater
than that of the dram. Preferably the drum and insert should be ablc to withstand a cycle of
termperatures of from -40° C to 80° C. 1t is to be understood that the thermal coefficient of
expansion of the insert need not be identical to that of the drurm as long as the thermal
cofficients 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 subjeeted. Thus, wheve the sitipping

und storage conditions are better controlled, the matching of the thermal coefficients need nat
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be as closely matched. However, as discussed earlier, in view of typical storage and handling
covirenmenis, the drum and insert should be able to withstand femperatates of from -40* C to
80° C without damage.

Examples of suitable imatorials include one er (wo-part adhesives fitled with silica.
The filler material assists in making the thermal coetficient of expansion of the insert closer
10 that of the drurm, as compared with the thermal coefficient of expansion of an insert wiich
did not inelude such a {iller material. Filler materjals are also relatively inexpensive, and
therefore, also are beneficial iz maintaining a low cost for the insert material. It is to be
undersiood that filler materials ofhey than silica (e.g.., alumina} are &lso sujtable. The addition
of a fiiler matetial to the resin in smounts of as small as 5% (by weight) have been found o
be advaniageous in making the thermal characteristics of the insert closer to that of the drum.
The addition of a filler material in amounts of up to 90% by weight have also produced
satisfactory results. Filler amounts above 90%, while possible, are generally not preferred,
since the insert material becames paste-like and diffieulties can be encountercd W handling of
the material so that the material can be injected and cured inside of a photosensitive drum.

The one or two-part adhesive resin and filler material inserts of the invention have
been found advantageous in reducing the possibility that the insert will become leose during
shipping and storage dae lo temperature variations and vibrations/impacts which can oceur
during shipping and storage. As noted above, cost reduction and better thermal matching can
be achieved by the use of a (iller material snch as silica or alumine, since such filley materials
are inexpensive and have thernal properties which are closer to that of the substrate of the
photesensitive drum, which is typically aluminum or an aluminum based matesial. Rapid
injection/ouring speeds oan be provided by the use of reaction injection molding (RIM)
techmiques wheteby the curing reaction of 1wo separate monomers takes phace immediately
within the cavity of the OPC drum. RIM processes allow for a wide seloction: of varigus
polymers that would otherwisc bave to bs preformed and inserted separately. Preferably
manomers are sefected such that exatherms do ot exceed of 80° C as the monomers react
and cure. Extreme cxotherms could cause damage to the sorface coatings of the OPC drum,
A small amount of shrinkage of the resin during curing is acceptable and the resin wilt

neverfieless remain adhered 1o the inmer surface of the OPC drum. However, if desired,
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expanding monomers can alsa be included in the resin material fo compensate for shrinkage
it excessive shrinkage should ocour due to the resin matcrials selevted for the insert, The
addition of expanding monomers (or other expedients such as hollow spheres) is optional and
need not be provided where shonkage is not problematic. However, even with small amonnts
of shrinkage, expunding monomers can be added if desived, Preferably, the dimensions of the
insert after curing are close to the inner diameter (ID.) of the photosensitive drum for
maximum internal contact area between the filled insert and the photosensitive dnmm to
provide a betier muffling effect.

An additional advantage of the invention is that, with fhe insert filling tre internal
portion of the drurm, the insert can provide a supportive effect to the photosensitive doum,
thersby rendering the drum more dinable and less susceptible to deformation or deviation of
the photosensitive drun from its circalarity or roundness during use. This supporiive effect
is particularly desirable in that the trend is toward reducing the thickness of the
photosensitive drums to correspondingly lower the cost of the drum.  Such reduced
thicknesses render the drom more susceptible to deformation. In accordance with the present
invention, the insert can provide additional suppoit te the drum so thai even with 2 thinner
drurn, the drum is less susceptible to deformation,

