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DESCRIPTION

TONER CARTRIDGE AND IMAGE FORMING APPARATUS

[FIELD OF THE INVENTION]
[0001] The present invention relates to an image forming apparatus usable to
form an image on a recording material and a toner cartridge usable with the

image forming apparatus.

[BACKGROUND ART]

[0002] Conventionally, in an image forming apparatus using an
electrophotographic method, a developer supplying container containing toner is
dismountably provided in the image forming apparatus main assembly, in order
to supply the toner (developer) in response to consumption of the toner by image
forming operation.

[0003] Patent Document 1 discloses a method in which a pump is provided in
a developer supplying container, and the toner is supplied from the developer
supplying container into the image forming apparatus main assembly by using the
pump.

[0004] In addition, there are Japanese Patent No.5623109 and Japanese Patent
No. 5511471 which disclose methods for appropriately operating the pump

arranged in the developer supplying container.

[SUMMARY OF THE INVENTION]
[PROBLEM TO BE SOLVED]
[0005] The present invention provides a further development of the

conventional structure.
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[MEANS FOR SOLVING THE PROBLEM]
[0006] A typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) a toner accommodation chamber accommodating
toner, (i-ii) a discharge opening capable of discharging toner, and (i-iii) a
communication port for fluid communication between the toner accommodation
chamber and the toner discharging chamber;

(i1) a feeding member movable relative to the casing and configured to feed
the toner from the toner accommodation chamber through the communication
port into the toner discharging chamber;

(iii) a pump configured to discharge the toner through the discharge
opening by using air,

wherein at least a part of the feeding member is in the communication port,
and

wherein in a cross-sectional plane perpendicular to the toner feeding
direction of the feeding member,

a minimum cross-sectional area of the communication port is Asmin,

the toner discharging chamber has a cross-sectional area Bs larger than
Asmin, and

the toner accommodation chamber has a cross-sectional area Cs larger
than Asmin.
[0007]  Another typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) a toner accommodation chamber accommodating
toner, and (i-ii) a discharge opening capable of discharging the toner;

(ii) a first engaging portion forming an opening;

(iii) a second engaging portion forming an opening;
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(iv) a feeding member movable relative to the casing and configured to
feed the toner in the toner accommodation chamber toward the discharge
opening;

(v) a pump configured to discharge the toner through the discharge opening
by using air; and

(vi) a storing element provided with an electrical contact,

wherein the pump is provided with a connecting portion connected with the
casing, and

wherein as viewed in a feeding direction of the toner by the feeding
member, the electrical contact of the storing element and the connecting portion
of the pump are in opposite sides from each other with respect to a line
connecting the first engaging portion and the second engaging portion.

[0008] A further typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) toner accommodation chamber accommodating
toner, and (i-ii) a discharge opening capable of discharging the toner;

(ii) a first engaging portion forming an opening;

(iii) a second engaging portion forming an opening;

(iv) a pump configured to discharge the toner through the discharge
opening by using air;

(v) a coupling member operatively connected with the pump and
configured to receive a rotational force for driving the pump;

(vi) a storing element provided with an electrical contact,

wherein the pump is provided with a connecting portion connected with the
casing,

wherein is viewed in a direction of an axis of the coupling member, the

electrical contact of the storing element and the connecting portion of the pump
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are disposed in opposite sides with respect to a line connecting the first engaging
portion and the second engaging portion.

[0009] A further typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) a toner accommodation chamber accommodating
toner, and (i-ii) a discharge opening capable of discharging the toner;

(i1) a pump including a movable portion and configured to discharge the
toner through the discharge opening by recitation of the movable portion;

(iii) a rotatable member;

(iv) a reciprocation member configured to engage with the rotatable
member to be reciprocated by rotation of the rotatable member and configured to
reciprocate the movable portion of the pump;

wherein when the rotatable member and the reciprocation member are
engaged with each other, they are contacted at an engagement point, and a timing
at which the engagement point is at a position in the movable portion of the pump
exists in driving of the pump, in a coordinate in a moving direction of the
movable portion of the pump.

[0010] A further typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) a toner accommodation chamber accommodating
toner, and (i-ii) a discharge opening capable of discharging the toner;

(i1) a pump including a movable portion and configured to discharge toner
through the discharge opening by reciprocating motion of the movable portion;
and

(iii) a drive input member configured to receive a rotational force for
reciprocating the movable portion of the pump,

wherein a range in which the movable portion of the pump is movable and
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a range in which the drive input member is provided overlap with each other at
least partly, in a coordinate in a moving direction of the movable portion of the
pump.

[0011] A further typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) a toner accommodation chamber accommodating
toner, and (i-ii) a discharge opening capable of discharging the toner;

(i1) a pump including a movable portion and configured to discharge the
toner through the discharge opening by recitation of the movable portion;

(iii) a rotatable member;

(iv) a reciprocation member configured to engage with the rotatable
member to be reciprocated by rotation of the rotatable member and configured to
reciprocate the movable portion of the pump;

wherein when the rotatable member and the reciprocation member are
engaged with each other, they are contacted at an engagement point, and a timing
at which the engagement point is at a position in the movable portion of the pump
exists in driving of the pump, in a coordinate in a moving direction of the
movable portion of the pump.

[0012] A further typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) a toner accommodation chamber accommodating
toner, and (i-ii) a discharge opening capable of discharging the toner;

(i1) a pump including a movable portion and configured to discharge toner
through the discharge opening by reciprocating motion of the movable portion;
and

(iii) a drive input member configured to receive a rotational force for

reciprocating the movable portion of the pump,
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wherein a range in which the movable portion of the pump is movable and
a range in which the drive input member is provided overlap with each other at
least partly, in a coordinate in a moving direction of the movable portion of the
pump.

[0013] A further typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) toner accommodation chamber accommodating
toner, and (i-ii) a discharge opening capable of discharging the toner;

(i1) a pump including (ii-i) a movable portion and a (ii-ii) a connecting
portion mounted on the casing, the pump being configured to discharge the toner
through the discharge opening by reciprocation of movable portion;

(iii) a drive input member for receiving a rotational force for driving the
pump; and

(iv) a rotatable member rotatable about an axis thereof and configured to
reciprocate the movable portion of the pump by rotation thereof, the rotatable
member including (iv-i) a gear portion configured to receive a rotational force
from the drive input member,

wherein the movable portion of the pump effects reciprocating motion in a
direction of the axis of the rotatable member,

wherein the gear portion of the rotatable member surrounds the connecting
portion of the pump, and

wherein as viewed in the direction of the axis of the rotatable member, the
gear portion of the rotatable member and the movable portion of the pump at least
partly overlap with each other.

[0014] A further typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) a toner accommodation chamber accommodating
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toner, and (i-ii) a discharge opening capable of discharging the toner;

(ii) a first feeding member movable relative to the casing and configured to
feed the toner accommodated in the toner accommodation chamber to the
discharge opening;

(iii) a second feeding member movable relative to the casing and
configured to feed the toner accommodated in the toner accommodation chamber
to the first feeding member;

(iv) a pump configured to discharge the toner through the discharge
opening by using air; and

(v) a drive input member configured to receive a rotational force for
driving the first feeding member, the second feeding member and the pump,

wherein a toner feeding direction by the first feeding member and a toner
feeding direction by the second feeding member are different from each other.
[0015] A further typical structure disclosed in the present application is a toner
cartridge comprising:

(i) a casing including (i-i) toner accommodation chamber accommodating
toner, and (i-ii) a discharge opening capable of discharging the toner;

(i1) a pump including (ii-i) a movable portion and a (ii-ii) a connecting
portion mounted on the casing, the pump being configured to discharge the toner
through the discharge opening by reciprocation of movable portion;

(iii) a drive input member for receiving a rotational force for driving the
pump; and

(iv) a rotatable member rotatable about an axis thereof and configured to
reciprocate the movable portion of the pump by rotation thereof, the rotatable
member including (iv-i) a gear portion configured to receive a rotational force
from the drive input member,

wherein the movable portion of the pump effects reciprocating motion in a
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direction of the axis of the rotatable member,

wherein the gear portion of the rotatable member surrounds the connecting
portion of the pump, and

wherein as viewed in the direction of the axis of the rotatable member, the
gear portion of the rotatable member and the movable portion of the pump at least
partly overlap with each other.
[0016] A further typical structure disclosed in the present application is a toner
cartridge comprising:

a casing including an accommodation chamber accommodating toner and a
discharge opening capable of discharging the toner;

a pump configured to discharge the toner through the discharge opening by
using air; and

a coupling member configured to receive a rotational force for driving the
pump,

wherein as viewed along an axis of the coupling member in a state that the
toner cartridge takes an attitude in which the discharge opening directed
downward, the discharge opening is on a first side with respect to a center of the
pump in a horizontal direction, and an axis of the coupling member is on a second
side which is opposite from the first side, with respect to the center of the pump
in the horizontal direction.
[0017] A further typical structure disclosed in the present application is a toner
cartridge comprising:

a casing including an accommodation chamber accommodating toner and a
discharge opening capable of discharging the toner;

a pump provided with a connecting portion connected with the casing and
configured to discharge the toner through the discharge opening by using air; and

a coupling member configured to receive a rotational force for driving the
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pump,
wherein as viewed along an axis of the coupling member in a state that the

toner cartridge takes an attitude in which the discharge opening is directed

downward, the discharge opening is on a first side with respect to the connecting

portion of the pump in the horizontal direction, and the axis of the coupling

member is on a second side which is opposite from the first side, with respect to

the connecting portion of the pump in the horizontal direction.

[0018] Even further typical structure disclosed in the present application is an

image forming apparatus including an apparatus main assembly and any one of

the above-mentioned toner cartridges.

[EFFECT OF THE INVENTION]

[0019]  As described above, according to the structure disclosed in the present

application, the prior art can be developed.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0020] Figure 1 is a schematic cross-sectional view of a developer supplying
container.

[0021] Figure 2 is a schematic cross-sectional view of an electrophotographic
image forming apparatus.

[0022]  Figure 3 is a schematic structure illustration of a toner feeding device
provided in the image forming device.

[0023]  Figure 4 is a main cross-sectional view of a process cartridge.

[0024]  Figure 5 is an overall perspective view of the process cartridge as
viewed from a front side.

[0025]  Figure 6 is an overall perspective view of the process cartridge as
viewed from rear side.

[0026] Figure 7 is an exploded perspective view of the developer supplying
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container.

[0027]  Figure 8 is a sectional view of the developer supplying container.
[0028] Figure 9 is an exploded perspective view of the developer supplying
container.

[0029]  Figure 10 is a partial perspective view of the developer supplying
container.

[0030] Figure 11 is a partial perspective view of a rear end portion of the
developer supplying container.

[0031] Part (a) of Figure 12 and part (b) of Figure 12 are partial sectional
views of the developer supplying container, and part (c) of Figure 12 is an
illustration of the positions of the pump and the engagement point.

[0032]  Part (a) of Figure 13 and 13B are partial sectional views of the
developer supplying container, and part (c) of Figure 13 is an illustration of the
positions of the pump and the drive input condition.

[0033] Figure 14 is a sectional view around the pump.

[0034] Figure 15 is a schematic cross-sectional view illustrating the
surroundings of the pump.

[0035] Part (a) of Figure 16 is a perspective view as seen from the rear of the
developer supplying container, and part (b) of Figure 16 is a rear view of the
developer supplying container.

[0036] Figure 17 is a perspective view as seen from the front side of the
developer supplying container.

[0037] Figure 18 is an overall perspective view when the cartridge is mounted
in the image forming apparatus.

[0038] Figure 19 is a schematic sectional view of the developer supplying
container.

[0039] Figure 20 is a partial perspective view of the rear end portion of the
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developer supplying container.

[0040] Figure 21 is a partial perspective view of the rear end portion of the
developer supplying container.

[0041] Figure 22 is a detailed perspective view around a crank gear.

[0042] Figure 23 is a partial perspective view of the rear end portion of the
developer supplying container.

[0043] Figure 24 is a partial perspective view of the rear end portion of the
developer supplying container.

[0044] Figure 25 is a simplified illustration of expansion and contraction of
the pump.

[0045] Figure 26 is a sectional view of the neighborhood of the supply toner
feed belt as viewed from the short side.

[0046] Figure 27 is a graph showing change, with time, of the positional
relationship between the engagement point and the bellows portion in the
operating process of the pump of the developer supplying container.

[0047]  Figure 28 is a simplified illustration of an internal space.

[0048] Figure 29 is a schematic view of a toner cartridge including an inlet
port.

[0049]  Figure 30 is a schematic view of a toner cartridge including a

centrifugal pump.

[Embodiments]

<Embodiment 1>

[0050] Embodiment 1 (Example 1) will be described in the following with
reference to the accompanying drawings. Here, the dimensions, materials,
shapes, and relative arrangements of the components described in the

embodiments may be appropriately changed depending on the structure of the
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apparatus to which the invention is applied, various conditions, and the like. It
is not intended to limit the scope to the following embodiments.

<Opverall structure of image forming apparatus 100>

[0051] Referring to Figure 3, The overall structure of the electrophotographic
image forming apparatus 100 (hereinafter, image forming apparatus 100)
according to this embodiment will be described. Figure 2 is a schematic view of
the image forming apparatus 100 according to this embodiment. In this
embodiment, the process cartridge 1 and the developer supplying container (toner
cartridge, developer cartridge) 13 is detachably mountable to the main assembly
of the image forming apparatus 100. The portion of the image forming
apparatus 100 excluding the cartridges (1, 13) may be referred to as the main
assembly of the image forming apparatus 100 (apparatus main assembly, image
forming apparatus main assembly).

[0052] In this embodiment, the structures and operations of the first to fourth
image forming portions are substantially the same except that the colors of the
formed images are different. Therefore, in the following, if no particular
distinction is necessary, the subscripts Y to K will be omitted for general
explanation.

[0053]  The first to fourth process cartridges 1 are juxtaposed in the horizontal
direction. Each process cartridge 1 comprises a cleaning unit 4 and a
developing unit 6. The cleaning unit 4 includes a photosensitive drum 7 as an
image bearing member, a charging roller 8 as a charging means for uniformly
charging the surface of the photosensitive drum 7, and a cleaning blade 10 as a
cleaning means. The developing unit 6 contains a developing roller 11 and a
developer T (hereinafter referred to as toner), and includes a developing means
for developing an electrostatic latent image on the photosensitive drum 7. The

cleaning unit 4 and the developing unit 6 are supported so as to be swingable
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relative to each other. The first process cartridge 1Y contains yellow (Y) toner
in the developing unit 6. Similarly, the second process cartridge 1M contains
magenta (M) toner, the third process cartridge 1C contains cyan (C) toner, and
the fourth process cartridge 1K contains black (K) toner.

[0054] The process cartridge 1 can be mounted to and dismounted from the
main assembly of the image forming apparatus 100 by way of mounting means
such as a mounting guide (not shown) and a positioning member (not shown)
provided in the main assembly of the image forming apparatus 100. Further, a
scanner unit 12 for forming an electrostatic latent image is provided below the
process cartridge 1. Further, in the image forming apparatus, the waste toner
transfer unit 23 is provided behind the process cartridge 1 (downstream of the
process cartridge 1 in the inserting direction of the process cartridge 1).

[0055]  The first to fourth developer supplying containers 13 are arranged
horizontally below the process cartridge 1 in an order corresponding to the colors
of the toners contained in the respective process cartridges 1. In the following
description, the developer supplying container (toner cartridge, developer
cartridge) 13 may be simply referred to as a cartridge 13.

[0056] The first cartridge 13Y contains yellow (Y) toner, similarly, the second
cartridge 13M contains magenta (M) toner, the third cartridge 13C contains cyan
(C) to toner, and the fourth cartridge 13K contains black toner (K). Then, each
cartridge 13 supplies the toner to the process cartridge 1 containing the toner of
the same color.

[0057] The toner replenishing operation (supplying operation) by the cartridge
13 is performed when the remaining amount detecting portion (not shown)
provided in the apparatus main assembly of the image forming apparatus 100
detects the insufficient remaining amount of the toner in the process cartridge 1.

The cartridge 13 can be mounted to and dismounted from the image forming



10

15

20

25

14

apparatus 100 by way of that mounting means such as the mounting guide (not
shown) and the positioning member (not shown) provided in the main assembly
of the image forming apparatus 100.

[0058] Here, when the toner cartridge 13 and the process cartridge 1 are
referred to distinctively from each other, one of the two may be referred to as a
first cartridge, the other may be referred to as a second cartridge, or the like. A
detailed description of the process cartridge 1 and the cartridge 13 will be made
hereinafter.

[0059] Inside the main assembly of the image forming apparatus 100, the first
to fourth toner feeding devices 14 are arranged below the first to fourth cartridges
13 correspondingly to the respective cartridges 13.

[0060] Above the process cartridge 1, an intermediary transfer unit 19 as an
intermediary transfer member is provided. The intermediary transfer unit 19 is
provided substantially horizontally with the primary transfer portion (S1) side
facing down. The intermediary transfer belt 18 facing each photosensitive drum
7 is a rotatable endless belt, and is stretched around a plurality of tension rollers.
To the inner surface of the intermediary transfer belt 18, a primary transfer roller
20 is provided as a primary transfer member at a position for forming and a
primary transfer portion S1 in cooperation with each photosensitive drum 7,
interposing the intermediary transfer belt 18 therebetween,. Further, a
secondary transfer roller 21, which is a secondary transfer member, Is in contact
with the intermediary transfer belt 18 and forms a secondary transfer portion S2
in cooperation with the roller on the opposite side, interposing the intermediary
transfer belt 18.  Further, the intermediary transfer belt cleaning unit 4 is
disposed on the side opposite from the secondary transfer portion S2, in the left-
right direction (the direction in which the secondary transfer unit S2 and the

intermediary transfer belt are extended).
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[0061] A fixing unit 25 is provided above the intermediary transfer unit 19.
The fixing unit includes a heating unit 26 and a pressure roller 27 which press-
contacts the heating unit. A discharge tray 32 is provided at the upper surface of
the main assembly of the apparatus, and a waste toner collection container 24 is
provided between the discharge tray 32 and the intermediary transfer unit.
Further, a sheet feed tray 2 for accommodating the recording material 3 is
provided at the lowermost portion of the main assembly of the apparatus.

[0062] Figure 3 shows a general structure of the toner feeding device 14
mounted in the image forming apparatus.

[0063] In Figure 3, a portion of the shape is cut out to show the internal
structure of the toner feeding device 14.

[0064] The toner feeding device 14 is roughly divided into an upstream side
feeding portion 110 and a downstream side feeding portion 120.

[0065] A supply opening (reception port: not shown) is provided on the upper
side of the upstream side feeding portion 110. The toner received from the toner
cartridge 13 (that is, the toner discharged from a discharge opening 52 shown in
Figure 8 which will be described hereinafter) is supplied through the supply port
to a storage container 109 inside the upstream side feeding portion 110.

[0066] The supplied toner is transported to an upstream screw 105 which is
provided so as to be covered with the storage container 109 inside the upstream
side feeding portion 110. The upstream screw 105 is rotationally driven by an
upstream drive gear 103, and the upstream screw 105 transports the toner toward
the downstream feeding portion 120.

[0067] Inside the downstream side feeding portion 120, a downstream screw
124 is provided so as to be covered with a downstream side wall surface 123
inside the downstream side feeding portion 120. The upstreammost portion of

the downstream feeding portion 120 is connected to the downstreammost portion
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of the upstream side feeding portion 110, and the toner fed by the upstream side
feeding portion 110 is fed to the downstream screw 124.

[0068] The downstream screw 124 is rotationally driven by a downstream
drive gear 122, and the downstream screw 124 conveys the toner in the direction
against the gravity. The downstream screw 124 is structured to supply the toner
fed in the direction opposite to gravity into the process cartridge 1 shown in
Figure 2 through the main assembly discharge opening 121.

[0069] To explain in detail, the toner discharged from the main assembly
discharge opening 121 is supplied into the developing unit 6 through the
receiving opening 40 provided in the developing unit 6 of the process cartridge 1
shown in Figure 6, which will be described hereinafter.

[0070] In this manner, the apparatus main assembly of the image forming
apparatus once receives the toner discharged from the toner cartridge 13 in the
storage container 109, and then supplies the toner into the process cartridge 1 by
using the upstream screw 105 and the downstream screw 124. By this, the toner
is transferred between the different cartridges 13 and 1.

<Image formation process>

[0071] Next, referring to Figures 2 and 4, the image forming operation in the
image forming apparatus 100 will be described. During the image forming
operation, the photosensitive drum 7 is rotationally driven at a predetermined
speed in the direction of arrow A in Figure 4. The intermediary transfer belt 18
is rotationally driven in the direction of arrow B (forward in the direction of
rotation of the photosensitive drum 7).

[0072]  First, the surface of the photosensitive drum 1 is uniformly charged by
the charging roller 8. Next, the surface of the photosensitive drum 1 is scanned
and exposed by the laser beam emitted from the scanner unit 12, so that an

electrostatic latent image based on the image information is formed on the
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photosensitive drum 1. The electrostatic latent image formed on the
photosensitive drum 1 is developed as a toner image by the developing unit 6.

