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Description
BACKGROUND
Technical Field

[0001] Embodimentsofthe presentinvention generally
relate to an electrophotographic image forming appara-
tus such as a photocopier, a facsimile machine, a printer,
or a multifunction peripheral (MFP) having at least two
of copying, printing, facsimile transmission, plotting, and
scanning capabilities, and a process cartridge removably
installed therein.

Description of the Related Art

[0002] In image forming apparatuses such as photo-
copiers, facsimile machines, printers, and MFPs, it is
known that, during idle time (non-image formation peri-
od), two-component developer including toner and car-
rier (one or more additives may be included) is supplied
to a developing device and distributed therein uniformly
while driving the developing device, which is almost emp-
ty.

[0003] Specifically, in a configuration described in JP-
4695296-B, a preset developer case containing fresh de-
veloper is disposed on a new developing device. When
use of the developing device is started, the developer is
supplied from the preset developer case into the devel-
oping device and distributed therein uniformly while driv-
ing the developing device and a photoconductor drum
(an image bearer).

[0004] In a configuration described in JP-2010-96923-
A, a developer container containing fresh developer is
connected to a new developing device or a replaced de-
veloping device installed in an image forming apparatus
in a state in which a cover (e.g., a cover for developer
supply) of the image forming apparatus is opened. Then,
the developer is supplied from the developer container
into the developing device and distributed therein uni-
formly while driving the developing device and a photo-
conductor drum (an image bearer).

[0005] The above-described method, in which the de-
veloper is supplied into the empty or almost empty de-
veloping device while driving the developing device, is
advantageous in that the developer is distributed uni-
formly in the developing device in a relatively short time
relatively easily, compared with a method of supplying
the developer while an operator manually drives the de-
veloping device.

[0006] However, inthe method in which the photocon-
ductor drum is driven in addition to a developing roller
(the developing device) in supplying developer, it is pos-
sible that a cleaning blade that slides on the photocon-
ductor drum curls, or wear of the photoconductor drum
or the cleaning blade is accelerated.

[0007] A conceivable approach to inhibit such incon-
veniences is driving only the developing roller (the de-
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veloping device) while keeping the photoconductor drum
stationary in supplying developer. In this case, however,
itis possible thatdeveloper accumulates on the upstream
side of a developing gap where the photoconductor drum
faces the developing roller, and the accumulating devel-
oper surges into the developing gap and is compressed
therein when the photoconductor drum, in addition to the
developing roller, is driven. Then, the developer firmly
adheres to the developing roller or the photoconductor
drum undesirably. The developer firmly adhering to the
developing roller, the photoconductor drum, or both can
resultin substandard images having streaks and periodic
uneven image density.

[0008] Suchinconveniences canoccur,notonlyinsup-
plying developer, but also in rotating the developing roller
in a state in which the photoconductor drum is kept sta-
tionary.

SUMMARY

[0009] In order to achieve the above-described object,
there is provided an image forming apparatus according
to claim 1. Advantageous embodiments are defined by
the dependent claims.

[0010] Advantageously, the image forming apparatus
includes an image bearer to bear a latent image, a first
driver to rotate the image bearer, a developing device to
contain developer, a second driver to rotate the devel-
oping roller, and a controller to control the first driver and
the second driver and set a linear speed ratio, meaning
a ratio of a linear speed of the developing roller relative
to a linear speed of the image bearer at a position where
the developing roller faces the image bearer. The devel-
oping device includes a developing roller to develop the
latent image on a surface of the image bearer.

[0011] The controller executes first driving in an idle
time, during which image formation is not performed, and
the developing roller rotates with rotation of the image
bearer stopped in the first driving. Subsequent to the first
driving, the controller executes second driving for a pre-
determined period. The linear speed ratio is set to a first
ratio smaller than 1 in the second driving and to a second
ratio (X2) equal to or greater than 1 in image formation.
[0012] Accordingly, developer accumulating on an up-
stream side of a developing gap, where the developing
roller faces the image bearer, is inhibited from surging
into the developing gap and being compressed when the
image bearer and the developing roller are driven. Ac-
cordingly, adhesion of developer to the developing roller
or the image bearer is inhibited.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0013] A more complete appreciation of the disclosure
and many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
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considered in connection with the accompanying draw-
ings, wherein:

FIG. 1 is a schematic diagram illustrating a configu-
ration of an image forming apparatus according to
Embodiment 1;

FIG. 2 is a schematic diagram illustrating a configu-
ration of a process cartridge (i.e., an image forming
unit) of the image forming apparatus illustrated in
FIG. 1;

FIG. 3 schematically illustrates horizontal cross sec-
tions of a developing device according to Embodi-
ment 1, as viewed from above, and (a) and (a) re-
spectively illustrate an upper portion and a lower por-
tion of the developing device;

FIG. 4 is a schematic perspective view illustrating a
state in which developer is supplied to a developing
device of ablack process cartridge of the image form-
ing apparatus illustrated in FIG. 1;

FIG. 5is a timing chart of driving control in supplying
developer to the developing device, according to
Embodiment 1;

FIG. 6A is a schematic cross-sectional view of an
area adjacent to a development gap during first driv-
ing;

FIG. 6B is a schematic cross-sectional view of the
area adjacent to the development gap during second
driving;

FIG. 6C is a schematic cross-sectional view of the
area adjacent to the development gap during stand-
ard image formation;

FIG.7 is aschematic cross-sectional view of the area
adjacent to the development gap when standard im-
age formation is performed without the second driv-
ing after the first driving;

FIG. 8 is a table of the occurrence of adhesion of
developer to a developing roller in various combina-
tions of developing-roller linear speed and photocon-
ductor-drum linear speed;

FIG.9is agraphillustrating changesindriving torque
of the developing device after the second driving is
started;

FIG. 10 is a flowchart of driving control in supplying
developer to the developing device, corresponding
to FIG. 5;

FIG. 11 is a timing chart of driving control, in a case
where developer is supply to the developing device
and a cleaning blade is new, according to Embodi-
ment 2;

FIG. 12 is a timing chart of driving control when de-
veloper is not supplied to the developing device and
the cleaning blade is new in the image forming ap-
paratus 1 according to Embodiment 2; and

FIG. 13 is a flowchart of driving control according to
Embodiment 2.

10

15

20

25

30

35

40

45

50

55

DETAILED DESCRIPTION

[0014] Indescribing preferred embodiments illustrated
in the drawings, specific terminology is employed for the
sake of clarity. However, the disclosure of this patent
specification is not intended to be limited to the specific
terminology so selected, and it is to be understood that
each specific element includes all technical equivalents
that operate in a similar manner and achieve a similar
result.

[0015] Referring now to the drawings, wherein like ref-
erence numerals designate identical or corresponding
parts throughout the several views thereof, and particu-
larly to FIG. 1, a multicolor image forming apparatus ac-
cording to an embodiment of the presentinvention is de-
scribed.

[0016] Itisto be noted that the suffixes Y, M, C, and K
attached to each reference numeral indicate only that
components indicated thereby are used for forming yel-
low, magenta, cyan, and black images, respectively.

Embodiment 1

[0017] Embodiment 1 is described below with refer-
ence to FIGS. 1 to 10.

[0018] Referring to FIG. 1, a configuration and opera-
tion of an image forming apparatus 1 according to an
embodiment is described below.

[0019] In FIG. 1, reference numerals 1 represents an
image forming apparatus, which in the present embodi-
ment is a tandem-type multicolor copier, 2 represents a
writing device to emit laser beams according to image
data, 3 represents a document feeder to send a docu-
ment D to a document reading unit 4 that reads image
data of the document D, 7 represents a sheet feeding
tray containing sheets P of recording media (i.e., transfer
paper), 8 represents sheet feeding rollers, 9 represents
a registration roller pair (i.e., a timing roller pair) to adjust
the timing to transport the sheet P, and 10Y, 10M, 10C,
and 10BK (collectively 10) represent process cartridges
to form yellow, magenta, cyan, and black toner images,
respectively.

[0020] Further, reference numerals 17 represents an
intermediate transfer belt, 18 represents a secondary-
transfer bias roller to transfer a toner image from the in-
termediate transfer belt 17 onto the sheet P, 19 repre-
sents a belt cleaning device to clean the intermediate
transfer belt 17, 20 represents primary-transfer bias roll-
ers to transfer the toner images from photoconductor
drums 12 onto the intermediate transfer belt 17 in super-
imposed manner, 30 represents a fixing device to fix the
toner image on the sheet P, and 50Y, 50M, 50C, and
50BK (collectively 50) represent toner cartridges (i.e.,
toner containers) to contain yellow, magenta, cyan, and
black toners, respectively.

[0021] Operations of the image forming apparatus 1
illustrated in FIG. 1 to form multicolor images are de-
scribed below.
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[0022] It is to be noted that FIG. 2 is also referred to
when image forming process performed on the photo-
conductor drums 12 are described.

[0023] In the document feeder 3, conveyance rollers
transport documents D set on a document table in a di-
rection indicated by an arrow onto an exposure glass 5
ofthe documentreading unit4. Then, the documentread-
ing unit 4 optically reads image data of the document D
set on the exposure glass 5.