To a presently preforred form of the invention, the insert is in the form of a solid
cylindrieal slug, hewever, a porous ot foamed insert could alsa be formed. For example, &
solid eylinder may be used if incrcased mass is desired, whereas a porous or foamed in place
insext could be used if grealer length along the Inper 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 wi.%6 in proportion to the resin so that, during
infecticn molding, structures with high levels of porosity resuft. Inscrt materials other than
thermopiastics or thennaset resins (filled or unfilled) could also be used which possess
thermal expansion coefficients sufficicat 1o ensure that the insert i3 not later loosened from
the internal sectiens 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 arder 1o resist or cowitteract shrinkage which can oecur during cwring of the insert material,

an additive can be included in the insert material, such as an expanding monomer and/or
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bollow spheres. Fer example, expanding monomers as disclosed in Expatding Monomers:
Synthesis, Characterization, and Applications, p. 36-37 can be utilized. Presently, Spiro-7
oxabicyclo [4.3.0) nonane-8, 2 - (1, 3') - dioxalase; Spiro-7. 9-dioxacyclo [4.2.0] nonanc-8,
21" - oxacyclo-pentane; Spira-1, 3-dioxalsne - 2, I'- (3H) - isobenzofuran; or Spira-7, 9-
dioxabicycla [4.3.0] nonane-8,8-7'- oxabicyclo [4.3.0] nonane are belicved preferable as
cxpanding monomers, however olier expunding monomers are possible. In addition, or
alternatively, hollow spheres (cither filled hollow spheres or unfilled hollow spheres) such as
hollow spheres manutactured by the FQ Corporation could also be utilized to inhibit or
counteract shrinkage. I the spheres are filled, they can be filled, for example, with an
ofigamer of isobutylece.

In arder to imject the insert material, a thermoset or thermoplastic cap-like plug or
spacer of appropriate diameter is placed at a predetermined location within one end of the
OFC dram. Gnes the spacer is in place, filling is accomplished using 2 hollow piston-like
device with a novzle opening on an additional plastic cap-like phug or spacer having an
opening thiough witich the nozzle injects the insert material. This arrangement and method
ensure that the £illing material can be forced into the OPC dm without flowing out of the
ends of the drum. This arrangement and methed 2lso aljows the insert material to be irjected
into the drum whille the drumn is borizontal, which is a typical orientation of the drom in
autamated assembly equipment used for atlaching flanges/gears to the drums. Thus, orce the
ingert material is injected into the drum, the drum can then quickly proceed to subsequant
sutamated assembly eperations including the insertion/attachment of flanges or gears ity the
ends of the drums. Tt is to be understoad that it i3 udso possible to fnject the filler muterial of
the present invention while the drum is vertical or 4t positions between vertical, and
hovizontal,

Te ensurc that the preper amount of material fills the hollow OPC wbe, a metering
pump or other suitable means may be omployad to dispense a predetermined volume of
material within # specific time (preferably less than ¢ seconds and more preferably within 2.3
seeonds). Once the material 15 dspensed, it should cure ar solidify as quickly as possible,
such that there is littie or no flow of the flling material immediately thereafter. The Jength

of the injected inscrt can vary based on several factors including the vibrational frequency,
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desived muss, simplicity of fabrication and insertion, cic. Tt is presently preferred for the
igjected inyert t extend over at Jeast one-hall of the length of the drum.

The arrangement of the present invention i9 advantagecus in & number of respects.
First, one can. vary the mass/frequency chavacteristics of the drum, to thereby ensure that the
resonance frequency of the doum is outside of the audible range, or does not match the
resonance frequency of other components of the apparatus. Further, since the injected or cast
insert is relatively Light in weight, it can be distributed or extended along & majority of the
length of the drum, thereby preventing disadvantages assaciated with pricr plug-type inserts
in which the plug or weight is concentrated st a specified location withia the drum, The
arrangement is further desirable over plug-type inserts in that the tendency of the injection
{illed cast insert is to expand (radially) wpon injection such that the nsert is beid in place
inside of the drum. Bven if there is sotne shrinkage, since the insert is injected/formed inside
of the drum, it can remain adhered to the drum interior. Accordingly, 2 sepurate adhesive is
et required cither for holding the insert inside of the drum or for holding the inserl together.