At this time, the developing unit 6 is pressed by a developing pressure unit (not
shown) provided in the main assembly of the image forming apparatus 100.
Then, the toner image formed on the photosensitive drum 1 is primarily
transferred onto the intermediary transfer belt 18 by the primary transfer roller 20.
[0073] For example, at the time of forming a full-color image, the toner
images of respective colors are sequentially superimposed on the intermediary
transfer belt 18 by sequentially performing the above-mentioned processes in the
image forming units S1Y to S1K which are the primary transfer portions 1 to 4.
[0074]  On the other hand, the recording material 3 housed in the sheet feed
tray 2 is fed at a predetermined control timing, and is fed to the secondary
transfer unit S2 in synchronization with the movement of the intermediary
transfer belt 18. Then, the four-color toner images on the intermediary transfer
belt 18 are collectively secondarily transferred onto the recording material 3 by
the secondary transfer roller 21 which is in contact with the intermediary transfer
belt 18 with the recording material 3 therebetween.

[0075] Thereafter, the recording material 3 onto which the toner image is
transferred is fed to the fixing unit 25. The toner image is fixed on the recording
material 3 by heating and pressing the recording material 3 in the fixing unit 25.
Thereafter, the fixed recording material 3 is fed to the discharge tray 32 to
complete the image forming operation.

[0076] Further, the primary untransferred residual toner (waste toner)
remaining on the photosensitive drum 1 after the primary transfer step is removed
by the cleaning blade 10. The secondary untransferred residual toner (waste
toner) remaining on the intermediary transfer belt 18 after the secondary transfer

step is removed by an intermediary transfer belt cleaning unit 22. The waste
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toner removed by the cleaning blade 10 and the intermediary transfer belt
cleaning unit 22 is fed by the waste toner feeding unit 23 provided in the main
assembly of the apparatus and is accumulated in the waste toner collection
container 24. The image forming apparatus 100 can also form a monochromatic
or multicolor image by using only a desired single or some (but not all) image
forming portions.

<Process cartridge>

[0077]  Next, referring to Figures 4, 5 and 6, the overall structure of the
process cartridge 1 mountable to the main assembly of the image forming
apparatus 100 according to this embodiment will be described. Figure 4 is a
cross-sectional view of the process cartridge 1 according to this embodiment.
Figure 5 is a perspective view of the process cartridge 1 as viewed from the
upstream side in the process cartridge mounting direction. Figure 6 is a
perspective view of the process cartridge 1 as viewed from the downstream side
in the process cartridge mounting direction.

[0078] The process cartridge 1 comprises a cleaning unit 4 and a developing
unit 6. The cleaning unit 4 and the developing unit 6 are swingably coupled
around the rotation support pin 30.

[0079] The cleaning unit 4 has a cleaning frame 5 which supports various
members in the cleaning unit 4. Further, in the cleaning unit 4, a waste toner
screw 15 extending in a direction parallel to the rotation axis direction of the
photosensitive drum 7 is provided, in addition to the photosensitive drum 7, the
charging roller 8, and the cleaning blade 10. The cleaning frame 5 includes
cleaning bearings 33 provided with a cleaning gear train 31 for rotatably
supporting the photosensitive drum 7 and transmitting drive from the
photosensitive drum to the waste toner screw 15, and is provided, at each of

opposite longitudinal end portions of the cleaning unit 4.
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[0080] The charging roller provided in the cleaning unit 4 is urged in the
direction of arrow C by the charging roller pressing springs 36 arranged at each
of the opposite end portions toward the photosensitive drum 7. The charging
roller is provided so as to be driven by the photosensitive drum, and when the
photosensitive drum 7 is rotationally driven in the direction of arrow A during
image formation, the charging roller is driven in the direction of arrow D
(codirectional with the rotational movement of the photosensitive drum 7).

[0081] The cleaning blade 10 provided in the cleaning unit 4 comprises an
elastic member 10a for removing untransferred residual toner (waste toner)
remaining on the surface of the photosensitive drum 1 after the primary transfer,
and includes a support member 10b for supporting the elastic member 10a. The
waste toner removed from the surface of the photosensitive drum 1 by the
cleaning blade 10 is accommodated in the waste toner accommodation chamber 9
formed by the cleaning blade 10 and the cleaning frame 5. The waste toner
stored in the waste toner accommodation chamber 9 is fed toward the rear of the
image forming apparatus 100 (downstream in the mounting/dismounting
direction of the process cartridge 1) by the waste toner feeding screw 15 provided
in the waste toner accommodation chamber 9. The fed waste toner is discharged
from the waste toner discharge portion 35, and is delivered to the waste toner
feeding unit 23 provided in the main assembly of the image forming apparatus
100.

[0082] The developing unit 6 has a developing frame 16 which supports
various members in the developing unit 6. The developing frame 16 is divided
into a developing chamber 16a in which a developing roller 11 and a supply roller
17 are provided therein, and a toner accommodation chamber 16b in which the
toner is stored therein and a stirring member 29 is provided therein.

[0083] The developing chamber 16a is provided with the developing roller 11,
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the supply roller 17, and a developing blade 28. The developing roller 11
carries the toner, and when forming an image, it rotates in the direction of arrow
E and feeds the toner to the photosensitive drum 1 by contacting the
photosensitive drum 1.  Further, the developing roller 11 is rotatably supported
by the developing frame 16 by the development bearing unit 34 at the opposite
end portions in the longitudinal direction (rotational axis direction). The supply
roller 17 is rotatably supported by the developing frame 16 by the development
bearing unit 34 while being in contact with the developing roller 11, and rotates
in the direction of arrow F during image formation. Further, the developing
blade 28 as a layer thickness regulating member which regulates the thickness of
the toner layer formed on the developing roller 11 is provided in contact with the
surface of the developing roller 11.

[0084] The toner accommodation chamber 16b is provided with the stirring
member 29 for stirring the stored toner T and for transporting the toner to the
supply roller 17 through the developing chamber communication opening 16c.
The stirring member 29 includes a rotating shaft 29a extending in parallel to the
rotation axis direction of the developing roller 11 and a stirring sheet 29b as a
feeding member which is a flexible sheet. One end of the stirring sheet 29b is
mounted to the rotating shaft 29a, and the other end of the stirring sheet 29b is a
free end, and the rotating shaft 29a rotates to rotate the stirring sheet 29b in the
direction of arrow G, by which the stirring sheet 29b stirs the toner.

[0085] The developing unit 6 is provided with the developing chamber
communication opening 16c which communicates the developing chamber 16a
and the toner accommodation chamber 16b with each other. In this embodiment,
the developing chamber 16a is placed above the toner accommodation chamber
16b in the attitude in which the developing unit 6 is normally used (the attitude at

the time of use). The toner in the toner accommodation chamber 16b dipped up
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by the stirring member 29 is supplied to the developing chamber 16a through the
developing chamber communication opening 16c.

[0086] Further, the developing unit 6 is provided with a receiving opening 40
at one end which is downstream in the inserting direction of the cartridge 1. A
receiving seal member 45 and a receiving opening shutter 41 which is movable in
the front-rear direction are provided above the toner receiving opening 40. The
toner receiving opening 40 is closed by the receiving opening shutter 41 when the
process cartridge 1 is not mounted on the main assembly of the image forming
apparatus 100. The receiving shutter 41 is structured to be urged and opened by
the main assembly of the image forming apparatus 100 in interrelation with the
mounting/dismounting operation of the process cartridge 1.

[0087] A receiving feed path 42 is provided in communicate with the toner
receiving opening 40, and a receiving feed screw 43 is provided therein. Further,
an accommodation chamber communication opening 44 for supplying the toner
into the toner accommodation chamber 16b is provided in the neighborhood of
the longitudinally central portion of the developing unit 6 to communicate the
receiving feed path 42 and the toner accommodation chamber 16b with each
other. The receiving feed screw extends parallel to the rotation axis direction of
the developing roller 11 and the supply roller 17, and feeds the toner received
from the toner receiving opening 40 to the toner accommodation chamber 16b
through the accommodation chamber communication opening 44.

[0088] In this embodiment, The process cartridge 1 has both a photosensitive
drum 7 and a developing roller 11, but the structure is not necessarily limited to
this. For example, the cleaning unit 4 including the photosensitive drum 7 and
the developing unit including the developing roller 11 may not be connected, and
they may be separate cartridges. In such a case, the cartridge including the

cleaning unit 4 may be called a drum cartridge, and the cartridge including the
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developing unit 6 may be called a developing cartridge. In such a case, the
toner is supplied from the cartridge 13 to the developing cartridge of the
developing unit 6.

<Developer supply cartridge (toner cartridge)>

[0089] Next, referring to Figures 1, 7, 8 and 9, the overall structure of the
cartridge 13 functioning as the developer supplying container mounted on the
image forming apparatus 100 according to the present embodiment will be
described.

[0090] Figure 1 is a cross-sectional view of the toner accommodation chamber
49, the communication passage 48, and the toner discharge chamber 57 of the
cartridges (13Y, 13M, 13C) according to the present embodiment as viewed in
the longitudinal direction. Figure 7 is an exploded perspective view of the
cartridges (13Y, 13M, 13C) according to this embodiment. Figure 8 is a
sectional view of the neighborhood of the supply toner feeding screw 54 of the
cartridge (13Y, 13M, 13C) according to this embodiment as viewed along the
lateral direction. That is, Figure 7 is a sectional view parallel to the YZ plane.
Figure 9 is an exploded perspective view illustrating an internal space of the
cartridges (13Y, 13M, 13C) which contains the toner, according to this
embodiment.

[0091] The cartridge 13 accommodates the toner (developer) in an internal
space 51 thereof, and is mounted to the main assembly of the image forming
apparatus 100 in order to supply (supplement) the toner to the main assembly of
the image forming apparatus 100.

[0092] In the explanation of the carriage 13, unless otherwise specified, the
cartridge 13 takes a normal attitude, that is, an attitude when the cartridge 13 is
mounted inside the main assembly of the apparatus, and the directions (X1, X2,

Y1, Y2,7Z1,Z2) are defined as follows.
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[0093] The vertical direction is indicated by a Y axis. The arrow Y1
indicates an upward direction, and the arrow Y2 indicates a downward direction.
The surface of the cartridge 13 provided at the end in the Y1 direction is referred
to as a top surface (upper surface), and the surface thereof at the end in the Y2
direction is referred to as a bottom surface (bottom, lower portion, lower end).
The top surface of the cartridge 13 faces upward (Y1 direction), and the bottom
surface faces downward (Y2 direction). The Y1 direction and the Y2 direction
may be collectively referred to as the vertical direction, the height direction, the
vertical direction, the gravity direction, or the Y direction and the Y axis direction.
[0094] The front-rear direction is indicated by the Z-axis. As the cartridge

13 is mounted to the main assembly of the image forming apparatus 100, the
direction toward the upstream is indicated by the arrow Z1 in the mounting
direction, and the direction toward the downstream side of the mounting direction
is referred to as Z2 direction. For convenience of explanation, the Z1 direction
is the front and the Z2 direction is the back. That is, the surface provided at the
end of the cartridge 13 in the Z1 direction is referred to as the front surface (front
portion, front end) of the cartridge 13, and the surface provided at the end in the
72 direction is referred to as the rear surface (back surface, rear end, rear portion).
[0095] The front surface of the cartridge 13 faces the front (Z1 direction), and
the rear surface faces the rear (Z2 direction). The cartridge 13 has a longitudinal
direction that extends from the front side to the rear side (extension in the Z-axis
direction). The Z1 direction and the Z2 direction may be collectively referred to
as the front-rear direction, the longitudinal direction, the vertical direction, the Z
direction, or the Z-axis direction.

[0096]  Further, the left-right direction is indicated by the X-axis. For
convenience of explanation, the direction to the left when viewed along the

mounting direction (that is, the Z2 direction) when the cartridge 13 is mounted to
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the main assembly of the image forming apparatus 100 is indicated by an arrow
X1, and the direction to the right is indicated by an arrow X2. The surface
provided at the end of the cartridge 13 in the X1 direction is referred to as a left
side surface (left surface, left end, left end), and the surface provided at the end in
the X2 direction is referred to as a right side surface (right surface, right portion,
right end). The left side surface of the cartridge 13 faces the left direction (X1
direction), and the right side surface faces the right direction (X2 direction).

The direction from the left side surface to the right side surface (that is, the
extension in the X-axis) of the cartridges 13 is referred to as a widthwise
direction. The X1 direction and the X2 direction are collectively referred to as a
left-right direction, a horizontal direction, a widthwise direction, a lateral
direction, an X direction, an X-axis direction, or the like.

[0097] Thus, a distance between the front surface and the rear surface of the
cartridge 13 is longer than a distance between the right side surface and the left
side surface, and is longer than a distance between the upper surface and the
bottom surface. Further, the distance between the right side surface and the left
side surface is shorter than the distance between the upper surface and the bottom
surface. However, it is not limited to such a structure. For example, the
distance between the right side surface and the left side surface of the cartridge 13
may be made the longest, or the distance between the top surface and the bottom
surface may be made the longest. The distance between the top surface and the
bottom surface may be made the shortest.

[0098] The X-axis, Y-axis, and Z-axis are perpendicular to each other. For
example, the X-axis is perpendicular to the Y-axis and also perpendicular to the
Z-axis. Further, a plane perpendicular to the X-axis may be referred to as a YZ
plane, a plane perpendicular to the Y-axis may be referred to as a ZX plane, and a

plane perpendicular to the Z-axis may be referred to as an XY plane. For
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example, the ZX plane is a horizontal plane.

[0099] In the description of this embodiment, the first to third cartridges (13Y,
13M, 13C) containing the toners of yellow (Y), magenta (M) and cyan (C) colors
other than black are taken as an example.

[0100] The fourth cartridge (13K) containing the black (K) toner has a larger
toner capacity than the first to third cartridges (13Y, 13M, 13C), and in the other
respects, it is substantially the same as the other cartridges other than that.
Therefore, the description of the fourth cartridge 13K will be omitted.

[0101] The developer supplied to the main assembly of the image forming
apparatus 100 from the cartridge 13 is supplied to the process cartridge 1 by the
toner feeding device 14 as described above. That is, the cartridge 13 contains
the toner to be supplied (replenished) into the process cartridge 1.

[0102] As shown in Figure 7, it comprises a supply frame (casing, frame) 50
of the cartridges (13Y, 13M, 13C) of this embodiment. The supply frame 50
includes a container portion 50a and a lid portion 50b, and is provided by
mounting the lid portion 50b to the container portion 50a. Further, the container
portion 50a and the lid portion 50b form an internal space 51 inside the supply
frame 50. The lid portion 50b is located at the end of the cartridge in the
direction Y1 and provides the top surface of the cartridge 13 (the top surface of
the supply frame 50).

[0103] The supply frame 50 includes a partition member (partition) 55 placed
in the internal space 51 thereof. The partition member 55 further divides the
internal space 51 into a plurality of regions. That is, as shown in Figures 1, 7
and 9, the internal space 51 is divided into a plurality of chambers such as a toner
accommodation chamber 49, a communication passage 48, and a toner discharge
chamber 57 by a partition member 55. The partition member (partition) 55 can

be regarded as a part of the supply frame 50, or the partition member 55 can be
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actually formed integrally with the supply frame 50.

[0104]  Further, in the neighborhood of the end portions (rear end, rear surface)
on the downstream side, in the Z2 direction, of the supply frame 50, a drive train
including a drive input gear 59, a cam gear 60, and a screw gear 64, a pump 58,
and the like are mounted. A side cover 62 is mounted from the outside to cover
the gear train, the pump 58, and the like. In particular, the cam gear 60 is
restricted from moving in the Z1 direction and the Z2 direction by the side cover
62 and the supply frame 50.

[0105] As shown in Figure 9, the cartridge 13 has an internal space 51
containing the toner therein, and the internal space 51 is divided into the toner
accommodation chamber 49, the communication passage 48, and the toner
discharging chamber 57 described above by the partition member 55.

[0106] The stirring member 53 and the screw 54 are extended from the
upstream side (that is, the downstream side in the Z1 direction) of the cartridge
13 in the mounting direction to the downstream side (that is, the downstream side
in the Z2 direction) of the mounting direction.

[0107] The screw 54 is partially covered with a partition member 55, at a part
which is extend from the upstream side in the mounting direction (the
downstream side in the Z1 direction) to the downstream side in the mounting
direction (the downstream side in the Z2 direction). By covering the screw 54
with the partition member 55, a tunnel-like space is formed inside the partition
member 55, and it serves as a communication passage (communication port) 48.
[0108] Each chamber formed in the internal space 51 of the supply frame 50
will be described in detail in the following.

(Toner accommodation chamber)

[0109] The toner accommodating chamber (developer accommodating

chamber) 49 has a space for accommodating the toner (developer). A supply



10

15

20

25

27

stirring member 53 (hereinafter, simply referred to as a stirring member 53) is
provided in the toner accommodation chamber 49.

[0110]  The stirring member 53 is arranged parallel to the longitudinal
direction of the cartridge 13 and is rotatably supported by the supply frame 50.
Further, the stirring member 53 includes a rotating shaft 53a and a supplying
stirring sheet 53b as a feed member which is a flexible sheet. The stirring
member 53 is a movable member which is movable relative to the supply frame
50.

[0111]  One end of the supply stirring sheet 53b is mounted on the rotating
shaft 53a, and the other end of the supply stirring sheet 53b is a free end. By the
rotating shaft 53a rotating to rotate the supply stirring sheet 53b in the direction
of the arrow H, the toner is stirred by the supply stirring sheet 53b, and the toner
is fed to the toner feed screw (hereinafter, simply referred to as a screw) 54.
[0112]  The screw 54 is a feed member which feeds the toner along the rotation
axis thereof to the communication passage 49 and the toner discharge chamber 57,
which will be described hereinafter . The rotation axis of the screw 54 and the
rotation axis of the stirring member 53 are substantially parallel with each other.
[0113] Inside the toner accommodation chamber 49, there is provided a wall
50al between the screw 54 and the stirring member 53. The wall 50al is a wall-
shaped or plate-shaped projection (rib) projecting upwardly from the floor surface
of the toner accommodation chamber 49. The walls 50b are juxtaposed in
parallel adjacent to the feed screw 54 and extend along the axial direction of the
feed screw 54, that is, the toner feeding direction. By being sandwiched
between the wall 50al and the side surface of the toner accommodation chamber
49, the screw 54 can stably feed the toner around itself. On the downstream side
of the toner accommodation chamber 49 in the toner feed direction, the wall 50al

is not provided between the screw 54 and the stirring member 53. This is in
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order that in the portion on the downstream side of the screw 54, the amount of
the toner received from the stirring member 53 is increased. The upper portion
of the screw 54 is also open, and therefore, some toner moves from the stirring
member 53 to the screw 54 beyond the upper portion of the wall 50al.
(Communication passage)

[0114] The communication passage (toner passage, tunnel) 48 is a space and
an opening which communicate the toner accommodation chamber 49 and the
toner discharge chamber 57 with each other, which will be described hereinafter,
and is a passage through which the toner moves. The communication passage
48 is constituted by a partition member 55 and a supply frame 50. At least a
part of the screw 54 as a feed member is placed in the communication passage 48.
[0115] The screw 54 is a movable member which is movable relative to the
supply frame 50, and more specifically, it is rotatably supported by the supply
frame 50. A part of the screw 54 is exposed to the toner accommodation
chamber 49, and the rotation feeds the toner in the toner accommodation chamber
49 along the rotation axis direction of the screw 54.

[0116] As described above, the communication passage 48 is constituted by
the partition member 55 and the supply frame 50, extends along the toner feeding
direction by the screw 54, and has a tunnel shape. Further, the partition member
55 covers a part of the screw 54 so that the screw 54 is placed inside the
communication passage 48. The tunnel shape of the communication passage 48
is formed corresponding to the outer shape of the screw 54. That is, the
communication passage 48 has a function of cutting off the toner fed by the screw
54 and feeding the toner in a constant quantity.

[0117] A part of the toner fed by the screw 54 can enter the inside of the
communication passage 48 and move to the toner discharge chamber 57, but the

rest of the toner cannot enter the communication passage 48sp that it remains in
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the toner accommodation chamber 49. The amount of the toner entering the
inside of the communication passage 48 can be appropriately determined by
appropriately setting the ratio between the size of the opening of the tunnel
formed by the communication passage 48 and the size of the screw 54. That is,
by passing the screw 54 through the inside of the communication passage 48,
only a desired amount of the toner can be supplied to the toner discharge chamber
57.

[0118] The screw conveys the toner in the direction (Z2 direction) from the
front surface (front end) to the rear surface (rear end) of the cartridge 13. That
is, in this embodiment, the longitudinal direction of the screw 54, that is, the toner
feed direction is the same as the longitudinal direction (Z direction, front-rear
direction) of the cartridge 13. The structure of the cartridge 13 can be
appropriately changed depending on the structure of the image forming apparatus
100.

(Toner discharge chamber)

[0119] The toner discharge chamber (developer discharge chamber) 57 is a
space formed by the partition member 55 and the supply frame 50, and it is
placed downstream of the communication passage 48 in the feed direction in
which the screw 54 feeds the toner.

