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[ABSTRACT]

A developing cartridge (1) includes: a casing (10); a developing roller (30); a shaft (61);
and a first inclined surface (621). The shaft (61) is movable in a first direction relative
to the casing (10) and the developing roller (30), and is movable in a second direction
together with the casing (10) and the developing roller (30). The first inclined surface
(621) is positioned at one end portion (61A) of the shaft (61) in the first direction and
movable together with the shaft (61). The first inclined surface (621) is inclined relative
to the first direction such that a distance between the shaft (61) and the first inclined
surface (621) in the second direction increases in a direction from the one end portion
(61A) of the shaft (61) in the first direction to another end portion of the shaft (61) in
the first direction.
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DESCRIPTION
Title of Invention: DEVELOPING CARTRIDGE

The present application is a divisional application from Australian Patent Application
No. 2022202159 filed on 30 March 2022, the entire disclosure of which is incorporated
herein by reference.

Technical Field

The present disclosure relates to a developing cartridge.

Background Art

An electro-photographic type image forming apparatus such as a laser printer and an
LED printer is well known in the art. A developing cartridge is used for the image
forming apparatus. The developing cartridge includes a developing roller for supplying
toner. The conventional image forming apparatuses are described, for example, in
Japanese Patent Application Publication Nos. 2011-59510 and 2013-54058. An image
forming apparatus described in Japanese Patent Application Publication No. 2011-
59510 includes a drawer unit. The drawer unit includes a photosensitive drum. The
developing cartridge is attachable to the drawer unit. When the developing cartridge is
attached to the drawer unit, the developing roller contacts the photosensitive drum.

A developing cartridge disclosed in Japanese Patent Application Publication No. 2013-
54058 is attachable to a drum cartridge. The drum cartridge includes a photosensitive
drum. When the developing cartridge is attached to the drum cartridge, the developing
roller contacts the photosensitive drum. Then, the drum cartridge to which the
developing cartridge has been attached is attached to a main casing of an image forming
apparatus.

The above discussion of the background to the invention is intended to facilitate an
understanding of the invention. However, it should be appreciated that the discussion is
not an acknowledgement or admission that any aspect of the discussion was part of the
common general knowledge as at the priority date of the application.

Where any or all of the terms "comprise", "comprises", "comprised” or "comprising" are
used in this specification (including the claims) they are to be interpreted as specifying
the presence of the stated features, integers, steps or components, but not precluding the
presence of one or more other features, integers, steps or components.

Citation List

Patent Literature

PTL 1: Japanese Patent Application Publication No. 2011-59510

PTL 2: Japanese Patent Application Publication No. 2013-54058

Summary of Invention

Technical Problem

The image forming apparatuses disclosed in Japanese Patent Application Publication
Nos. 2011-59510 and 2013-54058 are switchable between a state in which the
developing roller and the photosensitive drum are in contact with each other, and a state
in which the developing roller and the photosensitive drum are separated from each
other. In Japanese Patent Application Publication Nos. 2011-59510 and 2013-54058, a
component for moving the developing cartridge to separate the developing roller from
the photosensitive drum is provided on both ends of the drawer unit or the drum
cartridge, and both components for moving the developing cartridge are required to
receive driving force from a main body of the image forming apparatus.

In view of the foregoing, it is therefore desirable to provide a developing cartridge
movable relative to the photosensitive drum by driving force acting on only one end of
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the developing cartridge, not by driving force acting on both ends of the developing
cartridge.

The present disclosure includes aspects 1 through 105.

Aspect 1 is directed to a developing cartridge for use with a drum cartridge including a
photosensitive drum, the developing cartridge comprising:

a casing configured to accommodate developer therein;

a developing roller rotatable about a first axis extending in a first direction, the
developing roller having an outer circumferential surface including one end portion and
another end portion in a second direction, the one end portion being exposed to an
outside of the casing, the another end portion being positioned inside the casing;

a shaft extending along a second axis extending in the first direction, the shaft being
movable in the first direction relative to the casing and the developing roller, the shaft
being movable in the second direction together with the casing and the developing
roller, the shaft having one end portion and another end portion in the first direction;
and

a first cam positioned at the one end portion of the shaft in the first direction and
movable together with the shaft, the first cam being configured to move the shaft and
the casing in the second direction relative to the photosensitive drum when the first cam
moves in the first direction together with the shaft.

Aspect 2 is directed to the developing cartridge according to aspect 1, wherein the first
cam has a first inclined surface inclined relative to the first direction such that a distance
between the shaft and the first inclined surface in a radial direction of the shaft increases
in a direction from the one end portion of the shaft in the first direction to the another
end portion of the shaft in the first direction.

Aspect 3 is directed to the developing cartridge according to aspect 1, wherein the shaft
has a first inclined surface, and

wherein a distance between the second axis and the first inclined surface in a radial
direction of the shaft increases in a direction from the one end portion of the shaft in the
first direction to the another end portion of the shaft in the first direction.

Aspect 4 is directed to the developing cartridge according to aspect 2, wherein the first
inclined surface is inclined relative to the first direction by an acute angle.

Aspect 5 is directed to the developing cartridge according to any one of aspects 2
through 4, wherein an angle between the first inclined surface and the first direction is
greater than or equal to 43 degrees and smaller than or equal to 47 degrees.

Aspect 6 is directed to the developing cartridge according to any one of aspects 2
through 4, wherein the first inclined surface includes a first sloped surface and a second
sloped surface arrayed with each other in the first direction,

wherein the first sloped surface is positioned farther from the another end portion of the
shaft in the first direction than the second sloped surface is from the another end portion
of the shaft in the first direction, and

wherein the first sloped surface is inclined relative to the first direction, the second
sloped surface being inclined relative to the first direction, an angle between the first
sloped surface and the first direction being greater than an angle between the second
sloped surface and the first direction.

Aspect 7 is directed to the developing cartridge according to aspect 6, wherein the angle
between the first sloped surface and the first direction is greater than or equal to 43
degrees and smaller than or equal to 47 degrees, and

wherein the angle between the second sloped surface and the first direction is greater
than or equal to 12 degrees and smaller than or equal to 17 degrees.
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Aspect 8 is directed to the developing cartridge according to any one of aspects 1
through 7, further comprising a second cam positioned at the another end portion of the
shaft in the first direction and movable together with the shaft, the second cam being
configured to move the shaft and the casing in the second direction relative to the
photosensitive drum when the second cam moves in the first direction together with the
shaft.

Aspect 9 is directed to the developing cartridge according to aspect 8, wherein the
second cam has a second inclined surface inclined relative to the first direction such that
a distance between the shaft and the second inclined surface in the radial direction of the
shaft decreases in the direction from the another end portion of the shaft in the first
direction to the one end portion of the shaft in the first direction.

Aspect 10 is directed to the developing cartridge according to aspect 8, wherein the
shaft has a second inclined surface inclined relative to the first direction such that a
distance between the second axis and the second inclined surface in the radial direction
of the shaft decreases in the direction from the another end portion of the shaft in the
first direction to the one end portion of the shaft in the first direction.

Aspect 11 is directed to the developing cartridge according to aspect 9 or 10, wherein
the second inclined surface is inclined relative to the first direction by an acute angle.
Aspect 12 is directed to the developing cartridge according to any one of aspects 135
through 137, an angle between the second inclined surface is greater than or equal to 43
degrees and smaller than or equal to 47 degrees.

Aspect 13 is directed to the developing cartridge according to any one of aspects 9
through 11, wherein the second inclined surface includes a third sloped surface and a
fourth sloped surface arrayed with each other in the first direction,

wherein the third sloped surface is positioned closer to the first inclined surface than the
fourth sloped surface is to the first inclined surface in the first direction, and

wherein the third sloped surface is inclined relative to the first direction, the fourth
sloped surface being inclined relative to the first direction, an angle between the third
sloped surface and the first direction being greater than an angle between the fourth
sloped surface and the first direction.

Aspect 14 is directed to the developing cartridge according to aspect 13, wherein the
angle between the third sloped surface and the first direction is greater than or equal to
43 degrees and smaller than or equal to 47 degrees, and

wherein the angle between the fourth sloped surface and the first direction is greater
than or equal to 12 degrees and smaller than or equal to 17 degrees.

Aspect 15 is directed to the developing cartridge according to any one of aspects 1
through 14, wherein the second direction is crossing the outer circumferential surface of
the one end portion of the developing roller that is exposed to the outside of the casing.
Aspect 16 is directed to the developing cartridge according to any one of aspects 1
through 15, wherein the shaft is not rotatable about the second axis relative to the
casing.

Aspect 17 is directed to the developing cartridge according to any one of aspects 1
through 15, wherein the shaft is rotatable about the second axis relative to the casing,
and

wherein the first cam is rotatable together with the shaft about the second axis relative
to the casing, the first cam having one of a cone shape and a pyramid shape centered on
the second axis.

Aspect 18 is directed to the developing cartridge according to any one of aspects 8
through 15, wherein the shaft is rotatable about the second axis relative to the casing,
and



31 May 2024

2024203675

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

4

wherein the second cam is rotatable together with the shaft about the second axis
relative to the casing, the second cam having one of a cone shape and a pyramid shape
centered on the second axis.

Aspect 19 is directed to the developing cartridge according to any one of aspects 1
through 18, wherein the casing includes:

a container configured to accommodate developer therein and having an opening; and
a lid covering the opening of the container and having a through-hole penetrating the lid
in the first direction, and

wherein the shaft is inserted into the through-hole.

Aspect 20 is directed to the developing cartridge according to any one of aspects 1
through 19, wherein the shaft is movable in the first direction relative to the casing
between a first position and a second position, and

wherein the casing is movable in the second direction together with the shaft relative to
the drum cartridge when the shaft moves between the first position and the second
position.

Aspect 21 is directed to the developing cartridge according to any one of aspects 1
through 20, wherein the shaft is movable in the first direction relative to the casing
between a first position and a second position, and

wherein the casing is movable in the second direction together with the shaft relative to
the photosensitive drum when the shaft moves between the first position and the second
position.

Aspect 22 is directed to the developing cartridge according to aspect 21, wherein the
first cam is slidingly movable relative to a portion of the drum cartridge while
contacting the portion of the drum cartridge when the shaft moves between the first
position and the second position, and

wherein the casing and the developing roller are movable in the second direction when
the first cam is slidingly moved relative to the portion of the drum cartridge.

Aspect 23 is directed to the developing cartridge according to any one of aspects 8
through 14, the drum cartridge having a first receiving surface and a second receiving
surface different from the first receiving surface,

wherein the shaft is movable in the first direction relative to the casing between a first
position and a second position,

wherein the casing is movable in the second direction together with the shaft relative to
the photosensitive drum when the shaft moves between the first position and the second
position,

wherein the first cam is slidingly movable relative to the first receiving surface while
contacting the first receiving surface when the shaft moves between the first position
and the second position,

wherein the second cam is slidingly movable relative to the second receiving surface
while contacting the second receiving surface when the shaft moves between the first
position and the second position, and

wherein the casing and the developing roller are movable in the second direction when
the first cam is slidingly moved relative to the first receiving surface and the second
cam is slidingly moved relative to the second receiving surface.

Aspect 24 is directed to the developing cartridge according to any one of aspects 8
through 14 and 23, wherein the shaft is movable from the first position to the second
position when the second cam receives a pressing force directed from the another end
portion to the one end portion of the shaft in the first direction.

Aspect 25 is directed to the developing cartridge according to aspect 24, further
comprising an elastic member configured to extend and contract in the first direction,
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the elastic member having one end and another end in the first direction, the one end of
the elastic member in the first direction being connected to the second inclined surface,
the another end of the elastic member in the first direction being connected to the
casing.

Aspect 26 is directed to the developing cartridge according to aspect 25, wherein the
elastic member is a coil spring configured to extend and contract in the first direction
between a first length and a second length shorter than the first length, the elastic
member providing the first length when the shaft is in the first position, the elastic
member providing the second length when the shatft is in the second position.

Aspect 27 is directed to the developing cartridge according to any one of aspects 1
through 26, wherein the casing has a first outer surface and a second outer surface
separated from the first outer surface in the first direction, the first outer surface being
one end portion of the casing in the first direction, the second outer surface being
another end portion of the casing in the first direction, and

wherein the first cam is positioned at the first outer surface, the first inclined surface
being sloped away from the developing roller in the second direction in a direction from
the first outer surface toward the second outer surface in the first direction.

Aspect 28 is directed to the developing cartridge according to aspect 27, further
comprising a coupling for rotating the developing roller, the coupling being positioned
at the second outer surface.

Aspect 29 is directed to the developing cartridge according to aspect 28, wherein the
coupling is positioned closer to the developing roller than the shaft and the first cam are
to the developing roller in the second direction.

Aspect 30 is directed to the developing cartridge according to aspect 28 or 29, wherein
the coupling is configured to receive a driving force, and

wherein the shaft is configured to receive a pressing force directed from the second
outer surface to the first outer surface.

Aspect 31 is directed to the developing cartridge according to any one of aspects 28
through 30, further comprising an electrode positioned at the first outer surface and
electrically connected to the developing roller.