The arranpement of the invention is also advantageons in that the insert need not be
manufacturcd as & separate part, and thus, the cost associated with obtaining toohing for
making of the inserts and the cost of inventory are avoided. The invention is further
advantageous ix this regard i that if 2 modification to the insert is needed {C.g., in the
thickness, lengih, weight, cte.), such a modilication can be made to the insert fe.g., by
selecting a different fTller material to form the injevied cast insert, or by varying the anoust
of material injected) more readily than making a modification t the photosensitive drum
itgelf, 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 optimatly after it
has been used in the Seld. However, even a slight modification o conventional inserts has
required design und tooling changes. In aceordance with ihe invention, a modification fo an
insert design cap be readily achieved, simply by modifying, for example, the length along the
drum info which the insert s injection. molded. Thus, i addition to the simplicity and ease of
febrication, insertion and low cost, the invention is alse advantageous in that dosign
medifications, such ay adjustments to the dimensions, valume andfor mass of the insert can

be readily achieved without requiring new manufacturing tooling for the msest.
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objeets snd advantages of the present invention will become apparent as the
same becorues better understood with veference to the following detailed description,
particularly when constdercd in conjunction with fae drawings in which:

Fi65. 1 schernatically depicts a photocopier to which the present invention is
applicable.

FIG. 2 schematically depicts a printer t> which the present invention is applicable.

FIG. 3A illustrates the photosensitive drum and insert as well as the process and
equipnzent for injecting ar insert into 2 photosensitive drum in accordance with the invention.

FIG. 3B depicts an alternate embodiment of a drom with phural inseris in accordagee

with the invention.

DETAILED DESCRIPTION OF THE PREFCRREDR EMBODIMENTS

¥ig. 1 schematically represents an image forming apparanss in the form of a
photacopier to which the present invention js applicable. In such an arrangement, an original
document is placed upon the photacopier glass 10, and is {lluminated by a lamp 12. The
resuting light is thea projected onto a photosensitive dmum 1 by way of an optical system 14,
and the dvumn has been previously charged utilizing a charge raller 16. As a cesult, an
electrosiatic fatent image is formed on the drin 1, and 2 developing unit 1S then supplies
tooer to the drum 1 to develop the elecirostatic [atent image. Paper is fed fiom a sousce 20 by
various rollers (0 4 location hetween the drum 1 and 2 baskup xoller 22, so that the foner
image of the drum is transferred to the paper. The pager is then fed to a fixiog device 24
which, typically utilizing heat, fives 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 2202.¢., downstream with respect {o the dirsotion of rotation of the drum 1), so that any
residual toner vensaining on the dium after the imags is transterred fo the sheet is removed by
the cleaning blade 17. The toner rernoved by the blade ther falls inte & container {not shown)
provided tor collecting residuy] toner. The drum is then charged by the charger roller 16, and
the process i5 repeated for the next image.

Fig, 2 schematically represents a printer device to which the present invention is also

-10-

JP 2004-500604 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(25)

WO 01/75529 PUTIUSOTNBGIS

applivablc. As shown in Fig. 2, in conttast with the photocopier device, the printer provides
an image by way of a contro! unit that provides a video signal, for example, by 2 laser
scanning unit 30. The laser scanming valt 30 thus provides a latent image onto the
phatosensitive drum 32, which has been uriformly charged by oharge roller 34. The image is
developed by a developing device 36, and is transferred to paper (fed from a source 38) as the
paper passes between the photoscasitive drum 32 und 2 backup roller 40, The paper then
travels past a fixing device 42 and out of the printer by various conveying rollers and guides.
Residual loner ean bz vemoved by a cleaning blade 37.

As should be apparent from the foregoing, the photosensitive drum is critical to the
image forming process, and for each cyele of operation, the photosensitive drum s required
to cooperate and inferact with a number of components, ineluding the charge roller, the
optical irzage forming systen, ihe develaper device, the backup roller and the cleaning blade.
As the dram rotafes, it can also vibrate as a result of the drive utilized in rotating the drum,
troperfeetions (eccentricities or asymmetiies) i the drum and/or the gear flanges of the drum,
ete. Further, where an AC current is applied to the charge roller 16, 34, the ajternating chacge
cam also have a tendency to cause vibration andfor noive duting operation of the drum, as can
the frictional comtact of the drom with the various components including the cleaning blade,
charge raller and developer deviee. The formation of an image has also been found to
generate ozone gas, and this gas gensration is also helieved to be a potential cause for noise
and/or vibration of the drum.

