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MOVING DIRECTION OF RACK GEAR
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DEVELOPING CARTRIDGE CAPABLE OF
RELEASING MESHING BETWEEN GEAR
AND RACK GEAR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATION

This application is a reissue of U.S. Pat. No. 10,042,282,
which was filed as U.S. patent application Ser. No. 15/7135,
979 and filed on Sep. 26, 2017, and which claims priority
from Japanese Patent Application No. 2016-256106 filed
Dec. 28, 2016. The entire content of the Japanese priority
application 1s incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a developing cartridge
including a developing roller.

BACKGROUND

Conventionally, a developing cartridge includes a detec-
tion protrusion for moving an actuator positioned at a main
body casing of an 1mage forming apparatus. The detection
protrusion has a gear. The detection protrusion 1s rotatable
around a shaft. The actuator 1s moved by the detection
protrusion pushing the actuator during rotation of the gear.
Further, the gear has a toothless portion. In a case where the
toothless portion faces a drive gear that transmits the drive
force to the gear, meshing between the gear and the drive
gear 1s released. As a result, the rotation of the gear stops. As
the rotation of the gear stops, the rotation of the detection

protrusion also stops.

SUMMARY

Meanwhile, 1n the above-described developing cartridge,
it has been desired to release meshing between a gear other
than the gear and the drive gear.

In view of the foregoing, 1t 1s an object of the disclosure
to provide a developing cartridge capable of releasing mesh-
ing between a gear other than the gear and the drive gear.

In order to attain the above and other objects, according
to one aspect, the disclosure provides a developing cartridge
including: a casing; a developing roller; a developing elec-
trode; a gear; a rack gear; and a cam. The casing 1s
configured to accommodate toner therein. The developing
roller 1s rotatable about a first axis extending in an axial
direction. The developing roller 1s positioned at one end of
the casing. The developing electrode i1s electrically con-
nected to the developing roller. The gear 1s rotatable about
a second axis parallel with the first axis. The rack gear
meshes with the gear. The rack gear 1s movable 1n a direction
from the one end of the casing toward another end of the
casing opposite to the one end of the casing. The rack gear
includes a protrusion. The cam 1s movable from a first
position to a second position. The second position 1s farther
away Ifrom the casing than the first position 1s from the

casing in the axial direction. The cam has: a first cam

10

15

20

25

30

35

40

45

50

55

60

65

2

surface; and a second cam surface. The first cam surface
contacts the protrusion in a case where the cam 1s at the first
position. The first cam surface causes the cam to move from
the first position to the second position 1n a case where the
rack gear moves 1n the direction from the one end of the
casing toward the another end of the casing in a state where
the first cam surface i1s 1n contact with the protrusion. The
second cam surface moves the developing electrode 1n a
direction away from the cam while contacting the develop-
ing electrode 1n a case where the cam moves from the first
position to the second position. The direction away from the
cam 1s a direction different from a moving direction of the
rack gear and a moving direction of the cam.

According to another aspect, the disclosure provides a
developing cartridge including: a casing; a developing
roller; a gear; a developing electrode; a rack gear; a cover;
and a cam. The casing 1s configured to accommodate toner
therein. The developing roller 1s rotatable about a first axis
extending in an axial direction. The developing roller is
positioned at one end of the casing. The gear 1s rotatable
about a second axis extending in the axial direction. The
developing electrode 1s electrically connected to the devel-
oping roller. The rack gear 1s movable from the one end of
the casing toward another end of the casing opposite to the
one end of the casing. The rack gear 1s movable 1n a
direction from the one end of the casing toward the another
end of the casing 1n accordance with rotation of the gear by
meshing with the gear. The rack gear includes a protrusion.
The cover covers at least a portion of the rack gear. The
cover has an opening through which the developing elec-
trode 1s exposed to an outside. The cam 1s movable from a
first position to the second position. The second position 1s
farther away from the casing than the first position 1s from
the casing in the axial direction. The cam has: a first cam
surface; and a second cam surtface. The first cam surtface has
a first edge and a second edge. The second edge 1s positioned
farther away from the casing than the first edge 1s from the
casing 1n the axial direction. The first cam surface 1s inclined
so that the first edge 1s positioned downstream relative to the
second edge 1n a moving direction of the protrusion. The first
cam surface causes the cam to move from the first position
to the second position by engaging with the protrusion. The
first cam surface 1s positioned outside of a movement locus
of the protrusion 1n a case where the cam 1s at the second
position. The second cam surface 1s movable together with
the first cam surface. The second cam surface 1s positioned
farther away from the casing than the first cam surface is
from the casing in the axial direction. The second cam
surface 1s movable while contacting the developing elec-
trode. The second cam surface has a fifth edge and a sixth
edge. The sixth edge 1s positioned farther away from the
casing than the fifth edge 1s from the casing 1n the axial
direction. The second cam surface 1s inclined so as to
protrude toward the opening in a direction from the sixth
edge toward the fifth edge.

According to still another aspect, the disclosure provides
a developing cartridge including: a casing; a developing
roller; a gear; a rack gear; a cam; a spring; a cover; and a
developing electrode. The casing 1s configured to accom-
modate toner therein. The developing roller 1s rotatable
about a first axis extending in an axial direction. The
developing roller 1s positioned at one end of the casing. The
gear 1s rotatable about a second axis parallel with the first
axis. The rack gear meshes with the gear. The rack gear 1s
movable 1n a direction from the one end of the casing toward
another end of the casing opposite to the one end of the
casing. The cam 1s movable from a first position to a second
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position. The second position 1s farther away from the casing
than the first position 1s from the casing 1n the axial
direction. The cam includes a protrusion. The spring urges
the cam from the first position toward the second position.
The cover has an opening. The developing electrode 1s
clectrically connected to the developing roller. The devel-
oping eclectrode 1s movable together with the cam. The
developing electrode has a second cam surface. The second
cam surface has a fifth edge and a sixth edge. The sixth edge
1s positioned farther away from the casing than the fifth edge
1s from the casing in the axial direction. The second cam
surface 1s inclined so as to protrude toward the opening 1n a
direction from the sixth edge toward the fifth edge. The rack
gear has: a first holding surface contacting the protrusion to
hold the cam at the first position; and a second holding
surface contacting the protrusion to hold the cam at the
second position.

BRIEF DESCRIPTION OF THE DRAWINGS

The particular {features and advantages of the
embodiment(s) as well as other objects will become appar-
ent from the following description taken 1n connection with
the accompanying drawings, in which:

FIG. 1 1s a perspective view of a developing cartridge
according to a first embodiment as viewed from one end side
thereof 1n an axial direction;

FIG. 2 1s a perspective view of the developing cartridge
according to the first embodiment as viewed from the other
end side thereof in the axial direction;

FIG. 3 1s an exploded perspective view of components at
the other end of the developing cartridge according to the
first embodiment;

FIG. 4 1s a perspective view of a rack gear of the
developing cartridge according to the first embodiment as
viewed from a rack gear portion side thereof;

FIG. 5 1s an exploded perspective view of a gear cover of
the developing cartridge and components accommodated
therein according to the first embodiment;

FIG. 6 1s a perspective view of a cam of the developing
cartridge according to the first embodiment;

FIG. 7 1s a perspective view 1illustrating a structure at the
other end side of the developing cartridge according to the
first embodiment, from which the gear cover 1s omuitted;

FIGS. 8A through 8D are cross-sectional views of an
engaging portion between the rack gear and the cam taken
along a plane orthogonal to an up-down direction according
to the first embodiment, 1llustrating movements of the rack
gear and the cam;

FIGS. 9A and 9B are cross-sectional views of the rack
gear, the cam, and a developing electrode taken along a
plane orthogonal to a direction from one end to the other end
of a casing of the developing cartridge according to the first
embodiment, illustrating movements of the rack gear, the
cam, and the developing electrode;

FIG. 10 1s a perspective view 1llustrating a structure at the
other end side of a developing cartridge according to a
second embodiment, from which a gear cover 1s omitted;

FIGS. 11A and 11B are a perspective view ol each
components of the developing cartridge according to the
second embodiment, 1n which FIG. 11A 1s an exploded
perspective view of the gear cover and components accom-
modated therein and FIG. 11B 1s a perspective view of a rack
gear as viewed from a rack gear portion side thereof;

FIGS. 12A through 12C are cross-sectional views of an
engaging portion between the rack gear and a cam taken
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along a plane orthogonal to the up-down direction according
to the second embodiment, illustrating movements of the

rack gear and the cam; and

FIGS. 13A and 13B are cross-sectional views of the rack
gear, the cam, and a spring electrode taken along a plane
orthogonal to a direction from one end to the other end of a
casing of the developing cartridge according to the second
embodiment, illustrating movements of the rack gear, the
cam, and the spring electrode.