[0120] In the neighborhood of the toner discharge chamber 57, that is, in the
neighborhood of the rear surface (end in the Z2 direction) of the supply frame 50,
the screw gear 64 for receiving a rotational force for rotating the screw 54 is
provided. Further, the toner discharge chamber 57 is provided with a discharge
opening 52 for discharging the toner (developer) from the internal space 51 of the
supply frame 50 to the outside. The discharge opening 52 is an opening to
permit the toner to be discharged by communicating the inside and outside of the

supply frame 50.
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[0121] The discharge opening 52 is formed on the bottom side of the cartridge
13 (that is, the bottom surface of the supply frame 50) and is directed to the
bottom of the cartridge. That is, the toner is discharged downwardly from the
discharge opening 52. The discharge opening 52 is placed on the downstream
side of the cartridge 13 in the feed direction of the screw 54. That is, the
distance between the discharge opening 52 and the rear surface of the cartridge
13 (the downstream end in the Z2 direction) is shorter than the distance between
the discharge opening 52 and the front surface (downstream end in the Z1
direction) of the cartridge 13.

[0122]  Further, the pump 58 is provided adjacent to the rear surface
(downstream end portion in the arrow Z2 direction) of the cartridge 13. The
pump 58 includes a bellows portion 58a which can be expanded and contracted,
that is, which is reciprocable. The bellows portion 58a has a flexibility and can
be deformed by expanding and contracting (reciprocation). The bellows portion
58a is a region having a volume variable by expanding and contracting and
deforming. The inside of the pump 58 and the inside of the toner discharge
chamber 57 communicate with each other through a communication opening
provided in the toner discharge chamber 57.

[0123] In the pump 58, the bellows portion (movable portion, variable portion)
58a is reciprocated, that is, is expanded and contracted by the drive train and the
drive conversion portion (drive conversion mechanism, pump drive mechanism)
68 which will be described hereinafter, so that the internal volume of the bellows
portion (movable portion) 58a can be changed. Thus, the pump 58 can act on
the toner discharge chamber 57.

[0124]  As the pump 58 expands and contracts, the internal pressure (internal
air pressure) of the toner discharge chamber 57 changes periodically, and a

difference is produced between the external air pressure of the cartridge 13 and
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the internal air pressure of the toner discharge chamber 57. The discharge
opening 52 effects suction and discharge by this pressure difference, and by using
the flow of air (gas) at this time for stirring and discharging the toner, the toner
can be discharged stably.

[0125] When the pump 58 expands and its volume increases, the air pressure
inside the pump 58 and the toner discharge chamber 57 decreases, so that the air
enters the inside of the toner discharge chamber 57 through the discharge opening
52. The inward flow of air loosens the toner in the toner discharge chamber 57,
and the fluidity of the toner can be increased. Thereafter, when the pump 58
contracts and the volume thereof decreases, the air pressure inside the pump 58
and the toner discharge chamber 57 increases, so that the toner is discharged
through the discharge opening 52 from the inside of the toner discharge chamber
57 to the outside together with the air. By repeating this process, the toner is
intermittently and periodically discharged from the inside of the cartridge 13 to
the outside thereof through the discharge opening 52.

[0126]  With the structure in which the toner is fed together with the air, it is
easy to feed the toner in a narrow passage or to carry the toner discharged from
the toner discharge opening 52 on the air flow and move it to a distant position.
This is suitable for increasing the feed efficiency of the toner discharged from the
toner cartridge 13. Further, the toner can be discharged even if the toner
discharge opening 52 is made small, and therefore, it is possible to constrain the
toner from being unintentionally scattered from the toner discharge opening 52 to
the outside of the cartridge 13.

[0127] In this embodiment, the toner can be stirred by driving the pump 58 to
periodically change the air pressure inside the toner discharge chamber 57.
Particularly, in this embodiment, since suction and exhaust are performed through

the discharge opening 52, the moving direction of the air passing through the
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discharge opening 52, that is, the direction of the air flow is periodically changed
by the drive of the pump 58. Therefore, it is easy to stir the toner in the
neighborhood of the discharge opening 52, which is suitable for increasing the
fluidity of the toner and efficiently feeding the toner.

[0128]  Although it is possible to dispose the pump 58 away from the toner
discharge chamber 57, the pump 58 directly connected to the toner discharge
chamber 57 as in this embodiment, is preferable because the pump 58 can act
directly on the toner discharge chamber 57.

[0129] When the pump 58 is driven, the smaller the pressure difference
between the toner accommodation chamber 49 and the toner discharging chamber
57, the more stable the toner can be discharged. Therefore, in the normally used
attitude (attitude during use), the communication opening (vent passage) 46 for
venting the toner discharge chamber 57 and the toner accommodation chamber is
placed above the discharge opening 52 and the pump 58.

[0130] Thatis, when the pump 58 is driven, the pump 58 expands and
contracts, so that the air pressure (internal pressure) inside the toner discharge
chamber 57 periodically decreases and increases. Further, by the toner moving
from the toner accommodation chamber 49 toward the toner discharging chamber
57, the air pressure (internal pressure) inside the toner accommodation chamber
49 decreases. If a large pressure difference is produced between the toner
accommodation chamber 49 and the toner discharge chamber 57 as a result of
these changes in air pressure, the amount of the toner passing through the
communication passage 48 may vary, or the toner may flow back through the
communication passage 48, with the result that the amount of the toner supplied
to the toner discharge chamber 57 may change. If this occurs, the amount of the
toner discharged from the discharge opening 52 may become unstable.

[0131] Therefore, in this embodiment, by disposing the vent 46 at a position
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different from the communication passage 48, the toner accommodation chamber
49 and the toner discharge chamber are communicated with each other, and the
air flow between the toner accommodation chamber 49 and the toner discharge
chamber 57 is assured. By this, it is possible to prevent a high pressure
difference between the toner accommodation chamber 49 and the toner
discharging chamber 57.

[0132] That is, the provision of the vent 46 are effective to establish (i) the
internal pressure of the toner discharge chamber 57 is increased and decreased by
the pump 58 to stably discharge the developer from the discharge opening 52, and
(i1) the pressure difference between the toner accommodation chamber 49 and the
toner discharge chamber 57 is prevented from increasing.

[0133] The vent 46 may be structured so as to permit the toner as well as the
air to pass therethrough. However, in such a case, it is desirable that the amount
of the toner which enters and exits the toner discharge chamber through the vent
46 is sufficiently smaller than the amount of the toner which passes through the
communication passage 48 and which is supplied to the toner discharge chamber
57. By doing so, even if some toner passes through the vent 46, the amount of
the toner inside the toner discharge chamber 57 does not vary significantly. For
this reason, the influence on the amount of the toner discharged from the
discharge opening 52 can be suppressed or eliminated.

[0134] In view of this, it is desirable to dispose the vent 46 at a position where
the toner does not easily pass through, that is, at a position where the toner does
not present therearound. For example, it is conceivable to provide the vent 46 at
a position as high as possible inside the toner discharge chamber 57 or the toner
accommodation chamber. By doing so, the amount of the toner passing through
the vent 46 can be reduced. Further, it is possible to prevent the vent from being

clogged by the toner. That is, the movement of air through the vent 46 is not
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hindered by the toner.

[0135] From this point of view, inside the toner accommodation chamber 49,
the lower end of the vent 46 is located above the upper end of the communication
passage 48 and above the screw 54. This is because the amount of the toner
passing through the vent 46 is made smaller as compared with the amount of the
toner passing through the inside of the communication passage 48 by the screw
54. Furthermore, in the state that the toner is stored in the toner accommodation
chamber 49, the lower end of the vent 46 inside the toner accommodation
chamber 49 is positioned higher than the upper level of the toner (see part (b) of
Figure 7. Conversely, the amount of the toner stored in the toner
accommodation chamber 49 is limited so that the upper level of the toner is lower
than the lower end of the vent 46. By doing so, the toner inside the toner
accommodation chamber 49 does not easily reach the vent 46.

[0136] Here, the upper love of the toner in the toner accommodation chamber
49 is the upper level of the toner before the user starts to use the cartridge 13, that
is, in a state where the toner contained in the cartridge 13 is not yet used. When
determining the height of the upper level of the toner, the cartridge 13 is in the
normal attitude. In this embodiment, it is the attitude in which the discharge
opening 52 is directed downward, that is, it is the attitude in which the side on
which the discharge opening 52 is provided is a bottom side. Then, the upper
level of the toner is made parallel to the horizontal plane so that the toner is
uniformly contained inside the toner accommodation chamber 49. Subsequently,
after waiting a certain period of time until the state of the toner stabilizes, the
height of the upper level of the toner is checked (see part (b) of Figure 8).

[0137] By disposing the vent 46 inside the toner accommodation chamber 49
and setting the toner accommodating amount appropriately in this manner, it is

possible to constrain the toner from moving from the toner accommodation
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chamber 49 to the toner discharging chamber 57 through the vent 46. In
addition, it is accomplished to constrain the vent 46 from being clogged by the
toner in the toner accommodation chamber 49.

[0138]  Further, in the state that the toner is not used yet (that is, the toner
cartridge 13 is unused and fresh), the upper level of the toner inside the toner
accommodation chamber 49 is above the upper end of the pump 58. That s, in
this embodiment, the upper level of the toner is placed at a position higher than
the pump 58 in order to accommodate a sufficient amount of the toner in the
toner accommodation chamber 49, and the vent 46 is placed further above the
upper level of the toner. Both securing the toner amount capacity and assuring
the function of the vent 46 are accomplished.

[0139] Of the parts and members which are compared in the vertical
relationship (height) in the foregoing, the communication opening 46, the
communication passage 48, and the toner discharge chamber are provided
straddling the toner accommodation chamber 49 and the toner discharge chamber
57, and they have certain widths in the Z-axis direction. Therefore, if the
communication opening 46, the screw 54, and the communication passage 48 are
slanted at an angle relative to the Z axis or the horizontal plane, the heights of the
members on the toner accommodation chamber 49 side and on the toner
discharging chamber 57 side may differ from each other. When the vertical
relationship between the communication opening 46, the screw 54, and the
communication passage 48 is mentioned in the foregoing, these heights inside the
toner accommodation chamber 49 are compared. That is, in the above
description, the heights of the respective members on the toner accommodation
chamber 49 side are compared.

[0140] However, in this embodiment, the communication opening 46, the

communication passage 48, and the screw 54 are all arranged parallel to the Z
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axis, that is, horizontally, and the height of each member is constant regardless of
the position. Therefore, in this embodiment, the above-mentioned height
relationship is established regardless of whether it is inside the toner
accommodation chamber 49 or in the toner discharge chamber 57. That is, the
above-mentioned vertical relationship regarding the communication opening 46,
the screw 54, and the communication passage 48 is established regardless of the
coordinates of the Z axis.

[0141] Similarly, not only the lower end of the vent 46 in the toner
accommodation chamber 49, but also the lower end of the vent 46 inside the
toner accommodation chamber 57 is placed above the upper end of the pump 58.
The vent 46 is placed also at a high position inside the toner discharge chamber
57 in order to prevent the toner from returning from the toner discharge chamber
57 to the toner accommodation chamber 49 through the vent 46.

[0142]  As another method of suppressing the amount of the toner passing
through the vent 46, there is a method of covering the vent 46 with a filter. As
such an example, part (c) of Figure 8 shows the structure of the cartridge 13 as a
modified example in which the vent 69 including a filter is provided instead of
the vent 46.

[0143]  The filter 69a provided in the communication opening 69 is a member
which suppresses the passage of the toner while permitting passage of air. In
part (c) of Figure 8, the filter 69a (hatched portion) is emphasized for explanation.
[0144] When the vent 69 including the filter 69a is used in this manner, the
passage of the toner can be suppressed, even if the toner exists around the vent 69.
Particularly, the filter is effective when the vent is provided below the upper level
of the toner. Of course, the vent 46 in part (b) of Figure 8 may be provided with
a filter in the same manner as with the vent 69.

[0145]  Further, in part (b) of Figure 8, the vent 46 is formed by utilizing the
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gap formed between the partition member 55 and the supply frame 50, but a vent
may be provided by forming an opening in the partition member 55 is formed like
the vent 69 shown in part (c) of Figure 8.

[0146] Since the vent 46 and the communication passage 48 are both
communication passages (communication openings and paths) which
communicate the toner discharge chamber 57 and the toner accommodation
chamber 49 with each other, one of them may be called a first communication
passage (or the first communication opening and the first path), and the other may
be called a second communication passage (or a second communication opening,
a second path) or the like. However, the vent 46 is a communication passage for
the purpose of passing air, and therefore, unlike the communication passage 48
which is a toner path, the vent opening 46 may have a structure in which the toner
cannot pass, as described above.

[0147]  Next, the description will be made as to the relationship between the
sizes of the toner accommodation chamber 49, the communication passage 48,
and the toner discharge chamber 57. Area As is the area of the cross-section of
the communication passage 48 on a cutting plane A-A in part (a) of Figure 8.

The area of the region shown by hatching in part (a) of Figure 1 is As.

[0148]  Further, an area of the cross-section of the toner discharge chamber 57
on a cutting plane B-B of part (a) of Figure 8 on the downstream side
(downstream side in the Z2 direction) of the communication passage 48 is Bs.
The area of the region shown by hatching in part (b) of Figure 1 is Bs.

[0149]  Further, the area of the cross-section of the toner accommodation
chamber 49 on a plane C-C in part (a) of Figure 8 on the upstream side
(downstream side in the Z1 direction) of the communication passage 48 is Cs.
The area of the region shown by hatching in part (a) of Figure 1 is Cs.

[0150] The three cross-sections taken along the A-A line, the B-B line and the
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C-C line are all cross sections taken by the planes perpendicular to the Z axis.

In other words, they are cross-sections taken along the planes perpendicular to the
toner feed direction by the screw 54, perpendicular to the longitudinal direction
of the cartridge 13, and parallel to the XY plane.

[0151] At this time, the areas of the cross-sections of the communication
passage 48, the toner discharge chamber 57, and the toner accommodation
chamber 49 satisfy the following relationship

As < Bs, and

As < Cs.

[0152] That is, the cross-section of the communication passage 48 is smaller
than the cross-section of the toner discharge chamber 57 and the cross-section of
the toner accommodation chamber 49.

[0153] The area Bs of the cross-section of the toner discharge chamber 57 and
the area Cs of the cross-section of the toner accommodation chamber 49 are
different along the Z-axis coordinates (depending on the position in the toner feed
direction). Further, in this embodiment, the area As of the cross-section of the
communication passage 48 is substantially constant regardless of the coordinates
of the Z axis (position in the toner feed direction), but the area As of the cross-
section of the communication passage 48 may be made different depending on
the coordinates of the Z axis. Even in such a case, the cross-sections satisfying
the above-described magnitude relationship can be found in the communication
passage 48, the toner discharge chamber 57 and the toner accommodation
chamber 49, respectively.

[0154] For example, suppose As is the area of the smallest cross-section of the
communication passage 48. In this case, at least one cross-section having the
area Cs larger than the area As is provided in the toner accommodation chamber

49, and at least one cross-section having the area Bs larger than the area As is
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provided in the toner discharge chamber 57.

[0155] It can be said as follows. When the area of the largest cross-section
of the toner accommodation chamber 49 is Cs, and the area of the largest cross-
section of the toner discharge chamber 57 is Bs, the communication passage 48
has at least one cross-section having an area As which is smaller than Cs and Bs.
[0156] By making the cross-sectional area Cs of the toner accommodation
chamber 49 larger as compared with the cross-section As of the communication
passage 48, a sufficient amount of the toner can be stored inside the toner
accommodation chamber 49, and the toner can also be efficiently stirred by the
stirring member 53 inside the toner accommodation chamber 49. The stirring
member 53 stirs the toner to prevent the toner from aggregating. That is, the
stirring member 53 can increase the fluidity by loosening the toner.

[0157]  On the other hand, the toner can be metered by passing the toner
through the communication passage 48 having a small cross-section. That is, in
order to limit the amount of the toner which moves from the toner
accommodation chamber 49 to the toner discharge chamber 57, the cross-
sectional area As of the communication passage 48 is made smaller than the
cross-sectional area Cs of the toner accommodation chamber 49. By this, when
the screw travels through the communication passage 48, the amount of the toner
fed can be reduced and controlled to a desired level (constant level).

[0158]  Further, since the toner discharge chamber 57 has a cross-section larger
than the cross portion of the communication passage 48, the toner can be
loosened inside the toner discharge chamber 57. That is, the toner discharge
chamber 57 needs to increase the fluidity of the toner inside the toner discharge
chamber 57 when the air is sucked through the discharge opening 52. Therefore,
the toner discharge chamber 57 needs a certain volume to mix the air and the

toner when the air flows thereinto through the discharge opening 52. In order to



10

15

20

25

40

assure the volume, the cross-sectional area Bs of the toner discharge chamber 57
is made larger than the cross-sectional area As of the communication passage 48.
[0159] As shown in part (a) of Figure 8, the B-B cross-section of the toner
discharge chamber 57 described above is a cross-section take along a plane which
passes through the toner discharge opening 52, but when determining the area Bs
of the cross-section of the toner discharge chamber 57 it is not necessary to use a
cross-section that passes through the toner discharge opening 52. That is, it is
preferable that there is at least one cross-section having an area Bs satisfying "As
< Bs" inside the toner discharge chamber 57.

[0160] However, if the cross-section of the toner discharge chamber 57 at the
position of the discharge opening 52, that is, the cross-section of the toner
discharge chamber 57 taken along a plane passing through the discharge opening
52 satisfies "As < Bs", it is more suitable from the standpoint of increasing the
fluidity around the discharge opening 52.

[0161] Further, in the case that the cross-sectional area As of the
communication passage 48 is made smaller than the cross-sectional area Bs of the
toner discharge chamber 57, it is possible to prevent the toner from flowing back
through the communication passage 48. When the pump 58 contracts, the air
pressure in the toner discharge chamber 57 increases, so that the toner and air are
discharged through the discharge opening 52. At this time, some air and toner
may tend to move to the toner accommodation chamber 49 through the
communication passage 48. However, in this embodiment, the toner movement
path is narrowed in the communication passage 48, and therefore, it is possible to
constrain the toner and the air in the toner discharge chamber 57 from moving
back to the toner accommodation chamber 49 through the communication
passage 48. Further, in this embodiment, not only the area As of the

communication passage 48 is reduced, but also the screw 54 is provided inside
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the communication passage 48, so that the screw 54 also functions to suppress the
movement of the toner flowing back through the communication passage 48.
[0162] By the provision of the communication passage 48 in this manner, it is
possible to suppress the movement of the toner and the air from the toner
discharge chamber 57 to the toner accommodation chamber 49. The toner can
be stably discharged to the outside of the toner cartridge 13 through the discharge
opening 52 of the toner discharge chamber 57.

[0163] In this embodiment, the communication passage 48 has substantially
the same cross-sectional area As in a certain range (substantially the entire area in
this embodiment). When the communication passage 48 has a region having the
same cross-sectional size over a certain range, it is easy to stabilize the amount of
the toner passing through the communication passage 48. However, as
described above, the size of the cross-section of the communication passage 48
may be changed depending on the position. If the toner flow path is narrowed
anywhere between the toner discharge chamber 57 and the toner accommodation
chamber 49, at least such a portion can be regarded as the communication
passage 48.

[0164] If the cross-sectional area of the communication passage 48 differs
depending on the position, the smallest cross-section As (Asmin) of the
communication passage 48, the largest cross-section Bsmax of the toner
discharge chamber 57, and the largest cross-section Csmax of the toner
accommodation chamber 49 are compared. In this embodiment, "Asmin <
Bsmax < Csmax" are satisfied. In order to increase the capacity of the toner
stored in the toner accommodation chamber 49, it is preferable that the cross-
section of the toner accommodation chamber 49 is larger than the cross-section of
the communication passage 48 and than the cross-section of the toner discharge

chamber 57.
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[0165] Here, min in the subscript means the minimum value, and max means
the maximum value.

[0166]  Further, when the area Bs of the cross-section of the toner discharge
chamber 57 is determined at the position of the discharge opening 52, "Asmin <
Bs < Csmax" can be satisfied.

[0167] In the internal space 51 of the supply frame 50, a screw 54 and a
stirring member 53 are provided as movable feed members relative to the
development frame 50. Unless otherwise specified, when these feed members
(53, 54) are provided in the communication passage 48, the toner accommodation
chamber 49, and the toner discharge chamber 47, the areas As, Bs, and Cs include
the cross-sectional area of the feed members (53, 54) as well. In other words,
the cross-sectional areas of the spaces formed inside the communication passage
48, the toner accommodation chamber 49, and the toner discharge chamber 47 in
the state that the screw 54 and the stirring member 53 is removed from the supply
frame 50 are the areas As, Bs, and Cs. By this, the presence/absence and sizes
of the screw 54 and the stirring member 53 do not affect the values of the areas
As, Bs, and Cs.

[0168] However, in this embodiment, when the areas As, Bs, and Cs of the
communication passage 48, the toner discharge chamber 47, and the toner
accommodation chamber 49 are determined, even if the cross-sectional areas of
the screw 54 and the cross-sectional area of the stirring member 53 are excluded,
each of the above-mentioned area relationships is satisfied. That is, in the AA
cross-section of part (a) of Figure 1, an area of the part excluding the region of
the screw 54 from the hatched region is redefined as As; in the BB cross-section
of Figure (b) an area of the part excluding the region of the screw 54 from the
hatched region is redefined as Bs; and an area of the part excluding the region of

the screw 54 and the stirring member 53 from the hatched region in the CC cross-
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section of part (c) of Figure 1 is redefined as Cs. Even if As, Bs, and Cs are
redefined in this manner, a cross-section satisfying the above-mentioned
relationship of As, Bs, and Cs exists in the communication passage 48, the toner
discharge chamber 47, and the toner accommodation chamber 49.

