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(54) Image forming apparatus

(57) An image forming apparatus includes a power
source (39) to output a voltage having an alternating
waveform to transfer a toner image from an image bear-
ing member (31) to a recording medium. A time-averaged
value (Vave) of the voltage has a polarity in a transfer
direction, in which the toner image is transferred from the
image bearing member (31) to the recording medium,
and an absolute value of the time-averaged value is

greater than a midpoint value (Voff) of the voltage inter-
mediate between a maximum value and a minimum value
of the voltage. As a roughness of the recording medium
increases, a duty ratio (Duty) expressed by A / (A+B) is
reduced, where A is an area of the waveform of the volt-
age in a return direction opposite the transfer direction
relative to the midpoint value in one cycle and B is an
area in the transfer direction relative to the midpoint val-
ue.
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Description

BACKGROUND

Technical Field

[0001] Exemplary aspects of the present disclosure
generally relate to an image forming apparatus including
an image bearing member and a transfer device contact-
ing the image bearing member to form a transfer nip ther-
ebetween, and a toner image formed on the image bear-
ing member is transferred onto a recording medium fed
to the transfer nip.

Description of the Related Art

[0002] In known electrophotographic image forming
apparatuses, an unfixed image, also known as a toner
image, is formed on an image bearing member, i.e., a
photosensitive drum. An intermediate transfer member,
i.e., an intermediate transfer belt serving also as an image
bearing member, contacts the photosensitive drum to
form a so-called primary transfer nip therebetween. In
the primary transfer nip, the toner image on the photo-
sensitive drum is primarily transferred onto the interme-
diate transfer belt. Such a configuration is proposed, for
example, in JP-2006-267486-A.
[0003] A secondary transfer roller serving as a transfer
device contacts the intermediate transfer belt to form a
so-called secondary transfer nip. An opposed roller is
disposed inside the loop formed by the intermediate
transfer belt, facing the secondary transfer roller with the
intermediate transfer belt interposed therebetween. The
opposed roller disposed inside the loop of the interme-
diate transfer belt is grounded; whereas, the secondary
transfer roller disposed outside the loop is supplied with
a secondary transfer bias (voltage). In this configuration,
a secondary transfer electric field is formed in a second-
ary transfer nip between the opposed roller and the sec-
ondary transfer roller. The secondary transfer electric
field causes the toner image to move from the opposed
roller side to the secondary transfer roller side.
[0004] A recording medium is fed to the secondary
transfer nip in appropriate timing such that the recording
medium is aligned with the toner image formed on the
intermediate transfer belt. Due to the secondary transfer
electric field and a nip pressure applied to the secondary
transfer nip, the toner image on the intermediate transfer
belt is transferred secondarily onto the recording medi-
um.
[0005] In such a configuration described above, when
using a recording medium having a coarse surface such
as Japanese paper (also known as Washi), a pattern of
light and dark according to the surface condition of the
recording medium appears in an output image because
toner does not transfer well to such an embossed surface,
in particular, recessed portions of the surface. As a result,
the image density at the recessed portions is lower than

the image density at projecting portions. This inadequate
transfer of the toner appears as the pattern of light and
dark patches in the resulting output image.
[0006] In view of the above, in one approach, not only
a direct current (DC) voltage, but also a DC voltage su-
perimposed on an alternating current (AC) voltage is ap-
plied as a secondary transfer bias, thereby preventing
the pattern of light and dark, as compared with supplying
only the direct current voltage.
[0007] According to experiments performed by the
present inventors, the present inventors have recognized
that application of the secondary transfer bias as de-
scribed above causes easily white spots (absence of ton-
er) in an image on the recessed portions of the recording
medium. This phenomenon also depends on the degree
of roughness of the recording medium, temperature and
humidity, electrical resistance at the transfer nip, and so
forth.
[0008] In view of the above, there is thus an unsolved
need for an image forming apparatus capable of main-
taining good transferability regardless of surface condi-
tions of recording media.

SUMMARY

[0009] It is a general object of the present invention to
provide an improved image forming apparatus capable
of obtaining an adequate image density regardless of
surface conditions of recording media while suppressing
generation of white spots or lack of toner in an image.
[0010] In view of the foregoing, in an aspect of this
disclosure, there is provided a novel image forming ap-
paratus including an image bearing member, a transfer
member, a power source, and a controller. The image
bearing member bears a toner image on a surface there-
of. The transfer member is disposed opposite the image
bearing member and contacts the surface of the image
bearing member to form a transfer nip. The power source
outputs a voltage to transfer the toner image from the
image bearing member onto a recording medium inter-
posed in the transfer nip. The voltage includes a first volt-
age in a transfer direction in which the toner image is
transferred from the image bearing member to the re-
cording medium and a second voltage having a polarity
opposite that of the first voltage. The first voltage and the
second voltage alternate upon transfer of the toner image
from the image bearing member to the recording medi-
um. The controller is operatively connected to the power
source, to control the power source. A time-averaged
value (Vave) of the voltage has a polarity in the transfer
direction, and an absolute value of the time-averaged
value (Vave) is greater than a midpoint value (Voff) of
the voltage intermediate between a maximum value and
a minimum value of the voltage. As a roughness of the
recording medium increases, the controller controls the
power source to reduce a duty ratio (Duty) expressed by
A / (A+B), where A is an area of an alternating waveform
in a return direction opposite the transfer direction relative
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to the midpoint value Voff in one cycle and B is an area
in the transfer direction relative to the midpoint value Voff.
[0011] According to another aspect, an image forming
apparatus includes an image bearing member, a transfer
member, a power source, a controller, and an environ-
ment detector. The image bearing member bears a toner
image on a surface thereof. The transfer member is dis-
posed opposite the image bearing member and contacts
the surface of the image bearing member to form a trans-
fer nip. The power source outputs a voltage to transfer
the toner image on the image bearing member onto a
recording medium interposed in the transfer nip. The volt-
age includes a first voltage in a transfer direction in which
the toner image is transferred from the image bearing
member to the recording medium and a second voltage
having a polarity opposite that of the first voltage. The
first voltage and the second voltage alternate upon trans-
fer of the toner image from the image bearing member
to the recording medium. The controller is operatively
connected to the power source, to control the power
source. The environment detector detects at least one
of temperature and humidity. A time-averaged value
(Vave) of the voltage has a polarity in the transfer direc-
tion, and an absolute value of the time-averaged value
(Vave) is greater than a midpoint value (Voff) of the volt-
age intermediate between a maximum value and a min-
imum value of the voltage. As at least one of the temper-
ature and the humidity detected by the environment de-
tector decreases, the controller controls the power
source to reduce a duty ratio (Duty) expressed by A /
(A+B), where A is an area of an alternating waveform in
a return direction opposite the transfer direction relative
to the midpoint value Voff in one cycle and B is an area
in the transfer direction relative to the midpoint value Voff.
[0012] According to another aspect, an image forming
apparatus includes an image bearing member, a transfer
member, a power source, a controller, and a resistance
detector. The image bearing member bears a toner im-
age on a surface thereof. The transfer member is dis-
posed opposite the image bearing member and contacts
the surface of the image bearing member to form a trans-
fer nip. The power source outputs a voltage to transfer
the toner image on the image bearing member onto a
recording medium interposed in the transfer nip. The volt-
age includes a first voltage in a transfer direction in which
the toner image is transferred from the image bearing
member to the recording medium and a second voltage
having a polarity opposite that of the first voltage. The
first voltage and the second voltage alternate upon trans-
fer of the toner image from the image bearing member
to the recording medium. The controller is operatively
connected to the power source, to control the power
source. The resistance detector detects an electrical re-
sistance of a transfer section including the image bearing
member and the transfer member. A time-averaged val-
ue (Vave) of the voltage has a polarity in the transfer
direction, and an absolute value of the time-averaged
value (Vave) is greater than a midpoint value (Voff) of

the voltage intermediate between a maximum value and
a minimum value of the voltage. As an electrical resist-
ance detected by the resistance detector increases, the
controller controls the power source to reduce a duty ratio
(Duty) expressed by A / (A+B), where A is an area of an
alternating waveform in a return direction opposite the
transfer direction relative to the midpoint value Voff in
one cycle and B is an area in the transfer direction relative
to the midpoint value Voff.
[0013] According to the aspects of the present inven-
tion, the power source is controlled to reduce the duty
ratio (Duty) expressed by A / (A+B) as the degree of
roughness of the recording medium is high. Accordingly,
the absolute value of the time averaged value of the volt-
age Vave increases as the roughness of the recording
medium increases. The transferability increases so that
an adequate image density is obtained both at recessed
portions and projecting portions of the recording medium,
suppressing generation of the white spots and hence ob-
taining a desired image quality.
[0014] The aforementioned and other aspects, fea-
tures and advantages would be more fully apparent from
the following detailed description of illustrative embodi-
ments, the accompanying drawings and the associated
claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0015] A more complete appreciation of the disclosure
and many of the attendant advantages thereof will be
more readily obtained as the same becomes better un-
derstood by reference to the following detailed descrip-
tion of illustrative embodiments when considered in con-
nection with the accompanying drawings, wherein:

FIG. 1 is a schematic diagram illustrating an image
forming apparatus according to an illustrative em-
bodiment of the present disclosure;
FIG. 2 is a schematic diagram illustrating an image
forming unit for black as an example of image forming
units employed in the image forming apparatus of
FIG. 1;
FIG. 3 is a schematic diagram illustrating a power
source for secondary transfer employed in the image
forming apparatus of FIG. 1;
FIG. 4 is a schematic diagram illustrating a variation
of the power source for the secondary transfer;
FIG. 5 is a schematic diagram illustrating another
variation of the power source for the secondary
transfer;
FIG. 6 is a schematic diagram illustrating another
variation of the power source for the secondary
transfer;
FIG. 7 is a schematic diagram illustrating another
variation of the power source for the secondary
transfer;
FIG. 8 is a schematic diagram illustrating another
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variation of the power source for the secondary
transfer;
FIG. 9 is a schematic diagram illustrating another
variation of the power source for the secondary
transfer;
FIG. 10 is an enlarged diagram schematically illus-
trating an example of a secondary transfer nip;
FIG. 11 is a waveform chart showing an example of
a waveform of a voltage consisting of a superim-
posed bias;
FIG. 12 is a schematic diagram illustrating an obser-
vation equipment for observation of behavior of toner
in the secondary transfer nip;
FIG. 13 is an enlarged schematic diagram illustrating
behavior of toner in the secondary transfer nip at the
beginning of a transfer process;
FIG. 14 is an enlarged schematic diagram illustrating
behavior of the toner in the secondary transfer nip
in the middle phase of the transfer process;
FIG. 15 is an enlarged schematic diagram illustrating
behavior of toner in the secondary transfer nip in the
last phase of the transfer process;
FIG. 16 is a block diagram illustrating an example of
an electrical circuit of a control system of the image
forming apparatus;
FIG. 17 is a waveform chart showing an example of
a waveform of the secondary transfer bias provided
by the power source controlled by a controller;
FIG. 18 is a table showing a relation of a sheet type
and a degree of roughness of recording media used
in illustrative embodiments;
FIG. 19 is a table showing effects of Embodiment 1
in which the sheet type and a duty ratio (Duty) are
varied;
FIG. 20 is a table showing effects of Embodiment 2
in which temperature, humidity, and the duty ratio
(Duty) are varied;
FIG. 21 is a table showing effects of Embodiment 3
in which electrical resistance of a transfer section
and the duty ratio (Duty) are varied;
FIG. 22 is a table showing effects of Embodiment 4
in which the sheet type, the duty ratio (Duty), and a
peak-to-peak voltage (Vpp) are varied;
FIG. 23 is a table showing effects of Embodiment 5
in which temperature, humidity, the duty ratio (Duty),
and the peak-to-peak voltage (Vpp) are varied; and
FIG. 24 is a table showing effects of Embodiment 6
in which the electrical resistance at the transfer sec-
tion, the duty ratio (Duty), and the peak-to-peak volt-
age are varied.