DETAILED DESCRIPTION

First Embodiment

A developing cartridge according to a first embodiment
will be described with reference to FIGS. 1 through 9B,
wherein like parts and components are designated by the
same reference numerals to avoid duplicating description.

As 1llustrated i FIG. 1, a developing cartridge 1 mainly
includes a casing 11, a developing roller 12, a supply roller
15 (see FIG. 3), an agitator 14, and a coupling 13. The casing
11 accommodates toner therein. In the following description,
an axial direction of the developing roller 12 will also be
simply referred to as an “axial direction™.

The developing roller 12 1s a roller that supplies toner to
an electrostatic latent 1mage formed on a photosensitive
member (not i1llustrated). The developing roller 12 1s rotat-
able about a first axis X1 extending in the axial direction.
The developing roller 12 has a shaft 12A extending 1n the
axial direction. The developing roller 12 1s positioned at one
end E10 of the casing 11[in], where the end E10 is defined
relative to a direction that extends from the shaft 12A toward
a shaft 14 A of the agitator 14 described later.

The supply roller 15 1s a roller that supplies toner to the
developing roller 12. The agitator 14 1s a member that
agitates the toner inside the casing 11.

The coupling 13 1s a member that receives a driving force
from outside. Specifically, 1n a case where an input member
(not 1illustrated) capable of advancing and retracting 1s
provided at a main body casing (not 1llustrated) of an 1image
forming apparatus (not illustrated) and the mput member
advances and enters the coupling 13 to engage with the
coupling 13 in a rotational direction, the driving force is
inputted into the coupling 13 from the mput member. The
driving force mputted into the coupling 13 i1s transmitted to
the developing roller 12 via a gear mechanism (not illus-
trated) and 1s also transmitted to the supply roller 15 and the
agitator 14.

The coupling 13 1s positioned at one end of the casing 11
in the axial direction. In other words, the coupling 13 1is
positioned opposite to a developing electrode 20 (see FIG.
2, described later), with the casing 11 interposed therebe-
tween. That 1s, the coupling 13 1s positioned at a side wall
of the casing 11 opposite to a side wall 11 A of the casing 11
at which the developing electrode 20 1s positioned.

As 1llustrated 1n FIG. 2, the developing cartridge 1 further
includes a developing electrode 20. The developing elec-
trode 20 1s positioned at the other end of the casing 11 1n the
axial direction. The developing electrode 20 1s provided for
moving an actuator AC positioned at the main body casing
of the image forming apparatus. The actuator AC 1s pivotally
movably supported to the main body casing. The actuator
AC 1s constituted by an electrically-conductive member. The
image forming apparatus includes a power supply portion
(not illustrated) and an optical sensor (not 1illustrated). The
power supply portion and the optical sensor are positioned
at the main body casing of the image forming apparatus. The
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power supply portion supplies electric power to the actuator
AC. The optical sensor detects pivotal movement of the
actuator AC.

As the dniving force mnputted into the coupling 13 1s
transmitted to the developing electrode 20 through the gear
mechanism and the agitator 14 (see FIG. 1), the developing
clectrode 20 moves 1n an orthogonal direction orthogonal to
the axial direction. Specifically, the orthogonal direction 1s a
direction of lifting the actuator AC upward. In other words,
the driving force inputted into the coupling 13 1s transmitted
from the one end to the other end of the casing 11 in the axial
direction by the shaft 14A of the agitator 14.

As 1illustrated 1n FIG. 3, the developing cartridge 1
includes an agitator gear 31 as an example of a gear, a
bearing 40, a rack gear 50, a gear cover 60 as an example of
a cover, and the developing electrode 20. The agitator gear
31, the bearing 40, the rack gear 50, the gear cover 60, and
the developing electrode 20 are positioned at the other end
of the casing 11 in the axial direction. The casing 11, the
agitator gear 31, the rack gear 50, and the gear cover 60 are
made of a non-electrically-conductive resin.

The developing electrode 20 and the bearing 40 are made
of an electrically-conductive material. Specifically, the
developing electrode 20 and the bearing 40 are made of an
clectrically-conductive resin. The electrically-conductive
resin 1s, for example, a polyacetal resin containing carbon
powder.

The agitator gear 31 1s mounted to the other end portion
of the shaft 14A of the agitator 14. The agitator gear 31 1s
rotatable about a second axis X2 parallel with the first axis
X1. The agitator gear 31 rotates together with the shaft 14A
of the agitator 14. That 1s, the agitator gear 31 rotates
together with the developing roller 12 by the driving force
inputted into the coupling 13.

The bearing 40 1s a member for rotatably supporting the
shaft 12A of the developing roller 12 and a shaft 15A of the
supply roller 15. The bearing 40 includes a plate-like portio
41, a first bearing portion 42, a second bearing portion 43,
and two {first guide portions 44.

The plate-like portion 41 i1s a plate-like portion that
extends 1n the direction from the shait 12A toward the shaft
14 A. Specifically, the plate-like portion 41 extends from the
shaft 12A of the developing roller 12 toward the agitator
gear 31. The plate-like portion 41 1s positioned, in the axial
direction, between the side wall 11A at the other end of the
casing 11 in the axial direction and the rack gear 50.

Specifically, the plate-like portion 41 1s positioned 1n a
recessed portion 11B positioned at an outer surface of the
side wall 11A. Hence, an outer surface of the plate-like
portion 41 and the outer surface of the side wall 11A are
substantially flush with each other (see FIG. 7).

The first bearing portion 42 1s a hollow cylindrical portion
that rotatably supports the shatt 12A of the developing roller
12. The first bearing portion 42 protrudes from the plate-like
portion 41 1n a direction away from the casing 11 1n the axial
direction. Specifically, the first bearing portion 42 protrudes
tarther than the second bearing portion 43 1n the direction
away from the casing 11 in the axial direction.

The second bearing portion 43 i1s a hollow cylindrical
portion that rotatably supports the shaft 15A of the supply
roller 15. The second bearing portion 43 protrudes from the
plate-like portion 41 1n the direction away from the casing
11 1n the axial direction. The second bearing portion 43 1s
positioned at a position closer to the agitator gear 31 than the
first bearing portion 42 1s to the agitator gear 31.

Each of the first guide portions 44 i1s a portion that
movably supports the rack gear 50 1n a direction from the
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one end F10 of the casing 11 (described later) toward the
other end E20 of the casing 11. The two first guide portions
44 are provided so as to interpose the rack gear 50 therebe-
tween. Each of the first guide portions 44 supports the rack
gear 50. Each of the first guide portions 44 protrudes from
the plate-like portion 41 in the direction away from the
casing 11 in the axial direction. Each of the first guide
portions 44 has a plate shape orthogonal to the plate-like
portion 41. Each of the first guide portions 44 has a first
length 1n the direction from the one end E10 of the casing 11
toward the other end E20 of the casing 11, and a second
length 1n the axial direction. The first length 1s greater than
the second length. Each of the first guide portions 44 1s
positioned at a position closer to the agitator gear 31 than the
second bearing portion 43 1s to the agitator gear 31.

The casing 11 includes a second guide portion 11C, a third
guide portion 11D, and a fourth guide portion 11E. The
second guide portion 11C, the third guide portion 11D, and
the fourth guide portion 11E each movably support the rack
gear 50 1n the direction from the one end E10 of the casing
11 toward the other end E20 of the casing 11. The second
guide portion 11C 1s positioned opposite to the third guide
portion 11D and the fourth guide portion 11E with respect to
the rack gear 50. The second guide portion 11C spans a
range from the third guide portion 11D to the fourth guide
portion 11E and extends in the direction from the one end
E10 of the casing 11 toward the other end E20 of the casing
11.

The third guide portion 11D and the fourth guide portion
11E face a surface of the rack gear 50 facing the agitator gear
31. The third guide portion 11D 1s positioned at a position
closer to the developing roller 12 than the agitator gear 31
1s to the developing roller 12. The fourth guide portion 11E
1s positioned opposite to the third guide portion 11D with
respect to the agitator gear 31 1n the direction from the one
end E10 of the casing 11 toward the other end E20 of the
casing 11.

The rack gear 50 1s movable 1n the direction from the one
end E10 of the casing 11 toward the other end E20 of the
casing 11 opposite to the one end E10. The rack gear 50
includes a main body portion 51, a rack gear portion 52, and
a first protrusion 53 and a second protrusion 54 as an
example of a protrusion.

