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(57) ABSTRACT

An 1mage forming apparatus includes a nip forming member
and a transier bias output device that outputs a transier bias
to form a transfer electric field in a transfer nip between the
nip forming member and an intermediate transfer member.
Upon transfer of a composite toner image including a
particular toner image onto a recording medium 1n the

transfer nip, the transfer bias output device outputs the

transier bias including a first superimposed bias 1n which a
direct current (DC) component 1s superimposed on an alter-
nating current (AC) component. Upon transier of the com-
posite toner 1image without the particular toner 1image onto
the recording medium 1n the transier nip, the transfer bias
output device outputs one of the transier bias including a
second superimposed bias having a peak-to-peak value of
the AC component smaller than that of the first superim-
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posed bias and the transfer bias including only the DC
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IMAGE FORMING APPARATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This [patent] is a reissue application of U.S. Pat. No.
9020 382 issued Apr. 28, 2015, which 1s based on and
claims prionity pursuant to 35 U.S.C. §119 to Japanese
Patent Application No. 2011-272106, filed on Dec. 13, 2011,
in the Japan Patent Office, the entire disclosure of which 1s
hereby incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Exemplary aspects of the present disclosure generally
relate to an 1mage forming apparatus, such as a copier, a
facsimile machine, a printer, or a multi-functional system
including a combination thereof, and more particularly to, an
image forming apparatus using an intermediate transfer
method 1 which a plurality of toner 1mages formed on a
plurality of 1mage bearing members are transierred onto an
intermediate transfer member and then to a recording

medium.

2. Description of the Related Art

Related-art image forming apparatuses, such as copiers,
facsimile machines, printers, or multifunction printers hav-
ing at least one of copying, printing, scanning, and facsimile
capabilities, typically form an image on a recording medium
according to image data. Thus, for example, a charger
uniformly charges a surface of an 1mage bearing member
(which may, for example, be a photosensitive drum); an
optical writer projects a light beam onto the charged surface
of the image bearing member to form an electrostatic latent
image on the image bearing member according to the image
data; a developing device supplies toner to the electrostatic
latent 1mage formed on the image bearing member to render
the electrostatic latent 1image visible as a toner image; the
toner 1mage 1s directly transierred from the image bearing
member onto a recording medium or 1s indirectly transferred
from the 1mage bearing member onto a recording medium
via an mtermediate transier member; a cleaning device then
cleans the surface of the 1image carrier after the toner image
1s transierred from the image carrier onto the recording
medium; finally, a fixing device applies heat and pressure to
the recording medium bearing the unfixed toner 1image to fix
the unfixed toner image on the recording medium, thus
forming the image on the recording medium.

In known electrophotographic i1mage forming appara-
tuses, toner 1mages of yellow (Y), magenta (M), cyan (C),
and black (K) are formed on photosensitive drums of the
respective colors and transierred onto an intermediate trans-
fer member such as an intermediate transier belt such that
they are superimposed one atop the other, thereby forming
a composite toner 1image on the intermediate transier mem-
ber 1n a process known as a primary transfer process.
Subsequently, the composite toner 1mage 1s transierred sec-
ondarily onto a recording medium 1n a secondary transfer
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2

nip at which the itermediate transfer member and a nip
forming member contact. This process 1s known as a sec-
ondary transier process.

This type of image forming apparatuses may be equipped
with an additional photosensitive drum for forming a special
color toner 1mage such as a transparent toner image, 1n
addition to the photosensitive drums for black and primary
colors yellow, and magenta. The transparent toner 1mage 1s
formed on the photosensitive drum to add a glossy eflect to
a certain area ol the composite toner image. Generally, the
transparent toner image 1s transferred primarily onto the
intermediate transier member first. Subsequently, the toner
images of yellow, magenta, cyan, and black are transferred
one atop the other on the transparent toner image on the
intermediate transier member. In the secondary transier
process, the composite toner 1mage on the transparent toner
image 1s transierred onto a recording medium. Accordingly,
the transparent toner 1mage 1s on top of the composite toner
image to provide the glossy effect on the color image.

With diversified color expression in recent years, a solid
transparent toner 1mage 1s formed to enhance the glossy
cllect on a solid 1image. In addition to the solid image, a fine
line, an outline of an immage, and a character 1image are
expressed with the transparent toner. Present inventors per-
formed experiments in which a fine-line 1image and a char-
acter image were formed with the transparent toner on top of
a solid color background 1mage formed with toner of a single
color or a composite of at least two colors among yellow,
magenta, cyan, and black.

As shown 1n FIGS. 1 and 2, an image density of the solid
color background 1mage around the fine-line 1mage and the
character image formed with the transparent toner dropped
significantly. In other words, mmadequate transier of toner,
also known as dropouts, occurred around the line image and
the character image. The inadequate transfer of toner
occurred because the recording medium did not contact
tightly around the fine-line 1image and the character image
formed on the solid color background 1image. More specifi-
cally, because the portion of the solid color background
image on which the fine-line 1image and the character image
were formed with the transparent toner was higher than
other areas without the fine-line image and the character
image. Due to the height diflerence, the recording medium
could not contact tightly around the fine-line 1image and the
character image with the transparent toner 1n the solid color
background image. As a result, the color toner such as
yellow, magenta, cyan, and black could not transter well
from the intermediate transfer member onto the recording
medium. Thus, mmadequate transier of toner occurred around
the line 1mage and the character 1mage.

Although it was not as visible as the dropouts around the
fine-line 1mage and the character image, the present mnven-
tors also found madequate transier of toner around the image
supplied solidly with the transparent toner. However, such
an area around the image formed with the transparent toner
may be a non-image formation area to which no toner 1s
supplied and an 1mage area having multiple colors such as
a photo mmage in which such dropouts are not visible.
Improper transfer of toner such as dropouts appeared espe-
cially noticeable when an 1image including a fine-line 1mage
and a character 1image was formed on a solid color back-
ground 1mage. Moreover, dropouts also occurred when
forming a fine-line 1mage and a character image with color
toner on a solid color background 1mage.

In view of the above, 1n one approach, a superimposed
bias 1 which an alternating current (AC) component 1s
superimposed on a direct current (DC) component 1s
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employed as a secondary transfer bias to form a transfer
clectric field i the secondary transier nip. In order to
facilitate an understanding of the related art and of the novel
teatures of the present invention, with reference to FIGS. 3
through 5, a description 1s provided of principles of toner
movement when applied with the superimposed bias accord-
ing to an experiment performed by the present inventors.

FIG. 3 1llustrates movement of toner 1n the transier nip in
a test machine at the beginning of transfer. As illustrated 1n
FIG. 3, a polyimide belt 214 of the test machine serves as an
intermediate transier member that carries a color toner
image on its 1mage bearing surface. The color toner image
includes a fine-line 1mage formed of toner particles Ty of
yellow toner and a solid color background 1mage formed of
toner particles of Tc of cyan toner. The fine-line 1image and
the solid color background image are superimposed one atop
the other. Because the transparent toner particles are dithcult
to see, 1n the experiment, the toner particles Ty instead of the
transparent toner particles were used to form the fine-line
image. The toner particles Ty and Tc were negatively
chargeable toner particles.

A portion of the color image including the fine-line 1mage
with the toner particles Ty and the solid color background
image with the toner particles Tc superimposed on the
fine-line 1image contacted tightly a transparent substrate 210.
In the experiment, the transparent substrate 210 corresponds
to a recording medium.

As 1llustrated 1n FIG. 3, the portion of the solid color
background 1mage of the toner particles Tc superimposed on
the toner particles Ty of the fine-line 1image contacted tightly
the transparent substrate 210. By contrast, there was a gap
between the transparent substrate 210 and the portion of the
solid color background 1mage where the toner particles Tc
were not superimposed on the toner particles Ty of the
fine-line 1mage.