The generation of noise and/or vibration is often accompanmied by detecioration in the
image quality, since the drum is nat smoothly and consistently interacting with the vther
components of the image forming apparatus. As a result, toner may sppear in areas in which
itis nat desired (undesirable black spots), and/or foner will not appear in areas required for
forming the image {undeshable white spots). Less than optimal images can also oceur over a
period of use as the eircularity of the drum diminishes. Tn particular, after the drum has
uperated for a number of eyeles, certain locations of the dium can become deformed so that
the vylindricel shape of the druim becomes more imperfect. This loss of eircufarity also
contributes i degradation of the image quality, and the loss of circularity can accur more

rapidly if the drim vibrates, since the drum can be exposed to more concentrated forces or
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forees of a larger magnitude than would be the case if the doum were smeothly rotated. OF
course, the generation of undesirable noise and vibration can also be an annoyance to the
operator of the appacatus, or those in the vicinity of the apparatus.

In order to avoid or reduce noise, some equipment maonfacturers have designed the
dramn s that the natural resonance frequency of the dium docs not match that of any of the
sumounding components, and also so that the nataral resonance frequency of the drm is not
in the sudible xange. As & result, if vibration should oconr, it is less destruciive, since the
frequency docs not mafeh that of the swrrounding components. Tn addition, the noise is not
audible {ar is less audible) to the operatar or those in the vicinity of operation of the
apperatus. However, if' a notse problem is found (o oceur in mdsting equipment, it can be
quite costly to redesign tooling necessury to change the dimensions (e.g., the tube thickness)
of the drum. Moreover, the manufacture of drums becomes more complicated where
different thicknesses must be provided for different squipment, This complexity is
campounded where dums are manufactured as replacement parts, since & manufacturer of
replacement parts might manufacture drams for 4 lseger nnmber of different model printers or
copiers of different mannfacturcrs.

Anather approach to minimizing noise and/or vibration in photosensitive drums bas
been2 o insert a plug or weight {or maltiple plugs or weights} at a predetermined location
within the drum. However, this insert approach is disadvantageous in that it requites the
manufacture of a separate part, and the part must be designed and suituble tooling must be
procured to manufaciure the part. Furthet, once the part is manufaciured, if the performance
i3 less than optimal, redesign and retooling can be required to Improve the part. The use of &
plug-type inzert can also be undesirable in that the plug is typically required to be juseried at
a particular axtal location within the dram, and if improperly placed, the plug might nol
perform properly, and could even worsen the noise or vibration problems. In addition, ofien
the plug must be adhered in place, or an interforence fit must be utilized o that the plug is
secured in place once inserted. Pixing the plug with an adhesive can be cumbersome, and
Gould result in the adhesive being inadvertently disposed ar locations other than desired fsuch
a5 on the drum exterior which could adversely affect the drum performance), or the plug

could shif} if the dram is transported prior to curing of the adhestve. 1f an interferencs fii is

12

JP 2004-500604 A 2004.1.8



—
L T e T e T e T e T e T e T e T e B e T e B T e T e T e O e T e T e T s T e, T e O e T e T e R e e T e B e |

27)

WO 01/75529 PUTIUSOTNBGIS

utilized, the drum could be deformed upon insertion. Further, since the dnum is supported at
the location of the plug, but not in other arcas, the performance and regponse of the drum at
the location of the plug might not be consistent with that of ether locations of the drum.

Reterving now to Figere 3A, a dram in accordance with e present invertion is
depicled, as well as an acrangement and method for forming the insert in accordance with the
present invention. In order to form fhe msert 104 within the drnn 100, an end cap or plug
102 is preferably first inserted inic onc end of the drum. The cap or plug 102 can be an
inexpensive themanplastic or other matertal, and is wsed to ensure thal once the insert material
is injected into the drum at the correct location, # does not flow out of the end of the drum.
The plug 102 can remain with the diun aficr the insert has been filled and cured. Allernately,
the plug 102 could be removed, for example, by tnounting the plug 102 upon a rod such that
the plug serves as a back-up during formation of the insert and then is removed when no
longer needed. 1f the plug is removed after each filling operation, a more durable, non-stick
mategial is preferred, while a relatively inexpensive plug muterial which can adbere to the
insert is preferred where the plug is to remain in the drum after filling. Onge the plug 102 is
in place, (he injection and formation of the insert can procesd,