[0024] More specifically, the document reading unit 4
scans the image on the document D with light emitted
from an illumination lamp. The light reflected by a surface
of the document is imaged on a color sensor via mirrors
and lenses. The color sensor reads the multicolor image
data of the document D for each of decomposed colors
of red, green, and blue (RGB) and convert the image
datainto electricalimage signals. Further, animage proc-
essor performs image processing (e.g., color conversion,
color calibration, and spatial frequency adjustment) ac-
cording to the image signals, and thus image data of yel-
low, magenta, cyan, and black are obtained.

[0025] Then, the yellow, magenta, cyan, and black im-
age data is transmitted to the writing device 2 (i.e., an
exposure device). The writing device 2 directs laser
beams L (illustrated in FIG. 2) to the surfaces of the pho-
toconductor drums 12 according to the image data of
respective colors.

[0026] Meanwhile, the photoconductor drums 12inthe
four process cartridges 10 rotate counterclockwise in
FIG. 1. Initially, the surface of the photoconductor drum
12 is charged by a charging device 14 (i.e., a charging
roller) uniformly at a position facing the charging device
14 (charging process). The surface of the photoconduc-
tor drum 12 is charged to a predetermined electrical po-
tential. Subsequently, the surface of the photoconductor
drum 12 thus charged reaches a position to receive the
laser beam L (illustrated in FIG. 2).

[0027] The writing device 2 emits the laser beams L
according to the image data from four light sources. The
four laser beams L pass through different optical paths
for yellow, magenta, cyan, and black.

[0028] The laser beam L corresponding to the yellow
component is directed to the photoconductor drum 12 in
the process cartridge 10Y that is the first from the leftin
FIG. 1 among the four process cartridges 10. A polygon
mirror that rotates at high velocity deflects the laser beam
L for yellow in a direction of a rotation axis of the photo-
conductor drum 12 for yellow (main scanning direction)
so that the laser beam L scans the surface of the photo-
conductor drum 12 for yellow. Thus, an electrostatic la-
tent image for yellow is formed on the photoconductor
drum 12 charged by the charging device 14.

[0029] Similarly, the laser beam L corresponding to the
magenta component is directed to the photoconductor
drum 12 in the process cartridge 10M, which is the sec-
ond from the left in FIG. 1, thus forming an electrostatic
latent image for magenta thereon. The laser beam L cor-
responding to the cyan component is directed to the pho-
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toconductor drum 12 of the process cartridge 10C, which
is the third from the left in FIG. 1, thus forming an elec-
trostatic latent image for cyan thereon. The laser beam
L corresponding to the black component is directed to
the fourth photoconductor drum 12 from the left in FIG.
1, thus forming an electrostatic latent image for black
thereon.

[0030] Subsequently, the surface of the photoconduc-
tordrum 12 where the electrostatic latentimage is formed
is further transported to the position facing a developing
device 13. Each developing device 13 supplies toner of
the corresponding color to the photoconductor drum 12
to develop the latent image on the photoconductor drum
12 into a single-color toner image (development proc-
ess).

[0031] Subsequently, the surface of the photoconduc-
tor drum 12 reaches a position (a primary transfer nip)
facing the intermediate transfer belt 17, serving as the
image bearer as well as an intermediate transfer mem-
ber. The primary-transfer bias rollers 20 are disposed at
the positions where the respective photoconductor
drums 12 face the intermediate transfer belt 17 and in
contact with an inner surface of the intermediate transfer
belt 17. At these positions, the toner images on the re-
spective photoconductor drums 12 of the process car-
tridges 10 are sequentially transferred and superim-
posed one on another on the intermediate transfer belt
17 in a primary-transfer process. A primary transfer bias,
which is different in polarity from the toner, is applied to
each primary-transfer bias roller 20.

[0032] Subsequently, the surface of each photocon-
ductordrum 12 reaches a position facing a cleaning blade
15 (i.e., a cleaning section). The cleaning blade 15 col-
lects toner (untransferred toner) remaining on the pho-
toconductor drum 12 (a cleaning process).

[0033] Additionally, the surface of each photoconduc-
tor drum 12 passes through a discharge device, and thus
a sequence of image forming processes performed on
each photoconductor drum 12 is completed.

[0034] Meanwhile, the surface of the intermediate
transfer belt 17 carrying the superimposed toner image
moves counterclockwise and reaches the position facing
the secondary-transfer bias roller 18. The secondary-
transfer bias roller 18 transfers the multicolor toner image
from the intermediate transfer belt 17 onto the sheet P
(secondary transfer process).

[0035] Further, the surface of the intermediate transfer
belt 17 reaches a position facing the belt cleaning device
19. The belt cleaning device 19 collects untransferred
toner remaining on the intermediate transfer belt 17.
Thus, a sequence of transfer processes performed on
the intermediate transfer belt 17 is completed.

[0036] ThesheetPistransported from one of the sheet
feeding trays 7 via the registration roller pair 9 and the
like to the secondary transfer nip between the interme-
diate transfer belt 17 and the secondary-transfer bias roll-
er 18.

[0037] More specifically, the sheet feeding roller 8
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sends out the sheet P from the sheet feeding tray 7, and
the sheet P is then guided by a sheet guide to the regis-
tration roller pair 9. The registration roller pair 9 forwards
the sheet P to the secondary transfer nip, timed to coin-
cide with the arrival of the multicolor toner image on the
intermediate transfer belt 17.

[0038] Then, the sheet P carrying the multicolorimage
is transported to the fixing device 30. The fixing device
30 includes a fixing roller and a pressure roller pressing
against each other. In a nip therebetween, the multicolor
image is fixed on the sheet P.

[0039] After the fixing process, ejection rollers dis-
charge the sheet P as an output image outside the image
forming apparatus 1. Thus, a sequence ofimage forming
processes is completed.

[0040] Referring to FIGS. 2 and 3, the process car-
tridge 10 (i.e., an image forming unit) is described in fur-
ther detail below.

[0041] Asillustratedin FIG. 2, the process cartridge 10
includes the photoconductor drum 12 serving as the im-
age bearer, the charging device 14 to charge the surface
of the photoconductor drum 12, the developing device
13 to develop the latent image on the photoconductor
drum 12, the cleaning blade 15 to clean the photocon-
ductor drum 12, and a lubricant supply device 16. Each
process cartridge 10 is removably mountable in a body
of the image forming apparatus 1 (hereinafter "apparatus
body").

[0042] Itisto be noted thatthe process cartridges 10Y,
10C, 10M, and 10BK are similar in configuration, and
thus the subscripts Y, C, M, and BK are omitted from the
process cartridges 10, the photoconductor drums 12, and
the developing devices 13 in FIGS. 2 and 3 and descrip-
tions below for simplicity.

[0043] The photoconductor drum 12 used in the
present embodiment is an organic photoconductor
charged to a negative polarity and includes a photosen-
sitive layer on a drum-shaped conductive support base.
[0044] For example, the photoconductor drum 12 is
multilayered, and a base coat serving as an insulation
layer, the photosensitive layer, and a protection layer
(surface layer) are formed sequentially on the support
base. The photosensitive layer includes a charge gener-
ation layer and a charge transport layer. For the conduc-
tive supportbase (base layer), a conductive material hav-
ing a volume resistivity of 1010 Q-cm or lower is usable.
[0045] The photoconductor drum 12is rotated in a pre-
determined direction (counterclockwise in FIG. 2, as in-
dicated by arrow Y1) by a first driving motor 61 serving
as a first driver. It is to be noted that, in Embodiment 1,
the first driving motor 61 also rotates the charging device
14 (the charging roller), a lubricant supply roller 16a, and
a conveying screw 15b, via a train of gears, in the direc-
tions indicated by arrows in FIG. 2.

[0046] In one embodiment, the charging device 14 is
a roller having an elastic layer of moderate resistivity
overlying an outer circumference of a conductive metal
core. The charging device 14 is disposed to contact the
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photoconductor drum 12 at a position downstream from
the lubricant supply device 16 in the direction of rotation
of the photoconductor drum 12 indicated by arrow Y1.
[0047] Receiving a predetermined voltage from a pow-
er source 66 (a charging bias source) disposed in the
apparatus body, the charging device 14 uniformly charg-
es the surface of the photoconductor drum 12 facing the
charging device 14.

[0048] Itis to be noted that, although the charging de-
vice 14 is pressed against the photoconductor drum 12
in Embodiment 1, in another embodiment, the charging
device 14 is disposed across a minute gap from the pho-
toconductor drum 12.

