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(57) ABSTRACT

A developing cartridge includes a photoconductive body, a
charging unit which charges a surface of the photoconductive
body and a developing unit which forms a toner image. The
charging unit includes a shaft which applies a charging volt-
age and which has a central axis parallel to a rotating axis of
the photoconductive body, a tubular member of a conductive
material which surrounds the shaft, a current carrying mem-
ber which applies an electric current to the shaft and the
tubular member, and a damping member which is disposed
between the shaft and the current carrying member. The shaft
has a middle portion which is thicker than opposite end por-
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DEVELOPING CARTRIDGE AND IMAGE
FORMING APPARATUS HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119 from Korean Patent Application No. 10-2011-0123728,
filed on Nov. 24, 2011, in the Korean Intellectual Property
Office, the disclosure of which is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present general inventive concept relates to a
developing cartridge and an image forming apparatus having
the developing cartridge, and more particularly, to a develop-
ing cartridge which includes a charging unit using a tubular
member and an image forming apparatus which has the devel-
oping cartridge.

[0004] 2. Description of the Related Art

[0005] An image forming apparatus such as a printer, fac-
simile, copier, multifunction peripheral (MFP) and the like
forms a prescribed image in a print medium using electro-
photography. In general, such an image forming apparatus
consists of charging, exposure, development, transfer of a
developed image, and fixing processes so as to form an image
on a print medium. In the charging process, a charging unit
charges a photoconductive body to a prescribed electric
potential. In the exposure process, a laser scanning unit scans
the photoconductive body charged to the prescribed electric
potential with a laser so as to form an electrostatic latent
image corresponding to printing data on the photoconductive
body. In the development process, a developing unit develops
atoner image by supplying toner to the photoconductive body
on which the electrostatic latent image is formed. In the
transfer process, a transfer unit transfers the toner image
formed on the photoconductive body to the printing data. In
the fixing process, a fixing unit fixes the toner transferred to
the printing data, thereby forming a prescribed image in the
print medium. Thereafter, the print medium is discharged
outside the image forming apparatus and the printing is com-
pleted.

[0006] A charging unit may be generally divided by using a
non-contact charging system or contact charging system. A
charging unit according to the non-contact charging system
uses corona discharge typically. The charging unit using the
corona discharge has the advantage of charging a photocon-
ductive body uniformly, but leads to producing discharge
products such as ozone. Therefore, a separate unit is required
to dispose of the discharge products such as ozone, etc., and
this addition of a separate unit results in increasing a size of
the image forming apparatus and costs for manufacturing the
same.

[0007] A charging unit using the contact charging system
may be divided by using a conductive roller, a conductive
brush, a film-shaped charging electrode or a tube-shaped
structure, etc.

[0008] A charging unit employing the conductive roller
needs a support device for the roller and the like, and has a
complex construction. An elastic roller must be in close con-
tact with a charge acceptor so that a stable minute gap is
formed to charge the charge acceptor uniformly, and hence,
the hardness of rubber must be comparatively low. Such rub-
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ber contains a comparatively large amount of process oil.
Such a charging unit has a problem of affecting image quality
adversely due to contamination of a surface of the charge
acceptor, caused by the process oil. Further, a rubber roller
should be in a higher dimensional accuracy, and this leads to
increasing the manufacturing costs.

[0009] A charging unit employing the conductive brush is
advantageous in uniform contact, as compared with the elas-
tic roller. However, the conductive brush is manufactured at a
high manufacturing cost and is likely to form brush marks that
cause irregular charging adversely affecting the image.
[0010] A charging unit employing the film-shaped charg-
ing electrode vibrates due to frictional electrification because
a working edge of the film-shaped charging electrode is in
contact with the charge acceptor, whereby the charging
potential is liable to be caused to become unstable. Further-
more, if foreign matters, such as toner and additives, adhere to
the working edge of the film-like charging electrode, creeping
discharge occurs to cause defective stripes of charges. A
method to solve such a problem applies both a DC voltage and
an AC voltage simultaneously to the film-shaped charging
electrode. However, the AC voltage generates vibrations reso-
nant with the frequency of the AC voltage and generates
charging noise.