Aspect 32 is directed to the developing cartridge according to aspect 31, wherein the
electrode is positioned closer to the developing roller than the shaft and the first cam are
to the developing roller in the second direction.

Aspect 33 is directed to the developing cartridge according to any one of aspects 1
through 32, further comprising an agitator rotatable about a third axis extending in the
first direction, the agitator configured to agitate the developer,

wherein the developing roller is spaced apart from the agitator in the second direction.
Aspect 34 is directed to the developing cartridge according to aspect 33, wherein the
agitator is positioned closer to the developing roller than the shaft is to the developing
roller in the second direction.

Aspect 35 is directed to a developing cartridge comprising:

a casing configured to accommodate developer therein;

a developing roller rotatable about a first axis extending in an axial direction;

a shaft extending along a second axis extending in the axial direction, the shaft being
movable along the second axis; and

a cam movable along the second axis in response to axial movement of the shaft, the
cam having a cam surface non-parallel with the second axis.

Aspect 36 is directed to the developing cartridge according to aspect 35, wherein the
developing roller has an outer circumferential surface,
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wherein one end portion of the outer circumferential surface is exposed to an outside of
the casing,

wherein another end portion of the outer circumferential surface is positioned inside the
casing, and

wherein the cam surface is inclined relative to in a direction connecting the one end
portion of the outer circumferential surface and the another end portion of the outer
circumferential surface.

Aspect 37 is directed to the developing cartridge according to aspect 35 or 36, wherein
the cam surface is inclined relative to the second axis.

Aspect 38 is directed to the developing cartridge according to aspect 37, wherein the
cam surface is inclined relative to the second axis by an acute angle.

Aspect 39 is directed to the developing cartridge according to any one of aspects 35
through 38, wherein the cam is movable together with the shaft relative to the casing
along the second axis in response to the axial movement of the shaft along the second
axis.

Aspect 40 is directed to the developing cartridge according to any one of aspects 35
through 39, wherein the cam is movable together with the casing in a direction non-
parallel with the second axis in response to the axial movement of the shaft along the
second axis.

Aspect 41 is directed to the developing cartridge according to aspect 40, wherein the
developing roller has an outer circumferential surface,

wherein one end portion of the outer circumferential surface is exposed to an outside of
the casing,

wherein another end portion of the outer circumferential surface is positioned inside the
casing, and

wherein the direction non-parallel with the second axis includes a direction connecting
the one end portion of the outer circumferential surface and the another end portion of
the outer circumferential surface.

Aspect 42 is directed to the developing cartridge according to any one of aspects 35
Aspect 43 is directed to the developing cartridge according to any one of aspects 36
through 42, wherein the developing roller is at least partially exposed to an outside of
the casing.

Aspect 44 is directed to the developing cartridge according to aspect 43, wherein at least
a part of an outer circumferential surface of the developing roller is exposed to an
outside of the casing.

Aspect 45 is directed to the developing cartridge according to any one of aspects 35
through 44, wherein the cam is positioned at a peripheral surface of the shaft.

Aspect 46 is directed to the developing cartridge according to any one of aspects 35
through 45, wherein the cam is positioned at one end portion of the shaft in the axial
direction.

Aspect 47 is directed to the developing cartridge according to any one of aspects 35
through 46, wherein the casing includes:

a container configured to accommodate developer therein and having an opening; and

a lid covering the opening of the container and having a through-hole penetrating the lid
in the axial direction, and

wherein the shaft is inserted into the through-hole.

Aspect 48 is directed to the developing cartridge according to any one of aspects 35
through 45, wherein the shaft has one end portion in the axial direction and another end
portion separated from the one end portion in the axial direction, and
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wherein the cam is positioned at each of the one end portion and the another end
portion.

Aspect 49 is directed to the developing cartridge according to aspect 48, wherein the
cam is positioned at a peripheral surface of each of the one end portion and the another
end portion.

Aspect 50 is directed to the developing cartridge according to any one of aspects 35
through 49, wherein the developing cartridge is for use with a drum cartridge, and
wherein the cam surface is movable along the second axis to engage the drum cartridge.
Aspect 51 is directed to the developing cartridge according to aspect 50, wherein the
cam surface is movable along the second axis to engage a frame of the drum cartridge.
Aspect 52 is directed to the developing cartridge according to aspect 51, wherein
engagement between the cam surface and the frame moves the developing roller away
from a photosensitive drum of the drum cartridge.

Aspect 53 is directed to the developing cartridge according to aspect 52, wherein the
photosensitive drum is rotatable about a rotational axis extending in the axial direction.
Aspect 54 is directed to the developing cartridge according to any one of aspects 35
through 53, wherein the cam surface provides a camming movement in response to
movement of the shaft along the second axis.

Aspect 55 is directed to the developing cartridge according to aspect 54, wherein the
camming movement engages a frame of a drum cartridge to move the developing
cartridge away from the drum cartridge.

Aspect 56 is directed to the developing cartridge according to any one of aspects 35
through 55, further comprising a separation member including the cam and the shaft.
Aspect 57 is directed to the developing cartridge according to any one of aspects 35
through 56, wherein the cam surface is inclined relative to the shaft and angled relative
to the second axis.

Aspect 58 is directed to the developing cartridge according to aspect 57, wherein the
cam surface is positioned at an end portion of the shaft extending in a first direction, the
cam surface being inclined relative to shaft by an acute angle.

Aspect 59 is directed to the developing cartridge according to aspect 58, wherein the
cam includes a first cam surface disposed at a first end portion of the shaft and a second
cam surface disposed at a second end portion of the shaft opposite to the first end
portion, the second cam surface being movable together with the shaft, the second cam
surface being angled relative to the shaft such that a radial distance from the second axis
to the second cam surface increases as a distance from the first cam surface to the
second cam surface increases.

Aspect 60 is directed to the developing cartridge according to aspect 59, wherein the
first cam surface is angled relative to the shaft such that a radial distance from the
second axis to the first cam surface decreases as a distance from the first cam surface to
the second cam surface increases.

Aspect 61 is directed to the developing cartridge according to aspect 59, wherein the
first cam surface includes a first sloped surface angled relative to the second axis and a
second sloped surface extending from and angled relative to the first sloped surface, an
angle between the first sloped surface and the second axis being greater than an angle
between the second sloped surface and the second axis.

Aspect 62 is directed to the developing cartridge according to aspect 61, wherein the
second cam surface includes a third sloped surface angled relative to the second axis
and a fourth sloped surface extending from and angled relative to the third sloped
surface, an angle between the third sloped surface and the second axis being greater
than an angle between the fourth sloped surface and the second axis.
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Aspect 63 is directed to the developing cartridge according to any one of aspects 35
through 62 wherein the cam is movable along the second axis relative to the developing
roller and the casing.

Aspect 65 is directed to the developing cartridge according to aspect 63, wherein the
cam is further movable together with the developing roller and the casing in a direction
perpendicular to the second axis.

Aspect 65 is directed to the developing cartridge according to any one of aspects 35
through 64, wherein the developer is accommodated within the casing.

Aspect 66 is directed to the developing cartridge according to any one of aspects 35
through 65, wherein the cam has one of a cone shape and a pyramid shape centered on
the second axis, and

wherein the cam surface is a lateral surface of the cam.

Aspect 67 is directed to the developing cartridge according to any one of aspects 35
through 66, wherein the cam has a fixed position relative to the shaft.

Aspect 68 is directed to the developing cartridge according to any one of aspects 35
through 67, wherein the developing cartridge is for use with a drum cartridge.

Aspect 69 is directed to the developing cartridge according to aspect 68,

the drum cartridge comprising a photosensitive drum, the drum cartridge having a
frame,

wherein the photosensitive drum extends along a rotational axis parallel with the first
axis, and

wherein the cam surface is axially movable to engage the frame of the drum cartridge.
Aspect 70 is directed to the developing cartridge according to aspect 69, wherein
engagement between the cam surface and the frame moves the developing roller away
from the photosensitive drum.

Aspect 71 is directed to a developing cartridge comprising:

a casing configured to accommodate developer therein;

a developing roller rotatable about a first axis extending in an axial direction; and

a cam movable along a second axis extending in the axial direction, the cam having a
cam surface non-parallel with the second axis,

wherein the cam surface provides a camming movement in response to movement of the
cam along the second axis.

Aspect 72 is directed to the developing cartridge according to aspect 71, wherein the
developing roller has an outer circumferential surface,

wherein one end portion of the outer circumferential surface is exposed to an outside of
the casing,

wherein another end portion of the outer circumferential surface is positioned inside the
casing, and

wherein the cam surface is inclined relative to in a direction connecting the one end
portion of the outer circumferential surface and the another end portion of the outer
circumferential surface.

Aspect 73 is directed to the developing cartridge according to aspect 71 or 72, wherein
the cam surface is inclined relative to the second axis.

Aspect 74 is directed to the developing cartridge according to aspect 73, wherein the
cam surface is inclined relative to the second axis by an acute angle.

Aspect 75 is directed to the developing cartridge according to any one of aspects 71
through 74, further comprising a shaft extending along the second axis and movable
along the second axis,

wherein the cam is movable together with the shaft relative to the casing along the
second axis in response to axial movement of the shaft along the second axis.



31 May 2024

2024203675

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

9

Aspect 76 is directed to the developing cartridge according to any one of aspects 71
through 75, further comprising a shaft extending along the second axis and movable
along the second axis,
wherein the cam surface provides the camming movement together with the casing in
response to axial movement of the shaft along the second axis.
Aspect 77 is directed to the developing cartridge according to aspect 76, wherein the
developing roller has an outer circumferential surface,
wherein one end portion of the outer circumferential surface is exposed to an outside of
the casing,
wherein another end portion of the outer circumferential surface is positioned inside the
casing, and
wherein the cam surface provides the camming movement in a direction non-parallel
with the second axis, the direction non-parallel with the second axis including a
direction connecting the one end portion of the outer circumferential surface and the
another end portion of the outer circumferential surface.
Aspect 78 is directed to the developing cartridge according to any one of aspects 71
through 77, wherein the cam is positioned at an exterior surface of the casing.
Aspect 79 is directed to the developing cartridge according to any one of aspects 71
through 78, wherein the developing roller is at least partially exposed to an outside of
the casing.
Aspect 80 is directed to the developing cartridge according to aspect 79, wherein at least
a part of an outer circumferential surface of the developing roller is exposed to an
outside of the casing.
Aspect 81 is directed to the developing cartridge according to any one of aspects 71
through 80, further comprising a shaft extending along the second axis and movable
along the second axis,
wherein the cam is positioned at a peripheral surface of the shatft.
Aspect 82 is directed to the developing cartridge according to any one of aspects 71
through 81, further comprising a shaft extending along the second axis and movable
along the second axis,
wherein the cam is positioned at one end portion of the shaft in the axial direction.
Aspect 83 is directed to the developing cartridge according to any one of aspects 71
through 82, further comprising a shaft extending along the second axis and movable
along the second axis,
wherein the casing includes:

a container configured to accommodate developer therein and having an
opening; and

a lid covering the opening of the container and having a through-hole
penetrating the lid in the axial direction, and
wherein the shaft is inserted into the through-hole.
Aspect 84 is directed to the developing cartridge according to any one of aspects 71
through 81, further comprising a shaft extending along the second axis and movable
along the second axis, the shaft having one end portion in the axial direction and
another end portion separated from the one end portion in the axial direction,
wherein the cam is positioned at each of the one end portion and the another end
portion.
Aspect 85 is directed to the developing cartridge according to aspect 84, wherein the
cam is positioned at a peripheral surface of each of the one end portion and the another
end portion.
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Aspect 86 is directed to the developing cartridge according to any one of aspects 71
through 85, wherein the developing cartridge is for use with a drum cartridge, and
wherein the cam surface is movable along the second axis to engage the drum cartridge.
Aspect 87 is directed to the developing cartridge according to aspect 86, wherein the
cam surface is movable along the second axis to engage a frame of the drum cartridge.
Aspect 88 is directed to the developing cartridge according to aspect 87, wherein
engagement between the cam surface and the frame moves the developing roller away
from a photosensitive drum of the drum cartridge.

Aspect 89 is directed to the developing cartridge according to aspect 88, wherein the
photosensitive drum is rotatable about a rotational axis extending in the axial direction.
Aspect 90 is directed to a developing cartridge comprising:

a casing configured to accommodate developer therein;

a developing roller rotatable about a first axis and being at least partially exposed to an
outside of the casing; and

a cam surface oriented in a direction non-parallel with the first axis and movable in a
direction parallel with the first axis to engage a frame of a drum cartridge.

Aspect 91 is directed to the developing cartridge according to aspect 90, wherein the
developing roller has an outer circumferential surface,

wherein one end portion of the outer circumferential surface is exposed to an outside of
the casing,

wherein another end portion of the outer circumferential surface is positioned inside the
casing, and

wherein the cam surface is inclined relative to in a direction connecting the one end
portion of the outer circumferential surface and the another end portion of the outer
circumferential surface.

Aspect 92 is directed to the developing cartridge according to aspect 90 or 91, wherein
the cam surface is inclined relative to the first axis.