[0169] In this embodiment, the volume of the communication passage 48 is
the smallest, and the volume of the toner accommodation chamber 49 is the
largest. The volume of the toner discharge chamber 57 is larger than the volume
of the communication passage 48 and is smaller than the volume of the toner
accommodation chamber 49. The amount of the toner stored in the cartridge 13
can be easily changed by changing the cross-sectional area Cs of the toner
accommodation chamber 49 without changing the shapes of the communication
passage 48 and the toner discharge chamber 57.

[0170] Referring to Figure 28, the relationship of the internal space 51 will be
described. Figure 28 is a simplified view illustrating the internal space, wherein
part (a) of Figure 28 shows the toner accommodation chamber 49, the
communication passage 48, and the toner discharge chamber 57 separately in a
schematic manner, and part (b) of Figure 28 shows that the internal space 51 is
formed by combining them. As explained above, the relationship between the
areas As, Bs, and Cs satisfies "As < Bs < Cs".

[0171] In Figure 28, the shape of the space occupied by each of the toner
accommodation chamber 49, the communication passage 48, and the toner
discharge chamber 57 is simplified and shown as a combination of cubes.
Therefore, the cross-section of each space is also simplified and illustrated so that
the shape thereof is a quadrangle.

[0172] In this case, the cross-sectional area As is the product of the width Aw
measured in the X direction of the communication passage 48 and the height Ah

measured in the Y direction, that is, As = Aw x Ah. Similarly, Bs = Bw x Bh
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and Cs = Cw x Ch.

[0173] In Figure 28, the cross-sectional area Cs is obtained at the position
where the cross-sectional area of the toner accommodation chamber 49 is the
largest. The maximum value Csmax of such a cross-sectional area Cs is larger
than the cross-sectional area As of the communication passage 48 as described
above.

[0174]  Preferably, Csmax is greater than 5 times As. More preferably,
Csmax is made larger than 10 times Asmax, so that the digits of Csmax is larger
than that of Asmax.

[0175] In particular, in the large-capacity toner cartridge 13 as in this
embodiment, it is further preferable to make Csmax larger than 25 times As.
For example, the area Cs of the cross-section satisfying SAw < Cw and 5Ah <
Aw satisfies such a relationship.

[0176] In summary,

EXAs < Csma x,

1T0xXxAs < Csma x,

25xXxAs < Csma x

are satisfied.

[0177] In this embodiment, the cross-sectional area of the communication
passage 48 is constant regardless of the position. The above relationship is
satisfied regardless of the position where the area As of the cross-section of the
communication passage 48 is measured.

[0178] However, if the size of the area of the communication passage 48 differ
significantly depending on the position, the area Asmin of the cross-section of the
smallest communication passage can be compared with the maximum value
Csmax of Cs. Then, the relationships are

5X Asmin < Csmax,
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10xAsmin < Csmax,

25X Asmin < Csmax.

[0179] The same applies to the case where the size of As differs depending on
the position. If the area As of the cross-section of the communication passage
48 is constant regardless of the position, it can be considered that "As = Asin" is
satisfied regardless of the position.

[0180] In this embodiment, in the yellow, cyan, and magenta toner cartridges,
the maximum value Csmax of Cs is selected to exceed 60 times the area As of the
communication passage, that is,

60X As < Csmax,

60 X Asmin < Csmax.

[0181] In the black toner cartridge, the maximum value Csmax of Cs is
selected to exceed 80 times the minimum value of the area As of the
communication passage, that is,

80Xx As < Csmax,

80 X Asmin < Csmax.

[0182] From the standpoint of maintaining the constantness of the amount of
the toner passing through the communication passage 48 while increasing the
volume of the toner accommodation chamber 49, it is preferable that, the area Cs
is increased with respect to the area As, or conversely it is preferable that the area
As is reduced with respect to the area Cs.

[0183] In this embodiment, Csmax is less than 100 times that of Asmin
regardless of any of the yellow, cyan, magenta, and black cartridges 13. 100 X
As < Csmax,100 X Asmin < Csmax.

[0184] However, there is no particular upper limit for Cs in principle, and
therefore, in order to secure the volume of the toner accommodation chamber, the

maximum value of Cs may be larger than that of this embodiment so as to exceed



10

15

20

25

46

100 times that of As.
[0185]  On the other hand, from the standpoint of securing the volume for
mounting the cartridge 13 inside the main assembly of the image forming
apparatus, it is usually preferable that the maximum value of Cs is smaller than
1000 times As. More generally, it is preferable that the maximum value of Cs is
smaller than 500 times that of As, that is,
1000 X As > Csmax,
1000 X Asmin > Csmax,
500X As > Csmax,
500 X Asmin > Csmax.
[0186]  Further, in Figure 28, the cross-sectional area Bs of the toner discharge
chamber 57 is measured at the position where the toner discharge opening 52 (see
part (a) of Figure 8 and the like) is placed.
[0187] At this time, the cross-sectional area Bs can be calculated by Bs = Bw
x Bh, and the relationships are
Bs > As and
Bs > Asmin.

In particular, it is preferable that the relationship is such that Bw > Aw or Bh
> Ah, and the area Bs is larger than the area As.
[0188] In this embodiment, when the area Bs is obtained at the position of the
toner discharge opening 52, the area Bs is selected to exceed 1. 5 times the area
As of the cross-section of the communication passage, and more specifically, at
the position of the exit 52, the area Bs is more than three times the area As, that is,
1.5%XAs < Bs,
1.5 X Asmin < Bs,
3%xAs < Bs,and
3 X Asmin <Bs
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[0189]  Further, regardless of any of the yellow, cyan, magenta, and black
cartridges 13, the area Bs at the position of the toner discharge opening 52 is
smaller than the area Csmax.

[0190] More specifically, the area Bs at the position of the toner discharge
opening 52 is selected to be smaller than half of the area Csmax, and is actually
smaller than one tenth of the area Csmax, that is,

2XBs < Csmax

10xBs < Csmax.

[0191] Particularly, in the black cartridge, the area Bs at the position of the
toner discharge opening 52 is smaller than 1/20 of the area Csmax, that is,
20xBs < Csmax.

[0192] If the position for obtaining the cross-sectional area of the toner
discharge chamber is other than the position of the discharge opening 52, the
value of Bs may change. In that case, the maximum value Csmax of Cs is larger
than the maximum value Bsmax of Bs, that is,

Bsmax < Csmax.

This is to increase the volume of the toner accommodating chamber, thus
increasing the toner capacity.

[0193] In this embodiment particularly, Bsmax is smaller than half of Csmax,
that is,

2XBsmax < Csmax.

[0194] The ratio between As, Bs, and Cs described above may change beyond
the above range. This is because these ratios vary depending on the position and
performance of the pump 58, the amount of the toner stored in the cartridge, the
volume that can be used in the image forming apparatus main assembly for
mounting the toner cartridge 13, the arrangement of the internal space of the toner

cartridge 13, and the like.
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[0195] As shown in part (b) of Figure 28, a part of the toner accommodation
chamber 49 and the communication passage 48 are arranged side by side in the
Y-axis direction, that is, in the up-down direction (vertical direction). The toner
accommodation chamber 49 is placed on the downstream side in the Y1 direction,
that is, above the communication passage 48. Therefore, when the
communication passage 48 and the toner accommodation chamber 49 are
projected along the Y-axis direction onto the projection plane (ZX plane)
perpendicular to the Y-axis, the projection areas of the communication passage
48 and the toner accommodation chamber 49 at least partially overlap with each
other.

[0196]  Further, another part of the toner accommodation chamber 49 and the
communication passage 48 are arranged side by side in the X-axis direction, that
is, in the left-right direction. A part of the toner accommodation chamber 49 is
placed on the downstream side in the X2 direction with respect to the
communication passage 48, that is, on the right side. Therefore, when the
communication passage 48 and the toner accommodation chamber 49 are
projected along the X-axis direction onto the projection plane perpendicular to
the X-axis, that is, onto the YZ plane, the projection areas of the communication
passage 48 and the toner accommodation chamber 49 at least partially overlap
with each other.

[0197]  Further, another part of the toner accommodation chamber 49 and the
communication passage 48 are arranged side by side in the Z-axis direction, that
is, in the front-rear direction. A part of the toner accommodation chamber 49 is
on downstream side in the Z1 direction, that is, in front of the communication
passage 48. Therefore, when the communication passage 48 and the toner
accommodation chamber 49 are projected along the Z-axis direction onto the

projection plane perpendicular to the Z axis, that is, the XY plane, the projection
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areas of the communication passage 48 and the toner accommodation chamber 49
are at least partially overlapped with each other.

[0198]  As described above, the toner accommodation chamber 49 is arranged
so0 as to be juxtaposed with the communication passage 48 in the Y-axis direction,
the X-axis direction, and the Z-axis direction perpendicular to each other. With
such an arrangement and layout, the volume of the toner accommodation
chamber 49 can be increased to increase the capacity of the toner cartridge.
[0199] Further, the communication passage 48 and the toner discharge
chamber 57 are arranged along the Z-axis direction, that is, the front-rear
direction. The toner discharge chamber 57 is placed on the downstream side in
the Z2 direction, that is, on the rear side with respect to the communication
passage 48. Therefore, when the communication passage 48 and the toner
discharge chamber 57 are projected along the Z-axis direction onto the projection
plane perpendicular to the Z axis, that is, the XY plane, the projection area of the
communication passage 48 and the toner discharge chamber 57 overlap with each
other.

[0200]  Similarly, the toner discharge chamber 57 and the toner
accommodation chamber 49 are arranged along the X-axis direction, that is, in
the left-right direction. The toner accommodation chamber 49 is located on the
downstream side in the X2 direction with respect to the toner discharge chamber
57, that is, on the right side. Therefore, when the toner discharge chamber 57
and the toner accommodation chamber 49 are projected along the X-axis
direction onto the projection plane (YZ plane) perpendicular to the X-axis, the
toner discharge chamber 57 and the toner accommodation chamber 49 at least
partially overlap with each other. With such an arrangement relationship and
layout, the volume of the toner accommodation chamber 49 can be increased.

[0201] By arranging spaces having particular functions (57, 49, 48) adjacent to
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each other so that such spaces overlap each other in the projection plane, efficient
internal arrangement of space 51 without futile space can be provided. A toner
cartridge 13 which stores toner quantitatively conveys it, and quantitatively
discharges it can be accomplished while keeping the size of the internal space 51
constant.

[0202] In the image forming apparatus 100, the black toner tends to be
consumed more than the toners of other colors, and therefore,, in the fourth
developer supplying container (13K), the cross-sectional area Cs of the black
toner accommodation chamber 49 is made larger than the other cartridge (13Y,
13M, 13K). By this, the volume of the toner accommodation chamber 49 in the
fourth developer supplying container (13K) is made larger than the volume of the
toner accommodation chamber of the first to third developer supplying containers
(13Y, 13M, 13C). A large amount of the toner is contained in the fourth
developer supplying container (13K).

[0203] By appropriately changing the cross-sectional area Cs of each cartridge
(13Y, 13M, 13C, 13K), the amount of the toner contained in each cartridge can
be appropriately set without significantly changing the other parts of each
cartridge.

[0204]  Further, although the four toner cartridges 13 of this embodiment are
used with the image forming apparatus 100 for forming a four-color image, one
toner cartridge 13 can be used for a monochromatic image forming apparatus for
forming a monochromatic image. Further, two of the toner cartridges 13 may be
used for an image forming apparatus for forming an image of two colors. That
is, there is no limit to the number of the toner cartridges which can be used
simultaneously in one image forming apparatus 100.

[0205] In this embodiment, a part of the screw 54 exists substantially directly

above the discharge opening 52 of the toner discharge chamber 57. That is, a
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part of the screw 54 is placed inside the toner accommodation chamber 49,
another part is placed inside the communication passage 48, and a further part is
placed inside the toner discharge chamber 57.

[0206] By this, the screw 54 can reliably feed the toner from the toner
accommodation chamber 49 through the communication passage 48 toward the
discharge opening 52 of the toner discharge chamber 57.

[0207] However, the structure of the developer feed member (screw 54) is not
limited to this example. It is conceivable that the feed member is not provided
in a part or parts of the toner accommodation chamber 49, the communication
passage 48, and/or the toner discharge chamber 57. For example, inside a part,
it is conceivable that the screw 54 is not formed with spiral blades and only the
shaft of the screw having no toner transporting ability is provided.

(Expansion and contraction, and reciprocation of pump)

[0208]  Next, referring to Figures 10 and 11, 400the expansion/contraction
motion and the reciprocating motion of the pump 58 will be described.

[0209] Figure 10 is a partial perspective view of the rear end portion of the
cartridge 13 as viewed from below, in a state that the side cover 62 is shifted
rearward to show the transmission path of the rotational drive.

[0210] Figure 11 is a partial perspective view of the rear end portion of the
cartridge 13, in a state that the side cover 62 is shifted rearward in order to
illustrate the expansion/contraction operation of the pump 58. Part (a) of Figure
11 shows a state in which the pump 58 is expanded, and part (b) of Figure 11
shows a state in which the pump 58 is contracted.

[0211]  As shown in Figure 11, a drive train is provided on the rear side of the
cartridge 13, that is, in the neighborhood of the rear surface. The drive train of
this embodiment includes a drive input gear (drive input member, coupling

member) 59, a cam gear 60 as a rotating member, and a screw gear 64. The
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drive input gear 59 includes a drive receiving unit (drive input unit, coupling
portion) 59a and a gear portion 59b. The cam gear 60 is provided with a cam
groove 60a. In the cam gear 60, a cylindrical portion on which the cam groove
60a is formed may be referred to as a cam portion. The cam groove 60a is
extended snakingly, and has a peak portion 60b at the rear side and a valley
portion 60c at the front side.

[0212]  The direction of the axis of the cam gear 60 is parallel to the Z axis.
[0213] A link member 61 as the reciprocating member has a cam projection
61a, and the cam projection 61a is in engagement with the cam groove 60a.
Further, the link member 61 is supported by the side cover 62 so as to be movable
in the front-rear direction (Z-axis direction) while the movement in the rotational
direction about the axis Z which is the central axis of the pump 58 is restricted.
That is, the link member 61 can reciprocate in the direction of the axis of the cam
gear 60.

[0214] The side cover 62 is a cover member (protective member) for covering
the pump 58 to protect the pump 58, it is provided at an end portion of the
cartridge 13 in the Z2 direction, and provides a rear surface (rear end) of the
cartridge 13. The side cover 62 may be regarded as a part of the frame (casing)
of the cartridge 13 together with the supply frame 50. In such a case, the supply
frame 50 may be particularly referred to as a frame body (casing body) or the like.
[0215] The pump 58 described above is provided with a coupling portion 58b,
by means of which the link member and the pump 58 are connected with each
other. In this embodiment, the cam gear 60 and the link member 61 are
included in the drive conversion unit (drive conversion mechanism, pump drive
mechanism) 68.

[0216]  The rotation drive transmission path will be described. ~As shown in

Figure 10, rotational drive is inputted from the drive output member (coupling
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member on the main assembly side) 100a provided in the main assembly of the
image forming apparatus 100, to the cartridge 13. That is, by connecting
(coupling) the drive receiving portion (coupling portion) 59a of the drive input
gear 59 provided on the cartridge with the drive output member 100a, the driving
force receiving portion 59a receives the rotational force (driving force). Asa
result, the drive input gear 59 rotates, and the drive force is transmitted from the
drive input gear 59 to respective members of the cartridge 13.

[0217]  The drive input gear 59 is connected to the shaft portion 53a of the
stirring member 53 as shown in Figure 7, and therefore, the stirring member 53 is
rotated by the rotation of the drive input gear 59. The gear portion 59b of the
drive input gear 59 is engaged with the gear portion 60d of the cam gear 60, and
transmits the rotational drive to the cam gear 60. Further, the gear portion 60d
of the cam gear 60 is engaged with the screw gear 64 to rotate the screw gear 64.
A screw 54 (see Figure 1) is connected with the screw gear 64, and the screw 54
is driven by the transmitted rotational drive.

[0218] The diameter of the gear portion 60d of the cam gear 60 is smaller than
the diameter of the cylindrical portion (cam portion) on which the cam groove
60a of the cam gear 60 is formed.

[0219]  Thus, the drive input gear 59 is a drive input member to which a
driving force (rotational force) is inputted from the outside of the cartridge 13
(that is, the main assembly of the image forming apparatus 100). In other words,
the drive input gear 59 is a cartridge-side coupling member structured to be able
to couple with the drive output member (main assembly-side coupling member)
100a.

[0220]  Further, the drive input gear 59 also functions as a drive transmission
member (gear member) for transmitting the driving force to each member of the

cartridge. That is, the drive input gear 59 includes both the coupling portion
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(driving force receiving portion 59a) to which the driving force is inputted and
the gear portion 59b for outputting the driving force to another member of the
toner cartridge 13. The gear portion 59b is arranged on the outer peripheral
surface of the drive input gear 59.

[0221]  The rotational force (driving force) inputted to the drive input gear 59
is used not only to drive the screw 54 and the stirring member 53, but also to
drive the pump 58.

[0222]  Therefore, referring to Figure 12,, the description will next be made as
to a drive conversion portion 68 for converting the rotational force (driving force)
received by the drive input gear 59 into the reciprocating motion to
expand/contract and reciprocate the pump 58 will be described.

[0223]  The drive conversion portion 68 in this embodiment is a cam (cam
mechanism), and includes the cam gear (rotating member) 60 and the link
member (reciprocating member) 61. The link member 61 is restricted in
movement in the rotational direction around the axis Z. Therefore, when the
cam gear 60 is rotated by receiving the rotational drive, the cam projection 61a of
the link member 61 alternately passes through the peaks 60b and the valleys 60c
of the cam groove 60a of the cam gear 60, so that the link member 61
reciprocates in the front-rear direction.

[0224]  That is, the state of part (a) of Figure 12 and the state of part (b) of
Figure 12 are alternately repeated. At this time, the point where the projection
61a which is each engaging portion, and the cam groove 60a come into contact
with each other in order for the cam gear 60 as the rotating member to reciprocate
the link member 61 as the reciprocating member is referred to as the engaging
point P.

[0225] In interrelation with the reciprocating motion of the link member 61,

the coupling portion 58b connected to the link member 61 also reciprocates.
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Then, the reciprocating motion of the coupling portion 58b causes the bellows
portion 58a of the pump 58 to expand and contract, so that the internal volume of
the pump 58 changes periodically. The connecting portion 58b is a force
receiving portion (expansion/contracting force receiving portion, pump driving
force receiving portion) which receives the force for expanding/contracting the
pump 58 from the link member 61.

[0226]  As described above, the drive conversion portion 68 (link member 61,
cam gear 60) converts the rotational force received by the drive input gear 59 to
the force to expand and contract the bellows portion 58a of the pump 58 (the
force for driving the pump to change the volume of the pump), thus driving the
pump 58.

[0227] At this time, the pump 58 is placed inside the rotating cam gear 60 in
the radial direction. That is, the pump 58 is inside the cam gear 60 and is
surrounded by the cam gear 60.

[0228]  Further, the bellows portion 58a of the pump 58 and the engagement
point P are set so that they overlap in the expansion/contraction direction (moving
direction of the pump) of the pump 58, at some phase. With such an
arrangement relationship, the space required for expansion and contraction of the
pump 58 and the space required for movement of the engagement point P can be
shared, and the expansion and contraction amount (movement amount) of the
pump 58 can be made larger in the limited space.

[0229]  Referring to Figures 12 and 27, the specific positional relationship
between the engagement point P and the bellows portion 58a will be described.
Part (a) of Figure 12 and part (b) of Figure 12 are sectional views of the pump,
part (a) of Figure 12 shows a state in which the pump is expanded, and part (b) of
Figure 12 shows a state in which the pump is contracted. Figure 27 is a graph

showing change, with the time, of the positional relationship between the



10

15

20

25

56

engagement point P and the bellows portion 58a in the operation of the pump.
[0230] In part (a) of Figure 12, the bellows portion 58a of the pump 58 is in an
expanded state and occupies the range indicated by the arrow Q1 in the Z-axis
direction. At this time, the engagement point P is placed so as to overlap the
range Q1 in the Z-axis direction.

[0231]  Further, in part (b) of Figure 12, the bellows portion 58a of the pump
58 is in a contracted state and occupies the range indicated by the arrow Q2 in the
Z-axis direction. At this time, the engagement point P overlaps the range Q2 in
the Z-axis direction.

[0232]  Part (c) of Figure 12 is an illustration when the bellows portion 58a and
the engagement point are projected on a line (Z axis) extending in the
expansion/contraction direction (movement direction) of the pump 58. The
position of the engagement point P in the state where the bellows portion 58a is
most expanded (the state of part (a) of Figure 10 is indicated by a point Pa, and
the region occupied by the bellows portion 58a in the Z-axis direction at that time
is indicated by Q1. It is understood that the engagement point Pa is within the
projection area Q1 of the bellows portion 58a, on the Z axis.