[0011] A charging unit employing the cylindrical (tube-
shaped) structure has problems such as a slip phenomenon of
atubular member occurring due to a frictional force produced
between the tubular member and an elastic member, and also
a bias occurring due to an axial force resulting from the
pressure difference between left and right when being driven
for rotation.

SUMMARY OF THE INVENTION

[0012] The present general inventive concept relates to a
developing cartridge and an image forming apparatus having
the same.

[0013] Additional features and utilities of the present gen-
eral inventive concept will be set forth in part in the descrip-
tion which follows and, in part, will be obvious from the
description, or may be learned by practice of the general
inventive concept.

[0014] Embodiments of the general inventive concept
include a developing cartridge having a photoconductive
body, a charging unit which charges a surface of the photo-
conductive body, and a developing unit which forms a toner
image by supplying toner to the surface of the photoconduc-
tive body according to an aspect of the present general inven-
tive concept, the charging unit includes a shaft applying a
charging voltage and having a central axis parallel to a rotat-
ing axis of the photoconductive body, a tubular member of
conductive material surrounding the shaft, which is disposed
to be in contact with the surface of the photoconductive body,
a current carrying member which is disposed on an inner
surface of the tubular member and applies an electric current
to the shaft and the tubular member, and a damping member
which is disposed between the shaft and the current carrying
member, and the shaft may be characterized in that a middle
portion is thicker than opposite side portions in a longitudinal
direction along the central axis.

[0015] The shaft may be formed in a cylindrical shape and
a diameter may increase with being close to the middle por-
tion.
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[0016] A protrusion of the middle portion of the shaft may
be in the range of 0.14 mm-0.35 mm in a direction of the
photoconductive body.

[0017] The shaft may consist of an injection molding.
[0018] The tubular member may consist of conductive
nylon.

[0019] The current carrying member may have a surface

resistance of less than 103Q.

[0020] The damping member may be an elastic member
having elasticity.

[0021]

[0022] Embodiments of the general inventive concept may
also include a developing cartridge usable in an image form-
ing apparatus, the developing cartridge comprising: a tubular
member; a shaft extending through the tubular member and to
apply a charging voltage to be transferred to a photoconduc-
tive body in contact with the tubular member, the shaft includ-
ing a protrusion at a middle portion thereof; a current carrying
member disposed inside the tubular member and connected to
the shaft to transfer the voltage of the shaft to the tubular
member; and a damping member disposed between the shaft
and the current carrying member such that the current carry-
ing member contacts the tubular member at the area of the
protrusion.

[0023] In an embodiment, the protrusion is formed by
increasing a thickness of the shaft toward the middle portion
thereof.

[0024] In an embodiment, the protrusion is formed by the
shaft being convexly curved in a direction facing the photo-
conductive body.

[0025] In an embodiment, the protrusion is formed by a
lower side of the middle portion of the shaft being thicker than
opposite end portions thereof.

[0026] Embodiments of the general inventive concept may
also include a developing cartridge usable in an image form-
ing apparatus, the developing cartridge comprising: a tubular
member; a shaft extending through the tubular member and to
apply a charging voltage to be transferred to a photoconduc-
tive body in contact with the tubular member; a current car-
rying member disposed inside the tubular member and con-
nected to the shaft to transfer the voltage of the shaft to the
tubular member, the current carrying member being formed
convexly such that a middle portion thereof is disposed more
closely to the photoconductive body than opposite end por-
tions thereof in a longitudinal direction parallel to a central
axis of the shaft; and a damping member disposed between
the shaft and the current carrying member.

