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(54) Image forming apparatus

(57) An electrophotographic image forming appara-
tus (100) includes an apparatus body (99); a drive cou-
pling (87) disposed in the apparatus body (99); a drive
unit (M4) to rotate the drive coupling (87); a controller
(110) to control the drive unit (M4); at least one driven
member (50); a developer unit (50); a driven coupling
(88) connected to the driven member (50); and a toner
supply unit (80). When the developer unit (50) is attached,
the driven coupling (88) engages the drive coupling (87)

and the driven member (50) is driven by the drive unit
(M4). The image forming apparatus (100) includes a ton-
er ejection mode. The controller (110) controls the drive
unit (M4) to cause the drive coupling (87) to stop at a
predetermined rotation stop position in the toner ejection
mode and controls the same to cause the drive coupling
(87) to stop at a predetermined rotation stop position im-
mediately.
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Description
BACKGROUND
Technical Field

[0001] The presentinvention relates to animage form-
ing apparatus.

Background Art

[0002] Animage formingapparatus employinganelec-
trophotographic method includes various driven mem-
bers for performing image formation detachably attached
to an apparatus body. With this structure, each of the
driven members can be verified and replaced if degra-
dation or failure occurs.

[0003] Examples of driven members include, for ex-
ample, an image forming unit and a toner supply contain-
er to supply toner or a developer to the image forming
unit. The image forming unit includes a plurality of rotary
members, such as an image carrier, a developing roller,
toner conveyance screws, and the like. These rotary
members are driven by a drive unit disposed in the ap-
paratus body.

[0004] In addition, the toner supply container is typi-
cally a toner bottle, which is laterally mounted in the ap-
paratus body and rotates driven by the drive unit. Helical
projections are formed on an interior surface of the toner
bottle, so that, upon rotation of the toner bottle, the toner
inside the toner bottle is moved toward the toner bottle
outlet.

[0005] On the other hand, the color image forming ap-
paratus includes image forming units for at least four
colors of yellow (Y), magenta (M), cyan (C), and black
(BK), respectively. Recently, in addition to the above im-
age forming units for the colors of Y, M, C, and Bk, a so-
called special color image forming unit dedicated to pale
color toner such as light cyan or light yellow, or transpar-
ent toner, has been used as disclosed in, for example,
JP-2007-171498-A and JP-2007-316313-A. The special
color image forming unit is used depending on the pur-
pose of imaging, such as better image quality, glossi-
ness, or color reproducibility.

[0006] If one image forming unit is to be added for the
special color in the tandem-type color image forming ap-
paratus using an intermediate transfer belt, a fifth station
(hereinafter, a station is denoted "St") is added following
the first fourth stations to which the YMCBk image form-
ing units are mounted. The special color image forming
unit that is mounted on the fifth station (5St) can be re-
placed with other special color image forming units de-
pending on the purpose of imaging, and the frequency
in the replacement of the special colorimage forming unit
is higher than that of the YMCBk image forming units.
[0007] Drive transmissionbetween the apparatus body
of the image forming apparatus and the driven member
is directly performed by coupling in general. The coupling
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includes an axial direction coupling and an orthogonal
direction coupling in which engagement is performed
from an orthogonal direction relative to the axial direction.
In either coupling method, the rotation positions of the
drive side and the driven side when coupled need to be
aligned. If not, the couplings interfere with each otherand
the engagement is not performed well, so that the drive
force cannot be transmitted properly.

[0008] Axial direction coupling is disclosed, for exam-
ple, in JP-2007-304173-A (see FIGS. 11 and 12), that
includes a drive coupling having a connection concave
portion with a triangle cross section and a driven coupling
having a connection convex portion with a triangle cross
section. The driven couplingis inserted into the drive cou-
pling from an axial direction and both couplings are en-
gaged, so that the driving force can be transmitted with
centers of rotation of both couplings aligned and adjust-
ed.

[0009] In the axial direction coupling, even if the rota-
tion position of the coupling for mounting to the driven
member is deviated, if the drive coupling is rotated a little,
each rotation position matches. One of the two couplings
is spring-loaded to the other coupling, so that the two
couplings are engaged and the drive transmission can
be possible.

[0010] However, if the couplings are not engaged well
and abut each other depending on the state of driven
member when coupled together, the coupling may be
damaged and broken. Accordingly, leading ends of both
couplings include a tapered portion to slidably contact
each other as a prevention mechanism to avoid interfer-
ence with each other. With this tapered portion, a rotation
position error occurring when the driven coupling re-
ceives the drive coupling in the axial direction can be
adjusted.

[0011] The orthogonal direction coupling may include
another interference prevention device to meet the rota-
tion positions of both couplings. For example, JP-
H04-240870-A discloses that a gear disposed at a driven
shaft of the image forming unit is allowed to engage a
fixed linear gear disposed on the apparatus body side
immediately before the couplings are coupled together.
Thus, after having been rotated at a predetermined ro-
tation position, the driven shaft is caused to engage with
the drive coupling of the apparatus body side.

[0012] If the coupling method disclosed in JP-
2007-304173-A (see FIGS. 11 and 12) is employed, a
driven coupling strikes the drive coupling strongly de-
pending on the attachment of the image forming unit as
a driven member. If the coupling is broken due to this
impact, the rotary drive force cannot be transmitted.
[0013] Not just breakage but also damage of the cou-
pling may adversely affect adjusting the axial core even
though the rotary drive force transmission is possible, so
that the rotation of the image carrier or the developing
roller will be fluctuated, thereby causing an defective im-
age to be generated. In addition, if an interference pre-
vention mechanism such as a tapered portion is provid-
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ed, the coupling will be large in size and the cost will be
increased, and further, more restrictions are imposed on
the design.

[0014] Moreover, if the interference prevention device
as disclosed in JP-H04-240870-A is provided, the appa-
ratus becomes large in size due to the space needed for
the gear, and the cost will increase due to an increased
number of parts.

[0015] Another approach is to keep the rotation stop
position of the drive coupling constant in both coupling
methods of the axial direction coupling and the orthogo-
nal direction coupling, so that the detachable attachment
of the driven coupling relative to the drive coupling is
smoothed as disclosed in JP-2005-292676-A (see par-
agraph [0008]).

[0016] However, the above method will prolong the
standby time until the end of the stop control. In particular,
after the driven member is detached once for mainte-
nance and is then reattached, the rotation positions of
the couplings of the drive side and the driven side in the
reattachment are not changed from the detachment time
of the driven member. As a result, because the reattach-
mentis possible without the rotation stop position control,
the thus-incurred standby time is pointless.

SUMMARY

[0017] Described herein below are embodiments of an
image forming apparatus employing an electrophoto-
graphic method. The electrophotographic image forming
apparatus includes an apparatus body; a drive coupling
disposed in the apparatus body of the image forming ap-
paratus; a drive unit to rotate the drive coupling; a con-
troller to control the drive unit; at least one driven mem-
ber; a developer unit detachably attachable to the appa-
ratus body of the image forming apparatus; a driven cou-
pling connected to the driven member; and a toner supply
unit to supply toner or developer to the developer unit.
When the developer unit is attached to the apparatus
body of the image forming apparatus, the driven coupling
engages the drive coupling and the driven member is
driven by the drive unit; the image forming apparatus
includes a toner ejection mode to discharge the toner
contained inside the toner supply unit; the controller con-
trols the drive unit to cause the drive coupling to stop at
a predetermined rotation stop position in the toner ejec-
tion mode; and in a mode other than the toner ejection
mode, the controller controls the drive unit to cause the
drive coupling to stop at a predetermined rotation stop
position immediately when the drive coupling is rotating.
[0018] In the toner ejection mode in which there is a
high possibility that the outstanding developing device is
replaced with a different developing device, the rotation
stop position control of the drive unit of the apparatus
body side enables positional alignment of the rotation
stop position between the drive coupling of the apparatus
body side and the driven coupling of the developing de-
vice.
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[0019] As a result, the engagement between the cou-
plings when the different developing device is attached
can be performed smoothly. Moreover, due to the posi-
tional alignment of the rotation stop position, the interfer-
ence prevention device need notbe provided for the drive
coupling and the driven coupling, thereby reducing the
cost of the image forming apparatus and saving the
space.

