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Description

[0001] The present invention relates to a belt-convey-
ance control device, an image forming apparatus, a belt-
conveyance control method, and a computer program
product for controlling belt conveyance.

[0002] A typical image forming apparatus includes a
belt conveying device such as a transfer belt, a photo-
sensitive belt, or a sheet conveying belt. Driving such
belts at a constant speed is necessary for obtaining im-
ages with high quality. For example, technologies are
disclosed in Japanese Patent Application Laid-open No.
S62-242965 and Japanese Patent Application Laid-open
No. 2004-187413 to achieve a constant speed driving of
the belt.

[0003] The technology disclosed in Japanese Patent
Application Laid-open No. S62-2419651 is to drive a belt
that is supported by a drive shaft and a driven shaft at a
constant speed by attaching an encoder for measure-
ment to a driven roller and performing a feedback control
based on information output from the encoder. Moreover,
the technology disclosed in Japanese Patent Application
Laid-open No. 2004-187413 is aimed at obtaining a drive
control system with high accuracy, specially, by using a
pulse motor. The belt conveying device in Japanese Pat-
ent Application Laid-open No. 2004-187413 includes a
belt supported by a drive shaft and a driven shaft, and a
power transmission system such as a pulse motortodrive
the drive shaft to rotate, in which the drive shaft is driven
to rotate by inputting driving pulses to the pulse motor
thereby driving the belt at a constant speed. Specifically,
in the belt conveying device, an angular displacement
detecting unit is provided to the driven shaft, and a feed-
back system is formed to calculate a motor driving cor-
rection pulse frequency based on the difference between
a target angular displacement of the driven shaft and a
detected angular displacement, and the pulse motor is
driven with a frequency that is obtained by adding the
motor driving correction pulse frequency to a reference
driving pulse frequency.

[0004] Both of the above technologies can cause the
belt to drive at a constant speed. However, if the driven
roller to which the encoder is attached is deflected, fluc-
tuation component of the driven roller in one rotation oc-
curs depending upon the amount of deflection of the driv-
en roller.

[0005] A technology to solve the above problem is dis-
closed, for example, in Japanese Patent Application
Laid-open No. 2000-047547, in which an outer diameter
of a driven roller is an integral multiple or an inverse of
an integral multiple of that of the drive roller to separate
rotation frequencies of both rollers, and only the deflec-
tion component of the driven roller is canceled.

[0006] Furthermore, a technology disclosed in Japa-
nese Patent Application Laid-open No. 2001-66909 is
also known, in which a belt is supported by a driven roller
and a drive roller, an encoder is attached to the driven
roller to detect fluctuation of the drive roller in one rotation,

10

15

20

25

30

35

40

45

50

55

and the belt is controlled by open control.

[0007] However, in the technology disclosed in Japa-
nese Patent Application Laid-open No. 2000-047547,
there is a limitation in layout of the driven roller and a
drive roller, so that apparatuses capable of employing
this technology are limited. In the technology disclosed
in Japanese Patent Application Laid-open No.
2001-66909, a correction value is measured by the en-
coder attached to the driven roller, however, there is no
description about deflection of the encoder. Moreover,
because the feedback control is not performed, fluctua-
tion of other components cannot be controlled. There-
fore, driving the belt with high accuracy is difficult as a
whole.

[0008] Itis an object of the present invention to at least
partially solve the problems in the conventional technol-
ogy.

[0009] According to an aspect of the presentinvention,

there is provided a belt-conveyance control device that
includes a belt that is supported by a drive roller and a
driven roller, a pulse motor that drives the drive roller,
and a first encoder that is attached to the driven roller to
detect a displacement of the belt. The belt-conveyance
control device controls a conveying speed of the belt.
The belt-conveyance control device further includes a
control unit that calculates a difference between the dis-
placement detected by the first encoder and a predeter-
mined target value, calculates a pulse frequency of a
driving pulse signal for driving the pulse motor based on
a feedback control based on the difference and a feed-
forward control based on a reference driving pulse fre-
quency, sets a control range of the feedback control to
be equal to or smaller than a frequency of one rotation
of the drivenroller, and controls driving of the pulse motor
such that the belt moves at a constant speed.

[0010] Furthermore, according to another aspect of the
present invention, there is provided an image forming
apparatus including a belt-conveyance control device ac-
cording to the present invention.

[0011] Moreover, according to still another aspect of
the present invention, there is provided a method of con-
trolling a conveying speed of a belt in a belt-conveyance
control device that includes the belt that is supported by
adriveroller and a driven roller, a pulse motor that drives
the drive roller, and an encoder that is attached to the
driven roller to detect a displacement of the belt. The
method includes calculating a difference between the dis-
placement detected by the encoder and a predetermined
target value; calculating a pulse frequency of a driving
pulse signal for driving the pulse motor based on a feed-
back control based on the difference and a feed-forward
control based on a reference driving pulse frequency;
setting a control range of the feedback control to be equal
to or smallerthan a frequency of one rotation of the driven
roller; and controlling driving of the pulse motor such that
the belt moves at a constant speed.

[0012] Furthermore, according to still another aspect
of the present invention, there is provided a computer
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program product including a computer-usable medium
having computer-readable program codes embodied in
the medium for controlling a conveying speed of a belt
in a belt-conveyance control device that includes the belt
that is supported by a drive roller and a driven roller, a
pulse motor that drives the drive roller, and an encoder
that is attached to the driven roller to detect a displace-
ment of the belt. The program codes when executed
cause a computer to execute calculating a difference be-
tween the displacement detected by the encoder and a
predetermined target value; calculating a pulse frequen-
cy of a driving pulse signal for driving the pulse motor
based on a feedback control based on the difference and
afeed-forward control based on a reference driving pulse
frequency; setting a control range of the feedback control
to be equal to or smaller than a frequency of one rotation
of the driven roller; and controlling driving of the pulse
motor such that the belt moves at a constant speed.
[0013] The above and other objects, features, advan-
tages and technical and industrial significance of this in-
vention will be better understood by reading the following
detailed description of presently preferred embodiments
of the invention, when considered in connection with the
accompanying drawings, in which:

Fig. 1 is a perspective view of a belt-conveyance
control device according to a first embodiment of the
present invention;

Fig. 2 is a block diagram of a hardware configuration
of a control system for a pulse motor and a control
target thereof in the belt-conveyance control device;
Fig. 3 is a block diagram of the belt-conveyance con-
trol device for performing a belt-conveyance control
method according to the first embodiment;

Fig. 4 is an open loop transfer function from Ref to
P shown in Fig. 3;

Fig. 5 is a perspective view of a belt-conveyance
control device according to a second embodiment
of the present invention;

Fig. 6 is a block diagram of a hardware configuration
of a control system for a pulse motor and a control
target thereof in the belt-conveyance control device;
Fig. 7 is a block diagram of the belt-conveyance con-
trol device for performing a belt-conveyance control
method according to the second embodiment;
Figs. 8A to 8C are waveform diagrams representing
aresult of measurementin a case where two periods
of a signal in one rotation of a drive roller correspond
to a transmission error period of a drive system in
the belt-conveyance.control device;

Fig. 9 is a waveform diagram representing a correc-
tion pulse frequency for canceling fluctuation shown
in Fig. 8C;

Fig. 10is ablock diagram of a hardware configuration
of a control system for a pulse motor and a control
target thereof in a belt-conveyance control device
according to a third embodiment;

Figs. 11A to 11C are waveform diagrams represent-
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ing a result of measurement in a case where two
periods of a signal in one rotation of a drive roller
correspond to a transmission error period of a drive
system in the belt-conveyance control device;

Fig. 12 is a waveform diagram representing a cor-
rection pulse frequency for canceling fluctuation
shown in Fig. 10C;

Fig. 13 is a schematic diagram of a color copier as
an image forming apparatus according to a fourth
embodiment of the present invention;

Fig. 14 is a schematic diagram of a color copier as
an image forming apparatus according to a fifth em-
bodiment of the present invention;

Fig. 15is aschematic diagram of atandem-type elec-
trophotographic color laser printer using a direct
transfer method as an image forming apparatus ac-
cording to a sixth embodiment of the present inven-
tion;

Fig. 16 is a schematic diagram of a transfer unit
shown in Fig. 15;

Fig. 17 is aschematic diagram of atandem-type elec-
trophotographic color copier using an indirect trans-
fermethod as animage forming apparatus according
to a seventh embodiment; and

Fig. 18 is a perspective view of a personal computer
that can be used to execute drive control in each of
the embodiments.

[0014] Exemplary embodiments of the present inven-
tion are explained in detail below with reference to the
accompanying drawings.

[0015] Fig. 1 is a perspective view of a belt-convey-
ance control device as a belt device according to a first
embodiment of the present invention, in which a pulse
motor 11 as a rotation drive source is controlled to be
driven so that an endless belt 30 that is supported by a
drive roller 31, and a plurality of driven rollers 32, 33, 34,
35, and 36 moves at a predetermined constant speed. A
rotational torque (a driving force) of the pulse motor 11
is transmitted to a drive shaft 39 of the drive roller 31 via
a reduction system such as a timing belt 37 and a driven
pulley 38 constituting a power transmission system. The
belt 30 starts to move when the rotational torque of the
pulse motor 11 is transmitted to the drive roller 31. In the
present embodiment, angular displacement of the driven
roller 32 is detected by a unit that includes an encoder
18. The encoder 18 is attached to a driven shaft 40 of
the driven roller 32 via a coupling (not shown).

[0016] Fig. 2 is a block diagram of a hardware config-
uration of a control system for the pulse motor 11 and a
control target thereof. The control system digitally con-
trols the angular displacement of the pulse motor 11
based on a signal output from the encoder 18.

[0017] The control system includes a microcomputer
21,abus 22, an instruction output unit 23, a motor driving
interface (I/F) 24, a motor driving unit 25, and a detection
I/F 26. The microcomputer 21 includes a microprocessor
21a, a read only memory (ROM) 21b, and a random ac-
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cess memory (RAM) 21c. The microprocessor 21a exe-
cutes programs stored in the ROM 21b using the RAM
21c as a work area. The microprocessor 21a, the ROM
21b, the RAM 21c¢, and the like are connected to one
another via the bus 22.

[0018] The instruction output unit 23 outputs an in-
struction signal instructing a driving frequency of a driving
pulse signal for the pulse motor 11. The instruction output
unit 23 is also connected to the bus 22 on its output side.
[0019] The detection I/F 26 processes pulses output
from the encoder 18 to convert them to a digital value.
The detection I/F 26 includes a counter for counting the
number of pulses output from the encoder 18, and con-
verts the counted number of pulses to a digital value cor-
responding to the angular displacement of the driven roll-
er 32 by multiplying it by a predetermined conversion
constant of pulse number to angular displacement. A sig-
nal indicating the digital value corresponding to the an-
gular displacement of the driven roller 32 is sent to the
microcomputer 21 via the bus 22.