[0027] Embodiments of the general inventive concept may
also include a developing cartridge usable in an image form-
ing apparatus, the developing cartridge comprising: a tubular
member; a shaft extending through the tubular member and to
apply a charging voltage to be transferred to a photoconduc-
tive body in contact with the tubular member; and a damping
member connected to the shaft and extending in a longitudi-
nal direction parallel with a central axis of the shaft, the
damping member being formed convexly such that a middle
portion thereof'is disposed more closely to the photoconduc-
tive body than opposite end portions thereof.

[0028] Inanembodiment, the shaft includes a protrusion at
the middle portion thereof being in a range of about 0.14
mm-0.35 mm.

The damping member may consist of a foam.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other features and utilities of the
present general inventive concept will become apparent and
more readily appreciated from the following description of
the embodiments, taken in conjunction with the accompany-
ing drawings of which:

[0030] FIG. 1 is a schematic cross-sectional view of an
image forming apparatus equipped with a developing car-
tridge according to an exemplary embodiment;

[0031] FIG. 2 is a schematic view of a charging unit accord-
ing to the exemplary embodiment of FIG. 1;

[0032] FIG. 3 is a schematic cross-sectional view of a
charging unit according to the exemplary embodiment of
FIG. 1;

[0033] FIG. 4 is a schematic view of excitation between a
charging tube and a current carrying member when a charging
unit is equipped in an image forming apparatus;

[0034] FIG. 5is a view of images having foggy defects ofa
tubular period when the excitation of FIG. 4 occurs;

[0035] FIG. 6is a schematic view of installation of a charg-
ing unit according to the exemplary embodiment of FIG. 1;
[0036] FIG. 7 is a schematic cross-sectional view of a
charging unit according to another exemplary embodiment;
[0037] FIG. 8is a schematic view of installation of a charg-
ing unit according to the exemplary embodiment of FIG. 7;
[0038] FIG. 9 is a schematic cross-sectional view of a
charging unit according to yet another exemplary embodi-
ment;

[0039] FIG. 10 is a schematic cross-sectional view of a
charging unit according to still another exemplary embodi-
ment;

[0040] FIG. 11 is a schematic cross-sectional view of a
charging unit according to still another exemplary embodi-
ment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Reference will now be made in detail to the embodi-
ments of the present general inventive concept, examples of
which are illustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements throughout.
The embodiments are described below in order to explain the
present general inventive concept by referring to the figures.
[0042] FIG. 1 is a schematic cross-sectional view of an
image forming apparatus equipped with a developing car-
tridge according to an exemplary embodiment. Such an
image forming apparatus 1 may be various devices such as a
printer, a facsimile, a copier, or a multifunction peripheral
(MFP), which form a prescribed image on a print medium.
Reference numeral 2 in FIG. 1 indicates a progress path of the
print medium.

[0043] A paper feeding unit 10 may store a print medium
such as paper. The print medium is transferred along a
progress path 2 by a plurality of progress rollers 11.

[0044] A charging unit 100 may charge a surface of a pho-
toconductive body 20 to a prescribed electric potential using
a contact charging system. The charging unit 100 is described
in detail below.

[0045] A laser scanning unit 30 may form an electrostatic
latent image corresponding to the printing data on the surface
of'the photoconductive body 20 by scanning the surface ofthe
photoconductive body 20 with a laser.
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[0046] A developing unit 40 may form a toner image by
providing toner to the surface of the photoconductive body 20
on which the electrostatic latent image is formed. The devel-
oping unit 40 may comprise a toner storage section 41, atoner
supply roller 42, a developing roller 43, and a restriction blade
44.

[0047] Thetoner storage section 41 may store toner therein.
The toner supply roller 42 supplies the developing roller 43
with the toner stored in the toner storage section 41, and thus
a toner layer is formed on the developing roller 43. The
restriction blade 44 makes the toner layer on the developing
roller 43 uniform. The toner layer on the developing roller 43
moves onto the electrostatic latent image formed on the sur-
face of the photoconductive body 20 as a result of the poten-
tial difference so as to form a toner image.

[0048] A transfer unit 50 may transfer the toner image
formed on the surface of the photoconductive body 20 to the
print medium.