[0020] On the other hand, in the non-toner ejection
mode in which there is a high possibility that the same
developing device is reattached, the rotation stop posi-
tion control on the drive coupling of the apparatus body
side is not performed, thereby reducing the standby time.
[0021] These and other objects, features, and advan-
tages of the present invention will become apparent upon
consideration of the following description of the preferred
embodiments of the presentinvention when taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1is a schematic configuration of animage form-
ing apparatus according to an embodiment of the
present invention;

FIG. 2is a schematic configuration of an image form-
ing unit in the image forming apparatus shown in
FIG. 1;

FIG. 3A is a perspective view of a developer unit of
the image forming unit;

FIG. 3Bisaplanview of the developer unitillustrating
toner conveyance screws disposed inside the devel-
oper unit;

FIG. 3C is a perspective view of the toner convey-
ance screws;

FIG. 4A is a perspective view of a drive coupling
disposed on an apparatus body side of the image
forming apparatus;

FIG. 4B is an enlarged perspective view of the drive
coupling in FIG. 4A;

FIG. 4C is a front view of the drive coupling;

FIG. 4D is a front view of a driven coupling of a proc-
ess unit;

FIG. 5 is a schematic view of a toner supply mech-
anism from a toner bottle to the developer unit;
FIG. 6 illustrates a view of a control panel;

FIG. 7 is a block diagram of a controller of the image
forming apparatus;

FIG. 8 is a flowchart of steps in a process of replace-
ment of a special color toner;

FIG. 9 is a flowchart of steps in operation of a toner
ejection mode;

FIG. 10 is a flowchart of steps in a home position
stop control of a developing motor in the toner ejec-
tion mode; and

FIG. 11 is a flowchart of steps in the home position
stop control of the developing motor.
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DETAILED DESCRIPTION

[0023] With reference to drawings, an image forming
apparatus according to an embodiment of the present
invention will be described. In each figure illustrating an
embodiment of the presentinvention, the same reference
numeral will be applied to a part or component having
the same function or shape, and once explained, a re-
dundant description thereof will be omitted.

<Overview of image forming apparatus>

[0024] FIG. 1is a schematic view of an image forming
apparatus illustrating an embodiment of the present in-
vention. The image forming apparatus 100is a color laser
printer capable of forming a colorimage. The image form-
ing apparatus 100, however, may be another type of elec-
trophotographicimage forming apparatus, such as a cop-
ier, a printer, a facsimile machine, and a multifunction
apparatus having one or more capabilities of the above
devices.

[0025] Theimage forming apparatus 100 performsim-
age forming processes based on image signals corre-
sponding to image data received from external devices.
Such image forming apparatuses are preferably of the
type capable of employing, as a recording medium on
which image formation is performed, a regular sheet of
paper used for copying in general, an OHP sheet, thick
sheet such as a card and a postcard, or an envelope.
[0026] Theimageforming apparatus 100 includes pho-
toconductor drums 20Y, 20C, 20M, 20Bk, and 20S, each
as an image carrier to form an image of a color corre-
sponding to a color decomposed from a print-target im-
age into yellow, cyan, magenta, black, and a special
color. The photoconductor drums 20Y, 20C, 20M, 20BK,
and 20S are disposed side by side in a so-called tandem
arrangement. Herein, suffixes Y, C, M, Bk, and S of each
reference numeral indicates a part or component of yel-
low, cyan, magenta, black, and special color units, re-
spectively.

[0027] An intermediate transfer belt 11 is an endless
belt disposed inside an apparatus body 99 of the image
forming apparatus 100 at a substantially center of the
apparatus body 99. The intermediate transfer belt 11
serves as an intermediate transfer member. The photo-
conductor drums 20Y, 20C, 20M, 20Bk, and 20S are dis-
posed at an outer circumferential surface of the interme-
diate transfer belt 11, that is, an image forming surface
side of the belt.

[0028] The intermediate transfer belt 11 is movable to
a position opposite each of the photoconductor drums
20Y, 20C, 20M, 20Bk, and 20S, in a direction of arrow
A1 as illustrated in FIG. 2. Each of the photoconductor
drums 20Y, 20C, 20M, 20Bk, and 20S is disposed in that
order from upstream to downstream in the A1 direction.
[0029] Each visible image formed on each photocon-
ductor drum 20Y, 20C, 20M, 20Bk, or 20S is so trans-
ferred to the intermediate transfer belt 11 as to be super-
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imposed on the same position on the intermediate trans-
fer belt 11 while the intermediate transfer belt 11 is mov-
ing in the A1 direction, and the images are then trans-
ferred en bloc to a transfer sheet S as a recording medi-
um. Accordingly, the image forming apparatus 100 is de-
fined as an image forming apparatus using the interme-
diate transfer method.

[0030] A lower surface of the intermediate transfer belt
11 is opposed to each of the photoconductor drums 20Y,
20C, 20M, 20Bk, and 20S, and each opposed portion
forms a transfer section 98 at which a toner image on
each of the photoconductor drums 20Y, 20C, 20M, 20BK,
and 20S is transferred to the intermediate transfer belt 11.
[0031] In the superimposed image transfer to the in-
termediate transfer belt 11, the toner image formed on
each of the photoconductor drums 20Y, 20C, 20M, 20BK,
and 208S is transferred to the same position of the inter-
mediate transfer belt 11, while the intermediate transfer
belt 11 is moving in the Arrow A1 direction. In addition,
primary transfer rollers 12Y, 12C, 12M, 12Bk, and 12S
are disposed opposite the photoconductor drums 20Y,
20C, 20M, 20Bk, and 20S, respectively, with the inter-
mediate transfer belt 11 sandwiched therebetween.
These primary transfer rollers 12Y, 12C, 12M, 12Bk, and
128 apply electric voltage, so that the superimposed im-
age transfer is performed upstream to downstream in
theA1 direction.

[0032] The intermediate transfer belt 11 includes a
base layer formed of a material having low elasticity, and
a coating formed of a high smoothness covering the base
layer. Thus, the intermediate transfer belt 11 has a mul-
tilayer structure including the coating overlaid on the base
layer. Preferred materials for the base layer include, for
example, fluorine resins, polyvinylidene (PVD) sheet,
and polyimide resins. Preferred materials for the coating
include, for example, fluorine resins.

[0033] The intermediate transfer belt 11 includes a
guide at its end portion. The guide prevents the interme-
diate transfer belt 11 from slanting to either direction or-
thogonal to a sheet surface in FIG. 1 when the interme-
diate transfer belt 11 rotates in the A1 direction. The guide
of the present embodiment is made of urethane rubber,
but may employ various rubber materials such as silicone
rubber.

[0034] Each of the photoconductor drums 20Y, 20C,
20M, 20Bk, and 20S is mounted in a corresponding im-
age forming unit 60Y, 60C, 60M, 60Bk, or 60S serving
as a toner image forming station that forms images of
the colors yellow, cyan, magenta, black, and special, re-
spectively.

[0035] The image forming apparatus 100 includes five
image forming units 60Y, 60C, 60M, 60Bk, and 60S, and
a transfer belt unit 10. The transfer belt unit 10 includes
the intermediate transfer belt 11 and is disposed opposite
and above each of the photoconductor drums 20Y, 20C,
20M, 20Bk, and 20S.

[0036] A secondary transfer roller 5 disposed opposite
the intermediate transferbelt 11 at an edge of the transfer
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belt unit 10 serves as a transfer member driven accom-
panied by the intermediate transfer belt 11. Further, a
scanner 8, a writing unit, is disposed opposite and below
the image forming units 60Y, 60C, 60M, 60Bk, and 60S.
[0037] Asheetfeeder 61 isasheettray onwhich trans-
fer sheets S are stacked and is disposed below the scan-
ner 8. A sheet feed roller 3, a timing roller pair 4, and a
sensor are disposed at a proximal side of the sheetfeeder
61. The sensor detects whether a leading end of the
transfer sheet S reaches the timing roller pair 4 or not.
[0038] The transfer sheet S conveyed from the sheet
feeder 61 is sent, via the timing roller pair 4, to a second-
ary transfer portion 90 at a predetermined time matched
with the toner image formed by the image forming units
60Y, 60C, 60M, 60Bk, and 60S.

[0039] The image forming apparatus 100 further in-
cludes a fixing device 6 employing a roller fixing method
and fixing the toner image transferred on the transfer
sheet S, and a sheet ejection roller pair 7 that discharges
the transfer sheet S on which the toner image is fixed
thereon, toward outside the apparatus body 99. Toner
bottles 9Y, 9C, 9M, 9Bk, and 9S each containing toner
of one of colors yellow, cyan, magenta, black, and special
are disposed above the transfer belt unit 10.