The main body portion 51 has a rectangular plate shape
that 1s elongated 1n the direction from the one end E10 of the
casing 11 toward the other end E20 of the casing 11. The
rack gear portion 52 has a plurality of gear teeth meshing
with the agitator gear 31. The main body portion 51 extends
in a moving direction of the rack gear 50. The rack gear
portion 32 and the respective protrusions 53 and 54 protrude
from a surface of the main body portion 51 facing the
agitator gear 31. The rack gear 50 1s configured to move 1n
the direction from the one end E10 of the casing 11 toward
the other end E20 of the casing 11 only while the rack gear
portion 52 1s meshed with the agitator gear 31. The rack gear
50 1s configured to stop moving in a case where meshing
between the rack gear portion 52 and the agitator gear 31 1s
released. That 1s, the rack gear 50 1s movable 1n the direction
from the one end E10 of the casing 11 toward the other end
E20 of the casing 11 as the agitator gear 31 rotates.

The rack gear portion 52 1s positioned at a downstream
portion of the main body portion 51 1n the moving direction
of the rack gear 50 in an end portion of the main body
portion 51 closer to the casing 11 in the axial direction.
Specifically, the rack gear portion 52 is positioned at the
main body portion 51 at a region from an end portion of the
main body portion 51 closer to the agitator gear 31 1n the
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moving direction of the rack gear 50 to a center portion of
the main body portion 51 in the moving direction of the rack
gear 50 (see FIG. 4).

The first protrusion 53 and the second protrusion 54 are
positioned at positions diflerent from the rack gear portion
52 1n the moving direction of the rack gear 50. The {first
protrusion 53 and the second protrusion 54 are positioned at
positions diflerent from the rack gear portion 52 1n the axial
direction. Specifically, the first protruion 53 and the second
protrusion 34 are positioned at the main body portion 51 at
positions farther from the casing 11 than the rack gear
portion 52 1s from the casing 11 in the axial direction.
Further, the first protrusion 53 and the second protrusion 54
are positioned at positions closer to the developing roller 12
than the rack gear portion 52 is to the developing roller 12
in the moving direction of the rack gear 50. More specifi-
cally, the first protrusion 53 1s positioned 1n the vicimty of
the center portion of the main body portion 51 in the moving,
direction of the rack gear 50. The second protrusion 54 is
positioned at an end portion of the main body portion 51
closer to the developing roller 12 1n the moving direction.
The first protrusion 53 and the second protrusion 54 are
capable of contacting a first cam surface 73 A and a third cam
surface 74A of a cam 70 (see FIG. 6, described later) 1n
accordance with the movement of the rack gear 50.

The gear cover 60 covers the agitator gear 31 and the rack
gear 50. As 1llustrated 1n FIG. 3, the gear cover 60 covers the
cam 70, the developing electrode 20, and a compression coil
spring SP as an example of a spring. The cam 70 moves 1n
the axial direction by receiving a force applied from the rack
gear 50. The cam 70 1s made of a non-electrically-conduc-
tive resin. The compression coil spring SP 1s made of an
clectrically-conductive material, specifically, metal.

The gear cover 60 includes a first cover portion 61, a
second cover portion 62, and a third cover portion 63. The
first cover portion 61 covers the rack gear 50 and the agitator
gear 31. The second cover portion 62 covers the cam 70 and
the developing electrode 20. The third cover portion 63
covers the compression coil spring SP. The first cover
portion 61 1s elongated in the direction from the one end E10
of the casing 11 toward the other end E20 of the casing 11
so that the rack gear 50 can be covered by the first cover
portion 61 before, while, and after the rack gear 50 moves.

The second cover portion 62 protrudes away from the
casing 11 1n the axial direction. The second cover portion 62
protrudes away from a substantially center portion of the
first cover portion 61[in], where the substantially center
portion of the first cover portion 61 is defined relative to the
direction from the one end E10 of the casing 11 toward the
other end E20 of the casing 11. The second cover portion 6
has an internal space that is 1n communication with an
internal space of the first cover portion 61. Further, the
second cover portion 62 has an opening 62A through which
the developing electrode 20 1s exposed to outside.

The third cover portion 63 has a through-hole 63A
penetrating the thickness of the third cover portion 63 1n the
axial direction. The compression coil spring SP 1s positioned
inside the through-hole 63A. The third cover portion 63 is
positioned at a position substantially the same as the second
cover portion 62 1n the direction from the one end E10 of the
casing 11 toward the other end E20 of the casing 11. The
third cover portion 63 protrudes from the first cover portion
61 in a direction away from the rack gear 50. The through-
hole 63A 1s open toward the developing electrode 20.

Incidentally, in the present embodiment, a hollow portion
of the third cover portion 63 1s positioned between an outer
peripheral surface of the third cover portion 63 and the
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through-hole 63A. However, the hollow portion may not be
positioned between the outer peripheral surface of the third
cover portion 63 and the through-hole 63A.

The cam 70 1s positioned in the second cover portion 62
of the gear cover 60 so as to be movable 1n the axial
direction. The cam 70 1s movable between a {irst position
illustrated 1n FIG. 8A and a second position illustrated 1n
FIG. 8B. The second position 1s farther away from the casing
11 than the first position 1s from the casing 11 1n the axial
direction. As illustrated in FI1G. 6, the cam 70 includes a base
portion 71, a rib 72, a first cam portion 73, a third cam
portion 74, a protruding portion 75, and two second cam
portions 76.

The base portion 71 1s a plate-like portion orthogonal to
a direction 1n that the rack gear 50 and the cam 70 face each
other. The base portion 71 has a first length 1n the axial
direction, and a second length 1n the direction from the one
end E10 of the casing 11 toward the other end E20 of the
casing 11. The first length 1s greater than the second length.
The b 72 protrudes toward the rack gear 50 from an end
portion of the base portion 71 closer to the casing 11.

The first cam portion 73 and the third cam portion 74 are
positioned between the rib 72 and the protruding portion 75.
The first cam portion 73 and the third cam portion 74
protrude from the base portion 71 toward the rack gear 50.

The first cam portion 73 1s positioned at a position
different from the third cam portion 74 in the moving
direction of the rack gear 50. Specifically, the first cam
portion 73 1s positioned farther away from the agitator gear
31 1n the moving direction of the rack gear 50 than the third
cam portion 74 1s from the agitator gear 31. The {irst cam
portion 73 diagonally extends from the protruding portion
75 toward the nb 72. That 1s, the first cam portion 73
diagonally extends downstream in the moving direction of
the rack gear 50 from the protruding portion 75. The first
cam portion 73 has one end connected to the protruding
portion 75, and the other end separated from the rib 72. An
interval between the other end of the first cam portion 73 and
the rib 72 1s greater than a diameter of each of the protru-
sions 53 and 54 of the rack gear 50.

The first cam portion 73 has a first cam surface 73 A that
1s 1nclined relative to the moving direction of the rack gear
50. The first cam surface 73A 1s a surface for moving the
cam 70 1n the direction away from the casing 11 1n the axial
direction. The first cam surface 73 A 1s configured to contact
the protrusions 33 and 54 of the rack gear 50 1n a case where
the cam 70 1s at the first position. The first cam surface 73 A
1s configured to move the cam 70 from the first position to
the second position. Specifically, in a case where the rack
gear 50 moves 1n the direction from the one end E10 of the
casing 11 toward the other end E20 of the casing 11 in a state
where the first cam surface 73A 1s 1n contact with the first
protrusion 33 or the second protrusion 54, the first cam
surface 73A causes the cam 70 to move from the first
position toward the second position. In other words, the first
cam surface 73A causes to move the cam 70 from the first
position to the second position by engaging with the pro-
trusions 53 and 354. In a case where the cam 70 1s at the
second position, the first cam surface 73A 1s positioned
outside of a movement locus of the protrusions 53 and 54.

The first cam surface 73A 1s inclined so that a downstream
edge of the first cam surface 73A 1n the moving direction of
the rack gear 50 1s positioned closer to the casing 11 than an
upstream edge of the first cam surface 73A 1n the moving
direction of the rack gear 50 1s to the casing 11 1n the axial
direction. Specifically, the first cam surface 73 A has a first
edge E1, and a second edge E2. The second edge E2 is
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positioned farther away from the casing 11 than the first edge
E1 1s from the casing 11 in the axial direction. The first cam
surface 73 A 1s inclined so that the first edge E1 1s positioned
downstream relative to the second edge E2 in the moving
direction of the rack gear 50.

The third cam portion 74 diagonally extends from a
substantially center portion of the rib 72 in the direction
from the one end E10 of the casing 11 toward the other end
E20 of the casing 11 toward the protruding portion 75. That
1s, the third cam portion 74 diagonally extends downstream
in the moving direction of the rack gear 50 from the
substantially center portion of the rib 72. The third cam
portion 74 has one end connected to the rib 72, and the other
end separated from the protruding portion 75. An interval
between the other end of the third cam portion 74 and the
protruding portion 73 1s greater than the diameter of each of
the protrusions 53 and 54 of the rack gear 50.