DETAILED DESCRIPTION

[0016] A description is now given of illustrative embod-
iments of the present disclosure. It should be noted that
although such terms as first, second, etc. may be used
herein to describe various elements, components, re-
gions, layers and/or sections, it should be understood

that such elements, components, regions, layers and/or
sections are not limited thereby because such terms are
relative, that is, used only to distinguish one element,
component, region, layer or section from another region,
layer or section. Thus, for example, a first element, com-
ponent, region, layer or section discussed below could
be termed a second element, component, region, layer
or section without departing from the teachings of this
disclosure.
[0017] In addition, it should be noted that the terminol-
ogy used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of
this disclosure. Thus, for example, as used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. Moreover, the terms "includes" and/or
"including", when used in this specification, specify the
presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the
presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or
groups thereof.
[0018] In describing illustrative embodiments illustrat-
ed in the drawings, specific terminology is employed for
the sake of clarity. However, the disclosure of this patent
specification is not intended to be limited to the specific
terminology so selected, and it is to be understood that
each specific element includes all technical equivalents
that have the same function, operate in a similar manner,
and achieve a similar result.
[0019] In a later-described comparative example, illus-
trative embodiment, and alternative example, for the
sake of simplicity, the same reference numerals will be
given to constituent elements such as parts and materials
having the same functions, and redundant descriptions
thereof omitted.
[0020] Typically, but not necessarily, paper is the me-
dium from which is made a sheet on which an image is
to be formed. It should be noted, however, that other
printable media are available in sheet form, and accord-
ingly their use here is included. Thus, solely for simplicity,
although this Detailed Description section refers to paper,
sheets thereof, paper feeder, etc., it should be under-
stood that the sheets, etc., are not limited only to paper,
but include other printable media as well.
[0021] Referring now to the drawings, wherein like ref-
erence numerals designate identical or corresponding
parts throughout the several views, and initially with ref-
erence to FIG. 1, a description is provided of an electro-
photographic color printer as an example of an image
forming apparatus according to an illustrative embodi-
ment of the present disclosure.
[0022] FIG. 1 is a schematic diagram illustrating the
image forming apparatus. As illustrated in FIG. 1, the
image forming apparatus includes four image forming
units 1Y, 1M, 1C, and 1K for forming toner images, one
for each of the colors yellow, magenta, cyan, and black,
respectively, a transfer unit 30, an optical writing unit 80,
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a fixing device 90, a sheet cassette 100, a pair of regis-
tration rollers 101, and a controller 60. It is to be noted
that the suffixes Y, M, C, and K denote colors yellow,
magenta, cyan, and black, respectively. To simplify the
description, these suffixes Y, M, C, and K indicating
colors are omitted herein, unless otherwise specified.
[0023] The image forming units 1Y, 1M, 1C, and 1K all
have the same configuration as all the others, differing
only in the color of toner employed. Thus, a description
is provided of the image forming unit 1K. for forming a
toner image of black as a representative example of the
image forming units. The image forming units 1Y, 1M,
1C, and 1K are replaced upon reaching their product life
cycles.
[0024] With reference to FIG. 2, a description is pro-
vided of the image forming unit 1K as an example of the
image forming units. FIG. 2 is a schematic diagram illus-
trating the image forming unit 1K. As illustrated in FIG.
2, the image forming unit 1K for forming a black toner
image includes a drum-shaped photosensitive drum 2K
(hereinafter referred to as photosensitive drum) serving
as a latent image bearing member, a charging device
6K, a developing device 8K, a drum cleaning device 3K,
and so forth. These devices are held in a common holder
so that they are detachably attachable and replaced at
the same time.
[0025] Similar to the image forming unit 1K, the image
forming units 1Y, 1M, and 1C include photosensitive
drums 2Y, 2M, and 2C, respectively. The photosensitive
drums 2Y, 2M, and 2C are surrounded by charging de-
vices 6Y, 6M, and 6C, developing devices 8Y, 8M, and
8C, drum cleaning devices 3Y, 3M, and 3C, respectively.
[0026] The photosensitive drum 2K is formed of a
drum-shaped base on which an organic photosensitive
layer is disposed. The photosensitive drum 2K is rotated
in a clockwise direction by a driving device. The charging
device 6K includes a charging roller 7K supplied with a
charging bias. The charging roller 7K contacts or ap-
proaches the photosensitive drum 2K to generate an
electric discharge therebetween, thereby charging uni-
formly the surface of the photosensitive drum 2K.
[0027] According to the present illustrative embodi-
ment, the photosensitive drum 2K is uniformly charged
with a negative polarity which is the same polarity as the
normal charge polarity of the toner. More specifically, the
photosensitive drum 2K is charged uniformly at approx-
imately -650 [V]. According to the present illustrative em-
bodiment, an alternating current (AC) voltage superim-
posed on a direct current (DC) voltage is employed as a
charging bias. The charging roller 7K comprises a metal
cored bar coated with a conductive elastic layer made of
a conductive elastic material. According to the present
embodiment, the photosensitive drum 2K is charged by
the charging roller 7K contacting the photosensitive drum
2K or disposed near the photosensitive drum 2K. Alter-
natively, a corona charger may be employed.
[0028] The uniformly charged surface of the photosen-
sitive drum 2K is scanned by a light beam projected from

the optical writing unit 80, thereby forming an electrostatic
latent image for black on the surface of the photosensitive
drum 2K. The potential of the electrostatic latent image
for black is approximately -100 V. The electrostatic latent
image for black on the photosensitive drum 2K is devel-
oped with black toner by the developing device 8K. Ac-
cordingly, a visible image, also known as a toner image
of black, is formed on the photosensitive drum 2K. As
will be described later in detail, the toner image is trans-
ferred primarily onto an intermediate transfer belt 31.
[0029] The drum cleaning device 3K removes residual
toner remaining on the photosensitive drum 2K after a
primary transfer process, that is, after the photosensitive
drum 2K passes through a primary transfer nip between
the intermediate transfer belt 31 and the photosensitive
drum 2K. The drum cleaning device 3K includes a clean-
ing blade 5K and a brush roller 4K which is rotated. The
cleaning blade 5K is cantilevered, that is, one end thereof
is fixed to the housing of the drum cleaning device 3K,
and the other end is free and contacts the surface of the
photosensitive drum 2K. The brush roller 4K rotates and
brushes off the residual toner from the surface of the
photosensitive drum 2K while the cleaning blade 5K re-
moves the residual toner by scraping. It is to be noted
that the cantilevered side of the cleaning blade 5K is po-
sitioned downstream from its free end contacting the pho-
tosensitive drum 2K in the direction of rotation of the pho-
tosensitive drum 2K so that the free end of the cleaning
blade 5K faces or becomes counter to the direction of
rotation.
[0030] A charge neutralizer removes residual charge
remaining on the photosensitive drum 2K after the sur-
face thereof is cleaned by the drum cleaning device 3K
in preparation for the subsequent imaging cycle. The sur-
face of the photosensitive drum 2K is initialized.
[0031] The developing device 8K includes a develop-
ing section 12K and a developer conveyer 13K. The de-
veloping section 12K includes a developing roller 9K in-
side thereof. The developer conveyer 13K transports a
developing agent for black while mixing the developing
agent. The developer conveyer 13K includes a first
chamber equipped with a first screw 10K and a second
chamber equipped with a second screw 11K. The first
screw 10K and the second screw 11K are each consti-
tuted of a rotatable shaft and helical flighting wrapped
around the circumferential surface of the shaft. Each end
of the shaft of the first screw 10K and the second screw
11K in the axial direction is rotatably held by shaft bear-
ings.
[0032] The first chamber with the first screw 10K and
the second chamber with the second screw 11K are sep-
arated by a wall, but each end of the wall in the direction
of the screw shaft has a connecting hole through which
the first chamber and the second chamber communicate.
The first screw 10K mixes the developing agent by rotat-
ing the helical flighting and carries the developing agent
from the distal end to the proximal end of the screw in
the direction perpendicular to the surface of the recording
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medium while rotating. The first screw 10K is disposed
parallel to and facing the developing roller 9K. The de-
veloping agent is delivered along the axial (shaft) direc-
tion of the developing roller 9K. The first screw 10K sup-
plies the developing agent to the surface of the develop-
ing roller 9K along the direction of the shaft line of the
developing roller 9K.
[0033] The developing agent conveyed near the prox-
imal end of the first screw 10K passes through the con-
necting hole in the wall near the proximal side and enters
the second chamber. Subsequently, the developing
agent is carried by the helical flighting of the second
screw 11K. As the second screw 11K rotates, the devel-
oping agent is delivered from the proximal end to the
distal end in FIG. 2 while being mixed in the direction of
rotation.
[0034] In the second chamber, a toner density detector
for detecting the density of the toner in the developing
agent is disposed at the bottom of a casing of the cham-
ber. As the toner density detector, a magnetic permea-
bility detector is employed. There is a correlation between
the toner density and a magnetic permeability of the de-
veloping agent consisting of toner particles and magnetic
carriers. Therefore, the magnetic permeability detector
can detect the density of the toner.
[0035] Although not illustrated, the image forming ap-
paratus includes toner supply devices to independently
supply toner of yellow, magenta, cyan, and black to the
second chamber of the respective developing device.
The controller 60 of the image forming apparatus in-
cludes a Random Access Memory (RAM) to store a target
output voltage Vtref for each output voltage provided by
the toner density detectors for yellow, magenta, cyan,
and black. If the difference between each output voltage
provided by the toner detectors and Vtref for each color
exceeds a predetermined value, the toner supply devices
are activated. Accordingly, the respective color of toner
is supplied to the second chamber of the developing de-
vice.
[0036] The developing roller 9K in the developing sec-
tion 12K faces the first screw 10K as well as the photo-
sensitive drum 2K through an opening formed in the cas-
ing of the developing device 8K. The developing roller
9K is comprised of a cylindrical developing sleeve made
of a non-magnetic pipe which is rotated, and a magnetic
roller disposed inside the developing sleeve. The mag-
netic roller is fixed to prevent the magnetic roller from
rotating together with the developing sleeve. The devel-
oping agent supplied from the first screw 10K is borne
on the surface of the developing sleeve due to the mag-
netic force of the magnetic roller. As the developing
sleeve rotates, the developing agent is transported to a
developing area facing the photosensitive drum 2K.
[0037] The developing sleeve is supplied with a devel-
oping bias having the same polarity as toner. The devel-
oping bias is greater than the bias of the electrostatic
latent image on the photosensitive drum 2K, but less than
the charging potential of the uniformly charged photo-