Aspect 93 is directed to the developing cartridge according to aspect 92, wherein the
cam surface is inclined relative to the first axis by an acute angle.

Aspect 94 is directed to the developing cartridge according to any one of aspects 90
through 93, wherein the cam is positioned at an exterior surface of the casing.

Aspect 95 is directed to the developing cartridge according to any one of aspects 90
through 94, wherein the developing roller is at least partially exposed to an outside of
the casing.

Aspect 96 is directed to the developing cartridge according to aspect 95, wherein at least
a part of an outer circumferential surface of the developing roller is exposed to an
outside of the casing.

Aspect 97 is directed to the developing cartridge according to any one of aspects 90
through 96, wherein the cam is positioned at a peripheral surface of the shaft.

Aspect 98 is directed to the developing cartridge according to any one of aspects 90
through 97, further comprising a separation member including the cam and the shaft.
Aspect 99 is directed to the developing cartridge according to any one of aspects 90
through 98, wherein the cam is movable along a second axis parallel with the first axis
relative to the developing roller and the casing.

Aspect 100 is directed to the developing cartridge according to aspect 99, wherein the
cam is further movable together with the developing roller and the casing in a direction
perpendicular to the second axis.

Aspect 101 is directed to the developing cartridge according to any one of aspects 90
through 100, wherein the developer is accommodated within the casing.
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Aspect 102 is directed to the developing cartridge according to any one of aspects 90
through 101, wherein the cam has one of a cone shape and a pyramid shape centered on
the second axis, and

wherein the cam surface is a lateral surface of the cam.

Aspect 103 is directed to the developing cartridge according to any one of aspects 90
through 102,

the drum cartridge comprising a photosensitive drum,

wherein the photosensitive drum extends along a rotational axis parallel with the first
axis, and

wherein the cam surface is axially movable to engage the frame of the drum cartridge.
Aspect 104 is directed to the cartridge developing cartridge according to aspect 103,
wherein engagement between the cam surface and the frame moves the developing
roller away from the photosensitive drum.

Aspect 105 is directed to a cartridge assembly comprising;:

the drum cartridge according to any one of aspects 90 through 104; and

the developing cartridge according to any one of aspects 90 through 104.

[Advantageous Effects of Invention]

[0116]

[0117]

[0118]

[0119]

According to the present disclosure, a pressing force directed in the first direction
causes the shaft to move in the first direction relative to the casing and the developing
roller. When the first inclined surface contacts other component due to the movement
of the shaft in the first direction, the first inclined surface moves also in the second
direction along the other component. The casing and the developing roller also move in
the second direction in accordance with the movement of the first inclined surface in the
second direction. With this configuration, the developing cartridge is movable in the
second direction by the driving force directed in the first direction, not by the driving
force acting on both ends of the developing cartridge. In addition, since the developing
cartridge has the first inclined surface and the shaft, the shaft does not interrupt
attachment of the developing cartridge to the drum cartridge and detachment of the
developing cartridge from the drum cartridge, compared to a case where the drum
cartridge includes a shaft.

According to aspect 6, the first sloped surface first contacts the other component.
Accordingly, in the beginning of the movement of the shaft in the first direction, the
amount of movement of the shaft in the second direction can be increased. Further,
subsequent to the first sloped surface, the second sloped surface whose inclination is
smaller than the first sloped surface contacts the other components. With this
configuration, the shaft moves in the first direction while the movement of the shaft in
the second direction is reduced. Therefore, driving load for pressing the shaft can be
suppressed.

According to aspect 13, the third sloped surface first contacts the other component.
Accordingly, in the beginning of the movement of the shaft in the first direction, the
amount of movement of the shaft in the second direction can be increased. Further,
subsequent to the third sloped surface, the fourth sloped surface whose inclination is
smaller than the third sloped surface contacts the other component. With this
configuration, the shaft moves in the first direction while the movement of the shaft in
the second direction is reduced. Therefore, driving load for pressing the shaft can be
suppressed.

According to aspects 16 and 18, the casing and the developing roller is movable in the
second direction even if the shaft rotates.



31 May 2024

2024203675

[0120]
[0121]

[0122]

[0123]

12

According to aspect 19, the shaft is supported by the lid. Accordingly, the shaft can be
easily provided at the developing cartridge.

According to aspects 21 and 23, the developing roller can separate relative to the
photosensitive drum in accordance with the movement of the shaft in the first direction.
According to aspect 25, shaft is movable relative to the casing and the developing roller
in the first direction due to the elastic force of the elastic member. This configuration
enables the developing cartridge to move back in the second direction when driving
force directed in the first direction is released.

According to aspect 29, the driving sources in an image forming apparatus can be
collectively arranged on one side of the developing cartridge in the first direction.

[Brief Description of Drawings]

[0124]

[Fig. 1] Fig. 1 is a schematic diagram of an image forming apparatus including a
developing cartridge according to a first embodiment of the present disclosure;

[Fig. 2] Fig. 2 is a perspective view of the developing cartridge according to the first
embodiment;

[Fig. 3] Fig. 3 is another perspective view of the developing cartridge according to the
first embodiment;

[Fig. 4] Fig. 4 is a plan view of the developing cartridge according to the first
embodiment as viewed in a first direction;

[Fig. 5] Fig. 5 is another plan view of the developing cartridge according to the first
embodiment as viewed in the first direction;

[Fig. 6] Fig. 6 is an exploded perspective view of a separation member of the
developing cartridge according to the first embodiment;

[Fig. 7] Fig. 7 is an exploded enlarged view of a shaft and a first cam of the separation
member;

[Fig. 8] Fig. 8 is a view for description of movement of the separation member in the
first direction relative to a casing and a developing roller of the developing cartridge
according to the first embodiment;

[Fig. 9] Fig. 9 is another view for description of movement of the separation member in
the first direction relative to the casing and the developing roller;

[Fig. 10] Fig. 10 is a plan view of the developing cartridge according to the first
embodiment as viewed in the third direction;

[Fig. 11] Fig. 11 is a perspective view of a drawer to which the developing cartridge
according to the first embodiment is detachably attached;

[Fig. 12] Fig. 12 is a plan view of the drawer as viewed in the third direction;

[Fig. 13] Fig. 13 is a perspective view of the drawer and the developing cartridges
according to the first embodiment, and illustrating a state where the developing
cartridges are attached to the drawer;

[Fig. 14] Fig. 14 is a plan view of the drawer and the developing cartridges according to
the first embodiment as viewed in the third direction, and illustrating a state where the
developing cartridges are attached to the drawer;

[Fig. 15] Fig. 15 is a plan view of the drawer and the developing cartridges according to
the first embodiment as viewed in the first direction, and illustrating a state where the
developing cartridges are attached to the drawer;

[Fig. 16] Fig. 16A is a view for description of separation movement of the developing
cartridge according to the first embodiment performed by the separation member; and
Fig. 16B is another view for description of separation movement of the developing
cartridge according to the first embodiment performed by the separation member;
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[Fig. 17] Fig. 17 is a perspective view of the developing cartridge according to the first
embodiment and a photosensitive drum of the drawer in a contact state of the image
forming apparatus;

[Fig. 18] Fig. 18 is a perspective view of the developing cartridge according to the first
embodiment and the photosensitive drum in a separation state of the image forming
apparatus;

[Fig. 19] Fig. 19 is a plan view of a developing cartridge according to a second
embodiment of the present disclosure as viewed in the third direction; and

[Fig. 20] Fig. 20A is a view for description of separation movement of the developing
cartridge according to the second embodiment performed by the separation member;
and Fig. 20B is another view for description of separation movement of the developing
cartridge according to the second embodiment performed by the separation member.

[Description of Embodiments]

[0125]
[0126]

[0127]
[0128]
[0129]

[0130]

[0131]

[0132]

[0133]
[0134]

[0135]

<lI. First Embodiment>

Hereinafter, an image forming apparatus 100 including a developing cartridge 1
according to a first embodiment will be described with reference to Figs. 1 through 18.
<1.1. Configuration of Image Forming Apparatus>

Fig. 1 is a schematic diagram of the image forming apparatus 100. The image forming
apparatus 100 is an electro-photographic type printer. For example, the image forming
apparatus 100 may be a laser printer or an LED printer.

The image forming apparatus 100 includes four developing cartridges 1, a drawer 2, a
main frame 101, and a controller 102.

The developing cartridges 1 are attachable to the drawer 2. That is, the developing
cartridges 1 are for use with the drawer 2. The drawer 2 is a drum cartridge to which
the four developing cartridges 1 are attachable, and includes four slots 2A. The four
developing cartridges 1 are attachable to the corresponding slots 2A. The developing
cartridges 1 are attachable to the main frame 101 in a state where the developing
cartridges 1 are attached to the corresponding slots 2A. The four developing cartridges
1 accommodate developers (such as toner) of colors different from each other (such as
cyan, magenta, yellow, and black). The plurality of developing cartridges 1, however,
may accommodate developers of the same color. The number of the developing
cartridges 1 attachable to the drawer 2 may be one, two, or three, or five or more.

The image forming apparatus 100 is configured to form images on printing papers using
the developers supplied from the four developing cartridges 1.

Each of the four developing cartridges 1 includes an IC chip 51. The IC chip 51 is a
storage medium from which information is readable and to which information is
writable. The storage medium may be a flush ROM or an EEPROM, for example.
When the developing cartridges 1 attached to the slots 2A of the drawer 2 are attached
to the main frame 101, the IC chips 51 of the developing cartridges 1 and the controller
102 are electrically connected to each other. The controller 102 is configured of, for
example, a circuit board. The controller 102 includes a processor such as a CPU, and
various memories. The controller 102 is configured to execute various types of
processing in the image forming apparatus 100 by operating the processor in accordance
with programs.

<1.2. Developing Cartridge>

Figs. 2 and 3 are perspective views of the developing cartridge 1. Figs. 4 and 5 are plan
views of the developing cartridge 1 as viewed in a first direction.

In the following description, a direction in which a rotational axis (i.e., a first axis) of a
developing roller 30 extends will be referred to as “first direction” (an example of an
axial direction). The first direction also denotes a direction in which a rotational axis (a
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drum axis) of a photosensitive drum 21 (described later) of the drawer 2 extends. Here,
an outer circumferential surface of the developing roller 30 includes one end portion
exposed to the outside of a casing 10, and another end portion positioned inside the
casing 10. A direction in which the one end portion of the circumferential surface of the
developing roller 30 and the other end portion of the circumferential surface are arrayed
will be referred to as “second direction”. The second direction also denotes a direction
crossing the circumferential surface of the developing roller 30 which is exposed to the
outside of the casing 10 of the developing cartridge 1. The second direction may denote
a direction which the outer circumferential surface of the developing roller 30 is
separated from and/or approaches an outer circumferential surface the photosensitive
drum 21 (described later). The first direction and the second direction cresses each
other. Preferably, the first direction and the second direction are perpendicular to each
other.

The developing cartridge 1 includes the casing 10 configured to accommodate
developer therein. The casing 10 has a first outer surface 11 and a second outer surface
12 those are separated from each other in the first direction. The casing 10 extends in
the first direction between the first outer surface 11 and the second outer surface 12.
That is, the first outer surface 11 is one end of the casing 10 in the first direction, and
the second outer surface 12 is another end of the casing 10 in the first direction.

The casing 10 includes a container 10A and a lid 10B. The container 10A is configured
to accommodate developer therein, and has an opening (not illustrated). The lid 10B
covers the opening (not illustrated) of the container 10A. The container 10A and the lid
10B are disposed at a position between the first outer surface 11 and the second outer
surface 12 in the first direction.

The casing 10 also extends in a predetermined direction. Hereinafter, the predetermined
direction in which the casing 10 extends will be referred to as “third direction”. The
third direction crosses the first direction. Preferably, the third direction is perpendicular
to the first direction. The third direction may denote a direction which the developing
cartridges 1 are inserted into and/or extracted from the corresponding slots 2A (see Fig.
1) of the drawer 2. The casing 10 has an opening 10C. The opening 10C is positioned
at one end portion of the casing 10 in the third direction. The container 10A and an
outside of the casing 10 are in communication with each other through the opening 10C.
The developing cartridge 1 further includes an agitator 20. The agitator 20 is rotatable
about an axis (i.e., a third axis) extending in the first direction. The agitator 20 is a
member configured to agitate the developer accommodated in the container 10A. The
agitator 20 includes a shaft extending in the first direction, and an agitation blade
extending radially outward from the shaft. Upon rotation of the shaft, the developer
accommodated in the container 10A is agitated by the agitation blade.

The developing cartridge 1 further includes the developing roller 30. The developing
roller 30 is spaced apart from the agitator 20 in the second direction. Further, the
agitator 20 is positioned closer to the developing roller 30 than a shaft 61 (described
later) is to the developing roller 30 in the second direction. The developing roller 30 is
positioned at the opening 10C, which is positioned at the one end portion of the casing
10 in the third direction. The developing roller 30 is a roller supported by the casing 10
s0 as to be rotatable about the first axis extending in the first direction.