The third cam portion 74 has a third cam surface 74 A that
1s inclined relative to the moving direction of the rack gear
50. The third cam surface 74A 1s a surface for moving the
cam 70 in a direction toward the casing 11 in the axial
direction. The third cam surface 74 A 1s configured to contact
the protrusions 33 and 54 of the rack gear 50 in a case where
the cam 70 1s at the second position. In other words, the third
cam surface 74 A 1s posmoned within the movement locus of
the protrusions 53 and 54 1n a case where the cam 70 1s at
the second position. The third cam surface 74 A 1s configured
to move the cam 70 from the second position toward the first
position. Specifically, 1n a case where the rack gear 50
moves 1n the direction from the one end E10 of the casing
11 toward the other end E20 of the casing 11 1n a state where
the third cam surface 74A 1s i contact with the first
protrusion 53 or the second protrusion 34, the third cam
surtace 74A causes the cam 70 to move from the second
position toward the first position.

The third cam surface 74A 1s positioned downstream
relative to the first cam surface 73 A 1n the moving direction
of the rack gear 50. The third cam surface 74 A 1s positioned
at a position different from the first cam surface 73A 1n a
moving direction of the cam 70. Specifically, the first cam
surface 73 A 1s positioned farther away from the casing 11
than the third cam surface 74 A 1s from the casing 11 1n the
axial direction.

The third cam surface 74A 1s inclined so that a down-
stream edge of the third cam surface 74A in the moving
direction of the rack gear 50 1s positioned farther away from
the casing 11 than an upstream edge of the third cam surface
74 A 1n the moving direction of the rack gear 50 1s from the
casing 11 1n the axial direction. Specifically, the third cam
surface 74 A has a third edge E3, and a fourth edge E4. The
tourth edge E4 1s positioned farther away from the casing 11
than the third edge E3 1s from the casing 11 in the axial
direction. The third cam surface 74 A 1s inclined so that the
tourth edge E4 1s positioned downstream relative to the third
edge E3 1n the moving direction of the rack gear 50.

The protruding portion 75 protrudes toward the develop-
ing electrode 20 from a portion of the base portion 71 farther
from the casing 11. The protruding portion 75 protrudes
toward the first cam portion 73 from one end of the base
portion 71 farther from the casing 11 1n the axial direction.
The protruding portion 75 has a rectangular-shaped through-
hole 75B penetrating the thickness of the protruding portion
75 1n the axial direction.

Each of the second cam portions 76 protrudes toward the
developing electrode 20 from a surface of the protruding
portion 75 that faces the developing electrode 20. Herein-
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developing electrode 20 will also be referred to as “first
surface 75A”. Each of the second cam portions 76 1s
positioned spaced apart from each other in the axial direc-
tion. Each of the second cam portions 76 1s positioned away
from one end and the other end of the protruding portion 75
in the axial direction. Each of the second cam portions 76
has a second cam surface 76 A 1nclined relative to the axial
direction, and a support surface 76B for supporting the
developing electrode 20.

The second cam surface 76A 1s a surface for moving the
developing electrode 20 1n a direction away from the cam 70
in a case where the cam 70 moves from the first position to
the second position. In a case where the cam 70 moves from
the first position to the second position, the second cam
surface 76 A contacts the developmg clectrode 20. The
direction away from the cam 70 1s a direction diflerent from
the moving direction of the rack gear 50 and the moving
direction of the cam 70. The second cam surface 76A 1is
movable together with the first cam surface 73A. The second
cam surface 76 A 1s positioned farther away from the casing
11 than the first cam surface 73 A 1s from the casing 11 1n the
axial direction.

The second cam surface 76A 1s inclined toward the first
cam surface 75A. A downstream edge of the second cam
surface 76 A 1n the direction away from the casing 11 1n the
axial direction 1s positioned closer to the first surface 75A
than an upstream edge of the second cam surface 76A 1n the
direction away from the casing 11 1n the axial direction 1s to
the first surface 75A. Specifically, the second cam surface
76 A has a fifth edge ES, and a sixth edge E6. The sixth edge
E6 1s positioned farther away from the casing 11 than the
fifth edge ES 1s from the casing 11 1n the axial direction. The
second cam surface 76 A 1s inclined so as to protrude toward

the developing electrode 20 in a direction from the sixth
edge E6 toward the fifth edge F

ES. In other words, the second
cam surface 76A 1s inclined so as to protrude toward the
opening 62A 1n the direction from the sixth edge E6 toward
the fifth edge ES. The support surface 768 extends parallel
with the first surface 75A.

Referring back to FIG. 5, the developing electrode 20 1s
movably supported at the second cover portion 62 of the
gear cover 60. The developing electrode 20 1s positioned at
the first surface 75A of the cam 70. The developing electrode
20 1s movable between a third position and a fourth position.
The fourth position 1s farther away from the cam 70 than the
third position 1s from the cam 70. The developing electrode
20 has a substantially rectangular parallelepiped electrode
portion 21, a first flange portion 22, and a second flange
portion 23. The first tlange portion 22 and the second tlange
portion 23 protrude, 1n a direction away from the electrode
portion 21 1n the axial direction, from an end portion of the
clectrode portion 21 opposite to a second surface 21A
(described later) of the electrode portion 21.

The electrode portion 21 1s positioned so as to protrude
through the opening 62A of the second cover portion 62 in
the direction away from the cam 70 (see FIG. 3). Specifi-
cally, a protruding amount of the electrode portion 21 from
the opening 62A 1s greater 1n a case where the developing
clectrode 20 1s at the fourth position than 1n a case where the
developing electrode 20 1s at the third position.

The electrode portion 21 has a surface opposite to a
surface of the electrode portion 21 facing the cam 70.
Hereinafter, the surface of the electrode portion 21 opposite
to the surface of the electrode portion 21 facing the cam 70
will also be referred to as “second surface 21A”. The second
surface 21A 1s an arcuate curved surface that protrudes 1n the

direction away from the cam 70 1n a cross-section orthogo-
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nal to the axial direction. The electrode portion 21 has two
recessed portions 24 into which the two second cam portions
76 of the cam 70 can enter, respectively. The recessed
portions 24 are configured to be recessed from the surface of
the electrode portion 21 facing the cam 70 1n the direction
away from the cam 70. Each of the recessed portions 24 has
a fourth cam surface 24 A contacting the second cam surface
76 A of the second cam portion 76, and a bottom surface 24B
extending parallel with the first surface 75A. The fourth cam

surface 24 A extends parallel with the second cam surface
T6A.

Of the surface of the electrode portion 21 facing the cam
70, a portion positioned between the two recessed portions
24 serves as a supported surface 21B. In a case where the
developing electrode 20 1s at the fourth position, the sup-
ported surface 21B 1s supported at one of the second cam
portions 76 of the cam 70 closer to the casing 11. Further, a
surface of the first flange portion 22 facing the cam 70 serves
as a supported surface 22A. In a case where the developing
clectrode 20 1s at the fourth position, the supported surface
22 A 1s supported at the other of the second cam portions 76
of the cam 70 positioned farther from the casing 11. Inci-
dentally, 1n a case where the developing electrode 20 1s at the
third position, at least one of the surfaces of the developing
clectrode 20 facing the cam 70 (i.e. the surfaces including
the supported surfaces 21B and 22A) and the bottom surface
24B of each recessed portions 24 may be supported by the
cam 70.

As 1llustrated in FIG. 7, the compression coil spring SP 1s
positioned between the electrode portion 21 of the develop-
ing electrode 20 and the plate-like portion 41 of the bearing
40 1n the axial direction. Specifically, the compression coil
spring SP has one end 1n contact with the electrode portion
21 of the developing electrode 20, and the other end opposite
to the one end of the compression coil spring SP and in
contact with the plate-like portion 41 of the bearing 40.
Thus, the developing electrode 20 1s electrically connected
to the developing roller 12 and the supply roller 15 through
the compression coil spring SP and the bearing 40.

More specifically, the compression coil spring SP 1s in
contact with a surface of the electrode portion 21 closer to
the casing 11. Accordingly, in a case where the developing
clectrode 20 1s at the third position, 1n a case where the
developing electrode 20 moves from the third position to the
fourth position, and 1n a case where the developing electrode
20 1s at the fourth position, the compression coil spring SP
keeps 1n contact with the electrode portion 21. That i1s, the
developing electrode 20 1s movable while the developing
clectrode 20 1s 1n contact with the compression coil spring
SP.