[0049] A cleaning unit 60 may remove residual toner from
the surface of the photoconductive body 20 after the transfer
process.

[0050] A fixing unit 70 may fix the toner image transferred
to the print medium. The print medium to which the toner
image is fixed is discharged outside the image forming appa-
ratus 1 by a plurality of progress rollers 11.

[0051] A developing cartridge 80 may integrally comprise
components such as the charging unit 100, the photoconduc-
tive body 20 and the developing unit 40. After the image
forming apparatus 1 is used for a certain period of time, a user
may remove a developing cartridge 80 and install a new
developing cartridge in the image forming apparatus 1.
According to the present exemplary embodiment, there is the
toner storage section 41 in the developing cartridge 80, while
according to other exemplary embodiments, there may not be
the toner storage section 41 in the developing cartridge 80. In
other words, in an alternative, there may be a separate toner
cartridge which stores toner and the separate toner cartridge
may couple to the developing cartridge 80. In this case, the
user may replace the toner cartridge and the developing car-
tridge 80 separately and individually.

[0052] Referring to FIGS. 2 to 6, the charging unit 100 of
the developing cartridge 80 according to the present exem-
plary embodiment is described in great detail. FIG. 2 is a
schematic view of the charging unit 100 according to the
present exemplary embodiment, FIG. 3 is a schematic cross-
sectional view of the charging unit 100 according to the
present exemplary embodiment, FIG. 4 is a schematic view of
excitation between a charging tube and a current carrying
member when a charging unit is equipped in an image form-
ing apparatus, FIG. 5 is a view of images having foggy defects
of a tubular period when occurring the excitation of FIG. 4,
and FIG. 6 is a schematic view of installation of the charging
unit 100 according to the present exemplary embodiment.
[0053] The charging unit 100 comprises a shaft 110 apply-
ing a charging voltage so as to charge the surface of the
photoconductive body 20 from an external power supply (not
shown), a tubular member 120 surrounding the shaft 110,
which is disposed to be in contact with the surface of the
photoconductive body 20, a current carrying member 130
which is disposed on an inner surface of the tubular member
120, and a damping member 140 which is disposed between
the shaft 110 and the current carrying member 130.

[0054] The shaft 110 has a central axis parallel to a rotating
axis of the photoconductive body 20 and is formed in a
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cylindrical shape. The shaft 110 may have a size of $6%252
mm. The shaft 110 may consist of an injection molding and be
formed of a conductive metal material, and for example may
be formed of 40% PET and glass fiber (G/F). The shaft 110
may be formed to have a diameter which increases while
becoming closer to a middle portion 112, and thus the middle
portion 112 is thicker than opposite side portions 114 in a
longitudinal direction along the central axis. A protrusion A
of the middle portion of the shaft 110 may be in the range of
0.14 mm-0.35 mm in a direction of the photoconductive body
20.

[0055] Below is a table showing the image output results
according to the protrusion (thickness) by making 3D mea-
surements of the middle portion 112 and the opposite side
portions 114 of the shaft 110.

TABLE 1

Protrusion of the middle
portion in the direction of the

photoconductive body (mm) Image output

Shaft 1 0.0076 Images having foggy defects
of a tubular period
Shaft 2 0.1358 Satisfactory
Shaft 3 0.2010 Satisfactory
Shaft 4 0.3478 Satisfactory
[0056] As shown in the above table, if the protrusion of the

middle portion of the shaft 110 is formed in the range as
described above, no foggy defect is formed in portions of
images at the time of the tubular period.

[0057] The tubular member 120 has a hollow shape, which
has a hollow interior. The tubular member 120 may have a
size of ¢$8.5%241 mm. The tubular member 120 may be
formed of nylon and conductive additives such as carbon
black, an ionic conductor and the like. As the photoconduc-
tive body 20 rotates, the tubular member 120 also rotates by a
frictional force produced between the tubular member 120
and the photoconductive body 20.