In a preferred form of the invention, the insert material is injected wtilizing a nozzle
1846 huving 2 collar 108 of swbstantially the same size as the inner diameter of the drum 106,
As 2 result, during filling, the insert material is formed at the desired lovation along the length
of the drum and wilt not fiow back around the nozzle or out of the end of the drurn, The
ouzzle 106 is mowed upon a reciprocating plunger rod 1210 which is hollaw to provide a
conduit for feeding fhe materizl to the nozzle 106. The plunger rod 110 reciprocates in the
direction indicated by awow A. When the insert material is indtially injectel, the nozzle 106
ts disposed adiacent to the plug 102, As the injection/filling progresses, the plunger rod 110
end nozzle 106 are progressively retracted away from the plug 102 ontil the injection
operation is completed, The filling operation will preferably require only two-three seconds,
and thus does tiot present a significant delay in the dram assenbly process. A suitable drive
172 is utilized for reciprocating the plunger rod 110. Such reciprocating drives are well
known and drives similar to that used for drum gear Range insertion can be vssd. Thus, the

invention can be vompatible with existing equipment utitized in the assembly of drums,
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modified so that the reciprocating dtive used for flangs insertion also reciprocates the plunger
rod 119, and, if desired, the insertion of plug 142,

A metering pump 114 feeds the inset material from a2 reservoir o supply 116 of the
fillex material. The metering purnp can pump the material for a predotenmined smownt of
time or can meter the maverial by volume. In either case, the amount of insert meterial which
is pumped into the drum can be controlled and also can be varied so that different amounts of
material can be pumped into different drum models. In addition, i it is desired to modify the
amuunt of material which is to be injected into a drum, such a medification can be readily
aceomplishod. Accordingly, it showld be readily apparent thet the prosent invention allows
[or the formation of inserts of various sizes without requiring design or twoling modifcations
in arder to form: such inserts. As should also be apparent, since the insert is formed within
the dtum, the insert will conform to the intevior of the drum, and thus, if is not necessary to
design tooling with precise manufacturing tolerances in order 1o form inserts of the cotrect
size. Further, the location of the insert ¢an be varied by varying the placement of e plug
102 and the strgke of the reciprocating plunger rod 110.

As discussed eatdier, preferably the inseri material is @ one or two-part thermosetting
resin which cwres rapidly. Preferably, the total time for injection and curing of the insert
material is less than 14 seconds, and more prefermbly less than 6 secnnds.l Materials which
are suilable mehude polyesters, epexy resins, or oliter thermoseiting or thermoplastic rasins,
however other materials are also possitle. In addition, the inscrl material will preferably
include a filler material such as alumina or sitica so that the thennal expansion af the insert
more closely matches that of the drom 100, Such therrual expansion compatibility is
important so that the insert does nat become diglodged from the dram and doss not deform
the drum when exposed to hot or cold temperaturcs during shipping or storage. Drums can be
exposed to high und low temperatures duting shippiog as air cargo or during storage in
warchomses whicl are not heated or air conditioned. The use of fillars in amounts of as small
as 3% by weight have been fousd advantageous in making the thermal expansion of the insort
mare closely mateh that of the drum. Freferably, the amount of Filier material will not exceed
90% bry weight so that the filler material does not unduly disturb the ability of the fller

rmaterial to flow and thus be fed into the dium. As discussed earlier, if the nsert material
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sfwinks a small atpount the ingert should nevertheless remain adhered ta the interior of the
drum. However, it can also be desirable to inclule expanding menomers (c.g., Spiro-7
oxabicycio [4.3.0] nonane-8, 2'- (1', 3') - dioxalane; Spire-7, 9-dioxacyclo [4.3.0] nonanc-3,
2-1' - oxucyelo-pentane; Spiro-1, 3-dioxalane - 2, 1'- (3H) - isobenzofuran; or Spiro-7, -
dioxahicyclo [4.3.0] nonane-8,8'-7'- oxabicyclo (4.3.0] nonage} fo compensate for shrinkage
which could ocowr upon curing of the insert material. As an alternative (o the use of
expanding mMonomers, or in addition to the use of expanding monomers, other expodients for
resisting or counteracting shrinkage can be wiilized. For example, hollow spheres can be
added to the flowable material which forns the insert upon curing, such, as hollow spheres
manufactured by PQ Corporation. The hollow spheres can either be filled or undilied. If the
hollow spheres are filled, they can be flled e.g., with an oligomer of isobutylene.