sensitive drum 2K. With this configuration, a developing
potential that causes the toner on the developing sleeve
to move electrostatically to the electrostatic latent image
on the photosensitive drum 2K acts between the devel-
oping sleeve and the electrostatic latent image on the
photosensitive drum 2K.
[0038] A non-developing potential acts between the
developing sleeve and the non-image formation areas of
the photosensitive drum 2K, causing the toner on the
developing sleeve to move to the sleeve surface. Due to
the developing potential and the non-developing poten-
tial, the toner on the developing sleeve moves selectively
to the electrostatic latent image formed on the photosen-
sitive drum 2K, thereby forming a visible image, known
as a toner image.
[0039] In FIG. 1, similar to the image forming unit 1K,
in the image forming units 1Y, 1M, and 1C, toner images
of yellow, magenta, and cyan are formed on the photo-
sensitive drums 2Y, 2M, and 2C, respectively.
[0040] The optical writing unit 80 for writing a latent
image on the photosensitive drums 2Y, 2M, 2C, and 2K
is disposed above the image forming units 1Y, 1M, 1C,
and 1K. Based on image information provided by external
devices such as a personal computer (PC), the optical
writing unit 80 illuminates the photosensitive drums 2Y,
2M, 2C, and 2K with a light beam projected from a light
source, for example, a laser diode of the optical writing
unit 80. Accordingly, electrostatic latent images of yellow,
magenta, cyan, and black are formed on the photosen-
sitive drums 2Y, 2M, 2C, and 2K, respectively. More spe-
cifically, the potential of the portion of the charged surface
of the photosensitive drum 2 illuminated with the light
beam is attenuated. The potential of the illuminated por-
tion of the photosensitive drum 11 with the light beam is
less than the potential of the other area, that is, a back-
ground portion (non-image formation area), thereby
forming an electrostatic latent image on the surface of
the photosensitive drum 11.
[0041] The optical writing unit 80 includes a polygon
mirror, a plurality of optical lenses, and mirrors. The light
beam projected from the laser diode serving as a light
source is deflected in a main scanning direction by the
polygon mirror rotated by a polygon motor. The deflected
light, then, strikes the optical lenses and mirrors, thereby
scanning each of the photosensitive drums. Alternatively,
the optical writing unit 80 may employ a light source using
an LED array including a plurality of LEDs that projects
light.
[0042] Referring back to FIG. 1, a description is pro-
vided of the transfer unit 30. The transfer unit 30 is dis-
posed below the image forming units 1Y, 1M, 1C, and
1K. The transfer unit 30 includes the intermediate transfer
belt 31 as an image bearing member formed into an end-
less loop and entrained about a plurality of rollers, thereby
being moved endlessly in the counterclockwise direction
indicated by arrow A. The transfer unit 30 also includes
a drive roller 32, an opposed roller 33, a cleaning backup
roller 34, a nip forming roller 36, a belt cleaning device
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37, four primary transfer rollers 35Y, 35M, 35C, and 35K
as transfer devices, and so forth.
[0043] The intermediate transfer belt 31 is entrained
around and stretched taut between the drive roller 32,
the opposed roller 33, the cleaning backup roller 34, and
the primary transfer rollers 35Y, 35M, 35C, and 35K
(which may be collectively referred to as the primary
transfer rollers 35, unless otherwise specified.) The drive
roller 32 is rotated in the counterclockwise direction by a
driving device such as a motor, and rotation of the drive
roller 32 enables the intermediate transfer belt 31 to ro-
tate in the same direction indicated by an arrow A in FIG.
1.
[0044] The intermediate transfer belt 31 is interposed
between the photosensitive drums 35Y, 35M, 35C, and
35K, and the photosensitive drums 2Y, 2M, 2C, and 2K.
Accordingly, primary transfer nips are formed between
the front surface (image bearing surface) of the interme-
diate transfer belt 31 and the photosensitive drums 2Y,
2M, 2C, and 2K. The primary transfer rollers 35Y, 35M,
35C, and 35K are supplied with a primary bias supplied
by a primary-transfer power source 81 (illustrated in FIG.
16), thereby generating a transfer electric field between
each of the toner images on the photosensitive drums
2Y, 2M, 2C, and 2K, and the primary transfer rollers 35Y,
35M, 35C, and 35K.
[0045] The yellow toner image formed on the photo-
sensitive drum 2Y enters the primary transfer nip as the
photosensitive drum 2Y rotates. Subsequently, the yel-
low toner image is transferred primarily from the photo-
sensitive drum 2Y to the intermediate transfer belt 31 by
the transfer electrical field and the nip pressure. This
process is known as primary transfer. The intermediate
transfer belt 31, on which the toner image of yellow has
been transferred, passes through the primary transfer
nips of magenta, cyan, and black.
[0046] The toner images on the photosensitive drums
2M, 2C, and 2K are superimposed on the yellow toner
image which has been transferred on the intermediate
transfer belt 31, thereby forming a composite toner image
on the intermediate transfer belt 31 in the primary transfer
process. Accordingly, a composite toner image with the
toner images of yellow, magenta, cyan, and black super-
imposed on one another is formed on the surface of the
intermediate transfer belt 31.
[0047] Each of the primary transfer rollers 35Y, 35M,
35C, and 35K is constituted of an elastic roller including
a metal cored bar on which a conductive sponge layer is
fixated. The shaft center of each of the shafts of the pri-
mary transfer rollers 35Y, 35M, 35C, and 35K is posi-
tioned approximately 2.5 mm off from the shaft center of
the shafts of the photosensitive drums 2Y, 2M, 2C, and
2K toward the downstream side in the direction of move-
ment of the intermediate transfer belt 31. According to
the present illustrative embodiment, the primary transfer
rollers 35Y, 35M, 35C, and 35K described above are sup-
plied with a primary transfer bias under constant current
control. According to the present illustrative embodiment,

roller-type primary transfer devices, that is, the primary
transfer rollers 35Y, 35M, 35C, and 35K, are employed
as primary transfer devices. Alternatively, a transfer
charger and a brush-type transfer device may be em-
ployed as the primary transfer device.
[0048] The nip forming roller 36 of the transfer unit 30
is disposed outside the loop formed by the intermediate
transfer belt 31, opposite the opposed roller 33. The in-
termediate transfer belt 31 is interposed between the op-
posed roller 33 and the nip forming roller 36, thereby
forming a secondary transfer nip N at which the front
surface of intermediate transfer belt 31 contacts the nip
forming roller 36. In the example shown in FIGS. 1 and
2, the nip forming roller 36 is grounded. The opposed
roller 33 disposed inside the looped belt is supplied with
a secondary transfer bias supplied from a power source
39 for a secondary transfer bias. With this configuration,
a secondary transfer electric field to electrostatically
transfer the toner of negative polarity from the opposed
roller 33 side to the nip forming roller 36 side is formed
between the opposed roller 33 and the nip forming roller
36.
[0049] As illustrated in FIG. 1, the sheet cassette 100
storing a stack of recording media P is disposed substan-
tially below the transfer unit 30. The sheet cassette 100
is equipped with a sheet feed roller 100a to contact a top
sheet of the stack of recording media P. As the sheet
feed roller 100a is rotated at a predetermined speed, the
sheet feed roller 101a picks up the top sheet and feeds
it to a sheet passage in the image forming apparatus.
Substantially at the end of the sheet passage, the pair of
registration rollers 101 is disposed. The pair of the reg-
istration rollers 101 stops rotating temporarily, immedi-
ately after the recording medium P delivered from the
sheet cassette 100 is interposed therebetween. The pair
of registration rollers 101 starts to rotate again to feed
the recording medium P to the secondary transfer nip N
in appropriate timing such that the recording medium P
is aligned with the composite toner image formed on the
intermediate transfer belt 31 in the secondary transfer
nip N.
[0050] In the secondary transfer nip N, the recording
medium P tightly contacts the composite toner image on
the intermediate transfer belt 31, and the composite toner
image is transferred onto the recording medium P by the
secondary transfer electric field and the nip pressure ap-
plied thereto. The recording medium P, on which the com-
posite color toner image is formed, passes through the
secondary transfer nip N and separates from the nip form-
ing roller 36 and the intermediate transfer belt 31 due to
the curvature.
[0051] The opposed roller 33 is constituted of a metal
cored bar on which a conductive nitrile rubber (NBR) layer
is disposed. The nip forming roller 36 is formed of a metal
cored bar on which the conductive NBR rubber layer is
disposed.
[0052] The power source 39 outputs a voltage to trans-
fer the toner image from the intermediate transfer belt 31
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to the recording medium P interposed in the secondary
transfer nip N. The secondary-transfer bias power source
39 includes a direct current (DC) power source and an
alternating current (AC) power source, and can output a
superimposed bias as the secondary transfer bias in
which an AC voltage is superimposed on a DC voltage.
According to the present illustrative embodiment as
shown in FIG. 1, the nip forming roller 36 is grounded
while the secondary transfer bias is applied to the op-
posed roller 33.
[0053] Application of the secondary transfer bias is not
limited to the embodiment shown in FIG. 1. Alternatively,
as illustrated in FIG. 3, the opposed roller 33 is grounded
while the superimposed bias from the power source 39
is applied to the nip forming roller 36. In this case, the
polarity of the DC voltage is changed. More specifically,
as illustrated in FIG. 1, when the superimposed bias is
applied to the opposed roller 33 while the polarity of toner
is negative and the nip forming roller 36 is grounded, the
DC voltage of the same negative polarity as the toner is
used so that a time-averaged potential of the superim-
posed bias is of the same negative polarity as the toner.
[0054] By contrast, as illustrated in FIG. 3, in a case in
which the opposed roller 33 is grounded and the super-
imposed bias is applied to the nip forming roller 36, the
DC voltage of positive polarity opposite that of the toner
is used so that the polarity of the time-averaged potential
of the superimposed bias is positive which is opposite
that of the toner.
[0055] Alternatively, as illustrated in FIGS. 4 and 5, the
DC voltage is supplied from the power source 39 to one
of the opposed roller 33 and the nip forming roller 36
while supplying the AC voltage to the other roller, instead
of supplying the superimposed bias to one of the opposed
roller 33 and the nip forming roller 36.
[0056] Application of the secondary transfer bias is not
limited to the configurations described above. Alterna-
tively, as illustrated in FIGS. 6 and 7, the power source
39 can switch between a combination of the DC voltage
and the AC voltage, and the DC voltage, and supply the
voltage to one of the opposed roller 33 and the nip forming
roller 36. More specifically, as illustrated in FIG. 6, the
power source 39 switches the voltage between the com-
bination of the DC voltage and the AC voltage, and the
DC voltage, and supplies the voltage to the opposed roller
33. Alternatively, as illustrated in FIG. 7, the power source
39 switches the voltage between the combination of the
DC voltage and the AC voltage, and the DC voltage, and
supplies the voltage to the nip forming roller 36.
[0057] Alternatively, in a case in which the voltage is
switched between the combination of the DC voltage and
the AC voltage, and the DC voltage, as illustrated in FIGS.
8 and 9, the combination of the DC voltage and the AC
voltage is supplied to one of the opposed roller 33 and
the nip forming roller 36 while supplying the DC voltage
to the other roller. More specifically, as illustrated in FIG.
8, the combination of the DC voltage and the AC voltage
can be supplied to the opposed roller 33, and the DC