[0020] The motor driving unit 25 operates based on
the pulse-shaped control signal output from the motor
driving I/F 24 to apply a pulse-shaped driving voltage to
the pulse motor 11. With the application of the pulse-
shaped driving voltage, the pulse motor 11 is controlled
to be driven at a predetermined driving frequency output
from the instruction output unit 23. Therefore, follow-up
control is performed such that the angular displacement
of the driven roller 32 follows a target angular displace-
ment, and the belt 30 supported by the driven roller 32
moves at a predetermined constant speed. The angular
displacement of the driven roller 32 is detected by the
encoder 18 and the detection I/F 26, and is taken in the
microcomputer 21 to repeat the control.

[0021] As shown in Fig. 2, a control target 29 includes
the whole belt drive system shown in Fig. 1, the motor
driving I/F 24, the motor driving unit 25, and the detection
I/F 26.

[0022] Fig. 3is a block diagram of a control configura-
tion of the belt-conveyance control device. As shown in
Fig. 3, a detected angular displacement P(i-1) that is in-
formation output from the detection I/F 26 for processing
a pulse signal output from the encoder 18 (i.e., informa-
tion on the angular displacement of the driven roller 32)
is input to a calculator (a subtractor) 1. The calculator 1
calculates a difference e(i) between a target angular dis-
placement Ref{(i) that is a control target value of the driven
roller 32 and the detected angular displacement P(i-1) of
the driven roller 32. The difference e(i) is input to a con-
troller 2. The controller 2 includes a low-pass filter (LPF)
8 for removing high-frequency noise and a proportional
element (a gain Kp) 9. The controller 2 obtains a correc-
tion control amount with respect to the reference driving
pulse frequency used for driving the pulse motor 11,
which is input to a calculator 7. In the calculator 7, the
correction control amount is added to a constant refer-
ence driving pulse frequency Refp_c, so that a driving
pulse frequency u(i) is determined. A driving pulse signal

10

15

20

25

30

35

40

45

50

55

is generated by the motor driving I/F 24 and the motor
driving unit 25 based on the driving pulse frequency u(i)
of the driving pulse signal calculated in the calculator 7,
which is output to the pulse motor 11. A driving force of
the pulse motor 11 that is controlled to be driven in this
manner is transmitted to the drive roller 31 via the timing
belt 37 and the driven pulley 38, so that the driven roller
32 rotates at a constant angular velocity in accordance
with the predetermined target angular displacement. The
control operation of the above feedback loop is repeated.
[0023] Inthe controller 2, a proportional control system
is used as one example; however, it is not limited thereto.
All the above calculations are executed in the microcom-
puter 21. The reference driving pulse frequency Refp_c
is a pulse frequency that is uniquely determined by per-
forming a multiplication by the angular velocity of a target
drive roller (driving pulse frequency of a pulse motor in
one rotation/2r/reduction ratio of a reduction system)
based on the angular velocity of the drive roller 31, a
reduction ratio of the reduction system, and the like. How-
ever, in the present embodiment, the reference driving
pulse frequency Refp_c can be arbitrary selected within
arange in which a step-out phenomenon does not occur
while the motor is driven. Moreover, the target angular
displacement Ref(i) can be easily obtained by integrating
the target constant angular velocity of the drivenroller 32.
[0024] The purpose of the control system is to move
the belt 30 at a constant speed. If the driven roller 32 is
not deflected, i.e., the driven roller 32 has no eccentricity,
driving the driven roller 32 at a constant angular velocity
in the above system is considered to be equivalent to
driving the belt at a constant speed. However, it is almost
impossible to form a roller without deflection in practice.
In addition, generally, in the feedback control system, a
control range needs to be set wide forimproving perform-
ance. Generally, a frequency of a driven roller in one
rotation is often several hertz, and large control gain is
obtained even with this frequency. Therefore, inageneral
system in which the driven roller 32 is deflected, a fre-
quency of an encoder roller in one rotation is included in
the driving components of the belt only with the above
control system.

[0025] Thus, as shown in Fig. 4, the control range of
the feedback control system is set to be lower than the
frequency of the driven roller 32 to which the encoder 18
is attached in about one rotation. Fig. 4 is an open loop
transfer function from Ref to P shown in Fig. 3. The fre-
quency of the driven roller 32 in one rotation is set to six
hertz, and the proportional gain in the feedback system
is set so that the zero cross frequency in the open loop
of the control system is about six hertz. A butterworth
filter with a cutoff frequency of 50 hertz is used to filter
noise as one example. With the above setting, only fluc-
tuation of frequency components lower than the frequen-
cy of the driven shaft 40 to which the encoder 18 is at-
tached s controlled (i.e., the frequency of the driven shaft
40 is not controlled), so that the belt-conveyance control
device capable of driving the belt with high accuracy can
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be obtained.

[0026] Furthermore, for reliably driving the belt at a
constant speed, it is necessary to suppress fluctuation
components due to rotation of shafts with eccentricity or
the like, and outer-shape fluctuation components includ-
ing deflection of the drive roller. This is achieved to some
degree by improving mechanical accuracy, and is more
simply achieved by the effect of the feedback control by
setting the fluctuation frequency caused by the transmis-
sion system to be equal to or lower than the frequency
of the driven roller in one rotation in the system in which
the control range of the feedback control system is set
to be approximately equal to or lower than the frequency
of the driven roller to which the encoder is attached in
one rotation.

[0027] The error in the transmission system and the
outer-shape fluctuation component of the drive roller are
separately explained. Although it is most desirable to re-
duce both of them, it is apparent that sufficient effect can
be obtained even if only one of them is reduced.

[0028] AsshowninFig.1,asystemincludingthetiming
belt 37 is shown as a transmission device from the pulse
motor 11 to the drive roller 31. Such transmission system
causes fluctuation of the timing belt 37 in one period due
to the positional fluctuation of a core of the timing belt
37. However, one rotation of the timing belt 37 is lower
in frequency than one rotation of the driven roller 32.
Therefore, the feedback control works to control the fluc-
tuation of the timing belt 37. The eccentricity of the driven
pulley 38 is present as one rotation of the drive roller 31.
Furthermore, when a gear transmission system, special-
ly, one-step reduction with a large diameter gear is used
as the transmission system, fluctuation of the transmis-
sion system in one rotation coincides with the frequency
of the drive roller 31. These fluctuation components can
be reduced in the same manner as the reduction of the
fluctuation of the drive roller in one rotation. Specifically,
as shown in Fig. 1, these fluctuation components can be
reduced by making the diameter of the drive roller 31
larger than that of the driven roller 32. Therefore, one
rotation of the drive roller 31 becomes lower in frequency
than one rotation of the driven roller 32. Thus, the feed-
back control works to control the fluctuation of the drive
roller 31.

[0029] According to the present embodiment, relative
limitation of the drive roller 31 and the driven roller 32 to
which the encoder 18 is attached is only the diameter
thereof, so that the relation between the drive roller 31
and the driven roller 32 does not need to be strictly de-
termined like in the conventional technology in which the
diameter ratio between the drive roller and the driven
roller needs to be an integral ratio. Therefore, the belt
can be easily driven at a constant speed without much
limitation in layout of the drive roller 31 and the driven
roller 32, enabling the image forming apparatus to obtain
high quality images.

[0030] Asabove,thebelt30canbedrivenataconstant
speed by making the frequency of the fluctuation of a
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control target lower than the frequency of the driven roller
in one rotation. However, in practice, it is difficult to make
the rollers have a large difference in size in consideration
of layout. Therefore, in a second embodiment, another
method of improving accuracy in driving the belt is ex-
plained, in which a transmission error by the transmission
system from the motor shaft to the drive roller is can-
celled.

[0031] In the present embodiment, a target pulse fre-
quency for cancelling fluctuation components from the
drive motor to the drive roller is added to the reference
driving pulse frequency.

[0032] Fig. 5 is a perspective view of a belt-convey-
ance control device according to the second embodiment
of the present invention. In Fig. 5, the same components
as those in Fig. 1 are provided with the same reference
numerals, and the explanations thereof are omitted here-
in. In the present embodiment, an encoder 501 for meas-
uring angular velocity or angular displacement is at-
tached to the drive roller 31, and a home position detect-
ing sensor (not shown) for detecting a home position in
one rotation is also attached to the drive roller 31. The
home position detecting sensor can be attached to other
portions of the transmission system (e.g., the timing belt
37 in the present embodiment) instead of the drive roller
31.

[0033] Fig. 6 is a block diagram of a hardware config-
uration of a control system for the pulse motor 11 and a
control target thereof. In Fig. 6, the same components
as those in Fig. 2 are provided with the same reference
numerals, and the explanations thereof are omitted here-
in.

[0034] AsshowninFig. 6, the encoder 501 is connect-
ed to a detection interface 601 which processes pulses
output from the encoder 501 to convert them to a digital
value. The detection I/F 601 includes a timer counter for
measuring intervals between the pulses output from the
encoder 501. The detection I/F 601 converts the value
counted by the timer counter to a digital value corre-
sponding to the angular velocity of the drive roller 31 by
multiplying it by a predetermined conversion constant of
pulse number to angular velocity. A signal indicating the
digital value corresponding to the angular velocity of the
drive roller 31 is sent to the microcomputer 21 via the
bus 22. The output of the home position detecting sensor
for detecting a correction pulse is also sent to the micro-
computer 21 via the bus 22. The microcomputer 21 gen-
erates an HP sensor signal representing a correction pe-
riod with reference to the signal output from the home
position detecting sensor.

[0035] The signal having a digital value corresponding
to the angular velocity measured by the encoder 501 is
stored in the memory (RAM) 21c as pulses representing
the transmission error of the drive system with reference
to the HP sensor signal representing the correction pe-
riod, and the driving correction pulse frequency for cor-
recting the transmission error of the drive system is cal-
culated to be stored in the memory (RAM) 21c.
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[0036] AsshowninFig.6,acontroltarget 602 includes
the whole belt drive system shown in Fig. 5, the motor
driving I/F 24, the motor driving unit 25, and the detection
I/Fs 26 and 601.

[0037] Fig. 7 is a block diagram of a control configura-
tion of the belt-conveyance control device. In Fig. 7, the
same components as those in Fig. 3 are provided with
the same reference numerals, and the explanations
thereof are omitted herein.