The developing roller 30 includes a developing roller body 31 and a developing roller
shaft 32. The developing roller body 31 has a hollow cylindrical shape extending in the
first direction. The developing roller body 31 is made of a material having elasticity,
such as rubber. The developing roller shaft 32 has a columnar shape extending through
the developing roller body 31 in the first direction. The developing roller shaft 32 is
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made of metal or a resin having electrical conductivity. The developing roller body 31
is fixed to the developing roller shaft 32 so as not to rotate relative to the developing
roller shaft 32. With this configuration, the developing roller body 31 is rotatable
together with the developing roller shaft 32. The developing roller 30 (i.e., the
developing roller body 31) is at least partially exposed to the outside of the casing 10.
That is, at least a part of an outer circumferential surface of the developing roller 30 is
exposed to the outside of the casing 10. More specifically, the one end portion of an
outer circumferential surface of the developing roller body 31 in the second direction is
exposed to the outside of the casing 10 through the opening 10C. The other end portion
of the outer circumferential surface of the developing roller body 31 in the second
direction is positioned inside the casing 10. That is, the other end portion of the outer
circumferential surface of the developing roller body 31 in the second direction is not
exposed to the outside of the casing 10.

The developing cartridge 1 further includes a developing electrode 33 (an example of an
electrode). The developing electrode 33 is positioned at one end of the developing
roller shaft 32 in the first direction. Here, the developing roller shaft 32 to which the
developing electrode 33 is provided is rotatably attached to a bearing (not illustrated) of
the casing 10. The bearing may be integrally formed at the casing 10, or may be
separately formed from the casing 10. The developing electrode 33 is positioned at the
first outer surface 11. The developing electrode 33 is electrically connected to the
developing roller shaft 32 of the developing roller 30. The developing electrode 33 is
an electrode for applying a developing bias to the developing roller 30. The developing
electrode 33 is positioned closer to the developing roller 30 than the shaft 61 and a first
cam 62 of a separation member 60 (described later) are to the developing roller 30 in the
second direction.

A developing roller gear (not illustrated) is coupled to another end portion of the
developing roller shaft 32 in the first direction. The developing roller gear is positioned
at the second outer surface 12. The developing roller shaft 32 is fixed to the developing
roller gear so as not to rotate relative to the developing roller gear. When the
developing roller gear rotates, the developing roller shaft 32 also rotates, thereby
causing rotation of the developing roller body 31 together with the developing roller
shaft 32.

Incidentally, the developing roller shaft 32 may not extend through the developing roller
body 31 in the first direction. For example, each of a pair of developing roller shafts 32
may extend in the first direction from each end portion of the developing roller body 31
in the first direction.

The developing cartridge 1 further includes a supply roller (not illustrated). The supply
roller is disposed inside the container 10A at a position between the developing roller
30 and the agitator 20. The supply roller is rotatable about a rotational axis extending in
the first direction. When the developing cartridge 1 receives a driving force, the
developer is supplied from the container 10A of the casing 10 to the outer
circumferential surface of the developing roller 30 (i.e., an outer circumferential surface
of the developing roller body 31) through the supply roller. At this time, the developer
is triboelectric charged between the supply roller and the developing roller 30. In the
meantime, a developing bias is applied to the developing roller shaft 32 of the
developing roller 30. Accordingly, the developer is attracted to the outer
circumferential surface of the developing roller body 31 by the electrostatic force
generated between the developing roller shaft 32 and the developer.

The developing cartridge 1 further includes a layer-thickness regulation blade (not
illustrated). The layer-thickness regulation blade regulates a thickness of a layer of the
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developer supplied onto the outer circumferential surface of the developing roller body
31 so that the thickness of the layer of the developer is formed to a constant thickness.
The developer on the outer circumferential surface of the developing roller body 31 is
then supplied to the photosensitive drum 21 (described later, see Fig. 11) of the drawer
2. At this time, the developer is transferred from the developing roller body 31 to the
photosensitive drum 21, in accordance with an electrostatic latent image formed on the
outer circumferential surface of the photosensitive drum 21. Accordingly, the
electrostatic latent image formed on the outer circumferential surface of the
photosensitive drum 21 becomes a visible image.

As illustrated in Figs. 3 and 4, the developing cartridge 1 further includes a gear portion
40. The gear portion 40 is positioned at the second outer surface 12 of the casing 10.
The gear portion 40 includes a coupling 41 and the developing roller gear (not
illustrated).

The coupling 41 is a gear which receives the driving force applied from the main frame
101 of the image forming apparatus 100. The coupling 41 is rotatable about a rotational
axis extending in the first direction. The coupling 41 is positioned closer to the
developing roller 30 than the shaft 61, the first cam 62, and a second cam 63 of the
separation member 60 (described later) are to the developing roller 30 in the second
direction. The coupling 41 has a coupling hole 411 recessed in the first direction.
When the developing cartridge 1 attached to the slot 2A of the drawer 2 is attached to
the main frame 101 of the image forming apparatus 100, a drive shaft (not illustrated) of
the image forming apparatus 100 is inserted into the coupling hole 411. Thus, the drive
shaft and the coupling 41 are coupled with each other so that relative rotation between
the drive shaft and the coupling 41 is prevented. Accordingly, when the drive shaft
rotates, the coupling 41 also rotates. Further, as the coupling 41 rotates, a supply shaft
connected to the supply roller (not illustrated) and the developing roller gear rotate. By
this rotation, the supply roller rotates together with the supply shaft, and the developing
roller 30 rotates together with the developing roller gear. The rotation of the coupling
41 also causes rotation of the agitator 20 through another gear (not illustrated).

The image forming apparatus 100 has a contact state and a separation state. In the
contact state of the image forming apparatus 100, the developing roller 30 and the
photosensitive drum 21 of the drawer 2 are in contact with each other in a state where
the developing cartridge 1 is attached to the slot 2A of the drawer 2. In the separation
state of the image forming apparatus 100, the developing roller 30 and the
photosensitive drum 21 of the drawer 2 are separated from each other. At the time of
attachment of the developing cartridge 1 to the slot 2A of the drawer 2, the image
forming apparatus 100 is in the contact state.

The developing cartridge 1 further includes the separation member 60. The separation
member 60 is a member for switching a state of the image forming apparatus 100
between the contact state and the separation state. In the present embodiment, when the
image forming apparatus 100 is switched from the contact state to the separation state,
the developing roller 30 separates from the photosensitive drum 21 in the second
direction which is a separation direction of the developing roller 30 from the
photosensitive drum 21.

The separation member 60 is disposed at the lid 10B. The separation member 60 is
movable in the first direction relative to the casing 10 and the developing roller 30. In
addition, the separation member 60 is movable in the second direction together with the
casing 10 and the developing roller 30.

Fig. 6 is an exploded perspective view of the separation member 60. Of the casing 10,
only the lid 10B at which the separation member 60 is disposed is illustrated in Fig. 6.
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Fig. 7 is an exploded enlarged view of the shaft 61 and the first cam 62 in the separation
member 60. Figs. 8 and 9 are views for description of movement of the separation
member 60 in the first direction relative to the casing 10 and the developing roller 30.
Fig. 10 is a plan view of the developing cartridge 1 as viewed in the third direction.
Hereinafter, the separation member 60 will be described with reference to Figs. 2
through 10.

The separation member 60 includes the shaft 61 that extends along an axis (i.e., a
second axis) extending in the first direction. The shaft 61 has a circular columnar
shape. The shaft 61, however, may have a rectangular columnar shape. The lid 10B has
a groove 10B1, a hole 10B4, and a hole 10B5 each penetrating the lid 10B in the first
direction. Each of the groove 10B1, the hole 10B4, and the hole 10B5 has a diameter
greater than a diameter of the shaft 61. The shaft 61 is inserted through the groove
10B1, the hole 10B4, and the hole 10B5. The shaft 61 inserted into the groove 10B1,
the hole 10B4, and the hole 10B5 is movable in the first direction relative to the lid 10B
of the casing 10 between a first position (a position illustrated in Fig. 8) and a second
position (a position illustrated in Fig. 9). The shaft 61 in the second position is closer to
the first outer surface 11 than the shaft 61 in the first position is to the first outer surface
11. Note that, while the lid 10B has two holes (i.e., the hole 10B4 and the hole 10B5) in
the present embodiment, the lid 10B may have at least one hole as long as the lid 10B
can movably support the shaft 61.

Preferably, the shaft 61 is made of material having rigidity. For example, the shaft 61 is
made of iron. Alternatively, the shaft 61 may be made of resin.

In the present embodiment, the casing 10 includes ring-shaped portions 10B2 and 10B3.
The ring-shaped portion 10B2 is formed at one end portion of the lid 10B in the first
direction, while the ring-shaped portion 10B3 is formed at another end portion of the lid
10B in the first direction. Both the ring-shaped portions 10B2 and 10B3 are integrally
formed at the lid 10B. The through-hole penetrating the ring-shaped portion 10B2 is the
hole 10B4, and the through-hole penetrating the ring-shaped portion 10B3 is the hole
10B5. The groove 10B1 formed along the first direction are exposed between the ring-
shaped portion 10B2 and the ring-shaped portion 10B3. That is, the shaft 61 inserted
into the groove 10B1, the hole 10B4, and the hole 10B5 is exposed from the lid 10B at a
position between the ring-shaped portion 10B2 and the ring-shaped portion 10B3.

Since the shaft 61 has rigidity, a portion of the shaft 61 exposed from the lid 10B will
not be bent toward the second direction or the third direction (i.e., directions other than
the first direction).

Incidentally, only one ring-shaped portion may be formed at the lid 10B. Alternatively,
an additional ring-shaped portion(s) may be disposed between the ring-shaped portions
10B2 and 10B3. Although the shaft 61 is exposed at a position between the ring-shaped
portions 10B2 and 10B3 in the first direction in the present embodiment, the shaft 61
may not be exposed from the lid 10B. That is, the shaft 61 may be accommodated
inside the lid 10B.

As described above, the shaft 61 is supported by the lid 10B so as to be movable in the
first direction along the second axis. Accordingly, the shaft 61 can be easily disposed at
the casing 10.

The first cam 62 (an example of a cam) is disposed at one end portion 61A (an example
of a first end portion) of the shaft 61 in the first direction. The first cam 62 is made of
rubber or resin, for example. As illustrated in Fig. 7, the first cam 62 has a hole 62A
penetrating the first cam 62 in the first direction. The one end portion 61A of the shaft
61 has a diameter smaller than a diameter of a portion of the shaft 61 other than the one
end portion 61A. The one end portion 61A of the shaft 61 is inserted into the hole 62A.
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The one end portion 61A inserted into the hole 62A has a distal end exposed from the
first cam 62 in the first direction, and a retaining ring 61B is attached to the exposed
distal end of the one end portion 61A. With this configuration, the first cam 62 is fixed
to the one end portion 61A of the shaft 61. Alternatively, the first cam 62 may be
adhesively fixed to the shaft 61.

The first cam 62 has a first inclined surface 621 (an example of a cam surface and an
example of a first cam surface) that is non-parallel with the second axis. In the present
embodiment, the first inclined surface 621 is positioned at a portion of a peripheral
surface of the shaft 61 as illustrated in Fig. 5. More specifically, the first inclined
surface 621 is positioned at one end portion of the shaft 61 in the second direction. The
one end portion of the shaft in the second direction is closer to the developing roller 30
than another end portion of the shaft 61 in the second direction is to the developing
roller 30. The first cam 62 further has a contact surface 622 that faces the lid 10B. The
contact surface 622 is disposed at another portion of the peripheral surface of the shaft
61, that is different from the portion of the peripheral surface at which the first inclined
surface 621 is positioned. In other words, the contact surface 622 faces the casing 10,
i.e., an outer surface of the casing 10. Since the contact surface 622 faces the lid 10B,
even if the first cam 62 tries to rotate about the shaft 61, the contact surface 622 contacts
the lid 10B, thereby preventing rotation of the first cam 62. Although the first inclined
surface 621 is disposed at a portion of the peripheral surface of the shaft 61 in the
present embodiment, the first inclined surface 621 may be disposed at the whole of the
peripheral surface of the shaft 61.

The first inclined surface 621 is inclined relative to the shaft 61 extending in the first
direction and angled relative to the second axis. In other words, the first inclined
surface 621 is inclined relative to a direction connecting the one end portion of the outer
circumferential surface of the developing roller 30 and the another end portion of the
outer circumferential surface of the developing roller 30. An angle between the first
inclined surface 621 and the first direction is greater than or equal to 43 degrees and
smaller than or equal to 47 degrees. More preferably, the angle between the first
inclined surface 621 and the first direction is about 45 degrees.