[0049] The cleaning blade 15 is disposed downstream
from the lubricant supply device 16 in the direction of
rotation of the photoconductor drum 12. For example,
the cleaning blade 15 is made of or includes rubber, such
as urethane rubber, and contacts or abuts on the surface
of the photoconductor drum 12, at a predetermined angle
and with a predetermined pressure. With this arrange-
ment, substances such as toner and dust adhering to the
surface of the photoconductor drum 12 are mechanically
scraped off and are collected in the process cartridge 10.
The conveying screw 15b transports the toner collected
in the process cartridge 10, as waste toner, to a waste-
toner container removably attached to the back side of
the apparatus body, which is on the back side of the paper
on which FIG. 1 is drawn. It is to be noted that the sub-
stances adhering to the photoconductor drum 12 include
paper dustresulting from the sheet P, discharge products
generated on the photoconductor drum 12 during dis-
charge by the charging device 14, additives to the toner,
and the like in addition to the untransferred toner.
[0050] The cleaning blade 15 according to Embodi-
ment 1 serves as a leveling blade to level off, to a suitable
layer thickness, the lubricant supplied to the photocon-
ductor drum 12 by the lubricant supply roller 16a.
[0051] The lubricant supply device 16 includes a solid
lubricant 16b, the lubricant supply roller 16a (e.g., a brush
roller) to slide on the photoconductor drum 12 and the
solid lubricant 16b, a holder 16e to hold the solid lubricant
16b, and a compression spring 16¢ to bias the holder
16e, together with the solid lubricant 16b, to the lubricant
supply roller 16a.

[0052] With this structure, the lubricant supply device
16 supplies the lubricant to the photoconductor drum 12.
Then, the cleaning blade 15 disposed downstream from
the lubricant supply device 16 levels the lubricant, into a
thin layer, on the photoconductor drum 12.

[0053] Referring to FIGS. 2 and 3, the developing de-
vice 13 includes a developing roller 13a, serving as a
developer bearer, disposed across a gap (i.e., a devel-
opment gap) of predetermined size from the photocon-
ductor drum 12. In the portion where the developing roller
13a faces the photoconductor drum 12, the developing
range (or a developing nip) where a magnetic brush con-
tacts the surface of the photoconductor drum 12 is gen-
erated. The developing device 13 contains two-compo-
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nent developer G including toner particles T (also "toner
T") and carrier particles C 1 (also "carrier C1"). The de-
veloping device 13 develops the latentimage on the pho-
toconductor drum 12 into a toner image. The configura-
tion and operation of the developing device 13 are de-
scribed in further detail later.

[0054] Referring to FIG. 1, the toner cartridges 50Y,
50M, 50C, and 50BK (also collectively "toner cartridges
50") contain respective color toners T supplied into the
developing devices 13. Specifically, according to the ton-
er concentration (the ratio of toner T in developer G) de-
tected by a magnetic sensor 13h (illustrated in FIG. 3)
disposed in the developing device 13, a toner supply de-
vice supplies the toner T from the toner cartridge 50 via
a supply inlet 13e (illustrated in FIG. 3) to the developing
device 13 as required.

[0055] Itis to be noted that the data according to which
the toner T is supplied is not limited to the toner concen-
tration. Alternatively, forexample, the toner T can be sup-
plied according to image density calculated from the re-
flectance of the tonerimage on the photoconductor drum
12 or the intermediate transfer belt 17. Yet alternatively,
the toner T can be supplied according to a combination
of such data.

[0056] Additionally, for the toner supply device to sup-
ply toner to the developing device 13, a configuration in
which a conveying auger transports toner, a configuration
in which a screw pump transports toner together with air,
and the like can be used.

[0057] The four toner cartridges 50Y, 50M, 50C, and
50BK are mountable in and removable from the appara-
tus body from the front side of the paper on which FIG.
1 is drawn, that is, the side on which a control panel is
disposed. When the toner cartridge 50 becomes empty,
the toner cartridge 50 is replaced.

[0058] The developing device 13 is described in further
detail below.
[0059] Referring to FIGS. 2 and 3, the developing de-

vice 13 includes the developing roller 13a serving as a
developer bearer, first and second conveying screws
13b1 and 13b2 (screw augers) serving as developer con-
veyors, and a doctor blade 13c serving as a developer
regulator.

[0060] A casing 13k of the developing device 13 has
an opening to partly expose the developing roller 13a to
the photoconductor drum 12. The developing roller 13a
includes a sleeve 13a2 that is a cylindrical, nonmagnetic
component made of aluminum, brass, stainless steel, or
conductive resin. The sleeve 13a2 is rotated by a second
driving motor 62 serving as a second driver via a driving
gear that meshes with a gear attached to a shaft of the
second driving motor 62. Inside the sleeve 13a2, a mag-
net 13a1 is disposed not to rotate with a shaft thereof
lightly fitted in a side plate. The magnet 13a1 generates
multiple magnetic poles around the circumference of the
sleeve 13a2. The developer G carried on the developing
roller 13ais transported in the direction indicated by arrow
Y2 in FIG. 2 to the doctor blade 13c (the developer reg-
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ulator). The amount of the developer G on the developing
roller 13ais adjusted by the doctor blade 13c to a suitable
amount. For example, the amount of developer G
scooped onto a unit area is about 30 mg/cm?2 to 38
mg/cmZ2. Subsequently, the developer G is transported
to the developing range facing the photoconductor drum
12. Then, toner in the developer G is attracted to the
latent image on the photoconductor drum 12 due to the
magnetic field (generated with the difference between
the latent image potential on the photoconductor drum
12 and the developing bias applied to the developing
roller 13a) in the developing range. The developing bias
is applied from a power source 68 (i.e., a developing bias
source) serving as a developing bias source.

[0061] The doctor blade 13c serving as the developer
regulator is a shaped like a place made of a nonmagnetic
material and disposed facing the top side of the devel-
oping roller 13a in FIG. 2. In Embodiment 1, a distance
(i.e., the size of a doctor gap) between the doctor blade
13c and the developing roller 13a is about 0.2 mm to 0.3
mm.

[0062] The developing roller 13a is rotated in a prede-
termined direction (clockwise in FIG. 2) by the second
driving motor 62 (the second driver) as indicated by arrow
Y2. In other words, both of the photoconductor drum 12
and the developing roller 13a rotate downward at the
position (the development gap) facing each other.
[0063] In Embodiment 1, during the developing proc-
ess, a ratio of a linear speed B of the developing roller
13a, rotated by the second driving motor 62, relative to
a linear speed A of the photoconductor drum 12 is 1 or
greater (B/A=X>1). The linear speed A means the linear
speed of the outer circumference of the photoconductor
drum 12 and about 415 mm/s, for example. Specifically,
the linear speed B is the speed of the outer circumference
of the developing roller 13a at the position facing the pho-
toconductor drum 12, and the linear speed B is about
623 mm/s, for example. The ratio of the linear speed B
relative to the linear speed A (hereinafter "linear speed
ratio X")isabout 1.5in Embodiment 1. Preferable images
can be developed in the developing process in which the
developing roller 13a rotates faster than the photocon-
ductor drum 12 in the developing range.

[0064] Itis to be noted that, in Embodiment 1, the sec-
ond driving motor 62 also rotates, via a train of gears,
the first and second conveying screws 13b1 and 13b2 in
the directions indicated by respective arrows in FIG. 2.
[0065] In Embodiment 1, the second driving motor 62
is in a driving system independent of a driving system
including the first driving motor 61. The second driving
motor 62 is a variable-speed motor, and the rotation
speed thereof is changed in two steps in Embodiment 1.
[0066] The first conveying screw 13b1 and the second
conveying screw 13b2 stir and mix the developer G con-
tained in the developing device 13 while transporting the
developer G horizontally in the longitudinal direction or
the axial direction, which is perpendicular to the surface
of the paperonwhich FIG. 2is drawn and lateral in FIG. 3.
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[0067] The first conveying screw 13b1 is disposed fac-
ing the developing roller 13a. The first conveying screw
13b1 supplies the developer G to the developing roller
13a as indicated by hollow arrows illustrated in FIG. 3 at
the position corresponding to a scooping pole while trans-
porting the developer G to the left in Section (a) of FIG.
3 asindicated by a broken arrow illustrated in Section (a).
[0068] The second conveying screw 13b2 is disposed
below the first conveying screw 13b1 and faces the de-
veloping roller 13a. After image development, the devel-
oper G is separated by a developer release pole from
the developing roller 13a in the direction indicated by
hollow arrows, and the second conveying screw 13b2
transports the developer G that has left the developing
roller 13a to the right in Section (b) of FIG. 3 as indicated
by a broken arrow illustrated therein.

[0069] The developer G is transported from the down-
stream side of the conveyance compartmentin which the
first conveying screw 13b1 is disposed (hereinafter "first
conveyance compartment 31") through a first communi-
cation opening 13g to the conveyance compartment in
which the second conveying screw 13b2 is disposed
(hereinafter "second conveyance compartment 32"). The
second conveying screw 13b2 transports the developer
G downstream in the second conveyance compartment
32 and forwards the developer G through a second com-
munication opening 13f to the upstream side of the first
conveyance compartment 31 (as indicated by alternate
long and short dashed arrow).

[0070] The first and second conveying screws 13b1
and 13b2 are disposed so that rotation axes thereof are
substantially horizontal similar to the developing roller
13a and the photoconductor drum 12. Each of the first
and second conveying screws 13b1 and 13b2 includes
a screw shaft and a spiral blade winding around the screw
shaft.