[0233]  Further, the position of the engagement point in the state where the
bellows portion 58a is most contracted (the state in part (b) of Figure 10 is
indicated by the point Pb. Further, in the state where the bellows portion 58a is
most contracted (the state of part (b) of Figure 10, the region occupied by the
bellows portion 58a in the Z-axis direction is indicated by Q2. It is understood
that the engagement point Pb is within the projection area Q2 of the bellows
portion 58a, on the Z axis.

[0234] Figure 27 is a developed view showing how the cam projection 61a of
the link member 61 moves in the cam groove 60a of the cam gear 60. The cam

projection 61a is restricted by the cam groove 60a and moves in the Z-axis



10

15

20

25

57

direction with time (Time). At this time, since the engagement point P, which is
the contact point between the cam projection 61a and the cam groove 60a,
changes with time (Time), it is shown by a thick solid line instead of a point in
Figure 27.

[0235]  Further, in Figure 27, the range occupied by the bellows portion 58a in
the Z-axis direction is shown by a thin solid line, and the range occupied by the
bellows portion 58a in the extension/contraction direction in time (Time) is
indicated by the double-head arrow Q. Here, the most expanded (elongated)
state of the pump 58 shown in part (a) of Figure 12 is the state of Time = Ta in
Figure 27, and the most contracted state of the pump 58 shown in part (b) of
Figure 12 is the state of Time = Tb in Figure 27.

[0236] In this embodiment, the engagement point P at the time point of "Time
=Tb", that is, at the timing when the pump 58 is most contracted, and the
engagement point P is in the range Q2 in which a part of the pump 58 exists in
the expansion/contraction direction (that is, on the Z axis). That is, the Z
coordinate of the engagement point P is within the range Q1 occupied by the
pump 58 in the Z axis coordinate.

[0237] Similarly, at the time of "Time = Ta", that is, at the timing when the
pump 58 is most expanded, the engagement point P is inside the range Q1 where
the pump 58 exists, in the expansion/contraction direction. That is, the Z
coordinate of the engagement point P is within the range Q1 occupied by the
pump 58 in the Z axis coordinate.

[0238] By doing so, the space required for the expansion/contraction motion
and the reciprocating motion of the pump 58 and the space required for the
movement of the engagement point P can be shared. That is, the space required
for arranging the pump 58 and the drive conversion portion 68 can be kept small,

and therefore, the cartridge 13 can be downsized.
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[0239] In the state of "Time = Tc" in Figure 27, in the process of switching
from the contracted state to the expanded state of the pump 58, It is understood
that the engagement point P is outside the range of the bellows portion 58a at that
time in the Z-axis coordinates. The engagement point P may be outside the
range Q occupied by the bellows portion 58a in the process of operation. Thus,
it will suffice if at least in the Z-axis direction (the expansion/contraction
direction of the pump), there is a moment (timing) in which the engagement point
P is inside the range Q occupied by the bellows portion 58a.

[0240] In this embodiment, the engagement point P is inside the region Q
occupied by the bellows portion 58a, except for a short time before and after
"Time = Tc". In particular, the engagement point P is always inside the region
Q occupied by the bellows portion 58a in the process of change of the pump 58
from the most expanded state to the most contracted state.

[0241] In addition, the drive input gear 59 is disposed so as to overlap the
bellows portion 58a of the pump 58 at least partially in the expansion/contraction
direction of the pump 58. By this, the space required for expansion and
contraction of the pump 58 and the space required for engagement of the drive
input gear 59 can be shared, and the expansion and contraction amount of the
pump 58 can be made larger in the limited space.

[0242] Referring to Figure 13, the specific positional relationship between the
drive input gear 59 and the bellows portion 58a will be described. Part (a) of
Figure 13 shows a state in which the pump is expanded, and part (b) of Figure 13
shows a state in which the pump is contracted. Part (c) of Figure 13 is a
projection drawing in which the positional relationship between the drive input
gear 59 and the bellows portion 58a is projected on the axis Z.

[0243] In part (a) of Figure 13, the bellows portion 58a of the pump 58 is in an

expanded state and occupies the range Q1 in the Z-axis direction. At this time,
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the width 59W including the drive receiving portion 59a and the gear portion 59b
of the drive input gear 59 overlaps the range of the arrow Q1 in the Z-axis
direction.

[0244]  Further, in part (b) of Figure 13, the bellows portion 58a of the pump
58 is in a contracted state and occupies the range Q2 in the Z-axis direction. At
this time, the width 59W including the drive receiving portion 59a and the gear
portion 59b of the drive input gear 59 overlaps the range Q2 in the Z-axis
direction.

[0245]  In this embodiment, the width 59W including the drive receiving
portion 59a and the gear portion 59b of the drive input gear 59 in the Z-axis
direction overlap the area occupied by the bellows portion 58a, in both the
expanded state and the contracted state of the pump 58. It is desirable that the
width 59W including the drive receiving portion 59a and the gear portion 59b is
arranged so as to always overlap the range occupied by the bellows portion 58a in
the Z-axis direction, as described above, but it is not always necessary. , It will
suffice if in the process of operation of the pump 58, there is at least a moment
(timing) in which the width 59W including the drive receiving portion 59a and
the gear portion 59b overlaps with the range occupied by the bellows portion 58a
in the Z-axis direction. By doing so, the space required for expansion and
contraction of the pump 58 and the space required for arranging the drive input
gear 59 can be shared.

[0246]  Further, The arrangement is such that when the pump 58 is in the
contracted state, the connecting portion (expansion force receiving portion, pump
driving force receiving portion) 58b of the link member 61 and the pump 58
overlaps the peak portion 60b of the cam gear 60 in the Z-axis direction. On the
other hand, when the pump 58 is in the expanded state, the link member 61 also

moves in the Z-axis direction, so that the peak portion 60b of the cam gear 60 and
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the link member 61 do not interfere with each other during operation. That is, in
the Z-axis direction, the range in which the coupling portion 58b of the pump 58
operates and the range in which the engagement point P moves overlap at least
partially. In other words, as can be seen in part (c) of Figure 12, the moving
range of the engaging point P in the Z-axis direction is between the point Pa and
the point Pb. In the state where the bellows portion 58a is most contracted (the
state of part (b) of Figure 12, the connecting portion 58b is interposed between
the point Pa and the point Pb on the Z axis. The arrangement relationship
between the engagement point P and the coupling portion 58b also makes it
possible to selected a larger amount of expansion and contraction of the pump 58
in a limited space, Thus, contributing to the space saving and to the stabilization
of discharge.

[0247]  Referring to Figure, the positional relationship between the cam gear
60 and the bellows portion 58a of the pump 58 will be described.

[0248] Figure 14 is a sectional view around the pump. In Figure 14, the link
member 61 and the side cover 62 are not shown.

[0249]  The pump 58 is provided with the bellows portion 58a and the
connecting portion 58c. The bellows portion 58a is a movable portion
structured to be deformable so as to expand and contract. The connecting
portion 58c is a mounting portion (connecting portion) mounted to the casing
(supply frame 50) of the toner cartridge 13.

[0250] Assuming that the thickness of the bellows portion 58a is ta and the
thickness of the connecting portion 58c is tk, the relationship therebetween is ta <
tk. The bellows portion 58a is easily expanded and contracted and has a small
wall thickness, but the connecting portion 58c has a large wall thickness in order
to assure the strength enough to connect to the supply frame 50.

[0251]  Further, a diameter of the bellows portion 58a is larger than a diameter
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of the connecting portion 58c.

[0252] In this embodiment, as viewed along the expansion/contraction
direction of the pump 58, the bellows portion 58a and the connecting portion 58c
are both circular, and the centers of the bellows portion 58a and the connecting
portion 58c are aligned with each other. However, the pump 58 does not
necessarily have such a shape.

[0253] The gear portion 60d of the cam gear 60 is arranged so as to surround
the coupling portion 58c, and as viewed along the Z-axis direction, the coupling
portion 58c is inside the diameter Dc, and the gear portion 60d is on the outside
(position of the diameter Dd).

[0254] Inthe Z1 direction, the region of the bellows portion 58a of the pump
58 is in Za, the region of the coupling portion 58c is in Zc, and the region of the
gear portion 60d is in Zc.

[0255] By disposing the gear portion 60d in the space of the connecting
portion 58c which does not move in the longitudinal direction of the pump 58, the
longitudinal space can be efficiently used.

[0256] Regarding the relationship between the gear portion 60d of the cam
gear 60 and the bellows portion 58a of the pump 58, as viewed along the Z-axis
direction, the bellows portion 58a is within the diameter Da, and the gear portion
60d overlaps this diameter Da.

[0257] In Figure 14, k1 and k2 are portions where the gear portion 60d
overlaps the bellows portion 58a, and are an annular shape (donut-shaped) area
provided when k1 and k2 are rotated about the axis Z, as viewed along the Z
direction.

[0258] In this structure, the gear portion 60d can be made smaller as viewed
along the Z-axis direction, and the bellows portion 58a of the pump 58 can be

made larger, and therefore, the rotation speed of the gear portion 60d can be
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increased, and the variable volume of the pump can be increased.

(Discharge opening, pump, drive input gear arrangement).

[0259]  Next, referring to Figures 1 and 15, the description will be made as to
the arrangement relationship of the discharge opening 52, the pump 58, and the
drive input gear 59 described above.

[0260] Figure 1 (a), part (b) of Figure 1, and part (c) of Figure 1 are cross-
sectional views as the cartridge 13 is viewed along the Z axis. That is, the plane
along which the cross-sections shown in part (a) of Figure 1-part (c) of Figure 1
are taken corresponds to the XY plane perpendicular to the Z axis. Part (a) of
Figure 15 is a view of the rear portion of the cartridge 13 along the Z1 direction,
and part (b) of Figure 15 is a view of the lower portion (bottom portion) of the
cartridge 13 along the Y1 direction. Part (a) of Figure 15 corresponds to the XY
plane perpendicular to the Z axis, and part (b) of Figure 15 corresponds to the ZX
plane perpendicular to the Y axis.

[0261] The discharge opening 52 is placed inside the supply frame 50 so as to
be closer to one side (first side) in the X direction, that is, on the left side offset in
the arrow X1 direction in Figure 1. Similarly, the screw 54 is also placed offset
in the X1 direction, together with the discharge opening 52. That is, the
discharge opening 52 and the screw 52 are arranged in the neighborhood of the
left side surface of the supply frame 50.

[0262]  On the other hand, the stirring member 53 and the drive input gear 59
are placed on the other side (second side) in the X direction, that is, on the right
side indicated by the arrow X2 in Figure 1.

[0263] By doing so, the toner (developer) is fed from the stirring member 53
provided on the second side X2 in the X direction (right side in Figure 1) to the
screw 54 arranged on the first side X1 (left side in Figure 1).

[0264] If, unlike this embodiment, the screw 54 and the discharge opening 52
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are placed in the center of the supply frame 50 in the X direction, that is, in the
left-right direction, it is necessary to provide the stirring member 53 on each of
the first side X1 and the second side X2 of the supply frame 50. That is, it may
be necessary to convey the toner (developer) from the two stirring members
provided on both sides in the X direction toward the screw 54 provided in the
center in the X direction, with the result that the structure of the cartridge may be
complicated.

[0265]  Therefore, in this embodiment, the number of stirring members 53 is
reduced and the cartridge structure is simplified by arranging the discharge
opening 52 and the screw 54 closer to one side X1 (left side in Figure 1) in the X
direction.

[0266] The arrangement of the pump 58 is as follows. In order to facilitate
the action of the pump 58 on the discharge opening 52, it is desirable to dispose
the pump 58 closer to the first side X1 where the discharge opening 52 is placed.
Therefore, as shown in Figure 15, the pump 58 is arranged so that the center of
the pump is placed on the downstream side, in the X1 direction of the X direction,
of the center of the supply frame 50. Since Figure 1 and Figure 15 (a) are in a
left-right inverted relationship with each other, the downstream side in the X1
direction corresponds to the right side, and the downstream side in the X2
direction corresponds to the left side, in Figure 15.

[0267] In this embodiment, the pump 58 is provided so as not to protrude
beyond the side surface of the first side X1 of the supply frame 50. The toner
cartridge is viewed along the Z axis, the entire pump 58 can be accommodated
inside the supply frame 50. This is to assure a large volume of the supply frame
50 by utilizing the space for arranging the pump 58.

[0268] The center of the pump 58 is placed on the downstream side, in the X2

direction, of the central axis of the screw 54 and the discharge opening 52. In
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Figure 15, the center position of the screw gear 64 is the center position of the
screw 54.

[0269] Thatis, in the X direction (that is, in the left-right direction or the
horizontal direction), the center of the pump 58 is on the downstream side, in the
X1 direction, of the center of the supply frame 50, and on the downstream side, in
the X2 direction, of the center (axis line) of the screw 54 and the discharge
opening 52. This is because, as described above, the region of the pump 58
protruding beyond the supply frame 50 is reduced or eliminated. That is, in
order to downsize the toner cartridge 13, the position of the discharge opening 52
and the position of the center of the pump 58 are intentionally shifted in the X-
axis direction. The coupling portion 58c and the coupling portion 58b placed at
the center of the pump 58 are closer to the discharge opening 52 in the X2
direction.

[0270] Finally, the arrangement of the drive input gear 59 is as follows. The
drive input gear 59 is for transmitting the drive to the pump 58, and if the drive
input gear 59 and the pump 58 are aligned with each other along the Z axis, the
length of the developer supplying container 13 in the Z direction becomes longer.
Therefore, it is desirable to shift (offset) the center of the drive input gear 59 from
the center of the pump 58 in the X direction or the Y direction and to arrange the
drive input gear and the pump 58 then.

[0271] In this embodiment, the center (axis) of the drive input gear 59 is
shifted to the side in the X2 direction (left side in Figure 15) with respect to the
center of the pump 58. The axis of the drive input gear 59 is placed closer to the
X2 direction than the coupling portion 58c and the coupling portion 58b of the
pump 58.

[0272] This is because it is easy to assure a space for placing the drive input

gear 59 on the downstream side in the X2 direction with respect to the pump 58.
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This is due to the following reasons.

[0273]  As shown in Figure 2, the process cartridge 1 is placed above each of
the four toner cartridges 13 (on the downstream side in the arrow Y1 direction)
inside the image forming apparatus main assembly. And, the four process
cartridges 1 are arranged side by side in the X direction, and similarly, the four
toner cartridges 13 are also arranged side by side in the X direction.

[0274] In such a layout of the image forming apparatus, the width of the toner
cartridge 13 in the X direction can be expanded to the same extent as the width of
the process cartridge 1.  As a result, as shown in Figure 15, the width of the
toner cartridge 13 measured in the X direction can easily be made larger than the
width of the pump 58. Further, since the pump 58 is placed closer to the X1
side of the toner cartridge 13, there is a room for placing the drive input gear 59
in the toner cartridge 13 particularly on the downstream side in the X2 direction
with respect to the pump 58.

[0275]  Therefore, the center (axis) of the drive input gear 59 is offset from the
center of the pump 58 in the X2 direction of the X direction. In this
embodiment, the drive input gear 59 is placed coaxially with the stirring member
53.

[0276] In the horizontal direction (X direction), the discharge opening 52 is
placed on the first side (downstream side in the X1 direction) with respect to the
center of the pump 58, and the axis of the drive input gear 59 is placed on the
second side opposite to the first side with respect to the center of the pump 58
(that is, the downstream side in the X2 direction),. In the X direction (horizontal
direction), the discharge opening 52 and the axis of the drive input gear 59 are
arranged on opposite sides of the center of the pump 58. Here, the center of the
pump 58 is the center of the area occupied by the pump 58 in the X direction.

By arranging the discharge opening 52 on which the pump 58 acts and the drive
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input gear 59 acting on the pump 58 apart from each other, the space can be
effectively utilized and the toner cartridge 13 can be downsized.

[0277] In this embodiment, the coupling portion 58c and the coupling portion
58b are at the center of the pump 58. Therefore, in the horizontal direction, the
axis of the drive input gear 59 and the discharge opening 52 are arranged on the
opposite sides with the coupling portion 58c or the coupling portion 58b of the
pump 58 interposed therebetween.

[0278] In the horizontal direction (X-axis direction), the axis 54 of the screw
is substantially at the same position as the discharge opening 52. Therefore, in
the horizontal direction, the axis 54 of the screw is placed so as to be shifted in
the X1 direction more than the center of the pump 58. In addition, the stirring
member 53 is disposed coaxially with the drive input gear 59. Therefore, the
axis of the stirring member 53 is placed so as to be shifted in the X2 direction
more than the center of the pump 58 in the horizontal direction.

[0279]  As the toner cartridge 13 is viewed along the Z axis, the drive input
gear 59 is arranged so as not to protrude beyond the supply frame 50. The entire
drive input gear 59 is accommodated inside the region occupied by the supply
frame 50. By utilizing the space for disposing the drive input gear 59, it is
possible to assure a large volume of the supply frame 50, and it is possible to
increase the amount of the toner contained in the replenishment frame 50.
Alternatively, since the space required for arranging the drive input gear 59 is
effectively utilized, the toner cartridge can be downsized.

[0280]  The toner cartridge is viewed along the Z axis as shown in Figure 15,
the pump 58 and the drive input gear 59 are placed so as to partially overlap each
other. This is to assure a large volume of the pump 58 by utilizing a part of the
space in which the drive input gear 59 is provided.

[0281] More specifically, a part of the gear portion 59b of the drive input gear
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59 is placed so as to be sandwiched between the bellows portion 58a of the pump
58 and the supply frame body 50. On the other hand, the coupling portion 59a
of the drive input gear 59 is arranged so as not to overlap with the pump 58.

This is because the coupling portion 59a has to be exposed to the outside of the
cartridge 13 in order to couple with the drive output member 100a.

[0282] In summary, as the cartridge 13 is viewed along the Z axis, the axis of
the drive input gear 59 is between the side surface of the supply frame 50 on the
second side (that is, the downstream side in the X2 direction) and the center of
the pump 58. In particular, the coupling portion 59a of the drive input gear 59 is
placed on the downstream side in the X2 direction with respect to the pump 58 so
as not to overlap with the pump 58. On the other hand, the other parts of the
drive input gear 59, more specifically, a part of the gear portion 59b of the drive
input gear 59 is placed so as to overlap the pump 58.

[0283]  Similarly, the pump 58 and the screw gear 64 are arranged so as to
partially overlap each other. This is to effectively utilize the space and assure a
large volume of the pump 58. On the other hand, the axis of the screw gear 64
is placed offset in the X1 direction from the center of the pump 58. This is
because the screw 54, which is arranged coaxially with the screw gear 64, is
placed in the neighborhood of the discharge opening 52.

[0284] From the standpoint of increasing the amount of the toner (developer)
discharged by the operation of the pump 58, it is necessary to increase the
number of expansions and contractions of the pump 58 with respect to the
rotation speed of the drive input gear 59. In this embodiment, the pump 58
expands and contracts once or more when the drive input gear 59 makes one full
rotation. The expansion/contraction operation (reciprocating motion) of the
pump 58 is counted as one operation which is from the state of the pump 58 in

the most contracted position through the state in the most expanded state and then
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back to the most contracted state.

[0285] Here, in order to increase the number of expansions and contractions of
the pump, it is necessary to rotate faster the cam gear 60, which is provided
around the pump 58 to cause the pump 58 to expand and contract.

[0286]  Since the drive is transmitted to the cam gear 60 from the drive input
gear 59, it is desirable that the gear portion of the drive input gear 59 is made
larger, in order to appropriately select the gear ratios of the two gears and rotate
the cam gear 60 faster.

[0287] In order to efficiently arrange the enlarged drive input gear 59, it is
efficient to place the drive input gear 59 offset in the X2 from the center of the
pump 58 as described above.

[0288]  As described above, it is desirable that the drive input gear 59 is
enlarged, whereas the screw gear 64 is preferably downsized.

[0289] In order to increase the amount of the toner (developer) fed by the
screw 54, it is desirable to increase the rotation of the screw 54. That is, it is
desirable to increase the rotation of the screw gear 64 connected to the screw 54.
[0290] Here, the driving force is transmitted to the screw gear 64 from the
drive input gear 59 by way of the cam gear 60. In order to appropriately select
the gear ratio of these gears and rotate the screw gear 64 at high speed, it is
desirable to reduce the diameter of the screw gear 64.

[0291] From the standpoint of increasing the diameter of the gear portion 59a
of the drive input gear and decreasing the diameter of the screw gear 64, the
diameter of the gear portion 59a of the drive input gear 59 is selected to be larger
than the diameter of the screw gear 64.

[0292] In this embodiment, when the pump 58 expands and contracts once, the
screw 54 makes one or more full rotations. In addition, the rotation speed of the

screw gear 64 is made higher than the rotation speed of the drive input gear 59.
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[0293]  The stirring member 53 does not need to have as many rotation speeds
as the screw 54, from the standpoint of supplying the toner (developer) to the
screw 54. Therefore, it is not particularly necessary to increase the rotation
speed of the stirring member 53 as compared with the rotation speed of the drive
input gear 59, and the drive input gear 59 is directly connected to the stirring
member 53. This makes it possible to simplify the structure of the cartridge 13.
[0294]  Further, in order to increase the size of the pump 58 and the drive input
gear 59, it is desirable to reduce the number of idler gears in order to assure
arrangement spaces for them. For this reason, the cam gear 60 which rotates
around the pump 58 is used also as an idler gear for transmitting the drive from
the drive input gear 59 to the screw gear 64.