[0038] In addition to the components of the belt-con-
veyance control device in the first embodiment, the belt-
conveyance control device in the second embodiment
further includes a calculating unit 701 and a block 702.
In the calculator 7, an output from the calculating unit 701
is added to the correction control amount output from the
proportional element 9 shown in Fig. 7, whereby a driving
pulse frequency u(i) is determined. In the calculating unit
701, the driving correction pulse frequency for correcting
the transmission error is further added to the constant
reference driving pulse frequency Refp_c. In the block
702, the driving correction pulse frequency is reset every
time the HP sensor signal is input thereto, and an initial
value is input.

[0039] Based on the driving pulse frequency u(i) of the
driving pulse signal calculated by the calculator 7, a driv-
ing pulse signal is generated by the motor driving I/F 24
and the motor driving unit 25 to be output to the pulse
motor 11. A driving force of the pulse motor 11 that is
controlled to be driven in such a manner is transmitted
to the drive roller 31 via the timing belt 37 and the driven
pulley 38, so that the driven roller 32 rotates at a constant
angular velocity in accordance with the predetermined
target angular displacement. The control operation of the
above feedback loop is repeated.

[0040] When the driving correction pulse frequency for
correcting the transmission error of the drive system is
calculated, the hardware configurations shown in Figs.
5 and 6 are used and the pulse motor 11 is controlled to
be driven at a constant pulse frequency. Publicly known
methods can be used for the calculation, such as that
disclosed in detail in Japanese Patent No. 2754582
which is briefly explained below.

[0041] First, the pulse motor 11 is driven at a constant
pulse frequency. At this time, the feedback control shown
in Fig. 3 is not performed (i.e., Kp=0). Then, the angular
velocity of the drive roller 31 is measured based on the
output of the encoder 501 by rotating the drive roller 31
for a period equal to or more than the transmission error
period of the drive system with reference to a signal out-
put from the home position sensor, and is stored in the
memory.

[0042] The transmission error period of the drive sys-
tem is a least common multiple of periodical fluctuations
occurred in the transmission system. For example, the
periods of the fluctuation occurred in the transmission
system in the belt-conveyance control device shown in
Fig. 1 are as follows.
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(a) one rotation of the motor

(b) one cycle of the timing belt

(c) one rotation of the drive pulley (one rotation of
the drive roller)

[0043] Therefore, the least common multiple of these
periods corresponds to the transmission error period of
the drive system. The home position detecting sensor is
attached to the drive roller 31, so that the number of ro-
tations of the drive roller 31 corresponding to the obtained
least common multiple is calculated. An HP signal (i.e.,
a signal output from the home position detecting sensor)
is recounted based on the calculated number of the ro-
tations of the drive roller 31, thereby obtaining an HP
sensor signal.

[0044] Figs. 8A to 8C are waveform diagrams repre-
senting a result of measurement in a case where two
periods of a signal in one rotation of the drive roller 31
correspond to the transmission error period of the drive
system. The amplitude of the waveforms shown in Figs.
8A to 8C is expanded for easy understanding. Fig. 8A is
awaveform diagram representing a signal (the HP signal)
output from the home position detecting sensor attached
to the drive roller 31, in which a pulse is generated every
one rotation of the drive roller 31. Fig. 8B is a waveform
diagram representing the HP sensor signal that repre-
sents the transmission error period of the drive system
generated based on the HP signal shown in Fig. 8A. In
this case, the number of the pulses shown in Fig. 8A is
counted and a program is made so that a pulse shown
in Fig. 8B is generated every two pulses shown in Fig.
8A, thereby generating the HP sensor signal. Fig. 8C is
a waveform diagram representing a result of measure-
ment of the angular velocity of the drive roller 31 with
reference to the pulses shown in Fig. 8B.

[0045] As shown in Fig. 8C, characteristics of (a) one
rotation of the motor, (b) one cycle of the timing belt, and
(c) one rotation of the drive pulley, and (e) transmission
error of the drive system are illustrated.

[0046] Evenifthe pulse motor 11 is driven ataconstant
pulse frequency, fluctuation components due to rotation
of shafts with eccentricity or the like occur in the system
from the motor shaft to the drive roller as shown in Fig.
8C. However, the period thereof repeats the same fluc-
tuation every least common multiple of the periodical fluc-
tuations of the main factors of the fluctuation.

[0047] Therefore, the fluctuation can be canceled by
driving with a fluctuation correction pulse frequency as
shown in Fig. 9 that has a phase opposite to the fluctu-
ation shown in Fig. 8C and amplitude same as that of the
fluctuation shown in Fig. 8C. The fluctuation correction
pulse frequency is obtained by determining a target av-
erage speed with respect to the fluctuation and inverting
the fluctuation with respect to the target average speed.
The correction pulse is stored in the RAM 21¢ as a value
for every sampling period for control, and is repeatedly
used every time detection is made by the HP detecting
sensor. Therefore, the fluctuation in the transmission sys-
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tem from the pulse motor 11 to the drive roller 31 is cor-
rected, so that the belt 30 can be driven at a constant
speed without largely making the frequency of fluctuation
that needs to be controlled different from the frequency
of the driven roller 32 in one rotation. Specially, even
when the frequency of fluctuation that needs to be con-
trolled is higher than the frequency of the driven roller 32
in one rotation, the belt 30 can be driven at a constant
speed.

[0048] According to the present embodiment, the belt
can be driven at a constant speed without much limitation
in layout of the driven roller and the drive roller, enabling
the image forming apparatus to obtain high quality imag-
es.

[0049] In a third embodiment, outer-shape fluctuation
such as deflection of the drive roller in one rotation or the
like is corrected in addition to the fluctuation in the trans-
mission system from the drive motor to the drive roller in
the second embodiment to drive the belt with higher ac-
curacy.

[0050] A belt-conveyance control device in the third
embodiment is basically the same as that in the first em-
bodiment shown in Fig. 1 except that a home position
detecting sensor (notshown) is attached tothe drive roller
31. The home position detecting sensor is a sensor for
detecting a signal of the correction pulse frequency add-
ed to the reference driving pulse frequency. The home
position detecting sensor can be attached to other por-
tions of the transmission system (e.g., the timing belt 37
in the present embodiment) instead of the drive roller 31.
[0051] Inthe presentembodiment, in order to measure
fluctuation with the driven roller 32, it is necessary to sep-
arate the outer-shape fluctuation due to deflection of the
encoder roller or the like and the outer-shape fluctuation
due to deflection of the drive roller 31 or the like. For this
reason, both rollers are different in diameter. However,
frequency of the drive roller 31 can be lowered by making
the diameter of the drive roller 31 larger. Consequently,
the effect of the feedback control can be superimposed,
enabling to control the belt to be driven at a constant
speed with higher accuracy.

[0052] Fig. 10 is a block diagram of a hardware con-
figuration of a control system for the pulse motor 11 and
a control target thereof. In Fig. 10, the same components
as those in Fig. 2 are provided with the same reference
numerals, and the explanations thereof are omitted here-
in.

[0053] Inthe same manner asthe second embodiment
shown in Fig. 6, the output of the home position detecting
sensor for detecting a correction pulse is sent to the mi-
crocomputer 21 via the bus 22, and the microcomputer
21 generates an HP sensor signal representing a correc-
tion period with reference to the signal output from the
home position detecting sensor.

[0054] The digital value corresponding to the angular
velocity measured by the encoder 18 is stored in the
memory (RAM) 21c as a pulse frequency representing
the transmission error of the drive system and the outer-
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shape fluctuation such as deflection of the drive roller 31
in one rotation with reference to the HP sensor signal
representing the correction period.

[0055] As shown in Fig. 10, a control target 1002 in-
cludes the whole belt drive system, the motor driving I/F
24, the motor driving unit 25, and the detection I/Fs 26.
[0056] A control configuration of the belt-conveyance
control device in the present embodiment is basically the
same as that shown in Fig. 7. However, the present em-
bodiment is different from the second embodiment in that
a driving correction pulse frequency is set to a value for
correcting the transmission error of the drive system and
the outer-shape fluctuation such deflection of the drive
roller in one rotation.

[0057] Inthe present embodiment, as shown in Fig. 7,
in the calculator 7, the driving correction pulse frequency
calculated in the calculating unit 701 is added to the cor-
rection control amount output from the proportional ele-
ment 9, whereby a driving pulse frequency u(i) is deter-
mined. The driving correction pulse frequency is calcu-
lated by further adding the value for correcting the trans-
mission error of the drive system and the outer-shape
fluctuation such deflection of the drive roller in one rota-
tion to the constant reference driving pulse frequency
Refp_c. In the block 702, the driving correction pulse fre-
quency is reset every time the HP sensor signal is input
thereto, and an initial value is input.

[0058] Based on the driving pulse frequency u(i) of the
driving pulse signal calculated by the calculator 7, a driv-
ing pulse signal is generated by the motor driving I/F 24
and the motor driving unit 25 to be output to the pulse
motor 11. A driving force of the pulse motor 11 that is
controlled to be driven in such a manner is transmitted
to the drive roller 31 via the timing belt 37 and the driven
pulley 38, so that the driven roller 32 rotates at a constant
angular velocity in accordance with the predetermined
target angular displacement. The control operation of the
above feedback loop is repeated.

[0059] One exemplary method of calculating the driv-
ing correction pulse frequency for correcting the trans-
mission error of the drive system and the outer-shape
fluctuation such deflection of the drive roller in one rota-
tion is explained, in which a hardware configuration same
as that in the third embodiment is used and the pulse
motor 11 is controlled to be driven at a constant pulse
frequency in the same manner as the third embodiment.
[0060] First, the pulse motor 11 is driven at a constant
pulse frequency. At this time, the feedback control shown
in Fig. 3 is not performed (i.e., Kp=0). Then, the angular
velocity of the driven roller 32 is measured based on the
output of the encoder 18 for a period equal to or more
than an error period of the correction target with reference
to a signal output from the home position sensor, and is
stored in the memory. The error period of the correction
target can be a least common multiple of periodical fluc-
tuations occurred in the transmission system in the same
manner as in the second embodiment. For example, the
periods of the fluctuation occurred in the transmission
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system are as follows.

(a) one rotation of the motor

(b) one cycle of the timing belt

(c) one rotation of the drive pulley (one rotation of
the drive roller)

(d) outer-shape fluctuation such as deflection of the
drive roller in one rotation

[0061] The correction target in the present embodi-
ment includes that in the second embodiment and (d)
outer-shape fluctuation such deflection of the drive roller
in one rotation. The frequency of the outer-shape fluctu-
ation is the same as that of (c) one rotation of the drive
pulley, so that the frequency of the correction signal can
be the same as that in the second embodiment. The
home position detecting sensor is attached to the drive
roller 31, so that the number of rotations of the drive roller
31 corresponding to the obtained least common multiple
is calculated. The HP signal is recounted based on the
calculated number of the rotations of the drive roller 31,
thereby obtaining an HP sensor signal.

