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DEVELOPER CONVEYING DEVICE WITH NARROWED PORTION

BACKGROUND

[0001] Some image forming devices include a developing device that uses a
developer containing a toner and a camrier to develop an slectrostatic latent
image of an image carrier.  Such developing devices are provided with a
developer conveying device including a channel and a stirring and conveying
member extending inside the channel to convey and stir the developer through

the channal.

BRIEF DESCRIPTION OF DRAWINGS
[0002] FIG 1 is a schematic cross-sectional view of an example developing
davice.

FIG 2 is a schematic cross-sectional view of an example developer
corveying device.

FIG 3 is a partial enlarged view of the schematic cross-sectional view
llustrated in FIG. 2.

FIG 4 is a schematic cross-sectional view of the example developer
conveying device illustrated in FIG 3, taken along line IV-IV.

FIG 5 is a schematic cross-sectional view of the example developer
conveying device illustrated in FIG 3, taken along line V-V,

FIG 6 is a schematic cross-sectional view of a developer conveying
device of another example.

FIG 7 is a graph of a charge distribution amount in a Test Example for
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a drive time of 10 seconds.

FIG 8 is a graph of a charge disiribution amount in a Test Example 1
for a drive time of 15 seconds.

FIG 2 is a graph of a charge distribution amount in the Test Example 1
for a drive time of 20 seconds.

FIG 10 is a graph of a charge distribution amount in the Test Example
1 for a drive time of 30 seconds.

FIG 11 is a graph of a charge distribution amount in a Comparative
Test Exampie 1 for a drive time of 10 seconds.

FIG 12 is a graph showing a charge distribution amount in the
Comparative Test Example 1 for a drive time of 15 seconds.

FIG. 13 is a graph showing a charge distribution amount in the
Comparative Test Example 1 for a drive time of 20 seconds.

FIG. 14 is a graph showing a charge distribution amount in the
Comparative Example 1 for a drive time of 30 seconds.

FIG 15 is a schematic cross-sectional view illustrating a portion of a
developer conveying device according to another example.

FIG 16 is a schematic cross-sectional view illustrating a portion of a
developer conveying device according to ancther example.

FIG 17 is a schematic cross-sectional view illustrating a portion of a
developer conveying device according to another example.

FIG. 18 is a schematic cross-sectional view illustrating a portion of a
developer conveying device according to another example.

FIG 19 is a schematic cross-sectional view illustrating a portion of a
developer conveying device according to another example.

FIG 20 is a schemalic cross-sectional view iHlustrating & portion of a

developer conveying device according to another example.
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FiG 21 is a schematic cross-sectional view illustrating a portion of a
developer conveying device according to another example.

FIG 22 is a schematic cross-sectional view illustrating a portion of a
developer conveying device according to another example.

FIG 23 is a schemalic cross-sectional view lllusirating & portion of a

developer conveying device according to another example.

DETAILED DESCRIPTION

[0003] A developing device of an image forming device is provided to develop
an electrostatic latent image formed on an image carrier. The developing
device is provided with a developer conveying device in which a magnstic
carrer and a non-magnetic toner are stirred and mixed so that the carrier and
the toner are triboelectncally charged.  When the toner density of a developer
decreases, a replenishing toner is replenished and the replenishing toner and
the developer are stirred and mixed so that the replenishing toner and the
developer are triboelectrically charged. Here, when the developing device is
reduced in size or when amount of the developer is decreased, the amount of
the developer {0 be stired and triboelecirically charged with the replenishing
toner is reduced, which may in tum cause an image defect (stain) due to soft
blocking the toner contained in the replenishing toner supplied onto a
developing roller without collapsing, an image defect (fog) due io the
replenishing toner supplied onto the developing roller without being sufficiently
triboglecirically charged with the developer, and toner scattering due to weak
electrostatic adhesion between the camer and the foner as a result of
insufficient iriboelectric charging of the developer.

[0004] According to examples, a conveyance path formed between a channel
of a housing and a stiming and conveying mamber {0 convay a developer,

includes a main portion extending along most of the conveyance path and a
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narrowed portion formed outside the main portion. A first cross-sectional area
of the conveyance path in the narrowed portion is less (e.g., smalier area) than
a second cross-sectional area of the conveyance path in the main portion.
Accordingly, the developer is stirred and conveyed along the conveyance path
such that the developer is temporarily accumulated on the upstream side of the
narrowed portion and is fed {or pushed or squeezed) into the narrowed portion,
30 as o promote the stimng and mixing and tniboelectrically charging of the
developar in the narrowed portion are promoted.  Conssquently, # is possible
to suppress an increase in image defects or {oner scatlering even when the
amount of the developer that is stired and mixed with the replenishing toner is
relatively low due to a reduced size of the developing device or dug (o a
reduced amount of the developer in the developer conveying device.

