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(54) IMAGE FORMING APPARATUS

(57) An image forming apparatus includes an image
bearing member, a developing device, a supplying de-
vice, and a control means. The image bearing member
bears a latent image. The developing device develops
the latent image with a toner. The supplying device sup-
plies toner to the developing device. The control means
executes a discharge operation to consume toner trans-
ferred onto the image bearing member from the devel-
oping device without transferring the toner onto a record-
ing medium. The control means executes the discharge
operation where first deterioration integrated information
exceeds a first executing threshold, and where second
deterioration integrated information exceeds a second
executing threshold that is larger than the first executing
threshold. The control means acquires the first deterio-
ration information based at least a first deterioration
threshold, and acquires the second deterioration infor-
mation based on at least a second deterioration threshold
that is larger than the first deterioration threshold.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an image form-
ing apparatus including a developing device that devel-
ops an electrostatic latent image formed on an image
bearing member of an electrophotographic copier, a laser
beam printer, or the like, to develop a toner image.

Description of the Related Art

[0002] In conventional electrophotographic image
forming apparatuses, when images with a low coverage
rate are successively output, developer is stirred and
rubbed for a while in a state where almost no toner is
consumed and supplied in a developing device. For ex-
ample, the developer is stirred by a developer convey-
ance screw that conveys the developer, and rubbed be-
tween a development sleeve and a doctor blade. As a
result, an external additive provided to the toner for
charge control and flowability control might be separated
from the toner or embedded in a toner surface (herein-
after, also referred to as toner deterioration). The toner
deterioration causes image quality degradation, such as
a grainy effect, degrading printed image quality.
[0003] For example, Japanese Patent Application
Laid-Open No. 2006-023327 and Japanese Patent Ap-
plication Laid-Open No. 2000-310909 propose tech-
niques that address this issue. More specifically, toner
refreshing is performed by forcibly discharging deterio-
rated toner and supplying toner in an amount correspond-
ing to the discharged amount, so that image quality is
maintained.
[0004] When images with a low coverage rate are suc-
cessively output, not only the image quality degradation
due to the toner deterioration described above but also
the following problem occurs. More specifically, when im-
ages with a high coverage rate are successively output
immediately after the images with a low coverage rate
are successively output, an image density largely fluctu-
ates.
[0005] This is caused by a sharp change in a toner
charging amount in the developing device due to switch-
ing from the successive low coverage rate image output
to the successive high coverage rate image output. While
the low coverage rate images are output, the toner charg-
ing amount is likely to be high due to excessive frictional
charging between the toner and the carrier because the
amount of toner exchanged in the developing device is
small. On the other hand, while the high coverage rate
images are output, the toner charging amount is likely to
be low because a large amount of toner is consumed and
supplied.
[0006] The refresh control discussed in Japanese Pat-
ent Application Laid-Open No. 2006-023327 and Japa-

nese Patent Application Laid-Open No. 2000-310909 is
effective against the image quality degradation due to
the toner deterioration as a result of successively output-
ting the low coverage rate images. However, the refresh
control might not be sufficiently effective against the den-
sity fluctuation caused by the change in the toner charg-
ing amount occurring when the low coverage rate image
output is switched to the high coverage rate image output.
This is because the two issues described above do not
necessarily occur concurrently. More specifically, when
the successive low coverage rate image output is per-
formed, the conventional toner refresh control, executed
at timing for preventing the image quality degradation
due to the toner deterioration, might not be effective
enough to prevent the image density fluctuation due to
the change in the toner charging amount caused by
switching of the coverage rates.
[0007] All things considered, an attempt to address the
above two issues with the conventional refresh control
only might lead to an unnecessarily toner consumption
or an insufficient refreshing effect.

SUMMARY OF THE INVENTION

[0008] The present invention is for solving the issues
described above. More specifically, the present invention
is directed to providing an image forming apparatus that
can prevent image quality degradation from occurring
when low coverage rate images are successively formed
or when successive low coverage rate image forming is
switched to successive high coverage rate image form-
ing. Toner refresh control is executed based on both a
first threshold value for preventing deterioration of toner
and a second threshold value for preventing concentra-
tion variations.
[0009] According to a first aspect of the present inven-
tion, there is provided an image forming apparatus as
specified in claims 1 to 6.
[0010] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a schematic view illustrating an image form-
ing apparatus according to a first exemplary embod-
iment.
Fig. 2 is a diagram illustrating a configuration around
a photosensitive drum in the image forming appara-
tus according to the present exemplary embodiment.
Fig. 3 is a block diagram illustrating a system con-
figuration of an image processing unit in the image
forming apparatus according to the present exem-
plary embodiment.
Fig. 4 is a first schematic view illustrating a develop-
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ing device disposed in the image forming apparatus
according to the present exemplary embodiment.
Fig. 5 is a second schematic view illustrating the de-
veloping device disposed in the image forming ap-
paratus according to the present exemplary embod-
iment.
Fig. 6 is a block diagram illustrating a control block
configuration example of a temperature sensor dis-
posed in the image forming apparatus according to
the present exemplary embodiment.
Fig. 7 is a diagram illustrating relationship between
the number of printed sheets and a toner Brunaure
Emett Teller (BET) value according to the first ex-
emplary embodiment.
Fig. 8 is a diagram illustrating relationship between
a sheet-based average toner staying amount and
the toner BET value according to the first exemplary
embodiment.
Fig. 9 is a flowchart illustrating toner refresh control
(1) in the image forming apparatus according to the
first exemplary embodiment.
Fig. 10 is a diagram illustrating relationship between
the number of printed sheets and the sheet-based
average toner staying amount in image printings with
various coverage rates according to the first exem-
plary embodiment.
Fig. 11 is a flowchart illustrating processing executed
in the image forming apparatus according to the first
exemplary embodiment under toner discharge con-
trol.
Fig. 12 is a table illustrating toner refresh control (1)
in the image forming apparatus according to the first
exemplary embodiment.
Fig. 13 is a table illustrating toner refresh control (2)
in the image forming apparatus according to the first
exemplary embodiment.
Fig. 14 is a table illustrating toner charging amounts
in successive image forming with various coverage
rates in the image forming apparatus according to
the first exemplary embodiment.
Fig. 15 is a flowchart illustrating toner refresh control
(2) in the image forming apparatus according to the
first exemplary embodiment.
Fig. 16 is a flowchart illustrating toner refresh control
(1) in the image forming apparatus according to a
third exemplary embodiment.
Fig. 17 is a flowchart illustrating toner refresh control
(1) in the image forming apparatus according to a
second exemplary embodiment.
Fig. 18 is a flowchart illustrating toner refresh control
(2) in the image forming apparatus according to the
second exemplary embodiment.
Fig. 19 is a block diagram illustrating a control block
configuration example of a toner discharge operation
in the image forming apparatus.

DESCRIPTION OF THE EMBODIMENTS

[0012] An image forming apparatus according to a first
exemplary embodiment of the present invention is de-
scribed in detail below.

<Overview Of Image Forming Apparatus>

[0013] As illustrated in Fig. 1, an image forming appa-
ratus according to the present exemplary embodiment
includes four image forming stations Y, M, C, and K re-
spectively including photosensitive drums 1 (1Y, 1M, 1C,
and 1K) as latent image bearing members. An interme-
diate transfer device 120 is disposed below the image
forming stations. In the intermediate transfer device 120,
an intermediate transfer belt 121, as an intermediate
transfer member, is stretched around rollers 122, 123,
and 124, and runs in a direction indicated by an arrow.
[0014] In the present exemplary embodiment, a sur-
face of each of the photosensitive drums 1 (1Y, 1M, 1C,
and 1K), charged by a corresponding one of primary
charging devices 2 (2Y, 2M, 2C, and 2K) employing a
corona charging system for contactless charging, is ex-
posed by a corresponding one of laser emitting devices
3 (3Y, 3M, 3C, and 3K) each being driven by a laser driver
(not illustrated). Thus, electrostatic latent images are
formed on the photosensitive drums 1 (1Y, 1M, 1C, and
1K), respectively. The latent images are developed by
developing devices 4 (4Y, 4M, 4C, and 4K) as developing
units, whereby yellow, magenta, cyan, and black toner
images (developer images) are respectively formed.
[0015] The toner images, formed by the respective im-
age forming stations, are transferred onto the intermedi-
ate transfer belt 121, made of polyimide resin, to be over-
lapped one on top of the other, by transfer bias applied
by transfer blades 5 (5Y, 5M, 5C, and 5K) as primary
transfer units. The four-color toner image thus formed on
the intermediate transfer belt 121 is transferred onto a
recording sheet P as a transfer material by a secondary
transfer roller 125 as a secondary transfer unit facing the
roller 124. Toner that is not transferred onto the recording
sheet P and thus is remaining on the intermediate transfer
belt 121 is removed by an intermediate transfer belt
cleaner 114b. The recording sheet P onto which the toner
image has been transferred is pressed/heated by a fixing
device 130 including fixing rollers 131 and 132, whereby
a permanent image is obtained. Primary transfer remain-
ing toner, remaining on the photosensitive drums 1 after
the primary transfer, is removed by cleaners 9 (9Y, 9M,
9C, and 9K). Thus, the image forming apparatus be-
comes ready for the next image forming.