[0071] An inner wall of the developing device 13 sep-
arates the first conveyance compartment 31 (or a supply
compartment) in which the first conveying screw 13b1 is
disposed from the second conveyance compartment 32
(or a collecting compartment) in which the second con-
veying screw 13b2 is disposed.

[0072] Referringto FIG. 3, the downstream side of the
second conveyance compartment 32, in which the sec-
ond conveying screw 13b2 is disposed, communicates
with the upstream side of the first conveyance compart-
ment 31 through the second communication opening 13f.
In the second conveyance compartment 32, the devel-
oper G that is not supplied to the developing roller 13a
accumulates adjacent to the second communication
opening 13fand then transported therethrough to the up-
stream side of the first conveyance compartment 31.
[0073] The downstream side of the first conveyance
compartment 31 communicates with the upstream side
of the second conveyance compartment 32 through the
first communication opening 13g. On the downstream
side of the first conveyance compartment 31, the devel-
oper G that has not supplied to the developing roller 13a
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falls under the weight thereof through the first communi-
cation opening 13g to the upstream side of the second
conveyance compartment 32.

[0074] Itistobe noted thata paddle ora screw winding
in the opposite direction can be disposed on the down-
stream side of the second conveyance compartment 32
(at a position facing the second communication opening
13f) to facilitate developer conveyance through the sec-
ond communication opening 13f (movement against the
gravity from the second conveyance compartment 32 to
the first conveyance compartment 31).

[0075] This configuration provides a circulation pas-
sage through which the developer G is circulated in the
longitudinal direction by the first and second conveying
screws 13b1 and 13b2 in the developing device 13. That
is, when the developing device 13 is activated, the de-
veloper G contained therein flows in the developer circu-
lation direction indicated by the broken arrows illustrated
in FIG. 3. Separating the first conveyance compartment
31 (the supply compartment), in which the first conveying
screw 13b1 supplies the developer G to the developing
roller 13a, from the second conveyance compartment 32
(the collecting compartment), to which the developer G
is collected from the developing roller 13a by the second
conveying screw 13b2, can reduce density unevenness
of toner images on the photoconductor drum 12.

[0076] It is to be noted that, referring to FIGS. 2 and
Section (a) of FIG. 3, the magnetic sensor 13h to detect
the toner concentration in the developer G circulated in
the developing device 13 is disposed below the first con-
veying screw 13b1, on the upstream side of the first con-
veyance compartment 31. Based on the toner concen-
tration detected by the magnetic sensor 13h, fresh toner
Tis supplied from the toner cartridge 50 to the developing
device 13 through the supply inlet 13e disposed adjacent
to the second communication opening 13f.

[0077] Additionally, referring to FIG. 3, the supply inlet
13e is located above the upstream side of the first con-
veyance compartment 31, in which the first conveying
screw 13b1 is disposed, and away from the developing
range, thatis, disposed outside the area occupied by the
developing roller 13a in the longitudinal direction.
[0078] Referring to FIGS. 3 and 4, the developing de-
vice 13 (or the process cartridge 10) according to Em-
bodiment 1 includes a developer supply inlet 13m to sup-
ply the developer G into the developing device 13. The
developer supply inlet 13m is disposed above the second
conveyance compartment 32, in which the second con-
veying screw 13b2 is disposed, and away from the de-
veloping range to the front side of the image forming ap-
paratus 1 (on which a door 100 illustrated in FIG. 4 is
disposed). The developer supply inlet 13m is sealed with
a cap except a period during which the two-component
developer G is supplied to the developing device 13.
[0079] When the developing device 13 is empty or al-
most empty, a service person or an operator fills the de-
veloping device 13 with the developer G as follows. Open
the door 100 (i.e., an apparatus body cover), which is
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hinged, in the directions illustrated in FIG. 4 in a state in
which the developing device 13 is in the image forming
apparatus 1. Then, the process cartridges 10Y, 10M,
10C, and 10BK are exposed. Couple a funnel 71 (a relay
member) to the developer supply inlet 13m of the devel-
oping device 13 from outside. Further, couple the devel-
oper container 70 (containing fresh developer G) to the
funnel 71 from outside. Supply the developer G from the
developer container 70 via the funnel 71 into the devel-
oping device 13 while driving the developing device 13
(with the second driving motor 62). In the method of sup-
plying the developer G through the developer supply inlet
13m to the developing device 13 while driving the devel-
oping device 13, since the developer G is circulated by
the first and second conveying screws 13b1 and 13b2,
the developer G is distributed uniformly in the developing
device 13 in arelatively short time relatively easily, com-
pared with the method of supplying the developer while
the operator manually drives the developing device 13.
[0080] Itis to be noted that, although FIG. 4 illustrates
supplying the developer G to the developing device 13
of the process cartridge 10BK of the four process car-
tridges 10Y, 10C, 10M and 10BK, the developer G is
supplied to the other process cartridges 10Y, 10C, and
10M in similar manner.

[0081] Supplying the developer G to the empty devel-
oping device 13 occurs when a new developing device
13 (a new process cartridge) is installed the image form-
ing apparatus 1, when the degraded developer G (de-
graded carrier C1) is discharged from the developing de-
vice 13 in use and replaced with fresh developer G, and
the like. In particular, replacement of developer requires
removal of the degraded developer G from the develop-
ing device 13 in use. Such operation can be done man-
ually after the developing device 13 (the process car-
tridge 10) in use is removed from the image forming ap-
paratus 1. Alternatively, in a configuration in which the
developing device 13 includes an openable and closable
developer outlet (to be coupled to a waste developer con-
tainer), the developer G can be automatically discharged
while driving the developing device 13 after the developer
outlet is opened.

[0082] In either case, differently from standard image
formation, such developer supply is a special work per-
formed in a state in which the door 100 is open, and the
service person or the like inputs a special key on a control
panel of the image forming apparatus 1 to perform this
work.

[0083] InEmbodiment1,asdescribed above, although
the developing device 13 (the second driving motor 62)
is driven during the developer supply operation, the pho-
toconductor drum 12 (the first driving motor 61) is not
driven. That is, during the developer supply operation,
rotation of the photoconductor drum 12 is stopped, and
only the developing device 13 (the developing roller 13a
and the first and second conveying screws 13b1 and
13b2 in particular) is driven.

[0084] This configuration inhibits curl or noise of the
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cleaning blade 15 that slides on the photoconductor drum
12 and alleviates acceleration of wear of the photocon-
ductor drum 12, the cleaning blade 15, and the charging
device 14.

[0085] In particular, in Embodiment 1, the door 100 is
open and the interior of the image forming apparatus 1
is exposed during the developer supply operation. Ac-
cordingly, application of high voltage, such as the devel-
oping bias applied to the developing roller 13a and the
charging bias applied to the charging device 14, is inhib-
ited to eliminate risks for the operator to touch a compo-
nent to which high voltage is applied. If the photoconduc-
tor drum 12 is rotated in a state in which the developing
bias and the charging bias are turned off, there arise in-
conveniences. For example, the toner in the developer
G borne on the developing roller 13a adheres to the sur-
face of the photoconductor drum 12 as background toner
stain, and the toner concentration in the developer G in
the developing device 13 decreases. If the background
toner stain scatters from the photoconductor drum 12,
the interior of the apparatus is soiled with toner. Accord-
ingly, stopping the photoconductor drum 12 during the
developer supply operation is advantageous.

[0086] Next, referring to FIGS. 5 through 10, descrip-
tions are given below of driving control in the image form-
ing apparatus 1 (or control relating to the process car-
tridge 10) according to Embodiment 1.

[0087] Referringto FIG. 5, in Embodiment 1, in a case
where first driving (i.e., a first driving mode or a developer
supply mode) is executed in an idle time (non-image for-
mation period) during which the image forming apparatus
1 does not perform the standard image forming process
on the photoconductor drum 12, the image forming ap-
paratus 1 executes second driving (or operates in a sec-
ond driving mode) for a predetermined period D2. In the
first driving, the controller 60 controls the first driving mo-
tor 61 (the first driver) and the second driving motor 62
(the second driver) to drive the developing roller 13a with
driving of the photoconductor drum 12 (the image bearer)
stopped. After the first driving, when rotation of the pho-
toconductor drum 12 is started in addition to the devel-
oping roller 13a, the image forming apparatus 1 executes
the second driving for the predetermined period D2. In
the second driving, the controller 60 controls the first driv-
ing motor 61 and the second driving motor 62 to make
the linear speed ratio X (the ratio B/A of the linear speed
B of the developing roller 13a relative to the linear speed
Aofthe photoconductordrum 12inthe developmentgap)
smaller than 1. After the second driving, the linear speed
ratio X is returned to the standard value (1.5 in Embod-
iment 1). Then, the process control (adjustment of image
forming conditions) or standard image formation (printing
operation) is performed.