[0005] Hereinafter, an example of a developer conveying device will be
described with reference o the drawings. In the following description, with
reference o the drawings, the same reference numbers are assigned to the
same components or to similar components having the same function, and
overtapping description is omitted.

[0008] FIG 1 is a schematic cross-sectional view of an example of a
developing device provided with an example of a developer conveaying device.
A developing device 1 illustrated in FIG 1 develops an electrostatic latent
image o be formed on a surface (a peripheral surface) of an image carrier 2 of
an image forming device, so as to form a toner image.  The developing device
1 includes a housing 3, a developing roller 4, a developer conveying device 5,
and a layer thickness reguiation member 8. The developing device 1 may use
a two-componsnt developer containing a tonar and a carrier as a developer o
form the toner image. Namely, in the developing device 1, the toner and the

carrier are adjusted o a desired stirring ratic and are further stirred {o disperse
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the toner so that the developer is adjusted {o have an optimal charge amount.
[000Y] The housing 3 includes a developing chamber 7 therein.  The
developing chamber 7 in the housing 3 stores a developer containing a toner
and a carrier.  Additionally, the developing chamber 7 of the housing 3
accommodates a developing roller 4 and a laver thickness regulation member
8. The housing 3 includes an opening adjiacent to the developing roller 4 and
the developer inside the developing chamber 7 is supplied through the opening
to the image carrier 2.

[0008] The developing roller 4 is disposed to face the image carrier 2 so that a
gap is formed between the image carer 2 and the developing roller. The
developing roiler 4 rotates while carrying the developer stored in the housing 3
on the surface thereof.  Namely, the developing roller 4 rotates in a
predetermined direction o transport the developer.  The developing rolier 4 is
formed in, for example, a substantially cylindrical shape. The developing
roller 4 1s disposed so that a rotation axis A1 of the developing roller 4 is
paraliel to a rotation axis A2 of the image carrier 2. The developing roller 4
carries the developer stored in the developing chamber 7 of the housing 3 on
the surface thereof. The developing roller 4 develops the electrostatic latent
image of the image carrier 2 by conveying the stored developer {0 a developing
area 8. The developing area 8 is an area located between the developing
rofler 4 and the image carrier £ and is an area in which the developing roller 4
faces the image carrier 2.

[0008] The developing roller 4 includes a developing slesve 11 which forms a
surface layer of the developing roller 4 and a magnet 12 which is disposed
nside the daveloping sieeve 11, The developing slesve 11 Is a cyiindrical
member that is formed of non-magnetic metal.  The developing sleeve 11 is

rotatable around the rotation axis A1, The magnet 12 is fixed to, for example,
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a shaft 13 extending along the rotation axis At fixed o the housing 3 and
includes a plurality of magnetic poles. The developing sleeve 11 is rotatably
supported by, for example, the shaft 13 and is rotationally driven by a drive
source such as a motor, The developer s carried on the surface of the
developing sleave 11 due to the magnetic force of the magnet 12, The
developing roller 4 conveys the developer in the rotgtion direction of the
developing sleave 11 by rofating the developing slesve 11, iIn the present
example, the rotation of the developing rolier 4 refers to the rotation of the
developing sleeve 11 and the rotation direction of the developing roller 4 refers
to the rotation direction of the developing sieeve 11.

[0010] A magnetic brush formation of the developer is formed on the
developing sleeve 11 due to a magnetic force of the magnstic poles of the
magnet 12.  The magnetic brush formation of developer may also be referred
to as the spike of the developer.  The developing roller 4 allows the magnetic
brush formation of the developer formed by the magnetic pole {o contact or
approach the electrosiatic latent image of the image carrier 2 in the developing
area 8. Accordingly, the toner of the developer carmed on the developing
roller 4 is transferred o the electrostatic latent image formed on the peripheral
surface of the image carrier 2 so that the elecirostatic latent image is
developed.