[0295] The pump 58 is placed along the axis of the cam gear 60 and is
surrounded by the cam gear 60. The axis of the cam gear 60 passes through the
inside of the pump 58. In this embodiment, particularly the cam gear 60 and the
pump 58 are aligned along the Z-axis direction so that centers thereof are
substantially aligned with each other.

[0296] With such an arrangement relationship, the space for arranging the cam
gear 60 and the space for arranging the pump 58 can be shared, and the size of the
cartridge 13 can be reduced. More specifically, the inside of the cam gear 60
can be used as a space for disposing the pump 58.

[0297] Referring to Figures 16 and 17, the appearance of the cartridge 13 will
be described. Part (a) of Figure 16 is an overall perspective view as seen from
the rear of the cartridge (13Y, 13M, 13C). Part (b) of Figure 16 is a front view
as seen from the rear of the developing cartridges (13Y, 13M, 13C). Figure 17
is an overall perspective view as seen from the front of the cartridge (13Y, 13M,
13C).

[0298]  As shown in part (a) of Figure 16, the cartridge 13 is mounted t the
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main assembly of the image forming apparatus 100 in the direction of arrow J.
The side cover 62, which is the rear surface (rear surface) of the cartridge 13, is
provided with two engaging portions, namely, a first engaging portion 71 and a
second engaging portion 72. When the cartridge 13 is mounted to the main
assembly of the image forming apparatus 100, the two engaging portions 1071
and 1072 (see Figure 18) provided in the image forming apparatus main assembly
100 are engaged with the first engaging portion 71 and the second engaging
portion 72 which are provided in the cartridge 13, respectively. By this, the
position of the cartridge 13 is determined inside the main assembly 100 of the
image forming apparatus.

[0299]  The first engaging portion 71 of the cartridge 13 has a cylindrical shape,
and the second engaging portion 72 has a shape of oblong cylindrical hole. The
position of the cartridge 13 is determined inside the main assembly of the image
forming apparatus 100 by engaging and inserting the engaging portions 1071 and
1072 (Figure 18) on the main assembly side into the inside of peripheral surfaces
of these cylinders, respectively.

[0300] That is, the two engaging portions 1071 and 1072 (Figure 18) on the
main assembly side of the image forming apparatus 100 are both shafts (shafts,
projections), and the two engaging portions 71 and 72 on the cartridge side have
openings (round holes and oblong holes) for engaging with the shafts on the
apparatus main assembly side, respectively. The engaging portions 71, 72, 1071
and 1072 are positioning portions for determining the position of the cartridge 13
inside the image forming apparatus main assembly. The engaging portions 71
and 72 are engaging portions (positioning portions) on the cartridge side, and the
engaging portions 1071 and 1072 are engaging portions (positioning portions) on
the apparatus main assembly 100 side.

[0301] Referring to Figure 18, the mounting of the cartridge 13 to the image
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forming apparatus 100 will be described.

[0302] Part (a) of Figure 18 is an overall perspective view when the cartridges
(13Y, 13M, 13C) are mounted to the image forming apparatus 100.

[0303] Part (b) of Figure 18 is an overall perspective view when the cartridges
(13Y, 13M, 13C) have been mounted the image forming apparatus 100.

[0304] A storing element 70 having an electric contact contactable with the
electrical contact 170 of the main assembly of the image forming apparatus 100 is
provided on the side cover 62.

[0305] The storing element 70 is an element which stores information about
the cartridge 13. Examples of the information include the driving status of the
cartridge 13 and the color of the toner contained in the cartridge 13. In this
embodiment, the storing element 70 is an IC chip (memory chip, semiconductor
chip), and as described above, the storing element 70 has, on the surface thereof,
a conductive contact (electrical contact) which is electrically contactable with a
contact (electrical contact) 170 provided on the image forming apparatus main
assembly 100 to establish electrical connection therebetween. The electrical
contact 170 of the main assembly of the image forming apparatus 100 can be
electrically connected to the storing element 70 to read the information therefrom.
Further, the main assembly of the image forming apparatus 100 may write the
usage status of the cartridge 13 or the like from the storing element 70. The
main assembly of the image forming apparatus 100 can appropriately control the
cartridge 13 on the basis of the information in the storing element 70.

[0306] As shown in part (a) of Figure 18 in the process of mounting the
cartridge 13 to the main assembly of the image forming apparatus 100 in the
direction of arrow J,, the surface of the storing element 70 abuts on the electrical
contact of the main assembly of the image forming apparatus 100. By this, the

state shown in part (b) of Figure 18 is established, and the storing element 70 and
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the electrical contact 170 can be electrically connected.

[0307]  As shown in Figure 12 described above, the pump 58 is in contact with
the supply frame 50 at the connecting portion 58c provided at the end in the Z1
direction, and is coupled (connected, joined) with the supply frame 50. As
shown in part (b) of Figure 16, a line connecting the center of the cylindrical
shape of the first engaging portion 71 provided on the side cover 62 and the
center of the oblong cylindrical shape of the second engaging portion 72 is
referred to as line L1. A pump coupling portion 58c in which the pump 58 is in
contact with the supply frame 50 is placed on one side of the line L1, and the
electrical contact of the storing element 70 is placed on the opposite side. By
this arrangement, the pump 58 and the storing element 70 are separated from each
other, so that the vibration generated when the pump 58 is driven is suppressed
from being transmitted to the storing element 70. That is, the storing element 70
is not easily moved due to vibration, and the contact state between the electrical
contact provided in the main assembly of the image forming apparatus 100 and
the storing element 70 is stably maintained.

[0308] Further, a coupling portion (screw) 73 for connecting the side cover 62
and the supply frame with each other is provided on the same side as the storing
element 70 with respect to the L1.  Since the storing element 70 and the
coupling portion 73 are arranged on the same side, the storing element 70 can be
more firmly fixed to the supply frame 50, and the storing element 70 can be
positioned more accurately.

[0309] As shown in part (a) of Figure 17, the front side of the cartridge 13,
that is, in the neighborhood of the end of the replenishment frame 50 in the Z1
direction, a handle 74 is provided which serves as a grip for the user when
inserting and removing the cartridge 13 into and from the main assembly of the

image forming apparatus 100. The handle 74 is formed by a portion of a
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projection projecting from the upper surface of the supply frame 50 and a portion
of a recess recessed from upper surface. The recessed portion of the handle 74
is placed offset in the Z2 direction from the recessed portion of the handle 74.
That is, the recessed portion is placed closer to the rear of the cartridge than the
projecting portion.

[0310] The handle 74 is not limited to the one having the structure of the
projection and the recess formed on the upper surface of the supply frame 50 in
this manner. For example, the handle 74 may be provided by only one of a
projection and a recess. As another example, a portion of the cartridge 13 is
anti-slip processed, such as a plurality of small pits and projections provided on
the surface of the supply frame 50 or rubber provided on the surface of the supply
frame 50, by which the portion processed in this manner may function as a handle
(handle) 74. It is preferable that the handle 74 is placed in the front part of the
cartridge, that is, on a downstream side in the Z1 direction of the cartridge.
[0311]  Further, as shown in part (b) of Figure 17, the toner discharge chamber
57 is provided with a discharge opening (supply frame opening) 52 in the lower
surface in a normally used attitude (attitude at the time of use). Further, below
the discharge opening 52, a shutter (opening/closing member) 41 provided with
an opening 63 is supported so as to be movable in the front-rear direction.

[0312] The discharge opening 52 is closed by the shutter 41 when the
cartridge 13 is not mounted in the main assembly of the image forming apparatus
100. The shutter 41 is structured to be movable to a predetermined position by
being urged by the main assembly of the image forming apparatus 100 in
interrelation with the mounting operation of the cartridge 13.

[0313] Thatis, as the cartridge 13 is mounted on the main assembly of the
image forming apparatus 100, the shutter 41 moves relative to the supply frame

50. At this time, the discharge opening 52 and the opening (shutter opening) 63



10

15

20

25

74

of the shutter 41 are in fluid communication with each other, so that the toner can
be discharged from the cartridge 13. That is, the shutter 41 moves from the
closed position to the open position of the discharge opening 52.

[0314] In this embodiment, the cartridge 13 (replenishment frame 50) has a
shape similar to that of a cube. With such a shape, the cartridge 13 can
effectively utilize the space inside the main assembly of the image forming
apparatus 100, and the cartridge 13 can accommodate a large amount of the toner.
[0315] However, the shape of the cartridge 13 is not limited to this, and other
shapes such as a bottle shape (cylindrical shape) can be employed.

[0316]  Further, the screw 54 and the stirring member 53 are used as a feed
member (transport means) for feeding the toner from the toner accommodation
chamber 49 to the toner discharge chamber 47. One of them may be referred to
as a first feed member, and the other may be referred to as a second feed member.
In addition, the screw gear 64 and the drive input gear 59 connected to the
respective feed members (54, 53) may be referred to as feed members gear (see
Figure 7). Further, one of these gears 64 and 59 may be referred to as a first
feed member gear, and the other may be referred to as a second feed member gear.
Furthermore, the drive input gear 59 may be referred to as a stirring member gear.
[0317] In this embodiment, the stirring member 53 and the screw 54 move the
toner in different directions. The stirring member 53 feeds the toner toward the
screw 54. More specifically, the stirring member 53 feeds the toner in a
direction crossing the toner feeding direction by the screw 54 (in this embodiment,
a direction substantially perpendicular to each other). In this embodiment, the
screw 54 feeds the toner in the Z direction. On the other hand, the stirring
member 53 feeds the toner in the X direction which intersects the Z direction.
[0318] However, the stirring member 53 and the screw 54 may have different

structures as the feed member. For example, a belt conveyor may be used as a
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feed member instead of the screw 54, and this may be provided inside the toner
accommodation chamber 49 and the communication passage 48. Alternatively,
a feed member which feeds the toner by reciprocating motion may be used and
placed inside the toner accommodation chamber 49 and the communication
passage 48. In the case that a feed member which performs reciprocating
motion is used, a drive conversion unit (conveyor member drive mechanism)
which converts the rotational force received by the drive input gear 59 into
reciprocating motion may be provided in the cartridge 13 as in the case of the
drive conversion portion 68 described above. Further, although two feed
members are used in this embodiment, the number of feed members is not limited
to two, and may be one or three or more. As described above, there are
variations in the structure, operation, and number of feed members.

[0319] As an example, a structure using a belt conveyor (conveyor belt 154)
as a feed member will be described hereinafter in Example 6 (Figure 26).

[0320]  On the other hand, this embodiment in which the screw 54 is provided
as the feed member is suitable in the following points. That is, since the screw
54 is structured to feed the toner along the rotation axis, the space required for
providing the screw 54 can be reduced. Therefore, the cross-section of the
communication passage 48 for placing the screw 54 can be reduced. Further, In
the case that the communication passage 48 is extending along the screw 54, the
distance from the screw 54 to the communication passage 48 (that is, the size of
the gap generated between the screw 54 and the communication passage 48) can
be made substantially constant. ~As a result, the communication passage 48 can
accurately limit the amount of the toner passing through the inside to a certain
amount, and also can reduce the amount of the toner which moves (backflows) in
the direction opposite to the normal direction of the communication passage 48.

[0321] In this embodiment, the internal space 51 of the supply frame 50 is
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divided into three chambers (regions) of the toner accommodation chamber 49,
the communication passage 48, and the toner discharge chamber 57, the structure
of the supply frame 50 is not limited to such an example. For example, it is
possible to form another chamber other than the toner accommodation chamber
49, the communication passage 48, and the toner discharge chamber 57 inside the
supply frame 50, and conversely, it is conceivable to reduce the number of
chambers.

[0322]  Further, in this embodiment The drive input gear 59 directly connected
to the stirring member 53 is used, as the drive input member (drive input coupling
member, input coupling) which couples with the drive output member (output
coupling) 100a of the apparatus main assembly to receive the driving force.
[0323]  The drive input gear 59 is indirectly connected to the screw 54 by way
of a gear train (gear portion 59b of the drive input gear 59, cam gear 60, and
screw gear 64) (see Figures 6 and 9). Further, the drive input gear 59 is
connected to the pump 58 by way of a gear train (gear portion 59b and cam gear
64 of the drive input gear 59) and a drive conversion portion 68 (cam gear and
link arm 61) (see Figure 10). By connecting the drive input gear 59 to each
member in this manner, the driving force is transmitted to each of the stirring
member 53, the screw 54, and the pump 58 by the rotation of the drive input gear
59.

[0324] However, the method of connecting the stirring member 53, the screw
54, and the pump 58 with the drive input gear 59 is not limited to this example.
For example, the drive input gear 59 may be directly connected to the screw 54,
and the drive force may be transmitted from the drive input gear 59 to the stirring
member 53 and/or the cam gear 64 by way of a gear train. Similarly, a drive
input member may be provided directly on the cam gear 64, and then a drive

force may be transmitted from the cam gear to the stirring member 53 and/or the
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screw 54 by using a gear train.  Further, instead of the gear train, another drive
transmission member such as a belt may be used to transmit the driving force
from the drive input gear 59 to the stirring member 53, the screw 54, and/or the
drive conversion portion 68 of the pump.

[0325]  That is, the drive input member (drive input gear 59) may be
operatively connected to each member (stirring member 53, screw 54, and pump
58) of the cartridge 13 so as to be actable on them. That is, it will suffice if the
drive input member (59) is connected to these members (53, 54, 58) so as to be
able to transmit the driving force, and the connection method is not limited to a
specific example. It may be a direct connection or an indirect connection by
way of a gear or the like. The indirect connection method is not limited to the
method using a gear, and a method using a drive transmission member (for
example, a belt for drive transmission) different from the gear can also be
employed.

[0326] Further, in this embodiment, the coupling portion 59a of the drive input
gear 59 is coupled with the drive output member 100a, so that the drive input gear
59 receives a driving force from the drive output member 100a (see Figure 9).
That is, the drive input gear 59 is a coupling member on the cartridge side
(cartridge side coupling, cartridge side coupler), and the drive output member
100a is a coupling member on the image forming apparatus main assembly side
(main assembly side coupling, apparatus main assembly side coupler). The
drive output member 100a is an output coupling (output coupler) on the side
which outputs the driving force toward the cartridge, and the drive input gear 59
is a coupling on the inputted side (inputted coupler, inputted coupling) to which
the driving force is inputted.

[0327] More specifically, an opening is formed inside the coupling portion

59a, and the space between the inner surface of the coupling portion 59a and the
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axis is open. The free end of the drive output member 100a can enter the inside
of the opening (open space) of the coupling portion 59a. Here, in the
neighborhood of the free end of the drive output member 100a, the circular outer
peripheral surface of the drive output member 100a is recessed at three locations
at 120 ° intervals. By this, pits and projections (namely, portion with pit and
portion without pit) are formed on the outer peripheral surface of the drive output
member 100a. Similarly, inside the coupling portion 59a, three projections
projecting from the inner surface of the coupling portion 59a toward the axis of
the coupling portion 59a are formed at intervals of 120 degrees (see part (a) of
Figure 15 and part (b) of Figure 16). By this, pits and projections (namely,
portion without projection and portion with projection) are also formed on the
inner peripheral surface of the circular tubular portion of the coupling portion 59a.
[0328] The projection and the pit portion provided on the inner peripheral
surface of the coupling portion 59a are engaged (engaged) with the pit and the
projection provided on the outer peripheral surface of the drive output member
100a, by which the drive output member 100a and the coupling portion 59a
connected (coupled) with each other. By this, the driving force can be
transmitted from the drive output member 100a to the coupling portion 59a.

The drive output member 100a and the coupling portion 59a rotate together in a
substantially coaxial state. The drive input member 59 transmits the rotational
force received from the drive output member 100a by the projection of the
coupling portion 59a toward each driven portion of the toner cartridge 13, namely,
the stirring member 53, the screw 54, the pump 58, and the like.

[0329] , by the image forming apparatus main assembly and the toner
cartridge 13 being connected by connecting the coupling members to each other
in this manner, the driving force (rotational force) can be accurately and stably

transmitted to the toner cartridge 13 and the driven portions thereof, and therefore,
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it is suitable. Further, it is possible to easily make the coupling members (59,
100a) connectable to each other, by inserting the cartridge 13 into the main
assembly of the apparatus.

[0330] The shapes of the coupling members (59, 100a) of the image forming
apparatus main assembly and the cartridge are not limited to above-described
examples. For example, The shapes may be reversed such that the drive output
member 100a has an opening, and the coupling portion 59a of the drive input
gear 59 has a shaft portion capable of entering the opening of the drive output
member 100a.

[0331] The method of transmitting the driving force from the apparatus main
assembly to the cartridge is not limited to the coupling connection by such two
coupling members (couplers). For example, it is conceivable that the
connection method between the cartridge 13 and the main assembly of the
apparatus is a method other than the coupling connection, and, for example, a
connection using two gears may be employed. As an example, a structure is
also conceivable in which a gear portion is provided on the drive output member
100a, and the drive input gear 59 is rotated by engaging the gear portion 59b of
the drive input gear 59 with such a gear portion. In the case that the gear
connection is employed in this manner, the coupling portion 59a is unnecessary
for the drive input gear 59. When the coupling portion 59a is removed from the
drive input gear 59 in this manner, the drive input member is a gear member, not
a coupling member.

[0332] As a method for connecting the pump 58 to the drive input gear 59, a
mechanism different from that of the drive conversion portion 68 (cam gear 64
and link arm 61) of this embodiment can be employed. As such a modification,
a structure using a crank mechanism for the drive conversion unit will be

described hereinafter in Embodiment 3 (Figure 21), and a structure using a cam



10

15

20

25

80

mechanism and a spring for the drive conversion portion will be described
hereinafter in Example 4 (Figure 23). Further, a structure using a magnet for the
drive conversion portion will be described hereinafter in Example 5 (Figure 25).
[0333] The pump 58 is a blower and an air flow generator for generating an air
flow (gas flow, air flow) for discharging the toner. The pump 58 is a toner
discharger and an air discharger which discharges the toner, air (gas) from the
inside of the cartridge 13. The pump 58 is also an suction device which suctions
air (gas) from the outside of the toner.

[0334] The pump 58 of this embodiment is a bellows pump (bellows pump),
which is a positive displacement pump, and more specifically, a reciprocating
pump. Other examples of reciprocating pumps include diaphragm pumps,
piston pumps, and plunger pumps. The bellows pump (bellows pump) may be
regarded as a type of diaphragm pump. These reciprocating pumps can
periodically and intermittently discharge the toner from the discharge opening 52
by periodically changing the air pressure inside the supply frame 50 by the
reciprocating movement of the movable portion.

[0335] However, with a structure in which the movable portion of the pump
reciprocates by sliding movement as with the piston of a piston pump, a gap is
formed between the movable portion and other members. The toner may enter
the gap and affect the operation of the pump. In this respect, the bellows pump
and the diaphragm pump have a structure in which the flexible movable portion is
deformed and reciprocated, and no movable portion slides. Therefore, there is
no such a portion as a gap between the moving portion of the pump and other
members. It is possible to prevent the toner from affecting the operation of the
moving parts of the pump. That is, a pump such as a bellows pump or a
diaphragm pump is further preferable because the pump can operate stably.

[0336] In addition, the pump 58 of this embodiment performs both suction and
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exhaustion through the discharge opening 52. However, the present invention is
not limited to such a structure. For example, in the modified example shown in
Figure 29, the toner accommodation chamber 49 is provided with an inlet port 86
in the toner accommodation chamber 49 in addition to the discharge opening 52.
When the pump 58 is expanded, the pump 58 suctions the air not only through the
discharge opening 52 but also through the inlet port 86.

[0337] The air suctioned through the inlet port 86 enters the inside of the toner
discharge chamber 57 from the toner accommodation chamber 49 through the
communication passage 46, and is used for discharging the toner when the pump
58 contracts. The inlet port 86 may be placed at a position other than the toner
accommodation chamber 49. For example, the inlet port 86 can be placed in the
toner discharge chamber 57, or the inlet port 86 can be directly connected to the
pump 58. A plurality of inlet ports 86 may be provided in the cartridge 13.
[0338] It is preferable that the inlet port 86 is provided with a check valve 86a
so as to prevent the toner from leaking out. The check valve 86a opens the inlet
port 86 to allow the inlet port 86 to take in the air when the air pressure in the
toner accommodating chamber drops. When the air pressure in the toner
accommodating chamber rises, the inlet port 86 is kept closed to suppress the
discharge of the air through the inlet port 86, and to suppress the discharge of the
toner through the inlet port 86.

[0339] In the modified example as shown in Figure 29, the amount of air
suctioned through the discharge opening 52 may be small or negligible as
compared with the amount of the air suctioned through the inlet port 86.
However, as in the structure shown in Figure 8 and the like, if the structure is
such that air is positively suctioned through the discharge opening 52, the toner
around the discharge opening is stirred when the discharge opening 52 takes the

airin. That s, it is easy to increase the fluidity of the toner inside the toner
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discharge chamber 51, and therefore, it is easy to smoothly discharge the toner
through the discharge opening 52. In that respect, this embodiment (see Figure
8 and the like) in which the suction opening is limited to the discharge opening
52 is preferable.

[0340] A structure using another type of pump is also conceivable. Figure 30
is a schematic view of a modified example of the toner cartridge having a
centrifugal pump 83 instead of the pump 58 which is a reciprocating pump
(bellows pump).