[0088] Specifically, in Embodiment 1, the first driving
is the developer supply mode, in which the developer G
is supplied into the empty or almost empty developing
device 13, as described above with reference to FIG. 4,
in the state in which the process cartridge 10 (including
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the developing device 13 and the photoconductor drum
12) is mounted in the image forming apparatus 1. In the
first driving (the developer supply mode), as illustrated
in FIG. 6A, in the state in which rotation of the photocon-
ductor drum 12 is stopped, the second driving motor 62
drives the developing roller 13a to rotate at a normal
speed. The term "normal speed" used here means a lin-
ear speed or the number of revolutions for standard im-
age formation. For example, the linear speed B of the
developingroller 13aatthattime is setatabout 623 mm/s.
[0089] At the time of the first driving, as described
above, the controller 60 controls the power sources 66
not to apply the charging bias to the charging device 14
(e.g., the charging roller) and not to apply developing
bias to the developing roller 13a. Other biases, such as
the transfer bias, are turned off similarly.

[0090] The first driving (the developer supply mode) is
executed for a predetermined period D1, which is pre-
liminarily set to a constant length of time (about 30 sec-
onds in Embodiment 1) based on the capacity of the de-
veloper container 70, the speed at which the first and
second conveying screws 13b1 and 13b2 circulate the
developer G in the developing device 13, and the like.
[0091] In Embodiment 1, in the case where the appa-
ratus executes the first driving for developer supply, the
second driving is executed for the predetermined period
D2 (about 10 seconds in Embodiment 1) immediately
after the first driving. In the second driving, the controller
60 controls the first driving motor 61 and the second driv-
ing motor 62 to rotate the developing roller 13a at a linear
speed B’ lower than the linear speed A of the photocon-
ductor drum 12. For example, when the apparatus starts
the second driving, the photoconductor drum 12 rotates
atthe linear speed A (about 415 mm/s) similar the speed
for standard image formation, and the developing roller
13arotates atalower speed (the linear speed B’) of about
265 mm/s. The ratio of the linear speed B’ to the linear
speed A (=B’/A) is about 0.64, for example.

[0092] Atthattime (inthe seconddriving), the controller
60 controls the power sources 66 and 68 to apply the
charging bias to the charging device 14 (e.g., the charg-
ing roller) and to apply developing bias to the developing
roller 13a. This operation inhibits the toner T and the car-
rier C1 included in the developer G carried on the devel-
oping roller 13a from adhering to the photoconductor
drum 12.

[0093] Depending on the relation between the amount
of developer scooped (i.e., scooped developer amount
p) onto the developing roller 13a and the size of the de-
velopment gap (hereinafter "development gap size PG"),
in the first driving (in which the developing roller 13a ro-
tates while the photoconductor drum 12 does not rotate),
the developer G tends to accumulate on the upstream
side of the development gap in the direction of rotation
ofthe developing roller 13a as illustrated in FIG. 6A. Such
an inconvenience arises when the ratio of the scooped
developer amount p to the development gap size PG
(p/PG) is greater than a predetermined value. After the
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developer G accumulates on the upstream side of the
development gap, if both of the developing roller 13a and
the photoconductor drum 12 rotate at the linear speed
for standard printing operation (the linear speed ratio
therebetween is 1 or greater), it is possible that the de-
veloper G accumulating on the upstream side of the de-
velopment gap is compressed in the development gap
and firmly adheres to the developing roller 13a or the
photoconductor drum 12 as illustrated in FIG. 7. The de-
veloper firmly adhering to the developing roller 13a, the
photoconductor drum 12, or both can result in substand-
ard images with streaks and periodic uneven image den-
sity.

[0094] By contrast, in Embodiment 1, even when the
developer G accumulates on the upstream side of the
development gap during the first driving, the developer
G enters the development gap little by little as illustrated
in FIG. 6B since the developing roller 13a rotates at the
linear speed B’ lower than the linear speed A of the pho-
toconductor drum 12 in the second driving. Thus, the
developer G is less likely to firmly adhere to the devel-
oping roller 13a or the photoconductor drum 12.

[0095] After the second driving, the state of the devel-
oper G in the developing device 13 returns to a state
suitable for standard image formation. In other words,
with the second driving, the accumulation of the devel-
oper G caused by the first driving is resolved to a degree
suitable for standard image formation. Thatis, the second
driving is for removing the accumulating developer. After
the second driving, the state of the developer G returns
to the state suitable for standard image formation as il-
lustrated in FIG. 6C.

[0096] To check the adhesion of developer on the de-
veloping roller 13a or the photoconductor drum 12, an
experiment was executed using the image forming ap-
paratus 1 according to Embodiment 1. In the experiment,
the photoconductor drum 12 and the developing roller
13a were rotated in various combinations of the linear
speed A (of the photoconductor drum 12) and the linear
speed B (of the developingroller 13a) after the first driving
(the developer supply mode).

[0097] FIG. 8 presents results of observation with eyes
of adhesion of developer in each linear speed combina-
tion. The experiment was executed under a condition to
cause the accumulation of developer illustrated in FIG.
6A. In FIG. 8, "YES" means that adhesion of developer
was observed, and "NO" means that adhesion of devel-
oper was not observed.

[0098] The resultillustrated in FIG. 8 ascertains that,
even when the developer accumulates in the first driving
as illustrated in FIG. 6A, adhesion of developer to the
developing roller 13a and the photoconductor drum 12
is inhibited by rotating the developing roller 13a at the
linear speed B’ lower than the linear speed A of the pho-
toconductor drum 12 after the first driving.

[0099] As described above, a point of the second driv-
ing (the accumulating developer removal mode) is rotting
the developing roller 13a at the linear speed B’ lower than
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the linear speed A of the photoconductor drum 12. Ac-
cordingly, itis conceivable that, in the second driving, the
rotation speed of the photoconductor drum 12 in the de-
velopment gap can be increased from the linear speed
A for standard image formation, and the rotation speed
of the developing roller 13a can be similar to the linear
speed B for standard image formation. In this case, how-
ever, it is necessary that the first driving motor 61 has a
capability to increase the rotation speed of the photocon-
ductor drum 12 from the rotation speed A for standard
image formation, and the size and the cost of the first
driving motor 61 increase.

[0100] By contrast, as described above, in the second
driving according to Embodiment 1, the rotation speed
of the photoconductor drum 12 in the development gap
is set to the linear speed A for standard image formation,
and the rotation speed of the developing roller 13a is
reduced from the linear speed B for standard image for-
mation. Accordingly, without increasing the size and the
cost of the first driving motor 61 and the second driving
motor 62, adhesion of developer to the developing roller
13a and the photoconductor drum 12 is inhibited.
[0101] FIG. 9is agraphillustrating changes in the driv-
ing torque of the second driving motor 62, which drives
the developing device 13, after the second driving is start-
ed. The driving torque is converted from the detection
result generated by an electrical-current detector 63 serv-
ing as a torque detector, which detects the value of elec-
trical current flowing to the second driving motor 62.
[0102] In FIG. 9, a solid graph represents changes in
the driving torque in a state in which the developer G is
contained in the developing device 13 (after the first driv-
ing is executed), and a broken graph represents changes
in the driving torque in a state in which the developer G
is not contained in the developing device 13 (empty state
without supply of developer), as a comparative state. In
FIG. 9, in a period M starting at Time point T1 (the start
of the second driving), the driving torques represented
by the solid graph and the broken graph are high since
a large starting current (electrical current) or a large start-
ingtorqueis generated immediately after the second driv-
ing motor 62 is started. At Time point T2, the driving
torque in the developing device 13 without developer G
decreases and becomes stable. At Time point T3, the
driving torque in the developing device 13 containing the
developer G decreases and becomes stable. A period N
is a time difference between Time point T2 and Time
point T3, and it takes the period N to resolve the accu-
mulation of the developer G illustrated in FIG. 6A.
[0103] The inventors measured the changes in the
driving torque (illustrated in FIG. 9) of the developing de-
vice 13 in accordance with each of the experimental con-
ditions presented in FIG. 8. According to the measure-
ment, the period N is relatively long under the conditions
to cause firm adhesion of developer. Under the condi-
tions that do not cause firm adhesion of developer, the
period N is shorter and close to zero.

[0104] Itisto be noted that,in Embodiment 1, in a case
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where the first driving (the developer supply mode) is not
executed during the idle time, the second driving (the
accumulating developer removal mode) is not executed,
and the controller 60 controls the first driving motor 61
and the second driving motor 62 so that the linear speed
ratio X at the driving start of the developing roller 13a and
the photoconductor drum 12 is similar to the ratio for im-
age formation (about 1.5, for example).

[0105] Specifically, in Embodiment 1, the first driving
is executed only when developer is supplied to the de-
veloping device 13, and the second driving is subse-
quently executed in that case. At other start timings, such
as main power on, recovery from standby or energy saver
mode, recovery from paper jam removal, and process
control (image forming condition adjustment), neither the
first driving nor the second driving is executed, and the
photoconductor drum 12 and the developing roller 13a
(the developing device 13) are driven at the normal linear
speed ratio.