[0011] The layer thickness regulation member & regulates {or limils) the
thickness of the developer (or developer layer) carried on the developing roller
4. Namely, the layer thickness regulation member 8 limits the conveying
amount of the developer conveyed by the developing roller 4. The layer
thickness regulation member 6 is disposed in the vicinity of the developing area
8 on the upstream side of the developing area 8 in the rotation direction of the

developing roller 4. The layer thickness regulation member 6 s spaced apart
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from the developing rolier 4, so as to form a predetermingd gap between the
developing roller 4 and the laver thickness regulation member. Thus, the
fayer thickness reguiation member & regulates the laver thickness of the
developer carried on the peripheral surface of the developing roller 4 when the
developing roller 4 rotates. By adjusting the gap between the layer thickness
regulation member 6 and the developing roller 4, the conveying amount of the
developer conveyed 1o the developing area 8 by the developing roller 4 can be
adjusied.

[0012] The developer conveying device 5 conveys the developer stored in the
developing chamber 7 of the housing 3 while stirring the developer.  Namely,
the daveloper conveying device 5 stirs a magnetic carrier and a non-magnstic
toner constituting a developer so that the camier and the toner are
triboglecirically charged.  Additionally, the developer conveying device 5
conveys the developer while stirring the developer.

[0013] FIG 2 is a schematic cross-sectional view of an example of the
developer conveying device. FIG 3 is a partially enlarged view of the
schematic cross-sectional view illustrated in FIG 2. With reference to FIGS. 1
to 3, the developer conveying device § includes a first chamnal 21 which is
disposed below the developing roller 4 and extends inside the housing 3 in the
longitudinal direction D, a second channel 22 which is disposed adjacent o the
first channel 21 and extends inside the housing 3 in the longitudinal direction, a
first stirring and conveying member 23 which extends inside the first channel
21, and a second stirring and conveying member 24 which extends inside the
second channel 22.  Afirst conveying path (or first conveyance path) 25 along
which the developer is conveyed s formead between the first channel 21 and
the first stirring and conveying member 23. A second conveying path (or

second conveyance path) 26 along which the developer is conveyed is formed
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between the second channel 22 and the second stiring and conveying
member 24. A first through-hole 27 which connecis the first conveying path
25 and the second conveying path 26 is formed in a first end portion of the first
channel 21 and the second channel 22, adjacent a first longitudinal end of the
developer conveying device. A second through-hole 28 which connects the
first conveying path 25 and the second conveying path 26 is formed in a
second end portion of the first channel 21 and the second channel 22, adjacent
a second longitudinal end of the developer conveying device. Namely, the
first conveying path 25 and the second conveying path 26 communicate with
gach other through the first through-hole 27 and the second through-hole 28.
Additionally, the second conveying path 26 is provided with a replenishing port
29 1o which a replenishing toner is replenished. The replenishing port 28 is
located adjacent second longiiudinal end of the developer conveying device, so
as 1o be disposed opposite to the first through-hole 27 in relation o the second
through-hole 28.

[0014] The first stirring and conveying member 23 and the second stirring and
conveving member 24 stir a magnetic carmer and a non-magnetic toner
constifuting the developer g0 that the carrier and the toner are triboelectrically
charged. The first stirring and conveying member 23 extends inside the first
channel 21 and conveys the developer through the first conveying path 25 In
the example of FIG 2, a conveying direction D1 of the developer of the first
conveying path 25 is a rightward direction {pointing to the right in the view).
The second stirring and conveying member 24 extends inside the second
channel 22 and conveys the developer through the second conveying path 26,
In the example of FIG 2, a conveying dirsction D2 of the developer of the
second conveying path 28 is a leftward direction (pointing to the ieft in the

view).
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[0015] The first stirring and conveying member 23 is a supply auger which
stirs the deveioper and supplies the developer to the developing roller 4. The
first stirring and conveying member 23 inciudes a rotation shaft 31 which
extends along a rotation axis A3 and a spiral blade 32 which protrudes from the
rotation shaft 31 in the radial direction of the rotation shaft 31, The rotation
shaft 31 is rotationally driven around the rotation axis A3 by a drive source such
as a motor.  The spiral blade 32 extends in a spiral shape around the rotation
shaft 31 s0 as to convey the developer in the conveying direction D1 when the
rotation shaft 31 rotates. The developer of the first conveying path 25
conveved in the conveying direction D1 by the first stirring and conveying
meamber 23 is supphied to the developing roller 4 and s suppliad to the second
conveying path 26 through the second through-hole 28

[0016] The second stirring and conveving member 24 is an admix auger
which stirs the developer and circulates the developer between the first
conveying path 25 and the second conveying path 26, The second stirring
and conveying member 24 includes a rotation shaft 33 which exiends along a
rotation axis Ad and a spiral blade 34 which extends from the rotation shaft 33
in the radial direction of the rotation shaft 33, The rotation shafl 33 s
rotationally driven around the rotation axis A4 by a drive source such as 3
motor.  The spiral blade 34 extends in a spiral shape around the rotation shaft
33 80 as to convey the developer in the conveying direction D2 when the
rotation shaft 33 rotates. The developer of the second conveying path 26
corveved in the conveying direction D2 by the second stirring and conveying
member 24 is supplied o the first conveying path 25 through the first
through-hole 27.