Referring now to Figure 3B, an alternate cmbodiment of the invention is shown. In
this embadiment a double insert is provided. In particnlar, inserts 124, 126 we provided at
spaced locations atong the length of the drum.  Although relatively short inseets 124, 126 are
show, it is 1o be understood that the sizes of this ingerts can vary, as can the placement
locations. The insert can be tormed by initially placing 2 cap 128 inside of one end of the
druws, followed by filling of the insext material to form insert 124, A, further cap or plug 130
can then be placed adjacent to the inseri 124 if desired 10 ensure that the insect 124 will not
deform prior fo curing. The next plug 132 can then be installed, followed by filling of the
insest 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
simuitaneous formation, the pluga 130, 132 can be initially inserted. Wext, flling nozzles can
be inserted into 2ach end of the drum ie inject and form the inserts 124, 126 ai the same fime.
Optionally, caps or plugs as shown at 128 can then be inserted into each end of the drumn.

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 clatms, the invention may be practiced otherwise and as specifically

deseribed hercin.
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laims:

1. A methed of forming 2 photosensitive drum wifh an insert comprising:

praviding a photosesitive drum having inner and cuter surfaces;

injecting 2 flowable material into an interior of suid phetosensitive drum such that
said foner swface of said photosensitive drum pravides a mold for said flowable material; and

allowing said flowable material t solidify within said photosensitive drom.

2. A method as recited in claim |, wherein the step of injecting said flowable material

includes injecting a resin.

3, A method as recited in ¢laita 2, wherein the resin includes a filler material selectod

front the group cousisting of alumina and stlica.

4. A method as recited in claim 3, wherein said filier material 35 5%-90% by weight
of the flowable material.

3. A method as recited in claim 1, further incleding:

inserting 2 plug inte sald phetosensitive drus prior to the step of injecting & flowable
material;

mserting a nozzle into said drum and positinning said nozzle adjacent to said plog;
and

injecting said flowable material through said nozre whils refracting said nozzle away
fromy 3aid plug.

6. A method as recited hn claim 3, further including:

providing a coliar about said nozzle ta prevent hackflow of said flowable material.

7. Amethod as recited in claim 1, wherein the step of injecting said flowable material
comprises:

JP 2004-500604 A 2004.1.8
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inserting & nozzke into said drum; and

injecting said flowuble material into said drum while retraciing said nozzle.

8. A method as recited in clatm 7, further including;
controlling an amount of said flowabie material injected by said nozzle utilizing a

metering pump.

G. A method as recited in cleim 8, further incuding:

providing a collar about said nozle to prevent hackflow of said flowable material.

10. A method as recited in claim 1, wherein the step of injecting said flowable
material includes injecting 2 flowable material which includes at Jeast one of: {a) expacding

monomer, and (1) hollow spheres.

11 A phatosensitive drum for an image forming apparatus eomprising:
(®) a tubular photosensitive member having:
{i) an outer photosenshive surface; and
{1t} an inner surface; and
(b} an insert comprising a rapidiy solidifying material which is injected
inside of said tubular photosensitive member and whick solidifies inside of said tubulur
photosensitive member, wherein said insert is molded in said inner surface said tubylar

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

predetermimed position within said drm.

3. A photosensitive drum as recited in claim 11, wherein said insert COMPIIses &
Howable material which cures rapidly and which upon curing exhibiis an sxotherm of less
than 8)° C,

-17-
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14, A photosensitive drum as recited in claim 13, wherein said flowable material

cures in less than 10 seconds inside of szid wbular photosensitive drum,

15. A metbod as recited in claim 13, whercin said flowable reaterial comprises a

thermuosetting resin and 2 filler material.

16. Awethod as recited in claim 15, wherein said filler material is $%6-50% by

welght of said flowable materiai.

7. A method s 1ecited in claim 16, wherein said filler material is selected from the

group consisting of alumina and silica,

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

axpanding ronomer.

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

sphoves.

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

cligomer of isobutylens.

18-
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