<Configuration Around Photosensitive Drum In Image 
Forming Apparatus>

[0016] A configuration around each of the photosensi-
tive drums 1 as the latent image bearing member of the
image forming apparatus according to the present exem-
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plary embodiment is described in detail with reference to
Fig. 2. The configuration around the photosensitive drum
1 is the same among the colors, and thus the configura-
tion corresponding to one of the colors will be represent-
atively described.
[0017] In Fig. 2, in the image forming apparatus ac-
cording to the present exemplary embodiment, the pho-
tosensitive drum 1 as the electrostatic latent image bear-
ing member is rotatably disposed. The surface of the pho-
tosensitive drum 1, uniformly charged by a contactless
(corona) charging primary charging device 2, is exposed
by the laser emitting device 3. Thus, an electrostatic la-
tent image is formed on the photosensitive drum 1. The
electrostatic latent image is visualized by the developing
device 4. Then, the visible image is transferred onto the
intermediate transfer belt 121 by the transfer blade 5.
Transfer residual toner on the photosensitive drum 1 is
removed by the cleaner 9 of a cleaning blade contacting
type. Then, the potential on the photosensitive drum 1 is
removed by a pre-exposure lamp 10 so that the photo-
sensitive drum 1 is used again for forming the next image.
The developing device 4 incorporates a bandgap tem-
perature sensor 4T as a temperature detection unit for
developer in the developing device 4.

<Overview Of Image Processing>

[0018] A system configuration of an image processing
unit in the image forming apparatus according to the
present exemplary embodiment will be described with
reference to a block diagram illustrated in Fig. 3.
[0019] RGB image data as color image data from an
external apparatus (not illustrated), such as a document
scanner, a computer (information processing apparatus),
or the like, is input through an external input interface
(external input I/F) 200 in Fig. 3, as appropriate. A LOG
conversion unit 201 converts brightness data of the input
RGB image data into CMY density data (CMY image da-
ta), based on a lookup table (LUT) including data stored
in a read only memory (ROM) 210 and the like. A masking
under color removal (UCR) unit 202 extracts black (Bk)
component data from the CMY image data and performs
matrix calculation on CMKY image data to correct mud-
diness of recording color materials. An LUT unit 203 per-
forms density correction on each color, in the input CMKY
data, by using a gamma LUT with which image data con-
forms to ideal tone characteristics in a printer unit. The
gamma LUT, the content of which is set by a central
processing unit (CPU) 206, is generated based on data
loaded onto a random access memory (RAM) 211. A
pulse width modulation unit 204 outputs a pulse signal
having a pulse width corresponding to a level of image
data (image signal) input from the LUT unit 203. The laser
driver 205 drives the laser emitting device 3 based on
the pulse signal, whereby the photosensitive drum 1 is
irradiated with a laser beam so that the electrostatic latent
image is formed.
[0020] A video signal count unit 207 integrates levels

(0 to 255 level) of respective pixels in a single image
corresponding to 600 dpi image data input to the LUT
unit 203. The image data integrated value is referred to
as a video count. The maximum value of the video count,
obtained when the levels of all the pixels in an output
image are 255, is 512. When there is a limitation due to
a circuit configuration, a laser signal count unit 208 may
be used instead of the video signal count unit 207 to
obtain the video count by performing a similar calculation
on an image signal from the laser driver 205. The printer
controller unit 209 controls each process unit to execute
a discharge operation described below, based on the vid-
eo count.

<Configuration Of Developing Device>

[0021] The developing device 4 is described more in
detail with reference to Figs. 4 and 5. In the present ex-
emplary embodiment, the developing device 4 includes
a developer container 20 containing two-component de-
veloper as developer including toner and carrier. The de-
veloper container 20 incorporates a development sleeve
24 as a developer bearing member (a toner bearing mem-
ber) and a regulating blade (bristle-cutting member) 25
that regulates the bristle of the developer carried on the
development sleeve 24.
[0022] In the present exemplary embodiment, the de-
veloper is contained in a developing chamber 21a and a
stirring chamber 21b defined by dividing an internal
space of the developer container 20 into left and right
sides in a horizontal direction at a substantially center
portion by a partition wall 23 extending in a vertical di-
rection on the sheet surface of the figure.
[0023] The developing chamber 21a and the stirring
chamber 21b respectively include first and second con-
veyance screws 22a and 22b as conveyance members
each serving as a developer stirring and conveying unit.
The first conveyance screw 22a is disposed in a bottom
portion in the developing chamber 21a while being sub-
stantially parallel with an axial direction of the develop-
ment sleeve 24. The first conveyance screw 22a rotates
to convey the developer in the developing chamber 21a
in one direction along the axial direction. The second
conveyance screw 22b is disposed in a bottom portion
in the stirring chamber 21b while being in parallel with
the first conveyance screw 22a. The second conveyance
screw 22b conveys the developer in the stirring chamber
21b in a direction opposite to the conveyance direction
of the first conveyance screw 22a.
[0024] Through the conveyance by the rotation of the
first and the second conveyance screws 22a and 22b
described above, the developer is circulated between the
developing chamber 21a and the stirring chamber 21b,
through opening portions (that is, communication por-
tions) 26 and 27 (see Fig. 5) at both end portions of the
partition wall 23.
[0025] Inside of the stirring chamber 21b, an induct-
ance sensor 35 that detects a toner density of the two-
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component developer is disposed. Toner supplying is
performed in accordance with a detection output from
the inductance sensor 35. A method of controlling toner
supplying is described in detail below.
[0026] In the present exemplary embodiment, the de-
veloping chamber 21a and the stirring chamber 21b are
arranged on left and right sides in the horizontal direction.
Alternatively, the present invention is applicable to a de-
veloping device in which the developing chamber 21a
and the stirring chamber 21b are vertically arranged, or
a developing device having other configurations.
[0027] In the present exemplary embodiment, the de-
veloper container 20 has an opening portion at a portion
corresponding to a development region a facing the pho-
tosensitive drum 1. The development sleeve 24 is rotat-
ably disposed at the opening portion in such a manner
that the development sleeve 24 is partially exposed to-
ward the photosensitive drum 1.
[0028] In the present exemplary embodiment, a diam-
eter of the development sleeve 24 is 20 mm, a diameter
of the photosensitive drum 1 is 80 mm, and a distance
between the closest portions of the development sleeve
24 and the photosensitive drum 1 is about 400 mm. With
this configuration, developing can be performed with the
developer conveyed to the development region a in con-
tact with the photosensitive drum 1. The development
sleeve 24 is made of a nonmagnetic material, such as
aluminum and stainless steel, and incorporates a magnet
roller 24m, as a magnetic field unit, in a non-rotatable
state.
[0029] A regulating blade 25 as the bristle-cutting
member is a nonmagnetic member made of an aluminum
plate or the like extending in a longitudinal axial direction
of the development sleeve 24. The regulating blade 25
is disposed on an upstream side of the photosensitive
drum 1 in the rotation direction of the development sleeve
24. The toner and the carrier of the developer both pass
through a gap between a distal end portion of the regu-
lating blade 25 and the development sleeve 24 to be con-
veyed to the development region a.
[0030] By adjusting the gap between the regulating
blade 25 and a surface of the development sleeve 24,
an amount of bristle cutting by a magnetic brush for the
developer held on the development sleeve 24 is regulat-
ed. Thus, an amount of the developer conveyed to the
development region a is adjusted. In the present exem-
plary embodiment, the regulating blade 25 regulates a
developer coating amount per unit area on the develop-
ment sleeve 24 to 30 mg/cm2.
[0031] The gap between the regulating blade 25 and
the development sleeve 24 is set to 200 to 1000 mm and
is preferably 300 to 700 mm. In the present exemplary
embodiment, the gap is set to 500 mm.
[0032] In the development region a, the development
sleeve 24 of the developing device 4 rotates in a direction
conforming to the rotation direction of the photosensitive
drum 1, at a rotational speed that is 1.75 times as high
as that of the photosensitive drum. The rotational speed