voltage can be supplied to the nip forming roller 36. As
illustrated in FIG. 9, the DC voltage can be supplied to
the opposed roller 33, and the combination of the DC
voltage and the AC voltage can be supplied to the nip
forming roller 36.
[0058] As described above, there is a variety of ways
in which the secondary transfer bias is applied to the
secondary transfer nip N. Thus, a suitable power source
may be selected. For example, a power source, such as
the power source 39 capable of supplying the combina-
tion of the DC voltage and the AC voltage, may be em-
ployed. Alternatively, a power source capable of supply-
ing independently the DC voltage and the AC voltage
may be employed. Still alternatively, a single power
source capable of switching application of the bias be-
tween the combination of the DC voltage and the AC
voltage, and the DC voltage may be employed.
[0059] The power source 39 for the secondary transfer
bias includes a first mode in which the power source 39
outputs only the DC voltage and a second mode in which
the power source 39 outputs a superimposed voltage
including the AC voltage superimposed on the DC volt-
age. The first mode and the second mode are switchable.
According to the illustrative embodiments shown in FIG.
1 and FIGS. 3 through 5, the first mode and the second
mode can be switched by turning on and off the output
of the AC voltage. According to the illustrative embodi-
ments shown in FIGS. 6 through 9, a plurality of power
sources (here, two power sources) is employed and is
switched selectively by a switching device such as a re-
lay. By switching selectively between two power sources,
the first mode and the second mode may be selectively
switched.
[0060] When using a normal sheet of paper, such as
the one having a relatively smooth surface, a pattern of
dark and light according to the surface conditions of the
sheet is less likely to appear on the recording medium.
In this case, the first mode is selected and the secondary
transfer bias consisting only of the DC voltage is supplied.
By contrast, when using a recording medium such as
pulp paper having a rough surface, the second mode is
selected to supply a superimposed bias in which the AC
voltage is superimposed on the DC voltage, as a sec-
ondary transfer bias. In other words, in accordance with
a type (e.g., a degree of surface roughness) of the re-
cording medium, the secondary transfer bias is switched
selectively between the first mode and the second mode.
[0061] After the intermediate transfer belt 31 passes
through the secondary transfer nip N, residual toner not
having been transferred onto the recording medium P
remains on the intermediate transfer belt 31. The residual
toner is removed from the intermediate transfer belt 31
by the belt cleaning device 37 which contacts the surface
of the intermediate transfer belt 31. The cleaning backup
roller 34 disposed inside the loop formed by the interme-
diate transfer belt 31 supports the cleaning operation per-
formed by the belt cleaning device 37 from inside the
loop of the intermediate transfer belt 31 so that the re-
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sidual toner remaining on the intermediate transfer belt
31 is removed reliably.
[0062] The fixing device 90 is disposed on the right
side in FIG. 1, that is, downstream from the secondary
transfer nip N in the direction of conveyance of the re-
cording medium P. The fixing device 90 includes a fixing
roller 91 and a pressing roller 92. The fixing roller 91
includes a heat source such as a halogen lamp inside
thereof. While rotating, the pressing roller 92 pressingly
contacts the fixing roller 91, thereby forming a heated
area called a fixing nip therebetween. The recording me-
dium P bearing an unfixed toner image on the surface
thereof is delivered to the fixing device 90 and interposed
by the fixing nip between the fixing roller 91 and the press-
ing roller 92. The surface of the recording medium P bear-
ing the unfixed toner image tightly contacts the fixing roll-
er 91. Under heat and pressure, toner adhered to the
toner image is softened and fixed to the recording medi-
um P in the fixing nip. Subsequently, the recording me-
dium P is discharged outside the image forming appara-
tus from the fixing device 90 via the sheet passage after
fixing.
[0063] According to the present illustrative embodi-
ment, the controller 60 can carry out different printing
modes, i.e., a normal mode, a high-quality mode, and a
high-speed mode. In the normal mode, a process linear
velocity, that is, a linear velocity of the photosensitive
drum and the intermediate transfer belt, is approximately
280 mm/s. It is to be noted that the process linear velocity
in the high quality mode in which priority is given to image
quality over the printing speed is slower than that in the
normal mode. On the contrary, the process linear velocity
in the high-speed mode in which priority is given to the
printing speed over the image quality is faster than that
in the normal mode. Users can change the print modes
between the normal mode, the high-quality mode, and
the high-speed mode through a control panel 50 (illus-
trated in FIG. 16) of the image forming apparatus or a
printer property menu in a personal computer.
[0064] In a case in which a monochrome image is
formed, a movable support plate supporting the primary
transfer rollers 35Y, 35M, and 35C of the transfer unit 30
is moved to separate the primary transfer rollers 35Y,
35M, and 35C from the photosensitive drums 2Y, 2M,
and 2C. Accordingly, the front surface of the intermediate
transfer belt 31, that is, the image bearing surface, is
separated from the photosensitive drums 2Y, 2M, and
2C so that the intermediate transfer belt 31 contacts only
the photosensitive drum 2K. In this state, only the image
forming unit 1K is activated to form a black toner image
on the photosensitive drum 2K.
[0065] According to the present illustrative embodi-
ment, a DC component of the secondary transfer bias
corresponds to a time-averaged value (Vave) of the volt-
age. That is, the DC component of the secondary transfer
bias has the same value as the time-averaged voltage
(time-averaged value) Vave of the DC component. The
time-averaged value Vave of the voltage is a value of an

integral value of a voltage waveform over one cycle di-
vided by the length of one cycle.
[0066] In the image forming apparatus of the illustrative
embodiment in which the secondary transfer bias is ap-
plied to the opposed roller 33 and the nip forming roller
36 is grounded, if the polarity of the superimposed bias
is negative so is the polarity of the toner, the toner having
the negative polarity is moved electrostatically from the
opposed roller 33 side to the nip forming roller 36 side in
the secondary transfer nip N. Accordingly, the toner on
the intermediate transfer belt 31 is transferred onto the
recording medium P.
[0067] By contrast, if the polarity of the superimposed
bias is opposite that of the toner, that is, the polarity of
the superimposed bias is positive, the toner having the
negative polarity is attracted electrostatically to the op-
posed roller 33 side from the nip forming roller 36 side.
Consequently, the toner transferred to the recording me-
dium P is attracted again to the intermediate transfer belt
31 side.
[0068] When using a recording medium having a rough
surface such as Japanese paper called Washi, a pattern
of light and dark according to the surface conditions of
the paper appears easily in an image. As described
above, in order to prevent such an image defect, not only
a DC voltage, but also a DC voltage superimposed on
an AC voltage is applied as a secondary transfer bias.
[0069] Although advantageous and generally effective
for its intended purpose, the toner is still not transferred
well to the recessed portions of the surface of the record-
ing medium P, resulting in image defects such as multiple
white spots or dropouts. FIG. 10 is a schematic diagram
illustrating a comparative example of the secondary
transfer nip N at which an intermediate transfer belt 531
is pressed against a nip forming roller 536 by an opposed
roller 533, thereby forming the secondary transfer nip N
where the front surface of the intermediate transfer belt
531 and the nip forming roller 536 contact. In the sec-
ondary transfer nip N, a toner image on the intermediate
transfer belt 531 is transferred secondarily onto a record-
ing medium P fed to the secondary transfer nip N.
[0070] The secondary bias for transferring secondarily
the toner image onto the recording medium P is applied
to one of the nip forming roller 536 and the opposed roller
533, and the other one of these rollers is grounded. The
toner image can be transferred onto the recording medi-
um P by applying the transfer bias to either the nip forming
roller 536 or the opposed roller 533. Herein, a description
is provided of application of the secondary transfer bias
to the opposed roller 533 when using toner having a neg-
ative polarity. In this case, in order to move the toner in
the secondary transfer nip N from the opposed roller 533
side to the nip forming roller 536 side, a superimposed
bias is applied as the secondary transfer bias. More spe-
cifically, the polarity of a time-averaged electrical poten-
tial of the secondary transfer bias is negative which is
the same as that of the toner.
[0071] With reference to FIG. 11, a description is pro-
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vided of the secondary transfer bias using the superim-
posed bias applied to the opposed roller 533. FIG. 11 is
a waveform chart showing an example of a waveform of
the superimposed bias as the secondary transfer bias.
In FIG. 11, the time-averaged voltage (it may be referred
to as time-averaged value) Vave (V) represents a time-
averaged value of the secondary transfer bias. In the
example shown in FIG. 11, the superimposed bias as the
secondary transfer bias has a sinusoidal waveform which
has a peak (peak value of the voltage of the opposite
polarity) in a return direction and a peak (peak value of
voltage) in a transfer direction. In FIG. 11, a reference
sign Vt refers to one of the two peak values, that is, the
peak value in the transfer direction in which the toner is
transferred from the belt side to the nip forming roller 536
side. Thereafter, this peak value is referred to as a trans-
fer peak value Vt. A reference sign Vr refers to the other
peak value, that is, the peak value in the return direction
in which the toner returns from the nip forming roller 536
side to the belt side. Thereafter, this peak value is referred
to as a return peak value Vr.
[0072] Even when an AC bias including only an AC
component is applied instead of the superimposed bias,
it is possible to move the toner back and forth between
the intermediate transfer belt 531 and the recording me-
dium P in the secondary transfer nip N. However, the AC
bias causes the toner to simply move back and forth be-
tween the intermediate transfer belt 531 and the record-
ing medium P, and it is difficult to transfer the toner onto
the recording medium P. If the superimposed bias includ-
ing the DC component is applied to adjust the time-av-
eraged voltage Vave (V), that is, the time-averaged value
of the superimposed bias, to the same negative polarity
as the toner, it is possible to move the toner relatively
from the belt side toward the recording medium P while
the toner moves back and forth between the belt side
and the recording medium side. Ultimately, the toner can
be transferred from the intermediate transfer belt to the
recording medium P.
[0073] According to experiments performed by the
present inventors, when application of the secondary
transfer bias including a superimposed bias is initiated,
only a very small number of toner particles on the surface
of a toner layer on the intermediate transfer belt 531 first
separates from the toner layer and moves toward re-
cessed portions of the surface of the recording medium
P. However, most of the toner particles in the toner layer
remain therein. The very small number of toner particles
separated from the toner layer enters the recessed por-
tions of the surface of the recording medium P. Subse-
quently, if the direction of the electric field is reversed,
the toner particles return from the recessed portions to
the toner layer. When this happens, the toner particles
returning to the toner layer strike the toner particles re-
maining in the toner layer so that adhesion of the toner
particles to the toner layer (or to the recording medium
P) is weakened.
[0074] As a result, when the direction of the electric