[0062] Figs. 11A to 11C are waveform diagrams rep-
resenting a result of measurement in a case where two
periods of a signal in one rotation of the drive roller 31
correspond to the error period of the correction target. In
Fig. 11C, the initial phases of (c) one rotation of the drive
pulley (one rotation of the drive roller) and (d) outer-shape
fluctuation such as deflection of the drive roller in one
rotation are made different. The amplitude of the wave-
forms shown in Figs. 11A to 11C is expanded for easy
understanding in the same manner as in the second em-
bodiment.

[0063] Fig. 11A is a waveform diagram representing a
signal (the HP signal) output from the home position de-
tecting sensor attached to the drive roller 31, in which a
pulse is generated every one rotation of the drive roller
31. Fig. 11B is a waveform diagram representing the HP
sensor signal that represents the error period of the cor-
rection target generated based on the HP signal shown
in Fig. 11A. In this case, the number of the pulses shown
in Fig. 11A is counted and a program can be made so
that a pulse shown in Fig. 11B is generated every two
pulses shownin Fig. 11A. Fig. 11Cis awaveform diagram
representing a result of measurement of the angular ve-
locity of the driven roller 32 with reference to the pulses
shown in Fig. 11B. Even if the pulse motor 11 is driven
at a constant pulse frequency, fluctuation components
due to rotation of shafts with eccentricity or the like occur
in the system from the motor shaft to the driven roller 32
as shown in Fig. 11C. However, the period thereof re-
peats the same fluctuation every least common multiple
of the periodical fluctuations of the main factors of the
fluctuation. This signal is the pulse frequency represent-
ing the transmission error of the correction target. The
fluctuation can be canceled by driving with a pulse fre-
quency shown in Fig. 12 that has a phase opposite to
the fluctuation shown in Fig. 11C, and amplitude same
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as that of the fluctuation shown in Fig. 11C.

[0064] Fig. 12 is a waveform diagram representing a
fluctuation correction pulse frequency for canceling the
fluctuation. This signal is obtained by determining a target
average speed with respect to the fluctuation and invert-
ing the fluctuation with respect to the target average
speed. This value can be easily obtained as a correction
pulse frequency by multiplying the angular velocity of the
driven roller 32 by ((diameter of the driven roller)/(diam-
eter of the drive roller)x(driving pulse frequency of the
pulse motor in one rotation)/2mw/(reduction ratio of a re-
duction system)). The correction pulse frequency is
stored in the RAM 21c¢ as a value for every sampling
period for control, and is repeatedly used every time de-
tection is made by the HP detecting sensor.

[0065] Therefore, the transmission error of the trans-
mission system from the pulse motor 11 to the drive roller
31 and the outer-shape fluctuation such deflection of the
drive roller 31 in one rotation are corrected in the drive
shaft control system, so that the belt 30 can be driven at
a constant speed.

[0066] In the present embodiment, the rotation fre-
quency of the transmission system from the pulse motor
11 to the drive roller 31 and the rotation frequency of the
drive roller 31 in one rotation are both made different from
(or lower than) the rotation frequency of the driven roller
32 in one rotation. However, the belt 30 can be driven at
a constant speed without much limitation in layout of the
driven roller 32 and the drive roller 31 even if one of the
above rotation frequencies is set as above, enabling the
image forming apparatus to obtain high quality images.
[0067] Fig. 13 is a schematic configuration diagram of
a color copier as an image forming apparatus according
to a fourth embodiment. As shown in Fig. 13, an appa-
ratus body 110 of the color copier includes a drum-like
photosensitive element (hereinafter, referred to as "pho-
tosensitive drum") 112 serving as an image carrier slight-
ly on the left side from a center inside an exterior case
111. Around the photosensitive drum 112, a charging
unit 113 arranged above the photosensitive drum 112, a
rotary developing unit 114, an intermediate transfer unit
115, a cleaning unit 116, a neutralizing unit 117, and the
like are arranged along a rotational direction of the pho-
tosensitive drum 112 indicated by an arrow (counter-
clockwise) in this order.

[0068] An optical writing unit 118 serving as an expos-
ing unit, for example a laser writing unit, is arranged
above the charging unit 113, the rotary developing unit
114, the cleaning unit 116, and the neutralizing unit 117.
The rotary developing unit 114 includes developing ele-
ments 120A, 120B, 120C, and 120D, each element hav-
ing a developing roller 121. The developing elements
120A, 120B, 120C, and 120D contain toners of yellow,
magenta, cyan, and black, respectively. The rotary de-
veloping unit 114 is rotated about its center axis to se-
lectively move one of the developing elements 120A,
120B, 120C, and 120D to a developing position opposing
an outer periphery of the photosensitive drum 112.
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[0069] In the intermediate transfer unit 115, an inter-
mediate transfer belt 124 serving as an endless interme-
diate transfer member is supported by a plurality of rollers
123 and is in contact with the photosensitive drum 112.
A transfer unit 125 is arranged inside the loop of the in-
termediate transfer belt 124, and a transfer unit 126 and
a cleaning unit 127 are arranged outside the loop of the
intermediate transfer belt 124. The cleaning unit 127 is
provided to be capable of being in contact with and sep-
arating from the intermediate transfer belt 124.

[0070] Image signals for respective colors are input
from an image reading unit 129 to the optical writing unit
118 via an image processor (not shown). Electrostatic
latentimages are formed on the photosensitive drum 112
by radiating laser beams L sequentially modulated in ac-
cordance with the image signals for respective colors on
the photosensitive drum 112 that is uniformly charged.
The image reading unit 129 performs color separation
on an image on an original set on an original tray 130
provided on an upper surface of the apparatus body 110
toread the image and convert it to electric image signals.
A sheet conveying path 132 allows conveyance of a re-
cording sheet such as paper from the right side to the left
side. A pair of registration rollers 133 is arranged on the
sheet conveying path 132 upstream of the intermediate
transfer unit 115 and the transfer unit 126. A conveying
belt 134, a fixing unit 135, and a pair of sheet discharging
rollers 136 are arranged downstream of the intermediate
transfer unit 115 and the transfer unit 126 along a sheet
conveying direction.

[0071] The apparatus body 110 is set on a sheet feed-
ing unit 150. A plurality of sheet feeding cassettes 151
is provided in a multistage manner inside the sheet feed-
ing unit 150, and either one of sheet feeding rollers 152
is selectively driven so that recording sheets are fed from
either one of the sheet feeding cassettes 151. The re-
cording sheet is conveyed to the sheet conveying path
132 via an automatic sheet feeding path 137 inside the
apparatus body 110. A manual feed tray 138 is provided
to be openable and closable on the right side of the ap-
paratus body 110, where a recording sheet inserted from
the manual feed tray 138 is conveyed to the sheet con-
veying path 132 via a manual feed path 139 inside the
apparatus body 110. A sheet discharge tray (not shown)
is detachably mounted on the left side of the apparatus
body 110, and a recording sheet discharged by the sheet
discharging rollers 136 via the sheet conveying path 132
is received on the sheet discharge tray.

[0072] In the color copier of the fourth embodiment,
when a color copy is made, the copying operation is per-
formed by pressing a start button (not shown) after setting
the original on the original tray 130. First, the image read-
ing unit 129 performs color separation on an image on
the original on the original tray 130 to read the image.
Simultaneously, a recording sheet is selectively fed from
one of the sheet feeding cassettes 151 inside the sheet
feeding unit 150 by a corresponding one of the sheet
feeding rollers 152, and passes through the automatic
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sheet feeding path 137 and the sheet conveying path
132. The recording sheet then comes into contact with
the registration rollers 133 to stop.

[0073] The photosensitive drum 112 rotates in a coun-
terclockwise direction, while the intermediate transfer
belt 124 rotates in a clockwise direction according to ro-
tation of the drive roller out of the rollers 123. The pho-
tosensitive drum 112 is uniformly charged according to
rotation thereof by the charging unit 113, which is irradi-
ated with a laser beam that is modulated by a first color
image signal input to the optical writing unit 118 from the
image reading unit 129 via the image processor and is
emitted from the optical writing unit 118, so that an elec-
trostatic latent image is formed on the photosensitive
drum 112.

[0074] The electrostatic latentimage on the photosen-
sitive drum 112 is developed by the developing element
120A for the first color of the rotary developing unit 114
to form a first color image, and the first color image on
the photosensitive drum 112 is transferred onto the in-
termediate transfer belt 124 by the transfer unit 125. After
the first color image is transferred, the photosensitive
drum 112 is cleaned by the cleaning unit 116, so that the
residual toner remaining on the photosensitive drum 112
isremoved therefrom. Then, the photosensitive drum 112
is neutralized by the neutralizing unit 117.

[0075] Subsequently, the photosensitive drum 112 is
uniformly charged by the charging unit 113, which is ir-
radiated with a laser beam that is modulated by a second
color image signal input to the optical writing unit 118
from the image reading unit 129 via the image processor
and is emitted from the optical writing unit 118, so that
an electrostatic latent image is formed on the photosen-
sitive drum 112. The electrostatic latent image on the
photosensitive drum 112 is developed by the developing
element 120B for the second color of the rotary develop-
ing unit 114 to form a second color image. The second
colorimage onthe photosensitive drum 112 is transferred
onto the intermediate transfer belt 124 by the transfer
unit 125 such that it is superimposed on the first color
image. After the second color image is transferred, the
photosensitive drum 112 is cleaned by the cleaning unit
116, so that the residual toner remaining on the photo-
sensitive drum 112 is removed therefrom. Then, the pho-
tosensitive drum 112 is neutralized by the neutralizing
unit 117.

[0076] Subsequently, the photosensitive drum 112 is
uniformly charged by the charging unit 113, which is ir-
radiated with a laser beam that is modulated by a third
color image signal input to the optical writing unit 118
from the image reading unit 129 via the image processor
and is emitted from the optical writing unit 118, so that
an electrostatic latent image is formed on the photosen-
sitive drum 112. The electrostatic latent image on the
photosensitive drum 112 is developed by the developing
element 120C for the third color of the rotary developing
unit 114 to form a third color image. The third colorimage
on the photosensitive drum 112 is transferred onto the
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intermediate transfer belt 124 by the transfer unit 125
such that it is superimposed on the first color image and
the second color image. After the third color image is
transferred, the photosensitive drum 112 is cleaned by
the cleaning unit 116, so that the residual toner remaining
on the photosensitive drum 112 is removed therefrom.
Then, the photosensitive drum 112 is neutralized by the
neutralizing unit 117.