[0341] The pump 83 has an impeller (impeller, rotatable member) which is
driven to rotate, and is structured to blow the air by rotating the impeller. The
pump 83 is a so-called fan, and more specifically, a centrifugal blower. In the
modified example of Figure 30, the pump 83 is placed at substantially the same
position as the pump described above.

[0342] The driving force received by the drive input gear 59 is transmitted to
rotate the impeller of the pump 83. The pump 83 uses centrifugal force to move
the air Ar sucked through an inlet port 84 provided along the pump axis, from the
center of the pump to the outside in the radial direction by the rotation of the
impeller. In this process, the pressure of the air increases, and the size becomes
suitable for toner transfer. In this manner, the air (gas) suctioned and
pressurized by the pump 83 through the inlet port 84 is fed into the toner
discharge chamber 57 and moves toward the toner discharge opening 52. As a
result, the toner is discharged together with the air through the toner discharge
opening 52. Types of centrifugal pumps include centrifugal pumps and turbine
pumps, and impellers usable with the pumps may have various shapes. The
pump 83 may be called a turbo fan, a sirocco fan, or the like, depending on the
shape of the impeller. In the modified example shown in Figure 30, the

direction of the air flow is fixed in the direction from the inlet port 84 to the
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discharge opening 51 and does not change.

[0343] As another example of the pump capable of taking in air from the inlet
port 84 in this manner, in addition to the centrifugal pump which is an example of
the non-displacement pump, an axial flow pump which is another example of the
non-displacement pump and a rotary pump (rotary displacement pump), which is
a kind of displacement pump, is also conceivable. A screw pump is an example
of a rotary pump.

[0344] However, in particular, the centrifugal pump is easy to increase the
pressure of the air in the process of feeding the air in the neighborhood of the
rotation axis in the radial direction so as to keep it away from the axis, and to
produce an air flow suitable for discharging the toner. As described above, even
if the pump is such as a centrifugal pump, different from the reciprocating pump,
the toner can be discharged together with the air through the discharge opening
52.

[0345] However, on the other hand, in the modified example of Figure 30, in
order to suction a sufficient amount of air through the inlet port 84, the inlet port
84 and the pump 83 need to have sufficient sizes. Further, it is necessary to
rotate the impeller of the pump 83 at a sufficiently high speed, and a large gear
train for speeding up may be required as a mechanism for transmitting the
rotational force from the drive input gear 59 to the centrifugal pump 83, as the
case may be. As the gear train for speeding up, those using planetary gears can
be considered. This is to increase the rotation speed of the centrifugal pump 83
with respect to the rotation speed of the drive input gear 59.

[0346] Further, in the case that the toner cannot be sufficiently discharged
only by the air flow generated by the pump 83, a stirring member for stirring the
toner or transporting the toner toward the discharge opening 52 has to be

additionally provided inside the toner discharge chamber 57, as the case may be.
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As such a stirring member, a sheet 85 mounted to the shaft of the screw 54 can be
considered (see Figure 29). The sheet 85 has a structure similar to that of the
sheet of the stirring member 53, and stirs and conveys the toner by rotating
together with the screw 54. The sheet 85 is structured to discharge the toner in
the toner discharge chamber 57 through the discharge opening 52 together with
the air fed by the pump 83 by its rotation. Depending on the rotation of the
sheet 85, the amount of the toner or air discharged through the discharge opening
52 may change periodically, or the toner or air may be discharged intermittently.
Although only one sheet 85 is shown in Figure 29, a plurality of sheets 85 may be
mounted to the screw 54.

[0347] In this manner, in the modified example in which another type of pump
(centrifugal pump 83, for example) is used instead of the reciprocating pump 58,
the toner cartridge may be large in the size, the number of parts mounted to the
pump may increase, with the result that the cartridge structure becomes
complicated.

[0348] On the other hand, if a reciprocating pump (a bellows pump, for
example) is used, the toner can be easily discharged and stirred with a relatively
simple structure. Therefore, a toner cartridge including such a reciprocating
pump is more suitable because it is easy to suppress the upsizing and

complication.

<Embodiment 2>

[0349]  Next, referring to Figure 19, a structure of the Embodiment 2 will be
described. Figure 19 is a sectional view of the neighborhood of the screw 54 of
the cartridge (13Y, 13M, 13C) according to the Embodiment 2 as viewed along
the lateral direction (X direction). That is, the cross-sectional plane of the view

of Figure 19 corresponds to the YZ plane perpendicular to the X-axis.
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[0350] In this embodiment, only the structures of the communication opening
46 for venting the toner discharge chamber 57 and the toner accommodation
chamber 49 are different from those of the above-described the first embodiment,
and the other structures are almost the same as those in the Embodiment 1.
Therefore, in this embodiment, detailed description will be omitted by assigning
the same reference numerals to the corresponding structures in the Embodiment 1
described above.

[0351] In the Embodiment 1, the vent 16 (or the vent opening 69) is provided
between the toner discharge chamber 57 and the toner accommodation chamber
49 to permit the movement of the air (vent) between the two chambers, thus
preventing occurrence of a high pressure difference between them. On the other
hand, in this embodiment, the toner discharge chamber 57 and the toner
accommodation chamber 49 are provided with vents (vent passages,
communication ports, communication passages) 201 and 202 which communicate
with the outside of the supply frame 50, respectively.

(Toner accommodation chamber)

[0352] The toner accommodation chamber 49 is a space for accommodating
the developer. The stirring member 53 is provided in the toner accommodation
chamber 49.

[0353] The stirring member 53 is placed in parallel to the longitudinal
direction of the cartridge 13 and is rotatably supported by the supply frame 50.
Toner is fed to the screw 54 by the rotation of the stirring member 53 in the same
manner as in the Embodiment 1. The toner accommodation chamber 49 is
provided with, a communication opening 201 for vent with the outside of the
developing supply cartridge 13.

(Toner discharge chamber)

[0354] The toner discharge chamber 57 is a space formed by the partition
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member 55 and the supply frame 50, and is provided downstream of the toner
accommodation chamber and the communication passage 48 in the feed direction
in which the screw 54 feeds the toner.

[0355]  Further, in the neighborhood of the toner discharge chamber 57 (that is,
in the neighborhood of the rear surface of the supply frame 50), a screw gear 64
capable of receiving a rotational force for rotating the screw 54 is provided.
Further, the toner discharge chamber 57 is provided with the discharge opening
52 for discharging the toner from the internal space 51 thereof to the outside.
Similarly to the Embodiment 1, the discharge opening 52 is arranged on the
bottom surface of the supply frame 50to discharge the toner downward.

[0356] The toner discharge chamber 57 is provided with a communication
opening 202 for vent with the outside of the developing supply cartridge 13.
[0357]  The preferred positions of the vents 201 and 202 are the same as the
preferred positions of the vents 46 described in the foregoing. That is, in this
embodiment, the lower end of the vent 202 is placed above the upper end of the
communication passage 48 inside the toner discharge chamber 57.

[0358] In addition, inside the toner accommodation chamber 49, the lower end
of the vent 201 is placed above the upper end of the communication passage 48
and the upper end of the screw 54.

[0359] Further, the lower end of the vent 201 and the lower end of the vent
202 are placed above the upper end of the pump 58 and the upper end of the
screw 54. Furthermore, the lower end of the vent 201 and the lower end of the
vent 202 are placed above the upper level of the toner accommodated in the toner
accommodation chamber 49.

[0360] In such a position, the toner is unlikely to leak to the outside of the
cartridge 13 through the vents and 202. In addition, in this embodiment, filters

are provided for both the vents 201 and 202 to further suppress toner leakage.
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[0361] However, the structure is not limited to this example, and it is possible
to change the presence or absence of a filter in the vents 201 and 202 and the
arrangement of the vents 201 and 202 according to the structure and usage of the
cartridge 13.

[0362] With the above-described structure, the internal pressure difference
between the toner accommodation chamber 49 and the toner discharging chamber
57 can be kept small as the pump 58 expands and contracts, as with Embodiment
1. As aresult, the discharge can be stabilized, when the internal pressure inside
the supply frame 50 is changed by driving the pump 58 to discharge the toner
through the discharge opening 52.

[0363] In the cartridge 13 of the Embodiment 1 shown in Figure 8 and the like,
only the discharge opening 52 performs suction and discharge in the toner
discharge chamber 57, when the pump 58 is driven.  On the other hand, in this
embodiment, the vents 201 and 202 may also effect the suction and discharge in
response to the drive of the pump 58.

[0364] One of the vents 201 and 202 may be referred to as a first vent (first
vent path), and the other may be referred to as a second vent (vent path).

[0365] In addition, the vent 201, the vent 202, and the communication passage
48 may be referred to as first, second, and third communication passages
(communication ports) with no particular order of them. The vent 201 and the
vent 202 are communication passages (communication ports) which
communicate the inside and the outside of the cartridge 13, whereas the
communication passage 48 is a communication passage which communicates
different chambers provided inside the cartridge 13 (communication port).

[0366] Further, the vent 201 and the vent 202 described in this embodiment

may be employed in Embodiments 3 to 6 which will be described hereinafter.
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<Embodiment 3>

[0367] Next, referring to Figures 20 and 22 the structure of the Embodiment 3
will be described. Figures 20 and 21 are partial perspective views of the rear
end portion of the cartridge (13Y, 13M, 13C) according to the Embodiment 3,
and the side cover 362 is shifted rearward for better illustration of the
expansion/contraction operation of the pump 58. Part (a) of Figure 20 shows an
expanded state of the pump 58, and part (a) of Figure 21 shows a contracted state
of the pump 58. In addition, part (b) of Figure 20 and Figure 21 (b) show an
intermediate state between the expanded state and the contracted state of the
pump 58. Figure 22 is a detailed perspective view around the crank gear 367.
[0368] In this embodiment, as compared with embodiment 1,, only the
structure (drive conversion unit, pump drive mechanism) for expanding and
contracting the pump 58 is different, and the other structures are almost the same
as those in the Embodiment 1. Therefore, in this embodiment, detailed
description will be omitted by assigning the same reference numerals to the
corresponding structures to those in the Embodiment 1 described above.

[0369] As shown in part (a) of Figure 20, the drive train of the cartridge 13 of
this embodiment includes a drive input gear 59, an idler gear 366, a crank gear
367, and a screw gear 64. The pump 58 extends along the axis of the idler gear
366. In particular, in this embodiment, the idler gear 366 and the pump 58 are
aligned with each other along the Z-axis direction so that the centers thereof are
substantially aligned with each other. The idler gear 366 is structured to rotate
by receiving a driving force (rotational force) through engagement with the gear
portion 59b of the drive input gear 59. The idler gear 366 meshes with the crank
gear 367 and transmits a driving force from the drive input gear 59 to the crank
gear 367. As shown in Figure 22, the crank gear 367 is rotatably held by a shaft

member 350a mounted to the supply frame 350 so that rotation axis thereof is
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perpendicular to the axis Z. The rotation axis of the crank gear 367 is parallel to
the X axis.

[0370] The supply frame 350 is a member corresponding to the supply frame
body 50 in the Embodiment 1, and has almost the same structure as the
replenishment frame 50 except that it includes a shaft member 350a.

[0371]  Further, the crank gear 367 has a plurality of gear teeth 367a. The
gear teeth portion 367a are a plurality of projections arranged in a circle so as to
surround the axis of the crank gear 367, and each of them projects in the axial
direction of the crank gear 367, that is, in the X2 direction.

[0372] That s, the crank gear 367 is a kind of crown gear. In addition to the
gear teeth portions 367a, the crank gear 367 has a boss 367b projecting in the X1
direction opposite to the gear tooth portion 367a. The boss 367b is placed at a
position deviated from the rotation axis of the crank gear 367, and therefore, the
rotation of the crank gear 367 causes the boss 367b to rotate around the rotation
axis.

[0373]  Further, as shown in part (a) of Figure 20, the link member 361
includes an engaging boss 361a having a boss shape (projection shape). The
link member 361 is supported by the side cover 362 so as not to be movable in
the rotational direction around the axis Z but to be movable in the front-rear
direction. In addition, the link member 361 and the pump 58 are connected with
each other at the connecting portion 58b of the pump 58.

[0374] The crank gear 367 and the link member 361 are connected by a crank
arm (arm member, handle member) 369. The crank arm 369 is provided with an
engaging hole (engaging portion) 369a at its first end and an engaging hole
(engaging portion) 369b at the second end opposite to the first end. The
engagement hole 369a at the first end engages with the boss (engagement

portion) 367b of the crank gear 367, and the engagement hole 369b at the second
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end engages with the engagement boss (engagement portion) 367b of the link
member 361. By this, the crank arm 369 is connected with the link member 361
and the crank gear 367.

[0375] In this embodiment, the drive conversion portion (drive conversion
mechanism, pump drive mechanism) 368 the crank gear 367 and the crank arm
369. The crank gear 367 is a rotating member in the drive conversion portion
368, and the crank arm 369 is a reciprocating member which reciprocates the
second end of the crank arm 367 in response to the rotation of the crank gear 367.
The drive conversion portion 368 of this embodiment is a crank (crank
mechanism). That is, the first end of the crank arm 369, which is an arm
(handle), is connected to the crank gear 367, which is a rotating member. As the
crank gear 367 rotates, the second end (the other end) of the crank arm 369
reciprocates. By this, the drive conversion portion 368 converts the rotary
motion into a reciprocating motion.

[0376] When the rotational drive is inputted from the drive output member
100a (Figure 9) of the main assembly of the image forming apparatus 100, the
drive receiving portion 59a of the drive input gear receives the rotational drive,
and the gear portion 59b rotationally drives the pump idler gear 366. In addition,
By the pump idler gear 366 engaging with the gear tooth portion 367a, the crank
gear 367 receives a rotational drive from the pump idler gear 366, and the crank
gear 367 rotates about the axis X in the direction of the arrow W.

[0377] When the crank gear 367 rotates in the direction of the arrow W in the
state of part (a) of Figure 20, the engagement hole 369a at the first end of the
crank arm 369 also rotates in conjunction therewith in the W direction as shown
in part (b) of Figure 20. Further, in interrelation with this, the engagement hole
369b at the second end of the crank arm 369 also moves. Here, the link member

361 is supported so as to be movable in the front-rear direction. The crank arm
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369 is connected to the link member 361 by way of an engaging hole 369b and an
engaging boss 361a. Therefore, similarly to the link member 361, the moving
direction of the engaging hole 369b provided at the second end of the link arm
369 is also limited to the front-rear direction (Z-axis direction).

[0378] In the process of shifting from the state shown in part (a) of Figure 20
to the state shown in Figure 20 (b), the second end of the crank arm 369 and the
link member 361 move in the Z1 direction. By this, the pump 58 connected to
the link member 361 is compressed.

[0379]  Further, when the crank gear 367 rotates in the direction of the arrow
W, the link member moves in the Z1 direction in which the pump 58 is
compressed, as shown in Figure 21 (a). In part (a) of Figure 21, the pump 58 is
in the most compressed state. Thereafter, the link member 361 moves in the
direction of expanding the pump 58 as shown in part (b) of Figure 21. Then, the
link member 361 returns to the state shown in part (a) of Figure 20 and further
expands the pump 58. Part (a) of Figure 20 shows the pump 58 in the most
expanded state.

[0380] By repeating such an operation, the drive conversion portion 368
reciprocates the link member 361, By which the bellows portion 58a of the pump
58 expands and contracts.

[0381]  Further, the rotational driving force is further transmitted from the idler
gear 366 to the screw gear 64 to drive the screw 54 (see Figure 1).

[0382] The point at which the crank gear 367 as a rotating member contacts
the crank arm 369 as a reciprocating member is referred to as an engagement
point P3.  That is, the point where the boss 367b of the crank gear 367 and the
engagement hole 369a of the crank arm contacts each other is defined as the
engagement point P3. This engagement point P3 is a point corresponding to the

engagement point P (see Figures 11, 12, 27, and so on) of the Embodiment 1.
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[0383] The bellows portion 58a of the pump 58 and the engagement point P3
are selected to be so that a timing of overlapping in the expansion/contraction
direction of the pump 58 exists. That is, in the coordinates in the Z-axis
direction (Z-axis coordinates), which is the expansion/contraction direction of the
pump 58, the timing at which the engagement point P3 is within the range of the
bellows portion 58a exists. The timing is shown in part (a) of Figure 20.

[0384] The relationship between the bellows portion 58a and the engagement
point P3 is the same as or similar to the relationship between the bellows portion
58a and the engagement point P in Embodiment 1 (see Figures 11, 12, 27, and so
on). By arranging the bellows portion 58a and the engagement point P3 in such
an arrangement relationship, the space required for expansion and contraction of
the pump 58 and the space required for the movement of the engagement point P3
can be made common, So that The expansion and contraction amount of the
pump 58 can be made larger within the limited space.

[0385] The drive conversion portion 368 forms a crank (crank mechanism) by
the crank gear 367 and the crank arm 369. The structure is such that the rotation

of the crank gear 367 rotates the second end of the crank ring 369.

<Embodiment 4>

[0386]  Next, referring to Figure, the structure of the Embodiment 4 will be
described. Figure 23 is a partial perspective view of the rear end portion of the
cartridge (13Y, 13M, 13C) according to Embodiment 3, in a state where the side
cover 62 is shifted rearward for better illustration of the expansion/contraction
operation of the pump 58. Part (a) of Figure 23 shows a state in which the pump
58 is expanded, and part (b) of Figure 23 shows a state in which the pump 58 is
contracted.

[0387] In this embodiment, only the structure for expanding and contracting
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the pump 58 described in the Embodiment 1 is different, and the other structures
are almost the same as those in the Embodiment 1. Therefore, in this
embodiment, detailed description will be omitted by assigning the same reference
numerals to the corresponding structures to those in the Embodiment 1 described
above.

[0388] As shown in Figure 23, the drive train of this embodiment includes a
drive input gear 59, a cam gear 460 as a rotating member, and a screw gear 64.
The drive input gear 59 includes a drive receiving portion 59a and a gear portion
59b. The cam gear 460 is provided with a cam wall 460a. The cam wall 460a
is provided with a peak portion 460b displaced to the rear side and a valley
portion 460c displaced to the front side.

[0389] The link member 461 as a reciprocating member has a cam projection
461a, and the cam projection 461a is provided in a state of being engaged with
the cam wall 460a. Further, the link member 461 is supported by the side cover
62 so as not to be movable in the rotational direction around the axis Z but to be
movable in the front-rear direction. In addition, the link member 461 and the
pump 58 are connected with each other at the coupling portion (force receiving
portion) 58b of the pump 58.

[0390] Furthermore, a link spring 467 is mounted to the rear end of the link
member. The link spring 467 is compressed between the side cover 62 and the
link member 461 to urge the link member 461 forward (Z1 direction). In this
embodiment, for the drive conversion unit 468 includes the cam gear 460, the
link member 461, and the link spring 467.

[0391] When the rotational drive is inputted from the drive output member
100a provided in the main body of the image forming apparatus 100, the drive
receiving portion 59a of the drive input gear 59 receives the rotational drive, and

the gear portion 59b transmits the rotational drive to the cam gear 460. By the
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rotation of the cam gear 460, the cam projection 461a of the link member 461
alternately passes through the peak portion 460b and the valley portion 460c. At
this time, since the link member 461 is urged forward (in the Z1 direction) by the
elastic force of the link spring 467 with a force stronger than the restoring force
of the pump 58, the cam projection 461a keeps in contact with the cam wall
460a.Therefore, the link member reciprocates along the peak portion 460b and
the valley portion 460c, and repeats the state of part (a) of Figure 23 and the state
of part (b) of Figure 23. Here, the point where the cam gear 460 as the rotating
member contacts each other in order to reciprocate the link member 461 as the
reciprocating member is referred to as an engagement point P4.

[0392] In interrelation with the reciprocating motion of the link member 461,
the connecting portion (stretching force receiving portion) 58b connected to the
link member 461 also reciprocates. Then, the bellows portion 58a of the pump
58 expands and contracts due to this reciprocating motion, so that the internal
volume of the pump 58 changes periodically.

[0393]  Further, the rotational driving force is further transmitted from the cam
gear 460 to the screw gear 64 to drive the screw 54 (see Figure 1).

[0394] Here, the pump 58 is placed inside the rotating cam gear 460 in the
radial direction. Further, the bellows portion 58a of the pump 58 and the
engagement point P4 overlap with each other in the expansion/contraction
direction (that is, the Z-axis direction) of the pump 58, at a timing. Part (a) of
Figure 23 shows such a timing.

[0395]  Such a relationship between the bellows portion 58a and the
engagement point P4 is analogous to the relationship between the bellows portion
58a and the engagement point P in Embodiment 1 (see Figures 11, 12, 27, and so
on) and the relation the between the bellows portion 58a and the points P3 (see

Figures 20, 21, and so on) in Embodiment 3.
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[0396] By arranging the bellows portion 58a and the engagement point P4 in
such an arrangement relationship, the space required for expansion and
contraction of the pump 58 and the space required for the movement of the
engagement point P4 can be made common, So that the amount of expansion and
contraction of the pump 58 can be made larger, within the limited space.