[0058] The current carrying member 130 is connected to
the shaft 110 and is in contact with the inner surface of the
tubular member 120. The current carrying member 130 may
be formed in a shape of a thin film. The current carrying
member 130 may have a size of 1.1t*6 mm*226 mm. The
current carrying member 130 is preferable to have a surface
resistance of 10°Q. The current carrying member 130 may be
formed of flexible and conductive materials, and conductive
UHMW-PE may be employed. A length of the current carry-
ing member 130 is formed to be longer than that of the
damping member 140 so that the damping member 140 may
not be in direct contact with the inner surface of the tubular
member 120. The charging voltage applied to the shaft 110
may be transferred to the tubular member 120 through the
current carrying member 130.

[0059] The damping member 140 applies pressure to the
tubular member 120 and the current carrying member 130
towards the photoconductive body 20. It is possible for the
photoconductive body 20 and the tubular member 120 to be in
stable contact with each other with the aid of the damping
member 140. To this end, the damping member 140 may be
formed of an elastic member which has elasticity as foam, and
may be, for example, formed of a sponge with #711G of BOW
employed therein.

[0060] The materials and shapes of the shaft 110, the tubu-
lar member 120, the current carrying member 130 and the
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damping member 140 as described above are simply exem-
plified, and it should be understood that the above materials
and shapes may be variable.

[0061] The charging voltage applied to the shaft 110 is
transferred to the tubular member 120 through the current
carrying member 130, and thus a discharge is produced in a
wedge-shaped minute gap between an outer surface of the
tubular member 120 and the photoconductive body 20. The
photoconductive body 20 is a non-conductor of electricity,
but due to such a discharge, a surface potential may be formed
on the surface of the photoconductive body 20. The charging
voltage applied to the shaft 110 may be an AC voltage, a DC
voltage or a mixture of the AC voltage and the DC voltage.
Such a charging voltage can be easily understood by those
skilled in the art, and thus a detailed explanation is omitted.
[0062] By the above described discharge, the charging unit
100 may generate noise, and in particular if the charging
voltage is applied in the form ofthe AC voltage, the noise can
be loud. In order to reduce such noise, the charging unit 100
of'the developing cartridge 80 according to the present exem-
plary embodiment does not use a charging roller but the
hollow tubular member 120. This is because the tubular mem-
ber 120 is more flexible than the charging roller, and therefore
the noise generated by the discharge can be reduced.

[0063] Further, since a part of low molecular weight mate-
rials which constitute the charging roller spreads to a photo-
conductive body, a charging unit using the charging roller
may contaminate the photoconductive body. The contami-
nated photoconductive body causes deterioration in image
quality. The spread accelerates further as a contact force
increases between the charging roller and the photoconduc-
tive body. The charging unit 100 according to the present
exemplary embodiment uses the hollow tubular member 120,
not the charging roller, and thus the mass of the tubular
member 120 is considerably less than that of the charging
roller. Accordingly, the contact force decreases between the
photoconductive body 20 and the tubular member 120, and
this can prevent the spread of low molecular weight materials.
[0064] Hereinafter, it is described how the charging unit
100 of the developing cartridge 80 according to the present
exemplary embodiment is equipped in an image forming
apparatus.

[0065] Asillustrated in FIGS. 4 and 5, when a charging unit
is installed in an image forming apparatus, pressure is applied
to opposite end portions of the charging unit in an arrow
direction to provide a charge contact with a photoconductive
body. If the pressure is applied to the opposite end portions, as
illustrated in FIG. 4, the opposite end portions of the charging
unit plays a role as a fulcrum of a lever, and thus a middle
portion of the charging unit is bent toward an upper side. Due
to such a curve, an excitation occurs in portions between a
charging unit and a photoconductive body, and this leads to an
unstable contact. As illustrated in FIG. 5, the excitation occur-
ring between the charging unit and the photoconductive body
results in foggy defects formed in portions of an image at the
time of a tubular period.