The compression coil spring SP has a length in a case
where the one end of the compression coil spring SP 1s in
contact with the developing electrode 20 and the other end
of the compression coil spring SP i1s 1n contact with the
bearing 40, and a natural length. The length 1s shorter than
the natural length. Further, the compression coil spring SP 1s
positioned opposite to the cam 70 with respect to the rack
gear 50. The compression coil spring SP i1s positioned
between the first guide portion 44 and the second guide
portion 11C in the direction from the one end E10 of the
casing 11 toward the other end E20 of the casing 11.

Next, operations and eflects of each member constituting
the developing cartridge 1 will be described 1n detail. In a
case where the developing cartridge 1 1s in a brand-new
state, the rack gear 50 1s positioned at a position closest to
the one end E10 of the casing 11, and the cam 70 1s
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positioned at a position closest to the casing 11. With this
arrangement, the developing electrode 20 1s placed at the
third position.

As 1llustrated 1n FIG. 2, 1n a case where the developing
cartridge 1 in the brand-new state 1s attached to the main
body casing of the image forming apparatus, the second
surface 21A of the developing electrode 20 contacts an
clectrode provided at the actuator AC. Thus, the developing
bias 1s supplied from a power source (not illustrated) of the
image forming apparatus to the developing electrode 20
through the electrode of the actuator AC.

Thereatter, as a driving force 1s inputted from a driving
source (not illustrated) at the main body casing to the
coupling 13 of the developing cartridge 1, the driving force
1s transmitted to the shaft 14 A of the agitator 14 through the
coupling 13 and the gear mechanism (not illustrated). The
drlvmg force transmitted to the shaft 14A of the agitator 14
1s transmitted to the agitator gear 31 as 1illustrated 1in FIG. 3.

As the agitator gear 31 to which the dniving force 1is
transmitted rotates, the rack gear 50 moves 1n the direction
from the one end E10 of the casing 11 toward the other end
E20 of the casing 11. As 1llustrated 1n the sequence of FIGS.
8 A and 8B, 1n a case where the first protrusion 33 of the rack
gear 50 contacts the first cam surface 73 A of the cam 70 to
press the first cam surface 73A in accordance with the
movement of the rack gear 50, the cam 70 moves in the
direction away from the casing 11 in the axial direction. In
FIGS. 8A through 8D, a portion indicated by hatching of
dots represents a portion of the agitator gear 31 capable of
meshing with the rack gear portion 52.

In a case where the cam 70 moves 1n the direction away
from the casing 11 1n the axial direction, as illustrated 1n the
sequence of FIGS. 9A and 9B, the developing electrode 20
1s pushed upward by each of the second cam surfaces 76 A
of the cam 70, and the developing electrode 20 moves from
the third position to the fourth position. That 1s, the devel-
oping electrode 20 moves 1n the direction away from the
cam 70, by receiving a force from the cam 70 moving 1n the
direction away from the casing 11 1n the axial direction.

In a case where the developing electrode 20 moves to the
fourth position, the actuator AC 1s pushed upward by the
developing electrode 20 and changed 1ts position. That 1s,
the cam 70 applies a force to the actuator AC through the
developing electrode 20, thereby changing the position of
the actuator AC 1n one direction. Accordingly, the optical
sensor detects the change 1n position of the actuator AC 1n
the one direction. A control device of the image forming
apparatus can determine that the developing cartridge 1 1s a
brand-new cartridge, by detecting the change in position of
the actuator AC using the optical sensor.

As 1llustrated 1n the sequence of FIGS. 8B and 8C, in a
case where the rack gear 50 further moves in the direction
from the one end E10 of the casing 11 toward the other end
E20 of the casing 11, the cam 70 moves in the direction
toward the casing 11 in the axial direction since the first
protrusion 53 of the rack gear 50 presses the third cam
surface 74A of the cam 70. Thus, as illustrated i1n the
sequence of FIGS. 9B and 9A, the respective support
surfaces 76B of the cam 70 are separated from the respective
supported surfaces 21B and 22A of the developing electrode
20, and the developing electrode 20 moves from the fourth
position to the third position. Incidentally, the movement of
the developing electrode 20 from the fourth position to the
third position may be achieved by gravity, or may be
achieved by a spring that urges the actuator AC.

Thereatter, as 1llustrated 1n the sequence of FIGS. 8C and
8D, 1n a case where the rack gear 50 further moves in the
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direction from the one end E10 of the casing 11 toward the
other end E20 of the casing 11, the second protrusion 54 of
the rack gear 50 sequentially presses the respective cam
surfaces 73 A and 74A of the cam 70. As a result, the cam 70
moves 1n the direction away from the casing 11 in the axial
direction, and then, moves in the direction toward the casing
11 in the axial direction. Therefore, 1n a case where the
developing electrode 20 returns to the third position after the
developing electrode 20 moves to the fourth position again,
the optical sensor detects the change in position of the
actuator AC 1n one direction. That 1s, 1n this embodiment,
aiter the developing cartridge 1 in the brand-new state is
attached to the main body casing of the image forming
apparatus, the optical sensor detects the change 1n position
of the actuator 1n one direction twice. This corresponds to
the number of the protrusions 53 and 54 of the rack gear 50.
For example, in a case where the rack gear 50 includes only
one protrusion, the number of changes in position of the
actuator 1n one direction detected by the optical sensor 1s
one. Therelore, by setting the number of protrusions of the
rack gear 50 in accordance with the specification of the
developing cartridge 1 (for example, difference 1n an amount
of toner accommodated 1n the developing cartridge 1), the
control device can also determine the specification of the
developing cartridge 1.

After the second protrusion 54 separates from the third
cam surface 74 A as 1llustrated 1n FIG. 8D, meshing between
the rack gear 50 and the agitator gear 31 1s released. As a
result, the transmission of the driving force from the agitator
gear 31 to the rack gear 50 1s shut ofl, maintaining the
developing electrode 20 at the third position.

According to the above, the following eflects can be
obtained in this embodiment.

Since the rack gear 50 moves 1n the direction from the one
end E10 of the casing 11 toward the other end E20 of the
casing 11, meshing between the rack gear 50 and the agitator
gear 31 can be released.

Since the developing electrode 20 1s formed of an elec-
trically-conductive resin, the shape of the developing elec-
trode 20 can be easily formed.

Second Embodiment

Next, a developing cartridge 101 according to a second
embodiment will be described with reference to FIGS. 10
through 13B, wherein like parts and components are desig-
nated by the same reference numerals as those of the first
embodiment to avoid duplicating description. In the follow-
ing description, only parts diflering from those of the
above-described first embodiment will be described 1n
detaul.

In the first embodiment, the compression coil spring SP 1s
configured as a component separate from the developing
clectrode 20. However, 1n the second embodiment, a spring
and the developing electrode 20 are integrally configured as
illustrated 1n FIG. 10. Specifically, in the second embodi-
ment, 1n addition to the casing 11, the agitator gear 31, and
the bearing 40 similar to those of the first embodiment, the
developing cartridge 101 includes a rack gear 150, a cam
170 and a spring electrode 80 diflerent from those of the first
embodiment. As illustrated in FIG. 11A, the cam 170
includes the base portion 71, the protruding portion 75, a
protrusion 77, and a spring support portion 78. The protru-
sion 77 and the spring support portion 78 of the cam 170 are
not included 1n the cam 70 according to the first embodi-
ment, while the base portion 71 and the protruding portion
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75 of the cam 170 are similar to those of the cam 70
according to the first embodiment.

The protrusion 77 protrudes toward the spring electrode
80 from the end portion of the base portion 71 closer to the
casing 11. The protrusion 77 has a semi-circular columnar
shape. A surface of the protrusion 77 farther from the casing
11 1s an arcuate curved surface that protrudes 1n the direction
away from the casing 11 in the axial direction.

The spring support portion 78 protrudes toward the spring
clectrode 80 from the first surface 75A of the protruding
portion 75. The spring support portion 78 has a surface
facing the spring electrode 80. The surface of the spring
support portion 78 includes a first tlat surface 78 A, a second
flat surface 78B, and an inclined surtace 78C. The inclined

surface 78C connects the first flat surface 78 A and the

second flat surface 78B. The first flat surface 78 A and the

second flat surface 78B extend parallel with the base portion
71. The first flat surface 78 A 1s positioned farther from the
base portion 71 than the second flat surface 78B 1s from the
base portion 71. The first flat surface 78A 1s positioned
closer to the casing 11 than the second flat surface 78B is to
the casing 11. The inclined surface 78C extends from an
edge of the first flat surface 78 A farther from the casing 11.
The 1inclined surface 78C 1s connected to an edge of the
second flat surface 78B closer to the casing 11. The inclined
surface 78C 1s inclined so that a downstream edge of the
inclined surface 78C 1n the direction away from the casing
11 in the axial direction 1s positioned closer to the base
portion 71 than an upstream edge of the inclined surface 78C
in the direction away from the casing 11 in the axial
direction 1s to the base portion 71.