In this state, when the secondary transier bias consisting,
of the DC component having a positive polarity superim-
posed on the AC component was applied to the polyimide
belt 214, some toner particles Ic separated from the toner
layer of toner particles Tc (hereinafter referred to as toner
layer C) that had not contacted the transparent substrate 210.
As a result, the separated toner particles Tc moved back and
torth between the toner layer C and the transparent substrate
210. The cycle of the back-and-forth movement of the toner
particles was in sync with the cycle of the AC component of
the secondary transier bias.

As 1llustrated 1n FIG. 3, in the first cycle, only a small
amount of toner particles Tc separated from the toner layer
C. The separated toner particles Tc made one back-and-forth
movement between the toner layer C and the transparent
substrate 210. In this process, the returning toner particles Tc
collided with other toner particles Tc remaiming in the toner
layer C, thereby reducing adhesion of the other toner par-
ticles to the toner layer C or to the transparent substrate 210.
As a result, 1n the next cycle, a larger amount of toner
particles than in the previous cycle separated from the toner
layer C, as illustrated in FIG. §.

Subsequently, the separated toner particles Tc made one
back-and-forth movement between the toner layer C and the
transparent substrate 210. Again, the returning toner par-
ticles Tc collided with other toner particles remaining 1n the
toner layer C, thereby enhancing separation of the toner
particles Tc from the toner layer. As a result, in the next
cycle, an even larger amount of toner particles than in the
previous cycle separated from the toner layer.

With this configuration, as the toner particles Tc moved
back and forth, the amount of toner particles separating from
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the toner layer increased, and lastly, a suflicient amount of
toner particles Tc moved to the transparent substrate 210
which corresponds to a recording medium. A suflicient
image density was obtained around the fine-line 1image 1n the
solid color background 1mage.

Although advantageous and generally eflective for its
intended purpose, application of the superimposed bias as
the secondary transier bias causes scattering of toner easily.
As the toner particles are moved back and forth between the
intermediate transfer member and the recording medium 1n
the secondary transier nip, the toner particles scatter and
stick undesirably to a non-image formation area of the
recording medium. In a case in which the secondary transier
bias consisting of the superimposed bias for preventing
dropouts 1s applied even when forming an 1image without a
fine-line and a character 1mage on a solid color background
image, scattering of toner still occurs.

In view of the above, there 1s demand for an 1mage
forming apparatus that 1s capable of preventing inadequate
transier of toner while preventing scattering of toner.

"y

e

SUMMARY OF THE INVENTION

In view of the foregoing, in an aspect of this disclosure,
there 1s provided an improved image forming apparatus
including a plurality of 1image bearing members, an inter-
mediate transier member, and a transier device. The plural-
ity of 1mage bearing members bears a toner image on a
surtace thereof. The intermediate transier member 1s dis-
posed facing the plurality of image bearing members, and
toner 1mages formed on the plurality of image bearing
members are transierred thereon such that they are super-
imposed one atop the other, thereby forming a composite
toner 1mage. The transier device transiers the composite
toner 1mage formed on the mtermediate transier belt onto a
recording medium. The transfer device includes a nip form-
ing member to contact the intermediate transier member to
form a transfer nip and a transier bias output device to output
a transier bias to form a transfer electric field in the transfer
nip. Upon transier of the composite toner image including a
particular toner image onto the recording medium 1in the
transier nip, the transier bias output device outputs the
transier bias including a first superimposed bias 1n which a
direct current (DC) component 1s superimposed on an alter-
nating current (AC) component. Upon transier of the com-
posite toner 1image without the particular toner 1mage onto
the recording medium 1n the transfer nip, the transfer bias
output device outputs one of the transfer bias including a
second superimposed bias having a peak-to-peak value of
the AC component smaller than that of the first superim-
posed bias and the transfer bias including only the DC
component.

The aforementioned and other aspects, features and
advantages would be more fully apparent from the following
detailed description of illustrative embodiments, the accom-
panying drawings and the associated claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

A more complete appreciation of the disclosure and many
of the attendant advantages therecof will be more readily
obtained as the same becomes better understood by refer-
ence to the following detailed description of illustrative
embodiments when considered in connection with the
accompanying drawings, wherein:
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FIG. 1 1s a photo 1mage of mnadequate transfer of toner
around character images formed with a transparent toner;

FIG. 2 1s a photo 1image of madequate transfer of toner
around fine lines formed with the transparent toner;

FIG. 3 1s an enlarged schematic diagram illustrating
behavior of toner at the beginning of transfer of a toner
1mage;

FIG. 4 1s an enlarged schematic diagram illustrating
behavior of toner 1n the middle phase of transfer;

FIG. 5 1s an enlarged schematic diagram illustrating
behavior of toner 1n the last phase of transfer;

FIG. 6 1s a schematic diagram 1llustrating a printer as an
example of an 1mage forming apparatus according to an
illustrative embodiment of the present invention;

FIG. 7 1s a schematic diagram illustrating an image
forming unit for black as an example of 1mage forming units
employed 1n the image forming apparatus of FIG. 6;

FIG. 8 shows a wavelorm of a superimposed bias serving
as a secondary bias supplied from a secondary transier bias
power source of the image forming apparatus;

FIG. 9 shows photo 1images of inadequate transier of toner
at different ranks:

FIG. 10 1s a schematic diagram 1llustrating a test machine
for observation of behavior of toner 1n a secondary transfer
NIp,

FI1G. 11 1s a photo 1mage of a line pattern image of yellow
In an experiment;

FIG. 12 1s a block diagram illustrating a portion of an
clectrical circuit of the 1mage forming apparatus according
to an illustrative embodiment of the present mnvention;

FIG. 13 shows a wavelorm of a transier bias in which an
average potential Vave 1s shifted towards a toner transier
polarity side beyond an offset voltage Voil according to a
first 1llustrative embodiment of the present invention;

FIG. 14 shows another example of the waveform of the
transier bias 1n which the average potential Vave 1s shifted
towards the toner transifer polarnty side beyond the oflset
voltage VoIl according to a second illustrative embodiment
of the present invention;

FIG. 15 shows another example of the waveform of the
transier bias 1n which the average potential Vave 1s shifted
towards the toner transier polarity side beyond the oflset
voltage Vol according to a third 1llustrative embodiment of
the present mnvention;

FIG. 16 shows another example of the waveform of the
transier bias i which the average potential Vave 1s shifted
towards the toner transier polarity side beyond the oflset
voltage Voil according to a fourth 1llustrative embodiment of
the present mnvention;

FIG. 17 shows another example of the wavelform of the
transier bias i which the average potential Vave 1s shifted
towards the toner transier polarnty side beyond the oflset
voltage Voll according to a fifth illustrative embodiment of
the present invention;

FIG. 18 shows another example of the wavelform of the
transier bias 1 which the average potential Vave 1s shifted
towards the toner transier polarnty side beyond the oflset
voltage Voll according to a sixth illustrative embodiment of
the present invention; and

FIG. 19 shows another example of the waveform of the
transier bias 1n which the average potential Vave 1s shifted
towards the toner transier polarity side beyond the oflset
voltage Vol according to a seventh 1llustrative embodiment

of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

A description 1s now given of illustrative embodiments of
the present invention. It should be noted that although such
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terms as first, second, etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, 1t should be understood that such elements, compo-
nents, regions, layers and/or sections are not limited thereby
because such terms are relative, that 1s, used only to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, for example, a {first
clement, component, 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.

In addition, 1t should be noted that the terminology used
herein 1s for the purpose of describing particular embodi-
ments only and 1s 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 indicates otherwise.
Moreover, the terms “includes” and/or “including”, when
used 1n this specification, specily the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

In describing illustrative embodiments 1llustrated 1n the
drawings, specific terminology 1s employed for the sake of
clanity. However, the disclosure of this patent specification 1s
not mntended to be limited to the specific terminology so
selected, and 1t 1s to be understood that each specific element
includes all technical equivalents that operate 1n a similar
manner and achieve a similar result.

In a later-described comparative example, illustrative
embodiment, and alternative example, for the sake of sim-
plicity, the same reference numerals will be given to con-
stituent elements such as parts and materials having the
same functions, and redundant descriptions thereof omitted.