[0106] Additionally, when the developer G is supplied
to the developing device 13 of only the process cartridge
10BK of the four process cartridges 10Y, 10C, 10M and
10BK as illustrated in FIG. 4, the first driving and the
second driving are not executed regarding the process
cartridges 10Y, 10M, and 10C. The photoconductor drum
12 and the developing roller 13a (the developing device
13) in each of the process cartridges 10Y, 10M, and 10C
are started at the normal linear speed ratio. In other
words, while or after the developer G is supplied to the
developing device 13 of the process cartridge 10BK and
the first driving and the second driving are executed re-
garding the process cartridge 10BK, the photoconductor
drum 12 and the developing roller 13a (the developing
device 13) are driven at the normal linear speed ratio in
each of the process cartridges 10Y, 10M, and 10C, which
are not the targets of developer supply.

[0107] Suchdriving control is advantageous in that the
first driving and the second driving are executed when
unnecessary.

[0108] FIG. 10 is a flowchart of the above-descried
driving control in supplying developer to the developing
device 13.

[0109] As illustrated in FIG. 10, when the image form-
ing apparatus 1 is started, at S1, the controller 60 deter-
mines whether or not the developer G is supplied to the
developing device 13. For example, to determine wheth-
erornotthe developing device 13isin the state toreceive
supply of the developer G, a detector detects whether or
not the developer container 70 (and the funnel 71) is con-
nected to the developer supply inlet 13m of the develop-
ing device 13.

[0110] When the controller 60 determines that the de-
veloping device 13 is in the state to receive supply of the
developer G (Yes at S1), at S2, the apparatus executes
the first driving (operates in the developer supply mode)
until the controller 60 determines that the developer sup-
ply is completed at S3. Specifically, in Embodiment 1,
the controller 60 executes the first driving for the prede-
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termined period D1.

[0111] Atfter the first driving completes, at S4, the con-
troller 60 executes the second driving (the accumulating
developer removal mode) for the predetermined period
D2. In the second driving, the developing roller 13a is
driven at the linear speed B’ lower than the speed for
image formation, and the photoconductor drum 12 is driv-
en at the normal speed for image formation.

[0112] After the second driving completes, at S5, the
controller 60 executes the process control (image form-
ing condition adjustment) while driving the developing
device 13 and the photoconductor drum 12 at the respec-
tive normal speeds for image formation. The process
control is typically executed after developer supply and
the like and includes calibration of output of an optical
sensor to detect a patch pattern on the photoconductor
drum 12 or the intermediate transfer belt 17 and adjust-
ment of the charging bias and the developing bias.
[0113] After the process control completes, at S6,
standard image formation (standard printing operation)
is performed while driving the developing device 13 and
the photoconductor drum 12 at the respective normal
speeds.

[0114] Itis to be noted that, when the controller 60 de-
termines that the developing device 13 is not in the state
to receive supply of the developer G (No at S1), the steps
S2 through S4 are not executed, but the steps S5 and
S6 are executed.

[0115] Thus, the process illustrated in FIG. 10 com-
pletes.

[0116] In Embodiment 1, the predetermined period D2
during which the second driving is executed is changed
in accordance with changes in the predetermined period
D 1 during which the first driving is executed.

[0117] When the predetermined period D 1 of the first
driving is longer, the amount of accumulating developer
illustrated in FIG. 6A is greater compared with a case
where the predetermined period D 1 is shorter. Accord-
ingly, the predetermined period D2 is increased toreliably
remove the accumulating developer in a longer time.
[0118] Therefore, for example, when the amount of
supplied developer is different among the four process
cartridges 10Y, 10M, 10C, and 10BK, in the process car-
tridge 10 to which a greater amount of developer is sup-
plied, the predetermined period D 1 is set to a longer
time, and the predetermined period D2 of the second
driving is set to a longer time accordingly.

[0119] Additionally, in Embodiment 1, the predeter-
mined period D2 of the second driving is preliminarily set
to a constant value.

[0120] Alternatively, the controller 60 can be config-
ured to complete the second driving when the driving
torque detected by the electrical-current detector 63 (the
torque detector) illustrated in FIG. 2 falls to or below a
threshold. The electrical-current detector 63 indirectly
detects the magnitude of torque applied to the second
driving motor 62 (the second driver) based on changes
in the current flowing to the driving motor 62. As described
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above with reference to FIG. 9, whether or not the accu-
mulating developer is removed is known from the chang-
es in the driving torque applied to the second driving mo-
tor 62. This configuration is advantageous in efficiently
and reliably removing the developer accumulating on the
upstream side of the development gap.

[0121] Yet alternatively, an accumulating developer
detector such as a photosensor can be used to directly
detect the developer accumulating on the upstream side
of the development gap, and the controller 60 can be
configured to complete the second driving based on the
detection result generated by the accumulating develop-
er detector.

[0122] As described above, in Embodiment 1, in the
case where the first driving is executed in the non-image
formation period to control the first driving motor 61 and
the second driving motor 62 to drive the developing roller
13a with driving of the photoconductor drum 12 stopped,
the second driving is executed for the predetermined pe-
riod D2 subsequent to the first driving. In the second driv-
ing, at the start of rotation of the photoconductor drum
12 in addition to the developing roller 13a, the first driving
motor 61 and the second driving motor 62 are controlled
to make the linear speed ratio X (B/A, the ratio of the
linear speed B of the developing roller 13a relative to the
linear speed A of the photoconductor drum 12 in the de-
velopment gap) smaller than 1.

[0123] With this control, even in the case where the
developing roller 13a is driven with the photoconductor
drum 12 stopped, when the photoconductor drum 12, in
addition to the developing roller 13a, is driven, firm ad-
hesion of developer to the developing roller 13a or the
photoconductor drum 12 is inhibited. The firm adhesion
of developer occurs when the developer accumulates on
the upstream side of the developing gap, where the pho-
toconductor drum 12 faces the developingroller 13a, and
the accumulating developer surges into the developing

gap.
Embodiment 2

[0124] Embodiment 2 is described below with refer-
ence to FIGS. 11 through 13.

[0125] FIG. 11 is a timing chart of actions when devel-
oper is supplied to the developing device 13 and the
cleaning blade 15 is new in the image forming apparatus
1 according to Embodiment 2. FIG. 11 corresponds to
FIG. 5 of Embodiment 1. FIG. 12 is a timing chart of ac-
tions when developer is not supplied to the developing
device 13 and the cleaning blade 15 is new in the image
forming apparatus 1 according to Embodiment 2. FIG.
12 corresponds to FIG. 5 of Embodiment 1. FIG. 13 is a
flowchart of driving control according to Embodiment 2
including the actions illustrated in FIGS. 11 and 12. FIG.
13 corresponds to FIG. 10 of Embodiment 1.

[0126] The driving control according to Embodiment 2
is different from that of Embodiment 1 in that toner is
input to the cleaning blade 15 when the cleaning blade
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15is new.

[0127] The image forming apparatus 1 according to
Embodiment 2 has a configuration similar to that accord-
ing to Embodiment 1. Similar to Embodiment 1, after ex-
ecuting the first driving (the developer supply mode), the
controller 60 executes the second driving (the accumu-
lating developer removal mode).

[0128] The image forming apparatus 1 according to
Embodiment 2 includes a data reader 64 (illustrated in
FIG. 2), serving as a new-blade detector to detect wheth-
erornot the cleaning blade 15 is new. The cleaning blade
15 contacts or abuts against the surface of the photocon-
ductor drum 12 at a predetermined angle and a prede-
termined pressure to remove toner adhering to the pho-
toconductor drum 12.

[0129] In Embodiment 2, the data reader 64 serving
as the new-blade detector is configured to read data
stored in an ID (identity) chip disposed in the process
cartridge 10. The ID chip stores various types of data,
such as usage history and date of manufacture, of the
process cartridge 10. From the read data, the controller
60 determines whether or not the cleaning blade 15 is
new.

[0130] Itistobe notedthat,inthis disclosure, the clean-
ing blade 15 being new means that the cleaning blade
15 is not used at all to clean the photoconductor drum
12, or has been used only for a short length of time.
[0131] Asillustrated in FIG. 11, in Embodiment 2, in a
case where the first driving (the developer supply mode)
is executed and the data reader 64 (the new-blade de-
tector) detects that the cleaning blade 15 is new, toner
is input to the cleaning blade 15 (hereinafter "toner input
operation" or "blade protection mode") while the second
driving (the accumulating developer removal mode) is
executed. In the blade protection mode, the developing
device 13 develops a predetermined latentimage on the
photoconductor drum 12, and then the cleaning blade 15
collects the toner from the developed image.

[0132] Specifically, as illustrated in FIG. 11, in the sec-
ond driving, in which the developing device 13 is driven
at the lower speed and the photoconductor drum 12 is
driven at the normal speed, the writing device 2 forms,
on the photoconductor drum 12, a predetermined elec-
trostatic latent image for the blade protection mode. The
developing device 13 develops the predetermined elec-
trostatic latent image into a toner image, and the toner
image is not transferred onto the intermediate transfer
belt 17 in the primary transfer nip but supplied to the
cleaning blade 15. Accordingly, during the toner input
operation (the blade protection mode), the transfer bias
for the primary-transfer bias roller 20 is turned off. Alter-
natively, a bias identical in polarity to toner is applied to
the primary-transfer bias roller 20.