[0066] As illustrated in FIG. 6, since a thickness of the
middle portion 112 of the shaft 110 is greater than that of the
opposite end portions 114, the middle portion 112 of the
charging unit 100 according to the present exemplary
embodiment is not excited from the photoconductive body 20
even though the opposite end portions are pressed by the
pressure (in an arrow direction) applied to the opposite end
portions of the charging unit 100 when the charging unit 100
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is installed. Since the pressure is applied continuously to the
opposite end portions of the charging unit 100 in the direction
illustrated by arrows for charge contact with the photocon-
ductive body 20, the opposite end portions are also not excited
from the photoconductive body 20. Therefore, the charging
unit 100 is in a uniform contact with the photoconductive
body 20, and thus a uniform image can be obtained without
faulty images.

[0067] Hereinafter, a charging unit according to another
exemplary embodiment is described as follows:

[0068] FIG. 7 is a schematic cross-sectional view of a
charging unit according to another exemplary embodiment
and FIG. 8 is a schematic view of installation of the charging
unit according to the exemplary embodiment of FIG. 7.
[0069] The charging unit 200 according to the present
exemplary embodiment is similar to the charging unit 100
according to the previously described exemplary embodi-
ment. For example, a tubular member 220, a current carrying
member 230 and a damping member 240 of the charging unit
200 are identical to those ofthe above described charging unit
100. Therefore, the components of the charging unit 200 are
not explained again.

[0070] Asillustrated in FIG. 7, a shaft 210 is formed wind-
ingly so that a middle portion 212 is disposed more closely to
the photoconductive body 20 than opposite end portions 214
in a longitudinal direction along a central axis of the photo-
conductive body 20. In other words, the shaft 210 is formed to
be convexly curved in a direction of facing the photoconduc-
tive body 20.

[0071] A protrusion (A) of the middle portion 212 of the
shaft 210 is preferable to be in the range 0 0.14 mm-0.35 mm
in a direction of the photoconductive body 20 as described in
the above exemplary embodiment.

[0072] Hereinafter, an installation of the charging unit 200
according to the present exemplary embodiment is described
as follows: As illustrated in FIG. 8, if the charging unit 200 is
installed in an image forming apparatus, as described in the
previous exemplary embodiment, pressure is applied to oppo-
site end portions of the charging unit 200 in a direction of
arrows. By the pressure applied to the opposite end portions,
the opposite end portions 214 are pressed toward the direction
of the photoconductive body 20, and thus the curve of the
shaft 210 is straightened and a uniform contact is secured
between the charging unit 200 and the photoconductive body
20. Therefore, as described in the previous exemplary
embodiment, due to the uniform contact with the photocon-
ductive body 20, the charging unit 200 can provide uniform
images without fogging or other problems.

[0073] Hereinafter, a charging unit according to yet exem-
plary embodiment is described as follows:

[0074] FIG. 9 is a schematic cross-sectional view of a
charging unit according to another exemplary embodiment.
[0075] The charging unit 300 according to the exemplary
embodiment of FIG. 9 is similar to the charging unit 100
according to the previously described exemplary embodi-
ment. For example, a tubular member 320, a current carrying
member 330 and a damping member 340 of the charging unit
300 are identical to those ofthe above described charging unit
200. Therefore, the components of the charging unit 300 will
not be repeated again below in order to ensure brevity and
conciseness of this application.

[0076] As illustrated in FIG. 9, a lower side of a middle
portion 312 of a shaft 310, which is close to the photocon-
ductive body 20, is formed to be thicker than opposite end
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portions 314, and a protrusion (A) of the middle portion 312
of the shaft 310 is preferable to be in the range of 0.14
mm-0.35 mm in a direction of the photoconductive body 20 as
described in the above exemplary embodiment. Herein, an
upper side of the middle portion 312 is formed evenly and
collinearly with respect to the opposite end portions 314. In
case that the charging unit 300 is installed in an image form-
ing apparatus to provide a contact charge, as described in the
above exemplary embodiment, since pressure is applied to
opposite end portions in a direction of facing a photoconduc-
tive body, no inconvenience is caused in making a uniform
contact between the charging unit 300 and the photoconduc-
tive body 20 although the upper side of the shaft 310 is not
formed convexly. Since a thickness of the middle portion 312
is not necessarily greater than the opposite end portions 314 in
the upper side of the shaft 310 of the charging unit 300
according to the exemplary embodiment, manufacturing effi-
ciency of the shaft 310 increases.

