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Photo-Conductor Drum with Protective Layer of Material

BACKGRCOUND

[0C01] Electrophotographic printers are widely used o produce
hardcopy documents from electronic data. Laser printers are an example. In
an electrophotographic printer, a pattern of electric charges is formed
corresponding to the image {o be printed.  Charged toner is then attracted to
the image patiemn to develop the image. The image can then be transferred
to a print medium, such as a sheet of paper. The toner can then be securely

attached to the print medium and delivered as a hardcopy document.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The accompanying drawings illustrate various
implementations of the principles described herein and are a part of the
specification. The illustrated implementations are merely examples and do
not limit the scope of the claims.

[0003] Fig. 1is an illusiration of an example of a photo-conducior
drum, consistent with the disclosed implementations.

[0004] Fig. 2 is an illustration of an example of an icon for a
warning on the surface of a photo-conductor drum, consistent with the
disclosed implementations.

[0C05] Fig. 3 is an illusiration of an example of a photo-conductor
drum bearing a warning on its surface, consistent with the disclosed

impiementations.
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[0008] Fig. 4 is a flowchart of an example of a method of forming a
photo-conductor drum, consistent with the disclosed implementations.

[0007] Fig. 5is an illustration of components of an example
electrophotographic printer, consistent with the disclosed implementations.

[0008] Fig. 6 is an illustration of an example of a photo-conductor
drum cariridge, consistent with the disclosed implementations.

[0009] Fig. 7 is an illustration of an example of a photo-conducior
drum cartridge with packaging, consistent with the disclosed
implementations.

[0010] Fig. 8 is a flowchart of an exampie of a method of evaluating
a photo-conductor drum afier shipping, consistent with the disclosed
implementations.

[0011] Throughout the drawings, identical reference numbers

designate similar, but not necessarily identical, elements.

DETAILED DESCRIPTION

[0012] As noted above, electrophotographic printers are widely
used to produce hardcopy documents from electronic data. Laser printers are
an example. In an electrophotographic printer, a patlern of eleclric charges
is formed corresponding to the image to be printed. Charged toner is then
atiracied to the image pattern to develop the image. The image can then be
transferred to a print medium, such as a sheet of paper. The {oner can then
be securely attached to the print medium and delivered as a hardcopy
document.

[0013] In alaser printer, for example, a uniform coverage of
charges is initially formed on a photo-conducior drum. The laser is scanned
over the surface of the cylindrical photo-conductor drum according o the
image to be printed. Where the light of the laser illuminates the surface of
the photo-conductor drum, a partially discharged area is formed. These
charged and discharged areas together compose a pattern corresponding to

the image to be printed.
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[0014] Charged toner is then applied to the photo-conductor drum.
The charged toner is then driven by electric fields in the latent electrostatic
image to the discharged areas on the drum, thereby developing the image to
be printed. The toner image can then be transferred t0 a print medium, such
as a sheet of paper, to produce the desired hardcopy document.

[0018] In some examples, the surface and underlying layers are
comprised of organic compounds and the drum is referred to as an organic
photo-conductor (OPC) drum. Such OPC drums may have a green or blue-
green colored surface.

[0016] The surface of the photo-conductor drum can be easily
damaged. For example, if it is exposed to too much light or comes into
contact with the natural or synthetic oils on a human hand, the photo-
conductor drum can be impaired. A drum damaged in this way may produce
degraded printed images of lower quality for many print cycles.

[0017]  Also, over time, a photo-conductor drum will wear out and
cease 1o be able to form and hold a charge patiern as described above.
When this occurs, the photo-conductor drum is typically replaced with
another. Thus, the photo-conductor drum is considerad one of the
consumables, such as toner cartridges, that are needed periodically by an
electrophotographic printer. In many printers, a replacement photo-
conductor drum is incorporated into a cartridge that is easily removed and
replaced in the printing device. This OPC cartridge may itself also contain
toner and other components of the electrophotographic print process.

[0018] Because new photo-conductor drums are installed
periodically, there is an opportunity for the surface of the drum to be touched
and damaged by the person installing it. Consequently, some protective
measure to prevent damage to the drum in the event it is touched would be
helpful. Also, the person installing the new photo-conductor drum could be
warned not to touch the surface that will subseguently be used fo form
charge patterns and developed images.

[0018] Accordingly, the present specification describes, in one

example, a photo-conducior drum that includes: a cylindrical surface to
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receive a charge pattern corresponding to an image to be printed; and a
protective layer of material coating at least a portion of the cylindrical surface
to protect the cylindrical surface from damage prior {0 installation of the drum
in a printing device. The protective layer of material may also, in some
examples, include an image formed of toner on the cylindrical surface of the
drum, the image including a warning not to touch the cylindrical surface of the
drum.