[0397] Further, when the pump 58 is in the contracted state, the coupling
portion 58b of the link member 461 and the pump 58 is arranged so as to overlap
the peak portion 460b of the cam gear 460 in the Z-axis direction. On the other
hand, when the pump 58 is in the expanded state, the link member 461 also
moves in the Z-axis direction, so that the portion 460b of the cam gear 460 and
the link member 461 do not interfere with each other during operation. That is,
in the Z-axis direction, that is, in the Z-axis coordinate, the range in which the
coupling portion 58b of the pump 58 operates and the range in which the
engagement point P4 moves are arranged so as to overlap each other. With this
arrangement, the amount of expansion and contraction of the pump 58 can be
selected to be larger within a limited space, which contributes to space saving and
stabilization of discharge.

[0398] The drive conversion unit 468 utilizes the force of the link spring 467
to contract the pump as described above. That is, the pump 58 is contracted by
utilizing the force applied by the link spring 467 to the link member 461.
Therefore, when the pump 58 is contracted, the link member 461 does not need to
receive a force from the cam gear 460. The drive conversion unit 468 is a cam
(cam mechanism) provided with a spring (elastic member).

[0399] In Embodiments 1, 3 and 4 described heretofore, different structures
(68, 368, 468) have been employed as the pump drive mechanism (drive
conversion unit, drive conversion mechanism) for expanding and contracting the

pump 58. However, the structure for expanding and contracting the pump 58 is
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not limited to these examples.

[0400] For example, a structure is conceivable in which a magnet is mounted
to the pump 58 and a magnet is also mounted to the pump drive mechanism so as
to correspond to the magnet. By moving one magnet using the rotational force
received by the drive input gear 59, the attractive force or repulsive force
generated between the two magnets is changed. A method of expanding and
contracting the pump 58 by using this change in magnetic force can be
considered. An example of the drive conversion mechanism 568 using such a

magnet will be described in detail in Embodiment 5.

<Embodiment 5>

[0401] Next, referring to Figures 24 and 25, the structure of the Embodiment 5
will be described.

[0402] Figure 24 is a partial perspective view of the rear end portion of the
cartridge (13Y, 13M, 13C) according to the Embodiment 5, in a state where the
side cover 62 is shifted rearward for better illustration of the
expansion/contraction operation of the pump 58.

[0403] Part (a) of Figure 25 shows a state in which the pump 58 is contracted,
and part (b) of Figure 25 shows a state in which the pump 58 is expanded.

[0404] In this embodiment, as compared with embodiment 1,, only the
structure for expanding and contracting the pump 58 are different, and the other
structures are almost the same as those in the Embodiment 1. Therefore, in this
embodiment, detailed description will be omitted by assigning the same reference
numerals to the corresponding structures to those in the Embodiment 1 described
above.

[0405]  As shown in Figure 24, the drive train of this embodiment includes a

drive input gear 59, a gear as a rotating member, and a screw gear 64.
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[0406] The drive input gear 59 includes a drive receiving portion 59a and a
gear portion 59b. The gear 470 is provided with recesses 470a and 470b for
holding magnets, and magnets 470c and 470d are mounted in the recesses.
[0407] Magnets 480c and 480d are also installed in the link member 480 as a
reciprocating member.

[0408] The link member 480 is supported so as not to be movable in the
rotational direction around the axis Z by the projections 50c and 50d on the
supply frame 50 but so as to be movable in the front-rear direction.

[0409] Further, the link member 480 and the pump 58 are connected with each
other at the coupling portion 58b of the pump 58.

[0410] Further, a link spring 490 is mounted to the rear end of the link
member. The link spring 490 is compressed between the side cover 62 and the
link member 480 to urge the link member 480 forward. In this embodiment, the
drive conversion portion 568 includes the magnets 470c, 470d, 480c, 480d, the
link member 480, and the link spring 490.

[0411] As shown in Figure 25, the pump 58 is viewed in the Z-axis direction,
which is the central axis of the pump 58. As shown in part (a) of Figure 25, the
phases of the magnets 470c and 470d of the gear 470 rotating in the arrow W
direction and the magnets 480c and 480d provided on the link member 480 may
be different from each other. In this case, the link member 480 receives an
elastic force from the link spring 490 in the Z1 direction in the front-rear
direction and moves, the pump 58 connected to the link member 480 also
receives the force moving in the Z1 direction, so that the bellows (movable part)
58a of the pump 58 contracts.

[0412]  As shown in part (b) of Figure 25, the magnets 470c and 470d of the
gear 470 rotating in the arrow W direction and the magnets 480c and 480d

provided on the link member 480 may have the same phase. In such a case, the
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magnet 470c or 470d and the magnet 480c or 480d face each other. Here, the
facing surfaces of the facing magnets have the same magnetic poles, and
therefore, a repulsive force is produced between the facing magnets.

[0413] The force against the elastic force in the Z1 direction by the link spring
490 produced in the link member 480 described referring to Figure 25, is
produced by the repulsive force between the magnets, and therefore, the link
member 480 moves in the Z2 direction. The pump 58 connected to the link
member 480 also moves in the Z2 direction, so that, the bellows portion (movable
portion) 58a of the pump 58 is expanded.

[0414] By repeating the states of part (a) of Figure 25 and Figure 25 (b), the
pump 58 repeats the expansion/contraction operation in the Z-axis direction,

which is the central axis of the pump 58.

<Embodiment 6>

[0415]  Next, referring to Figure, the structure of Embodiment 6 will be
described.

[0416] Figure 26 is a cross-sectional view of the cartridge (13Y, 13M, 13C)
according to embodiment 6, in the neighborhood of the supply toner feeding belt
154 in the lateral direction, that is, in the X-axis direction. That is, Figure 26 is
a sectional view parallel to the YZ plane.

[0417] In this embodiment, only a different feed member structure is
employed instead of the feed screw 54 (screw 51), as compared with
Embodiment 1, and the other structures are almost the same as those in the
Embodiment 1.

[0418]  Therefore, in this embodiment, detailed description will be omitted by
assigning the same reference numerals to the corresponding structures to those in

the Embodiment 1 described above.
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[0419] The structure including the toner accommodation chamber (developer
storage chamber) 49, the communication passage (toner passage, tunnel) 48, and
the toner discharge chamber (developer discharge chamber) 57 formed in the
internal space 51 of the supply frame 50 is similar to that in embodiment 1
described above.

[0420] In this embodiment, a supply toner feeding belt 154 (hereinafter,
simply referred to as a belt 154) as a feeding member is provided in the
communication passage 48.

[0421] The belt 154 is a movable member which is movable relative to the
supply frame body 50. More specifically, the belt 154 rotates in an arrow P
direction as rotating members 153a and 153b rotatably provided in the supply
frame 50 rotate. The rotating members 153a and 153b can be regarded as gears
structured to drive the belt through engagement with projections and recesses
formed on the inner surface of the belt 154. The rotation axes of the rotating
members 153a and 153b are parallel to the X-axis. The belt 154 conveys the
toner in the Z-axis direction perpendicular to the axes of the rotating members
153a and 153b.

[0422] A part of the belt 154 is exposed to the toner accommodation chamber
49, and by rotating the belt 154, the toner in the toner accommodation chamber
49 is fed to the discharge chamber 57 through the communication passage 48.

In this embodiment, the outer surface of the belt 154 is also provided with
projections and recesses so that the toner around the belt 154 can be easily fed by
the belt 154. More particularly, a plurality of projections projecting from the
outer surface of the belt 154 correspond to the projection of the belt 154, and the
other portion corresponds to the recess portion.

[0423]  Although different structures of the cartridges 13 have been described

in Embodiments 1 to 6, the features of the cartridges 13 of each embodiment may
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be combined and employed. For example, in Embodiment 1, a vent 69 with a
filter has been described as a modification of the vent 46 (part (c) of Figure 8).
Such a vent 69 may be used in Embodiments 3 to 6. Alternatively, the vents
201, 202 (see Figure 19) described in Embodiment 2 may be used in other
embodiments. Alternatively, the belt 154 described in Embodiment 6 (see

Figure 6) may be used in other examples.

[INDUSTRIAL APPLICABILITY]
[0424]  According to the present invention, an image forming apparatus such
as an electrophotographic image forming apparatus and a toner cartridge used for

them are provided.

[0425]  The present invention is not limited to the above embodiments, and
various modifications and modifications can be made without departing from the
spirit and scope of the present invention. Therefore, the following claims are

attached in order to publicize the scope of the present invention.

[0426] This application claims priority on the basis of Japanese Patent
Application No. 2019-168214 submitted on September 17, 2019 and Japanese
Patent Application No. 2020-093285 submitted on May 28, 2020, and all of the

contents thereof are incorporated herein.
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CLAIMS

Claim 1. A toner cartridge comprising:

(i) a casing including (i-i) a toner accommodation chamber containing toner, (i-
i1) a discharge opening through which toner can be discharged from the toner
cartridge, (i-iii) a toner discharging chamber in fluid communication with the
discharge opening such that toner in the toner discharging chamber can move to
the discharge opening, and (i-iv) a communication passage for fluid
communication between the toner accommodation chamber and the toner
discharging chamber such that toner can move from the toner accommodation

chamber to the toner discharging chamber;

(ii) a feeding member movable relative to the casing and configured to feed
the toner from the toner accommodation chamber through the communication
passage into the toner discharging chamber, with at least a part of the feeding
member being positioned in the communication passage; and

(iii) a pump configured to provide air for discharging the toner
through the discharge opening ,

wherein, (a) in a first cross-sectional plane perpendicular to the
toner feeding direction of the feeding member, a minimum cross-sectional
area of the communication passage is Asmin, (b) in a second cross-
sectional plane perpendicular to the toner feeding direction, the toner
discharging chamber has a cross-sectional area Bs larger than Asmin, and

(c) in a third cross-sectional plane perpendicular to the toner feeding
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direction, the toner accommodation chamber has a cross-sectional area Cs

larger than Asmin.

Claim 2. A toner cartridge according to Claim 1, wherein the casing

includes a vent provided at a position different from than a position of the
communication passage, the vent being configured to permit airflow between

the toner discharging chamber and the toner accommodation chamber.

Claim 3. A toner cartridge according to Claim 2, wherein when the toner
cartridge is oriented with the discharge opening is directed downward in the
gravitational direction, the vent is above an uppermost extent of the

communication passage.

Claim 4. A toner cartridge according to Claim 2, wherein when the toner
cartridge is oriented with the discharge opening is directed downward in the
gravitational direction and the toner cartridge is unused such that the toner
contained in the toner accommodation chamber is at an initial level, the vent is

above a top level of the toner contained in the toner accommodation chamber.

Claim 5. A toner cartridge according to Claim 2, wherein

when the toner cartridge is oriented with the discharge opening directed downward
in the gravitational direction and the toner cartridge is unused such that the toner
contained in the toner accommodation chamber is at an initial level, a top level of
the toner contained in the toner accommodation chamber is above the uppermost
extent of the pump, and the vent is above the top level of the toner contained in

the toner accommodation chamber.
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Claim 6. A toner cartridge according to Claim 2, wherein when the toner
cartridge is oriented with the discharge opening directed downward in the

gravitational direction, the vent is above an uppermost extent of the pump.

Claim 7. A toner cartridge according to Claim 2, wherein the vent is

provided with a filter for suppressing passage of the toner through the vent.

Claim 8. A toner cartridge according to Claim 1, further comprising a first
vent configured to permit airflow between inside of the toner accommodation
chamber and outside of the toner cartridge, and a second vent configured to
permit airflow between inside of the toner discharging chamber and outside of

the toner cartridge.

Claim 9. A toner cartridge according to Claim 8, wherein in a state that

the toner cartridge is oriented with the discharge opening is directed downward
in the gravitational direction and the toner cartridge is unused such that the toner
contained in the toner accommodation chamber is at an initial level, the second
vent is above a top level of the toner contained in the toner accommodation

chamber.

Claim 10. A toner cartridge according to Claim 8 , wherein in a state
that the toner cartridge is oriented with the discharge opening is directed
downward in the gravitational direction and the toner cartridge is unused such
that the toner contained in the toner accommodation chamber is at an initial
level, a top level of the toner contained in the toner accommodation chamber is
above an uppermost extent of the pump, and the second vent is above the top

level of the toner contained in the toner accommodation chamber.
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Claim 11. A toner cartridge according to Claim 8,
wherein at least one of the first vent and the second vent is provided with

a filter for suppressing passage of the toner therethrough.

Claim 12. A toner cartridge according to of Claim 1,

wherein the feeding member is rotable relative to the casing.

Claim 13. A toner cartridge according to Claim 12, wherein the

feeding member is rotatable about an axis thereof and is configured

to feed the toner in the direction of the axis.

Claim 14. A toner cartridge according to Claim 1, wherein the

feeding member is a screw.

Claim 15. A toner cartridge according to Claim 1,

wherein, in the toner feeding direction of the feeding member, the pump is

positioned adjacent to a downstream end portion of the casing.

Claim 16. A toner cartridge according to Claim 1,

wherein the cross-sectional area Bs of the toner discharging chamber is at a
position downstream of the communication passage in the toner feeding

direction of the feeding member.

Claim 17. A toner cartridge according to Claim 1,

wherein the cross-sectional area Bs of the toner discharging member is
adjacent to a position of the discharge opening, and, in a fourth cross-
sectional plane perpendicular to the toner feeding direction of the feeding

member, an area Csmax is a maximum cross-sectional area of the toner
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accommodation chamber that is larger than the area Asmin and larger than

the area Bs.

Claim 18. A toner cartridge according to Claim 1,

wherein, in a fourth cross-sectional plane that is perpendicular to the toner
feeding direction of the feeding member, an area Csmax is a maximum
cross-sectional area of the toner accommodation chamber , and in a fifth
cross-sectional plane that is perpendicular to the toner feeding direction of
the feeding member, an area Bsmax is a maximum cross-sectional area of

the toner discharging chamber that is small than the area Csmax.

Claim 19. A toner cartridge according Claim 1,

wherein in a fourth cross-sectional plane that is perpendicular to the toner
feeding direction of the feeding member, an area Csmax is a maximum cross-
sectional area of the toner accommodation chamber that is more than 10 times

larger than the area Asmin.

Claim 20. A toner cartridge according to Claim 1,

wherein a volume of the toner discharging chamber is less than a volume of

the toner accommodation chamber.

Claim 21. A toner cartridge according to Claim 1,

wherein the casing includes a partition member separating the toner
accommodation chamber and the toner discharging chamber, with the

communication passage being formed in the partition member.

Claim 22. A toner cartridge according to Claim 1,

further comprising a drive input member configured to receive a rotational

force for driving the feeding member and the pump.
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Claim 23. A toner cartridge according to Claim 22, wherein the

drive input member is a coupling member.

Claim 24. A toner cartridge according to Claim 23, wherein the coupling
member is rotatable about an axis thereof, the coupling member is provided with a
projection projecting toward the axis of the coupling member, and the projection
is configured to receive the rotational force for driving the feeding member and

the pump.

Claim 25. A toner cartridge according to Claim 24, wherein an open

space is provided between the projection of the coupling member and the

axis of the coupling member.

Claim 26. A toner cartridge according to Claim 22, wherein the drive
input member and the pump are positioned in a downstream part of the toner

cartridge in the toner feeding direction of the feeding member.

Claim 27. A toner cartridge according to Claim 1, further comprising a
suction opening, wherein the pump is configured to pump through the

discharge opening air that is suctioned through the suction opening.

Claim 28. A toner cartridge according to Claim 1,

wherein the pump is configured to suction air into the toner discharging

chamber through the discharge opening.

Claim 29. A toner cartridge according to Claim 1, wherein the pump

is a reciprocating pump.
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Claim 30. A toner cartridge according to Claim 29, wherein the pump

includes a flexible movable portion, and the volume of the pump is changed

by deformation of the movable portion.

Claim 31. A toner cartridge according to Claim 29, further comprising a
rotatable member and a reciprocation member that is engageable with the rotatable
member to reciprocate by rotation of the rotatable member, wherein the pump is

driven by reciprocating motion of the reciprocation member.

Claim 32. A toner cartridge according to Claims 31, wherein the pump
includes a movable portion that reciprocates in a moving direction by the
reciprocation member, wherein, the rotatable member and the reciprocation
member are engaged with each other at an engagement point, and
wherein, as viewed in a direction perpendicular to the moving direction, the
rotatable member is rotatable to a position such that the engagement point

overlaps the moavable portion.

Claim 33. A toner cartridge according Claim 1, wherein the pump is a

centrifugal pump.

Claim 34. A toner cartridge according Claim 1,
further comprising:

a first engaging portion forming an opening;

a second engaging portion forming an opening; and

a storing element provided with an electrical contact,

wherein the pump is provided with a connecting portion connected to the
the casing,

wherein the first engaging portion, the second engaging portion, the pump

and the storing element are positioned in a downstream part of the toner

cartridge in the toner feeding direction of the feeding member, and
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wherein, as viewed in the toner feeding direction of the feeding member,
the connecting portion of the pump and the electrical contact of the storing
element are positioned on opposite sides of a line passing through the first

engaging portion and the second engaging portion.

Claim 35. A toner cartridge according to Claim 1,

wherein the feeding member is a first feeding member, and the toner cartridge
further comprising a second feeding member configured to feed the toner

toward the first feeding member.

Claim 36. A toner cartridge according to Claim 35, wherein the first

feeding member and the second feeding member are configured to feed the

toner in different directions.

Claim 37. A toner cartridge according to Claim 35 , wherein the

second feeding member includes a sheet configured to feed the toner by rotation

of the sheet.

Claim 38. A toner cartridge according Claim 1, wherein the
communication passage extends in the toner feeding direction of the feeding

member.

Claim 39. A toner cartridge according to Claim 1, wherein a part of the

feeding member is inside of the toner accommodation chamber.

Claim 40. A toner cartridge according to Claim 1,

wherein a part of the feeding member is inside of the toner discharging chamber.
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Claim 41. A toner cartridge according to Claim 1, wherein when the toner
cartridge is oriented with the discharge opening is directed downward in the
gravitational direction, (i) a part of the toner accommodation chamber and a part
of the communication passage are arranged along a vertical direction, with the part
of the toner
accommodation chamber is above the part the communication passage, and (ii)
another part of the toner accommodation chamber and another part of the
communication passage are arranged in a direction perpendicular to the vertical

direction.

Claim 42. A toner cartridge according to Claim 1,

wherein when the toner cartridge is oriented with discharge opening is directed
downward in the gravitational direction, the feeding member is configured to

feed the toner in a direction perpendicular to a vertical direction.

Claim 43. An image forming apparatus comprising: a cartridge

according to Claim 1; and a main assembly configured such that the toner
cartridge mounted thereto, with the main assembly being configured to receive

toner discharged from the toner cartridge.

Claim 44. An image forming apparatus according to Claim 43, further

comprising a second cartridge including a developing roller, wherein the
main assembly is configured to supply toner discharged from the toner

cartridge into the second cartridge.

Claim 45. A toner cartridge comprising:
(i) a casing including (i-i) a toner accommodation chamber

containing toner, (i-ii) a discharge opening through which toner can be
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discharged from the toner cartridge, (i-iii) a toner discharging chamber in
fluid communication with the discharge opening such that toner in the toner
discharging chamber can move to the discharge opening, and (i-iv) a
communication passage for fluid communication between the toner
accommodation chamber and the toner discharging chamber such that toner
can move from the toner accommodation chamber to the toner discharging
chamber;

(i) a feeding member movable relative to the casing and
configured to feed the toner from the toner accommodation chamber
through the communication passage into the toner discharging chamber,
with at least a part of the feeding member being positioned in the
communication passage;

(iii) a pump configured to provide air for discharging the toner
through the discharge opening; and

(iv) a coupling member configured to receive a rotational force for
driving the feeding member and the pump,
wherein, (a) in a first cross-sectional plane perpendicular to a rotational axis
direction of the coupling member a minimum cross-sectional area of the
communication passage is Asmin, (b) in a second cross-sectional plane
perpendicular to the rotational axis direction of the coupling member, the
toner discharging chamber has a cross-sectional area Bs that is larger than
Asmin, and (c¢) in a third cross-sectional plane perpendicular to the
rotational axis direction of the coupling member, the toner accommodation

chamber has a cross-sectional area Cs that is larger than Asmin.

Claim 46. A toner cartridge according to claim 45, wherein the
casing includes a vent provided at a position different than a position of the

communication passage, the vent being configured to permit airflow
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between the toner discharging chamber and the toner accommodation

chamber.

Claim 47. A toner cartridge according to claim 45, wherein in a
fourth cross-sectional plane that is perpendicular to the toner feeding
direction of the feeding member, an area Csmax is a maximum cross-
sectional area of the toner accommodation chamber that is more than 10

times larger than the area Asmin.

Claim 48. A toner cartridge according to claim 45, further
comprising a coupling member configured to receive a rotational force for
driving the feeding member and the pump, and

wherein the coupling member is provided with a projection
projecting toward an axis of the coupling member, and the coupling
member is configured to transmit the rotational force from the projection

toward the pump and the feeding member.

Claim 49. A toner cartridge according to claim 48, wherein the
coupling member and the pump are disposed in a downstream part of the

toner cartridge in the toner feeding direction of the feeding member.

Claim 50. A toner cartridge according to claim 45, wherein the
feeding member is a first feeding member, and the toner cartridge further
comprising a second feeding member configured to feed the toner toward
the first feeding member, and

wherein the first feeding member and the second feeding member

feed the toner in different directions.
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Claim 51. A toner cartridge according to claim 50, wherein the
second feeding member includes a sheet configured to feed the toner by

rotation thereof.