may be set to any value that is 1.3 to 2.0 times as high
as that of the photosensitive drum 1. A higher rotational
speed of the development sleeve 24 can achieve higher
development efficiency. However, an excessively high
rotational speed causes problems, such as toner scat-
tering and developer deterioration. Thus, the rotational
speed is preferably set to be within the range described
above.
[0033] The bandgap temperature sensor 4T is dis-
posed in the opening portion (that is, the communication
portion) 26 in the developer container 20. The bandgap
temperature sensor 4T serves as a temperature detec-
tion unit that detects information on the temperature in
the developing device 4. The bandgap temperature sen-
sor 4T is disposed in the developer in the developing
device 4, and thus directly detects the temperature of the
developer. The temperature sensor 4T is preferably dis-
posed at a position in the developer container 20 where
a sensor surface is immersed in the developer to achieve
highly accurate detection. However, the disposed posi-
tion of the temperature sensor T4 is not limited to this.
The temperature in the developing device 4 may be de-
tected with a slightly lower accuracy by a temperature
sensor disposed in an image forming apparatus main
body.
[0034] The temperature sensor 4T is described in de-
tail. In the present exemplary embodiment, a temperature
and humidity sensor SHT1x-series, manufactured by
Sensirion AG, is used as the temperature sensor 4T. As
illustrated in Fig. 6, the temperature sensor 4T includes
a sensing element of an electrostatic capacity polymer
1001 as a humidity detection device and a bandgap tem-
perature sensor 1002 as a temperature detection device,
each of which is a complementary metal-oxide-semicon-
ductor (CMOS) device that is coupled to a 14 bit A/D
converter 1003 and performs a serial output through a
digital interface 1004. The bandgap temperature sensor
1002, as a temperature detection device, uses a ther-
mistor resistance of which linearly changes in accord-
ance with a temperature and thus calculates the temper-
ature from the resistance. The electrostatic capacity pol-
ymer 1001, as a humidity detection device, is a capacitor
in which a polymer as a dielectric member is inserted.
The electrostatic capacity polymer 1001 detects a hu-
midity converted from an electrostatic capacity of the ca-
pacitor that linearly changes with respect to the humidity
because the amount of moisture adsorbed to the polymer
changes in accordance with the humidity.
[0035] In the configuration described above, the devel-
opment sleeve 24 rotates in a direction indicated by an
arrow in the figure (counterclockwise direction) when the
developing is performed. The development sleeve 24
bears the two-component developer, the layer thickness
of which is regulated by the bristle cutting by the regulat-
ing blade 25 using the magnetic brush. The development
sleeve 24 conveys the developer, the layer thickness of
which is regulated, to the development region a facing
the photosensitive drum 1. Thus, the developer is sup-
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plied to the electrostatic latent image, formed on the pho-
tosensitive drum 1, whereby the latent image is devel-
oped. In this process, a power source applies develop-
ment bias voltage, in which DC voltage and AC voltage
superimposed on each other, to the development sleeve
24, whereby development efficiency is improved, that is,
attraction of the toner to the latent image is facilitated. In
the present exemplary embodiment, a DC voltage of -500
V and an AC voltage with peak to peak voltage Vpp of
1800 V and a frequency f of 12 kHz are used.
[0036] In the first exemplary embodiment, a potential
difference between the DC voltage value and an expo-
sure potential (that is, a solid portion potential) obtained
by the laser emitting device 3 is controlled in such a man-
ner that a toner amount per unit area on the photosensi-
tive drum 1 for forming a solid image is set to be 0.5
mg/cm2. Generally, when the AC voltage is applied to
improve the development efficiency in a method using
the two-component developer and the magnetic brush,
a high quality image can be obtained but fogging is likely
to occur. Thus, the fogging is prevented by providing a
potential difference between the DC voltage applied to
the development sleeve 24 and the charging potential on
the photosensitive drum 1 (that is, a blank portion poten-
tial).

<Overview of developer in developing device>

[0037] Here, the two-component developer, including
toner and carrier, contained in the developer container
20 of the developing device 4 according to the present
exemplary embodiment is described in detail.
[0038] The toner includes coloring resin particles, in-
cluding a binder resin, a coloring agent, and any other
additives as appropriate, as well as coloring particles to
which external additives, such as colloidal silica fine pow-
der, are externally added. The toner is negatively
charged polyester resin. A volume average particle di-
ameter of the toner is preferably equal to or larger than
4 mm and equal to or smaller than 10 mm, and is more
preferably equal to or smaller than 8 mm.
[0039] As the carrier, metal such as iron, nickel, cobalt,
manganese, chrome, and rare earth elements with an
oxidized or non-oxidized surface, an alloy of these, oxide
ferrite, or the like may be favorably used. A method of
manufacturing these magnetic particles is not particularly
limited. A weight average particle diameter of the carrier
is 20 to 60 mm, and is preferably 30 to 50 mm. A resistivity
of the carrier is equal to or larger than 107 Ωcm, and is
preferably equal to or larger than 108 Ωcm, which is a
case in the present exemplary embodiment.
[0040] The volume average particle diameter of the
toner used in the present exemplary embodiment is
measured in devices and a method described below. As
the measurement devices, a coulter counter model TA-
II (manufactured by Beckman Coulter, Inc.), an interface
for outputting a number average particle diameter distri-
bution and a volume average particle diameter distribu-

tion (manufactured by Nikkaki Bios Co., Ltd.), and a per-
sonal computer CX-I (manufactured by Canon Inc.) are
used. As electrolytic aqueous solution, 1% NaCl solution
prepared by using primary sodium chloride is used.
[0041] In the present exemplary embodiment, the two-
component developer obtained by mixing the toner and
the carrier at a weight percent ratio (toner/ (toner + car-
rier)) of 8%, and 400 g of the two-component developer
is filled in the developing device 4.
[0042] The measurement method is described below.
To the electrolytic aqueous solution in an amount of 100
to 150 ml, surface active agent, preferably alkyl benzene
sulfonate, in an amount of 0.1 ml is added as dispersant,
and a measured sample in an amount of 0.5 to 50 mg is
added. The electrolytic aqueous solution in which the
sample is suspended is subjected to dispersion process-
ing for about 1 to 3 minutes in an ultrasonic dispersion
device. Then, with 100 mm aperture of the coulter counter
model TA-II, a particle diameter distribution of particles
of 2 to 40 mm is measured to obtain a volume average
particle diameter distribution. The volume average par-
ticle diameter is obtained from the volume average par-
ticle diameter distribution thus obtained.
[0043] To measure the carrier resistivity used in the
present exemplary embodiment, a sandwich type cell
with a measurement electrode surface of 4 cm and an
inter-electrode distance of 0.4 cm is used. The carrier
resistivity is measured from current flowing in a circuit as
a result of applying applied voltage E (V/cm) between
the electrodes with a weight of 1 kg applied to one of the
electrodes.

<Developer Supplying Method In Developing Device>

[0044] A developer supplying method in the present
exemplary embodiment is described with reference to
Figs. 4 and 5.
[0045] A hopper 31 containing the two-component de-
veloper as a mixture of toner and carrier is disposed in
an upper portion of the developing device 4. The hopper
31, forming a toner supplying unit (supplying device), in-
cludes a supplying screw 32 as a supplying member in
a form of a screw in a lower portion. The supplying screw
32 has one end extending to a position of a developer
supplying port 30 disposed at a front end portion of the
developing device 4.
[0046] Toner, in an amount corresponding to the
amount consumed by image forming, is supplied from
the hopper 31 to the developer container 20 through the
developer supplying port 30, by the rotational force of the
supplying screw 32 and the weight of the developer.
Thus, the supplying developer is supplied into the devel-
oping device 4 from the hopper 31.
[0047] The supplying method employs a known block
supplying system in which any desired amount of toner
is not supplied as appropriate, but a supplying amount
of a single block (300 mg in the present exemplary em-
bodiment) set in advance is supplied each time by a sin-
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gle rotation of the supplying screw 32. When the phase
of the supplying screw 32 is variable within a single ro-
tation cycle, the toner supplying amount fluctuates. Thus,
the block supplying system in which the toner is supplied
in unit of a rotation cycle is preferably employed to
achieve a stable supplied amount.

<Method Of Determining Amount Of Toner To Be Sup-
plied>

[0048] A method of determining an amount of toner to
be supplied into the developing device 4 is described.
[0049] In the first exemplary embodiment, an amount
F of toner supplied by the supplying device 31 is deter-
mined by F = F(Vc) + F(In), where F(Vc) is a toner con-
sumption amount predicted from the video count, and
F(In) is a toner consumption amount obtained by toner
density information detected by the inductance sensor
35. The video count and the detection result of the in-
ductance sensor 35 are information on a toner consump-
tion amount.
[0050] A basic concept of how the supplied amount is
determined is as follows. A feedforward operation of de-
termining the toner consumption amount predicted from
the video count is performed, and then a feedback oper-
ation of offsetting a difference from a target toner density
in the developing device 4 is performed. The supplied
toner amount F can be determined with the information
from the inductance sensor 35 alone. However, this might
lead to a delay in the supplying control due to lagging of
the time at which the supplied toner reaches the induct-
ance sensor 35 after the toner is actually supplied. Thus,
the present exemplary embodiment employs a system,
preferable for improving toner supply accuracy, in which
the toner consumption amount is roughly determined
based on the video count, and then the toner consump-
tion amount is corrected based on the inductance infor-
mation.

<Calculation Of Supply Amount Based On Video Count>

[0051] As described above with reference to Fig. 3, the
video signal count unit 207 calculates video counts V(Y),
V(M), V(C), and V(K) for each printed sheet. In the
present exemplary embodiment, the video count of a
completely solid image (image with a coverage rate of
100%) on a single side of an A4 size sheet of one of the
colors is 512. The video count represents coverage rate
information on a single printed sheet, and can be used
to estimate a toner consumption amount per sheet. For
example, when the video count of 512 is output in the
present exemplary embodiment, because the toner
amount per unit area is 0.5 mg/cm2, the consumption
amount is calculated as 312 mg = 0.5 mg 3 A4 size. The
video count and the toner consumption amount F(Vc) are
set to be in a proportional relationship. For example,
when the video count is 256, F(Vc) of 156 mg = 312 mg
3 256/512 is calculated.