{00171 The second conveying path 26 includes a main portion 264 which

extends along most of the second conveying path 26, and a narrowed portion
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268 which is formed outside the main portion 26A. Namely, the main portion
26A extends along a substaniial portion of the second conveying path 26, A
first cross-sectional area of the second conveying path 26 taken in the
narrowed portion 26B s less (e.g., a smaller area) than a second
cross-sectional area of the second conveying path 26 taken in the main portion
26A. The first cross-sectional area and the second cross-sectional area are
cross-sactional areas formed along a plane orthogonal o the conveying
direction D2 of the developer in the second conveying path 26, The first
cross~-sectional area of the second conveying path 26 in the narrowed portion
268 may be, for example, 80% or less, 70% or less, or 680% or less of the
second cross-sectional arga of the second conveying path 268 In the main
portion 204, depending on examples.  Additionally, the first cross-sectional
area of the second conveying path 26 in the narrowed portion 268 may be, for
gxample, 50% or more, 60% or more, or 70% or more of the second
cross-sactional area of the second conveaying path 26 in the main portion 26A.

[0018] The second chamnel 22 includes a protrusion portion 30 which
profrudes toward the second stirring and conveying member 24 {o form the
narrowed portion 268, Namely, the protrusion portion 30 reduces the
cross-sectional area of the second conveying path 26, so that the first
cross-sectional area taken in the narrowed portion 268 is smailer than the
second cross-sectional area taken in the main portion 26A.  The profrusion
portion 30 may be formed by the housing 3 that defines the second channel 22
according to some examples, or may be formed by aftaching a separate
member {o the housing 3 that forms the second channel 22 according to other
gxamples. The protrusion portion 30 includes, for example, a lingar portion
304 which has an inner surface parallel to the rotation axis Ad, g first taper

portion 30B which is located on the upstream side of the linear portion 304 in
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the conveying direction D2 and which is oriented to gradually extend closer to
the rotation axis Ad in the conveying direction D2, and a second taper portion
0T which is located on the downstream side of the linear portion 30A in the
conveying direction D2 and which is oriented {o gradually exiend away from the
rotation axis A4 in the conveying direction D2.

[0019] FIG 4 ilustrates a cross-section of the example developer conveying
device illustrated in FIG 3, taken along line M-IV FIG 5 iHlustrates a
cross-saction of the example developer conveying device, taken along line V-V
in FiG 3. With reference to FIGS. 3 {0 5, the second channel 22 includes a
gutter-shaped wall 22A which is open upwardly.  The upward opening
indicates that a space above the second stirring and conveying member 24 is
greater than a gap formed between the second stirring and conveying member
24 and the wall of the second channel 22 below the second stiring and
conveying member 24, Accordingly, a componeant may be iocated above the
second channel 22, in some examplas. In a cross-section that is taken along a
plane orthogonal to the conveying direction D2 of the second conveying path
26, the wall 22A may have a U-shape opening upwardly, for example.

[0020] The second channel 22 includes a roof portion 228 which exiends {0 a
high flow portion 26C of the second conveying path 26, so as to form a tunnel
in the high flow portion 26C. The roof portion 228 narrows a space formed
above the second stirring and conveying member 24 compared to a portion not
provided with the roof portion 228, The roof portion 22B forms, for example, a
gap which has substantially the same size as the gap between the lower end of
the second stiring and conveying member 24 and the second channel 22
around the second stirming and conveying member 24, In a cross-section
taken along a plane orthogonal to the conveying direction B2 of the second

conveying path 26 in the roof portion 22B may have an arc shape, for example,
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which has the same diameter as that of the lower end portion of the second
channel 22.