The first cam 62, i.e., the first inclined surface 621 is positioned at the first outer surface
11 of the casing 10. As the first inclined surface 621 extends in a direction away from
the first outer surface 11 in the first direction, the first inclined surface 621 extends
away from the developing roller 30 in the second direction. That is, the first inclined
surface 621 is formed such that a distance between the shaft 61 (i.e., the second axis)
and the first inclined surface 621 in a radial direction of the shaft 61 (i.e., the second
direction) increases in a direction from the one end portion 61A of the shaft 61 in the
first direction toward the other end portion of the shaft 61 in the first direction. In other
words, the first inclined surface 621 is inclined relative to the first direction such that
the distance between the first inclined surface 621 and the shaft 61 in a direction
perpendicular to the first axis increases from the one end portion 61A of the shaft 61 in
the first direction to the other end portion of the shaft 61 in the first direction. Further in
other words, the first inclined surface 621 is inclined relative to the first direction such
that a distance between the first inclined surface 621 and the developing roller 30 in the
second direction increases or decreases relative to the casing 10 in the first direction.
Further in other words, the first inclined surface 621 is inclined relative to the first
direction such that one end of the first inclined surface 621 in the first direction is closer
to the shaft 61 than another end of the first inclined surface 621 in the first direction is
to the shaft 61 in the second direction. The first inclined surface 621 is inclined relative
to the shaft 61 by an acute angle.
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The first cam 62 is formed like the half of a cone centered on the second axis. In other
words, the first cam 62 has a portion of a circumferential surface of the cone serving as
the first inclined surface 621.

Note that the first cam 62 may have a pyramid shape instead of a cone shape. In this
case, the second axis passes through a vertex and the center of a bottom surface of the
pyramid, and a portion of a lateral surface of the pyramid serves as the first inclined
surface 621. Further, while the first inclined surface 621 is smoothly inclined relative to
the shaft 61 in the present embodiment, the first inclined surface 621 may have
protrusions and recessed portions, such as steps. Alternatively, the first inclined surface
621 may be curved.

The second cam 63 (another example of the cam) is disposed at another end portion (an
example of a second end portion) of the shaft 61 in the first direction. The second cam
63 is made of rubber or resin, for example. Similar to the first cam 62 described with
reference to Fig. 7, the second cam 63 is fixed to the other end portion of the shaft 61 in
the first direction.

The second cam 63 has a second inclined surface 631 (another example of the cam
surface and an example of a second cam surface) that is non-parallel with the second
axis. In the present embodiment, the second inclined surface 631 is positioned at the
whole peripheral surface of the shaft 61, as illustrated in Fig. 4. Incidentally, the second
inclined surface 631 may be disposed at a portion of the peripheral surface of the shaft
61. In this case, the second inclined surface 631 is positioned at the one end portion of
the shaft 61 in the second direction, i.e., the end portion positioned closer to the
developing roller 30 than the other end portion to the developing roller 30.

The second inclined surface 631 is inclined relative to the shaft 61 that extends in the
first direction and angled relative to the second axis. In other words, second inclined
surface 631 is inclined relative to the direction connecting the one end portion of the
outer circumferential surface of the developing roller 30 and the another end portion of
the outer circumferential surface of the developing roller 30. An angle between the
second inclined surface 631 and the first direction is greater than or equal to 43 degrees
and smaller than or equal to 47 degrees. More preferably, the angle between the second
inclined surface 631 and the first direction is about 45 degrees.

The second inclined surface 631 is formed such that a distance between the shaft 61
(i.e., the second axis) and the second inclined surface 631 in the radial direction of the
shaft 61 (i.e., the second direction) increases in the direction from the one end portion
61A of the shaft 61 in the first direction to the other end portion of the shaft 61 in the
first direction. In other words, the second inclined surface 631 is inclined relative to the
first direction such that the distance between the second inclined surface 631 and the
shaft 61 in a direction perpendicular to the first axis increases from the one end portion
61A of the shaft 61 in the first direction to the other end portion of the shaft 61 in the
first direction. Further in other words, the second inclined surface 631 is inclined
relative to the first direction such that a distance between the second inclined surface
631 and the developing roller 30 in the second direction increases or decreases relative
to the casing 10 in the first direction. Further in other words, the second inclined
surface 631 is inclined relative to the first direction such that one end of the second
inclined surface 631 in the first direction is closer to the shaft 61 than another end of the
second inclined surface 631 in the first direction is to the shaft 61 in the second
direction. The second inclined surface 631 is inclined relative to the shaft 61 by an
acute angle. That is, the first inclined surface 621 of the first cam 62 and the second
inclined surface 631 of the second cam 63 are inclined in the same direction relative to
the first direction.
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A radial distance from the second axis to the second cam surface 631 increases as a
distance from the first cam surface 621 to the second cam surface 631 increases, and a
radial distance from the second axis to the first cam surface 621 decreases as a distance
from the first cam surface 621 to the second cam surface 631 increases.

The second cam 63 has a cone shape centered on the second axis. In other words, the
second cam 63 has a portion of a circumferential surface of the cone serving as the
second inclined surface 631.

The second cam 63 may have a pyramid shape, not a cone shape. In this case, the
second axis passes through a vertex and the center of a bottom surface of the pyramid,
and a portion of a lateral surface of the pyramid serves as the second inclined surface
631. In the present embodiment, the second inclined surface 631 is smoothly inclined
relative to the shaft 61. However, the second inclined surface 631 may have protrusions
or recessed portions, such as steps. Alternatively, the second inclined surface 631 may
be curved.

As illustrated in Figs. 8 and 9, both the first cam 62 and the second cam 63 are movable
in the first direction together with the shaft 61. That is, both the first cam 62 and the
second cam 63 are axially movable together with the shaft 61 along the second axis in
response to axial movement of the shaft 61 in the first direction. When the shaft 61
moves from the first position to the second position in the first direction, the second
cam 63 approaches the lid 10B, and the first cam 62 recedes from the lid 10B. When
the shaft 61 moves from the second position to the first position in the first direction, the
second cam 63 recedes from the lid 10B, and the first cam 62 approaches the lid 10B.
In other words, when the shaft 61 moves from the first position to the second position in
the first direction, the second cam 63 approaches the casing 10, and the first cam 62
moves away from the casing 10. When the shaft 61 moves from the second position to
the first position in the first direction, the second cam 63 moves away from the casing
10, and the first cam 62 approaches the casing 10.

In the present embodiment, the contact surface 622 of the first cam 62 faces the lid 10B,
and this configuration prevents rotation of the first cam 62 from rotating. Accordingly,
the shaft 61 to which the first cam 62 is fixed, and the second cam 63 fixed to the shaft
61 are also not rotatable relative to the lid 10B. That is, the shaft 61 inserted through
the hole 10B5 and the hole 10B4 is not rotatable about the second axis extending in the
first direction relative to the lid 10B of the casing 10. However, the shaft 61 may be
rotatable about the second axis extending in the first direction relative to the lid 10B. In
a case where the shaft 61 is configured so as to be rotatable relative to the first cam 62
and the second cam 63, only the shaft 61 rotates relative to the lid 10B, the first cam 62
and the second cam 63, and the first cam 62 and the second cam 63 do not rotate.
Alternatively, the shaft 61 may be rotatable about the second axis together with the first
cam 62 and the second cam 63.

The separation member 60 further includes a coil spring 64 as an example of an elastic
member. The coil spring 64 is positioned at the other end portion of the shaft 61 in the
first direction. Specifically, the shaft 61 is inserted into the coil spring 64. The coil
spring 64 is positioned between the second cam 63 and the lid 10B in the first direction.
One end of the coil spring 64 in the first direction is in contact with the lid 10B through,
for example, a washer 65. Another end of the coil spring 64 in the first direction is in
contact with the second cam 63. That is, the one end of the coil spring 64 is connected
to the casing 10, while the another end of the coil spring 64 is connected to the second
inclined surface 631. The coil spring 64 is covered with a cover 66 in a circumferential
direction of the shaft 61. Although the coil spring 64 is connected to the shaft 61
through the second cam 63, the coil spring 64 may be directly connected to the shaft 61.
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The coil spring 64 is an elastic member configured to extend (expand) and contract in
the first direction between a first length and a second length shorter than the first length.
As will be described later in detail, the second cam 63 is pressed by a pressing force
applied in a direction from the other end portion of the shaft 61 to the one end portion
61A of the shaft 61 in the first direction. Accordingly, the shaft 61 moves from the first
position illustrated in Fig. 8 to the second position illustrated in Fig. 9 together with the
first cam 62 and the second cam 63. When the shaft 61 moves from the first position to
the second position, the coil spring 64 is compressed from the first length to the second
length. When the pressing force applied to the second cam 63 is released, the coil
spring 64 is restored from the second length to the first length due to a restoring force of
the coil spring 64, whereby the shaft 61 moves back, from the second position to the
first position, together with the first cam 62 and the second cam 63. In this way, the
shaft 61, the first cam 62, and the second cam 63 are movable in the first direction
relative to the casing 10 due to the pressing force applied in the first direction and the
elastic force (restoring force) of the coil spring 64.

<1.3. Drawer>

Fig. 11 is a perspective view of the drawer 2 as an example of a drum cartridge. Fig. 12
is a plan view of the drawer 2 as viewed in the third direction. Fig. 13 is a perspective
view of the drawer 2 and the developing cartridges 1, illustrating a state where the
developing cartridges 1 are attached to the corresponding slots 2A of the drawer 2. Fig.
14 is a plan view of the drawer 2 and the developing cartridges 1 as viewed in the third
direction, and illustrating the state where the developing cartridges 1 are attached to the
corresponding slots 2A of the drawer 2. Fig. 15 is a plan view of the drawer 2 and the
developing cartridges 1 as viewed in the first direction, and illustrating the state where
the developing cartridges 1 are attached to the corresponding slots 2A of the drawer 2.
The drawer 2 includes a frame 200. The frame 200 includes the four slots 2A. The
developing cartridges 1 are respectively attachable to the corresponding slots 2A. The
drawer 2 also includes the photosensitive drums 21. Each of the photosensitive drums
21 is disposed corresponding to each of the four slots 2A. Each of the photosensitive
drums 21 is rotatable about the rotational axis (the drum axis) extending in the first
direction. Each of the developing cartridges 1 is attachable to the corresponding slot 2A
of the drawer 2 such that the outer circumferential surface of the developing roller 30
faces the outer circumferential surface of the photosensitive drum 21. The drawer 2
which the developing cartridge 1 has been attached to each slot 2A is attached to the
main frame 101 (see Fig. 1).

The frame 200 of the drawer 2 includes a first side frame 201 and a second side frame
202. The first side frame 201 and the second side frame 202 are spaced apart from each
other in the first direction. The four photosensitive drums 21 are disposed at positions
between the first side frame 201 and the second side frame 202 in the first direction.
When the developing cartridges 1 are attached to the slots 2A, the developing cartridges
1 are positioned between the first side frame 201 and the second side frame 202 in the
first direction. In this state, the first outer surface 11 of each developing cartridge 1
faces the first side frame 201 in the first direction, and the second outer surface 12 of
each developing cartridge 1 faces the second side frame 202 in the first direction.

The first side frame 201 has a first recessed portion 201 A formed corresponding to each
of the four slots 2A. Each of the first recessed portions 201 A penetrates the first side
frame 201 in the first direction and recessed toward the corresponding photosensitive
drum 21 in the third direction. In a state where each developing cartridge 1 is attached
to the corresponding slot 2A of the drawer 2, the IC chip 51 of each developing
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cartridge 1 covered with a cover 45 is positioned in the corresponding first recessed
portion 201A, as illustrated in Figs. 13 and 14.

The second side frame 202 has second recessed portions 202A. Similar to the first
recessed portions 201 A, each second recessed portion 202A is formed corresponding to
each slot 2A. Each of the second recessed portions 202A penetrates the second side
frame 202 in the first direction to expose a portion of the developing cartridge 1 to the
outside of the drawer 2, and is open toward a direction away from the corresponding
photosensitive drum 21 in the third direction. In a state where each developing
cartridge 1 is attached to the corresponding slot 2A of the drawer 2, the second cam 63
of each developing cartridge 1 is positioned in the corresponding second recessed
portions 202A, as illustrated in Figs. 13 through 15.

The second side frame 202 further has through-holes 202B. Each through-holes 202B
is formed corresponding to each of the slots 2A. Each of the through-holes 202B
penetrates the second side frame 202 in the first direction. In a state where each
developing cartridge 1 is attached to the corresponding slot 2A of the drawer 2, the
coupling hole 411 of the coupling 41 of each developing cartridge 1 is exposed from the
corresponding through-hole 202B, as illustrated in Figs. 13 through 15. The drive shaft
of the image forming apparatus 100 is inserted into each coupling hole 411 through the
corresponding through-hole 202B. Accordingly, the drive shafts and the corresponding
couplings 41 are coupled with each other so as not to rotate relative to each other.

The drawer 2 has the first receiving surface 22 and the second receiving surface 23 for
each slot 2A. The first receiving surface 22 is spaced apart from the second receiving
surface 23 in the first direction. That is, the first receiving surface 22 is positioned at
one end portion of each slot 2A in the first direction, while the second receiving surface
23 is positioned at another end portion of each slot 2A in the first direction.