[0077] Furthermore, the photosensitive drum 112 is
uniformly charged by the charging unit 113, which is ir-
radiated with a laser beam that is modulated by a fourth
color image signal input to the optical writing unit 118
from the image reading unit 129 via the image processor
and is emitted from the optical writing unit 118, so that
an electrostatic latent image is formed on the photosen-
sitive drum 112. The electrostatic latent image on the
photosensitive drum 112 is developed by the developing
element 120D for the fourth color of the rotary developing
unit 114 to form a fourth color image. The fourth color
image on the photosensitive drum 112 s transferred onto
the intermediate transfer belt 124 by the transfer unit 125
such that it is superimposed on the first color image, the
second color image, and the third color image. After the
fourth colorimage is transferred, the photosensitive drum
112 is cleaned by the cleaning unit 116, so that the re-
sidual toner remaining on the photosensitive drum 112
is removed therefrom. Then, the photosensitive drum 112
is neutralized by the neutralizing unit 117.

[0078] Then, the registration rollers 133 are rotated at
an appropriate timing to feed a recording sheet, and a
full-color image on the intermediate transfer belt 124 is
transferred onto the recording sheet by the transfer unit
126. The recording sheet is conveyed by the conveying
belt 134 to the fixing unit 135 in which the full-colorimage
is fixed thereon, and the recording sheet with the full-
color image fixed thereto is discharged to the sheet dis-
charge tray by the sheet discharging rollers 136. After
the full-color image is transferred, the intermediate trans-
fer belt 124 is cleaned by the cleaning unit 127, so that
the residual toner is removed.

[0079] The operation for forming a four-color superim-
posed image is explained above. When a three-color su-
perimposed image is formed, three different single im-
ages are sequentially formed on the photosensitive drum
112 and they are transferred onto the intermediate trans-
ferbelt 124 in a superimposing manner. Thereafter, these
images are collectively transferred onto a recording
sheet. Furthermore, when a two-color superimposed im-
age is formed, two different single images are sequen-
tially formed on the photosensitive drum 112 and they
are transferred onto the intermediate transfer belt 124 in
a superimposing manner. Thereafter, these images are
collectively transferred onto a recording sheet. Further-
more, when a single-color image is formed, one single-
color image is formed on the photosensitive drum 112
and, afterbeing transferred onto the intermediate transfer
belt 124, the image is transferred onto a recording sheet.
[0080] Inthe color copier as described above, rotation
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accuracy of the intermediate transfer belt 124 consider-
ably influences on the quality of a final image. In the color
copier of the present embodiment, the intermediate
transfer belt 124 is driven by using the belt device of any
of the first to third embodiments to drive the intermediate
transfer belt 124 to rotate with high accuracy. Moreover,
the belt device is controlled by the drive control device
of any of the first to third embodiments. Furthermore, the
feedback control system is configured by using one of
large-diameter rollers as a drive roller out of the rollers
123 and by attaching an encoder to one of small-diameter
rollers out of the rollers 123.

[0081] According to the present embodiment, the belt
can be driven ata constant speed without much limitation
in layout of the driven roller and the drive roller, enabling
the image forming apparatus to obtain high quality imag-
es.

[0082] Fig. 14 is a schematic configuration diagram of
a color copier as an image forming apparatus according
to the fifth embodiment of the present invention.

[0083] A photosensitive belt 201 shown in Fig. 14 that
serves as a latentimage carrier is an endless photosen-
sitive beltin which a photosensitive layer such as organic
photo semiconductor (OPC) is formed in a thin film on
an outer peripheral surface of a closed-loop NL belt sub-
strate. The photosensitive belt 201 is supported by pho-
tosensitive-belt conveying rollers 202, 203, and 204 serv-
ing as supporting and rotating elements and is rotated to
move in a direction indicated by an arrow A shown in Fig.
14 by a drive motor (not shown).

[0084] Achargingunit205, an exposure optical system
(hereinafter, referred to as "LSU" (laser scanning unit))
206 as an exposing unit; developing units 207, 208, 209,
and 210 for respective colors of black, yellow, magenta,
and cyan; an intermediate transfer unit 211; a photosen-
sitive-belt cleaning unit 212; and a neutralizing unit 213
are arranged around the photosensitive belt 201 in this
order along a rotational direction of the photosensitive
belt 201 shown by the arrow A. The charging unit 205 is
applied with a high voltage of about -4 kilovolts to 5 kil-
ovolts from a power source (not shown), and charges a
portion of the photosensitive belt 201 opposing the charg-
ing unit 205 to give uniform charged potential thereto.
[0085] The LSU 206 obtains exposure beams 214 by
sequentially performing light intensity modulation or
pulse width modulation on image signals for respective
colors from a gradation converter (not shown) using a
laser driving circuit (not shown) to drive a semiconductor
laser (not shown) using the modulated signal, and scans
the photosensitive belt 201 with the exposure beams 214,
thereby sequentially forming electrostatic latent images
corresponding to image signals for respective colors on
the photosensitive belt 201. A seam sensor 215 detects
seams on the photosensitive belt 201 formed in a loop.
When the seam sensor 215 detects a seam on the pho-
tosensitive belt 201, the timing controller 216 controls
beam emitting timing of the LSU 206 to avoid the seam
on the photosensitive belt 201 and make electrostatic
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latent image forming angular displacements for respec-
tive colors become equal.

[0086] The developing units 207 to 210 contain toners
corresponding to respective colors and selectively come
into contact with the photosensitive belt 201 at timings
according to the electrostatic latent images on the pho-
tosensitive belt 201 corresponding to image signals for
respective colors to develop the electrostatic latent im-
ages on the photosensitive belt 201 using toners to form
images for the respective colors, thereby forming a full-
color image on which the four color images are superim-
posed.

[0087] The intermediate transfer unit 211 includes a
drum-like intermediate transfer element (a transfer drum)
217 constituted by winding a belt-like sheet formed from
electrically conductive resin or the like on a normal tube
made from metal such as aluminum, and an intermedi-
ate-transfer-element cleaning unit 218 formed in a blade
shape from rubber or the like. While a full-color image is
being formed on the intermediate transfer element 217,
the intermediate-transfer-element cleaning unit 218 is
separated from the intermediate transfer element 217.
The intermediate-transfer-element cleaning unit 218 is
in contact with the intermediate transfer element 217 only
when it cleans the intermediate transfer element 217 to
remove the residual toner remaining on the intermediate
transfer element 217 without transferring to a recording
sheet 219 as a recording medium. The recording sheets
219 are fed one by one from a sheet feeding cassette
220 by a sheet feeding roller 221 to a sheet conveying
path 222.

[0088] A transfer unit 223 transfers a full-color image
on the intermediate transfer element 217 onto the record-
ing sheet 219, and includes a transfer belt 224 obtained
by forming an electrically conductive rubber or the like
into a belt shape, a transfer element 225 that applies
transfer bias for transferring a full-color image on the in-
termediate transfer element 217 onto the recording sheet
219 to the intermediate transfer element 217, and a sep-
arator 226 that applies bias to the intermediate transfer
element 217 to prevent the recording sheet 219 from be-
ing electrostatically attracted to the intermediate transfer
element 217 after the full-color image is transferred onto
the recording sheet 219.

[0089] A fixing unit 227 includes a heat roller 228 in-
cluding a heat source therein and a pressure roller 229.
The recording sheet 219 onto which the full-color image
is transferred passes between the heat roller 228 and
the pressure roller 229, so that the recording sheet 219
is applied with heat and pressure, whereby the full-color
image is fixed to the recording sheet 219.

[0090] The operation of the color copier with such con-
figuration is explained, in which developments of elec-
trostatic latentimages are performed in the order of black,
cyan, magenta, and yellow.

[0091] The photosensitive belt 201 and the intermedi-
ate’ transfer element 217 are driven in a direction indi-
cated by the arrow A and an arrow B shown in Fig. 14
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by the driving sources (not shown), respectively. In this
state, a high voltage of about -4 kilovolts to 5 kilovolts is
applied to the charging unit 205 from a power source (not
shown) and a surface of the photosensitive belt 201 is
uniformly charged to about -700 volts by the charging
unit 205. After a predetermined time elapsed from detec-
tion of the seam on the photosensitive belt 201 made by
the seam sensor 215 for avoiding the seam on the pho-
tosensitive belt 201, the photosensitive belt 201 is irra-
diated with an exposure beam 214 (a laser beam) cor-
responding to an image signal for black emitted from the
LSU 206, so that charges on a portion of the photosen-
sitive belt 201 irradiated with the exposure beam 214 are
neutralized and an electrostatic latent image is formed.
[0092] The black developing unit 207 is brought into
contact with the photosensitive belt 201 at a predeter-
mined timing. Black toner in the black developing unit
207 is negatively charged in advance, and the black toner
is adhered to only a portion (an electrostatic latentimage
portion) of the photosensitive belt 201 that is neutralized
through irradiation with the exposure beam 214, that is,
developing is performed according to a so-called "nega-
tive-positive process". A black toner image formed on a
surface of the photosensitive belt 201 by the black de-
veloping unit 207 is transferred onto the intermediate
transfer element 217. The residual toner that has not
been transferred onto the intermediate transfer element
217 from the photosensitive belt 201 is removed by the
photosensitive-belt cleaning unit 212, and charges on
the photosensitive belt 201 are removed by the neutral-
izing unit 213.

[0093] Next, the surface of the photosensitive belt 201
is uniformly charged to about -700 volts by the charging
unit 205. After a predetermined time elapsed from detec-
tion of the seam on the photosensitive belt 201 made by
the seam sensor 215 for avoiding the seam on the pho-
tosensitive belt 201, the photosensitive belt 201 is irra-
diated with the exposure beam 214 corresponding to an
image signal for cyan emitted from the LSU 206, so that
charges on a portion of the photosensitive belt 201 irra-
diated with the exposure beam 214 are neutralized and
an electrostatic latent image is formed.

[0094] The cyan developing unit 208 is brought into
contact with the photosensitive belt 201 at a predeter-
mined timing. Cyan toner in the cyan developing unit 208
is negatively charged in advance, and the cyan toner is
adhered to only a portion (an electrostatic latent image
portion) of the photosensitive belt 201 that is neutralized
through irradiation with the exposure beam 214, that is,
developing is performed according to the negative-pos-
itive process. A cyan toner image formed on the surface
of the photosensitive belt 201 by the cyan developing
unit 208 is transferred onto the intermediate transfer el-
ement 217 in superimposition with the black tonerimage.
The residual toner that has not been transferred onto the
intermediate transfer element 217 from the photosensi-
tive belt 201 is removed by the photosensitive-belt clean-
ing unit 212, and charges on the photosensitive belt 201
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are removed by the neutralizing unit 213.