Typically, but not necessarily, paper 1s the medium from
which 1s made a sheet on which an 1mage 1s to be formed.
It should be noted, however, that other printable media are
available 1n sheet form, and accordingly their use here is
included. Thus, solely for simplicity, although this Detailed
Description section refers to paper, sheets thereof, paper
feeder, etc., 1t should be understood that the sheets, etc., are
not limited only to paper, but include other printable media
as well.

Referring now to the drawings, wherein like reference
numerals designate 1dentical or corresponding parts
throughout the several views, a description 1s provided of an
image forming apparatus according to an aspect of this
disclosure.

With reference to FIG. 6, a description 1s provided of a
tandem-type color printer as an example of an 1mage form-
ing apparatus. FIG. 6 1s a schematic diagram illustrating the
image forming apparatus.

As 1illustrated 1n FIG. 6, the image forming apparatus
includes five image forming units 1T, 1Y, 1M, 1C, and 1K
for forming toner 1mages, one for each of transparent and the
colors vellow, magenta, cyan, and black, respectively, a
transfer unit 20, an optical writing unit 80, a fixing device
40, a sheet conveyer 39, and a duplex printing unit 50.

It 1s to be noted that the suthixes T, Y, M, C, and K denote
transparent, yellow, magenta, cyan, and black, respectively.
To simplify the description, these suthxes T, Y, M, C, and K
indicating colors are omitted herein, unless otherwise speci-

fied.

The five image forming units 1T, 1Y, 1M, 1C, and 1K all
have the same configuration as all the others, differing only
in the color of toner employed. Thus, with reference to FIG.
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2, a description 1s provided of the image forming umt 1K for
forming a toner image of black as a representative example
of the image forming units 1. The image forming units 1T,
1Y, 1M, 1C, and 1K are replaced upon reaching their product
life cycles.

FIG. 2 1s a schematic diagram illustrating the image
forming unit 1K. A photosensitive drum 2K serving as a
latent 1mage bearing member 1s surrounded by various
pieces of 1imaging equipment, such as a charging device 4K,
a developing device 3K, a drum cleaner 5K, and a charge
neutralizer (not illustrated). These devices are held by a
common holder so that they are detachably attachable and
hence replaceable at the same time.

The photosensitive drum 2K comprises a drum-shaped
base on which an organic photoconductive layer 1s disposed,
with the external diameter of approximately 60 mm. The
photosensitive drum 2K 1s rotated 1n a counterclockwise
direction by a dniving device. The charging device 4K
includes a charging roller 4aK supplied with a charging bias.
The charging roller 4aK contacts or approaches the photo-
sensitive drum 2K to generate electrical discharge therebe-
tween, thereby charging uniformly the surface of the pho-
tosensitive drum 2K.

According to the present illustrative embodiment, the
photosensitive drum 2K 1s uniformly charged with a nega-
tive polarity which 1s the same polarity as the normal charge
on toner. As the charging bias, an alternating current (AC)
voltage superimposed on a direct current (DC) voltage 1s
employed. The charging roller 4aK 1s formed of a metal core
covered with a conductive elastic layer made of conductive
clastic material. According to the present illustrative
embodiment, the photosensitive drum 2K i1s charged by the
charging roller 4aK contacting the photosensitive drum 2K
or disposed near the photosensitive drum 2K. Alternatively,
a corona charger may be employed.

The uniformly charged surface of the photosensitive drum
2K 1s scanned by a light beam projected from the optical
writing unit 80 of FIG. 1, thereby forming an electrostatic
latent 1image for black on the surface of the photosensitive
drum 2K. The electrostatic latent 1image for black on the
photosensitive drum 2K 1s developed with black toner by the
developing device 3K. Accordingly, a visible 1image, also
known as a toner image, of black, 1s formed. As will be
described later, the toner 1image 1s transierred primarily onto
an intermediate transier belt 21.

The drum cleaner 3K removes residual toner remaining,
on the photosensitive drum 2K after the primary transfer
process, that 1s, after the photosensitive drum 2K passes
through a primary transter mip at which the intermediate
transier belt 21 contacts the photosensitive drum 2K. The
drum cleaner 5K includes a brush roller 5aK and a cleaning
blade SbK. The cleaning blade 5bK 1s cantilevered, that 1s,
one end thereof 1s fixed to a housing of the drum cleaner 5K,
and 1ts free end opposite the cantilevered portion contacts
the surface of the photosensitive drum 2K. The brush roller
5aK rotates and brushes off the residual toner from the
surface of the photosensitive drum 2K while the cleaning
blade 5bK removes the residual toner by scraping. It is to be
noted that the cantilevered side of the cleaning blade 5bK 1s
positioned downstream from 1ts free end contacting the
photosensitive drum 2K in the direction of rotation of the
photosensitive drum 2K so that the free end of the cleaming
blade 5K faces or becomes counter to the direction of
rotation.

The charge neutralizer removes residual charge remaining,
on the photosensitive drum 2K after the surface thereof is

10

15

20

25

30

35

40

45

50

55

60

65

8

cleaned by the drum cleaner SK 1in preparation for the
subsequent 1imaging cycle. The surface of the photosensitive
drum 2K 1s mnitialized.

-

T'he developing device 3K includes a developing section
including a developing roller 3aK and a developer conveyer
including a first screw 3bK and a second screw 3cK. The
developer conveyer mixes a black developing agent and
teeds the developing agent to the developing roller 3aK. The
developer conveyer includes a first chamber equipped with
the first screw 3bK and a second chamber equipped with the
second screw 3cK. The first screw 3bK and the second screw
3cK are each constituted of a rotatable shaft and helical

tlighting wrapped around the circumierential surface of the
shaft. Each end of the shaft of the first screw 3bK and the

second screw 3cK 1n the axial direction 1s rotatably held by
shaft bearings.

The first chamber with the first screw 3bK and the second
chamber with the second screw 3cK are separated 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 are connected.

The first screw 3bK mixes the developing agent by
rotating the helical tlighting and carries the developing agent
from the distal end to the proximal end of the screw 1n the
direction perpendicular to the surface of the recording
medium while rotating. The first screw 3bK 1s disposed
parallel to and facing the developing roller 3aK. Hence, the
developing agent 1s delivered along the axial (shaft) direc-
tion of the developing roller 3aK. The first screw 3bK
supplies the developing agent to the surface of the devel-
oping roller 3aK along the direction of the shaft line of the
developing roller 3akK.

The developing agent transported near the proximal end
of the first screw 3bK passes through the connecting hole 1n
the wall near the proximal side and enters the second
chamber. Subsequently, the developing agent is carried by
the helical tlighting of the second screw 3cK. As the second
screw 3cK rotates, the developing agent 1s delivered from
the proximal end to the distal end in FIG. 7 while being
mixed 1n the direction of rotation.

In the second chamber, a toner density detector for
detecting the density of toner in the developing agent 1is
disposed at the bottom of a casing of the chamber. As the
toner density detector, a magnetic permeability detector 1s
employed. There 1s a correlation between the toner density
(1n this example, black toner) and the magnetic permeability
of the developing agent consisting of the toner and a
magnetic carrier. Therefore, the magnetic permeability
detector can detect the density of the toner.

Although not illustrated, each of the second chambers of
the developing devices 3 includes a toner supply device to
supply 1ndependently transparent toner T and the color
toners Y, M, C, and K, to the respective photosensitive
drums 2T, 2Y, 2M, 2C and 2K. A control unit of the image
forming apparatus includes a Random Access Memory
(RAM) to store a target output voltage Virel for output
voltages provided by the toner density detectors for trans-
parent, yellow, magenta, cyan, and black toners. If the
difference between the output voltages provided by the toner
detectors for transparent, yellow, magenta, cyan, and black
toners, and the target value Vtret for each color exceeds a
predetermined value, the toner supply devices are driven for
a predetermined time period associated with the difference
so as to supply a proper amount of toner. Accordingly, the
respective color of toner 1s supplied to the second chamber
of the developing device 3.
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The developing roller 3aK 1n the developing section of the
developing device 3K faces the first screw 3bK as well as the
photosensitive drum 2K through an opening formed in the
casing of the developing device 3K. The developing roller
3aK comprises a developing sleeve made of a non-magnetic
pipe which 1s rotated, and a magnetic roller disposed inside
the developing sleeve such that the magnetic roller 1s fixed
to prevent the magnetic roller from rotating together with the
developing sleeve. The developing agent supplied from the
first screw 3bK 1s carried by the surface of the developing
sleeve due to the magnetic force of the magnetic roller. As
the developing sleeve rotates, the developing agent 1s trans-
ported to a developing area facing the photosensitive drum
2K.