[0021] As Hlustrated in FIGS. 1 to 3, the second stirring and conveying
meamber 24 includes a first portion 24A which s adjacent to the upstream side
of the narrowed portion 268 of the second conveying path 28 in the conveying
direction DZ and a second portion 24B which extends along the narrowed
portion 268 of the second conveying path 26,

[0022] The first portion 24A is provided with the spiral blade 34 and forms the
high flow portion 26C which is Tormed in the main portion 26A of the second
conveving path 26 so as 1o promote the movement of the developer.  The high
flow portion 26C is a portion which is adjacent o the upsiream side of the
narrowed portion 268 in the conveying direction D2 in the second conveying
path 26.  According to exampiles, the first portion 24A may be provided with an
additional spiral blade 35 in addition to the spiral blade 34 in order to promote
the movement of the developer. The additional spiral blade 35 protrudes from
the rotation shaft 33 in the radial direction of the rotation shaft 33 separately
from the spiral blade 34. Additionally, the additional spiral blade 35 may
extend in & spiral shape around the rotation shaft 33 so as o convey the
developer in the conveying direction D2 when the rotation shaft 33 rolates
similarly to the spiral blade 34, The additional spiral blade 35 may be
selectively extend within the first portion 24A exclusively.

[0023] According to examples, second portion 248 1s not provided with the
spiral blade 34. The second portion 248 may include a protrusion portion 36
which protrudes toward the second channel 22 to form the narrowed portion
268. Namely, the protrusion portion 36 is a portion for aliowing the first
cross-sectional area of the second conveying path 26 iIn the narrowed portion

268 to be smaller than the second cross-seclional area of the second
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corveying path 26 in the main portion 26A. The protrusion portion 36 is a
portion in which the rotation shaft 33 8 enlarged {e.q., 1o have an increased
diameter). The protrusion portion 36 may be formed by the rotation shaft 332
ftself or may be formed by attaching a separate member {0 the rotation shaft
33. The protrusion portion 36 includes, for example, a linear portion 364
which has an outer peripheral surface parallel to the rolation axis A4 and a
taper portion 368 which is located on the upstream side of the linear portion
36A in the conveying direction D2 and is oriented to gradually extend away
from the rotation axis A in the conveying direction D2, The outer peripheral
surface of the Iinear portion 36A is provided with a spiral groove 37. The
spiral groove 37 extends in a spiral shape on the outer peripheral surface of
the linear portion 36A so as {o convey the developer in the conveying direction
D2 when the rotation shaft 33 rotates.

[0024] In the developer conveving device 5 with such a configuration, when
the rotation shaft 31 of the first stirring and conveying member 23 is rotationally
driven by a drive device, the developer is corveyed in the conveying direction
31 while being stired by the spiral blade 32 which rotates together with the
rotation shaft 31, The developer is supplied to the daveloping roller 4 and is
supplied from the first conveying path 25 to the second conveying path 26
through the second through-hole 28.

[0025] Additionally, when the rotation shaft 33 of the second stiming and
conveying member 24 is rotationally driven by a drive device, the developer is
stirred and mixad by the spiral blade 34 rotating together with the rotation shaft
33 and is conveyed in the conveying direction D2, so as o iniboelectrically
charge the developer.  Additionally, when a replenishing toner is supplied from
the replenishing port 29 due to a decrease in the ioner density of the

developer, the replenishing toner is stirred and mixed with the developer and is

13



WO 2022/060433 PCT/US2021/034860

corveved in the conveying direction DZ while being triboelectricaily charged
with the developer.

[00Z28] In the above described examples, the second conveying path 26 is
narrowed by the protrusion portion 30 of the second channel 22 and the
protrusion portion 38 of the second stirring and conveying member 24 in the
narrowed portion 268, to form a developer pool in which the developer is
temporarily accumulated in the high flow portion 26C adjacent the narrowed
portion 268 on the upstream side in the conveying direction DZ. The
developer that is temporarily accumulated in the high flow portion 260 is Ted (or
pushed) into the narrowed portion 268 by the spiral blade 324 and the additional
spiral blade 35 formed in the second portion 248 of the second stirring and
conveying member 24. At this time, since a tunnel is formed in the high flow
portion 260 by the roof portion 22B of the second channel 22, the developer
that is temporarily accumulated in the high flow portion 26C is efficiently
pushed into the narrowed portion 268.