[0095] Next, the surface of the photosensitive belt 201
is uniformly charged to about -700 volts by the charging
unit 205. After a predetermined time elapsed from detec-
tion of the seam on the photosensitive belt 201 made by
the seam sensor 215 for avoiding the seam on the pho-
tosensitive belt 201, the photosensitive belt 201 is irra-
diated with the exposure beam 214 corresponding to an
image signal for magenta emitted from the LSU 206, so
that charges on a portion of the photosensitive belt 201
irradiated with the exposure beam 214 is neutralized and
an electrostatic latent image is formed.

[0096] The magenta developing unit 209 is brought in-
to contact with the photosensitive belt 201 at a predeter-
mined timing. Magenta toner in the magenta developing
unit 209 is negatively charged in advance, and the ma-
genta toner is adhered to only a portion (an electrostatic
latent image portion) of the photosensitive belt 201 that
is neutralized through irradiation with the exposure beam
214, that is, developing is performed according to the
negative-positive process. A magenta toner image
formed on the surface of the photosensitive belt 201 by
the magenta developing unit 209 is transferred onto the
intermediate transfer element 217 in superimposition
with the black toner image and the cyan toner image.
The residual toner that has not been transferred onto the
intermediate transfer element 217 from the photosensi-
tive belt 201 is removed by the photosensitive-belt clean-
ing unit 212, and charges on the photosensitive belt 201
are removed by the neutralizing unit 213.

[0097] Next, the surface of the photosensitive belt 201
is uniformly charged to about -700 volts by the charging
unit 205. After a predetermined time elapsed from detec-
tion of the seam on the photosensitive belt 201 made by
the seam sensor 215 for avoiding the seam on the pho-
tosensitive belt 201, the photosensitive belt 201 is irra-
diated with the exposure beam 214 corresponding to an
image signal for yellow emitted from the LSU 206, so that
charges on a portion of the photosensitive belt 201 irra-
diated with the exposure beam 214 is neutralized and an
electrostatic latent image is formed.

[0098] The yellow developing unit 210 is brought into
contact with the photosensitive belt 2.01 at a predeter-
mined timing. Yellow toner in the yellow developing unit
210 is negatively charged in advance, and the yellow
toner is adhered to only a portion (an electrostatic latent
image portion) of the photosensitive belt 201 that is neu-
tralized through irradiation with the exposure beam 214,
that is, developing is performed according to the nega-
tive-positive process. A yellow toner image formed on
the surface of the photosensitive belt 201 by the yellow
developing unit 210 is transferred onto the intermediate
transfer element 217 in superimposition with the black
tonerimage, the cyan toner image, and the magenta ton-
er image, so that a full-color image is formed on the in-
termediate transfer element 217. The residual toner that
has not been transferred onto the intermediate transfer
element 217 from the photosensitive belt 201 is removed
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by the photosensitive-belt cleaning unit 212, and charges
on the photosensitive belt 201 are removed by the neu-
tralizing unit 213.

[0099] The transfer unit 223 that has been separated
from the intermediate transfer element 217 is brought
into contact with the intermediate transfer element 217
and a high voltage of about +1 kilovolt is applied from the
power source (not shown) to the transfer element 225,
so that the full-color image formed on the intermediate
transfer element 217 is collectively transferred onto the
recording sheet 219 conveyed along the sheet conveying
path 222 from the sheet feeding cassette 220 by the
transfer element 225.

[0100] A voltage is applied to the separator 226 from
the power source such that an electrostatic force attract-
ing the recording sheet 219 works, so that recording
sheet 219 is separated from the intermediate transfer
element 217. Subsequently, the recording sheet 219 is
fed to the fixing unit 227, where the full-color image is
fixed by utilizing a nipping force between the heat roller
228 and the pressure roller 229 and heat from the heat
roller 228, and the recording sheet 219 with the full-color
image fixed thereto is discharged to a sheet discharge
tray 231 by a pair of sheet discharging rollers 230.
[0101] The residual toner remaining on the intermedi-
ate transfer element 217 that has not been transferred
onto the recording sheet 219 is removed by the interme-
diate-transfer-element cleaning unit 218. The intermedi-
ate-transfer-element cleaning unit 218 is positioned at
an angular displacement position where it is separated
from the intermediate transfer element 217 until a full-
colorimage is obtained. After the full-colorimage is trans-
ferred onto the recording sheet 219, the intermediate-
transfer-element cleaning unit 218 is brought into contact
with the intermediate transfer element 217 to remove the
residual toner on the intermediate transfer element 217.
A full-color image formed is formed on a sheet in accord-
ance with the series of operations described above.
[0102] In such a color copier, rotational accuracy of
the photosensitive belt 201 significantly influences on the
quality of afinalimage. Therefore, itis particularly desired
to drive the photosensitive belt 201 with high accuracy.
In the color copier of the present embodiment, therefore,
the photosensitive belt 201 is driven by using the belt
device of any of the first to third embodiments, to drive
the photosensitive belt 201 to rotate with high accuracy.
Moreover, these rotating-member driving device and the
belt device are controlled by the drive control device of
any of the first to third embodiments. Furthermore, the
feedback control system is configured by using one of
the photosensitive-belt conveying rollers 202, 203, and
204, for example the photosensitive-belt conveying roller
202, as a drive roller, and by attaching an encoder to
another one of the photosensitive-belt conveying rollers
202, 203, and 204, for example the photosensitive-belt
conveying roller 203.

[0103] According to the present embodiment, the belt
can be driven at a constant speed without much limitation
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in layout of the driven roller and the drive roller, enabling
the image forming apparatus to obtain high quality imag-
es.

[0104] Fig. 15 is a schematic diagram of a tandem-
type electrophotographic color laser printer using a direct
transfer method (hereinafter, "laser printer") that serves
as an image forming apparatus according to a sixth em-
bodiment of the present invention. Fig. 16 is a schematic
diagram of a transfer unit 308 shown in Fig. 15.

[0105] In the laser printer, four toner image forming
units 301Y, 301M, 301C, and 301K for forming images
of respective colors of yellow (Y), magenta (M), cyan (C),
and black (K) are arranged in a conveying direction of a
printing sheet 306 or 307 (a direction in which a sheet
conveying belt 300 is moved along an arrow A shown in
Fig. 15) sequentially from an upstream side. The toner
image forming units 301Y, 301M, 301C, and 301K in-
clude photosensitive drums 311Y, 311M, 311C, and
311K serving as image carries, and development units,
respectively. The toner image forming units 301Y, 301M,
301C, and 301K are arranged to make rotation axes of
the photosensitive drums 311Y, 311M, 311C, and 311K
parallel to one another, and to have a predetermined pitch
therebetween in the conveying direction of the printing
sheet 306 or 307.

[0106] The laser printer also includes an optical writing
unit 302, sheet feeding cassettes 303 and 304, a pair of
registration rollers 305, a transfer unit 308 serving as a
belt driving unit, a belt-fixing type fixing unit 309, and a
sheet discharge tray 310. The transfer unit 308 includes
the sheet conveying belt 300 serving as a transferring
and conveying member that carries and conveys a print-
ing sheet to pass through a transfer position of each of
the toner image forming units 301Y, 301M, 301C, and
301K. Furthermore, the laser printer includes a manual
feed tray MF and a toner supply container TC. In a trian-
gular space S indicated by a two-dot chain line, a waste
toner bottle, a double-sided printing and reversal printing
unit, a power supply unit, and the like are provided al-
though not shown. The optical writing unit 302 includes
a light source, a polygon mirror, an -0 lens, and a reflect-
ing mirror. The optical writing unit 302 radiates a laser
beam onto surfaces of the photosensitive drums 311Y,
311M, 311C, and 311K while scanning them based on
image data.

[0107] As shown in Fig. 16, the sheet conveying belt
300 used in the transfer unit 308 is a high resistance
endless single-layer belt having a volume resistivity of
109 to 1011 [Q-cm] and is made of, for example, polyvi-
nylidene fluoride (PVDF). The sheet conveying belt 300
is supported by supporting rollers 311, 312, 313, 314,
315, 316, and 318 to pass through the respective transfer
positions at which the sheet conveying belt 300 is in con-
tact with and opposes the photosensitive drums 311Y,
311M, 311C, and 311K. An electrostatic attraction roller
320 to which a predetermined voltage is applied from a
power supply 319 is arranged outside a loop of the sheet
conveying belt 300 to oppose the entrance roller (the
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supporting roller) 311 provided upstream in the sheet
conveying direction. The printing sheet 306 or 307
passed through between the entrance roller 311 and the
electrostatic attraction roller 320 is electrostatically at-
tracted to the sheet conveying belt 300. The supporting
roller 313 is a drive roller that frictionally drives the sheet
conveying belt 300, and is connected to a drive source
(not shown) to rotate in a direction indicated by an arrow
shown in Fig. 16. Transfer-bias applying members 317Y,
317M, 317C, and 317K are provided as transfer-electric-
field forming units that form a transfer electric field at
each transfer position to oppose the photosensitive
drums 311Y, 311M, 311C, and 311K and be in contact
with a back surface of the sheet conveying belt 300. The
transfer-bias applying members 317Y, 317M, 317C, and
317K are bias rollers each having a sponge or the like
provided on an outer periphery thereof. Transfer bias is
applied to the cores of the transfer-bias applying mem-
bers 317Y, 317M, 317C, and 317K from transfer bias
power supplies 321Y, 321M, 321C, and 321K, respec-
tively. A transfer charge is applied to the sheet conveying
belt 300 by an action of the transfer bias. The transfer
electric field with a predetermined intensity is formed at
each transfer position between the sheet conveying belt
300 and a surface of each of the photosensitive drums
311Y, 311M, 311C, and 311K.