The developing sleeve 1s supplied with a developing bias
having the same polarity as the toner. The developing bias 1s
greater than the bias of the electrostatic latent image on the
photosensitive drum 2K, but less than the charge potential of
the photosensitive 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
developing sleeve and the electrostatic latent image on the
photosensitive drum 2K.

A non-developing potential acts between the developing
sleeve and a background portion or a non-image formation
area 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 potential, the
toner on the developing sleeve moves selectively to the
clectrostatic latent image formed on the photosensitive drum
2K, thereby developing the electrostatic latent image 1nto a
visible 1mage, known as a toner image of black color.

In FIG. 6, similar to the image forming unit 1K, in the
image forming units 17T, 1Y, 1M, and 1C, toner images of
transparent, yellow, magenta, and cyan are formed on the
photosensitive drums 2T, 2Y, 2M, and 2C, respectively.

The optical writing unit 80 for writing a latent image on
the photosensitive drums 2 1s disposed above the image
forming units 17T, 1Y, 1M, 1C, and 1K. Based on image
information received from external devices such as a per-
sonal computer (PC), the optical writing unit 80 i1lluminates
the photosensitive drums 2T, 2Y, 2M, 2C, and 2K with a
light beam projected from a laser diode of the optical writing
unit 80. Accordingly, the eclectrostatic latent images of
transparent (1), yellow (y), magenta (im), cyan (c¢), and black
(k) are formed on the photosensitive drums 27T, 2Y, 2M, 2C,
and 2K, respectively. For example, the potential of the
portion of the uniformly-charged surface of the photosensi-
tive drum 2K 1lluminated with the light beam 1s attenuated.
As a result, the potential of the 1lluminated portion of the
photosensitive drum 2K with the light beam 1s less than the
potential of the other area, that 1s, the background portion
(non-1mage formation area), thereby forming an electrostatic
latent 1image on the surface of the photosensitive drum 2K.

Although not illustrated, 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 1s deflected 1n 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 the photosensitive drum 2. Alter-
natively, the optical writing unit 80 may employ a light
source using an LED array including a plurality of LEDs that
projects light.

Still referring to FIG. 6, a description 1s provided of the
transier unit 20. The transter unit 20 1s disposed below the
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image forming umts 1T, 1Y, 1M, 1C, and 1K. The transfer
umt 20 includes the intermediate transier belt 21 serving as
an 1mage bearing member formed into an endless loop and
entrained about a plurality of rollers, thereby rotating end-
lessly 1n the counterclockwise direction indicated by an
arrow A. The transfer unit 20 also includes a driving roller
22, a follower roller 23, a secondary transier opposing roller
24, five primary transier rollers 25T, 25Y, 25M, 25C, and
25K, a secondary transier roller 26 serving as a nip forming
member, a belt cleaner, and so forth.

The intermediate transier belt 21 1s entrained around and
stretched taut by the driving roller 22, the follower roller 23,
the secondary transier opposing roller 24, and the primary
transier rollers 25T, 25Y, 25M, 25C, and 25K, which are all
disposed inside the loop formed by the intermediate transier
belt 21. The dniving roller 22 1s rotated 1n the counterclock-
wise direction by a motor or the like, and rotation of the
driving roller 22 enables the intermediate transier belt 21 to
rotate 1n the same direction.

The mtermediate transier belt 21 has a thickness m a
range of from 20 um to 200 um, preferably, approximately
60 um. The volume resistivity thereof 1s 1n a range of from
1E6 [€2cm] to 1E12 [€2cm], preferably, approximately 1E9
[€2cm]. The volume resistivity 1s measured with an applied
voltage of 100V by a high resistivity meter, Hiresta UPM-
CPHT 45 manufactured by Mitsubishi Chemical Corpora-
tion. The intermediate transter belt 21 1s made of resin such
as polyimide resin in which carbon black 1s dispersed.

The intermediate transier belt 21 1s interposed between
the photosensitive drums 2T, 2Y, 2M, 2C, and 2K, and the

primary transfer rollers 25T, 25Y, 25M, 25C, and 23K.
Accordingly, the primary transfer nip 1s formed between the
front surface or the 1mage bearing surface of the interme-
diate transier belt 21 and the photosensitive drums 2T, 2Y,
2M, 2C, and 2K. A primary transier power source 81 (shown
in FIG. 12) applies to the primary transier rollers 25T, 25Y,
25M, 25C, and 25K a primary transfer bias having the
opposite polarity to the charge on the toner. Accordingly, a
primary transier electric field 1s formed between the primary
transier rollers 25T, 25Y, 25M, 25C, and 25K, and the toner
images of transparent, yellow, magenta, cyan, and black
formed on the photosensitive drums 27T, 2Y, 2M, 2C, and 2K.

The transparent toner 1mage formed on the surface of the
photosensitive drum 2T enters the primary transier nip as the
photosensitive drum 27T rotates. Subsequently, the transpar-
ent toner 1mage 1s transierred from the photosensitive drum
2T to the intermediate transier belt 21 due to the transfer
clectrical field and the mip pressure. As the intermediate
transier belt 21, onto which the transparent toner 1image 1s
primarily transferred, passes through the primary transier
nips of yellow, magenta, cyan, and black, accordingly, the
toner 1mages on the photosensitive drums 2Y, 2M, 2C, and
2K are transierred on the transparent toner image which has
been transierred on the intermediate transfer belt 21, thereby
forming a composite toner 1mage on the itermediate trans-
fer belt 21 1n the primary transfer process. With this con-
figuration, the composite toner image including the color
toner 1mage superimposed on the transparent toner 1mage 1s
formed on the intermediate transier belt 21 in the primary
transier process.

Each of the primary transfer rollers 25T, 25Y, 25M, 235C,
and 23K 1s constituted of a metal core and a conductive
sponge layer disposed on the metal core. The outer diameter
of the primary transier rollers 25T, 25Y, 25M, 25C, and 25K
1s approximately 16 mm. The diameter of the metal core
thereof 1s approximately 10 mm. The resistance of the
sponge layer 1s measured such that a metal roller having an
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outer diameter of 30 mm 1s pressed against the sponge layer
at a load of 10N and a voltage of 1000V 1s supplied to the
metal core of the primary transier roller. Then, the resistance
1s obtained by Ohm’s law R=V/I, where V 1s a voltage, I 1s
a current, and R 1s a resistance.

The obtained resistance R of the sponge layer 1s approxi-
mately 3E7 [£2]. The primary transier bias under constant
current control 1s applied to the primary transter rollers 25T,
25Y, 25M, 25C, and 25K from the primary transfer power
source. According to the present illustrative embodiment, a
roller-type primary transier device 1s used as the primary

transter rollers 25T, 25Y, 25M, and 235K. Alternatively, a

transfer charger and a brush-type transier device may be
employed as the primary transfer device.

The secondary transfer roller 26 of the transfer unit 20 1s
disposed outside the loop formed by the imntermediate trans-
ter belt 21, opposite the secondary transier opposing roller
24 which 1s disposed 1nside the looped intermediate transfer
belt 21. The intermediate transfer belt 21 1s interposed
between the secondary transfer roller 26 and the secondary
transier opposing roller 24. Accordingly, the peripheral
surface or the image bearing surface of the intermediate
transfer belt 21 contacts the secondary transier roller 26
serving as the nip forming roller 26, thereby forming a
secondary transier nip therebetween.