<Calculation Of Supply Amount Based On Inductance 
Information>

[0052] How the toner consumption amount F(In) is de-
termined based on the inductance information is de-
scribed in detail. The two-component developer includes
magnetic carrier and nonmagnetic toner as main com-
ponents. Thus, as the toner density (a ratio of toner par-
ticle weight to the total weight of the carrier and toner
particles) of the developer changes, apparent magnetic
permeability, based on a mixture ratio between the mag-
netic carrier and the nonmagnetic toner, changes. The
resultant detected output (Vsig) changes substantially
linearly in accordance with the toner density (T/D ratio).
Thus, the detection output of the inductance sensor 35
depends on the toner density of the two-component de-
veloper in the developing device 4.
[0053] More specifically, a higher toner density, indi-
cating a higher percentage of nonmagnetic toner in the
developer, leads to a lower apparent magnetic permea-
bility of the developer, and thus a lower detection output
is obtained. On the other hand, a lower toner density
leads to a higher apparent magnetic permeability of the
developer, and thus a higher detection output is obtained.
The toner density of the developer can be detected by
using the inductance sensor 35 in the manner described
above. Then, the detected Vsig is compared with an initial
reference signal Vref, and the toner supply amount F(In)
of the toner supplying unit is determined based on a result
of calculating the difference (Vsig - Vref) therebetween.
The initial reference signal Vref is an output value corre-
sponding to an initial state of the developer, that is, an
initial toner density, and control is performed to offset the
difference between Vsig and the initial reference signal
Vref. For example, when Vsig - Vref > 0, it means that
the toner density of the developer is lower than a target
toner density, and thus a toner supply amount required
in accordance with the difference is determined. Thus, a
larger difference between Vsig and Vref corresponds to
a larger toner supply amount. When Vsig - Vref ≤ 0, it
means that the toner density is higher than the target
toner density, and thus the toner consumption amount
F(In) of a negative value is calculated.

<Method Of Controlling Toner Refresh>

[0054] A method of controlling a toner refresh (toner
discharge) operation, as a feature of the present inven-
tion, is described in detail below, but first of all, the above-
described mechanism of toner deterioration by image
forming is described again in detail.
[0055] In the image forming apparatus having the con-
figuration described above, when a low coverage rate
image is formed, only a small portion of the toner in the
developer container 20 is transferred to the photosensi-
tive drum 1. Thus, the toner in the developer container
20 is stirred by the first and the second conveyance
screws 22a and 22b and rubbed when passing through
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the regulating blade 25, for a long period of time. As a
result, the external additive on the toner described above
is separated or embedded in the toner surface whereby
degradation of the flowability and chargeability of the ton-
er that leads to image quality degradation occurs. What
is important in this mechanism is that the toner deterio-
ration proceeds in proportion to a time period during
which the toner stays in the developing device 4. Thus,
the toner deterioration can be reduced by shortening the
staying time. Thus, in one conventionally proposed meth-
od, a downtime is set during which the deteriorated toner
in the developing device 4 is forcibly discharged (con-
sumed) by being developed (transferred) on a non-image
region on the photosensitive drum 1. In this process, the
downtime, during which the toner discharge operation is
performed, and toner discharge frequency are changed
in accordance with a coverage rate, based on the fact
that how fast the toner deterioration proceeds depends
on the coverage rate
[0056] (toner degradation proceeds faster with a lower
coverage rate). The coverage rate is a rate of a toner
area in a maximum image formation area, and is 100%
in a black solid image and is 0% in a blank image.
[0057] How the toner staying time in the developing
device 4 changes and the toner deterioration proceeds
in image forming with different coverage rates is de-
scribed with reference to Fig. 10. Fig. 10 illustrates rela-
tionship between a sheet-based average toner staying
amount in the developing device 4 and the number of
printed sheets in the image forming with different cover-
age rates. The sheet-based average toner staying
amount indicates an average amount of toner staying in
the developing device 4 counted in the number of sheets.
[0058] The solid line in Fig. 10 indicates the sheet-
based average toner staying amount with respect to the
number of printed sheets in the image forming with a
coverage rate of 0%. When the coverage rate is 0%, no
toner is consumed. Thus, when the number of printed
sheets is incremented by 1, all the toner in the developing
device 4 stays in the developing device 4 in an amount
corresponding to a single sheet, and thus the sheet-
based average toner staying amount is also incremented
by 1. A dotted line in Fig. 10 indicates the sheet-based
average toner staying amount with respect to the number
of printed sheets when an image with a coverage rate of
1% is formed. Here, the toner is consumed by a coverage
rate of 1% unlike in the case of the coverage rate of 0%,
and thus the amount of toner corresponding to the cov-
erage rate of 1% is exchanged with supplied toner, that
is, new toner. Thus, every time the number of printed
sheets is incremented by 1, the sheet-based average
toner staying amount is incremented by an amount that
is slightly smaller than that for a single sheet due to the
amount exchanged with the new toner. Thus, the sheet-
based average toner staying amount becomes closer to
a saturated amount as the number of printed sheets in-
creases. A dashed line in Fig. 10 indicates the sheet-
based average toner staying amount with respect to the

number of printed sheets in a case where an image with
a coverage rate of 2% is formed. Here, the amount of
toner exchanged with new toner corresponds to the cov-
erage rate of 2% and thus is two times as large as that
in the case of the coverage rate of 1%. Thus, the incre-
ment rate of the sheet-based average toner staying
amount is further reduced, and the saturated sheet-
based average toner staying amount is reduced. Simi-
larly, a dotted-dashed line indicates a case where the
image forming is performed with a coverage rate of 5%.
Here, the increment rate is even further reduced, and the
saturated sheet-based average toner staying amount is
further reduced. The saturated sheet-based average ton-
er staying amount is in inverse proportion to the average
coverage rate, and is about 7200, 3600, and 1450 re-
spectively when the coverage rate is 1%, 2%, and 5%,
under the condition of the present exemplary embodi-
ment.
[0059] How the sheet-based average toner staying
amount described above is in proportion to the toner de-
terioration rate will be described. As described above,
when the toner is stirred and rubbed for a long period of
time, toner deterioration occurs in the developing device
4, and the external additive on the toner particles is sep-
arated or embedded, so that the toner flowability and
chargeability are changed. The state change of the ex-
ternal additive can be quantitatively recognized by using
a Brunaure Emett Teller (BET) value. In the present ex-
emplary embodiment, the BET value of the toner is meas-
ured by using quadra sorb SI manufactured by Quanta-
chrome Corporation. The BET value of the toner, used
to recognize a change in an attached state of the external
additive on the toner surface, indicates the amount of the
external additive attached on the toner surface. A smaller
amount of the external additive on the toner surface cor-
responds to a lower BET value. Thus, a larger BET value
of toner is obtained when the external additive with a
large BET value is externally added to base toner, and
the BET value of the toner is reduced when the external
additive is embedded into the toner resin in the external
additive or separated from the toner surface. When the
external additive is completely eliminated from the toner
surface, the BET value of the toner becomes equal to
that of the base toner.
[0060] The developer is sampled every time of when
image forming is performed on 1000 sheets, with the cov-
erage rates of 0%, 1%, and 2% under an environment of
30°C. Figs. 7 and 8 are graphs in which the BET value,
as an index of the toner deterioration level, is plotted re-
spectively with respect to the number of printed sheets
and the sheet-based average toner staying amount. It
can be seen in Fig. 7 that the BET value decreases as
the number of printed sheets increases, and that the BET
value is more largely decreased when an image with a
lower coverage rate is formed. The BET value does not
drop below a value around 1.6 m2/g. This indicates that
the external additive is substantially eliminated at the
point where the 1.6 m2/g is reached, and thus the BET
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value 1.6 m2/g is equivalent to the BET value of the base
toner as described above. Fig. 8 is a graph obtained by
replacing the number of printed sheets on the horizontal
axis in Fig. 7 with the sheet-based average toner staying
amount. Fig. 8 indicates that the sheet-based average
toner staying amount changes at the same rate as the
BET value change regardless of whether the coverage
rate of the formed image is 0%, 1%, or 2%. This means
that the toner deterioration level (the BET value in the
present exemplary embodiment) can be uniquely recog-
nized with the sheet-based average toner staying
amount.
[0061] In the present exemplary embodiment, toner
scattering, fogging, and grainy effect notably occur when
the BET value, indicating the toner deterioration level, is
reduced to or below 2.0 m2/g. Thus, as illustrated in Fig.
8, a sheet-based average toner staying amount of 4000
sheets, corresponding to a BET value of 2.0 m2/g, is a
threshold of the occurrence of the problems. For exam-
ple, when the images with the coverage rate of 2% or
higher are formed, the saturated sheet-based average
toner staying amount is 3600 sheets as illustrated in Fig.
10. Thus, the problems described above do not occur
even when the images with the coverage rate described
above are formed for a long period of time. When the
coverage rate is 1%, the problems described above occur
at or around a point where the number of printed sheets
exceeds 6000. Thus, in the present exemplary embodi-
ment, fogging and grainy effect at a notable level does
not occur when images with the coverage rate of 2% or
higher are successively formed. As described above, the
toner deteriorates by staying in the developing device 4
for a long period of time while the images with a low cov-
erage rate are formed. All things considered, the toner
refresh control should be executed in such a manner that
the sheet-based average toner staying amount does not
increase to or above a predetermined number of sheets.
Thus, to prevent the toner deterioration, the coverage
rate of 2% is set as the threshold, and when images with
the coverage rate equal to or lower than 2% are formed,
the refreshing should be performed in such a manner
that the toner in an amount corresponding to the differ-
ence from the coverage rate of 2% is consumed and then
supplied.
[0062] As described in the opening section of this spec-
ification, there is also an issue of a large image density
fluctuation occurring when images with a low coverage
rate are formed for a while and the toner charging amount
is largely increased. Then, if an image with a high cov-
erage rate is formed, sharp reduction of the toner charg-
ing amount occurs due to toner supplying.
[0063] Fig. 14 illustrates toner charging amounts in the
developing device 4 obtained by forming images on 1000
sheets with coverage rates of 1%, 2%, 5%, 10%, and
20%. For example, when images with the coverage rate
of 2% are successively formed, the toner charging
amount is 47 mC/g that is different in the Δ charging
amount by 10 mC/g from the toner charging amount of