[00201 In another example, the present specification describes a
method including: forming a photo-conductor drum with a cylindrical surface
{0 receive a charge patiern corresponding {0 an image to be printed; forming
a protective layer of material on the cylindrical surface to protect the surface
from damage; and packaging the photo-conductor drum with the protective
layer for distribution 1o an end-user. The end-user may be the person who
instails the photo-conductor drum in a printing device.

[0021] In another example, the present specification describes a
photo-conductor drum cartridge including: a phote-conductor drum having a
cylindrical surface to receive a charge pattemn corresponding to an image to
be printed; a cartridge structure in which the photo-conductor drum is
incorporated; and a protective layer of material coating at least a portion of
the cylindrical surface to protect the cylindrical surface from damage prior to
instailation of the drum in a printing device, the protective layer comprising a
waming image.

[00221 Invet another example, the present specification describes
a method including: removing, from packaging, a photo-conductor drum,
where a surface of the drum is coated with a proteciive layer of material; and
determining whether the surface of the photo-conductor drum contacted the
packaging during shipping by noting material from the protective layer that
has transferred during shipping from the surface of the drum to an interior of
the packaging.

[0023] As used herein and in the foliowing claims, the term “charge
pattern” refers {0 a pattemn of electrical charges. In the described subject

matier, such a pattern may be formed on the surface of a photo-conductor
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drum, the patiern corresponding to an image to be printed in hardcopy form.
A charge patiern may also be referred o as a latent electrostatic image.

[0024] As used herein and in the foliowing claims, the term “textiual
warning” refers {0 a warning that is written using words in any language that
composes words from constituent letters. A textual waming is distinct from an
icon used in a warning in that the icon includes a pictogram or ideogram
rather than a word or words.

[0025] As used herein and in the following claims, the term
“replaceable cartridge” refers to a structure that includes at least one
component of a printing device that is exhausted over time and must be
replaced during the operating life of the larger printing device. The
replaceable cariridge provides a siruciure configured to be readily inserted
into and removed from the printing device to facilitate the replacement of
consumable materials or exhaustible components within the printing device.
Examples of replaceable cartridges including toner cartridges and
photoconductor drum cariridges.

[0026] Fig. 1 is an illustration of an example of a photo-conductor
drum, consistent with the disclosed implementations. As shown in Fig. 1, the
phoio-conductor drum (100) includes: a cylindrical surface (102) to receive a
charge pattern corresponding to an image to be printed; and a protective
layer of material (104) coating at least a portion of the cylindrical surface o
protect the cylindrical surface from damage prior {o installation of the drum in
a printing device.

[0027] The material of the projective layer (104) is compatibie with
the printing process for which the drum (100) is used. For example, the
protective layer (104) may be ioner of the same or similar kind as that which
would be used to form images on the drum during printing. The protective
layer (104} is coated on at least a portion of the drum (100) prior to the drum
being installed in the printing device. The protective layer {104} may cover
the entire surface of the drum, just the printable area of the drum surface or

some other portion of the drum surface.
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[0028]  With the protective layer (104) in place, if a user insialling
the drum inadveriently or unknowingly touches the drum, the surface (102) of
the drum (100} will be protected from actual contact by the protective layer
(104) and, thus, may be unaffected. For example, any oils on a user's hands
that touch the drum (100) will be deposited on the protective layer (104}
rather than on the drum surface (102). Similarly, some of the easily
removable protective layer (104) may transfer {0 the users hands and
provide evidence of contact while still protecting the drum (100).

[0029] Additionally, as will be described further below, the
protective layer (104) may be formed to include a warning image. Such a
warning image is there to remind or warn a person installing the drum (100)
that the surface (102) is not to be {ouched during installation.

[0030] Once the drum (100} is instalied, the protective layer (104) is
removed. Consequently, the layer (104) does not interfere with the
subseqguent operation of the drum (100) o form any desired image for
printing.

[0031] Fig. 2 is an illustration of an example of an icon (200) for a
warning on the surface of a photo-conductor drum, consistent with the
disclosed implementations. As shown in Fig. Z, a universally recognized
symbol with a circle and crossbar over a human hand can be used {o indicate
that the surface of the drum is not to be touched with the human hand.

[00832] The warning image can be an icon, a textual waming, orbe
a combination of both. If textual, the waming image can be in any writien
language. The language for the warning may be chosen based on the
location where the drum is expected o be sold or deployed. The waring
image may also include wamings in multiple languages on the same drum.

[0833] The warning image can be formed at any location on the
surface of the drum. The warning image may be repeated ai different
locations. A single waming image or a collection of varied warning images
may be used o cover any fraction of the surface of the drum.