[0040] A sheet ejection tray 17 is disposed above the
apparatus body 99, and the transfer sheet S discharged
outside the apparatus body 99 by the ejection roller 7 is
stacked on the sheet ejection tray 17. In addition, foreign
objects such as waste toner are collected in a waste toner
tank 83.

[0041] The image forming apparatus 100 includes a
toner supply mechanism 80 as a toner supply means as
illustrated in FIGS. 3A and 5. The toner supply mecha-
nism 80 feeds toner inside the toner bottles 9Y, 9C, 9M,
9Bk, and 9S to developer units 50Y, 50C, 50M, 50Bk,
and 50C, each disposed in the image forming units 60Y,
60C, 60M, 60Bk, and 60S, respectively.

[0042] The image forming apparatus 100 includes a
control panel 160 (see FIG. 6) as an input means for
inputting various settings to the image forming apparatus
100; and a controller 110 (see FIG. 7) including a CPU,
a memory, and the like, which controls operation of the
image forming apparatus 100 as a whole.

[0043] The transfer belt unit 10 includes the primary
transferrollers 12Y, 12C, 12M, 12Bk, and 12S in addition
to the intermediate transfer belt 11. The intermediate
transfer belt 11 is wound around a drive roller 72 as a
drive member, a transfer entrance roller 73, and a clean-
ing opposite roller 74. The cleaning opposite roller 74 is
biased by a spring 75 as a biasing means in a direction
to increase a tensile force of the intermediate transfer
belt 11.

[0044] The transfer belt unit 10 further includes an in-
termediate transfer belt case 14 as a chassis of the in-
termediate transfer belt 11. The intermediate transfer belt
case 14 is detachably supported to the apparatus body
99. The intermediate transfer belt case 14 holds the drive
roller 72, the transfer entrance roller 73, the cleaning op-
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posite roller 74, and the spring 75 therein. In addition, a
belt cleaner 13 configured to clean the surface of the
intermediate transfer belt 11 is disposed integrally with
the intermediate transfer belt case 14. The belt cleaner
13 is disposed opposite the intermediate transfer belt 11
and cleans the surface of the intermediate transfer belt
11.

[0045] The transferbelt unit 10 includes a drive system
to rotate the drive roller 72 and a power supply and a
bias controller as a primary transfer bias applicator to
apply the primary transfer bias to the primary transfer
rollers 12Y, 12C, 12M, 12Bk, and 12S.

[0046] The transfer entrance roller 73 and the cleaning
opposite roller 74 are driven rollers driven by the drive
roller 72 and rotate following the intermediate transfer
belt 11 thatis drivento rotate as well. The primary transfer
rollers 12Y, 12C, 12M, 12Bk, and 12S press a rear sur-
face of the intermediate transfer belt 11 toward the pho-
toconductor drums 20Y, 20C, 20M, 20Bk, and 20S, so
that the pressed portion is formed as a primary transfer
nip.

[0047] The primary transfer nip is formed on a portion
of the intermediate transfer belt 11 stretched between
the transfer entrance roller 73 and the cleaning opposite
roller 74. The transfer entrance roller 73 and the cleaning
opposite roller 74 include a function to stabilize the pri-
mary transfer nip.

[0048] A primary transfer electric field is formed ateach
primary transfer nip by the primary transfer bias, between
the photoconductor drums 20Y, 20C, 20M, 20Bk, and
20S and the primary transfer rollers 12Y, 12C, 12M,
12Bk, and 128, respectively. The toner images of each
color formed on the photoconductor drums 20Y, 20C,
20M, 20Bk, and 20S are primarily transferred onto the
intermediate transfer belt 11 via the primary transfer elec-
tric field and a nip pressure.

[0049] The drive roller 72 contacts the secondary
transfer roller 5 via the intermediate transfer belt 11, to
thereby form the secondary transfer portion 90. The
cleaning opposite roller 74 serves as a tension roller to
give a predetermined tensile force suitable for transfer-
ring image to the intermediate transfer belt 11 under an
effect of the spring 75.

[0050] The belt cleaner 13 is disposed opposite the
intermediate transfer belt 11 at a left side of the cleaning
opposite roller 74 in FIG. 1. The belt cleaner 13 includes
a cleaning brush and a cleaning blade both disposed to
be opposed to and contact the intermediate transfer belt
11. Foreign materials such as residual toner on the in-
termediate transfer belt 11 are scratched and removed
by the cleaning brush and blade, and the intermediate
transfer belt 11 is to be cleaned accordingly. Foreign ob-
jects such as the waste toner thus removed by the belt
cleaner are collected in a waste toner tank 83 via a waste
toner path.

[0051] The sheet feeder 61 is disposed below the ap-
paratus body 99 and contains a plurality of transfer sheets
S in a state of a stacked bundle. The sheet feeder 61
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includes the sheet feed roller 3 to contact and feed a
topmost transfer sheet S. When the sheet feed roller 3
rotates in a counterclockwise direction, the topmost
transfer sheet S is conveyed to the timing roller pair 4.
[0052] An outer circumferential surface of the timing
roller pair 4 is precisely dimensioned to meet an image
forming speed, that is, a moving speed of the intermedi-
ate transfer belt 11 with a speed of the conveyed sheet.
The tolerance of the outer circumferential surface is with-
in 0.03 mm.

[0053] A secondary transfer electric field is formed at
the secondary transfer portion 90 by the secondary trans-
fer bias between the drive roller 72 and the intermediate
transfer belt 11 and the secondary transfer roller 5. The
toner images formed on the intermediate transfer belt 11
are secondarily transferred onto the transfer sheet S by
the secondary transfer electric field and a nip pressure.
The drive roller 72 serves also as a secondary transfer
opposite roller.

[0054] The fixing device 6 includes a fixing roller 62
with a build-in heat source, and a pressure roller 63
pressed by the fixing roller 62. When the transfer sheet
S on which the toner image is carried passes through the
fixing portion that is pressed by the fixing roller 62 and
the pressure roller 63, the carried toner image is fixed on
the surface of the transfer sheet S with heat and pressure.
[0055] A predetermined amount of toner of one of
colors yellow, cyan, magenta, black, and special con-
tained in the toner bottles 9Y, 9C, 9M, 9Bk, and 9S is
replenished to the developer units 50Y, 50C, 50M, 50Bk,
and 50S, respectively. The toner bottles 9Y, 9C, 9M, 9Bk,
and 9S are consumables that are replaced when the ton-
er replenished inside is used up. When the toner is ex-
hausted, the toner bottle is detached from the apparatus
body 99 and is replaced with a new one.

[0056] The belt cleaner 13 and the cleaning opposite
roller 74 move downward with the primary transfer rollers
12Y, 12C, 12M, and 12S when a monochrome printing
process is performed, so that the intermediate transfer
belt 11 is configured to be apart from the photoconductor
drums 20Y, 20C, 20M, and 20S.

[0057] Various information input from the control panel
is recognized and identified by the controller 110. The
information inputted from the control panel includes, for
example, reference values used to detect retention of the
developer by a retention sensor. The control panel in-
cludes a display, and the controller 110 controls the con-
trol panel to allow the display to indicate predetermined
values.

[0058] As to the image forming units 60Y, 60C, 60M,
60Bk, and 60S, one of the image forming unit 60Y includ-
ing the photoconductor drum 20Y is taken as a repre-
sentative and will be described. The other image forming
units 60C, 60M, 60Bk, and 60S are structurally the same
as the image forming unit 60Y, and therefore, a duplicat-
ed description of the other units will be omitted in the
description below.
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<Ilmage forming unit>

[0059] As illustrated in FIG. 2, as to the image forming
unit 60Y including the photoconductor drum 20Y, various
parts including a primary transfer roller 12Y are disposed
in the periphery of the photoconductor drum 20Y. Spe-
cifically, along a clockwise rotation direction B1 of FIG.
2, the primary transfer roller 12Y, a cleaning unit 40Y, a
charger 30Y, and the developer unit 50Y are disposed.
The developer unit 50Y serves as the image forming unit.
[0060] The charger 30Y includes a charging roller 31Y
driven to rotate while contacting a surface of the photo-
conductor drum 20Y and a cleaning roller 32Y driven to
rotate while contacting the charging roller 31Y. Means to
apply DC voltage to which bias voltage of AC component
is superimposed is connected to the charging roller 31Y.
With this structure, the surface of the photoconductor
drum 20Y is discharged at a charged area opposed to
the chargingroller 31Y andis charged at a predetermined
polarity at the same time.