37 mC/g, obtained when images with the coverage rate
of 20% are successively formed. This means that the
toner charging amount has changed by about 25% of an
absolute value 40 mC/g of the toner charging amount.
[0064] When the images are formed under a constant
development contrast potential, the change of the image
density is in inverse proportion to the change of the toner
charging amount. Thus, the image density is also
changed by approximately 25%. Assuming that a general
acceptable limit value of tint variation is ΔE < 5, the al-
lowable change of the density is approximately 15 to
20%. Thus, the toner charging amount change of 25%
described above is unacceptable. The density change is
regulated by performing known patch image control for
a development contrast potential. However, when the
toner charging amount largely changes, the image con-
trol in which the toner density change is detected and
feedback is performed leads to a large difference be-
tween densities before and after the control, and thus is
unfavorable. Therefore, the toner charging amount
change is preferably regulated to be smaller than a pre-
determined amount. In the present exemplary embodi-
ment, the target toner charging amount change is within
15% of the center toner charging amount 40 mC/g, that
is, within Δ6 mC/g. As illustrated in Fig. 14, the toner
charging amount of 43 mC/g is obtained when the image
with the coverage rate of 5% is successively formed on
1000 sheets, and the toner charging amount of 37 mC/g
is obtained when the image with the coverage rate of
20% or higher is successively formed on 1000 sheets.
The difference between the charging amounts is 6 mC/g,
and thus the density change is successfully regulated to
be within the allowable range. All things considered, to
regulate the toner charging amount change, the cover-
age rate of 5% is set as a threshold, and when the image
with the coverage rate equal to or lower than 5% is
formed, the refreshing may be performed in such a man-
ner that the toner in an amount corresponding to the dif-
ference from the coverage rate of 5% is consumed and
then supplied.
[0065] As described above, the toner refresh control
is preferably performed with the coverage rate of 2% set
as the threshold to prevent the image failure, such as
fogging and grainy effects, due to toner deterioration. To
regulate the tint variation, due to the toner charging
amount change caused by the switching from the low
coverage rate image forming to the high coverage rate
image forming, to be within the allowable range, the toner
refresh control may be performed with the coverage rate
of 5% set as the threshold. The toner refresh control
needs to be performed with the coverage rate of 5% set
as the threshold to achieve both prevention of image fail-
ure and regulation of tint variation. However, in such a
case, refreshing is excessively performed for preventing
the image failure. In the present exemplary embodiment,
as described below, control is performed as described in
detail below in such a manner that a threshold for exe-
cuting the toner refreshing is set to an optimum value to
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prevent the toner from being discharged more than nec-
essary.
[0066] A method for controlling a toner forcibly con-
suming operation and operation conditions are de-
scribed. The basic concept of toner forcible consumption
and the control method is the same among the colors.
Thus, description on colors is omitted in some cases in
the flowcharts referred to in the following description, and
this means that control common to the colors is per-
formed. In the present exemplary embodiment, the fol-
lowing model case is described as an easily understand-
able example. In the model case, an image (hereinafter,
referred to as "black low duty image chart") with coverage
rates of Y = 3%, M = 3%, C = 5%, and K = 1.0% of the
respective YMCK colors per printed image is successive-
ly formed on A4 size sheets.

<Toner Refresh Control (1) For Preventing Image Failure 
When Low Coverage Image Is Successively Formed>

[0067] Toner refresh control (1) for preventing the im-
age failure when low coverage images are successively
formed will be described with reference to a flowchart
illustrated in Fig. 9.
[0068] When image forming starts, in step S1, the vid-
eo signal count unit 207 calculates video counts V(Y),
V(M), V(C), and V(K) of the respective colors in each
printed sheet as described above with reference to Fig.
3. In the present exemplary embodiment, the video count
of the entirely solid image (image with the coverage rate
of 100%) with one color on one side of an A4 size sheet
is 512. Thus, the video counts of the "black low duty im-
age chart" are V(Y) = 15, V(M) = 15, V(C) = 26, and V(K)
= 5. Here, the video count is calculated by rounding off
the numbers after the decimal point.
[0069] Then, in step S2, a toner deterioration threshold
video count Vt is set. The toner deterioration threshold
video count Vt is a video count corresponding to the min-
imum toner consumption amount required for preventing
the image quality degradation due to the toner deterio-
ration. In the present exemplary embodiment, Vt is
switched to 10 for preventing the image failure, such as
fogging and flowability degradation, and to 26 for regu-
lating the tint variation occurring when the low coverage
rate image forming is switched to the high coverage rate
image forming.
[0070] Referring back to Fig. 9, in step S3, Vt - V which
is a difference between the video count V and the toner
deterioration threshold video count Vt is calculated. In
step S4, whether Vt - V is a positive value or a negative
value is determined. More specifically, the toner refresh
control is executed based on comparison information
(first information) as a difference between a first toner
deterioration threshold video count Vt (= 10) as a first
threshold and the video count V as information related
to a toner consumption amount. When Vt - V is a positive
value (POSITIVE in step S4), it means that the toner de-
terioration proceeds due to the low coverage rate, and