[0108] The backup rollers (the supporting rollers) 318
are arranged to appropriately keep a contact between
the printing sheet and the photosensitive drums 311Y,
311M, and 311C and to provide a best transfer nip ther-
ebetween. The transfer-bias applying members 317Y,
317M, and 317C and the backup rollers 318 in the vicinity
thereof are held integrally by a swinging bracket 323 so
that they can move rotationally about a rotation shaft 324.
The transfer-bias applying members 317Y, 317M, and
317C and their corresponding backup rollers 318 move
rotationally in a clockwise direction when a cam 326 fixed
to a cam shaft 325 is rotated in a direction indicated by
an arrow. The entrance roller 311 and the electrostatic
attraction roller 320 are supported integrally by an en-
trance roller bracket 327 so that they move rotationally
about a shaft 328 in the clockwise direction. A pin 330
fixedly attached to the entrance roller bracket 327 is en-
gaged with a hole 329 formed in the swinging bracket
323, so that the entrance roller bracket 327 moves rota-
tionally along with the rotation of the swinging bracket
323. By rotationally moving the brackets 327 and 323 in
the clockwise direction, the transfer-bias applying mem-
bers317Y,317M, and 317C and the corresponding back-
up rollers 318 are separated from the respective photo-
sensitive drums 311Y, 311M, and 311C, and the en-
trance roller 311 and the electrostatic attraction roller 320
are moved downward. Therefore, in the case of forming
only a black image, it is possible to avoid contact of the
photosensitive drums 311Y, 311M, and 311C with the
sheet conveying belt 300.

[0109] The transfer-bias applying member 317K and
the backup roller 318 in the vicinity thereof are integrally
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supported by an exit bracket 332 so that they can move
rotationally about a shaft 333 coaxial with the exit roller
312. When the transfer unit 308 is attached to or detached
from an apparatus body, the exit bracket 332 is rotated
clockwise by operating a handle (not shown) to separate
the transfer-bias application member 317K and the back-
up roller 318 from the photosensitive drum 311K for form-
ing a black image. A cleaning unit 334 that includes a
brush roller and a cleaning blade is arranged to be in
contact with an outer peripheral surface of the sheet con-
veying belt 300 that is supported by the drive roller 313.
The cleaning unit 334 removes foreign matters such as
toners adhering to the sheet conveying belt 300. The
supporting roller 314 is provided downstream of the drive
roller 313 in a moving direction of the sheet conveying
belt 300 so that the supporting roller 314 presses the
outer peripheral surface of the sheet conveying belt 300.
By providing the supporting roller 314 in such a manner,
a winding angle at which the sheet conveying belt 300 is
supported by the drive roller 313 is secured. The tension
roller (the supporting roller) 315 that applies a tension to
the sheet conveying belt 300 by a pressing member (a
spring) 335 is provided within a loop of the sheet con-
veying belt 300 downstream of the supporting roller 314.
[0110] A dashed line shown in Fig. 15 indicates a con-
veying path for conveying the printing sheets 306 and
307. The printing sheet 306 or 307 fed from the sheet
feeding cassette 303 or 304 or the manual feed tray MF
is conveyed by conveying rollers while being guided by
a conveying guide (not shown) to a temporary stop po-
sition at which the registration rollers 305 are provided.
The printing sheet 306 or 307, which is fed to the tem-
porary stop position, is fed forward by the registration
rollers 305 at a predetermined timing to be conveyed
toward the respective toner image forming units 301Y,
301M, 301C, and 301K while being carried on the sheet
conveying belt 300. Upon the printing sheet 306 or 307
passing through the respective transfer nips formed by
the photosensitive drums 311Y, 311M, 311C, and 311K,
toner images developed on the photosensitive drums
311Y, 311M, 311C, and 311K are transferred onto the
printing sheet 306 or 307 in a superimposing manner by
actions of the transfer electric field and a nip pressure.
With the above operations, a full-color toner image is
formed on the printing sheet 306 or 307. Surfaces of the
photosensitive drums 311Y, 311M, 311C, and 311K after
transfer of the toner images are cleaned by the cleaning
unit 334 and neutralized for preparation of formation of
next electrostatic latent images.

[0111] The printing sheet 306 or 307 onto which the
full-color toner image is transferred is conveyed to the
fixing unit 109, in which the full-color toner image is fixed
to the printing sheet 306 or 307. The printing sheet 306
or 307 with the full-color toner image fixed thereto is con-
veyed in a first sheet-discharging direction B or a second
sheet-discharging direction C depending upon a switch-
ing position by a switching guide G. When the printing
sheet 306 or 307 is conveyed in the first sheet-discharg-
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ing direction B to be discharged onto the sheet discharge
tray 310, the printing sheet 306 or 307 is stacked on the
sheet discharge tray 310 with its image printed side
downward, i.e., in a so-called facedown state. When the
printing sheet 306 or 307 is conveyed in the second
sheet-discharging direction C, the printing sheet 306 or
307 is conveyed toward another post-processing unit
(e.g., a sorter or a binder) (not shown) or toward the reg-
istration rollers 305 again for double-sided printing
through a switch back unit. In such image forming appa-
ratus, an encoder is attached to the drive roller 313 for
moving the sheet conveying belt 300 or a driven roller in
the transfer unit 308, thereby controlling the driving of
the sheet conveying belt 300.

[0112] In the present embodiment, the sheet convey-
ing belt 300 is driven by using the belt device of any of
thefirst to thirdembodiments to drive the sheet conveying
belt 300 to rotate with high accuracy. Moreover, these
belt driving control devices are controlled by the drive
control device of any of the first to third embodiments.
Furthermore, the feedback control system is configured
by using the supporting roller 313 as a drive roller and
by attaching an encoder to one of the supporting rollers
311, 312, 314, 315, and 316.

[0113] According to the present embodiment, the belt
can be driven at a constant speed without much limitation
in layout of the driven roller and the drive roller, enabling
the image forming apparatus to obtain high quality imag-
es.

[0114] In the present embodiment, the present inven-
tion is applied as the transfer unit 308 in the tandem-type
color laser printer in which the photosensitive drums
311Y, 311M, 311C, and 311K are arranged in series;
however, the present invention can be employed to other
printers and belt driving devices. For example, the
presentinvention can be employed to any type of printers
including a belt driving device that drives an endless belt
supported by a plurality of supporting rollers to rotate by
at least one of the supporting rollers.

[0115] Fig. 17 is a schematic diagram of a tandem-
type electrophotographic color copier using an indirect
transfer method as an image forming apparatus accord-
ing to a seventh embodiment. The color copier is largely
divided into an apparatus body 410, a sheet feeding table
500 on which the apparatus body 410 is mounted, a scan-
ner 600 mounted on the apparatus body 410, and an
automatic document feeder (ADF) 700 mounted on the
scanner 600.

[0116] The apparatus body 410 includes an endless
belt-like intermediate transfer element 411 provided at
the central part thereof. The intermediate transfer ele-
ment 411 has a base layer formed with, for example,
fluororesin having low distensibility or a material obtained
by combining a material such as canvas having low dis-
tensibility with a rubber material having high distensibility,
and an elastic layer provided on the base layer. The elas-
tic layer is formed with fluororubber or acrylonitrile-buta-
diene copolymer rubber, or the like. The surface of the
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elastic layer is coated with, for example, fluororesin as a
coat layer with high smoothness.

[0117] As shown in Fig. 17, the intermediate transfer
element411is supported by three supporting rollers 412,
413, and 414 to allow the intermediate transfer element
411 to rotate clockwise. The supporting roller 413 is a
drive roller, and an encoder is attached to the supporting
roller 412 as a driven roller. The drive control system of
these components is the same as that of the first and
second embodiments, and hence overlapping explana-
tion is omitted.

[0118] As shown in Fig. 17, an intermediate-transfer-
element cleaning unit 415 for removing residual toner
remaining on the intermediate transfer element 411 after
image transfer is provided on the left side of the support-
ing roller 413. Above the intermediate transfer element
411 that is supported by the supporting rollers 412 and
413, four image forming units 416 including photosensi-
tive elements 436Y, 436C, 436M, and 436K for yellow,
cyan, magenta, and black are arranged in series along
adirection in which the intermediate transfer element 411
moves to form a tandem-type image forming apparatus
417.

[0119] Furthermore, an exposing unit 418 is provided
above the image forming apparatus 417. A secondary
transfer unit 419 is provided opposite to the image form-
ing apparatus 417 with the intermediate transfer element
411 therebetween. In the example of Fig. 17, the sec-
ondary transfer unit 419 is configured such that a sec-
ondary endless transfer belt 421 is supported by two sup-
porting rollers 420 and the secondary endless transfer
belt 421 is pressed against the supporting roller 414 via
the intermediate transfer element 411 so that an image
on the intermediate transfer element 411 is transferred
onto a sheet. A fixing unit 422 that fixes the transferred
image to the sheet is provided next to the secondary
transfer unit 419. The fixing unit 422 is configured such
that a pressure roller 424 is pressed against a fixing belt
423 as an endless belt.

[0120] The secondary transfer unit 419 also includes
a sheet conveying function for conveying the sheet with
the transferred image thereon to the fixing unit 422. The
secondary transfer unit 419 can include a transfer roller
and a non-contact charging unit; however, in this case,
it becomes difficult for the unit to have the sheet convey-
ing function.

[0121] Inthe example of Fig. 17, a sheet reversing unit
425 is provided under the secondary transfer unit 419
and the fixing unit 422 in parallel with the image forming
apparatus 417. The sheet reversing unit 425 reverses a
sheet to record images on both surfaces of the sheet.
[0122] When copyingis performed using the color cop-
ier, an original is placed on an original tray 430 of the
ADF 700. Alternatively, the ADF 700 is opened to place
an original on an exposure glass 431 of the scanner 600
and is then closed to press the original.

[0123] Upon pressing of a start button (not shown), the
original placed on the original tray 430 is conveyed to be
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placed on the exposure glass 431 and is scanned by the
scanner 600. On the other hand, when the original is
placed on the exposure glass 431, the scanner 600 is
immediately driven to run a first movable element 432
and a second movable element 433. Light is radiated to
the original from a light source by the first movable ele-
ment 432, and the light reflected from the surface of the
original is further reflected to be directed toward the sec-
ond movable element 433. The light reflected by a mirror
of the second movable element 433 passes through an
imaging lens 434 to form an image on a reading sensor
435. In this manner, a content of the original is read.
[0124] Furthermore, upon pressing of the start button,
the drive motor and the drive roller 413 are driven to rotate
to allow the supporting rollers 412 and 414 to rotate, and
the intermediate transfer element 411 is rotated. At the
same time, the photosensitive elements 436Y, 436C,
436M, and 436K of the respective image forming units
416 are rotated to form black, yellow, magenta, and cyan
single-color images on the photosensitive elements
436Y, 436C, 436M, and 436K, respectively. With the
movement of the intermediate transfer element 411, the
single-colorimages are sequentially transferred onto the
intermediate transfer element 411 to form a composite
color image thereon.

[0125] Furthermore, upon pressing of the start button,
one of sheetfeeding rollers 437 of the sheet feeding table
500 is selectively rotated to send out sheets from a cor-
responding one of sheet feeding cassettes 439 provided
in a multistage manner in a paper bank 438. The sheets
are led into a sheet conveying path 441 one by one by
separation rollers 440 to be conveyed by conveying roll-
ers 442 to a sheet conveying path 443 in the apparatus
body 410. The sheet stops when it comes into contact
with a pair of registration rollers 444.