[0061] The cleaning roller 32Y rotates driven by the
charging roller 31Y, thereby cleaning a surface of the
charging roller 31Y. Thus, the present embodiment em-
ploys a charging system using a contact roller; however,
the charging system employing a nearby roller may be
employed, and alternatively, a corotron method may be
applied.

[0062] The developer unit 50Y includes a developing
roller 51Y disposed near and opposite the photoconduc-
tordrum 20Y. Yellow toner electrostatically transfers onto
the electrostatic latent image formed on a surface of the
photoconductor drum 20Y at a developing area between
the developing roller 51Y and the photoconductor drum
20Y, so that the electrostatic latent image is rendered
visible as a yellow toner image. A detailed description of
the developer unit 50Y is deferred.

[0063] A primary transfer bias applicator applies a pre-
determined voltage suitable for the primary transfer from
a power source to the primary transfer roller 12Y in ac-
cordance with bias controller.

[0064] The scanner 8 as illustrated in FIG. 1 emits op-
tically modulated laser beams L to an area between the
charged area and the developing area of the photocon-
ductor drum 20Y, thereby exposing the surface of the
photoconductor drum 20Y charged by the charging roller
31Y so that the electric potential of the exposed area is
reduced and a potential difference is produced electro-
statically on the surface of the photoconductor drum 20Y,
forming an electrostatic latentimage. The developer unit
50Y supplies yellow toner to the area where the potential
is reduced, and the yellow toner is adhered thereon and
is rendered visible as a yellow toner image.

[0065] The cleaning unit 40Y includes a cleaning case
43Y that includes an opening at a portion opposite the
photoconductor drum 20Y. A cleaning roller 45Y is dis-
posed at the cleaning case 43Y. The cleaning roller 45Y
contacts the photoconductor drum 20Y to clean it by
scraping off foreign materials such as residual toner, car-
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rier particles, paper dust, and the like remaining on the
photoconductor drum 20Y.

[0066] Acleaningblade41Y isdisposed atthe cleaning
case 43Y. The cleaning blade 41Y contacts the photo-
conductor drum 20Y at downstream of the cleaning roller
45Y in the rotation direction B1 of the photoconductor
drum 20Y and scrapes the foreign materials off from the
surface of the photoconductor drum 20Y.

[0067] The cleaning unit 40Y further includes an ejec-
tion screw 42Y that is rotatably disposed in the cleaning
case 43Y. The ejection screw 42Y conveys the foreign
materials such as the waste toner scraped off and re-
moved by the cleaning roller 45Y and the cleaning blade
41Y toward the waste toner tank 83. The ejection screw
42Y forms part of the waste toner path.

[0068] The image forming unit 60Y is constructed of
the photoconductor drum 20V, the primary transfer roller
12Y, the cleaning unit 40Y, the charger 30Y, and the
developer unit 50Y. As illustrated in FIG. 2, a process
unit 95Y is defined as the image forming unit 60Y exclud-
ing the primary transfer roller 12Y.

[0069] Specifically, the process unit 95Y includes the
photoconductor drum 2QY, the cleaning unit 40Y, the
charger 30Y, and the developer unit 50Y, which are in-
tegrally formed in the process unit 95Y. The process unit
95Y is therefore detachably attachable to the apparatus
body 99 of the image forming apparatus 100 as a unit
toward a proximal side in FIG. 1.

[0070] In addition, the photoconductor drum 20Y is in-
dependently detachably attachable to the apparatus
body 99 of the image forming apparatus 100 toward the
proximal side in FIG. 1. The process unit 95Y excluding
the photoconductor drum 20Y, that is, the unit including
the cleaning unit40Y, the charger 30Y, and the developer
unit 50Y is to be referred to as a developing unit 70Y.
The developing unit 70Y is detachably attachable to the
apparatus body 99 of the image forming apparatus 100
toward the proximal side in FIG. 1.

[0071] The developer unit 50Y is independently de-
tachably attachable to the apparatus body 99 of the im-
age forming apparatus 100 for replacement of the devel-
oper or the developing agent. Further, the process unit
95Y excluding the developer unit 50Y forms a unit that
includes the photoconductor drum 20Y, the cleaning unit
40Y, and the charger 30Y. This unit is detachably attach-
able to the apparatus body 99 of the image forming ap-
paratus 100 as a unit.

(Basic operation of the image forming apparatus)

[0072] When a signal to form a color image is input to
the thus-constructed image forming apparatus 100, the
drive roller 72 is driven so that the intermediate transfer
belt 11, the transfer entrance roller 73, and the cleaning
opposite roller 74 are driven to rotate as well. Atthe same
time, the photoconductor drum 20Y, 20C, 20M, 20BK,
and 20S are driven to rotate in the B1 direction in FIG. 2.
[0073] The charger roller 31Y uniformly charges the
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surface of the photoconductor drum 20Y while the drum
20Y is rotating in the B1 direction. Then, by exposure of
the scanning laser beams L from the scanner 8, the elec-
trostatic latent image corresponding to yellow color is
formed.

[0074] The electrostatic latent image is rendered visi-
ble by the developer unit 50Y with yellow toner. The pri-
mary transfer roller 12Y primarily transfers the thus-ob-
tained yellow monochrome toner image onto the inter-
mediate transfer belt 11 that moves in the A1 direction.
The foreign objects including residual toner remaining on
the surface of the photoconductor drum 20Y after transfer
are removed by the cleaning unit40Y, so that the cleaned
surface of the photoconductor drum 20Y is ready for a
next discharging and charging by the chargingroller 31Y.
[0075] Other photoconductor drums 20C, 20M, 20Bk,
and 20S form a toner image of each color similarly to the
photoconductor drum 20Y, and the formed monochrome
toner image of each color is sequentially, primarily trans-
ferred on the same position of the intermediate transfer
belt 11 that moves in the A1 direction via the primary
transfer rollers 12C, 12M, 12Bk, and 12S. The toner im-
age superimposed on the intermediate transfer belt 11
moves to the secondary transfer portion 90 disposed op-
posite the secondary transfer roller 5 in accordance with
the rotation of the intermediate transfer belt 11 in the A1
direction, and is secondarily transferred onto the transfer
sheet S in the secondary transfer portion 90.

[0076] The transfer sheet S conveyed from the sheet
feeder 61 by the sheet feed roller 3 is conveyed at a
predetermined timing by the timing roller pair 4 to a por-
tion between the intermediate transfer belt 11 and the
secondary transfer roller 5. The above timing depends
on the detection signal from a sensor to detect that the
leading end of the transfer sheet S reaches the timing
roller pair 4 and a position of the toner image on the in-
termediate transfer belt 11.

[0077] The transfer sheet S carries transferred toner
images of all colors thereon and moves on to the fixing
device 6. When the transfer sheet S passes through the
fixing portion between the fixing roller 62 and the pressure
roller 63, the carried toner image is fixed onto the surface
of the transfer sheet S with heat and pressure, so that a
synthesized color image is formed/fixed on the transfer
sheet S.

[0078] The fixed transfer sheet S passing through the
fixing device 6 is conveyed via the sheet ejection roller
7, and is stacked on the sheet ejection tray 17 disposed
on an upper part of the apparatus body 99. On the other
hand, the intermediate transfer belt 11 after the second-
ary transfer is cleaned by the cleaning brush and the
cleaning blade of the belt cleaner 13 and becomes ready
for the next charging and developing processes.

<Developer unit and toner supply mechanism>

[0079] In the image forming process as described
above, toner of each one of the colors yellow, cyan, ma-
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genta, black, and a special color is consumed in a re-
spective one of the developer units 50Y, 50C, 50M, 50BK,
and 508, respectively. As aresult, the toner supply mech-
anism 80 as illustrated in FIGS. 3A and 5 supplies a pre-
determined, necessary amount of toner from the toner
bottles 9Y, 9C, 9M, 9Bk, and 9S to each of the developer
units 50Y, 50C, 50M, 50Bk, and 50S, respectively.
[0080] The developer units 50Y, 50C, 50M, 50Bk, and
50S cause each color of toner to be charged so as to
develop each electrostatic latent image formed on the
photoconductor drums 20Y, 20C, 20M, 20Bk, and 20S
with each color of toner.