[0034] Fig. 3 is an illustration of a photo-conductor drum bearing a

warning on its surface and installed in an electrophotographic printer,
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consistent with the disclosed implementations. As shown Fig. 3, the photo-
conductor drum (100) may be part of a cartridge structure (304) configured {o
be readily installed in or removed from a printing device or printer. Even in
cariridge form, however, at least portions of the drum (100) will be exposed
and might be touched by an installer.

[0038] Consequently, as shown in Fig. 3, the surface {102) of the
drum {100) bears a warning image as described above. In the exampile of
Fig. 3, the warning image comprise both a repeated textual warning (300)
and a repeated icon (302) warmning a user or installer not to touch the surface
(102) of the drum (100). The supporting structure of the printing device, the
cartridge or packaging with the cartridge may also inciude an additional
warning against touching the surface (102) of the drum (100).

[0036] Fig. 4 is a flowchart of an example of a method of forming a
photo-conductor drum, consistent with the disclosed implementations. As
shown in Fig. 4, the method includes: forming (400) a photo-conductor drum
with a cylindrical surface 1o receive a charge pattern comresponding to an
image to be printed; forming (402) a protective layer of material on the
cylindrical surface to protect the surface from damage; and packaging (404)
the photo-conductor drum with the protective layer for distribution to an end-
user.

[0G37] As indicated above, the waming image may be a temporary
image that is removed before the drum is used to print hardcopy documenis.

For example, the same electrophotographic process used to form a toner
image on the drum that is to be transferred to a print medium can be used to
form the desired warning image, using toner, on the surface of the drum as a
part of the manufacturing process. This will be described in further detail
below.

[0038] Fig. 5is an illustration of components of an
glectrophotographic printer, consistent with the disclosed implementations. In
the digital laser electrophotographic (EP) system (500) of Fig. 5, four
cartridges (502) are used, each including a photo-conductor drum (504).

Each drum (504} is used to form a different color plane of a desired image,
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for example, a CYMK color scheme. CYMK uses the primary colors of Cyan,
Yellow, Magenta and Black. Each color plane is registered on a belif (506) to
build up, collectively, the full color image. The image is then transferred o a
print medium, such as paper.

[0039] Each cartridge includes a charging roller (507) to place a
uniform charge over the surface of the drum (504). A laseris then used to
selectively dissipate this charge to form a latent electrostatic image. A
developing roller (503) is then used to apply charged toner to develop the
latent image.

[0048] A cleaning unit (511) serves 1o clean any residual toner from
the drum {504} afier the toner image has been transferred to the belt (506).
When a cariridge (502) with a drum (504) bearing a protective layeris
instailed in the printing system (500), the cleaning unit (511) can be used o
remove the protective layer prior to the drum (504) being used to print any
hardcopies, in the same way that the cleaning unit (511) cleans the drum
{504} during a reguiar printing cycie.

[0041] When a photo-conductor drum is being manufactured, a
system operating on principles like those of Fig. 5 can be used to form the
temporary warning on the drum. In other words, charging and laser imaging
could be done in an external station as part of the final manufacturing
process very similar to the imaging in a machine during printing. More
specifically, the drum being manufactured is installed in an
electrophotographic (EP) system. A uniform charge is applied to the surface
of the drum with a charging unit. This uniform charge is the selectively
dissipated by laser beams {0 form a charge pattern on the drum that
corresponds to the warning not to touch that it is desired to have on the drum
at instaliation. This charge pattern is then developed by a developer using
ink or toner o render the warning image visible fo a human being.

[00427 However, the drum is then removed from the system (500)
without the warning image being transferred from the drum. In this way, the

desired waming image is formed on the surface of the drum. The drum,
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bearing the warning image, is then packaged for sale and eventual
deployment.

[0043] This could aiso be a process with muliiple iterations to form
a desired protective layer and warning image. For example, a similar charge
and tone cycle, then a charge and tone cycle for a second time without
cleaning or moving the drum in between could be emploved in a
manufacturing process on each drum before it was assembled in the
cartridge or on the exposed surface once it had already been inserted in the
cariridge but before final packaging.

[0044] Alternatively, the waming image on the drum could be
formed by applying a stencil to the drum surface and then applying toner
through the openings in the stencil. In another altermative, a protective
coating layer may include two layers: a first blanket layer over the surface of
the drum, with an image layer including a waming image formed on fop of the
blanket laver. Any method of forming a protective layer, with or without a
waming image, using toner or other printer compatible material may be used.

[0045] Fig. 6 is an illustration of an example of a photo-conductor
drum cartridge, consistent with the disclosed implementations. As shown in
Fig. 8, the drum (100) is incorporated in a cartridge (304), but remains at
least partially exposed and subject {o the risk of contact with the hands of an
installer. Conseqguently, the protective layer (104}, including a warning image
(300, 302) is included on the surface (102) of the drum (100).