field reverses towards the direction of the recording me-
dium P, more toner particles than in the initial time sep-
arate from the toner layer and move to the recessed por-
tions of the recording medium P. As this process is re-
peated, the amount of toner particles separating from the
toner layer and entering the recessed portions of the re-
cording medium P is increased gradually. Consequently,
a sufficient amount of toner particles is transferred to the
recessed portions of the recording medium P.
[0075] In this configuration, however, the level of the
return peak value Vr shown in FIG. 11 needs to be rela-
tively high. Otherwise, the toner particles once entered
in the recessed portions of the recording medium surface
cannot be returned adequately to the toner layer on the
intermediate transfer belt, resulting in a deficiency in im-
age density at the recessed portions. Furthermore, the
level of the time-averaged value Vave (V) of the second-
ary transfer bias needs to be relatively high. Otherwise,
an amount of toner transferred onto projecting portions
of the recording medium P is insufficient, resulting also
in a deficiency in image density at the projecting portions.
[0076] In order to obtain sufficient image density at
both the projecting and the recessed portions of the re-
cording medium surface, the time-averaged value Vave
(V) and the return peak value Vr need to be relatively
large. To obtain a relatively large time-averaged value
Vr and a return peak value Vt, a peak-to-peak voltage
Vpp needs to be set relatively high. Here, the peak-to-
peak voltage Vpp refers to a vertical length of the wave-
form of the superimposed bias from the crest (highest
value) of the return peak value Vr to the very bottom
(lowest value) of the transfer peak value Vt. Consequent-
ly, the transfer peak value Vt is also relatively high. The
transfer peak value Vt corresponds to the maximum po-
tential difference between the nip forming roller 536 being
grounded and the opposed roller 533. Hence, when the
transfer peak value Vt becomes high, an electric dis-
charge tends to occur easily between the rollers. More
specifically, an electric discharge occurs between a slight
gap between the belt surface and the recessed portions
of the recording medium surface, causing dropouts or
white spots in the image formed on the recessed portions
of the recording medium surface.
[0077] The present inventors have recognized that im-
age defects such as dropouts and white spots tend to
occur easily in the image formed on the recessed portions
of the recording medium surface because the peak-to-
peak voltage Vpp is relatively high to obtain sufficient
image density both in the projecting portions and the re-
cessed portions of the recording medium surface.
[0078] Next, a description is provided of transfer ex-
periments performed by the present inventors. The
present inventors performed observation experiments
using special observation equipment shown in FIG. 12.
FIG. 12 is a schematic diagram illustrating the observa-
tion equipment for observation of behavior of toner in the
secondary transfer nip N. The observation equipment in-
cludes a transparent substrate 210, a metal plate 215, a
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substrate 221, a development device 231, a power sup-
ply 235, a Z stage 220, a light source 241, a microscope
242, a high-speed camera 243, a personal computer 244,
a voltage amplifier 217, a waveform generator 218, and
so forth. The transparent substrate 210 includes a glass
plate 211, a transparent electrode 212 made of Indium
Tin Oxide (ITO) and disposed on a lower surface of the
glass plate 211, and a transparent insulating layer 213
made of a transparent material covering the transparent
electrode 212. The transparent substrate 210 is support-
ed at a predetermined height position by a substrate sup-
port. The substrate support is allowed to move in the
vertical and horizontal directions in the drawing by a mov-
ing assembly.
[0079] In the illustrated example shown in FIG. 12, the
transparent substrate 210 is located above the metal
plate 215 placed on the Z stage 220. In accordance with
the movement of the substrate support, the transparent
substrate 210 can be moved to a position directly above
the development device 231 disposed lateral to the Z
stage 220. The transparent electrode 212 of the trans-
parent substrate 210 is connected to a grounded elec-
trode fixed to the substrate support.
[0080] The developing device 231 is similar in config-
uration to the developing device 8K illustrated in FIG. 2
according to the illustrative embodiment, and includes a
screw 232, a development roller 233, a doctor blade 234,
and so forth. The development roller 233 is driven to ro-
tate with a development bias applied thereto by the power
supply 235.
[0081] In accordance with the movement of the sub-
strate support, the transparent substrate 210 is moved
at a predetermined speed to a position directly above the
developing device 231 and disposed opposite the devel-
opment roll 233 with a predetermined gap therebetween.
Then, toner on the developing roller 233 is transferred to
the transparent electrode 212 of the transparent sub-
strate 210. Thereby, a toner layer 216 having a prede-
termined thickness is formed on the transparent elec-
trode 212 of the transparent substrate 210. The toner
adhesion amount per unit area in the toner layer 216 is
adjustable by the toner density in the developing agent,
the toner charge amount, the developing bias value, the
gap between the transparent substrate 210 and the de-
veloping roller 233, the moving speed of the transparent
substrate 210, the rotation speed of the developing roller
233, and so forth.
[0082] The transparent substrate 216 formed with the
toner layer 210 is translated to a position opposite a re-
cording medium 214 adhered to the planar metal plate
215 by a conductive adhesive. The metal plate 215 is
placed on the substrate 221 which is provided with a load
sensor and placed on the Z stage 220. Further, the metal
plate 215 is connected to the voltage amplifier 217. The
waveform generator 218 provides the voltage amplifier
217 with a transfer bias including a DC voltage and an
AC voltage. The transfer bias is amplified by the voltage
amplifier 217 and applied to the metal plate 215.

[0083] If the Z stage 220 is driven to elevate the metal
plate 215, the recording medium 214 starts coming into
contact with the toner layer 216. If the metal plate 215 is
further elevated, the pressure applied to the toner layer
216 increases. The elevation of the metal plate 215 is
stopped when the output from the load sensor reaches
a predetermined value. With the pressure maintained at
the predetermined value, a transfer bias is applied to the
metal plate 215, and the behavior of the toner is ob-
served. After the observation, the Z stage 220 is driven
to lower the metal plate 215 and separate the recording
medium 214 from the transparent substrate 210. There-
by, the toner layer 216 is transferred onto the recording
medium 214.
[0084] The behavior of the toner is examined using the
microscope 242 and the high-speed camera 243 dis-
posed above the transparent substrate 210. The trans-
parent substrate 210 is formed of the layers of the glass
plate 211, the transparent electrode 212, and the trans-
parent insulating layer 213, which are all made of trans-
parent material. It is therefore possible to observe, from
above and through the transparent substrate 210, the
behavior of the toner located under the transparent sub-
strate 210.
[0085] In the present experiment, a microscope using
a zoom lens VH-Z75 manufactured by Keyence Corpo-
ration was used as the microscope 242. Further, a cam-
era FASTCAM-MAX 120KC manufactured by Photron
Limited was used as the high-speed camera 243 control-
led by the personal computer 244. The microscope 242
and the high-speed camera 243 are supported by a cam-
era support. The camera support adjusts the focus of the
microscope 242.
[0086] The behavior of the toner on the transparent
substrate 210 was photographed as follows. That is, the
position at which the behavior of the toner is observed
was illuminated with light by the light source 241, and the
focus of the microscope 242 was adjusted. Then, a trans-
fer bias was applied to the metal plate 215 to move the
toner in the toner layer 210 adhering to the lower surface
of the transparent substrate 216 toward the recording
medium 214. The behavior of the toner in this process
was photographed by the high-speed camera 243.
[0087] The structure of the transfer nip in which toner
is transferred onto a recording medium is different be-
tween the observation experiment equipment illustrated
in FIG. 12 and the image forming apparatus of the illus-
trative embodiment. Therefore, the transfer electric field
acting on the toner is different therebetween, even if the
applied transfer bias is the same. To find appropriate
observation conditions, transfer bias conditions allowing
the observation experiment equipment to attain favorable
density reproducibility on recessed portions of a surface
of a recording medium were investigated.
[0088] A sheet of FC Japanese paper SAZANAMI
manufactured by NBS Ricoh Company, Ltd. was used
as the recording medium 214. The yellow toner having
an average toner particle diameter of approximately 6.8
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mm mixed with a relatively small amount of black (K) toner
was used as the toner,. The observation experiment
equipment is configured to apply the transfer bias to a
rear surface of the recording medium 214 (i.e., SAZAN-
AMI). Therefore, in the observation experiment equip-
ment, the polarity of the transfer bias capable of trans-
ferring the toner onto the recording medium 214 is op-
posite the polarity of the transfer bias employed in the
image forming apparatus according to the illustrative em-
bodiment (i.e., positive polarity).
[0089] As the AC component of the secondary transfer
bias including a superimposed bias, an AC component
having a sinusoidal waveform was employed. The fre-
quency F of the AC component was set to approximately
1000 Hz. Further, the DC component (that is, the time-
averaged value Vave in the illustrative embodiment) was
set to approximately 200 V, and a peak-to-peak voltage
Vpp was set to approximately 1000 V. The toner layer
216 was transferred onto the recording medium 214 with
a toner adhesion amount in a range of from approximately
0.4 mg/cm2 to approximately 0.5 mg/cm2. As a result, a
sufficient image density was successfully obtained on
the recessed portions of the surface of the SAZANAMI
paper sheet.
[0090] Under the above-described conditions, the be-
havior of the toner was photographed with the micro-
scope 242 focused on the toner layer 216 on the trans-
parent substrate 210, and the following phenomenon was
observed. That is, the toner particles in the toner layer
216 moved back and forth between the transparent sub-
strate 210 and the recording medium 214 due to an al-
ternating electric field generated by the AC component
of the transfer bias. With an increase in the number of
the back-and-forth movements, the amount of toner par-
ticles moving back and forth was increased.
[0091] More specifically, in the transfer nip, there was
one back-and-forth movement of toner particles in every
cycle 1/f of the AC component of the secondary transfer
bias due to a single action of the alternating electric field.
In the first cycle, only toner particles present on the sur-
face of the toner layer 216 separated from the toner layer
216, as illustrated in FIG. 13. The toner particles then
entered the recessed portions of the recording medium
214, and subsequently returned again to the toner layer
216, as illustrated in FIG. 14. In this process, the returning
toner particles collided with other toner particles remain-
ing in the toner layer 216, thereby reducing the adhesion
of the other toner particles to the toner layer 216 or to
the transparent substrate 210. In the next cycle, there-
fore, a larger amount of toner particles than in the previ-
ous cycle separated from the toner layer 216, as illus-
trated in FIG. 14.
[0092] Subsequently, the toner particles entered the
recessed portions of the recording medium 214, and then
returned again to the toner layer 216. In this process, the
returning toner particles collided with other toner particles
remaining in the toner layer 216, thereby reducing the
adhesion of the other toner particles to the toner layer