[0081] As to the structure of the developer units 50Y,
50C, 50M, 50Bk, and 50C, one of the developer units
50Y is taken as a representative and will be described.
The other developer units 50C, 50M, 50Bk, and 50S are
structurally the same as the developer unit 50Y, and
therefore redundant description of the other units will be
omitted in the description below.

[0082] As illustrated in FIG. 2, the developer unit 50Y
includes the developingroller51Y, adeveloper case 55Y,
and a developing blade 52Y. The developer case 55Y is
a casing serving as a developer container including an
opening at a portion opposite the photoconductor drum
20Y. The developing blade 52Y regulates a developer or
developing agent deposited on the developing roller 51Y
at a predetermined height.

[0083] The developer unit 50Y is disposed below and
opposite the developer case 55Y and includes a first ton-
er conveyance screw 53Y and a second toner convey-
ance screw 54Y, each serving as a toner conveying part
while circulating the developer or developing agent.
[0084] The second toner conveyance screw 54Y ro-
tates in the same direction associating with the first toner
conveyance screw 53Y via engagement toothed gears
disposed at an end of rotary shafts 83Y and 84Y and idle
gears disposed between both toothed gears.

[0085] The developer unit 50Y furtherincludes a toner
density sensor 92Y to detect density of the toner con-
tained inthe developer case 55Y. Further, means to apply
developing bias having a DC component is disposed.
Furthermore, a drive unit to rotate the first toner convey-
ance screw 53Y and the second toner conveyance screw
54Y in the same direction is disposed.

[0086] The developer unit 50Y performs development
using a two-component developer including non-mag-
netic yellow toner and magnetic carrier particles mainly
formed of iron powder. The developer is contained in the
developer case 55Y.

[0087] The developingroller 51Y is disposed near and
opposite the photoconductor drum 20Y via the opening
of the developer case 55Y. As illustrated in FIG. 2, the
developing roller 51Y includes a developing sleeve 56Y,
which is rotatable, includes a surface to carry the devel-
oper, and has a thin cylinder shape formed of non-mag-
netic aluminum. In addition, a magnet 57Y to generate
magnetic field is disposed inside the developing sleeve
56Y so as to be covered by the developing sleeve 56Y
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so that the developing sleeve 56Y carries the developer.
[0088] Asillustratedin FIG. 2, the developer case 55Y
includes a developer chamber 58Y in which the first toner
conveyance screw 53Y is disposed; and an agitation
chamber 59Y in which the second toner conveyance
screw 54Y is disposed. The developer chamber 58Y and
the agitation chamber 59Y are partitioned by a partition
wall 81Y. The developer case 55Y includes a supply port
91Y. The yellow toner is supplied from the toner bottle
9Y (see FIG. 1) to the supply port 91Y via the toner supply
mechanism 80 as illustrated in FIG. 3A.

[0089] As illustrated in FIGS. 2 and 3A, the first toner
conveyance screw 53Y is disposed opposite the devel-
oping roller 51Y so that the first toner conveyance screw
53Y supplies the developer to the developing roller 51Y,
and therefore, the developer chamber 58Y is positioned
nearer to the developing roller 51Y than the developer
chamber 58Y is.

[0090] The developer case 55Y is virtually illustrated
to have an opening at an upper part thereof to simplify
the description in FIGS. 3A and 3B. In actuality, as illus-
trated in FIG. 2, excluding the opening of the developer
case 55Y through which the developing roller 51Y op-
poses to the photoconductor drum 20Y, the developer
case 55Y is tightly sealed lest the developer leak.
[0091] As illustrated in FIG. 3B or FIG. 3C, the first
toner conveyance screw 53Y and the second toner con-
veyance screw 54Y include a rotary shaft 83Y and a ro-
tary shaft 84Y, respectively, each defines a rotary center.
A screw portion 85Y and a screw portion 86Y each in-
clude a spiral, concave shape and disposed on each of
the rotary shafts.

[0092] The screw portion 85Y and the screw portion
86Y are helical and reversely formed to each other. The
first toner conveyance screw 53Y and the second toner
conveyance screw 54Y are parallel to each other and
with the developing roller 51Y. The toothed gears are
disposed at each end of the rotary shafts 83Y and 84Y
and idle gears are engaged between both toothed gears.
As a result, when one of the rotary shaft 83Y and the
rotary shaft 84Y rotates, the other rotary shaft rotates in
the same direction.

[0093] Furthermore, the drive unit drives to rotate the
rotary shaft 83Y and the rotary shaft 84Y in the same
direction, so that the first toner conveyance screw 53Y
and the second toner conveyance screw 54Y rotate in
the same direction. Via rotation about the rotary shaft
83Y and the rotary shaft 84Y, the screw portion 85Y and
the screw portion 86Y serve to convey the developer in
a direction of the rotary shaft, that is, along the rotary
shaft 83Y and the rotary shaft 84Y.

[0094] More specifically, each of the first and second
toner conveyance screws 53Y, 54Y conveys the devel-
oper in the following direction. The first toner conveyance
screw 53Y conveys the developer in the developer cham-
ber 58Y in a distal side in FIG. 2 and leftward in FIG. 3B,
which is referred to as a first direction. The second toner
conveyance screw 54Y conveys the developer in the ag-
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itation chamber 59Y toward a proximal side in FIG. 2 and
rightward in FIG. 3B, which is referred to as a second
direction.

[0095] Although the developer chamber 58Y and the
agitation chamber 59Y are partitioned by the partition
wall 81Y, there are spaces at both lateral ends of the
partition wall 81Y inside a side wall of the developer case
55Y, sothatthe developer chamber 58Y and the agitation
chamber 59Y are communicated in those spaces.
[0096] As a result, the developer moves from the de-
veloper chamber 58Y to the agitation chamber 59Y and
from the agitation chamber 59Y to the developer cham-
ber 58Y in the communicating spaces due to the rotation
of the first and second toner conveyance screws 53Y,
54Y. With this structure, the developer is circulated and
conveyed constantly in a counterclockwise direction in
the developer chamber 58Y and the agitation chamber
59Y as illustrated in FIG. 3B.

[0097] The developer chamber 58Y forms a first sec-
tion in which the developer is supplied to the developing
roller 51Y while being conveyed in the first direction. The
agitation chamber 59Y forms a second section in which
the developer is conveyed from the developer chamber
58Y. The agitation chamber 59Y also serves as a third
section in which the developer is conveyed in the second
direction and is replenished to the developer chamber
58Y.

[0098] The second section and the third section form
acommon space as the agitation chamber 59Y; however,
these sections may be disposed separately as long as
the developer can be circulated. The first direction and
the second direction are parallel to each other in the
present embodiment; however, they may not be in par-
allel in a case, for example, where the second section
and the third section each are formed as separate spaces
and are bent.

[0099] Thedrive unitenablestochange eachrotational
speed of the first toner conveyance screw 53Y and the
second toner conveyance screw 54Y via the control of a
controller, so thatthe conveyance speed of the developer
can be changed by changing the rotational speed of the
first toner conveyance screw 53Y and the second toner
conveyance screw 54Y.

[0100] The toner density sensor 92Y detects magnetic
permeability of the developer inside the developer case
55Y and obtains the density of the toner contained in the
developer by correlating the detected permeability value
to toner density. The toner density sensor 92Y is dis-
posed below the second toner conveyance screw 54Y.
Alternatively, as will be described later, the toner density
sensor 92Y may be disposed below the first toner con-
veyance screw 53Y, and the density of the toner may be
obtained by detecting the density of toner included in the
developer upon the developer falls from the developing
roller 51Y.

[0101] The toner supply mechanism 80 includes a ton-
er conveyance screw 136 and a motor M3 as will be de-
scribed later referring to FIG. 5. The motor M3 is driven
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to rotate a coil when it is determined that the density of
the toner is low from the detection by the toner density
sensor 92Y detecting that the density of the toner includ-
ed in the developer inside the developer case 55Y is re-
duced to a value less than the predetermined value of
the density. With this, a predetermined amount of yellow
tonerisreplenishedtothe developerinside the developer
unit 50Y from the toner bottle 9Y via the supply port 91Y.
[0102] The tonerreplenished inside the developer unit
50Y via the supply port 91Y falls on the second toner
conveyance screw 54Y inside the agitation chamber 59Y
as the second section. Specifically, the supply port 91Y
is disposed at a position to supply toner to the second
toner conveyance screw 54Y.