[0077] Hereinafter, a charging unit according to yet another
exemplary embodiment is described as follows:

[0078] FIG. 10 is a schematic cross-sectional view of a
charging unit according to another exemplary embodiment.
[0079] The charging unit 400 according to this exemplary
embodiment is similar to the charging unit 100 according to
the above described previous exemplary embodiment. For
example, a tubular member 420 and a damping member 440
of the charging unit 400 are the same as those of the above
described charging unit 100. Therefore, the components of
the charging unit 400 will not be repeated again below in
order to ensure brevity and conciseness of this application.
[0080] Upper and lower sides of a middle portion 412 and
opposite end portions 414 are formed evenly and collinearly
with respect to one another in a shaft 410.

[0081] A current carrying member 430 is formed convexly
so that a middle portion 432 may be disposed more closely to
a photoconductive body than opposite end portions 434 in a
longitudinal direction parallel to a central axis of the shaft
410.

[0082] A protrusion (A) of the middle portion 432 of the
current carrying member 430 is preferable to be in the range
of 0.14 mm-0.35 mm in a direction of the photoconductive
body 20 in the same manner of the middle portion of the shaft
as described in the above exemplary embodiment. Therefore,
the charging unit 400 according to this exemplary embodi-
ment can achieve the same effect as the charging unit in which
the middle portion of the above described shaft is thick with-
out forming the shaft 410 to be convex.

[0083] Hereinafter, a charging unit according to still
another exemplary embodiment is described as follows:
[0084] FIG. 11 is a schematic cross-sectional view of a
charging unit according to still another exemplary embodi-
ment.

[0085] The charging unit 500 according to the exemplary
embodiment of FIG. 11 is similar to the charging unit 100
according to the above described exemplary embodiment. For
example, a tubular member 520 and a current carrying mem-
ber 530 of the charging unit 500 are identical to those of the
above described charging unit 100. Therefore, the compo-
nents of the charging unit 500 will not be repeated again
below in order to ensure brevity and conciseness of this appli-
cation.

[0086] Upper and lower sides of a middle portion 512 and
opposite end portions 514 are formed evenly and collinearly
with respect to one another in a shaft 510.

May 30, 2013

[0087] A damping member 540 is formed convexly so that
a middle portion 542 may be disposed more closely to the
photoconductive body 20 than opposite end portions 544 in a
longitudinal direction parallel to a central axis of the shaft
510.

[0088] A protrusion (A) of the middle portion 542 of the
damping member 540 is preferable to be in the range of 0.14
mm-0.35 mm in a direction of the photoconductive body 20 in
the same manner of the middle portion of the shaft as
described in the previous exemplary embodiment. Therefore,
the charging unit 500 according to the exemplary embodi-
ment can achieve the same effect as the charging unit in which
the middle portion of the above described shaft is thick with-
out forming the shaft 510 to be convex.

[0089] Although a few embodiments of the present general
inventive concept have been shown and described, it will be
appreciated by those skilled in the art that changes may be
made in these embodiments without departing from the prin-
ciples and spirit of the general inventive concept, the scope of
which is defined in the appended claims and their equivalents.