The secondary transfer roller 26 1s grounded. A secondary
transfer bias power source 82 applies to the secondary
transier opposing roller 24 a secondary transfer bias. With
this configuration, a secondary transier electric field 1s
formed between the secondary transfer opposing roller 24
and the secondary transier roller 26 so that the toner having
a negative polarity 1s transferred electrostatically from the
secondary transier opposing roller side to the secondary
transier roller side.

Although not 1illustrated, the image forming apparatus
includes a sheet cassette. In the sheet cassette, a stack of
recording media sheets 1s stored, and a sheet feed roller of
the sheet cassette contacts the top sheet of the stack of the
recording media. As the sheet feed roller 1s rotated by a
driving device, the top sheet 1s fed to a sheet passage 1n the
image forming apparatus.

Substantially at the end of the sheet passage, a pair of
registration rollers 32 1s disposed. The pair of the registra-
tion rollers 32 stops rotating temporarily as soon as the
recording medium 1s interposed therebetween. The pair of
registration rollers 32 starts to rotate again to feed the
recording medium to the secondary transier nip 1 appro-
priate timing such that the recording medium is aligned with
the composite toner image formed on the intermediate
transier belt 21 1n the secondary transfer nip. The composite
toner 1mage on the intermediate transier belt 21 1s trans-
terred onto the recording medium 1n the secondary transfer
nip by the secondary transter bias and the nip pressure. After
the secondary transfer process, the recording medium, on
which the composite toner 1image 1s formed, passes through
the secondary transier nip and separates from the secondary
transfer roller 26 and the intermediate transier belt 21.

The secondary transfer opposing roller 24 includes a
metal core on which a conductive NBR rubber layer 1s
disposed. The outer diameter of the secondary transfer
opposing roller 24 1s approximately 24 mm. The diameter of
the metal core 1s approximately 16 mm. The resistance R of
the conductive NBR rubber layer 1s 1n a range of from 1E6
[€2] to 1E12 [£2], preferably, approximately 4E7 [£2]. The
resistance R 1s measured using the same method as the
primary transfer roller 25 described above.
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The secondary transfer roller 26 includes a metal core on
which a conductive NBR rubber layer 1s disposed. The outer
diameter of the secondary transier roller 26 1s approximately
24 mm. The diameter of the metal core 1s approximately 14
mm. The resistance R of the conductive NBR rubber layer
1s equal to or less than 1E6 [€2]. The resistance R 1s measured
using the same method as the primary transier roller 235
described above.

According to the present illustrative embodiment, the
secondary transfer bias power source 82 includes a direct
current (DC) power source and an alternating current (AC)
power source, and can output an AC voltage superimposed
on a DC voltage as the secondary transfer bias. An output
terminal of the secondary transier bias power source 82 1s
connected to the metal core of the secondary transfer oppos-
ing roller 24. The potential of the metal core of the second-
ary transfer opposing roller 24 has almost the same value as
the output voltage of the secondary transfer bias power
source 82.

As for the secondary transfer roller 26, the metal core
thereof 1s grounded. According to the present illustrative
embodiment, the metal core of the secondary transter roller
26 1s grounded while the superimposed bias 1s applied to the
metal core of the secondary transier opposing roller 24.

Alternatively, the metal core of the secondary transfer
opposing roller 24 may be grounded while the superimposed
bias 1s applied to the metal core of secondary transter roller
26. In this case, the polarity of the DC voltage 1s changed.

More specifically, as illustrated 1n FIG. 6, 1n a case 1n
which the superimposed bias 1s applied to the secondary
transier opposing roller 24 while toner having a negative
polarity 1s used and the secondary transfer roller 26 1s
grounded, the DC voltage having the same negative polarity
as the toner 1s used so that a time-averaged potential of the
superimposed bias has the same negative polarnity as the
toner. By contrast, when the secondary transier opposing
roller 24 1s grounded and the superimposed bias 1s applied
to the secondary transfer roller 26, the DC voltage having
the positive polarity, which 1s opposite that of the toner, 1s
used so that the time-averaged potential of the superimposed
bias has the positive polarnty opposite that of the toner.

Alternatively, instead of applying the superimposed bias
to the secondary transier roller 26 or to the secondary
transier opposing roller 24, the DC voltage 1s supplied to one
of the secondary transfer roller 26 and the secondary transfer
opposing roller 24, and the AC voltage 1s supplied to another
of the secondary transfer roller 26 and the secondary transfer
opposing roller 24. According to the present illustrative
embodiment, the AC voltage having a sinusoidal wavetform
1s used. Alternatively, an AC voltage having a non-sinusoi-
dal wave may be used.

After the intermediate transier belt 21 passes through the
secondary transier nip, residual toner not having been trans-
ferred onto the recording medium remains on the interme-
diate transfer belt 21. The residual toner adhered to the
intermediate transier belt 21 1s removed from the interme-
diate transfer belt 21 by a belt cleaning device 27. The belt
cleaning device 27 includes a cleaning blade which contacts
the surface of the intermediate transier belt 21 to remove the
residual toner therefrom.

As 1llustrated 1n FIG. 6, the sheet conveyer 39 1s disposed
substantially near the end of the secondary transfer nip. The
sheet conveyer 39 includes a conveyance belt 39a, a drnive
roller 39b, and a follower roller 39c. The conveyance belt
39a 1s formed 1nto a loop and entrained about the drive roller
39b and the follower roller 39c, thereby stretching the
conveyance belt 39a 1n the horizontal direction. "

T'he con-
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veyance belt 39a 1s rotated 1n the counterclockwise direc-
tion. The recording medium passing through the secondary

transier nip 1s absorbed to the surface of the conveyance belt
39a and delivered from the right to the left in FIG. 6 as the
conveyance belt 39a moves. When the recording medium
arrives at a belt entrained area at which the conveyance belt
39a 1s entrained about the drive roller 39b, the recording
medium separates from the conveyance belt 39a.

Subsequently, the recording medium 1s delivered to the
fixing device 40. The fixing device 40 includes a fixing roller
41 and a pressing roller 42 pressing against the fixing roller
41. The fixing roller 41 includes a heat source such as a
halogen lamp inside thereof. While rotating, the pressing
roller 42 pressingly contacts the fixing roller 41, thereby
forming a heated area called a fixing nip therebetween. At
the fixing nip, heat and pressure are applied to the toner
image on the recording medium so that the toner in the toner
image 1s fused and aflixed to the recording medium. When
tusing the toner, the heat source 1s turned on and off such that
the fixing temperature, which 1s a surface temperature of the
fixing roller 41, 1s maintained at approximately 165 deg. C.
constantly. After the fixing process, the recording medium 1s
discharged outside the image forming apparatus via a sheet
passage.

The recording medium output from the fixing device 40 1s
sent either to a pair of sheet output rollers or to the duplex
printing unit 50. More specifically, in a single-side print
mode i which an 1mage 1s formed only on one side of the
recording medium, the recording medium output from the
fixing device 40 1s sent to the pair of the sheet output rollers.
By contrast, 1n a duplex print mode in which an image 1s
formed on both sides of the recording medium, the recording
medium bearing a toner image on one side (here, a first side)
output from the fixing device 40 1s sent to the duplex
printing unit 30, istead of the sheet output rollers so that an
image 1s formed on the other side (a second side) of the
recording medium. However, 11 the recording medium out-
put from the fixing device 40 bears an 1image on both sides,
the recording medium 1s sent to the sheet output rollers in the
duplex print mode.

The direction of conveyance of the recording medium
alter passing through the fixing device 40 1s changed using
a switching claw. Accordingly, the recording medium 1is
directed either to the sheet output rollers or to the duplex
printing unit 50.

The duplex printing unit 50 includes a first switchback
path 51 and a second switchback path 352. In the duplex
printing unit 50, the recording medium output from the
fixing device 40 1s turned over in the first switchback path
51 and then sent to the second switchback path 352. After
passing through the second switchback path 52, the record-
ing medium 1s sent to the sheet passage for delivery of a
recording medium from the sheet cassette to the secondary
transier nip. Accordingly, the recording medium, which has
been turned over, 1s sent to the secondary transier nip again.