The spring support portion 78 has a recessed portion 78D.
The recessed portion 78D 1s recessed toward the base
portion 71 1n a center portion of each of the surfaces 78 A,
788, and 78C[in), where the center portion of each of the
surfaces 784, 78B, 78C is defined rvelative to the direction
from the one end E10 of the casing 11 toward the other end
E20 of the casing 11. The recessed portion 78D 1s positioned
between an edge of the first flat surface 78 A closer to the
casing 11 and an edge of the second flat surface 78B farther
from the casing 11. Further, the spring support portion 78
has a side surface 78E closer to the casing 11. The spring
support portion 78 includes an engagement claw 78F posi-
tioned at the side surface 78E and protruding from the side
surtace 78E.

The through-hole 63 A of the third cover portion 63 of the
gear cover 60 1s formed to have a size corresponding to the
spring electrode 80.

The spring electrode 80 1s made of an electrically-con-
ductive maternial. The spring electrode 80 1s electrically
connected to the developing roller 12. The spring electrode
80 1s movable together with the cam 170. The spring
clectrode 80 includes a developing electrode 81 and a spring
82. The developing electrode 81 has a shape 1n conformance
with the shape of the spring support portion 78. The spring
82 1s formed integrally with the developing electrode 81.

The developing electrode 81 includes a first plate-like
portion 81A, a second plate-like portion 81B, a third plate-
like portion 81C, a fourth plate-like portion 81D, and a fifth
plate-like portion 81E. The first plate-like portion 81 A and
the second plate-like portion 81B extend parallel with the
base portion 71. The third plate-like portion 81C connects
the first plate-like portion 81A and the second plate-like
portion 81B. The fourth plate-like portion 81D extends from
an end of the first plate-like portion 81A closer to the casing
11 toward the base portion 71. The fifth plate-like portion




US RE49,689 E

15

81F extends from an end of the second plate-like portion
81B farther from the casing 11 toward the base portion 71.

The first plate-like portion 81A, the second plate-like
portion 81B, and the third plate-like portion 81C are
received by the recessed portion 78D of the spring support
portion 78 and are positioned at a bottom surface of the
recessed portion 78D.

In a state where the first plate-like portion 81A 1s posi-
tioned at the bottom surface of the recessed portion 78D, a
surface of the first plate-like portion 81A opposite to a
surface thereof facing the cam 170 1s flush with the first tlat
surface 78 A of the spring support portion 78. In a state where
the second plate-like portion 81B 1s positioned at the bottom
surface of the recessed portion 78D, a surface of the second
plate-like portion 81B opposite to a surface thereof facing
the cam 170 1s flush with the second flat surface 78B of the
spring support portion 78. In a state where the third plate-
like portion 81C 1s positioned at the bottom surface of the
recessed portion 78D, a surface of the third plate-like portion
81C opposite to a surface thereof facing the cam 170 1s flush
with the inclined surface 78C of the spring support portion
78.

Alternatively, 1n a state where the first plate-like portion
81A 1s positioned at the bottom surface of the recessed
portion 78D, the surface of the first plate-like portion 81 A
opposite to the surface thereof facing the cam 170 1is
positioned farther from the base portion 71 than the first flat
surface 78 A of the spring support portion 78. In a state where
the second plate-like portion 81B 1s positioned at the bottom
surface of the recessed portion 78D, the surface of the
second plate-like portion 81B opposite to the surface thereof
facing the cam 170 is positioned farther from the base
portion 71 than the second flat surface 78B of the spring
support portion 78. In a state where the third plate-like
portion 81C 1s positioned at the bottom surface of the
recessed portion 78D, the surface of the third plate-like
portion 81C opposite to the surface thereof facing the cam
170 1s positioned farther from the base portion 71 than the
inclined surface 78C of the spring support portion 78.
Further, the surface of the third plate-like portion 81C
inclined relative to the axial direction and opposite to the
surface thereof facing the cam 170 serves as a second cam
surface 81G.

The second cam surface 81G has a fifth edge E105, and
a sixth edge E106. The sixth edge E106 1s positioned farther
away Irom the casing 11 than the fifth edge E105 1s from the
casing 11 in the axial direction. The second cam surface 81G
1s inclined so as to protrude toward the opening 62A 1n a
direction from the sixth edge E106 toward the fifth edge
E105.

The fourth plate-like portion 81D and the fifth plate-like
portion 81E interpose the spring support portion 78 ther-
cbetween 1n the axial direction. An engagement hole 81F
engages with the engagement claw 78F of the spring support
portion 78. The {fourth plate-like portion 81D has the
engagement hole 81F.

The spring 82 includes a flat plate-like portion 82 A, a first
curved portion 82B, and a second curved portion 82C. The
flat plate-like portion 82A extends parallel with the first
plate-like portion 81A. The first curved portion 82B 1s
curved so as to protrude away from the cam 170. The second
curved portion 82C 1s curved so as to protrude toward the
casmg 11. The flat plate-like portion 82 A extends toward the
casing 11 from an end of the fourth plate-like portion 81D
closer to the cam 170. The first curved portion 82B 1is
connected to an end of the flat plate-like portion 82A closer
to the casing 11. The second curved portion 82C extends
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from an end of the first curved portion 82B closer to the
casing 11 1n a direction away from the cam 170.

As 1llustrated 1n FIG. 13A, the spring 82 is positioned
between the side surface 78E of the spring support portion
78 and the bearing 40. An end of the spring 82 closer to the
casing 11 1s 1n contact with the bearing 40. The spring 82
urges the cam 170 in the direction away from the casing 11
in the axial direction 1n a state where the cam 170 1s at 1ts
initial position (1.e. the position illustrated 1 FIG. 13A).
That 1s, the spring 82 urges the cam 170 from the initial
position as an example of a first position toward an outside
position as an example of a second position.

As 1llustrated 1n FI1G. 11B, the rack gear 150 includes the
main body portion 51, the rack gear portion 52, and a cam
portion 55. The cam portion 55 1s not included 1n the rack
gear 50 according to the first embodiment, while the main
body portion 51 and the rack gear portion 52 of the rack gear
150 are similar to those of the rack gear 50 according to the
first embodiment. The cam portion 55 1s positioned at an
upstream portion of the rack gear 150 1n a moving direction
of the rack gear 150 1n an end portion of the main body
portion 51 farther from the casing 11 1n the axial direction.
In the following description, “upstream 1n the moving direc-
tion of the rack gear” and “downstream in the moving
direction of the rack gear” will also be simply referred to as
“upstream” and “downstream”, respectively.

The cam portion 55 protrudes from the main body portion
51. A surface of the cam portion 55 closer to the casing 11
includes a first holding surface 55A, a second holding
surface 55B, a third holding surface 55C, a connecting
surface 55D, and a cam surface 55E. The first holding
surface 35A, the second holding surface 55B, and the third
holding surface 55C are planer surfaces orthogonal to the
axial direction. The connecting surface 35D connects the
first holding surface 55A and the second holding surface
55B. The cam surface 55E connects the second holding
surface 558 and the third holding surface 35C.

The first holding surface 35A and the third holding
surface 55C are positioned at positions the same as each
other in the axial direction. The first holding surface S5A 1s
positioned downstream relative to the third holding surtace
55C. The first holding surface 55A and the third holding
surface 55C come 1nto contact with the protrusion 77 to hold
the cam 170 at the mitial position (first position).

The second holding surface 55B 1s positioned between the
first holding surface 55A and the third holding surface 55C
in the moving direction of the rack gear 150. The second
holding surface 35B i1s positioned farther away from the
casmg 11 than the first holding surface 55A 1s from the
casing 11 (see FIG. 12A). The second holding surface 55B
comes 1nto contact with the protrusion 77 to hold the cam
170 at the outside position (second position).

The connecting surface 35D extends from an upstream
edge of the first holding surface 55A and 1s connected to a
downstream edge of the second holding surtace 35B. The
connecting surface 55D 1s inclined so that an upstream edge
of the connecting surface 55D 1s positioned farther away
from the casing 11 than a downstream edge of the connect-
ing surface 335D i1s from the casing 11.