[0133] Itis to be noted that, in Embodiment 2, in the
toner input operation (the blade protection mode) exe-
cuted simultaneously with the second driving, a solid im-
age of A4 size (320 mm X 210 mm) is regarded as a unit
toner pattern (unit toner image), and 15 toner patterns
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are formed on the photoconductor drum 12 to input a
sufficient amount of toner to the edge of the cleaning
blade 15 entirely in the width direction of the cleaning
blade 15.

[0134] The operation "toner input operation" is per-
formed because the cleaning blade 15 being new con-
tacts the photoconductor drum 12 too tightly. If the sec-
ond driving is executed and the photoconductor drum 12
rotates in this state, the cleaning blade 15 curls or noise
of machine vibration is generated.

[0135] By contrast, in Embodiment 2, when the clean-
ing blade 15 is new and the photoconductor drum 12
rotates in the second driving, the toner image is formed
so that the toner reaches the edge (abutting on the pho-
toconductor drum 12) of the cleaning blade 15. There-
fore, the toner is retained at the edge of the cleaning
blade 15 and serves as lubricant interposed between the
cleaning blade 15 and the photoconductor drum 12. Ac-
cordingly, curl of the cleaning blade 15 and noise of ma-
chine vibration are alleviated. That is, the toner input op-
eration is executed to protect the cleaning blade 15.
[0136] Additionally, as illustrated in FIG. 12, in Embod-
iment 2, in a case where the first driving (the developer
supply mode) is not executed and the data reader 64 (the
new-blade detector) detects that the cleaning blade 15
is new, the second driving (the accumulating developer
removal mode) is not executed, and the operation "toner
input operation” (the blade protection mode) is executed
with the linear speed ratio X set to a ratio X2 (about 1.5
in Embodiment 2) similar to the ratio for standard image
formation.

[0137] Suchcontrolis performed because reducing the
linear speed ratio X is unnecessary when the second
driving is not executed. When the linear speed ratio X is
similar to that for standard image formation, the devel-
oping capability of the developing device 13 (the toner
adhesion amount per unit area of the toner image on the
photoconductor drum 12)is higher, and forming the toner
image for the blade protection mode becomes easier.
[0138] Itis to be noted that, in Embodiment 2, in the
toner input operation (the blade protection mode) exe-
cuted without the second driving, a solid image of A4 size
(320 mm X 210 mm) is regarded as a unit toner pattern,
and 6 toner patterns are formed on the photoconductor
drum 12 to input a sufficient amount of toner to the edge
of the cleaning blade 15 entirely in the width direction of
the cleaning blade 15.

[0139] In Embodiment 2, when "A1" represents the to-
tal area of the patters (toner images) developed in the
toner input operation executed simultaneously with the
second driving, "A2" represents the total area of the pat-
ters (tonerimages) developed in the toner input operation
executed without the second driving, "X1" represents the
linear speed ratio X during the second driving (about 0.64
in Embodiment 2), and "X2" represents the linear speed
ratio X for standard image formation, A1>A2X(X2/X1) is
satisfied.

[0140] Specifically, as described above, in the toner
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input operation executed simultaneously with the second
driving, the number of the toner patterns is 15 and the
total area A1 of the toner patters is 320 mm X 210 mm
X 15. By contrast, in the toner input operation executed
without the second driving, the number of the toner pat-
terns is 6 and the total area A2 of the toner patters is 320
mm X 210 mm X 6.

[0141] This is because, during the second driving, the
linear speed ratio X of the developing roller 13a relative
to the photoconductor drum 12is set to the ratio X1 (lower
than the ratio X2 for standard image formation), and the
developing capability (the toner adhesion amount per unit
area on the photoconductor drum 12) is lower, and the
amount of toner supplied to the cleaning blade 15 de-
creases.

[0142] In Embodiment 2, the number of toner patterns
is increased to compensate for the decrease in the toner
adhesion amount due to the decrease in the linear speed
ratio X in the second driving. Thus, since a sufficient
amount of toner is supplied to the cleaning blade 15, curl
of the cleaning blade 15 and noise of machine vibration
are alleviated.

[0143] FIG. 13 is a flowchart of the above-descried
driving control according to Embodiment 2. It is to be
noted that descriptions of steps similar to those in FIG.
10 of Embodiment 1 are simplified or omitted to avoid
redundancy.

[0144] As illustrated in FIG. 13, when the main power
is turned on and the image forming apparatus 1 is started,
at S11, the controller 60 determines whether or not the
developing device 13 is in the state to receive supply of
the developer G.

[0145] When the controller 60 determines that the de-
veloping device 13 is in the state to receive supply of the
developer G (Yes at S11), at S 12, the apparatus exe-
cutes the first driving (operates in the developer supply
mode), similar to step S2 in FIG. 10, until the controller
60 determines that the developer supply is completed at
S13.

[0146] After the developer supply or the first driving
completes (Yes at S13), at S14, the controller 60 deter-
mines whether or not the cleaning blade 15 is new based
on the detection result generated by the data reader 64.
When the controller 60 determines that the cleaning
blade 15 is not new (No at S14), at S15, the second driv-
ing (the accumulating developer removal mode) is exe-
cuted for the predetermined period D2 similar to step S4
inFIG.10. Then, at S16, the process control (image form-
ing condition adjustment) is performed similar to S5 in
FIG. 10. At S17, standard image formation is performed
similar to S6 in FIG. 10.

[0147] By contrast, when the controller 60 determines
that the cleaning blade 15 is new (Yes at S14), at S20,
the second driving (the accumulating developer removal
mode) and the toner input operation (the blade protection
mode) are executed for the predetermined period D2.
Then the process proceeds to steps S16 and S17.
[0148] AtS 11, in the case where the controller 60 de-
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termines that the developer G is not supplied to the de-
veloping device 13 (No at S11), at S18, the controller 60
determines whether or not the cleaning blade 15 is new
based on the detection result generated by the data read-
er 64. When the controller 60 determines that the clean-
ing blade 15 is not new (No at S18), the process proceeds
to steps S16 and S17.

[0149] By contrast, when the controller 60 determines
that the cleaning blade 15 is new (Yes at S18), at S19,
without executing the second driving (the accumulating
developer removal mode), the toner input operation (the
blade protection mode) is executed for the predetermined
period with the linear speed ratio X set to the ratio X2 for
standard image formation. Then, the process proceeds
to step S16.

[0150] Itis to be noted that, in Embodiment 2, during
the toner input operation, the primary-transfer bias is not
applied to the primary-transfer bias roller 20 so that the
toner pattern (toner image) is not transferred onto the
intermediate transfer belt 17 but is supplied to the clean-
ing blade 15.

[0151] In another embodiment, the image forming ap-
paratus 1 includes a contact-separation mechanism to
move the intermediate transfer belt 17 (or the primary-
transfer bias roller 20) away from the photoconductor
drum 12. When the toner input operation is executed, the
contact-separation mechanism separates the intermedi-
ate transfer belt 17 from the photoconductor drum 12 to
prevent the toner pattern from being transferred onto the
intermediate transfer belt 17. Then, the toner pattern is
supplied to the cleaning blade 15.

[0152] As described above, in Embodiment 2, similar
to Embodiment 1, in the case where the first driving (i.e.,
the developer supply mode), in which the first driving mo-
tor 61 (the first driver) and the second driving motor 62
(the second driver) are controlled to drive the developing
roller 13a with driving of the photoconductor drum 12 (the
image bearer) stopped, in an idle time (non-image for-
mation period), the second driving is executed for the
predetermined period D2 subsequent to the first driving.
In the second driving, at the start of rotation of the pho-
toconductor drum 12 in addition to the developing roller
13a, the first driving motor 61 and the second driving
motor 62 are controlled to make the linear speed ratio X
(the ratio B/A of the linear speed B of the developing roller
13a relative to the linear speed A of the photoconductor
drum 12 in the development gap) smaller than 1.
[0153] With this control, even in the case where the
developing roller 13a is driven with the photoconductor
drum 12 stopped, when the photoconductor drum 12, in
addition to the developing roller 13a, is driven, firm ad-
hesion of developer to the developing roller 13a or the
photoconductor drum 12 is inhibited. The firm adhesion
of developer occurs when the developer accumulates on
the upstream side of the developing gap, where the pho-
toconductor drum 12 faces the developingroller 13a, and
the accumulating developer surges into the developing

gap.
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[0154] Although, in the above-described embodi-
ments, the developing device 13 is a component of the
process cartridge 10 and united with other image forming
components, alternatively, the above-described aspects
of this disclosure are applicable to image forming appa-
ratuses in which the developing device 13 is not united
with other components but is configured to be independ-
ently mounted in or removed from the image forming ap-
paratus.