After output from the fixing device 40, the recording
medium 1s output onto a sheet output tray with the surface
bearing an 1mage facing down by a finisher 1n the single-side
print mode and the duplex print mode. The recording
medium 1s output by the finisher with the surface bearing the
image facing down to protect privacy and security.

With reference to FIG. 8, a description 1s provided of the
secondary transier bias. FIG. 8 shows an example of a
wavelorm of a superimposed bias serving as the secondary
transier bias output from the secondary transfer bias power
source 82.
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As described above, the secondary transier bias 1s applied
to the metal core of the secondary transier opposing roller
24. When the secondary transfer bias 1s applied to the metal
core of the secondary transier opposing roller 24, a potential
difference 1s generated between the metal core of the sec-
ondary transier opposing roller 24 and the metal core of the
secondary transier roller 26 serving as the nip forming
member. In general, a potential diflerence 1s treated as an
absolute value. However, 1n this specification, the potential
difference 1s treated as a value with polarity. More specifi-
cally, a value obtained by subtracting the potential of the
metal core of the secondary transfer roller 26 from the
potential of the metal core the secondary transier opposing
roller 24 1s considered as the potential difference.

Using toner having the negative polarity as in the 1llus-
trative embodiment, when the polarity of the time-averaged
value of the potential difference becomes negative, the
potential of the secondary transfer opposing roller 24 1s
increased beyond the potential of the secondary transfer
roller 26 towards the polarity of the charge on the toner (the
negative side in the present illustrative embodiment).
Accordingly, the toner 1s electrostatically moved from the
secondary transier opposing roller side to the secondary
transier roller side.

In FIG. 8, an oflset voltage Voil corresponds to a value of
a DC component of the secondary transier bias. A peak-to-
peak value Vpp corresponds to a peak-to-peak value of an
AC component of the secondary transier bias. According to
the present 1llustrative embodiment, the secondary transier
bias shown 1n FIG. 8 includes a superimposed voltage of the
oflset voltage Vofl and the peak-to-peak value Vpp as
described above. Thus, the time-averaged value of the
secondary transifer bias coincides with the value of offset
voltage Voil, and the potential of the metal core of the
secondary transfer opposing roller 24 itself becomes the
potential difference between the potentials of the metal core
of the secondary transfer roller 26 and the secondary transfer
opposing roller 24. The potential difference between the
potentials of the metal core of the secondary transier roller
26 and the metal core of the secondary transfer opposing
roller 24 includes a DC component (Eofl) having the same
value as the offset voltage Voil and an AC component (Epp)
having the same value as the peak-to-peak value (Vpp).

In FIG. 8, the oflset voltage Voil has a negative polarity.
When the offset voltage VoIl has a negative polarity, the
toner having a negative polarity moves from the secondary
transier opposing roller side to the secondary transfer roller
side relatively in the secondary transfer nip. I the polarity
of the secondary transier bias i1s negative so 1s the polarity
of the toner, the toner having a negative polarity 1s pushed
clectrostatically from the secondary transier opposing roller
side towards the secondary transier roller side in the sec-
ondary transier nip. Accordingly, the toner on the interme-
diate transfer belt 21 1s transferred onto the recording
medium.

By contrast, if the secondary transier bias has a polarity
opposite that of the toner, that 1s, the polarity of the sec-
ondary transfer bias 1s positive, the toner having the negative
polarity 1s attracted electrostatically to the secondary trans-
ter opposing roller side from the secondary transier roller
side. Consequently, the toner once transierred to the record-
ing medium 1s attracted again to the intermediate transfer
belt 21.

It 1s to be noted that because the time-averaged value of
the secondary transier bias (the same value as the oflset
voltage Voll 1n the present illustrative embodiment) has a
negative polarity, the toner 1s pushed electrostatically from
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the secondary transier opposing roller side to the secondary
transier roller side. In FIG. 8, a return peak potential Vr
represents a peak value on the positive side having the

il

polarity opposite that of the toner. In FIG. 8, the oilset
voltage Voil 1s the same value as the center value between
the highest and the lowest values of the superimposed bias.

Next, a description 1s provided of experiments performed
by the present inventors. A test machine having the same

configurations as the image forming apparatus shown in
FIG. 10 was used for the following experiments. Various
print tests were performed using the test machine. In the
print tests, a developing agent including polyester toner
particles and magnetic carrier particles was used. The toner
having an average particle diameter of 6.8 um was produced
by a so-called pulverization method. The magnetic carrier
having an average particle diameter of 55 um was coated
with a resin layer.

[First Print Test]

The oflset voltage VoIl was —1.5 kV. More specifically, in
this test, the secondary transfer roller 26 was grounded, and
a DC component of a superimposed bias serving as a
secondary transier bias was —1.5 kV. A frequency of an AC
component was 400 Hz. The following 9 different peak-to-
peak values Vpp (kV) of the AC component were employed:
1.0,2.0,3.0,4.0,35.0,6.0,7.0,8.0,and 9.0 [kKV]. A test image
was printed out under each of nine peak-to-peak values of
the AC component. The test image consisted of a plurality of
fine-line patterns superimposed on a solid blue background.
The fine-line patterns were produced with a transparent
toner.

The tests were performed under laboratory atmospheric
conditions at 22° C. and 50% RH (relative humidity). As a
recording medium, a sheet of normal paper, 1.e. My Paper
manufactured by NBS Ricoh Company, Ltd. having a thick-
ness of approximately 90 um was used. A process linear
velocity of the photosensitive drums and the intermediate
transier belt was approximately 282 mm/s.

As shown 1 FIG. 9, mnadequate transter of toner occurred
around the fine-line patterns 1n the output test 1image was
visually graded on a five point scale of 1 to 5, with 5
indicating a degree of inadequate transier of toner being the
lowest and 1 indicating the degree of inadequate transier of
toner being the highest. Rank 3 and above are acceptable
levels. Results of the first print test were shown in TABLE

1.

TABLE 1
Voff [kV] ~1.5
Vpp [kV] 1.0 2.0 3.0 40 50 6.0 7.0 8.0 9.0
RANK OF 2 2 2 2 2 3 4 5 TRACE OF
INADEQUATE ELECTRIC
TRANSFER DISCHARGE
OF TONER

As shown 1n TABLE 1, the greater the peak-to-peak value
Vpp of the AC component, the higher the rank of the
inadequate transier of toner. In another test performed by the
present inventors, the rank of the inadequate transier of toner
was 1mproved by reducing an absolute value of the oflset
potential Voil.

The grade of the inadequate transfer of toner was
improved by increasing the peak-to-peak value Vpp and
hence 1ncreasing a transfer peak value Vt of FIG. 8. More
specifically, 1n the experiment, the negatively chargeable
toner was used, and the secondary transier bias was applied
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to the secondary transfer opposing roller 24, causing the
negatively chargeable toner to resist the secondary transier
opposing roller 24 1n the secondary transier nip due to the
secondary transfer bias having the negative polarity. Accord-
ingly, the toner was moved electrostatically from the belt
side to the sheet side. In other words, when the secondary
transier bias has the negative polanty, the toner in the
secondary transier nip 1s moved from the belt side to the
sheet side. The greater the transter peak value Vt, the greater

the electrostatic force that causes the toner to move from the
belt side to the sheet side. Therefore, the rank of the
inadequate transier of toner 1s improved.

However, 11 the transfer peak value Vt 1s too large, the
transier peak value Vt, which 1s also a potential difference
between the secondary transfer roller 26 which 1s grounded
and the secondary transfer opposing roller 24, exceeds a
threshold voltage at which electric discharge occurs. As a
result, electric discharge occurs between the secondary
transter roller 26 and the secondary transfer opposing roller
24. Due to electric discharge, the toner in the secondary
transier nip 1s charged reversely so that the toner does not
move to the recording medium, leaving a trace of electric
discharge 1in a form of white spots 1n a resulting image. In the
first print test, as shown in TABLE 1, when the peak-to-peak
value of Vpp was increased to 9.0 kV, the electric discharge
appeared 1n the form of white spots 1n the resulting 1mage.