[0027] The developer which is fed into the narrowed portion 268 is sufficiently
stirred and mixed so as 1o be triboelectrically charged between the protrusion
portion 30 of the second channel 22 and the protrusion portion 36 of the
second stirring and conveying member 24, and is subsequently discharged
from the narrowed portion 268,  Additionaily, the developer which is fed into
the narrowed portion 268 may enter the spiral groove 37 formed in the
protrusion portion 36 of the second stirring and conveying member 24, sg as {o
increase friction charge due to the increased contact area with the second
stirring and conveying member 24, and so as {o further promote the conveying
in the conveying direction D2, The developer discharged from the narrowed
portion 268 is supplied from the second conveying path 26 {o the first

conveying path 25 through the first through-hole 27 while being sufficiently
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stirred and mixed and triboelectrically charged.  Accordingly, the developer
circulates through the first conveying path 25 and the second conveying path
28 in the developer conveying device 5.

[0028] Here, the charge distribution amount of the developer was measured
by using the developing devices of Example 1 and Comparative Example 1.
The Example 1 corresponds {o the developing device 1 including the developer
conveying device 5 illustrated in FIG 2. Comparative Example 1 corresponds
to a developing device including a developar conveying device 100 illustrated
in FIG & The developer conveying device 100 Hllustrated in FIG © is different
from the developer conveying device 5 illustrated in FIG 2 in that developer
conveying device 100 doas not include the narrowed portion 268 in the second
conveying path 26, nor the protrusion portion 30 in the second channel 22, nor
the additional spiral blade 3% and the protrusion portion 36 in the second
stirring and conveying member 24, iIn the measurement of the charge
distribution amount of the developer over time, a relatively small amount of an
additional toner was replenished to the developing device, the developing
device was stopped after being driven for a predetermined time, the developer
on the developing roller was samplad, and the charge distribution amount of
the sampled developer was measured. The drive time of the developing
device was set (o 10 seconds, 15 seconds, 20 seconds, and 30 seconds, for
respective tests.  An E-SPART analyzer manufactured by HOSOKAWA
MICRON CORPORATION was used o measure the charge distribution
amount.

[0029] FIGS. 7, 8, @ and 10 illustrate respective graphs showing a charge
distribution amount using the developing device according to Example 1 for
drive times of 10 seconds, 15 seconds, 20 seconds and 30 seconds,

respectively.  FiG 11, 12, 13 and 14 illustrate respective graphs showing a
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charge distribution amount using the developing device according to
Comparative Example 1 for drive times of 10 seconds, 15 seconds, 20 seconds
and 30 seconds, respectively.  In FIGS. 7 to 14, a horizontal axis indicates a
charge amount distribution (o/d) and a vertical axis indicatas the number of the
developers of the sample.

[0030] With reference to FIGS. 11 to 14, in Comparative Example 1, when 15
segconds elapsed after the additional toner was replenished (¢f. FIG 12), the
charge amount distribution spread widely and the charge amount distribution
returned {o an original state over time. 1t is considered that this is because the
charge amourt distribution spreads widely since the additional toner is not
sufficiently stirred and mixed and triboslectrically charged for a while after the
replenished additional toner is supplied to the developing roller (¢f. FIG 12)
although the charge amount distribution is stable until the repienished
additional toner is supplied to the developing roller (¢f. FIG 11).  Accordingly, it
is considered that the charge amount distribution is stabilized since the
additional toner is sufficiently stirred and mixed and triboelectrically charged
with the developer over time {cf. FIGS. 13 and 14},

[0031] In contrast, as shown in FIGS. 7 to 10, in Example 1, the chargs
amount distribution was stabilized regardiess of whether the time slapsed after
the additional foner was replenished. It is considered that this is because the
spread of the charge amount distribution as in Comparative Example 1 was
suppressed since the replenished additional toner was immaediately stirred and
mixed and triboelectrically charged.

[0032] As described above, in the developer conveying device 5, the
developer 8 stired and conveyed along the second conveying path 26,
However, the developer is temporarily accumulated in the high flow portion 26C

adjacent to the upstream side of the narrowed portion 268 and is pushed or

16



WO 2022/060433 PCT/US2021/034860

squeezed into the narrowed portion 268, which promotes the stirring and
mixing and triboelectrically charging of the developer in the narrowed portion
268, Consequently, it is possible to suppress or inhibit an increase in image
defects and toner scattering even when the amount of the developer that is
stirred and mixed with the replenishing toner is relatively low due to a reduced
size of the developing device 1 or due {0 a reduced amount of the developer.
Namaely, the developer is sufficiently triboelectrically charged, so as to suppress
or inhibit occurrences, such as an images defact (stain} caused by soft blocking
toner contained in the repienishing toner supplied onto the developing rolier
without collapsing, an image defect {fog) caused by the replenishing toner
supplied onto the developing roller without being sufficiently triboelectrically
charged with the developer, andfor {oner scattering caused by wesk
glecirostatic adhesion between the carrier and the toner, for example.