the processing proceeds to step S5. In step S5, (Vt - V)
is added to a first toner deterioration integrated value X
(first integrated information). On the other hand, when Vt
- V is a negative value (NEGATIVE in step S4), it means
that an image with a high coverage rate is printed and
thus the toner deterioration state is recovered by the toner
exchange, the processing proceeds to step S6. In step
S6, the (Vt - V) as a negative value is added to the first
toner deterioration integrated value X in consideration of
the recovered amount. When the calculation is simply
performed, the toner deterioration integrated value X
might be reduced below 0. In such a case, the first toner
deterioration integrated value X is set to 0 because a
quality higher than that in an initial state cannot be
achieved even when the images with a high coverage
rate are successively printed and thus the toner is fre-
quently exchanged.
[0071] Then, in step S7, a difference (A - X) between
the first toner deterioration integrated value X, calculated
and updated in step S5 or step S6 every time image form-
ing is performed, and a first discharge executing thresh-
old A (first predetermined value) is calculated. The first
discharge executing threshold A is any predetermined
settable value. When the discharge executing threshold
A is small, the toner discharge operation is frequently
performed regardless of the coverage rate of the image
to be successively formed. The first discharge executing
threshold A is set to 512 in the present exemplary em-
bodiment. If the first discharge executing threshold A is
set to be too high, a period of time during which the toner
deterioration proceeds becomes long before the toner
discharge operation is executed, and thus is not prefer-
able because a binary distribution of the new toner and
the deteriorated toner is likely to be formed in the devel-
oping device 4. The toner refresh control does not recover
the deteriorated toner itself, but instead consumes the
deteriorated toner at a certain frequency and supplies
new toner so that average toner deterioration is reduced.
Thus, the control is preferably executed at an interval
(frequency) with which the toner deterioration in the de-
veloper is prevented from largely fluctuating. For exam-
ple, in a case where an image with the coverage rate of
0% is formed, that is, where the toner consumption is
small and thus the toner deterioration most quickly pro-
ceeds, the toner refreshing is performed every time at
least 50 A4 sheets are printed. In view of this, the first
toner discharge executing threshold for executing the
toner refreshing is set to 512.
[0072] Then, in step S8, whether the difference (A - X)
between the first toner deterioration integrated value X,
calculated in step S7, and the first discharge executing
threshold A is a positive value or a negative value is de-
termined. When the difference (A - X) is a positive value
(POSITIVE in step S8), it is determined that the toner
deterioration has not proceeded to a level at which the
toner discharging is immediately required, and the
processing proceeds to step S9. Then, in step S9, the
image forming is continuously executed. On the other
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hand, when the difference (A - X) is a negative value
(NEGATIVE in step S8), it is determined that the toner
deterioration has proceeded to such a level that the toner
discharging needs to be immediately executed, and thus
the processing proceeds to step S10. In step S10, the
image forming is interrupted to execute the toner dis-
charge operation. After the toner discharge operation
ends, in step S11, the first toner deterioration integrated
value X is reset to 0.
[0073] The toner discharge operation is described with
reference to Fig. 11. When it is determined in step S8
that the difference (A - X) is a negative value, in step
S100 in Fig. 11, the printer controller unit 209 as a control
unit interrupts the image forming and executes the toner
discharge operation. In step S101, a primary transfer bias
is applied with a polarity opposite to that in a normal image
forming (that is, a transfer bias with a polarity that is the
same as that of the toner image on the photosensitive
drum 1). Then, in step S102, the toner in an amount cor-
responding to the video count equivalent to the first dis-
charge executing threshold A is discharged, and the ton-
er in an amount corresponding to the discharged amount
is supplied. During the discharge operation (forcibly con-
suming operation), control is preferably performed in
such a manner that the development sleeve 24 rotates
at least for a single time. The latent image, on the pho-
tosensitive drum 1, used for the toner discharge opera-
tion is preferably a solid image with respect to the longi-
tudinal direction of the photosensitive drum 1, so that the
shortest possible downtime, during which the discharg-
ing is performed, is achieved. The toner discharged onto
the photosensitive drum 1 is set to have a transfer bias
with which the toner is not transferred onto the interme-
diate transfer belt 121. Thus, in step S103, the discharged
toner is collected by a photosensitive drum cleaner 9.
Then, in step S104, the first toner deterioration integrated
value X is reset to 0 in step S104. In step S105, as final
processing, the primary transfer bias is reset to be the
polarity in the normal image forming, and in step S106,
the toner discharge operation is terminated, so that the
normal image forming operation is resumed.
[0074] As illustrated in a Fig. 19 as a simple control
block diagram, a result of a video count 1006 and infor-
mation from a video count storage unit 1010 are trans-
mitted to the printer controller unit 209 as a control unit.
The printer controller unit 209 instructs an image forming
unit 1009 to execute the toner discharge operation in
accordance with the toner discharge control illustrated in
the flowcharts in Figs. 9 and 11. The toner refresh control
for preventing the image failure when the low coverage
rate image is successively formed is as described above.

<Toner Refresh Control (2) For Regulating Tint Variation 
When Low Coverage Image Forming Is Switched To High 
Coverage Image Forming>

[0075] This toner refresh control is described with ref-
erence to a flowchart in Fig. 15. The basic control flow is

the same as that in the toner refresh control (1). In step
S201, the video signal count unit 207 calculates video
counts V(Y), V(M), V(C), and V(K) of the respective colors
in each printed sheet. As to be described below, in a case
where the video count V is smaller than 10, the video
signal count unit 207 sets the video count V to 10. As
described above, to regulate the tint variation to be within
the allowable value, the toner refresh control needs to
be executed with the threshold as the coverage rate of
5%. Thus, in step S202, the toner deterioration threshold
video count Vt is set to a second toner deterioration
threshold Vt = 26 (5% is 26 when 512 is 100%).
[0076] The discharge executing threshold A, which is
set to the first discharge executing threshold A = 512 in
the toner refresh control (1), is set to a second discharge
executing threshold A’ = 8000 (second predetermined
value). More specifically, for example, when the image
with the coverage rate of 2% is successively formed, in-
crease of Vt(26) - V(10) = 16 is obtained each time the
image is formed on a single sheet, and thus the toner
refresh control is executed every time the image is formed
on 500 sheets. Thus, the toner refresh control is executed
based on comparison information (second information)
representing a difference between the second toner de-
terioration threshold video count Vt (= 26) as a second
threshold and the video count V as information related
to a toner consumption amount. The toner in an amount
corresponding to the video count equivalent to the sec-
ond discharge executing threshold A’ is discharged onto
the photosensitive drum 1. Thus, the toner amount cor-
responding to an amount consumed when a solid image
is formed on approximately 15 A4 sheets is consumed
and supplied.
[0077] A method of setting the executing threshold A’
according to the present exemplary embodiment will be
described. In the present exemplary embodiment, the
difference between a case, where the coverage rate is
2% and the toner charging amount is the highest, and a
case, where the coverage rate is 20% and the toner
charging amount is the lowest, in the toner charging
amount is set to be not higher than ΔE < 5. Thus, the
toner discharge amount is set to be within approximately
Δ6 mC/g from the center value. In the present exemplary
embodiment, the toner charge amount is 43.5 mC/g when
the image with the coverage rate of 2% is successively
formed on 500 sheets, and is 37 mC/g when the image
with the coverage rate of 20% is successively formed on
500 sheets. Thus, even when the image with the cover-
age rate of 2%, with the toner charging amount with the
largest offset amount, are successively output, the re-
fresh operation is surely executed every time 500 sheets
are printed, by setting the executing threshold A’ to 8000.
Therefore, ΔE < 5 may be set. The executing threshold
A’ is not limited to 8000 as in the present exemplary em-
bodiment, and may be appropriately set to any value in
accordance with an acceptable level of the tint variation.
In the present exemplary embodiment, the upper limit of
the executing threshold A’ is set to 16000.
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[0078] In the present exemplary embodiment, the ton-
er deterioration threshold Vt is larger in the toner refresh
control (2) than in the toner refresh control (1). In the
present exemplary embodiment, the second toner dis-
charge executing threshold A’ is larger than the first toner
discharge executing threshold A. The amount of toner
discharged (transferred) in a single discharge operation
is set to be larger in the toner refresh control (2) than in
the toner refresh control (1). With such a configuration,
the toner discharge control can be appropriately execut-
ed for regulating each of the toner deterioration and the
density change. Therefore, refresh control is performed
in such a manner that the downtime is prevented from
being excessively long and the refreshing is prevented
from being excessively or insufficiently performed.
[0079] A reason why the discharge threshold A’ (=
8000) can be set to be larger than A (= 512) in the toner
refresh control (1) is described. As described above, the
tint variation is caused by the difference in the toner
charging amount between the low coverage rate image
forming and the high coverage rate image forming. The
toner charging amount is likely to be averaged through
charge delivering and receiving in the toner in the devel-
oping device 4. Thus, by setting the discharge threshold
A’ to a large value, the charging amount is less likely to
fluctuate in the developing device. For example, in a case
where an image with a high coverage rate is printed im-
mediately after an image with a low coverage rate of 5%
or lower is printed on a small number of sheets, such as
100 sheets, when the frequency indicated by the execut-
ing threshold is too low, the toner might be discharged
more than necessary even though the average coverage
rate exceeds 5%. This can be prevented by increasing
the frequency indicated by the executing threshold. In
the toner refresh control (1), the toner refresh has already
been performed in such a manner that the toner dis-
charge control is performed while regarding an image
with a coverage rate lower than 2% as an image corre-
sponding to the coverage rate of 2%. Thus, also in the
toner refresh control (2), control calculation is performed
while regarding all images with a coverage rate lower
than 2% as images corresponding to the coverage rate
of 2%. More specifically, in step S201, in a case where
the video count V is smaller than 10, the video signal
count unit 207 sets the video count V to 10.
[0080] Then, in step S203, Vt - V, which is the differ-
ence between the video count V and the second toner
deterioration threshold video count Vt, is calculated. In
step S204, whether Vt - V is a positive or negative value
is determined. When Vt - V is a positive value (POSITIVE
in step S204), it means that the toner charging amount
is largely offset from the center value due to the low cov-
erage rate, and processing proceeds to step S205. In
step S205, (Vt - V) is added to the second toner deteri-
oration integrated value X’ (second integrated informa-
tion). On the other hand, when Vt - V is a negative value
(NEGATIVE in step S204), it means that an image with
a high coverage rate is printed and thus the toner dete-