[0103] The yellow toner replenished from the supply
port 91Y is agitated and mixed with the developer by the
first toner conveyance screw 53Y and the second toner
conveyance screw 54Y, so that the agitated and mixed
developer is supplied to the developing roller 51Y.
[0104] Because agitation and mixture of the developer
with the newly replenished toner is performed mainly in
the agitation chamber 59Y as the second section, the
agitation chamber 59Y as the second section serves as
atoner density adjustment space. The newly replenished
toner receives, during agitation and mixture, electrical
charging by friction between toner particles and between
the toner and the carrier particles. The toner is then elec-
trically charged.

[0105] The first toner conveyance screw 53Y and the
second toner conveyance screw 54Y each serve as a
developer agitator to agitate the developer inside the de-
veloper case 55Y. When the developer moves along the
screw portions 85Y, 86Y, the developer is agitated ver-
tically, so that the agitation effect is obtained.

[0106] In the developer unit 50Y, the developer inside
the developer chamber 58Y is carried on the developing
sleeve 56Y in an ears form due to the magnetic force of
the magnet 57Y The developing roller 51Y serves as a
developer carrier to carry the developer stored inside the
developercase 55Y. The carried amountof the developer
by the developing sleeve 56Y is regulated by the devel-
oping blade 52Y.

[0107] The layered developer with a regulated amount
carried on the developing sleeve 56Y is conveyed to a
development areabetween the developingroller51Y and
the photoconductor drum 20Y according to the rotation
of the developing sleeve 56Y in a direction indicated by
an arrow C 1.

[0108] The yellow toner charged by agitation of the first
toner conveyance screw 53Y and the second toner con-
veyance screw 54Y included in the developer electro-
statically transfers onto the electrostatic latent image
formed on the surface of the photoconductor drum 20Y
by the effect of the developing bias of the bias applicator,
so that the electrostatic latent image is rendered visible
as a yellow toner image.

[0109] Thus, by developing the electrostatic latent im-
age on the surface of the photoconductor drum 20Y, the
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yellow toner is consumed. The developer of which the
density of the yellow toner is reduced is further conveyed
by the rotation of the developing sleeve 56Y in the C1
direction, separates from the surface of the developing
sleeve 56Y at a part with less magnetic force and falls,
and is mixed and agitated with other developer.

[0110] In the present embodiment, the bias applicator
is configured to impress the developing bias ofa DC com-
ponent; however, the developing bias may be formed of
an AC component, and alternatively, the DC component
with the AC component superimposed can be employed.
[0111] As described heretofore, the developer is agi-
tated to electrically charge the toner included in the de-
veloper; however, the toner is gradually degraded
through agitation. On the other hand, when an image
having a low image area ratio is printed continuously, the
toner tends to be degraded before being consumed, flu-
idity of the toner reduces, the toner accumulates without
being agitated, and the developing property is degraded
because such an image does not consume a lot of toner.
[0112] Then, the developer units 50Y, 50C, 50M, and
50Bk are configured to detect reduction of fluidity of the
developer by the accumulation. When the accumulation
is detected, the density of the toner included in the de-
veloper is adjusted, so that the inconvenience is prevent-
ed or restricted. Means and structure for detecting the
accumulation are disposed to each developer unit 50V,
50C, 50M, and 50Bk in the similar manner.

<Drive coupling of the apparatus body side>

[0113] As illustrated in FIGS. 4A and 4B, an end plate
93a is disposed at the apparatus body 99 of the image
forming apparatus 100, to which the process unit 95Y for
drive coupling of the apparatus body 99 of the image
forming apparatus 100 is attached. The end plate 93a is
positioned at a distal side in an inserting direction of the
process unit 95Y when inserted in the apparatus body
99 of the image forming apparatus 100. The drive cou-
pling to drive each rotary shaft of the photoconductor
drum 20Y, the cleaning unit 40Y, the charger 30Y, and
the developer unit 50Y that are disposed in the process
unit 95Y protrudes from the end plate 93a.

[0114] Hereinafter, thedrive coupling to drive the rotary
shaft of the developer unit 50Y, which corresponds to the
unit excluding the photoconductor drum 20Y from the
process unit 95Y, will be explained.

[0115] As illustrated in FIG. 4B, a support plate 93b is
disposed outboard of the end plate 93a, and a rotary
shaft 96 to drive the second toner conveyance screw 54Y
of the developer unit 50Y is held by the support plate
93b. The rotary shaft 96 is driven by a drive motor dis-
posed at a rear side of the end plate 93a to the apparatus
body 99. The drive motor can be implemented as a step-
ping motor in addition to the normal general purpose mo-
tors.

[0116] A drive coupling 87 is disposed at an end of the
rotary shaft 96. The drive coupling 87 rotates together
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with a fan-shaped feeler 101 attached to the rotary shaft
96. An optical sensor 102 is so disposed as to straddle
the feeler 101, so that the optical sensor 102 detects
absence and presence of the feeler 101 through detect-
ing light transmission and blocking, respectively.

[0117] As illustrated in FIG. 4C, the drive coupling 87
includes a tripod-shaped female part formed inside an
inner periphery of a cylindrical body with spacings pro-
vided atintervals of 120 degrees (6 = 120 degrees), serv-
ing as a connection concave portion. In addition, as illus-
trated in FIG. 4D, a driven coupling 88 disposed at the
apparatus body 99 of the image forming apparatus 100
includes a tripod-shaped male part formed around the
rotary shaft with projections provided at intervals of 120
degrees (6 = 120 degrees), serving as a connection con-
vex portion. When the developer unit 50Y is mounted to
the apparatus body 99 of the image forming apparatus
100, the female part of the drive coupling 87 detachably
engages the male part of the driven coupling 88.
[0118] The aforementioned shape of the couplingis an
example, and the shape is not limited to the above ex-
ample. Instead, any coupling shape and joint shape can
be employed so long as those shapes can transmit a
rotary drive force appropriately.

[0119] The home position of the drive coupling 87 is
not limited to a particular point in the rotary direction of
360 degrees as a rotation stop position. Specifically,
when the drive coupling 87 has a shape repeating in the
peripheral direction at intervals of 120 degrees, each of
three particular points with intervals of 120 degrees can
be made a rotation stop position.

<Toner supply mechanism>

[0120] As illustrated in FIGS. 1 and 5, toner bottles 9Y,
9C, 9M, 9Bk, and 9S are disposed upstream of the toner
supply mechanism 80 and inside the apparatus body 99
of the image forming apparatus 100. FIG. 5 illustrates
the toner supply mechanism 80 in which special color
toner is supplied from the special color toner bottle 9S;
however, toner of the other colors can be supplied from
the Y, C, M, and Bk toner bottles in the same manner.
[0121] The special color toner bottle 9S is horizontally
disposed at a predetermined position in an upper portion
of the apparatus body 99. The special color toner bottle
9S is horizontally disposed detachably attachable to the
apparatus body 99 in a direction as indicated by a double-
headed arrow in FIG. 5. A bottle drive motor M1 is de-
tachably coupled to a bottom side surface of the special
color toner bottle 9S.

[0122] A diaphragm pump P is a type of powder air
pump and is disposed apart from the special color toner
bottle 9S. The special color toner bottle 9S and the dia-
phragm pump P are connected via a toner conveyance
tube 94. One end of the toner conveyance tube 94 is
connected to an outlet of the special color toner bottle
9S. The other end of the toner conveyance tube 94 is
connected to a suction port P1 of the diaphragm pump P.
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[0123] A diaphragm pump drive motor M2 is disposed
on the diaphragm pump P. The diaphragm pump P in-
cludes an eccentric shaft mounted to a rotary shaft of the
diaphragm pump drive motor M2. Via the rotation of the
eccentric shaft, the diaphragm inside the diaphragm
pump P is bent and deformed repeatedly, so that an in-
ternal cubic volume of the diaphragm pump P is in-
creased or decreased.