Each of the first receiving surface 22 is positioned at a surface of the first side frame
201 that faces the second side frame 202. The first receiving surface 22 is inclined
relative to the first direction. More specifically, the first receiving surface 22 is
disposed so as to face the first cam 62 of the developing cartridge 1 attached to the slot
2A of the drawer 2 in the second direction. The first receiving surface 22 contacts the
first inclined surface 621 of the first cam 62 as illustrated in Fig. 14. The first receiving
surface 22 is formed such that a distance between the first receiving surface 22 and the
developing cartridge 1 in the second direction increases in a direction away from the
first side frame 201 in the first direction (i.e., a direction from the first side frame 201 to
the second side frame 202 in the first direction).

The second receiving surface 23 is positioned at each second recessed portion 202A
formed at the second side frame 202. The second receiving surface 23 is inclined
relative to the first direction in the same direction as the first receiving surface 22.

More specifically, the second receiving surface 23 is disposed such that the second
receiving surface 23 faces the second cam 63 of the developing cartridge 1 attached to
each slot 2A of the drawer 2. The second receiving surface 23 contacts the second
inclined surface 631 of the second cam 63 as illustrated in Fig. 14. The second
receiving surface 23 is formed such that a distance between the second receiving surface
23 and the developing cartridge 1 in the second direction increases in the direction away
from the first side frame 201 in the first direction (i.e., a direction from the first side
frame 201 to the second side frame 202 in the first direction).

<1.4. Separation Movement by Separation Member 60>

Next, movement of the developing cartridge according to the present embodiment in the
image forming apparatus 100 when the image forming apparatus 100 is switched
between the contact state and the separation state will be described.
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Figs. 16A and 16B are views for description of separation movement of the developing
cartridge 1 performed by the separation member 60. Fig. 16A illustrates the developing
cartridge 1 in the contact state of the image forming apparatus 100. Fig. 16B illustrates
the developing cartridge 1 in the separation state of the image forming apparatus 100.
Fig. 17 is a perspective view of the developing cartridge 1 and the photosensitive drum
21, and illustrating a state where the developing roller 30 and the photosensitive drum
21 are in contact with each other. Fig. 18 is a perspective view of the developing
cartridge 1 and the photosensitive drum 21, and illustrating a state where the developing
roller 30 and the photosensitive drum 21 are separated from each other.

When each developing cartridge 1 is attached to the corresponding slot 2A of the drawer
2, the developing roller 30 of each developing cartridge 1 contacts the corresponding
photosensitive drum 21, as illustrated in Fig. 17. That is, the image forming apparatus
100 is in the contact state. In this contact state of the image forming apparatus 100, as
illustrated in Fig. 16A, the first inclined surface 621 of the first cam 62 contacts the first
receiving surface 22, and the second inclined surface 631 of the second cam 63 contacts
the second receiving surface 23. In other words, the first inclined surface 621 and the
second inclined surface 631 engage the frame 200.

More precisely, at the time of attachment of the developing cartridge 1 to the drawer 2,
the first inclined surface 621 is separated from the first receiving surface 22, and the
second inclined surface 631 is separated from the second receiving surface 23. Then, as
the developing cartridge 1 moves by a predetermined distance in the first direction, the
first inclined surface 621 is brought into contact with the first receiving surface 22, and
the second inclined surface 631 is brought into contact with the second receiving
surface 23. Incidentally, the first inclined surface 621 may contact the first receiving
surface 22 and the second inclined surface 631 may contact the second receiving surface
23 at the time of attachment of the developing cartridge 1 to the drawer 2.

The first inclined surface 621 extends radially outward of the shaft 61 in the direction
from the first cam 62 toward the second cam 63 in the first direction. The first receiving
surface 22 contacts a portion of the first inclined surface 621. A distance between the
portion of the first inclined surface 621 and the shaft 61 in the radial direction of the
shaft 61 is smaller than a distance between another portion of the first inclined surface
621 and the shaft 61 in the radial direction of the shaft 61. Similarly, the second incline
surface 631 extends radially outward of the shaft 61 in the direction from the first cam
62 toward the second cam 63 in the first direction. The second receiving surface 23
contacts a portion of the second inclined surface 631. A distance between the portion of
the second inclined surface 631 and the shaft 61 in the radial direction of the shaft 61 is
smaller than a distance between another portion of the second inclined surface 631 and
the shaft 61 in the radial direction of the shaft 61.

As described above, each of the first cam 62 and the second cam 63 has a cone shape.
Thus, even if the shaft 61 rotates about the second axis, the first inclined surface 621
and the second inclined surface 631 can reliably contact (engage) the first receiving
surface 22 and the second receiving surface 23, respectively.

The image forming apparatus 100 includes a driving unit 103 and a pressing member
104. The driving unit 103 is configured to move the pressing member 104 in the first
direction. The driving unit 103 is, for example, a motor. The pressing member 104 has
a circular columnar shape or a rectangular columnar shape and extends in the first
direction. The pressing member 104 is movable in the first direction between a contact
position and a non-contact position. The pressing member 104 in the contact position
contacts the second cam 63 of the developing cartridge 1 attached to slot 2A of the
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drawer 2, while the pressing member 104 in the non-contact position does not contact
the second com 63.

In order to separate the developing roller 30 from the photosensitive drum 21, the
driving unit 103 moves the pressing member 104 toward the direction from the second
cam 63 to the first cam 62 in the first direction. Accordingly, the second cam 63 is
pressed by the pressing member 104 toward the direction from the second cam 63 to the
first cam 62 in the first direction. When the second cam 63 receives pressing force from
the pressing member 104, the shaft 61, the first cam 62, and the second cam 63 move
toward the direction from the second cam 63 to the first cam 62 in the first direction
relative to the casing 10 and the developing roller 30.

In this instance, the first inclined surface 621 of the first cam 62 moves toward the
direction from the second cam 63 to the first cam 62 in the first direction while
maintaining contact with the first receiving surface 22. As described above, the first
incline surface 621 is formed so as to extend radially outward of the shaft 61 in the
direction from the first cam 62 to the second cam 63. Therefore, when the first cam 62
moves toward the direction from the second cam 63 to the first cam 62 in the first
direction, a portion of the first inclined surface 621 contacting the first inclined surface
621 recedes from the shaft 61 in the radial direction of the shaft 61. The first inclined
surface 621 and the first receiving surface 22 face each other in the second direction.
That is, when the first inclined surface 621 moves toward the direction from the second
cam 63 to the first cam 62 in the first direction, the first inclined surface 621 also moves
toward a direction away from the first receiving surface 22 in the second direction, as
illustrated in Fig. 16B.

Similar to the first inclined surface 621, the second inclined surface 631 of the second
cam 63 moves toward the direction from the second cam 63 to the first cam 62 in the
first direction while contacting the second receiving surface 23. As described above,
the second inclined surface 631 is formed such that the second inclined surface 631
extends radially outward of the shaft 61 in the direction from the first cam 62 to the
second cam 63. Accordingly, when the second cam 63 moves toward the direction from
the second cam 63 to the first cam 62 in the first direction, a portion of the second
inclined surface 631 contacting the second receiving surface 23 comes away from the
shaft 61 in the radial direction of the shaft 61. The second inclined surface 631 and the
second receiving surface 23 face each other in the second direction. That is, when the
second inclined surface 631 moves toward the direction from the second cam 63 to the
first cam 62 in the first direction, the second inclined surface 631 also moves toward a
direction away from the second receiving surface 23 in the second direction, as
illustrated in Fig. 16B.

As the first cam 62 and the second cam 63 move in the second direction while moving
in the first direction, the shaft 61 also moves in the same manner. When the shaft 61,
the first cam 62, and the second cam 63 move in the second direction, the casing 10 and
the developing roller 30 also move in the second direction, as illustrated in Fig. 16B. In
other words, the first cam 62 and the second cam 63 are movable together with the
casing 10 and the developing roller 30 in a direction non-parallel with the second axis in
response to the axial movement of the shaft 61 along the second axis. Further in other
words, each of the first inclined surface 621 and the second inclined surface 631
provides a camming movement in response to the axial movement of the shaft 61 along
the second axis. This movement causes the developing roller 30 to be separated from
the photosensitive drum 21 in the second direction, as illustrated in Fig. 18.
Accordingly, the image forming apparatus 100 is brought into the separation state.
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The movement of the shaft 61, the first cam 62, and the second cam 63 in the first
direction cause expansion and contraction of the coil spring 64 in the first direction. As
described above, the coil spring 64 has the first length when the shaft 61 is positioned at
the first position, as illustrated in Fig. 8. To the contrary, the coil spring 64 has the
second length shorter than the first length when the shaft 61 is positioned at the second
position, as illustrated in Fig. 9. The coil spring 64 is compressed from the first length
to the second length due to the pressing force of the pressing member 104, and extends
from the second length to the first length when the pressing force acting on the
separation member 60 by the pressing member 104 is released.

When the shaft 61 moves back from the second position to the first position together
with the first cam 62 and the second cam 63, a portion of the first inclined surface 621
contacting the first receiving surface 22 approaches the shaft 61 in the second direction
due to mechanism which is reverse of the mechanism described above. Similarly, a
portion of the second inclined surface 631 contacting the second receiving surface 23
approaches the shaft 61 in the second direction. These movements of the shaft 61, the
first cam 62, and the second cam 63 cause the casing 10 and the developing roller 30 to
move in the second direction, thereby allowing the developing roller 30 to approach the
photosensitive drum 21 in the second direction. As a result, the outer circumferential
surface of the developing roller 30 comes into contact with the outer circumferential
surface of the photosensitive drum 21. Thus, the image forming apparatus 100 is
brought into the contact state.

<1.5. Advantageous Effects of First Embodiment>

In the present embodiment, the first cam 62 and the second cam 63 are disposed at both
ends of the shaft 61 in the first direction, respectively. This configuration can prevent
one of ends of the casing 10 and the developing roller 30 in the first direction from
being inclined while the image forming apparatus 100 is switched between the
separation state and the contact state in comparison with a case where only one of the
first cam 62 and the second com 63 is disposed at the shaft 61.

As described above, the pressing force directed in the first direction causes the shaft 61
to move in the first direction relative to the casing 10 and the developing roller 30.
When the first inclined surface 621 contacts the first receiving surface 22 due to the
movement of the shaft 61 in the first direction, the first inclined surface 621 moves in
the second direction along the first receiving surface 22. The casing 10 and the
developing roller 30 also move in the second direction in accordance with the
movement of the first inclined surface 621 in the second direction. With this
configuration, the developing cartridge 1 is movable in the second direction by the
driving force directed in the first direction, not by driving force acting on both ends of
the developing cartridge 1. In addition, the developing cartridge 1 has the first inclined
surface 621 and the shaft 61. Thus, compared to a case where the drum cartridge
includes a shaft, the shaft 61 does not interrupt attachment of the developing cartridge 1
to the slot 2A and detachment of the developing cartridge 1 from the slot 2A.

Further, when the shaft 61 is to move in the first direction, the driving force from both
ends of the shaft 61 in the first direction is not required. That is, the developing
cartridge 1 is movable due to the driving force applied from one end of the shaft 61 in
the first direction.

In the present embodiment, the image forming apparatus 100 further includes a driving
source disposed at one side the main frame 101 at which one end of the developing
cartridge 1 and the drawer 2 in the first direction is positioned. The driving source is
configured to drive the developing roller 30 and the photosensitive drum 21 to rotate.
The driving unit 103, that serves as a driving source used to move the pressing member
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104 in the first direction, can be disposed in the vicinity of the driving source. With this
arrangement, the driving sources of the image forming apparatus 100 (i.e., the driving
unit 103 and the driving source for driving the developing roller 30 and the
photosensitive drum 21) can be collectively arranged on one side of the developing
cartridge 1 and the drawer 2. Accordingly, downsizing of the image forming apparatus
100 can be realized. Further, since the components for moving the developing cartridge
1 need not be disposed on both ends of the drawer 2 in the first direction, the
configuration of the drawer 2 can be simplified, and the drawer 2 can be downsized.

<2. Second Embodiment>

Next, a developing cartridge 1 according to a second embodiment will be described with
reference to Figs. 19 through 20B, wherein like parts and components are designated
with the same reference numerals as those shown in the first embodiment to avoid
duplicating description.

In the first embodiment, each of the first inclined surface 621 and the second inclined
surface 631 is inclined relative to the first direction at a constant angle. To the contrary,
in the second embodiment, each of the first inclined surface 621 and the second inclined
surface 631 has at least two inclined surfaces defining different angles. Hereinafter,
different points of the second embodiment from the first embodiment will be described.
Fig. 19 is a plan view of the developing cartridge 1 according to the second embodiment
as viewed in the third direction.

The first inclined surface 621 of the first cam 62 has a sloped surface 621A and a sloped
surface 621B. The sloped surface 621A and the sloped surface 621B are arrayed with
each other in the first direction. The sloped surface 621A is positioned farther from the
second cam 63 than the sloped surface 621B is from the second cam 63 in the first
direction. Further, the sloped surface 621A provides an inclination relative to the first
direction steeper than an inclination of the sloped surface 621B relative to the first
direction. Specifically, the sloped surface 621A is inclined relative to the first direction
to define an acute angle between the sloped surface 621A and the first direction; the
sloped surface 621B is also inclined relative to the first direction to define an acute
angle between the sloped surface 621B and the first direction; and an angle between the
sloped surface 621A and the first direction is greater than an angle between the sloped
surface 621B and the first direction.