rioration state is recovered by the toner exchange, and
the processing is proceeds to step S206. In step S206,
a negative value is added to the second toner deteriora-
tion integrated value X’ in consideration of the recovered
amount. When the calculation is simply performed, the
second toner deterioration integrated value X’ might be
reduced below 0. In such a case, the toner deterioration
integrated value X’ is set to 0 because a quality higher
than that in an initial state cannot be achieved even when
the image with a high coverage rate is successively print-
ed and thus the toner is frequently exchanged. Then, in
step S207, a difference (A’ - X’) between the second toner
deterioration integrated value X’ calculated and updated
in step S205 or step S206 every time image forming is
performed, and the second discharge executing thresh-
old A’ is calculated.
[0081] Then, in step S208, whether the difference (A’
- X’) between the toner deterioration integrated value X’
calculated in step S207 and the discharge executing
threshold A’ is a positive or negative value is determined.
When the difference (A’ - X’) is a positive value (POSI-
TIVE in step S208), it is determined that the toner dete-
rioration has not proceeded to a level at which the toner
discharging is immediately required, and the processing
proceeds to step S209. In step S209, the image forming
is continuously executed. On the other hand, when the
difference (A’ - X’) is a negative value (NEGATIVE in step
S208), it is determined that the toner deterioration has
proceeded to such a level that the toner discharging
needs to be immediately executed, and the processing
proceeds to step S210. In step S210, the image forming
is interrupted to execute the toner discharge operation.
After the toner discharge operation ends, in step S211,
the second toner deterioration integrated value X’ is reset
to 0.
[0082] A specific case is considered where an image
of the "black low duty image chart" is successively formed
on 1000 sheets with the toner discharge control method
described above.
[0083] A description is given on the toner refresh con-
trol (1) with reference to Fig. 12. A table in Fig. 12 illus-
trates how the toner deterioration integrated value X is
calculated for each color in the toner discharge control
according to the present exemplary embodiment when
the image of the "black low duty image chart" is formed
on a single sheet. As illustrated in the table in Fig. 12,
when the image of the "black low duty image chart" is
formed, the toner deterioration integrated value X is 0 for
all yellow (Y), magenta (M), and cyan (C) because of a
sufficiently high coverage rate.
[0084] On the other hand, the first toner deterioration
integrated value X per sheet for black (K) is +5. It is be-
cause the coverage rate is 1.0% and the video count V(k)
is 5 which is lower than the toner deterioration threshold
video count Vt = 10. Thus, the toner discharge operation
is executed each time 102 sheets are printed because
the first discharge executing threshold A is 512 and thus
512/5 = 102 (numbers after the decimal point is rounded
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down).
[0085] A description is given on the toner refresh con-
trol (2) with reference to Fig. 13. A table in Fig. 13 illus-
trates how the second toner deterioration integrated val-
ue X’ is calculated for each color in the toner discharge
control according to the present exemplary embodiment
when the image of the "black low duty image chart" is
formed on a single sheet. As illustrated in the table in Fig.
13, when the image of the "black low duty image chart"
is formed, the video counts corresponding to Y and M,
of which coverage rate is 3.0%, are 15. Thus, the differ-
ence Vt - V from the second toner deterioration threshold
video count Vt = 26 is 26 - 15 = +11. Thus, the second
toner deterioration integrated value X’ per printed sheet
is +11. The video count corresponding to C, of which
coverage rate is 5.0%, is 26. Thus, the difference from
the second toner deterioration threshold video count Vt
= 26 is Vt - V = 0, whereby the second toner deterioration
integrated value X’ per printed sheet is 0. The coverage
rate of K is 1.0 % but is regarded as 2.0% when the image
with the coverage rate lower than 2% has been formed
under the toner refresh control (1) and thus the difference
has already been offset by refreshing. Thus, the video
count corresponding to the coverage rate of 2% is 10,
and thus the second toner deterioration integrated value
X’ per sheet is +16, as the difference between the video
count and the second toner deterioration threshold video
count Vt = 26. Therefore, the discharge operation is ex-
ecuted when 8000/16 = 500 sheets are printed because
the second discharge executing threshold A’ for K is
8000.
[0086] As described above, in the present exemplary
embodiment, the toner refresh control can be executed
at an appropriate frequency corresponding to the toner
deterioration level and the state of the toner charging
amount so as not to be excessive or insufficient. Thus,
an image forming apparatus that can prevent the image
failure, such as fogging and grainy effect, and regulate
tint variation to be within an acceptable range can be
provided.
[0087] As a use case, only images with a low coverage
rate of 5% or lower, such as images normally used in
offices, may be output. Some users might prefer produc-
tivity over image quality. In such cases the toner refresh
control (2) needs not to be executed. Thus, it is a matter
of course that a mode in which the toner refresh control
(2) can be turned ON and OFF may be employed. The
toner refresh control (2) is performed to regulate density
variation when the high coverage rate image forming is
performed after the low coverage rate image forming is
successively performed, and thus needs not to be exe-
cuted when no high coverage rate image forming is per-
formed. Thus, a first mode in which the toner refresh con-
trol (1) and the toner refresh control (2) can both be ex-
ecuted and a second mode in which only the toner refresh
control (1) can be executed may each be selectively ex-
ecuted. For example, a user may set a desired one of
the modes through an operation unit.

[0088] In the present exemplary embodiment de-
scribed above, the toner refresh control (1) and the toner
refresh control (2) are respectively executed with the ton-
er deterioration threshold video counts Vt = 10 and 26.
Alternatively, the toner deterioration threshold video
count Vt may be set to 10 in both cases, and the detected
video count V in the toner refresh control (2) may be
negatively offset (calculated) by 16 so that the difference
Vt - V would be the same and the same effect can be
obtained.
[0089] In the first exemplary embodiment described
above, the toner discharge control is described that is
based on the toner consumption amount at every prede-
termined timing (every time printing is performed) during
the image forming. In a second exemplary embodiment,
toner refresh control is described that takes into account
a case where interruption control such as patch density
control is performed while the image forming is in proc-
ess, and a case where the development sleeve 24 is
driven while the image forming is not in process due to
pre rotation as a preparation operation before the image
forming operation and post rotation. The configuration
and the basic concept of the toner forcible discharge are
the same as those in the first exemplary embodiment and
thus will not be described. A difference from the first ex-
emplary embodiment is described with reference to a
flowchart in Fig. 17.
[0090] The toner refresh control (1) will be described.
A difference from the toner refresh control according to
the first exemplary embodiment is described (steps S303
to S308), and the description for the rest of the processing
is omitted. As illustrated in Fig. 9, in the first exemplary
embodiment, the difference between the first toner dete-
rioration threshold video count Vt and the video count V
of each color is calculated. In the second exemplary em-
bodiment, the toner refresh control is executed based on
a development sleeve driving time coefficient α as driving
information on the development sleeve 24. In step S303,
the printer controller unit 209 calculates a development
sleeve driving time between the previous calculation for
the video count V and the current calculation for the video
count V based on information of a development sleeve
driving time detection unit 1011. In step S304, the devel-
opment sleeve driving time coefficient α is calculated
based on the information from the development sleeve
driving time detection unit 1011. More specifically, the
development sleeve driving time coefficient α is obtained
by dividing a total development sleeve driving time, which
is between a point where the previous video count V is
calculated and a point where the current video count V
is calculated, by a reference development sleeve driving
time set in advance. The reference development sleeve
driving time is defined as a driving time required for form-
ing an image on a single sheet. Thus, when no interrupt-
ing control different from the image forming in process is
performed during the image forming or when the devel-
opment sleeve 24 is not driven during the interrupting
control, the total development sleeve driving time is equal
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to the reference development sleeve driving time, and
thus α = 1.
[0091] Then, in the processing procedure up to step
S305, calculation of the development sleeve driving time
coefficient α 3 toner deterioration threshold video count
Vt is performed. In step S306, whether αVt - V is a positive
value or a negative value is determined. When α = 1, 1
3 Vt - V and thus the calculation that is the same as that
in the first exemplary embodiment is performed. The ton-
er deterioration threshold video count Vt is multiplied by
α because the toner deterioration proceeds in an amount
proportional to an extended amount of the development
sleeve driving time. When αVt - V is a positive value
(POSITIVE in step S306), it means that the coverage
rate is low and thus the toner deterioration proceeds, and
the processing proceeds to step S307. Thus, in step
S307, (αVt - V) is added to the toner deterioration inte-
grated value X.
[0092] On the other hand, when αVt - V is a negative
value (NEGATIVE in step S306), it means that an image
with a high coverage rate is printed and thus the toner
deterioration state is recovered by the toner exchange,
and the processing proceeds to step S308. In step S308,
the negative value is added to the toner deterioration
integrated value X in consideration of the recovered
amount. When the calculation is simply performed, the
toner deterioration integrated value X might be reduced
below 0. In such a case, the toner deterioration integrated
value X is set to 0 because a quality higher than that in
an initial state cannot be achieved even when the image
with a high coverage rate is successively printed and thus
the toner is frequently exchanged.
[0093] A flow of processing (steps S309 to S313) after
the toner deterioration integrated value X is calculated is
the same as that in the first exemplary embodiment, and
thus will not be described.
[0094] When the toner is consumed during the inter-
ruption control by, for example, a density control patch,
a toner supply control patch, a registration offset correc-
tion patch, and the like, the video count corresponding
to the consumed amount of toner may be added to cal-
culate the video count V.
[0095] Then, in the toner refresh control (2), the control
is performed in consideration of the driving of the devel-
opment sleeve 24 as in the toner refresh control (1), as
illustrated in a flowchart in Fig. 18. The flow of the toner
refresh control (2) according to the present exemplary
embodiment is the same as the flow of the toner refresh
control (2) according to the first exemplary embodiment
and thus will not be described (except steps S503 to
S508). A difference from the first exemplary embodiment
is described (steps S503 to S508). As in the first exem-
plary embodiment illustrated in the flowchart in Fig. 15,
the difference between the second toner deterioration
threshold video count Vt and the video count V of each
color is calculated. However, the second exemplary em-
bodiment is different from the first exemplary embodi-
ment in that processing of calculating the development