The cam surface 35E is inclined relative to the moving
direction of the rack gear 150. Specifically, the cam surface
55E extends from an upstream edge of the second holding
surface 55B and 1s connected to a downstream edge of the
third holding surface 55C. The cam surface 55E 1s inclined
so that an upstream edge of the cam surface 53E is posi-
tioned closer to the casing 11 than a downstream edge of the
cam surface 53F 1s to the casing 11.
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In this embodiment, as illustrated 1n FIG. 12A, 1in a case
where the developing cartridge 1 1s in a brand-new state, the
cam 170 1s at 1ts 1n1tial position since the protrusion 77 of the
cam 170 1s supported at the first holding surface 55A of the
rack gear 150. Specifically, an urging force applied to the
cam 170 from the spring electrode 80 1s received by the first
holding surface 55A.

In a case where the developing cartridge 1 1s attached to
the main body casing of the image forming apparatus 1n a
state where the cam 170 1s at the initial position, the actuator
AC 1s pushed by the second plate-like portion 81B of the
spring electrode 80 supported at the cam 170 as illustrated
in FIG. 13A. As a result, the actuator AC swingably moves
from a first posture to a second posture. The optical sensor
detects the change 1n posture of the actuator AC. At this
time, the electrode of the actuator AC and the spring
clectrode 80 are clectrically connected to each other.

Thereafter, as 1llustrated 1n the sequence of FIGS. 12A
and 12B, in a case where the driving force 1s transmitted to
the agitator gear 31, the rack gear 150 moves 1n the direction
from the one end E10 of the casing 11 toward the other end
E20 of the casing 11. In a case where the first holding surface
55 A separates from the protrusion 77 1n accordance with the
movement of the rack gear 150, the cam 170 moves 1n the
direction away from the casing 11 1n the axial direction due
to the urging force of the spring electrode 80. Thereafter, in
a case where the protrusion 77 comes into contact with the
second holding surface 35B, the movement of the cam 170
1s stopped, and the cam 170 1s placed at the outside position
tarther away from the casing 11 than the initial position from
the casing 11.

While the cam 170 moves from the initial position to the
outside position, the actuator AC 1s pushed by the inclined
third plate-like portion 81C of the spring electrode 80
supported at the cam 170 as illustrated in FIG. 13B. As a
result, the actuator AC swingably moves from the second
posture to a third posture, and the optical sensor detects the
change 1n posture of the actuator AC.

Thereafter, as 1llustrated 1n the sequence of FIGS. 12B
and 12C, 1n a case where the rack gear 150 further moves 1n
the direction from the one end E10 of the casing 11 toward
the other end E20 of the casing 11, the cam 170 returns to
the imitial position from the outside position since the
protrusion 77 1s pushed by the cam surface S5E of the rack
gear 150 1n the direction toward the casing 11 in the axial
direction against the urging force of the spring electrode 80.
As aresult, the actuator AC swingably moves from the third
posture to the second posture as illustrated in FIG. 13 A, and
the optical sensor detects the change in posture of the
actuator AC.

As described above, 1n the second embodiment, similarly
to the first embodiment, meshing between the rack gear 150
and the agitator gear 31 can be released since the rack gear
150 moves 1n the direction from the one end E10 of the
casing 11 toward the other end E20 of the casing 11. Further,
in the second embodiment, since the spring 82 and the
developing electrode 81 are configured as a single compo-
nent (spring electrode 80), the number of components can be
reduced. The spring and the developing electrode may be
separate components. Further, the spring as a separate com-
ponent may be a coil spring or a wire spring.

<Modifications>

While the description has been made in detaill with
reference to the embodiments thereof, it would be apparent
to those skilled in the art that many modifications and
variations may be made therein without departing from the
scope of the disclosure.
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In the first embodiment, the fourth cam surfaces 24A are
provided at the developing electrode 20, and the second cam
surfaces 76A are provided at the cam 70. However, for
example, a protrusion engaging with the second cam surface
of the cam may be provided at the developing electrode.

In the first embodiment, the rack gear 50 1n its entirety 1s
covered with the gear cover 60. However, the gear cover
may cover a portion of the rack gear and may expose the
remaining portion of the rack gear to outside.

In the first and second embodiments, the agitator gear 31
1s exemplified as an example of a gear. However, any gears
other than the agitator gear 31 may be available.

In the first and second embodiment, the compression coil
spring SP and the spring 82 are exemplified as a spring.
However, the spring may be, for example, a wire spring or
a torsion spring.

In the first embodiment, the cam 70 1s movably supported
at the gear cover 60. However, the cam may be movably
supported at the casing.

Further, the respective elements described in the above
embodiments and modifications may be arbitrarily com-
bined and implemented.

What 1s claimed 1s:

1. A developing cartridge comprising;:

a casing configured to accommodate toner therein;

a developing roller rotatable about a first axis extending 1n
an axial direction, the developing roller being posi-
tioned at one end of the casing;

a developing electrode electrically connected to the devel-
oping roller;

a gear rotatable about a second axis parallel with the first
axis;

a rack gear meshing with the gear, the rack gear being
movable 1n a direction from the one end of the casing
toward another end of the casing opposite to the one
end of the casing, the rack gear including a protrusion;
and

a cam movable from a first position to a second position,
the second position being farther away from the casing
than the first position i1s from the casing in the axial
direction, the cam having:

a first cam surface contacting the protrusion 1n a case
where the cam 1s at the first position, the first cam
surface causing the cam to move from the first
position to the second position 1n a case where the
rack gear moves 1n the direction from the one end of
the casing toward the another end of the casing 1n a
state where the first cam surface 1s in contact with the
protrusion; and

a second cam surface moving the developing electrode
in a direction away from the cam while contacting
the developing electrode 1n a case where the cam
moves from the first position to the second position,
the direction away from the cam being a direction
different from a moving direction of the rack gear
and a moving direction of the cam.

2. The developing cartridge according to claim 1, turther
comprising a spring for electrically connecting the develop-
ing electrode to the developing roller.

3. The developing cartridge according to claim 2, further
comprising a bearing for supporting the developing roller,

wherein the spring has:

one end in contact with the developing electrode; and

another end opposite to the one end of the spring, the
another end being 1n contact with the bearing.

4. The developing cartridge according to claim 3,
wherein, 1 a state where the one end of the spring 1s in
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contact with the developing electrode and the another end of
the spring 1s 1n contact with the bearing, the spring has a
length smaller than a natural length of the spring.
5. The developing cartridge according to claim 3, wherein
the bearing 1s made of an electrically-conductive resin. d
6. The developing cartridge according to claim 1, wherein

the developing electrode 1s made of an electrically-conduc-
tive resin.

7. The developing cartridge according to claim 1, wherein
the first cam surface has:

a first edge; and

a second edge positioned farther away from the casing

than the first edge 1s from the casing in the axial
direction, and

wherein the first cam surface 1s inclined so that the first

edge 1s positioned downstream relative to the second
edge 1n the moving direction of the rack gear.

8. The developing cartridge according to claim 1, wherein
the cam has a third cam surface positioned downstream 2¢
relative to the first cam surface in the moving direction of the
rack gear, the third cam surface contacting the protrusion in
a case where the cam 1s at the second position, and

wherein the third cam surface causes the cam to move

from the second position to the first position in a case 25
where the rack gear moves 1n the direction from the one
end of the casing toward the another end of the casing

in a state where the third cam surface 1s 1n contact with
the protrusion.

9. The developing cartridge according to claim 8, wherein 30
the third cam surface has:

a [third] first edge; and

a [fourth] second edge positioned farther away from the

casing than the [third] first edge is from the casing in
the axial direction, and 35
wherein the third cam surface i1s inclined so that the
[fourth] second edge of the third cam surface is posi-
tioned downstream relative to the [third] first edge of
the third cam surface 1n the moving direction of the
rack gear. 40

10. The developing cartridge according to claim 8,
wherein the first cam surface 1s positioned at a position
different from the third cam surface in the moving direction
of the cam.

11. The developing cartridge according to claim 1, further 45
comprising;

an agitator configured to agitate toner accommodated in

the casing; and

an agitator gear mounted to an end portion of the agitator

and rotatable together with the agitator, 50
wherein the agitator gear serves as the gear.

12. The developing cartridge according to claim 1, further
comprising a coupling positioned opposite to the developing
clectrode relative to the casing.

13. The developing cartridge according to claim 1, 55
wherein the developing gear has a [fourth] further cam
surface contacting the second cam surface and extending
parallel with the second cam surtace.

14. The developing cartridge according to claim 1,
wherein the rack gear includes: 60
a main body portion having a plate shape and extending

in the moving direction of the rack gear; and
a plurality of gear teeth meshing with the gear, and
wherein the plurality of gear teeth and the protrusion
protrude from the main body portion and are positioned 65
at positions different from each other 1n the moving
direction of the rack gear.
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15. The developing cartridge according to claim 14,
wherein the protrusion 1s positioned at a position different
from the plurality of gear teeth 1n the axial direction.