What is claimed is:

1. A developing cartridge comprising a photoconductive
body, a charging unit which charges a surface of the photo-
conductive body and a developing unit which forms a toner
image by supplying the surface of the photoconductive body
with toner,

wherein the charging unit comprises:

a shaft which applies a charging voltage and which has a
central axis parallel to a rotating axis of the photocon-
ductive body, the shaft having a middle portion which is
thicker than opposite end portions in a longitudinal
direction along the central axis;

a tubular member formed of a conductive material which
surrounds the shaft and which is disposed to be in con-
tact with the surface of the photoconductive body;

a current carrying member which is disposed on a surface
of an inner side of the tubular member and which applies
an electric current to the shaft and the tubular member;
and

a damping member which is disposed between the shaft
and the current carrying member.

2. The developing cartridge as claimed in claim 1, wherein
the shaft is formed in a cylindrical shape and a diameter of the
shaft increases toward the middle portion thereof.

3. The developing cartridge as claimed in claim 2, wherein
a protrusion of the middle portion of the shaft is in the range
of 0.14 mm-0.35 mm in a direction of the photoconductive
body.

4. The developing cartridge as claimed in claim 1, wherein
the shaft consists of an injection molding.

5. The developing cartridge as claimed in claim 1, wherein
the tubular member is formed of conductive nylon.

6. The developing cartridge as claimed in claim 1, wherein
the current carrying member has a surface resistance of less
than 10%Q.

7. The developing cartridge as claimed in claim 1, wherein
the damping member is an elastic member having elasticity.

8. The developing cartridge as claimed in claim 7, wherein
the damping member consists of foam.
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9. A developing cartridge usable in an image forming appa-
ratus, the developing cartridge comprising:

a tubular member;

a shaft extending through the tubular member and to apply
acharging voltage to be transferred to a photoconductive
body in contact with the tubular member, the shaft
including a protrusion at a middle portion thereof;

a current carrying member disposed inside the tubular
member and connected to the shaft to transfer the volt-
age of the shaft to the tubular member; and

a damping member disposed between the shaft and the
current carrying member such that the current carrying
member contacts the tubular member at the area of the
protrusion.

10. The developing cartridge as claimed in claim 9,
wherein the protrusion is formed by increasing a thickness of
the shaft toward the middle portion thereof.

11. The developing cartridge as claimed in claim 9,
wherein the protrusion is formed by the shaft being convexly
curved in a direction facing the photoconductive body.

12. The developing cartridge as claimed in claim 9,
wherein the protrusion is formed by a lower side of the middle
portion of the shaft being thicker than opposite end portions
thereof.

13. The developing cartridge as claimed in claim 9,
wherein the protrusion of the middle of the shaft is in a range
of about 0.14 mm-0.35 mm.

14. The developing cartridge as claimed in claim 9,
wherein a length of the current carrying member is longer
than that of the damping member such that the damping
member cannot make direct contact with the inner surface of
the tubular member.

15. A developing cartridge usable in an image forming
apparatus, the developing cartridge comprising:
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a tubular member;

a shaft extending through the tubular member and to apply
acharging voltage to be transferred to a photoconductive
body in contact with the tubular member;

a current carrying member disposed inside the tubular
member and connected to the shaft to transfer the volt-
age of the shaft to the tubular member, the current car-
rying member being formed convexly such that a middle
portion thereof is disposed more closely to the photo-
conductive body than opposite end portions thereof in a
longitudinal direction parallel to a central axis of the
shaft; and

a damping member disposed between the shaft and the
current carrying member.

16. The developing cartridge as claimed in claim 15,
wherein a protrusion of the middle portion of the current
carrying member is in a range of about 0.14 mm-0.35 mm.

17. A developing cartridge usable in an image forming
apparatus, the developing cartridge comprising:

a tubular member;

a shaft extending through the tubular member and to apply
acharging voltage to be transferred to a photoconductive
body in contact with the tubular member; and

a damping member connected to the shaft and extending in
alongitudinal direction parallel with a central axis ofthe
shaft, the damping member being formed convexly such
that a middle portion thereofis disposed more closely to
the photoconductive body than opposite end portions
thereof.

18. The developing cartridge as claimed in claim 17,

wherein the shaft includes a protrusion at the middle portion
thereof being in a range of about 0.14 mm-0.35 mm.
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