As shown in TABLE 1, when the peak-to-peak value Vpp
was equal to or greater than 6.0 kV, the Rank 3 (acceptable)
or above was obtained. Because the oflset voltage Voil 1s
—-1.5 kV, the acceptable level, that 1s, the Rank 3 or above
can be obtained by employing the secondary transier bias
that satisfies the following condition: VaxVpp>IVoill. In
order to make dropouts of toner less visible, preferably, the
following condition 1s satisfied: VsxVpp>|Voill.

As described above, in the experiment, the secondary
transier bias was applied to the metal core of the secondary
transfer opposing roller 24 while the metal core of the
secondary transfer roller 26 was grounded. Therefore, the
potential difference Eofl of the DC component, which 1s the
time-averaged value of the potential different between these
rollers, coincides with the level of the offset voltage Voil
which 1s the DC component of the secondary transfer bias.
When supplying the DC voltage to the metal core of the
secondary transier roller 26, instead of connecting the metal
core of the secondary transier roller 26 to ground, the
superimposed voltage including the DC voltage supplied to
the metal core of the secondary transier opposing roller 24
and the DC voltage supphed to the metal core of the
secondary transier roller 26 1s treated as the oflset voltage
Voil. In other words, even when the DC voltage 1s supplied
to the metal core of the secondary transier roller 26, instead
of connecting the secondary transfer roller 26 to ground, the
value of Eofl and the offset voltage Voil have the same value.

In a case m which the AC bias having a sinusoidal
wavelorm 1s employed, such as in the print test and the
present 1llustrative embodiment, the oflset voltage Voll has
the same value as the average potential Vave of the super-
imposed bias serving as the secondary transier bias per unit
time.

There are, for example, six ways to generate the potential
difference including the DC component and the AC com-
ponent between a nip forming member such as the second-
ary transier roller 26 and an electrode such as the secondary
transier opposing roller 24.

1. A superimposed bias 1s applied to the nip forming
member while the electrode 1s grounded.
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2. A superimposed bias 1s applied to the nip forming
member while applying a DC bias to the electrode.

3. An AC bias including only an AC component 1s applied
to the nip forming member while applying a DC bias to the
clectrode.

4. The nip forming member 1s grounded while applying a
superimposed bias to the electrode.

5. A DC baas 1s applied to the nip forming member while
applying a superimposed bias to the electrode.

6. A DC baas 1s applied to the nip forming member while
applying an AC bias including only an AC component to the
clectrode.

[Second Print Test]

In the second print test, similar to the first print test, a test
image was output under the following conditions. Ofifset
voltage Voll was —1.5 kV. Peak-to-peak value Vpp was 7.0
kV. The frequency was 400 kV. It 1s to be noted that the
process linear velocity was increased gradually from 282
mm/s, and the degree ol mnadequate transier of toner was
graded at each process linear velocity. Then, when the
process linear velocity was reduced to a certain speed, the
degree of inadequate transier of toner was graded as 2 or
below. Similarly, the degree of inadequate transfer of toner
was graded as 2 or below, when the frequency was reduced
to a certain frequency while the process linear velocity was
constant.

In view of the above, 1t 1s necessary to move toner back
and forth for several times by the alternating electric field 1n
the secondary transter nip. Otherwise, the toner does not get
transierred suiliciently from the belt surface to the recording
medium. According to the experiment, 1t was necessary to
move the toner back and forth at least twice 1n the secondary
transier nip.

Next, a description 1s provided of transier experiments
performed by the present inventors. The present mnventors
performed the experiments to find out the reason why the
rank of mmadequate transfer of toner was at the acceptable
level or higher under the condition of “VaxVpp>|Voill”.

An observation equipment includes a transparent sub-
strate 210, a metal plate 215, a substrate 221, a developing
device 231, a power source 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 wavelorm genera-
tor 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
clectrode 212. The transparent substrate 210 1s supported at
a predetermined height position by a substrate support.

As the transparent substrate 210, two types of transparent
substrates were prepared, and depending on a purpose, one
of two types of the transparent substrate was selected and
mounted 1n the test equipment. One example of the trans-
parent substrate included the transparent electrode 212, the
entire surface of which constituted an electrode. Another
example of the transparent substrate 210 included the trans-
parent electrode 212 with an electrode having a width of 500
um and an electrode having a width of 1 mm disposed 1n a
comb-like shape.

A substrate support for supporting the transparent sub-
strate 210 1s allowed to move 1n the vertical and horizontal
directions in the drawing by a moving assembly. In the
illustrated example shown 1n FIG. 10, the transparent sub-
strate 210 1s located above the Z stage 220 including the
metal plate 215 placed thereon. The transparent substrate
210 1s capable of moving to a position directly above the
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developing device 231 disposed lateral to the Z stage 220, 1n
accordance with the movement of the substrate support. The
transparent electrode 212 of the transparent substrate 210 1s
connected to a grounded electrode fixed to the substrate
support.

The developing device 231 1s similar in configuration to
the developing device 3K 1illustrated in FIG. 7 according to
the illustrative embodiment, and includes a screw 232, a
developing roller 233, a doctor blade 234, and so forth. The
developing roller 233 1s driven to rotate with a development
bias applied thereto by the power source 235.

In accordance with the movement of the substrate sup-
port, the transparent substrate 210 1s moved to a position
directly above the developing device 231 at a predetermined
speed and disposed opposite the developing roller 233 with
a predetermined gap therebetween. Then, toner on the devel-
oping roller 233 is transierred to the transparent electrode
212 of the transparent substrate 210. Thereby, a toner layer
216 having a predetermined thickness 1s formed on the
transparent electrode 212 of the transparent substrate 210.
The toner adhesion amount per unit area 1n the toner layer
216 1s adjustable by the toner density in the developing
agent, the toner charge amount, the development bias value,
the gap between the transparent substrate 210 and the
developing roller 233, the moving speed of the transparent
substrate 210, the rotation speed of the developing roller
233, and so forth.

The transparent substrate 210 on which the toner layer
216 1s formed 1s translated to a position opposite a polyimide
belt 214 adhered to the planar metal plate 215 by a conduc-
tive adhesive. The metal plate 215 1s placed on the substrate
221, which 1s provided with a load sensor and placed on the
7. stage 220. Further, the metal plate 215 1s connected to the
voltage amplifier 217.

The wavelorm generator 218 provides the voltage ampli-
fier 217 with a transfer bias including a DC voltage and an
AC voltage. The transier bias 1s amplified by the voltage
amplifier 217 and applied to the metal plate 215. As the Z
stage 220 1s drive-controlled and elevates the metal plate
215, the polyimide belt 214 starts coming into contact with
the toner layer 216. If the metal plate 215 1s further elevated,
the pressure applied to the toner layer 216 increases. The
clevation of the metal plate 215 1s stopped when the output
from the load sensor reaches a predetermined value.

As the transparent substrate 210, the transparent electrode
212 with an electrode having a width of 500 um and an
clectrode having a width of 1 mm disposed 1n a comb-like
shape manner were mounted 1n the test machine. As 1llus-
trated in FIG. 11, yellow toner was adhered to the electrode
with the width of 500 um, and a yellow line pattern image
was formed. The yellow toner was used instead of a trans-
parent toner which 1s dithicult to be percerved. An average
particle diameter of the yellow toner was approximately 6.8
um. The toner adhesion amount on the electrode was
adjusted to approximately 0.7 mg/cm” in the yellow line
pattern 1mage.