16. The developing cartridge according to claim 1,
wherein the second cam surface has:

a [fifth] first edge; and

a [sixth] second edge positioned farther away from the
casing than the [fifth] first edge of the second cam
surface 1s Irom the casing in the axial direction, and

wherein the second cam surface 1s inclined so as to
protrude toward the developing electrode 1n a direction
from the [sixth] second edge of the second cam surface
toward the [fifth] first edge of the second cam surface.

17. A developing cartridge comprising:

a casing configured to accommodate toner therein;

a developing roller rotatable about a first axis extending 1n
an axial direction, the developing roller being posi-
tioned at one end of the casing;

a gear rotatable about a second axis extending 1n the axial
direction;

a developing electrode electrically connected to the devel-
oping roller;

a rack gear [movable from the one end of the casing
toward another end of the casing opposite to the one
end of the casing, the rack gear being] movable in a
direction from the one end of the casing toward [the]
another end of the casing 1n accordance with rotation of
the gear by meshing with the gear, the rack gear
including a protrusion;

a cover covering at least a portion of the rack gear, the
cover having an opening through which the developing
clectrode 1s exposed to an outside; and

a cam movable from a first position to a second position,
the second position being farther away from the casing
than the first position 1s from the casing in the axial
direction, the cam having:

a first cam surface having a first edge and a second
edge, the second edge being positioned farther away
from the casing than the first edge 1s from the casing
in the axial direction, the first cam surface being
inclined so that the first edge 1s positioned down-
stream relative to the second edge in a moving
direction ol the protrusion, the first cam surface
causing the cam to move from the first position to the
second position by engaging with the protrusion, the
first cam surface being positioned outside of a move-
ment locus of the protrusion in a case where the cam
1s at the second position; and

a second cam surface movable together with the first
cam surface, the second cam surface being posi-
tioned farther away from the casing than the first cam
surface 1s from the casing 1n the axial direction, the
second cam surface being movable while contacting
the developing electrode, the second cam surface
having a [fifth] first edge and a [sixth] secord edge,
the [sixth] second edge of the second cam surface
being positioned farther away from the casing than

the [fifth] first edge of the second cam surface 1s from

the casing in the axial direction, the second cam
surface being inclined so as to protrude toward the
opening in a direction from the [sixth] second edge
of the second cam surface toward the [fifth] first edge
of the second cam surface.

18. The developing cartridge according to claim 17,
turther comprising a spring for electrically connecting the
developing electrode to the developing roller.
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19. The developing cartridge according to claim 17,
wherein the cam further includes a third cam surface posi-
tioned downstream relative to the first cam surface in a
moving direction of the rack gear, the third cam surface
being positioned within the movement locus of the protru-
s1on 1n a case where the cam 1s at the second position,

wherein the third cam surface has:

a [third] first edge; and
a [fourth] secord edge positioned farther away from the
casing than the [third] first edge of the third cam
surface 1s from the casing in the axial direction, and
wherein the third cam surface i1s inclined so that the
[fourth] second edge of the third cam surface is posi-

tioned downstream relative to the [third] first edge of
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a cam movable between a first position and a second
position, the cam having:

a first cam surface configured to engage the protrusion
to selectively move the cam between the first and
second positions in vesponse to movement of the rack
gear.

23. The developing cartridge accovding to claim 22,
wherein the rvack gear is movable in a divection extending

from the first end of the casing to the second end of the

casing to move the cam from the first position to the second
position.

24. The developing cartridge accorvding to claim 22,
wherein the cam further includes a second cam surface that
moves the developing electrode in a divection away from the

the third cam surface in the moving direction of the 15 cam in response to the movement of the cam from the first

rack gear.

20. A developing cartridge comprising:

a casing configured to accommodate toner therein;

a developing roller rotatable about a first axis extending in
an axial direction, the developing roller being posi-
tioned at one end of the casing;

a gear rotatable about a second axis parallel with the first
axis;

a rack gear meshing with the gear, the rack gear being
movable 1n a direction from the one end of the casing
toward another end of the casing opposite to the one
end of the casing;

a cam movable from a first position to a second position,
the second position being farther away from the casing
than the first position 1s from the casing 1n the axial
direction, the cam including a protrusion;

a spring urging the cam from the first position toward the
second position;

a cover having an opening; and

a developing electrode electrically connected to the devel-
oping roller, the developing electrode being movable
together with the cam, the developing electrode having
a [second] cam surface, the [second] cam surface
having a [fifth] first edge and a [sixth] secord edge, the
[sixth] second edge being positioned farther away from
the casing than the [fifth] firsz edge is from the casing
in the axial direction, the [second] cam surface being
inclined so as to protrude toward the opening 1n a
direction from the [sixth] second edge toward the [fifth]
first edge,

the rack gear having:

a first holding surface contacting the protrusion to hold

the cam at the first position; and

a second holding surface contacting the protrusion to
hold the cam at the second position.

21. The developing cartridge according to claim 20,
wherein the developing electrode 1s formed integrally with
the spring.

22. A developing cartridge comprising:

a casing configured to accommodate toner therein;

a developing roller votatable about a first axis extending
in an axial divection, the developing voller being posi-
tioned at a first end of the casing;

a developing electrode electrically connected to the devel-
oping roller;

a gear rotatable about a second axis parallel with the first
axis;

a rack gear meshing with the gear, the rack gear being
movable in a direction extending between the first end
of the casing and a second end of the casing opposite
to the first end of the casing, the vack gear including a
protrusion; and
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position to the second position.

25. The developing cartridge accorvding to claim 22,
wherein the second position is farther away from the casing
than the first position is from the casing in the axial
direction.

26. The developing cartridge accovding to claim 22,
wherein the cam is configured to move the developing
electrode in a direction away from the cam in response to the
movement of the cam from the first position to the second
position, the direction away from the cam being a direction
different from a moving divection of the rack gear and a
moving divection of the cam.

27. A developing cartridge comprising:

a casing configured to accommodate toner therein,

a developing roller rotatable about a first axis extending
in an axial direction, the developing roller being posi-
tioned at a first end of the casing;

a developing electrode electrically connected to the devel-
oping roller;

a gear votatable about a second axis parvallel with the first
axis;

a rack gear meshing with the gear, the rack gear including
a protrusion,; and

a cam movable from a first position to a second position,
the cam having a first cam surface contacting the
protrusion in a case where the cam is at the first
position, the first cam surface causing the cam to move
from the first position to the second position in a case
where the vack gear moves in a direction extending
between the first end of the casing and a second end of
the casing opposite to the first end of the casing.

28. The developing cartridge accorvding to claim 27,
wherein the protrusion contacts the first cam surface as the
rack gear moves in the divection extending from the first end
of the casing toward the second end of the casing.

29. The developing cartridge accovding to claim 27,
wherein the second position is farther away from the casing
than the first position is from the casing in the axial
direction.

30. The developing cartridge according to claim 27,
wherein the cam further includes a second cam surface
moving the developing electrode in a direction away from
the cam while contacting the developing electrode in a case
where the cam moves from the first position to the second
position, the direction away from the cam being a direction
different from a moving divection of the vack gear and a
moving divection of the cam.

31. A developing cartridge comprising:

a casing configured to accommodate toner therein;

a developing voller rotatable about a first axis extending

in an axial direction, the developing roller being posi-
tioned at one end of the casing;
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a developing electrode electrically connected to the devel-
oping roller;

a gear rotatable about a second axis parallel with the first
axis;

a rack gear meshing with the gear and being movable in
a dirvection extending between the one end of the casing

and another end of the casing opposite the one end of

the casing; and
a cam movable from a first position to a second position,
the cam being movable from the first position to the
second position to move the developing electrode in a
case whevre the rack gear moves in the direction extend-
ing between the one end of the casing and the another
end of the casing opposite to the one end of the casing.
32. The developing cartridge according to claim 31,
wherein the rvack gear includes a protrusion and the cam
includes a cam surface, the cam surface being contacted by
the protrusion to cause the cam to move from the first
position to the second position in a case where the rack gear
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moves in the direction between the one end of the casing and
the another end of the casing opposite to the one end of the
casing.

33. The developing cartridge accovding to claim 32,
wherein the cam surface moves the developing electrode in
a direction away from the cam in a case where the cam
moves from the first position to the second position.

34. The developing cartridge accorvding to claim 31,
wherein the second position is farther away from the casing
than the first position is from the casing in the axial
direction.

35. The developing cartridge accovding to claim 31,
wherein the cam further includes a cam surface configured
to move the developing electrode in a divection away from
the cam while contacting the developing electrode in a case
where the cam moves from the first position to the second
position, the direction away from the cam being a direction

different from a moving divection of the vack gear and a
moving divection of the cam.
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