[0033] Although various examples have been described and shown herein, it
should be understond that other examples can be modified in their
arrangement and details. [0034] For example, with reference to an example
flustrated in FIG 15, the second stiring and conveying member 24 may
include a plurality of additional spiral blades 35A in the high flow portion 26C of
the second conveying path 26 (in the first portion 244 of the second stirring and
conveying member 24), so as to further promote the stirring and mixing and
triboglecirically charging of the developer.  In this case, in order to further
promote the stirring and mixing and triboelectrically charging of the daveloper,
the biade thickness of the additional spiral blade 354 may be thinner than the
blade thickness of the spiral biade 34.

[0035] Additionally, with referance {0 an example illustrated in FIG 16, when
the portion of the spiral blade 34 in the high flow portion 260 of the second

conveying path 26 is formed as the high flow spiral blade 344, the spirai blade
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34 may be formed s0 that the pitch of the high flow spiral blade 34A is lower
{e.q., narrower pilch) than the piich of the spiral blade 34 in a portion other than
the high flow spiral blade 344, so as to further promote the stirring and mixing
and triboslectrically charging of the developsr. In this case, n order to
increase the conveying capacity of the developer, the blade thickness of the
high flow spiral blade 34A may be thinner than the blade thickness of the spiral
blade 34 in the portion other than the high flow spiral blade 344,  Additionally,
the additional spiral blade 35 may or may not be provided depending on
examples.

[0036] Additionally, a textured protrusion 30a may be formed on the surface of
the protrusion portion 30 in some examples, as illustrated in FIG 17. In other
examples, a groove 30b which is orthogonal {o the conveying direction D2 may
be formed on the surface of the protrusion portion 30 as illustrated in FIG 18
In yet other examples, a groove 30¢ which is parallel {¢ the conveying direction
D2 may be formed on the surface of the protrusion portion 30 as dlustrated in
FiG 19, Accordingly, it is possible to increase the frictional force between the
developer and the protrusion portion 30 of the second channel 22 in the
narrowed portion 268,

[0037] Additionally, with reference to an example illustrated in FIG 20,
unevenness 3ca may be formed on the protrusion portion 36 of the second
stirring and conveying member 24, so as o increase the frictional force
between the developer and the protrusion portion 36 of the second stirring and
corveying member 24 in the narrowed portion 268B.  The size, number,
orientation, and the like of the unevenness 36a can be appropriately set.

[0038] Additionally, with referance {0 an example illustrated in FIG 21, when
the first cross-sectional area of the second conveying path 26 in the narrowed

portion 268 is iess {e.g., a smaller area) than the second cross-sectional area
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of the second conveying path 26 in the main portion 26A, the second stirring
and conveying member 24 may not include the protrusion portion 36
Additionaily, with reference 0 an example Hllustrated in FIG 22, the second
channel 22 may not include thea protrusion portion 36, Additionally, in the case
flustrated in FIG 21, in order to further increase the conveying performance,
the stiring and miing performance, and the friboelecirical charging
performance of the developer in the narrowed portion 268, the profrusion
amount of the protrusion portion 30 toward the second stirring and conveaying
member 24 may be increased and the first cross-sectional area of the second
corveying path 26 in the narrowed portion 26B may be decreased.  Similarly,
in the case iliustrated in FIG 22, in order to further increase the conveying
performance, the stiring and mixing performance, and the triboelectrical
charging performance of the developer in the narrowed portion 268, the
protrusion amount of the profrusion portion 36 toward the second channel 22
may be increased and the first cross-sectional area of the second conveaying
path 26 in the narrowed portion 208 may be decreasead.

[0039] Additionally, with reference o an example illustrated in FIG 23, the
profrusion portion 36 of the second stirring and convaying mamber 24 may not
be provided with the spiral groove 37, according to some examples.

[0040] Additionally, in the ahove-described exampie, a case has been
describaed in which two conveying paths of the first conveying path 25 and the
second conveying path 26 are provided as the conveying path of the
developer, bul a single conveying path or three or more conveying paths may
be provided as the conveying path of the developer, depending on examples.
When a plurality of conveying paths are provided as the conveying path of the
developer, any suitable conveying path may provide the narrowed portion so

that the first cross-sectional area of the conveying path in the narrowed portion
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is amaller than the second cross-sectional area of the conveying path in the
main portion or a plurality among the conveying paths may provide respective
narrowed portions in which the first cross-sectional area of the conveying path
in each narrowed portion is smaller than the second cross-sectional area of the
conveying path in the main portion.