[0046] Fig. 7 is an iHustration of an example of a photo-conductor
drum cartridge with packaging, consistent with the disclosed
implementations. As shown in Fig. 7, the cartridge (304), including the drum
{100}, may be packaged in a clamshell packaging for shipping. The
packaging (308) includes ribs designed to suppori the cartridge {304) without
contact to the drum (100).

[00477 However, during shipping, the packaging may be jostled,
dropped or otherwise mishandled, causing the packaging (308) to contact the
drum {100). As with other contact to the drum (100), described above, this

may cause impairment of the drum (100) which is not apparent unless the
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drum {100) is deployed and used {o print hardcopies on which resulling
printing defecis may be detected.

[0048] Consequently, the protective layer (104), described herein,
provides iwo benefits. First, the protective layer (104) will receive any such
contact from the packaging (306) that occurs during shipping. This may
prevent the contact from impairing the drum (100). Second, if such contact
does occur, material from the protective layer (104) will likely transfer from
the drum (100) to the packaging at the point where the contact occurred.
Consequently, when the cartridge (304} is unpacked, this transfer of material
o the interior of the packaging (306) can be observed. This will indicate that
the drum {100} may possibly have been impaired or damaged during
shipping and should be tested. A lack of any such transference of material
from the drum (100) to the interior of the packaging {308) can be taken to
mean that the drum (100) was most likely not subject to contact or potential
damage during shipping

[0048] Fig. 8 is a flowchart of an example of a method of evaluating
a photo-conductor drum after shipping, consistent with the disclosed
implementations. As shown in Fig. 8, the method includes removing (800),
from packaging, a photo-conductor drum, wherein a surface of the drum is
coated with a protective layer of material; and determining (802) whether the
surface of the photo-conductor drum contacted the packaging during
shipping by noting material from the protective layer that has transferred
during shipping from the surface of the drum to an interior of the packaging.

[0050] The preceding description has been presented only to
illustrate and describe examples of the principles described. This description
is not intended to be exhaustive or to limit these principles {0 any precise
form disciosed. Many medifications and variations are possible in light of the

above teaching.
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CLAIMS

WHAT IS CLAIMED [S:

1. A photo-conductor drum comprising:

a cylindrical surface to receive a charge pattern corresponding to an
image to be printed,; and

a protective layer of material coating at least a portion of the cylindrical
surface to protect the cylindrical surface from damage prior to installation of the

drum in a printing device.

2. The drum of claim 1, wherein the protective layer of material
comprises an image formed of charged toner on the cylindrical surface of the

drum, the image comprising a wamning not o touch the cylindrical surface of the

drum.
3. The drum of claim 2, wherein the warning comprises a texiual
warning.
4 The drum of claim 2, wherein the wamning comprises an icon.
5. A method comprising:

forming a photo-conductor drum with a cylindrical surface to receive a
charge pattern corresponding to an image {0 be printed;

forming a protective layer of material on the cylindrical surface to protect
the surface from damage; and

packaging the photo-conductor drum with the protective layer for

distribution o an end-user.

8. The method of claim 5, further comprising incorporating the drum

into a replaceable cartridge structure for instaliation in a printing device.

11



WO 2018/017074 PCT/US2016/043098

7. The method of claim 5, wherein the material of the protective layer

comprises toner.

8. The method of claim 5, wherein the protective layer comprises an

image including a warning not io touch the cylindrical surface.

8. The method of claim 8, wherein forming the protective layer
comprises:

forming a first coating layer of material on the cylindrical surface; and

forming a second image layer on the coating layer, the image layer

comprising the warning.

10.  The method of claim 8, further comprising forming the image by:
forming a latent electrostatic image on the cylindrical surface; and

developing the electrostatic image with toner.

11.  The method of claim 8, further comprising forming the image
using a stencil with toner being applied through the stencil to form the toner

image.

12. The method of claim 8, wherein the warming comprises an icon.

13. The method of claim 5, further comprising covering all of a

printable area of the cylindrical surface with the protective layer.

14. A photo-conductor drum cartridge comprising:

a photo-conductor drum having a cylindrical surface to receive a charge
pattern corresponding to an image 1o be printed;

a cartridge structure in which the photo-conductor drum is incorporaied,;

and

12
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a protective layer of material coating at least a portion of the cylindrical
surface {o protect the cylindrical surface from damage prior to installation of the

drum in a printing device, the protective layer comprising a warning image.

15.  The photo-conductor drum of claim 14, wherein the warning image

comprises one of: text and an icon.

13
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