216 or to the transparent substrate 210. In the next cycle,
therefore, a larger amount of toner particles than in the
last cycle separated from the toner layer 216, as illustrat-
ed in FIG. 15.
[0093] As described above, the number of toner parti-
cles moving back and forth was gradually increased in
every back-and-forth movement. After the lapse of a nip
passage time, that is, the time required for the toner to
pass through the secondary transfer nip with the belt (in
the transfer experiment equipment, after the time corre-
sponding to the actual nip passage time elapses), a suf-
ficient amount of toner had been transferred to the re-
cessed portions of the recording medium 214.
[0094] Furthermore, the behavior of the toner was pho-
tographed under conditions with a DC voltage (i.e., the
time-averaged value Vave according to the illustrative
embodiment) of approximately 200 V and the peak-to-
peak voltage Vpp of approximately 800 V, and the fol-
lowing phenomenon was observed. It is to be noted that
the peak-to-peak voltage Vpp is measured from a peak
at the positive side to a peak at the negative side of the
bias in one cycle, that is, the peak in the return direction
and the peak in the transfer direction according to the
illustrative embodiment. Some of the toner particles in
the toner layer 216 present on the surface thereof sep-
arated from the toner layer 216 in the first cycle, and
entered the recessed portions of the recording medium
214.
[0095] Subsequently, however, the toner particles en-
tered the recessed portions remained therein, without
returning to the toner layer 216. In the next cycle, a very
small number of toner particles newly separated from the
toner layer 216 and entered the recessed portions of the
recording medium 214. After the lapse of the nip passage
time, therefore, only a relatively small amount of toner
particles had been transferred to the recessed portions
of the recording medium 214.
[0096] The present inventors conducted further exper-
iments and found the following. That is, the return peak
value Vr capable of causing the toner particles separated
from the toner layer 216 and entered the recessed por-
tions of the recording medium 214 to return to the toner
layer 216 in the initial cycle depends on the toner adhe-
sion amount per unit area on the transparent substrate
210. More specifically, the greater is the toner adhesion
amount on the transparent substrate 210, the greater is
the return peak value Vr capable of causing the toner
particles in the recessed portions in the recording medi-
um 214 to return to the toner layer 216.
[0097] With reference to FIG. 16, a description is pro-
vided of a characteristic configuration of the image form-
ing apparatus according to an illustrative embodiment of
the present disclosure.
[0098] FIG. 16 is a block diagram illustrating a control
system of the image forming apparatus of FIG. 1. As il-
lustrated in FIG. 16, the controller 60 constituting a part
of the transfer bias generator includes a Central Process-
ing Unit (CPU) 60a serving as an operation device, a
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Random Access Memory (RAM) 60c serving as a non-
volatile memory, a Read-Only Memory (ROM) 60b serv-
ing as a temporary storage device, a flash memory (FM)
60d, and so forth. The controller 60 controlling the entire
image forming apparatus is connected to a variety of de-
vices and sensors. FIG. 16, however, illustrates only the
devices associated with the characteristic configuration
of the image forming apparatus of the illustrative embod-
iment.
[0099] The primary transfer bias power sources 81Y,
81M, 81C, and 81K supply a primary transfer bias to the
primary transfer rollers 35Y, 35M, 35C, and 35K. The
power source 39 outputs a secondary transfer bias to be
supplied to the secondary transfer nip N. According to
the present illustrative embodiment, the power source 39
outputs the secondary transfer bias to be applied to the
opposed roller 33. The power source 39 constitutes the
transfer bias generator together with the controller 60.
[0100] The control panel 50 includes a touch panel and
a keypad. The control panel 50 displays an image on a
screen of the touch panel, and receives an instruction
entered by users using the touch panel and the keypad.
The control panel 50 is capable of showing an image on
the touch panel on the basis of a control signal transmit-
ted from the controller 60.
[0101] The control panel 50 includes a selection device
51 for selecting a sheet type of the recording medium P.
The selection device 51 selects arbitrarily the sheet type
of the recording medium P to be used in the image form-
ing apparatus and sends information of the recording me-
dium P such as roughness of the surface of the recording
medium P, as input information. Alternatively, the rough-
ness of the recording medium P may be provided to the
controller 60 without using the selection device 51 by
detecting the sheet type based on electrical resistance
and reflectivity of known recording media, for example.
Accordingly, the sheet type may be input as the surface
roughness information to the controller 60.
[0102] An environment detector 52 for detecting tem-
perature and humidity in the image forming apparatus,
and a resistance detector 53 for detecting electrical re-
sistance of a transfer section are connected to the con-
troller 60 via signal lines. As illustrated in FIG. 1, the re-
sistance detector 53 is disposed between the power
source 39 and the opposed roller 33. The electrical re-
sistance at the transfer section herein refers to electrical
resistance on an electrical path from the power source
39 and the nip forming roller 36. As illustrated in FIG. 1,
the power source 39 is connected electrically to the metal
cored bar of the opposed roller 33. The nip forming roller
36 is grounded. In this case, the opposed roller 33, the
intermediate transfer belt 31, and the nip forming roller
36 constitute the transfer section.
[0103] The electrical resistance at the transfer section
herein refers to electrical resistance on an electrical path
from the metal cored bar of the opposed roller 33 con-
nected to the power source 39 to the metal cored bar of
the nip forming roller 36 connected electrically to the elec-

trically grounded nip forming roller 36 via the secondary
transfer nip N.
[0104] According to the present illustrative embodi-
ment, the electrical resistance of the transfer section is
detected such that the nip forming roller 36 and the in-
termediate transfer belt 31 are in contact with each other
without the recording medium P, and a certain current,
for example, -40 mA, is supplied at the same speed as
during the printing operation. The voltage is then meas-
ured by the resistance detector 53. Accordingly, the elec-
trical resistance of the transfer section is detected.
[0105] According to the present illustrative embodi-
ment, the time-averaged voltage value (Vave) of the AC
component of the secondary transfer bias needs to be
closer to the transfer side than is a midpoint voltage value
(Voff) intermediate between a maximum value of and a
minimum value of the voltage in the AC component. In
order to obtain such a configuration, an area in the return
direction in the waveform needs to be smaller than an
area in the transfer direction relative to the midpoint volt-
age value Voff of the AC component. The time-averaged
value refers to a time-averaged value of the voltage which
is a quotient of an integral value of a voltage waveform
over one cycle divided by the length of one cycle.
[0106] In view of the above, in one example, as illus-
trated in FIG. 17, the waveform may be a trapezoid wave-
form in which an inclination of rising and falling of the
voltage in the return direction is less than that in the trans-
fer direction. FIG. 17 shows a waveform of the secondary
transfer bias. The waveform is not limited to the trapezoid
waveform. Alternatively, the waveform may be a triangu-
lar waveform, a square waveform, and a combination of
these waveforms, but may not be limited thereto.
[0107] As a value representing a relation of the mid-
point voltage value Voff and the time-averaged value
Vave, a ratio of an area in the return direction relative to
the midpoint voltage value Voff to the entire AC wave-
form, is set as a return time ratio (%). That is, the return
time ratio % or a duty ratio (Duty) is expressed by the
following equation: Duty = A / (A+B), where A represents
an area of an alternating waveform in the return direction
relative to the midpoint voltage value Voff in one cycle,
B represents an area of the alternating waveform in the
transfer direction relative to the midpoint voltage value
Voff.
[0108] In other words, the return time ratio (%) or the
duty ratio (Duty) is a ratio of time during which the voltage
having polarity opposite that of the voltage in the transfer
direction relative to the midpoint voltage value Voff is
output in one cycle of the alternating waveform of the
voltage.
[0109] With reference to FIGS. 18 through 24, a de-
scription is provided of Embodiments 1 through 6, ac-
cording to the present disclosure. In each of Embodi-
ments 1 through 6, the controller 60 controls the power
source 39 to adjust an output voltage therefrom. The con-
figurations of Embodiment 1 through 6 all have the same
configurations as all the others differing only in reference
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parameters for control. FIG. 18 is a table showing names
and the basis weight (grams per square meter) of record-
ing media used in Embodiment 1 through 6. A depth of
a recessed portion of a recording medium represents the
degree of roughness of the recording medium. The great-
er is the depth of the recessed portion, the greater is the
degree of roughness.
[0110] In each of Embodiments 1 through 6, transfer-
ability and an electric discharge at the recessed portion
are graded on a five point scale of 1 to 5, and the de-
scription of the grades are provided as follows.

[Transferability]

[0111] In FIGS. 19 through 24, when toner is trans-
ferred adequately to the recessed portion of the recording
medium and hence adequate image density is obtained
at the recessed portion, it is graded as "5". When an area
having white spots (i.e., lack of toner) in the recessed
portion of the recording medium is small or the image
density at the recessed portion is slightly lower than a
smooth portion of the recording medium, it is graded as
"4". When the area having white spots is relatively large
or the image density is significantly low, it is graded as
"3". When the area having white spots is greater than the
area of grade 3 or the image density is lower than the
image density of grade 3, it is graded as "2". When the
entire recessed portion appears as white and hence the
recessed portion is easily recognized or even worse, it
is graded as "1".