[0041] It is to be undersicod that not all aspects, advaniages and features
described herein may necessarily be achieved by, or included in, any one
particular example. Indeed, having described and illustrated various
examples herein, it should be apparent that other examples may be modified in

arrangement and detail is omitted.
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CLAIMS

1. A developer conveying device COMprising:

a housing forming a channel that extends inside the housing in a
longitudinal direction; and

a stirring and conveying member exiending within the channel to
convey a developer through a conveyance path formed between a wall of the
channel and the stirring and conveying meamber,

wherein the conveyance path includes a main portion exiending in the
longitudinal direction along a substantial portion of the conveyance path, and a
narrowed portion located outside the main portion, and

wherein a first cross-sactional area of the conveyance path taken in the
narrowed portion is less than a second cross-sectional area of the conveyance

path taken in the main portion.

2. The developer conveying device according to claim 1,
wherein the channel includes a protrusion portion protruding toward

the stirming and conveying meamber to form the narrowed portion.

3. The developer conveying device according to claim 1,
wherein the stiring and conveying member includes a protrusion

portion protruding toward the channel to form the narrowed portion.

4. The developer conveying device according to claim 1,
wherein the stirring and conveying member includes a rotation shaft
extending along a rotation axis and a spiral blade protruding from the rotation

shaft in a radial direction to convey the developer in a conveying direction,
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wherein a first portion of the stirring and conveying member located on
an upstream side of the narrowed portion of the convevance path in the
conveving direction of the developer, includes the spiral blade, and

wherein a second portion of the stirring and conveying member located
in the narrowed portion of the conveyance path includes a spiral groove,

without being provided with the spiral blade.

5 The developer conveying device according to claim 1,
wherein the stirring and conveying member includes a rotation shaft
axtending along the rotation axis and a spiral blade protruding from the rotation
shaft in a radial direction to convey the developer in a conveying direction, and
wherein the conveyance path includes a high flow portion adjacent the
narrowed portion of the conveyance path, on an upstream side of the narrowed

gortion in a conveying direction of the developer.

6. The developer conveying device according to claim &,
wherein the stirring and conveying member includes one or more
additional spiral blades formed around the rotation shaft in the high flow portion

of the conveyance path.

7. The developer conveying device according to claim 5,

wherein the spiral blade has a variable piich so that a first pitch of the
spiral blade taken at the high flow portion of the conveyance path is lower than
a second pitch of the spiral blade taken outside the high flow portion of the

convevance path.

8. The developer conveying device according to claim 5,
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wherein the stirring and conveying member dogs not include the spiral

blade in the narrowed portion of the conveyance path.

9. The developer conveying device according to claim 5,
wherein the rotation shaft of the stiring and conveying member

includes a spiral groove in the narrowed portion.

10. The developer conveying device according to claim €,
wheregin the rotation shaft of the stiming and conveving member
includes a protrusion portion forming the narrowed portion, and

wherein the protrusion portion includes the spiral groove.

. The developer conveying device according to claim 5,
wherein a blade thickness of the spiral blade is formed so that the high
fiow portion of the convevance path s thinner than the main portion of the

corvevance path.

12. The developer conveying device according to claim 5,

wherein the channe! includes a gutter-shaped wall opening upward,
and

wherein the channe! includes a roof portion extending to the high flow

portion of the conveyance path and forming a tunnel in the high flow portion.

13. The developer conveying device according to claim 1,
wherein the first cross-sectional area and the second cross-sectional
area are taken along a piane that is orthogonal to a conveying direction of the

developer.
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14, The developer conveying device according to claim 1,
wherein the first cross-sectional ares of the conveyance path is 80% or

less of the second cross-sectional area of the conveyance path,

15, An image forming device comprising:

a housing forming a channel that extends in a longitudinal direction
inside the housing; and

a stiring and conveying member extending inside the channel to
convey a developer through a conveyance path formed between a wall of the
channel and the stirring and conveying member,

wherein a narrowed portion is formed along the conveyance path, and

wherein a first cross-sectional area of the conveyance path taken in the
narrowed portion is less than a second cross-sectional area of the conveyance
path taken on the downstream side of the narrowed portion, i a conveaying

direction of the developer.
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