[0126] When sheets are fed from a manual feed tray
446, a sheet feeding roller 445 is rotated to lead the
sheets into a manual feed path 448 one by one by sep-
aration rollers 447. The sheet stops when it comes into
contact with the registration rollers 444.

[0127] The registration rollers 444 are rotated in syn-
chronization with the timing of the composite colorimage
on the intermediate transfer element 411. The sheet is
fed into a nip between the intermediate transfer element
411 and the secondary transfer unit 419, so that the color
image is transferred onto the sheet by the secondary
transfer unit 419.

[0128] The sheet after the image is transferred thereto
is conveyed by the secondary transfer unit 419 to the
fixing unit 422. The image on the sheet is fixed thereto
in the fixing unit 422 by heat and pressure, and then the
sheet is discharged by discharging rollers 450 by switch-
ing a switching claw 449. The discharged sheetis stacked
on a sheet discharge tray 451. Alternatively, the sheet is
conveyed to the sheet reversing unit 425 by switching
the switching claw 449. The sheet conveyed to the sheet
reversing unit 425 is reversed to be conveyed againto a
transfer position. Then, animage is recorded on the back
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surface of the sheet, and the sheet with the images re-
corded on both sides is discharged onto the sheet dis-
charge tray 451 by the discharging rollers 450.

[0129] The residual toner remaining on the intermedi-
ate transfer element 411 after the image is transferred is
cleaned by the intermediate-transfer-element cleaning
unit 415, so that the intermediate transfer element 411
is in standby state for the next image formation by the
image forming apparatus 417. The registration rollers
444 are generally grounded; however, it is also possible
to apply a bias thereto to remove paper dust of the sheet.
[0130] In such a color copier, driving accuracy of the
intermediate transfer element 411 significantly influenc-
es on the quality of a final image. Therefore, it is desired
to control driving of the intermediate transfer element 411
with higher accuracy. In the present embodiment, there-
fore, the belt-conveyance control device of any of the first
to third embodiments is used as the drive system of the
intermediate transfer element 411 in such copier. Fur-
thermore, the feedback control system is configured by
using the supporting roller 413 as a drive roller and by
attaching an encoder to the supporting roller 412.
[0131] According to the present embodiment, the belt
can be driven at a constant speed without much limitation
in layout of the driven roller and the drive roller, enabling
the image forming apparatus to obtain high quality imag-
es.

[0132] For correcting driving of the drive roller, the
home position in one rotation is used as a reference.
However, the correction target is a geometric drive error,
so that it is considered that this correction and the posi-
tions of pulses do not change in every rotation. Therefore,
driving of the drive roller can be corrected by always mon-
itoring the rotational position of the drive roller without
using the physical home position as a reference.
[0133] The drive control in the embodiments can be
executed using a computer. Fig. 18 is a perspective view
of a personal computer (PC) 511 as one example that
can be used to execute drive control in each of the em-
bodiments. A recording medium 512 detachably at-
tached to the PC 511 stores therein computer programs
to allow the PC 511 to perform calculations for control
and data input/output. The PC 511 executes the compu-
ter programs stored in the recording medium 512 to ex-
ecute drive control in the embodiments. The recording
medium 512 includes an optical disk such as a compact
disk read only memory (CD-ROM) and a magnetic disk
such as a flexible disk. The computer programs can be
downloaded into the PC 511 through a communication
network without using the recording medium.

[0134] Inthe presentembodiment, itis desired that the
ratio between a perimeter of each of the drive roller 413
and the driven roller 412 and the interval between the
photosensitive elements 436Y, 436M, 436C, and 436K
is approximately an integral ratio.

[0135] As the computer used to execute the drive con-
trol according to the first to seventh embodiments, a mi-
crocomputer can be used. The microcomputer is used
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by being incorporated in the image forming apparatuses
of Figs. 13 to 17. In this case, as the recording medium
storing the control program, a ROM in the microcomputer
can be used.

[0136] Specifically, the program includes the follow-
ings. For example, the first to third embodiments employ
a control program that allows the computer to rotate the
belt 30. The fourth embodiment employs a control pro-
gram that allows the computer to control the belt unit that
drives the intermediate transfer belt 124 of the image
forming apparatus. The fifth embodiment employs a con-
trol program that allows the computer to control the belt
unit that drives the photosensitive belt 201 of the image
forming apparatus. The sixth embodiment employs a
control program that allows the computer to control the
belt unit that drives the sheet conveying belt 300 of the
image forming apparatus. The seventh embodiment em-
ploys a control program that allows the computer to con-
trol the belt unit that drives the intermediate transfer el-
ement 411 of the image reading apparatus.

[0137] According to each of the embodiments, the belt
as a moving element can be controlled to be driven at a
constant speed with high accuracy even if the belt is de-
flected, so that high quality images can be obtained by
an image forming apparatus.

[0138] The drive control apparatus of the present in-
vention can be used without any limitation to the driving
of the’ belt at a constant speed in the image forming ap-
paratus and the image reading apparatus. For example,
the drive control device of the present invention is appli-
cable to drive control of the movable elementin an optical
disk drive (ODD), a hard disk drive (HDD), a robot, or the
like.

[0139] As described above, according to an aspect of
the presentinvention, the belt can be driven at a constant
speed without much limitation in layout of the driven roller
and the drive roller, enabling the image forming appara-
tus to obtain high quality images.

[0140] Although the invention has been described with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited
but are to be construed as embodying all modifications
and alternative constructions that may occur to one
skilled in the art that fairly fall within the basic teaching
herein set forth.

[0141] The present application claims priority to and
incorporates by reference the entire contents of Japa-
nese priority document 2007-139084 filed in Japan on
May 25 2007, and 2008-056437 filed in Japan on March
6, 2008.

Claims

1. Abelt-conveyance control device thatincludes a belt
(30) that is supported by a drive roller (31) and a
driven roller (32), a pulse motor (11) that drives the
drive roller (31), and a first encoder (18) that is at-
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tached to the driven roller (32) to detect a displace-
ment of the belt (30), the belt-conveyance control
device controlling a conveying speed of the belt (30),
the belt-conveyance control device comprising:

a control unit that calculates a difference be-
tween the displacement detected by the first en-
coder (18) and a predetermined target value,
calculates a pulse frequency of a driving pulse
signal for driving the pulse motor (11) based on
a feedback control based on the difference and
a feed-forward control based on a reference
driving pulse frequency, sets a control range of
the feedback control to be equal to or smaller
than a frequency of one rotation of the driven
roller (32), and controls driving of the pulse mo-
tor (11) such that the belt (30) moves at a con-
stant speed.

The belt-conveyance control device according to
claim 1, wherein a transmission system from the
pulse motor (11) to the drive roller (31) is a transmis-
sion system in which a fluctuation is generated in a
frequency lower than one rotation of the driven roller
(32).

The belt-conveyance control device according to
claim 1 or 2, wherein a diameter of the drive roller
(31) is larger than that of the driven roller (32).

The belt-conveyance control device according to any
one of claims 1 to 3, wherein the control unit adds a
target pulse frequency for cancelling a fluctuation
component in a transmission system from the pulse
motor (11) to the drive roller (31) to the reference
driving pulse frequency.

The belt-conveyance control device according to
claim 4, further comprising:

a second encoder (501) that is attached to the
drive roller (31) to detect a fluctuation compo-
nent in the transmission system, wherein

the control unit generates the reference driving
pulse frequency based on the fluctuation com-
ponent in the transmission system measured by
the second encoder (501).

The belt-conveyance control device according to
claim 1, wherein the control unit causes at least one
of arotation frequency of a transmission system from
the pulse motor (11) to the drive roller (31) and a
rotation frequency by one rotation of the driven roller
(32), and adds to the reference driving pulse frequen-
cy a target pulse frequency that is generated based
on a result of measurement by the first encoder (18)
with respect to a fluctuation component of at least
one of the transmission system and the drive roller
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10.

11.

12.

32

(31) inone rotation whose rotation frequency is made
different from that of the driven roller (32) in one ro-
tation.

The belt-conveyance control device according to
claim 6, wherein the control unit sets at least one of
the rotation frequency of the transmission system
and the rotation frequency of the drive roller (31) in
one rotation to be lower than the rotation frequency
of the driven roller (32) in one rotation.

An image forming apparatus comprising the belt-
conveyance control device according to any one of
claims 1to 7.

The image forming apparatus according to claim 8,
wherein the belt (30) is at least one selected from
the group comprising photosensitive belts, interme-
diate transfer belts, and sheet conveying belts.

The image forming apparatus according to claim 9,
wherein the belt is an intermediate transfer belt and
further comprising:

a plurality of photosensitive elements that trans-
fers images with different colors onto the inter-
mediate transfer belt, wherein

a perimeter of each of the drive roller (31) and
the driven roller (32) is approximately equal to
an interval between photosensitive elements.

A method of controlling a conveying speed of a belt
in a belt-conveyance control device that includes the
belt that is supported by a drive roller and a driven
roller, a pulse motor that drives the drive roller, and
an encoder that is attached to the driven roller to
detect a displacement of the belt, the method com-
prising:

calculating a difference between the displace-
ment detected by the encoder and a predeter-
mined target value;

calculating a pulse frequency of a driving pulse
signal for driving the pulse motor based on a
feedback control based on the difference and a
feed-forward control based on a reference driv-
ing pulse frequency;

setting a control range of the feedback control
to be equal to or smaller than a frequency of one
rotation of the driven roller; and

controlling driving of the pulse motor such that
the belt moves at a constant speed.

The method according to claim 11, wherein the con-
trolling includes adding a target pulse frequency for
cancelling a fluctuation componentin a transmission
system from the pulse motor to the drive roller to the
reference driving pulse frequency.
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The method according to claim 11, wherein the con-
trolling includes

causing atleast one of arotation frequency of a trans-
mission system from the pulse motor to the drive
roller and a rotation frequency by one rotation of the
drive roller to be different from a rotation frequency
by one rotation of the driven roller, and

adding to the reference driving pulse frequency by
a target pulse frequency that is generated based on
aresult of measurement by the encoder with respect
toafluctuation component of atleast one of the trans-
mission system and the drive roller in one rotation
whose rotation frequency is made different from that
of the driven roller in one rotation.

The method according to any one of claims 11 to 13,
wherein the belt is photosensitive belt, an interme-
diate transfer belt or a sheet conveying belt.

A computer program product comprising computer-
readable program codes that when executed caus-
ing a computer to execute a method according to
any one of claims 11 to 14.
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