The angle between the sloped surface 621A and the first direction is greater than or
equal to 43 degrees and smaller than or equal to 47 degrees. More preferably, the angle
between the sloped surface 621A and the first direction is 45 degrees. The angle
between the sloped surface 621B and the first direction is greater than or equal to 12
degrees and smaller than or equal to 17 degrees. Preferably, the angle between the
sloped surface 621B and the first direction is greater than or equal to 14 degrees and
smaller than or equal to 15 degrees. More preferably, the angle between the sloped
surface 621B and the first direction is 14 degrees or 15 degrees. The sloped surface
621A is an example of a first sloped surface, and the sloped surface 621B is an example
of a second sloped surface.

The ratio of a length of the sloped surface 621A in the first direction to a length of the
sloped surface 621A in the radial direction of the shaft 61 (i.e., the second direction) is,
for example, 1:1 (one to one). Further, the ratio of a length of the sloped surface 621B
in the first direction to a length of the sloped surface 621B in the radial direction of the
shaft 61 (i.e., the second direction) is, for example, 4:1 (four to one).

The second inclined surface 631 of the second cam 63 has a sloped surface 631A and a
sloped surface 631B. The sloped surface 631A and the sloped surface 631B are arrayed
with each other in the first direction. The sloped surface 631A is positioned closer to
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the first cam 62 (i.e., the first inclined surface 621) than the sloped surface 631B is to
the first cam 62 (i.e., the first inclined surface 621) in the first direction. Further, the
sloped surface 631A provides an inclination relative to the first direction steeper than an
inclination of the sloped surface 631B relative to the first direction. Specifically, the
sloped surface 631A is inclined relative to the first direction to define an acute angle
between the sloped surface 631A and the first direction; the sloped surface 631B is also
inclined relative to the first direction to define an acute angle between the sloped surface
631B and the first direction; and an angle between the sloped surface 631A and the first
direction is greater than an angle between the sloped surface 631B and the first
direction.

The angle between the sloped surface 631A and the first direction is greater than or
equal to 43 degrees and smaller than or equal to 47 degrees. More preferably, the angle
between the sloped surface 631A and the first direction is 45 degrees. The angle
between the sloped surface 631B and the first direction is greater than or equal to 12
degrees and smaller than or equal to 17 degrees. Preferably, the angle between the
sloped surface 631B and the first direction is greater than or equal to 14 degrees and
smaller than or equal to 15 degrees. More preferably, the angle between the sloped
surface 631B and the first direction is 14 degrees or 15 degrees. The sloped surface
631A is an example of a third sloped surface, and the sloped surface 631B is an
example of a fourth sloped surface.

The ratio of a length of the sloped surface 631A in the first direction to a length of the
sloped surface 631A in the radial direction of the shaft 61 (i.e., the second direction) is,
for example, 1:1 (one to one). The ratio of a length of the sloped surface 631B in the
first direction to a length of the sloped surface 631B in the radial direction of the shaft
61 (i.e., the second direction) is, for example, 4:1 (four to one).

It is preferable that the sloped surface 621A and the sloped surface 631A are inclined
relative to the first direction so as to define angles the same as each other. Further, it is
also preferable that the sloped surface 621B and the sloped surface 631B are inclined
relative to the first direction so as to define angles the same as each other.

<2.1. Separation Movement by Separation Member 60>

Movement of the developing cartridge 1 according to the second embodiment in the
image forming apparatus 100 when the image forming apparatus 100 is switched
between the contact state and the separation state will next be described.

Figs. 20A and 20B are views for description of separation movement of the developing
cartridge 1 performed by the separation member 60. Fig. 20A illustrates the developing
cartridge 1 in the contact state of the image forming apparatus 100. Fig. 20B illustrates
the developing cartridge 1 in the separation state of the image forming apparatus 100.
In the contact state of the image forming apparatus 100 where the developing roller 30
of the developing cartridge 1 is in contact with the photosensitive drum 21, the sloped
surface 621A of the first inclined surface 621 contacts the first receiving surface 22 and
the sloped surface 631A of the second inclined surface 631 contacts the second
receiving surface 23, as illustrated in Fig. 20A.

More precisely, at the time of attachment of the developing cartridge 1 to the drawer 2,
the sloped surface 621A is separated from the first receiving surface 22, and the sloped
surface 631A is separated from the second receiving surface 23. Then, as the
developing cartridge 1 moves by a predetermined distance in the first direction, the
sloped surface 621A is brought into contact with the first receiving surface 22, and the
sloped surface 631A is brought into contact with the second receiving surface 23.
Incidentally, the sloped surface 621 A may contact the first receiving surface 22, and the
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sloped surface 631 A may contact the second receiving surface 23 at the time of
attachment of the developing cartridge 1 to the drawer 2.

When the second cam 63 is pressed by the pressing member 104 toward the second cam
62 in the first direction, the shaft 61, the first cam 62, and the second cam 63 move in
the first direction relative to the casing 10 and the developing roller 30. At this time, the
sloped surface 621A of the first inclined surface 621 moves toward the direction from
the second cam 63 to the first cam 62 in the first direction while contacting the first
receiving surface 22. In addition, the sloped surface 631A of the second inclined
surface 631 moves toward the direction from the second cam 63 to the first cam 62 in
the first direction while contacting the second receiving surface 23. Thus, the first
inclined surface 621 also moves toward the direction away from the first receiving
surface 22 in the second direction, as illustrated in Fig. 20B. In addition, the second
inclined surface 631 also moves in the direction away from the second receiving surface
23 in the second direction, as illustrated in Fig. 20B. Through this movement, the
developing roller 30 separates from the photosensitive drum 21 in the second direction
(see Fig. 18).

When the shaft 61, the first cam 62 and the second cam 63 further move toward the
direction from the second cam 63 to the first cam 62 in the first direction, the sloped
surface 621B of the first inclined surface 621 contacts the first receiving surface 22 to
move toward the direction from the second cam 63 to the first cam 62 in the first
direction along the first receiving surface 22. Further, the sloped surface 631B of the
second inclined surface 631 contacts the second receiving surface 23 to move toward
the direction from the second cam 63 to the first cam 62 in the first direction along the
second receiving surface 23.

When the shaft 61 moves back from the second position to the first position together
with the first cam 62 and the second cam 63, a portion of the first inclined surface 621
contacting the first receiving surface 22 approaches the shaft 61 in the second direction
due to mechanism which is reverse of the mechanism described above. Similarly, a
portion of the second inclined surface 631 contacting the second receiving surface 23
approaches the shaft 61 in the second direction. Accordingly, the casing 10 and the
developing roller 30 move in the second direction so that the developing roller 30
approaches the photosensitive drum 21 in the second direction. Thus, the image
forming apparatus 100 is brought into the contact state.

<2.2. Advantageous Effects of Second Embodiment>

As described above, the pressing force from the pressing member 104 causes the shaft
61 to move in the first direction relative to the casing 10 and the developing roller 30.
When the first inclined surface 621 contacts the first receiving surface 22 due to the
movement of the shaft 61 in the first direction, the first inclined surface 621 moves in
the second direction along the first receiving surface 22. The casing 10 and the
developing roller 30 also move in the second direction, in accordance with the
movement of the first inclined surface 621 in the second direction. With this
configuration, the developing cartridge 1 is movable in the second direction by the
driving force directed in the first direction, not by driving force acting on both ends of
the developing cartridge 1. In addition, the developing cartridge 1 has the first inclined
surface 621 and the shaft 61. Thus, compared to a case where the drum cartridge
includes a shaft, the shaft 61 does not interrupt attachment of the developing cartridge 1
to the slot 2A and detachment of the developing cartridge 1 from the slot 2A.

Further, when the shaft 61 is to move in the first direction, the driving force from both
ends of the shaft 61 in the first direction is not required. That is, the developing
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cartridge 1 is movable due to the driving force applied from one end of the shaft 61 in
the first direction.

Also in the second embodiment, the image forming apparatus 100 further includes a
driving source disposed at one side the main frame 101 at which one end of the
developing cartridge 1 and the drawer 2 in the first direction is positioned. The driving
source is configured to drive the developing roller 30 and the photosensitive drum 21 to
rotate. The driving unit 103, that serves as a driving source used to move the pressing
member 104 in the first direction, can be disposed in the vicinity of the driving source.
With this arrangement, the driving sources of the image forming apparatus 100 (i.e., the
driving unit 103 and the driving source for driving the developing roller 30 and the
photosensitive drum 21) can be collectively arranged on one side of the developing
cartridge 1 and the drawer 2. Accordingly, downsizing of the image forming apparatus
100 can be realized. Further, since the components for moving the developing cartridge
1 need not be disposed on both ends of the drawer 2 in the first direction, the
configuration of the drawer 2 can be simplified, and the drawer 2 can be downsized.
The sloped surface 621A of the first inclined surface 621 that first contacts the first
receiving surface 22 during the movement of the first cam 62 toward the direction from
the second cam 63 to the first cam 62 in the first direction is steeper than the sloped
surface 621B. Similarly, the sloped surface 631A of the second inclined surface 631
that first contacts the second receiving surface 23 during the movement of the second
cam 63 toward the direction from the second cam 63 to the first cam 62 in the first
direction is steeper than the sloped surface 631B. With this configuration, in the
beginning of the movement of the separation member 60 in the first direction, the
amount of movement of the separation member 60 in the second direction can be
increased. Thus, the developing roller 30 can be separated from the photosensitive
drum 21 while reducing amount of movement of the separation member 60 in the first
direction.

Further, the sloped surface 621B whose inclination relative to the first direction is
smaller than the sloped surface 621A contacts the first receiving surface 22, and the
sloped surface 631B whose inclination relative to the first direction is smaller than the
sloped surface 631A contacts the second receiving surface 23. Accordingly, the
separation member 60 can move in the first direction with less amount of movement in
the second direction. This configuration can reduce driving load of the pressing
member 104.

<3. Modification>

While the description has been made in detail with reference to the embodiments
thereof, it would be apparent to those skilled in the art that various changes and
modifications may be made therein without departing from the scope of the above-
described embodiments.

In the above-described embodiments, the separation member 60 includes the first cam
62 and the second cam 63. The separation member 60, however, may include at least
one of the first cam 62 and the second cam 63. In addition, the separation member 60
may include at least one of the first inclined surface 621 and the second inclined surface
631. In other words, in a case where only the first cam 62 is provided, only the first
inclined surface 621 is provided in the separation member 60. On the other hand, in a
case where only the second cam 62 is provided, only the second inclined surface 631 is
provided in the separation member 60. Alternatively, the first inclined surface 621 and
the second inclined surface 631 may be formed without providing the first cam 62 and
the second cam 63. For example, the first inclined surface 621 and the second inclined
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surface 631 may be formed by machining the shaft 61 so that the peripheral surfaces of
the end portions of the shaft 61 is inclined relative to the first direction.

Although the coil spring 64 serves as an example of the elastic member in the above-
described embodiments, the elastic member is not limited to the coil spring 64. For
example, material having elasticity, such as a plate spring, a torsion spring, a rubber, a
sponge, or the like can be employed as the elastic member.

Further, various features appearing in the above-described embodiments and the
modifications may be suitably combined together avoiding conflicting combination.

[Reference Signs List]

[0234]

1: developing cartridge 2: drawer 2A:slot 10: casing 10A: container 10B: lid
10B1: groove 10B4: hole 10BS5: hole 10C: opening 11: first outer surface 12:
second outer surface 20: agitator 21: photosensitive drum 22: first receiving surface
23: second receiving surface 30: developing roller 31: developing roller body 32:
developing roller shaft 33: developing electrode 40: gear portion 41: coupling 45:
cover 51:1IC chip 60: separation member 61: shaft 62: first cam 63: second cam
64: coil spring 65: washer 66: cover 100: image forming apparatus 101: main
frame 102: controller 103: driving unit 104: pressing member 200: frame 201:
first side frame 201A: first recessed portion 202: second side frame 202A: second
recessed portion 202B: through-hole 411: coupling hole 621: first inclined surface
631: second inclined surface
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

[Claim 1]

A developing cartridge comprising:

a casing configured to accommodate developer therein;

a developing roller rotatable about a first axis extending in an axial direction;

a shaft extending along a second axis extending in the axial direction, the shaft
being movable along the second axis; and

a cam movable along the second axis in response to axial movement of the shaft,
the cam having a cam surface non-parallel with the second axis.

[Claim 2]

The developing cartridge according to claim 1, wherein the developing roller has
an outer circumferential surface,

wherein one end portion of the outer circumferential surface is exposed to an
outside of the casing,

wherein another end portion of the outer circumferential surface is positioned
inside the casing, and

wherein the cam surface is inclined relative to in a direction connecting the one
end portion of the outer circumferential surface and the another end portion of the outer
circumferential surface.

[Claim 3]
The developing cartridge according to claim 1 or 2, wherein the cam surface is
inclined relative to the second axis.

[Claim 4]
The developing cartridge according to claim 3, wherein the cam surface is
inclined relative to the second axis by an acute angle.