[Electric Discharge]

[0112] In the secondary transfer nip N, an electric dis-
charge is generated in a slight gap between the recessed
portion of the recording medium P and the intermediate
transfer belt 31 depending on the secondary transfer bi-
as, thereby generating white spots in an image.
[0113] In FIGS. 19 through 24, appearance of white
spots due to the electric discharge is graded as follows.
When there is no white spots due to the electric dis-
charge, it is graded as "5". Although some white spots
are recognized but the number of white spots is small,
and the size of the white spots is relatively small, it is
graded as "4". When there are more white spots than
grade 4, it is graded as "3". When there are even more
white spots than grade "3", it is graded as "2". When the
white spots are recognized all over the image which is
worse than grade "2", it is graded as "1".

[EMBODIMENT 1]

[0114] With reference to FIG. 19, a description is pro-
vided of Embodiment 1. According to the present illus-
trative embodiment, the image forming apparatus of FIG.
1 is employed. In this embodiment, the controller 60 con-
trols the power source 39 to reduce the duty ratio (Duty)
expressed by "A / (A+B)" as the roughness of the record-

ing medium increases. Here, A refers to the area of the
alternating waveform of the voltage in the return direction
relative to the midpoint voltage value Voff in one cycle,
and B refers to the area in the transfer direction relative
to the midpoint voltage value Voff. The results are shown
in FIG. 19. According to the present illustrative embodi-
ment, information on the roughness of the recording me-
dium P to be used includes the roughness of the record-
ing medium P selected by the selection device 51.
[0115] In a comparative example shown in FIG. 19,
different recording media are used, but the peak-to-peak
voltage Vpp and the duty ratio (Duty) are not changed.
In this case, the greater is the depth of the recessed por-
tion of the recording medium P, the lower is the grade of
the transferability. The shallower is the depth of the re-
cessed portion of the recording medium P, the lower is
the grade of electric discharge.
[0116] By contrast, according to the present illustrative
embodiment, different recording media are used and the
peak-to-peak voltage Vpp is not changed regardless of
the depth of the recording medium P, while changing only
the duty ratio (Duty). As a result, the time-averaged volt-
age Vave changes. That is, when the depth of the re-
cessed portion is relatively large and the duty ratio (Duty)
is reduced, an absolute value of the time-averaged value
of the voltage increases, hence enhancing the transfer-
ability at the recessed portion. In other words, the trans-
ferability increases so that adequate image density is ob-
tained both at the recessed portion and the projecting
portion of the recording medium, while suppressing gen-
eration of the white spots and hence obtaining a desired
image quality.

[EMBODIMENT 2]

[0117] With reference to FIG. 20, a description is pro-
vided of Embodiment 2. According to the present illus-
trative embodiment, the image forming apparatus of FIG.
1 is employed. In this embodiment, the controller 60 con-
trols the power source 39 to reduce the duty ratio (Duty)
expressed by "A / (A+B)" as the temperature and/or hu-
midity detected by the environment detector 52 decreas-
es. Here, A refers to the area of the alternating waveform
of the voltage in the return direction relative to the mid-
point voltage value Voff in one cycle, and B refers to the
area in the transfer direction relative to the midpoint volt-
age value Voff. The results are shown in FIG. 20.
[0118] In a comparative example shown in FIG. 20, the
same recording medium is used and the peak-to-peak
voltage Vpp and the duty ratio (Duty) remain unchanged
while changing the temperature and the humidity. In the
present comparative example, as the temperature and
the humidity decrease, the transferability at the recessed
portion is graded lower but the electric discharge is grad-
ed higher.
[0119] By contrast, according to the illustrative embod-
iment, when the duty ratio (Duty) is decreased as the
temperature and/or the humidity decreases, the absolute
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value of the time-averaged value Vave increases and the
grade on the transferability at the recessed portion is en-
hanced while keeping the grade of the electric discharge
high. Accordingly, the transferability increases so that
adequate image density is obtained both at the recessed
portion and the projecting portion of the recording medi-
um P, suppressing generation of the white spots and
hence obtaining a desired image quality.

[EMBODIMENT 3]

[0120] With reference to FIG. 21, a description is pro-
vided of Embodiment 3. According to the present illus-
trative embodiment, the image forming apparatus of FIG.
1 is employed. In this embodiment, the controller 60 con-
trols the power source 39 to reduce the duty ratio (Duty)
expressed by "A / (A+B)" as the electrical resistance de-
tected by the resistance detector 53 increases. Here, A
refers to the area of the alternating waveform of the volt-
age in the return direction relative to the midpoint voltage
value Voff in one cycle, and B refers to the area in the
transfer direction relative to the midpoint voltage value
Voff. The results are shown in FIG. 21.
[0121] In a comparative example shown in FIG. 21, the
same recording medium is used and the peak-to-peak
voltage Vpp and the duty ratio (Duty) remain unchanged,
while changing only resistance of parts. In the present
comparative example, the higher is the resistance, the
lower is the grade of the transferability at the recessed
portion of the recording medium. The lower is the resist-
ance, the lower is the grade of the electric discharge.
[0122] By contrast, according to the illustrative embod-
iment, by reducing the duty ratio (Duty) as the electrical
resistance increases, the absolute value of the time-av-
eraged value Vave of the voltage increases and hence
the grade on the transferability at the recessed portion
is enhanced. Furthermore, by increasing the duty ratio
(Duty) as the resistance decreases, the grade on the
electric discharge is enhanced while maintaining the
grade of the transferability of the recessed portion un-
changed.
[0123] Accordingly, by reducing the duty ratio (Duty)
as the electrical resistance detected by the resistance
detector 53 increases, the time-averaged value Vave in-
creases even when the peak-to-peak voltage Vpp is the
same. With this configuration, the transferability increas-
es so that adequate image density is obtained both at
the recessed portion and the projecting portion of the
recording medium, suppressing generation of the white
spots and hence obtaining a desired image quality.

[EMBODIMENT 4]

[0124] With reference to FIG. 22, a description is pro-
vided of Embodiment 4. In the present illustrative em-
bodiment, the output voltage of the power source 39 is
controlled with new additional parameters added to the
parameters employed in Embodiment 1. According to the

present illustrative embodiment, as the roughness of the
recording medium P increases, that is, the roughness of
the recording medium P selected by the selection device
51 increases, the power source 39 is controlled to reduce
the duty ratio (Duty) expressed by A / (A+B). In the mean-
time, as the difference (Vpp) between the maximum volt-
age and the minimum voltage during transfer increases,
the power source 39 is controlled to reduce the duty ratio
(Duty). The results are shown in FIG. 22.
[0125] In a comparative example shown in FIG. 22, the
same the duty ratio (Duty) is employed when the peak-
to-peak voltage Vpp and the time-averaged value Vave
are changed. By contrast, in Embodiment 4, the duty ratio
(Duty) is changed for each type of the recording medium.
[0126] In the comparative example, depending on the
recording medium P, the return peak value Vr and the
transfer peak value Vt have the following relation: |Vr| >
|Vt| or |Vr| < |Vt| When |Vr| > |Vt|, there is a risk of electric
discharge at Vr. When |Vr| < |Vt|, there is a risk of electric
discharge at Vt. In other words, the higher is the peak-
to-peak voltage Vpp, the lower is the grade on the electric
discharge.
[0127] By contrast, according to the present illustrative
embodiment, the return peak value Vr and the transfer
peak value Vt have the following relation: |Vr| 6 |Vt| This
means that the risk of electric discharge is reduced at
both Vr and Vt. In other words, when the peak-to-peak
voltage Vpp increases, increasing the duty ratio (Duty)
can enhance not only the grade on the transferability at
the recessed portion, but also the grade on the electric
discharge.
[0128] As can be understood from these results, when
using the recording medium that necessitates a relatively
high Vpp, reducing the duty ratio (Duty) can reduce the
risk of electric discharge at the transfer peak (Vt) side.
As for the recording medium that can obtain a desired
transferability at the recessed portion and the electric dis-
charge with a relatively low Vpp, increasing the duty ratio
(Duty) can reduce the risk of electric discharge at the
return peak (Vr).
[0129] In other words, in addition to the configuration
of Embodiment 1, adding a configuration for reducing the
duty ratio (Duty) as the peak-to-peak voltage Vpp in-
creases can enhance the grade on the transferability at
the recessed portion as well as the grade on the electric
discharge, as compared with the results of Embodiment
1. The transferability increases so that adequate image
density is obtained both at the recessed portion and the
projecting portion of the recording medium p, suppress-
ing generation of the white spots and hence obtaining a
desired image quality.

[EMBODIMENT 5]

[0130] With reference to FIG. 23, a description is pro-
vided of Embodiment 5. In the present illustrative em-
bodiment, the output voltage of the power source 39 is
controlled with new additional parameters added to the
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parameters of Embodiment 2. According to the present
illustrative embodiment, as the temperature and/or the
humidity detected by the environment detector 52 de-
creases, the power source 39 is controlled to reduce the
duty ratio (Duty) expressed by A / (A+B). In the meantime,
as the difference (Vpp) between the maximum voltage
and the minimum voltage during transfer increases, the
power source 39 is controlled to reduce the duty ratio
(Duty). The results are shown in FIG. 23.
[0131] In a comparative example shown in FIG. 23, the
duty ratio (Duty) is not changed even when the peak-to-
peak voltage Vpp and the time-averaged value Vave are
changed as the temperature and/or the humidity chang-
es. By contrast, in the illustrative embodiment, the duty
ratio (Duty) is changed as the temperature and/or the
humidity changes.
[0132] In the comparative example, the lower is the
temperature and/or the humidity, the higher is the electric
resistance of the recording medium. Thus, the peak-to-
peak voltage Vpp and the time-averaged value Vave re-
quired during transfer increase. However, only increas-
ing the peak-to-peak voltage Vpp and the time-averaged
value Vave causes a risk of electric discharge at the
transfer peak (Vt) side, and thus the grade on the electric
discharge remains low.
[0133] By contrast, according to the illustrative embod-
iment, the higher is the peak-to-peak voltage Vpp, the
lower is the duty ratio (Duty), thereby enhancing the
grade on the electric discharge. This is because the risk
of electric discharge at the transfer peak (Vt) side is de-
creased.
[0134] On the other hand, the higher is the temperature
and/or the humidity, the lower is the electric resistance
of the recording medium P. Thus, the peak-to-peak volt-
age Vpp and the time-averaged value of the voltage Vave
required during transfer decrease. At this time, only re-
ducing the peak-to-peak voltage Vpp and the time-aver-
aged value Vave causes a risk of electric discharge at
the return peak (Vr) side. However, by increasing the
duty ratio (Duty) as the temperature and/or humidity in-
creases, it is possible to reduce the risk of electric dis-
charge at the return peak Vr side.
[0135] In other words, in addition to the control per-
formed in Embodiment 2, reducing the duty ratio (Duty)
as the peak-to-peak voltage Vpp increases can enhance
the grade on the transferability at the recessed portion
as well as the grade on the electric discharge, as com-
pared with the results of Embodiment 2. The transfera-
bility increases so that adequate image density is ob-
tained both at the recessed portion and the projecting
portion of the recording medium P, suppressing gener-
ation of the white spots and hence obtaining a desired
image quality.