[0124] With this structure, the special color toner is
moved from the suction port P1 of the diaphragm pump
P to an outlet P2. Alternatively, the diaphragm pump P
may be implemented as other pumps that can vacuum
up powdery objects, such as a Mono pump, a suction
type, single-axis eccentric screw pump, and the like.
[0125] A sub-hopper 120 that extends horizontally is
disposed below the diaphragm pump P. An inlet 120a
formed on an upper part of the sub-hopper 120 is con-
nected to the outlet P2 of the diaphragm pump P. An
outlet 120b formed on a bottom part of the sub-hopper
120 is connected to the developer unit 50S. A toner end
sensor 137 is disposed on a wall surface of the sub-hop-
per 120.

[0126] Thetonerconveyance screw 136 is horizontally
disposed inside the sub-hopper 120. The toner convey-
ance screw 136 is driven by the motor M3. A clutch CL,
gears 130 to 133, and a rotary shaft 140 are disposed
between the sub-hopper 120 and the motor M3. The ro-
tational force of the motor M3 is sequentially transmitted
from the gear 130, to the gear 131, rotary shaft 140, gear
132, gear 133, and to the clutch CL in this order.
[0127] Upon the toner end sensor 137 detecting drop-
ping of the level of toner, the diaphragm pump drive motor
M2 is driven to supply special color toner to the sub-
hopper 120. Upon the clutch CL being connected, the
toner conveyance screw 136 of the sub-hopper 120 is
rotated. When the toner conveyance screw 136 rotates,
the special color developer unit 50S is replenished from
the outlet 120b with the special color toner. When the
clutch CL is disengaged, the toner conveyance screw
136 stops rotating. When the toner conveyance screw
136 stops rotating, replenishment of the special color de-
veloper unit 50S with the special color toner is suspend-
ed.

[0128] The special color developer unit 50S is detach-
ably attachable to the apparatus body 99 in the horizontal
direction as indicated by the double-headed arrow as il-
lustrated in FIG. 5. The horizontal direction corresponds
to an axial direction of the rotary axis of the special color
developer unit 50S, that is, the rotary axis of the rotary
shaft 83Y, the rotary shaft 84Y, and the developing roller
51Y. The drive coupling 87 rotatably disposed on the side
of the apparatus body 99 is driven by a motor M4 via
gears 134, 135.

[0129] The special color developer unit 50S is more
frequently replaced than the other developer units. As a
result, the special color developer unit 50S is more fre-
quently damaged or broken due to the replacement than
the other developer units are. However, according to the
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embodiments of the present invention, possible damag-
es and failure of the drive coupling 87 and the driven
coupling 88 due to the replacement of the special color
developer unit 50S can be reduced.

<Controller>

[0130] FIG. 7 is a block diagram of the controller 110
of the image forming apparatus 100. The controller 110
is constructed of a CPU, a RAM, and a ROM. The image
forming units 60Y, 60M, 60C, 60Bk, and 60S, motors M1
to M6, the clutch CL, the scanner 8, the transfer belt unit
10, a temperature and humidity sensor 103, the optical
sensor 102, and the like, are electrically connected to the
controller 110. Then, the controller 110 controls those
various parts and components based on a control pro-
gram stored in the ROM and executed in the RAM.
[0131] Among the motors M1 to M6, the motors M1 to
M4 are illustrated in FIG. 5. The motor M4 drives the
image forming unit 60S, and the drive roller 72 of the
intermediate transfer belt 11. The motor M5 drives four
image forming units 60Y, 60C, 60M, and 60Bk. The motor
M6 drives a sheet feed roller 3 and the fixing roller 62.
Thus, by decreasing the number of motors, the image
forming apparatus 100 can be made compact and a low
production cost is realized.

[0132] The controller 110 controls image forming con-
ditions to form an acceptable image. Specifically, the con-
troller 110 causes each charged member in each of the
image forming units 60 to be applied with the charging
bias individually. With this structure, each charged mem-
ber is uniformly charged to a predetermined proper elec-
trical potential for each photoconductor drum 20.
[0133] Further, the controller 110 enables the power
of five semiconductor lasers of the scanner 8 correspond-
ing to each of the image forming units 60 to be controlled
individually.

[0134] Furthermore, the controller 110 causes the de-
veloping bias with a predetermined bias amount for each
developing roller of the colors of Y, C, M, Bk, and S to
be applied to each developing roller of the image forming
units 60. With such a control, a developing potential to
electrostatically move the toner from the surface of the
sleeve to the side of the photoconductor drum 20 is ap-
plied between the electrostatic latent image on the pho-
toconductor drum 20 and the developing roller 51, there-
by developing the electrostatic latent image.

[0135] In addition, the controller 110 performs a proc-
ess control to optimize a density of toner of each color
properly at a time of power-on or when a predetermined
number of prints are formed.

<Replacement of special color toner>

[0136] FIG. 8is aflowchart of an example of a replace-
ment of the special color toner. The present replacement
operation shows an example to replace the clear toner
currently used with a white toner. First, in addition to the
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four colors of Y, M, C, and Bk, the clear toner has been
used (in Step S11).

[0137] From the above state, in order to use the white
toner, the toner bottle of the clear toner needs to be re-
placed with a toner bottle of the white toner, and the de-
veloper unit of the clear toner needs to be replaced with
the developer unit of the white toner. Further, the residual
clear toner remaining in the toner conveyance tube 94,
the diaphragm pump P, and the sub-hopper 120 needs
to be discharged.

[0138] Therefore, with the toner bottle 9S of the clear
toner removed, the diaphragm pump P is driven, so that
the residual clear toner is collected in the developer unit
508 of the clear toner (S12).

[0139] When all the residual clear toner is collected in
the developer unit 50S of the clear toner, the developer
unit 50S is removed and the developer unit of the white
toner is attached. In addition, in place of the toner bottle
9S of the clear toner, the toner bottle of white color is
attached (S13).

[0140] When the developer unit of white color is at-
tached, the drive coupling 87 of the side of the apparatus
body 99 and the driven coupling 88 of the developer unit
of white color are engaged in the axial direction (S14).
As will be described later, the rotation stop position of
the motor M4, the drive means of the side of the apparatus
body 99, is controlled, so that the drive coupling 87 of
the apparatus body 99 can stop rotating at a predeter-
mined home position. With this control, the driven cou-
pling 88 of the developer unit of white color is smoothly
engaged with the drive coupling 87.

[0141] The rotation position of the driven coupling 88
of a new developer unit of white color is factory-adjusted
to align with the home position of the drive coupling 87
of the apparatus body.

<Toner ejection mode>

[0142] When the developer unit 50S of clear toner is
attached again after use of the developer unit 50S of
white color, after removing the toner bottle of white toner,
atonerejection mode is performed (S15). Then, the toner
bottle 9S of the clear toner is reattached, and the devel-
oper unit of white toner is replaced with the developer
unit of clear toner (S16, S17).

[0143] The toner ejection mode is for the purpose of
discharging the toner inside the toner supply mechanism
80 and can be initiated by operation of a control panel
160 as illustrated in FIG. 6. The control panel 160 is dis-
posed at an operable position on top of the apparatus
body 99 of the image forming apparatus 100.

[0144] The control panel 160 includes a keyboard 161
including a plurality of keys or buttons for inputting de-
sired operations and instructions and a display panel 162
including a liquid crystal display panel to show status and
data settings of the image forming apparatus. A toner
ejection mode button 163 is disposed adjacent to the
keyboard 161. When a user presses the toner ejection

10

15

20

25

30

35

40

45

50

55

12

mode button 163, the toner ejection mode starts.
[0145] Asillustrated in FIG. 9, the diaphragm pump P
is driven at a high rotation speed in the toner ejection
mode (S21), and the residual toner of special color re-
maining in the toner conveyance tube 94 is introduced
to the sub-hopper 120 via the diaphragm pump P (S22).
In addition, the toner conveyance screw 136 of the sub-
hopper 120, and the first toner conveyance screw 53 and
the second toner conveyance screw 54 of the developer
unit 50 are driven, so that the residual toner inside the
sub-hopper 120 is taken in the developer unit 50 (S23).
[0146] Inthe toner ejection mode, asillustrated in FIG.
10, a waste toner motor, a waste toner bottle motor, the
motor M4, the motor M3, and the clutch CL are turned
on (S31). The waste toner motor and the waste toner
bottle motor are not shown in the figure; however, they
are attached to the apparatus body. The above motors
are driven for a predetermined time period, and discharg-
ing of the residual toner inside the toner supply mecha-
nism 80 is complete (S32). Thereafter, the waste toner
motor, the waste toner bottle motor, the motor M3, and
the clutch CL are turned off (S33).