[0155] Itistobe noted thatthe term "process cartridge"
used in this specification means a unitincluding animage
bearer and atleast one of a charging device, adeveloping
device, and a cleaning device united together and is de-
signed to be removably installed together in the body of
the image forming apparatus.

[0156] Additionally, the developing device 13 accord-
ing to any one of the above-described embodiments in-
cludes a single developing roller (13a), two conveying
screws (13b1 and 13b2) in a vertical arrangement, and
a doctor blade (13c) disposed above the developing roll-
er. However, the various aspects of the present disclo-
sure are not limited to the above-described developing
device 13 but are also applicable to other types of devel-
oping devices. For example, the aspects of the present
disclosure can adapt to a developing device including
multiple developing rollers disposed facing the image
bearer in a vertical arrangement, a developing device
including two conveying screws arranged horizontally, a
developing device including three or more conveying
screws, a developing device including a paddle roller
serving as a developer conveyor, and a developing de-
vice including a doctor blade disposed below the devel-
oping roller.

[0157] In such a configuration, effects similar to the
above-described effects can be attained.

[0158] Additionally, in the above-described embodi-
ments, the developer is supplied from the developer con-
tainer 70, which is externally coupled to the developing
device 13 in the state in which the developing device 13
is set in the apparatus and the door 100 is open. Alter-
natively, the aspects of the present disclosure can adapt
to animage forming apparatus, such as the one disclosed
in JP-4695296-B, in which the developer is supplied from
the developer container (a preset developer case) dis-
posed above the developing device in a state in which
the developing device is set in the apparatus and the
door of the apparatus body is closed.

[0159] In such configurations, effects similar to those
described above are attained.

[0160] Additionally, in the above-described embodi-
ments, the process linear speed (e.g., the linear speed
A of the photoconductor drum 12 and the speed at which
the sheet P is transported) is fixed to the predetermined
speed. Alternatively, the aspects of the present disclo-
sure can adapt to an image forming apparatus in which
the process linear speed is variable in multiple steps de-
pending on sheet type or the like. For example, there is
an image forming apparatus to operate in a low-speed
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mode for thick paper. In such a configuration, effects sim-
ilar to the above-described effects can be attained by
setting the first diving and the second driving in accord-
ance with the respective process linear speeds.

[0161] Additionally, although the first driving is execut-
ed during developer supply in the above-described em-
bodiments, the aspects of the present disclosure can
adapt to an image forming apparatus that executes, ata
predetermined timing, the first driving, in which the de-
veloping roller 13ais driven in the state in which the pho-
toconductor drum 12 is stopped. For example, an image
forming apparatus executes the first driving when a new
developing device is set in the image forming apparatus.
In such configurations, effects similar to those described
above are attained.

[0162] Additionally, although the developing device 13
contains two-component developer including toner and
carrierinthe above-described embodiments, the aspects
of the present disclosure can adapt to an image forming
apparatus including a developing device that employs
one-component developer including toner (one or more
additives can be included). Regarding developing devic-
es employing one-component developing, the aspects
of the present disclosure can adapt to a configuration in
which the developing roller is disposed across a gap from
the image bearer and a configuration in which the devel-
oping roller contacts the image bearer.

[0163] Additionally, although the developing roller 13a
rotates in the direction trailing to the rotation of the pho-
toconductor drum 12 in the developing gap in the above-
described embodiments, the aspects of the present dis-
closure can adaptto animage forming apparatus in which
the developing roller rotates in the direction counter to
the rotation of the photoconductor drum in the developing
gap.

[0164] In such configurations, effects similar to those
described above are attained.

[0165] The stepsinthe above-described flowchart may
be executed in an order different from that in the flow-
chart. Further, any of the aforementioned methods may
be embodied in the form of a program. The program may
be stored on a computer readable media and is adapted
to perform any one of the aforementioned methods when
run on a computer device (a device including a proces-
sor). Thus, the storage medium or computer readable
medium, is adapted to store information and is adapted
to interact with a data processing facility or computer de-
vice to perform the method of any of the above mentioned
embodiments.

Claims
1. Animage forming apparatus (1) comprising:
an image bearer (12) to bear a latent image;

afirstdriver (61) to rotate the image bearer (12);
a developing device (13) to contain developer,
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the developing device (13) including a develop-
ing roller (13a) to develop the latent image on a
surface of the image bearer (12);

a second driver (62) to rotate the developing roll-
er (13a); and

a controller (60) to control the first driver (61)
and the seconddriver (62) and set alinear speed
ratio (X) representing a ratio of a linear speed
(B) of the developing roller (13a) relative to a
linear speed (A) of the image bearer (12) at a
position where the developing roller (13a) faces
the image bearer (12),

wherein the controller (60) executes first driving
in an idle time, during which image formation is
not performed, the first driving in which the de-
veloping roller (13a) rotates with rotation of the
image bearer (12) stopped,

wherein the controller (60) executes second
driving for a predetermined period (D2) subse-
quent to the first driving, and

wherein the controller (60) sets the linear speed
ratio (X) to a first ratio (X1) smaller than 1 in the
second driving and to a second ratio (X2) equal
to or greater than 1 in image formation.

2. Theimage forming apparatus (1) according to claim

1, further comprising:

a charging device (14) to charge the surface of
the image bearer (12);

a charging bias source (66) to apply a charging
bias to the charging device (14); and

a developing bias source (68) to apply a devel-
oping bias to the developing roller (13a),
wherein the controller (60) inhibits application of
the charging bias to the charging device (14)
and application of the developing bias to the de-
veloping roller (13a) during the first driving, and
wherein the controller (60) causes the charging
bias source (66) to apply the charging bias to
the charging device (14) and the developing bias
source (68) to apply the developing bias to the
developing roller (13a) during the second driv-

ing.

The image forming apparatus (1) according to claim
1o0r2,

wherein, in the second driving, the controller (60)
sets the linear speed (A) of the image bearer (12) to
a speed similar to a speed in image formation and
sets the linear speed (B) of the developing roller
(13a) to a speed (B’) lower than a speed in image
formation.

The image forming apparatus (1) according to any
one of claims 1 through 3,

wherein the controller (60) changes the predeter-
mined period (D2) of the second driving in accord-
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ance with a change in a period (D1) during which the
first driving is executed.

The image forming apparatus (1) according to any
one of claims 1 through 4,

wherein, after the second driving, accumulation of
developer on an upstream side of the position where
the developing roller faces the image bearer returns
to a state suitable for image formation.

The image forming apparatus (1) according to any
one of claims 1 through 5, further comprising a torque
detector to detect a driving torque applied to the sec-
ond driver (62),

wherein the controller (60) completes the second
driving when the driving torque detected by the
torque detector falls below a threshold.

The image forming apparatus (1) according to any
one of claims 1 through 6,

wherein, when the first driving is not executed in the
idle time, the controller (60) sets the linear speed
ratio (X) at a start of rotation of the developing roller
(13a) and the image bearer (12) similar to the second
ratio (X2) in image formation, without executing the
second driving.

The image forming apparatus (1) according to any
one of claims 1 through 7,

wherein the controller (60) executes the first driving
when the developer is supplied to the developing
device (13) in a state in which the developing device
(13) and the image bearer (12) are mounted in the
image forming apparatus (1) and the developing de-
vice (13) is empty or almost empty.

The image forming apparatus (1) according to any
one of claims 1 through 8, further comprising:

a cleaning blade (15) to contact the image bear-
er (12) to remove toner from the surface of the
image bearer (12); and

a new-blade detector (64) to detect whether or
not the cleaning blade (15) is new,

wherein, in a case where the first driving is ex-
ecuted and the new-blade detector (64) detects
that the cleaning blade (15) is new, the controller
(60) executes a toner input operation while ex-
ecuting the second driving, and

wherein the toner input operation includes sup-
plying, with the developing device (13), the toner
to a predetermined latent image on the image
bearer (12) and collecting, with the cleaning
blade (15), the toner from the image bearer (12).

10. The image forming apparatus (1) according to claim

9,
wherein, in a case where the first driving is not exe-
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cuted and the new-blade detector (64) detects that
the cleaning blade (15) is new, the controller (60)
executes the toner input operation with the linear
speed ratio (X) set to a ratio similar to the second
ratio (X2) in image formation, without executing the
second driving.

The image forming apparatus (1) according to claim
10,

wherein A1XA2X(X2/X1) is satisfied when A1 rep-
resents a total area of a toner image developed in
the toner input operation executed together with the
second driving, A2 represents a total area of a toner
image developed in the toner input operation exe-
cuted without the second driving, X1 represents the
linear speed ratio (X) in the second driving, and X2
represents the linear speed ratio (X) in image forma-
tion.

The image forming apparatus (1) according to any
one of claims 1 through 11,

wherein the developing device (13) includes a de-
veloper regulator (13c) disposed above the devel-
oping roller (13a) to adjust an amount of the devel-
oper borne on the developing roller (13a),

wherein the image bearer (12) and the developing
roller (13a) rotate downward at the position where
the developing roller (13a) faces the image bearer
(12), and

wherein the developer is two-component developer
including toner and carrier.
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