[EMBODIMENT 6]

[0136] With reference to FIG. 24, a description is pro-
vided of Embodiment 6. In the present illustrative em-

bodiment, the output voltage of the power source 39 is
controlled with new additional parameters added to the
parameters of Embodiment 3. According to the present
illustrative embodiment, as the electrical resistance de-
tected by the resistance detector 53 increases, the power
source 39 is controlled to reduce the duty ratio (Duty)
expressed by "A/(A+B)". In the meantime, as the differ-
ence (Vpp) between the maximum voltage and the min-
imum voltage during transfer increases, the power
source 39 is controlled to reduce the duty ratio (Duty).
The results are shown in FIG. 24.
[0137] In a comparative example shown in FIG. 24, the
higher is the resistance of parts, the more are the peak-
to-peak voltage Vpp and the time-averaged value Vave
required during transfer. However, only increasing the
peak-to-peak voltage Vpp and the time-averaged value
Vave causes a risk of electric discharge at the transfer
peak (Vt) side.
[0138] By contrast, according to the present illustrative
embodiment, the greater is the peak-to-peak voltage
Vpp, the lower is the duty ratio (Duty), thereby enhancing
significantly the grade on the electric discharge, as com-
pared with the comparative example. This is because the
risk of electric discharge at the transfer peak (Vt) side is
reduced.
[0139] On the other hand, the lower is the resistance
of parts, the lower are the peak-to-peak voltage Vpp and
the time-averaged value Vave required during transfer.
At this time, however, when only reducing the peak-to-
peak voltage Vpp and the time-averaged value Vave
causes an electric discharge at the return peak (Vr) side.
In view of the above, by increasing the duty ratio (Duty)
as the peak-to-peak voltage Vpp decreases, it is possible
to reduce the risk of electric discharge at the return peak
Vr side.
[0140] In other words, in addition to the control per-
formed in Embodiment 3, reducing the duty ratio (Duty)
as the peak-to-peak voltage Vpp increases can enhance
the grade on the transferability at the recessed portion
as well as the grade on the electric discharge, as com-
pared with the results of Embodiment 3. The transfera-
bility increases so that adequate image density is ob-
tained both at the recessed portion and the projecting
portion of the recording medium p, suppressing genera-
tion of the white spots and hence obtaining a desired
image quality.
[0141] According to Embodiment 2 described above,
as the temperature and/or humidity detected by the en-
vironment detector 52 decreases, the controller 60 con-
trols the power source 39 to reduce the duty ratio (Duty)
expressed by "A/(A+B)". In addition to this control, as the
roughness of the recording medium P selected by the
selection device 51 increases, the controller 60 may con-
trol the power source 39 to reduce the duty ratio (Duty).
[0142] According to Embodiment 3 described above ,
as the electrical resistance detected by the resistance
detector 53 increases, the controller 60 controls the pow-
er source 39 to reduce the duty ratio (Duty) expressed
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by "A/(A+B)". In addition to this control, as the roughness
of the recording medium P selected by the selection de-
vice 51 increases, the controller 60 may control the power
source 39 to reduce the duty ratio (Duty).
[0143] The illustrative embodiments of the present dis-
closure can be applied to an image forming apparatus
using a drum-shaped intermediate transfer member in
place of the belt-type intermediate transfer member, i.e.,
the intermediate transfer belt 31. Furthermore, the illus-
trative embodiments of the present disclosure can be ap-
plied to an image forming apparatus using a belt-type nip
forming member in place of the nip forming roller 36.
[0144] Furthermore, the illustrative embodiments of
the present disclosure can be applied to an image forming
apparatus using a direct transfer method in which a trans-
fer roller contacts directly a photosensitive drum to form
a transfer nip, and a toner image formed on the photo-
sensitive drum is transferred onto a recording medium in
the transfer nip by a transfer voltage output by a power
source controlled by a controller.
[0145] According to an aspect of this disclosure, the
present invention is employed in the image forming ap-
paratus. The image forming apparatus includes, but is
not limited to, an electrophotographic image forming ap-
paratus, a copier, a printer, a facsimile machine, and a
multi-functional system.
[0146] Furthermore, it is to be understood that ele-
ments and/or features of different illustrative embodi-
ments may be combined with each other and/or substi-
tuted for each other within the scope of this disclosure
and appended claims. In addition, the number of constit-
uent elements, locations, shapes and so forth of the con-
stituent elements are not limited to any of the structure
for performing the methodology illustrated in the draw-
ings.
[0147] Example embodiments being thus described, it
will be obvious that the same may be varied in many
ways. Such exemplary variations are not to be regarded
as a departure from the scope of the present disclosure,
and all such modifications as would be obvious to one
skilled in the art are intended to be included within the
scope of the following claims.

Claims

1. An image forming apparatus, comprising:

an image bearing member (31) to bear a toner
image on a surface thereof;
a transfer member (36) disposed opposite the
image bearing member (31) to contact the sur-
face of the image bearing member (31) to form
a transfer nip;
a power source (39) to output a voltage to trans-
fer the toner image from the image bearing
member (31) onto a recording medium inter-
posed in the transfer nip, the voltage including

a first voltage in a transfer direction in which the
toner image is transferred from the image bear-
ing member (31) to the recording medium and
a second voltage having a polarity opposite that
of the first voltage, and the first voltage and the
second voltage alternating upon transfer of the
toner image from the image bearing member
(31) to the recording medium; and
a controller (60) operatively connected to the
power source (39), to control the power source
(39),
wherein a time-averaged value (Vave) of the
voltage has a polarity in the transfer direction,
and an absolute value of the time-averaged val-
ue (Vave) is greater than a midpoint value (Voff)
of the voltage intermediate between a maximum
value and a minimum value of the voltage, and
wherein as a roughness of the recording medi-
um increases, the controller (60) controls the
power source (39) to reduce a duty ratio (Duty)
expressed by A / (A+B), where A is an area of
an alternating waveform of the voltage in one
cycle in a return direction opposite the transfer
direction relative to the midpoint value Voff and
B is an area in the transfer direction relative to
the midpoint value Voff.

2. The image forming apparatus according to claim 1,
further comprising a selection device (51) to select
a type of the recording medium,
wherein the controller (60) controls the power source
(39) to reduce the duty ratio (Duty) as the roughness
of the recording medium selected by the selection
device (51) increases.

3. The image forming apparatus according to claims 1
or 2, further comprising an environment detector (52)
to detect at least one of temperature and humidity,
wherein the controller (60) controls the power source
(39) to reduce the duty ratio (Duty) as at least one
of the temperature and the humidity decreases.

4. The image forming apparatus according to any one
of claims I through 3, further comprising a resistance
detector (53) to detect an electrical resistance of a
transfer section including the image bearing member
(31) and the transfer member (36),
wherein the controller (60) controls the power source
(39) to reduce the duty ratio (Duty) as an electrical
resistance detected by the resistance detector (53)
increases.

5. The image forming apparatus according to any one
of claims 1 through 4,
wherein as a difference (Vpp) between the maximum
value and the minimum value of the voltage increas-
es upon transfer of the toner image, the controller
(60) controls the power source (39) to reduce the
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duty ratio (Duty).

6. An image forming apparatus, comprising:

an image bearing member (31) to bear a toner
image on a surface thereof;
a transfer member (36) disposed opposite the
image bearing member (31) to contact the sur-
face of the image bearing member (31) to form
a transfer nip;
a power source (39) to output a voltage to trans-
fer the toner image on the image bearing mem-
ber (31) onto a recording medium interposed in
the transfer nip, the voltage including a first volt-
age in a transfer direction in which the toner im-
age is transferred from the image bearing mem-
ber (31) to the recording medium and a second
voltage having a polarity opposite that of the first
voltage, and the first voltage and the second
voltage alternating upon transfer of the toner im-
age from the image bearing member (31) to the
recording medium;
a controller (60) operatively connected to the
power source (39), to control the power source
(39); and
an environment detector (52) to detect at least
one of temperature and humidity,
wherein a time-averaged value (Vave) of the
voltage has a polarity in the transfer direction
and an absolute value of the time-averaged val-
ue (Vave) is greater than a midpoint value (Voff)
of the voltage intermediate between a maximum
value and a minimum value of the voltage, and
wherein as at least one of the temperature and
the humidity detected by the environment de-
tector (52) decreases the controller (60) controls
the power source (39) to reduce a duty ratio (Du-
ty) expressed by A / (A+B), where A is an area
of an alternating waveform of the voltage in one
cycle in a return direction opposite the transfer
direction relative to the midpoint value Voff and
B is an area in the transfer direction relative to
the midpoint value Voff.

7. The image forming apparatus according to claim 6,
wherein as a difference (Vpp) between the maximum
value and the minimum value of the voltage increas-
es upon transfer of the toner image, the controller
(60) controls the power source (39) to reduce the
duty ratio (Duty).

8. An image forming apparatus, comprising:

an image bearing member (31) to bear a toner
image on a surface thereof;
a transfer member (36) disposed opposite the
image bearing member (31) to contact the sur-
face of the image bearing member (31) to form

a transfer nip;
a power source (39) to output a voltage to trans-
fer the toner image on the image bearing mem-
ber (31) onto a recording medium interposed in
the transfer nip, the voltage including a first volt-
age in a transfer direction in which the toner im-
age is transferred from the image bearing mem-
ber (31) to the recording medium and a second
voltage having a polarity opposite that of the first
voltage, and the first voltage and the second
voltage alternating upon transfer of the toner im-
age from the image bearing member (31) to the
recording medium;
a controller (60) operatively connected to the
power source (39), to control the power source
(39); and
a resistance detector (53) to detect an electrical
resistance of a transfer section including the im-
age bearing member (31) and the transfer mem-
ber (36),
wherein a time-averaged value (Vave) of the
voltage has a polarity in the transfer direction,
and an absolute value of the time-averaged val-
ue (Vave) is greater than a midpoint value (Voff)
of the voltage intermediate between a maximum
value and a minimum value of the voltage, and
wherein as an electrical resistance detected by
the resistance detector (53) increases, the con-
troller (60) controls the power source (39) to re-
duce a duty ratio (Duty) expressed by A / (A+B),
where A is an area of an alternating waveform
of the voltage in one cycle in a return direction
opposite the transfer direction relative to the
midpoint value Voff and B is an area in the trans-
fer direction relative to the midpoint value Voff.

9. The image forming apparatus according to claim 8,
wherein as a difference (Vpp) between the maximum
value and the minimum value of the voltage increas-
es upon transfer of the toner image, the controller
(60) controls the power source (39) to reduce the
duty ratio (Duty).
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