sleeve driving time coefficient α is added (steps S503 to
S508).
[0096] As described above, in the second exemplary
embodiment, the control is executed based on the toner
consumption amount corresponding to the sleeve driving
time. Thus, the toner discharge control is appropriately
executed in accordance with toner deterioration and the
toner charging amount.
[0097] According to the present exemplary embodi-
ment, in the toner refresh control (1) and the toner refresh
control (2), the toner discharge control is executed based
on the video count V and the development sleeve driving
time coefficient α 3 toner deterioration threshold video
count Vt. However, this should not be construed in a lim-
iting sense. For example, V/α may be calculated each
time and the toner discharge control may be executed
based on the difference (positive or negative) between
the toner deterioration threshold video count Vt and V/α.
Driving information on the development sleeve 24 is used
as the driving time in the present exemplary embodiment,
a driving amount (rotation amount) may be used.
[0098] In a third exemplary embodiment, the content
of control described in the first and the second exemplary
embodiments are partially modified in accordance with
a temperature of an environment in which the developing
device 4 is disposed. Thus, the toner discharge operation
can be executed at an appropriate frequency in accord-
ance with the toner deterioration level in the environment
with the temperature and the toner charging amount
state, so as not to be excessively or insufficiently exe-
cuted.
[0099] When the temperature of the environment in
which the developing device 4 is disposed is high, the
toner deterioration rate is likely to become high with re-
spect to the number of printed sheets. This is because
the resin as the base toner is softened when the temper-
ature rises, and the external additive becomes more likely
to be separated or embedded due to a load in the devel-
oping device 4. Thus, in an environment where the tem-
perature has risen, the toner refreshing needs to be ex-
ecuted in accordance of the resultant faster toner dete-
rioration rate. In the third exemplary embodiment, the
toner deterioration threshold video count Vt (the first ton-
er deterioration threshold video count Vt in the present
exemplary embodiment) is variable in accordance with
the temperature in the developing device 4. As described
above, the toner deterioration threshold video count Vt
is a video count corresponding to the minimum toner con-
sumption amount required for preventing the image qual-
ity from degrading due to the toner deterioration. When
the toner and the developing device 4 described in the
present exemplary embodiment are used, the first toner
deterioration threshold video count Vt is changed in ac-
cordance with the temperature as follows. More specifi-
cally, Vt = 10 (corresponding to the coverage rate of 2%)
in an environment with a temperature not higher than
30°C, Vt = 13 (corresponding to the coverage rate of
2.5%) in an environment with a temperature in a range
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of 30 to 35°C, Vt = 16 (corresponding to the coverage
rate of 3%) in an environment with a temperature in a
range of 35 to 40°C, and Vt = 18 (corresponding to the
coverage rate of 3.5%) in an environment with a temper-
ature in a range of 40 to 45°C.
[0100] In the third exemplary embodiment, the toner
refresh control (1) for preventing the image failure when
the low coverage rate images are successively formed,
is executed as illustrated in a flowchart in Fig. 16. More
specifically, in step S401, the video count V is calculated.
In step S402, the temperature sensor 4T detects the tem-
perature in the developing device 4. Then, in step S403,
the first toner deterioration threshold video count Vt is
set in accordance with the detection result obtained by
the temperature sensor 4T. Then, the toner refresh con-
trol (1) is executed, based on the Vt and the video count
V thus set, through a flow of processing that is the same
as those in the first and the second exemplary embodi-
ments. A flow of processing procedure after step S404
is the same as the processing procedure after step S3
in the first exemplary embodiment, and thus will not be
described.
[0101] On the other hand, in the toner refresh control
(2), the second toner deterioration threshold video count
Vt is not changed in accordance with the temperature in
the developing device 4. Thus, the toner refresh control
(2) is executed through a flow of processing that is the
same as those described in the first and the second ex-
emplary embodiments. As described above, the toner
refresh control (2) is executed to regulate the change in
the toner charging amount, due to the change in the cov-
erage rate, to be not larger than the predetermined value.
The toner charging amount is highly sensitive to the time
period during which the toner is stirred in the developing
device 4 but is not very sensitive to the temperature in
the developing device 4. Thus, the control is executed
regardless of the temperature in the developing device
4, and thus is the same as those in the first and the second
exemplary embodiments. The second toner deterioration
threshold video count Vt may be changed in accordance
with the temperature as in the toner refresh control (1).
Still, the toner charging amount is not very sensitive to
the temperature, and thus is preferably changed within
a range smaller than a change range in the toner refresh
control (1).
[0102] In the exemplary embodiments, the method is
described where a negative value is added when a dif-
ference between the deterioration threshold Vt and the
video count V is a negative value (a method of taking into
account the developer deterioration recovering effect).
Alternatively, when the Vt - V is a negative value, the Vt
- V may be set to 0. In this case, the difference between
the deterioration threshold Vt and the video count V is
always a positive value, and only the count up is per-
formed.
[0103] In the present exemplary embodiment, the vid-
eo count is used as information on the toner consumption
amount. However, this should not be construed in a lim-

iting sense, and supply information may be used.
[0104] With the present invention, an image forming
apparatus can be provided that can reduce the unnec-
essary toner consumption as much as possible, and the
image quality can be prevented from degrading when the
low coverage image forming is successively executed or
is switched to the high coverage image forming.
[0105] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.
[0106] An image forming apparatus includes an image
bearing member, a developing device, a supplying de-
vice, and a control means. The image bearing member
bears a latent image. The developing device develops
the latent image with a toner. The supplying device sup-
plies toner to the developing device. The control means
executes a discharge operation to consume toner trans-
ferred onto the image bearing member from the devel-
oping device without transferring the toner onto a record-
ing medium. The control means executes the discharge
operation where first deterioration integrated information
exceeds a first executing threshold, and where second
deterioration integrated information exceeds a second
executing threshold that is larger than the first executing
threshold. The control means acquires the first deterio-
ration information based at least a first deterioration
threshold, and acquires the second deterioration infor-
mation based on at least a second deterioration threshold
that is larger than the first deterioration threshold.

Claims

1. An image forming apparatus comprising:

an image bearing member for bearing a latent
image;
a developing device for developing the latent im-
age formed on the image bearing member with
a toner;
a supplying device for supplying toner to the de-
veloping device; and
a control means for executing a discharge op-
eration to consume toner transferred onto the
image bearing member from the developing de-
vice without transferring the toner onto a record-
ing medium,
wherein the control means is for executing the
discharge operation in a case where first dete-
rioration integrated information obtained by in-
tegrating first deterioration information exceeds
a first executing threshold, and in a case where
second deterioration integrated information ob-
tained by integrating second deterioration infor-
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mation exceeds a second executing threshold
that is larger than the first executing threshold,
wherein the control means is for acquiring the
first deterioration information based on informa-
tion related to a toner consumption amount ac-
quired every time when a first predetermined
condition is satisfied and a first deterioration
threshold, and acquire the second deterioration
information based on the information related to
the toner consumption amount acquired every
time when a second predetermined condition is
satisfied and a second deterioration threshold,
and
wherein the second deterioration threshold is
larger than the first deterioration threshold.

2. The image forming apparatus according to claim 1,
wherein the control means is for acquiring the first
deterioration information based on a difference be-
tween the information related to the toner consump-
tion amount and the first deterioration threshold, and
acquire the second deterioration information based
on a difference between the information related to
the toner consumption amount and the second de-
terioration threshold.

3. The image forming apparatus according to claim 1,
wherein the control means is for acquiring the first
deterioration information based on the information
related to the toner consumption amount, driving in-
formation related to the developing device, and the
first deterioration threshold, and acquire the second
deterioration information based on the information
related to the toner consumption amount, the driving
information related to the developer bearing mem-
ber, and the second deterioration threshold.

4. The image forming apparatus according to claim 1,
wherein the control means is for controlling the dis-
charge operation in such a manner that an amount
of toner transferred from the developing device to
the image bearing member when the discharge op-
eration is executed for a single time is larger in a
case where the discharge operation is executed
based on the second deterioration information than
an amount of toner transferred in a case where the
discharge operation is executed based on the first
deterioration information.

5. The image forming apparatus according to claim 1,
further comprising a temperature sensor for detect-
ing a temperature,
wherein the control means is for changing the first
deterioration threshold in accordance with a detec-
tion result obtained by the temperature sensor, and
wherein the second deterioration threshold is not
changed in accordance with the temperature or is
changed in accordance with the temperature within

a range smaller than a change range of the first de-
terioration threshold.

6. The image forming apparatus according to claim 1,
wherein the control means for selectively executing
a first mode in which the discharge operation is ex-
ecuted based on the first deterioration threshold and
the second deterioration threshold and a second
mode in which the discharge operation based on the
first deterioration threshold is executed and the dis-
charge operation based on the second deterioration
threshold is not executed.
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