[Claim 5]

The developing cartridge according to any one of claims 1 through 4, wherein
the cam is movable together with the shaft relative to the casing along the second axis in
response to the axial movement of the shaft along the second axis.

[Claim 6]

The developing cartridge according to any one of claims 1 through 5, wherein
the cam is movable together with the casing in a direction non-parallel with the second
axis in response to the axial movement of the shaft along the second axis.

[Claim 7]

The developing cartridge according to claim 6, wherein the developing roller has
an outer circumferential surface,

wherein one end portion of the outer circumferential surface is exposed to an
outside of the casing,

wherein another end portion of the outer circumferential surface is positioned
inside the casing, and

wherein the direction non-parallel with the second axis includes a direction
connecting the one end portion of the outer circumferential surface and the another end
portion of the outer circumferential surface.
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[Claim 8]
The developing cartridge according to any one of claims 1 through 7, wherein
the cam is positioned at an exterior surface of the casing.

[Claim 9]
The developing cartridge according to any one of claims 2 through 8, wherein
the developing roller is at least partially exposed to an outside of the casing.

[Claim 10]
The developing cartridge according to claim 9, wherein at least a part of an outer
circumferential surface of the developing roller is exposed to an outside of the casing.

[Claim 11]
The developing cartridge according to any one of claims 1 through 10, wherein
the cam is positioned at a peripheral surface of the shaft.

[Claim 12]
The developing cartridge according to any one of claims 1 through 11, wherein
the cam is positioned at one end portion of the shaft in the axial direction.

[Claim 13]

The developing cartridge according to any one of claims 1 through 12, wherein
the casing includes:

a container configured to accommodate developer therein and having an
opening; and

a lid covering the opening of the container and having a through-hole
penetrating the lid in the axial direction, and

wherein the shaft is inserted into the through-hole.

[Claim 14]

The developing cartridge according to any one of claims 1 through 11, wherein
the shaft has one end portion in the axial direction and another end portion separated
from the one end portion in the axial direction, and

wherein the cam is positioned at each of the one end portion and the another end
portion.

[Claim 15]
The developing cartridge according to claim 14, wherein the cam is positioned at
a peripheral surface of each of the one end portion and the another end portion.

[Claim 16]

The developing cartridge according to any one of claims 1 through 15, wherein
the developing cartridge is for use with a drum cartridge, and

wherein the cam surface is movable along the second axis to engage the drum
cartridge.

[Claim 17]
The developing cartridge according to claim 16, wherein the cam surface is
movable along the second axis to engage a frame of the drum cartridge.
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[Claim 18]

The developing cartridge according to claim 17, wherein engagement between
the cam surface and the frame moves the developing roller away from a photosensitive
drum of the drum cartridge.

[Claim 19]
The developing cartridge according to claim 18, wherein the photosensitive
drum is rotatable about a rotational axis extending in the axial direction.

[Claim 20]

The developing cartridge according to any one of claims 1 through 19, wherein
the cam surface provides a camming movement in response to movement of the shaft
along the second axis.

[Claim 21]

The developing cartridge according to claim 20, wherein the camming
movement engages a frame of a drum cartridge to move the developing cartridge away
from the drum cartridge.

[Claim 22]
The developing cartridge according to any one of claims 1 through 21, further
comprising a separation member including the cam and the shaft.

[Claim 23]
The developing cartridge according to any one of claims 21 through 22, wherein
the cam surface is inclined relative to the shaft and angled relative to the second axis.

[Claim 24]

The developing cartridge according to claim 23, wherein the cam surface is
positioned at an end portion of the shaft extending in a first direction, the cam surface
being inclined relative to shaft by an acute angle.

[Claim 25]

The developing cartridge according to claim 24, wherein the cam includes a first
cam surface disposed at a first end portion of the shaft and a second cam surface
disposed at a second end portion of the shaft opposite to the first end portion, the second
cam surface being movable together with the shaft, the second cam surface being angled
relative to the shaft such that a radial distance from the second axis to the second cam
surface increases as a distance from the first cam surface to the second cam surface
increases.

[Claim 26]

The developing cartridge according to claim 25, wherein the first cam surface is
angled relative to the shaft such that a radial distance from the second axis to the first
cam surface decreases as a distance from the first cam surface to the second cam surface
increases.
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[Claim 27]

The developing cartridge according to claim 25, wherein the first cam surface
includes a first sloped surface angled relative to the second axis and a second sloped
surface extending from and angled relative to the first sloped surface, an angle between
the first sloped surface and the second axis being greater than an angle between the
second sloped surface and the second axis.

[Claim 28]

The developing cartridge according to claim 27, wherein the second cam surface
includes a third sloped surface angled relative to the second axis and a fourth sloped
surface extending from and angled relative to the third sloped surface, an angle between
the third sloped surface and the second axis being greater than an angle between the
fourth sloped surface and the second axis.

[Claim 29]

The developing cartridge according to any one of claims 1 through 28, wherein
the cam is movable along the second axis relative to the developing roller and the
casing.

[Claim 30]

The developing cartridge according to claim 29, wherein the cam is further
movable together with the developing roller and the casing in a direction perpendicular
to the second axis.

[Claim 31]
The developing cartridge according to any one of claims 1 through 30, wherein
the developer is accommodated within the casing.

[Claim 32]
The developing cartridge according to any one of claims 1 through 31, wherein
the cam has one of a cone shape and a pyramid shape centered on the second axis, and
wherein the cam surface is a lateral surface of the cam.

[Claim 33]
The developing cartridge according to any one of claims 1 through 32, wherein
the cam has a fixed position relative to the shaft.

[Claim 34]
The developing cartridge according to any one of claims 1 through 33, wherein
the developing cartridge is for use with a drum cartridge.

[Claim 35]

The developing cartridge according to claim 34,

the drum cartridge comprising a photosensitive drum, the drum cartridge having
a frame,

wherein the photosensitive drum extends along a rotational axis parallel with the
first axis, and

wherein the cam surface is axially movable to engage the frame of the drum
cartridge.
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[Claim 36]

The developing cartridge according to claim 35, wherein engagement between
the cam surface and the frame moves the developing roller away from the
photosensitive drum.

[Claim 37]

A developing cartridge comprising:

a casing configured to accommodate developer therein;

a developing roller rotatable about a first axis extending in an axial direction;

a cam movable along a second axis extending in the axial direction, the cam
having a cam surface non-parallel with the second axis,

wherein the cam surface provides a camming movement in response to
movement of the cam along the second axis.

[Claim 38]

The developing cartridge according to claim 37, wherein the developing roller
has an outer circumferential surface,

wherein one end portion of the outer circumferential surface is exposed to an
outside of the casing,

wherein another end portion of the outer circumferential surface is positioned
inside the casing, and

wherein the cam surface is inclined relative to in a direction connecting the one
end portion of the outer circumferential surface and the another end portion of the outer
circumferential surface.

[Claim 39]
The developing cartridge according to claim 37 or 38, wherein the cam surface
is inclined relative to the second axis.

[Claim 40]
The developing cartridge according to claim 39, wherein the cam surface is
inclined relative to the second axis by an acute angle.

[Claim 41]
The developing cartridge according to any one of claims 37 through 40, further
comprising a shaft extending along the second axis and movable along the second axis,
wherein the cam is movable together with the shaft relative to the casing along
the second axis in response to axial movement of the shaft along the second axis.

[Claim 42]
The developing cartridge according to any one of claims 37 through 41, further
comprising a shaft extending along the second axis and movable along the second axis,
wherein the cam surface provides the camming movement together with the
casing in response to axial movement of the shaft along the second axis.

[Claim 43]
The developing cartridge according to claim 42, wherein the developing roller
has an outer circumferential surface,
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wherein one end portion of the outer circumferential surface is exposed to an
outside of the casing,

wherein another end portion of the outer circumferential surface is positioned
inside the casing, and

wherein the cam surface provides the camming movement in a direction non-
parallel with the second axis, the direction non-parallel with the second axis including a
direction connecting the one end portion of the outer circumferential surface and the
another end portion of the outer circumferential surface.

[Claim 44]
The developing cartridge according to any one of claims 37 through 43, wherein
the cam is positioned at an exterior surface of the casing.

[Claim 45
The developing cartridge according to any one of claims 37 through 44, wherein
the developing roller is at least partially exposed to an outside of the casing.

[Claim 46]

The developing cartridge according to claim 45, wherein at least a part of an
outer circumferential surface of the developing roller is exposed to an outside of the
casing.

[Claim 47]
The developing cartridge according to any one of claims 37 through 46, further
comprising a shaft extending along the second axis and movable along the second axis,
wherein the cam is positioned at a peripheral surface of the shatft.

[Claim 48]

The developing cartridge according to any one of claims 37 through 47, further
comprising a shaft extending along the second axis and movable along the second axis,
wherein the cam is positioned at one end portion of the shaft in the axial

direction.

[Claim 49]
The developing cartridge according to any one of claims 37 through 48, further
comprising a shaft extending along the second axis and movable along the second axis,
wherein the casing includes:
a container configured to accommodate developer therein and having an
opening; and
a lid covering the opening of the container and having a through-hole
penetrating the lid in the axial direction, and
wherein the shaft is inserted into the through-hole.

[Claim 50]

The developing cartridge according to any one of claims 37 through 47, further
comprising a shaft extending along the second axis and movable along the second axis,
the shaft having one end portion in the axial direction and another end portion separated
from the one end portion in the axial direction,

wherein the cam is positioned at each of the one end portion and the another end
portion.
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[Claim 51]
The developing cartridge according to claim 50, wherein the cam is positioned at
a peripheral surface of each of the one end portion and the another end portion.

[Claim 52]

The developing cartridge according to any one of claims 37 through 51, wherein
the developing cartridge is for use with a drum cartridge, and

wherein the cam surface is movable along the second axis to engage the drum
cartridge.

[Claim 53]
The developing cartridge according to claim 52, wherein the cam surface is
movable along the second axis to engage a frame of the drum cartridge.

[Claim 54]

The developing cartridge according to claim 53, wherein engagement between
the cam surface and the frame moves the developing roller away from a photosensitive
drum of the drum cartridge.

[Claim 55]
The developing cartridge according to claim 54, wherein the photosensitive
drum is rotatable about a rotational axis extending in the axial direction.

[Claim 56]

A developing cartridge comprising:
a casing configured to accommodate developer therein;
a developing roller rotatable about a first axis and being at least partially exposed to an
outside of the casing; and

a cam surface oriented in a direction non-parallel with the first axis and movable
in a direction parallel with the first axis to engage a frame of a drum cartridge.

[Claim 57]

The developing cartridge according to claim 56, wherein the developing roller
has an outer circumferential surface,

wherein one end portion of the outer circumferential surface is exposed to an
outside of the casing,

wherein another end portion of the outer circumferential surface is positioned
inside the casing, and

wherein the cam surface is inclined relative to in a direction connecting the one
end portion of the outer circumferential surface and the another end portion of the outer
circumferential surface.

[Claim 58]
The developing cartridge according to claim 56 or 57, wherein the cam surface
is inclined relative to the first axis.

[Claim 59]
The developing cartridge according to claim 58, wherein the cam surface is
inclined relative to the first axis by an acute angle.
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[Claim 60]
The developing cartridge according to any one of claims 56 through 59, wherein
the cam is positioned at an exterior surface of the casing.

[Claim 61]
The developing cartridge according to any one of claims 56 through 60, wherein
the developing roller is at least partially exposed to an outside of the casing.

[Claim 62]

The developing cartridge according to claim 61, wherein at least a part of an
outer circumferential surface of the developing roller is exposed to an outside of the
casing.

[Claim 63]
The developing cartridge according to any one of claims 56 through 62, wherein
the cam is positioned at a peripheral surface of the shaft.

[Claim 64]
The developing cartridge according to any one of claims 56 through 63, further
comprising a separation member including the cam and the shaft.

[Claim 65]

The developing cartridge according to any one of claims 56 through 64, wherein
the cam is movable along a second axis parallel with the first axis relative to the
developing roller and the casing.

[Claim 66]

The developing cartridge according to claim 65, wherein the cam is further
movable together with the developing roller and the casing in a direction perpendicular
to the second axis.

[Claim 67]
The developing cartridge according to any one of claims 56 through 66, wherein
the developer is accommodated within the casing.

[Claim 68]
The developing cartridge according to any one of claims 56 through 67, wherein
the cam has one of a cone shape and a pyramid shape centered on the second axis, and
wherein the cam surface is a lateral surface of the cam.

[Claim 69]

The developing cartridge according to any one of claims 56 through 68,

the drum cartridge comprising a photosensitive drum,

wherein the photosensitive drum extends along a rotational axis parallel with the
first axis, and

wherein the cam surface is axially movable to engage the frame of the drum
cartridge.
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[Claim 70]

The cartridge developing cartridge according to claim 69, wherein engagement
between the cam surface and the frame moves the developing roller away from the
photosensitive drum.

[Claim 71]
A cartridge assembly comprising:
the drum cartridge according to any one of claims 56 through 70; and
the developing cartridge according to any one of claims 56 through 70.
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