[0147] The developing motor M4 stops via the devel-
oping motor home position stop control, at a predeter-
mined rotational position or the home position (S34). With
the above control, the drive coupling 87 of the apparatus
body side stops at a rotation position of the home position
(S35).

[0148] The rotational speed or a decelerating speed of
the drive coupling 87 before the rotation stop is preferably
small so as to stop the drive coupling 87 at a home po-
sition without any positional error. However, if the rota-
tional speed or the decelerating speed is too slow, it takes
too long before the drive coupling 87 stops. Accordingly,
the drive coupling 87 is preferably stopped at the home
position at the proper rotational speed or decelerating
speed.

[0149] The rotational speed or the decelerated speed
at the home position is at least less than the rotational
speed or the decelerating speed when the drive coupling
87 stops in the mode other than the toner ejection mode.
Toreduce the rotational speed or the decelerating speed,
the rotation speed of the developing motor M4 is reduced
before or after the completion of toner ejection mode.
The deceleration control is performed by the controller
110.

[0150] With the above control, the drive coupling 87
rotates at a relatively low rotation speed in the developing
motor home position stop control. As a result, the decel-
erating speed of the drive coupling 87 when stop rotating
is reduced, so that the rotation stop position or the home
position does not vary so much. Thus, even when the
developer unitas adriven member is replaced, possibility
of abutting of the engagement parts of the couplings dras-
tically reduces.
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<Home position stop control of the developing motor>

[0151] FIG. 11 is a flowchart of rotation stop position
control of the drive coupling 87 via the developing motor
M4 in the toner ejection mode.

[0152] In the toner ejection mode, when the 5St devel-
oping motor M4 is driven, the home position stop control
of the 5St developing motor M4 is started (in Step S41).
[0153] In the toner ejection mode, there is a greater
possibility that the developer unit 50 is replaced with an-
other developer unit50. By contrast, in amode other than
the toner ejection mode, although the developer unit 50
is once removed, there is a stronger possibility that the
same developer unit 50 is reattached.

[0154] Then, in the toner ejection mode, only when the
developerunit 50 is detached, the drive coupling 87 stops
rotating at the home position. When the developer cou-
pling 87 stops at the home position, it takes time. The
standby time in a mode other than the toner ejection
mode can be reduced by the following method.

[0155] In a mode other than the toner ejection mode
(or the non-toner ejection mode), the developer unit 50
once removed is again reattached in many cases. The
once-removed developer unit 50 retains the same phase
as that of the rotation position of the driving axis of the
side of the apparatus body, so that, even though reat-
tached without the home position stop control, the cou-
plings do not interfere with respect to the axial direction.
[0156] Accordingly, inthe non-toner ejection mode, the
developing motor is swiftly stopped at an arbitrary rota-
tion stop position, and the developer unit is reattached.
With this control, the developer unit is smoothly reat-
tached in short orderand engaged via each coupling with-
out any damage or failure of the couplings.

[0157] Asdescribed above, after starting the home po-
sition stop control of the 5St developing motor M4 in Step
S41, itis determined whether two seconds have elapsed
in S42. The time to start measuring these two seconds
is when a predetermined part in the circumferential di-
rection of the drive coupling 87 passes a predetermined
position of the side of the apparatus body 99.

[0158] Thistime can be detected by the feeler 101 and
the optical sensor 102. The drive coupling 87 rotates and
reaches a predetermined home position in two seconds.
If it is determined that two seconds have elapsed, in Step
S43, itis determined whether the optical sensor 102 that
detects the home position of the 5St drive coupling 87
detects "absence" of the feeler 101 and then, "presence"
of the feeler 101.

[0159] The detection of the arrival at the home position
may be performed by measuring a rotation speed of the
developing motor M4 instead of measuring the time pe-
riod of 2 seconds. Further, when the drive coupling 87 is
driven by a stepping motor, the drive coupling 87 is con-
figured to stop at a predetermined number of steps (for
example, ten steps) after the optical sensor 102 detects
"presence" of the feeler 101 after having detected "ab-
sence" of the feeler 101. With the above control, the drive
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coupling 87 can stop at the home position more precisely.
[0160] When it is detected that the feeler 101 is
present, it is determined that the home position is detect-
ed successfully (S46). Then, the 5St developing motor
M4 is controlled to be turned off (S47).

[0161] In Step S43, if it is detected that the feeler is
absent, it is detected whether or not three seconds have
elapsed (S44). If three seconds elapsed (Yes in S44), it
is determined that the home position detection is failed
(S45). Thereafter, the 5St developing motor M4 is con-
trolled to be turned off (S47).

[0162] In the toner ejection mode of the toner supply
mechanism 80, toner is discharged to the developer unit
and reused, so that the toner discharged in the replace-
ment operation is not wasted and the toner can be recy-
cled.

[0163] The present invention is not limited to the em-
bodiments described heretofore, and can be applied to
other embodiments by modification in various forms. For
example, the driven member is defined as the special
color developer unit in the present embodiment; howev-
er, the driven member may be other developer unit for
any color other than the special color. For example, the
present exemplary embodiment can be applied to each
ofthe Y, C, M, and Bk developer units detachably attach-
able to the apparatus body, or alternatively, to the toner
container detachably attachable to the apparatus body.
[0164] In addition, the developer unit as a driven mem-
ber is configured to detachably attachable to the appa-
ratus body of the image forming apparatus in the axial
direction of the developer unit; however, the driven mem-
ber or the developer unit can be configured to detachably
attachable to the apparatus body in the orthogonal direc-
tion relative to the axial direction. In either case, the con-
troller controls the drive coupling to the side of the appa-
ratus body to stop rotating at a predetermined rotation
stop position or the home position, attachment/detach-
ment of the couplings between the drive side and the
driven side can be optimally performed even in the re-
placement of the driven member.

Claims

1. An electrophotographic image forming apparatus
(100), comprising:

an apparatus body (99);

a drive coupling (87) disposed in the apparatus
body (99) of the image forming apparatus (100);
adrive unit (M4) to rotate the drive coupling (87);
a controller (110) to control the drive unit (M4);
at least one driven member (50);

a developer unit (50) detachably attachable to
the apparatus body (99) of the image forming
apparatus (100);

a driven coupling (88) connected to the driven
member (50); and
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a toner supply unit (80) to supply toner or devel-
oper to the developer unit (50), wherein:

when the developer unit (50) is attached to
the apparatus body (99) of the image form-
ing apparatus (100), the driven coupling
(88) engages the drive coupling (87) and
the driven member (50) is driven by the drive
unit (M4);

the image forming apparatus (100) includes
atoner ejection mode to discharge the toner
contained inside the toner supply unit (80);
the controller (110) controls the drive unit
(M4) to cause the drive coupling (87) to stop
at a predetermined rotation stop position in
the toner ejection mode; and

in a mode other than the toner ejection
mode, the controller (110) controls the drive
unit (M4) to cause the drive coupling (87) to
stop at a predetermined rotation stop posi-
tion immediately when the drive coupling
(87) is rotating.

The image forming apparatus (100) as claimed in
claim 1, wherein, in the toner ejection mode, the con-
troller (110) reduces a speed of the drive coupling
(87) to stop at the predetermined rotation stop posi-
tion below a speed of the drive unit (M4) to stop in a
mode other than the toner ejection mode.

The image forming apparatus (100) as claimed in
claim 1, wherein a direction of detachment of the
developer unit (50) from the apparatus body (99) of
the image forming apparatus (100) is along an axial
direction of a rotary shaft (83Y, 84Y) of the driven
member (50).

The image forming apparatus (100) as claimed in
claim 1, wherein a direction of detachment of the
developer unit (50) from the apparatus body (99) of
the image forming apparatus (100) is orthogonal to
an axial direction of a rotary shaft (83Y, 84Y) of the
driven member (50).

The image forming apparatus (100) as claimed in
claim 1, further comprising a toner conveyance
screw (53Y, 54Y) in the developer unit (50),
wherein the driven coupling (88) is connected to the
toner conveyance screw.

The image forming apparatus (100) as claimed in
claim 5, wherein the developer unit (50) is a special
developer unit (50S) for white toner or transparent
toner.

The image forming apparatus (100) as claimed in
claim 6, comprising at least five image forming units
(60) each comprising an image carrier (20) and a
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developer unit (50).
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FIG. 2
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FIG. 3B
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