While the vyellow line pattern 1mage was 1nterposed
between the transparent substrate 210 and the polyimide belt
214 with a predetermined pressure, a DC bias was applied
to the metal plate 215 to transier the yellow line pattern
image from the transparent substrate 210 to the polyimide
belt 214. Subsequently, the polyimide belt 214 and the
transparent substrate 210 were separated from one another,
and the transparent substrate 210 was changed to another
type of the transparent substrate 210 with the transparent
clectrode 212 having the entire surface constituting a single
clectrode. Then, the toner of cyan was adhered to the
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relatively large, single transparent electrode 212 with the
toner adhesion amount of 0.8 mg/cm?, and an entirely-solid
cyan image (hereinafter simply referred to as solid cyan
image) was formed. Subsequently, similar to the yellow line
pattern image, the solid cyan image was transferred onto the
surface of the polyimide belt 214.

Subsequently, the polyimide belt 214 and the transparent
substrate 210 were separated from one another again, and a
recording medium (My Paper manufactured by NBS Ricoh
Company, Ltd.) was adhered to the transparent substrate 210
with the transparent electrode 212 having the entire surface
constituting a single electrode using a conductive double-
sided tape. While the transparent substrate 210 was 1n
contact with the polyimide belt 214 again, the transfer bias
including the superimposed bias was applied to the metal
plate 215 to transier the solid cyan image and the yellow line
pattern 1mage onto the recording medium.

Subsequently, the transparent substrate 210 was separated
from the polyimide belt 214, and an amount of the cyan
toner remaining (hereinafter referred to residual cyan toner)
between the yellow line pattern images on the polyimide belt
214 was graded on a five point scale of 1 to 5 using a
subjective evaluation, with 5 indicating the lowest amount
of residual cyan toner and 1 indicating the highest amount of
residual toner. The amount of residual cyan toner decreases
from Rank 1 to Rank 3.

The transier experiment equipment 1s configured to apply
the transfer bias to a rear surface of the polyimide belt 214.
Therefore, 1n the transier experiment equipment, the voltage
having a polarity opposite that of the 1image forming appa-
ratus of the illustrative embodiment (that 1s, a positive
polarity) was supplied when transierring the toner from the
transparent substrate 210 to the polyimide belt 214. By
contrast, when transferring the toner on the polyimide belt
214 onto the recording medium on the surface of the
transparent substrate 210, the polarity of the transier peak
value Vt of the superimposed bias was configured to be the
same as the polarity of toner, that 1s, a negative polanity.

When transferring the solid cyan image and the yellow
line pattern 1mage on the polyimide belt 214 onto the
recording medium, an AC component having a sinusoidal
wavelform was employed as the AC component of the
transifer bias including a superimposed bias. The frequency
f of the AC component was set at 500 Hz, and the DC
voltage (corresponding to the offset voltage Voil in the
illustrative embodiment) was set at =200 V. The level of the
peak-to-peak value Vpp was raised gradually from 400 V in
increments ol 100 V, and experiments were performed under
different peak conditions.

As a result, with the peak-to-peak value Vpp less than or
equal to 800 V, the rank of the amount of the residual cyan
toner was below Rank 4. By contrast, with the peak-to-peak
value Vpp greater than or equal to 900 V, the residual cyan
toner was graded as Rank 4 or greater. In the transier
experiment equipment, similar to the print test machine,
inadequate transier of toner was improved to the acceptable
level under the condition of “VaxVpp>IVoill™.

Next, the same experiment was performed with the trans-
parent substrate 210 from which the recording medium was
removed. As the transfer bias, an AC voltage having a
sinusoidal wavetform and the peak-to-peak value Vpp of 800
V superimposed on a DC voltage of —150 V was employed.
This transter bias satisfies the condition of “VaxVpp>|Voill”.

Under the above-described condition, the behavior of the
toner was photographed with the microscope 242 focused on
the surface of the transparent substrate 210 while the transter
bias was applied, and the following phenomenon was
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observed. The behavior of the toner was examined using the
microscope 242 and the high-speed camera 243 disposed
above the transparent substrate 210. The transparent sub-
strate 210 1s formed of the layers of the glass plate 211, the
transparent electrode 212, and the transparent insulating
layer 213, which are all made of transparent material. It 1s
therefore possible to observe, from above and through the
transparent substrate 210, the behavior of the toner located
under the transparent substrate 210.

In the present experiment, a microscope using a zoom lens
VH-Z7'75 manufactured by Keyence Corporation was used as
the microscope 242. Further, a camera FASTCAM-MAX

120K C manufactured by Photron Limited was used as the
high-speed camera 243 controlled by the personal computer
244. The microscope 242 and the high-speed camera 243
were supported by a camera support. The camera support
adjusts the focus of the microscope 242.

The behavior of the toner was photographed as follows.
That 1s, the position at which the behavior of the toner was
observed was illuminated with light by the light source 241,
and the focus of the microscope 242 was adjusted. Then, a
transier bias was applied to the metal plate 215 to move the
toner in the toner layer 216 (the solid cyan image and the
yellow line pattern 1image) adhering to the polyimide belt
214 to the transparent substrate 210. The behavior of the
toner 1n this process was photographed by the high-speed
camera 243.

The following behavior was observed. That 1s, cyan toner
particles between the yellow line patterns moved back and
forth between the transparent substrate 210 and polyimide
belt 214 due to an alternating electric field generated by the
AC component of the transier bias. With an increase in the
number of the back-and-forth movements, the amount of
cyan toner particles moving back and forth was increased.
More specifically, in the transfer nip in the transfer experi-
ment equipment, there was one back-and-forth movement of
toner particles 1n every cycle 1/1 of the AC component of the
transier bias due to a single action of the alternating electric
field.

As 1llustrated 1n FIG. 3, 1n the first cycle, only cyan toner
particles Tc present between the yellow line 1mages on a
surface of the cyan toner layer separated from the toner
layer. The toner particles then reached the surface of the
transparent substrate 210, and thereafter returned to the toner
layer between the yellow line images. In this process, the
returning cyan toner particles Tc collided with other cyan
toner particles Tc remaining in the cyan toner layer, thereby
reducing the adhesion of the other cyan toner particles to the
toner layer or to the polyimide belt 214. As a result, as
illustrated 1n FIG. 4, in the next cycle, a larger amount of
cyan toner particles than in the previous cycle separated
from the cyan toner layer.

As described above, the number of cyan toner particles
separating from the cyan toner layer was gradually increased
in every back-and-forth movement. After the lapse of a nip
passage time, that 1s, the time required for the toner to pass
through the secondary transier nip with the belt (in the
transier experiment equipment, aiter the time corresponding
to the actual nip passage time elapses), a suflicient amount
of toner had been transterred between the yellow line images
of the recording medium.

It 1s to be noted that in order to produce the same results
as shown in FIGS. 3 through 5, the toner particles need to
make at least two back-and-forth movements in the transier
nip. Thus, the nip passage time needs to be at least twice as
much as the cycle of the AC component.
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| Third Print Test]

It 1s known that 1n the test machine used 1n the experi-
ments, periodic unevenness of 1mage density of the toner
image transierred onto the recording medium can be pre-
vented with the process linear velocity V of 282 mm/s, and
the frequency 1 of the AC component of the secondary
transier bias greater than or equal to 400 Hz. The width W
of the secondary transier nip at which the intermediate
transier belt 21 and the secondary transfer roller 26 contact
directly 1n the direction of movement of the secondary
transier roller 26 was approximately 3 mm. Therefore, with
the frequency of 400 Hz, approximately 4.26 cycles (3x400/
282) of the AC component act on the toner as the toner
passes through the secondary transier nip.

It 1s understood from the above that it 1s possible to obtain
a favorable image free from periodic unevenness of 1mage
density by causing the alternating electric field to act on the
toner approximately four times while the toner passes
through the secondary transfer nip. That 1s, 1n order to obtain

a favorable 1mage without periodic unevenness of density a
condition of 4<Wx1i/v needs to be satisfied.

It 1s to be noted that as the number of back-and-forth
movement ol the toner in the secondary transier nip 1s
increased, inadequate transier of toner around the line image
can be prevented. The higher the frequency (1), the more
reliably inadequate transier of toner around the line image
can be prevented. However, if the frequency 1 1s too high,
toner scatters frequently. For this reason, the frequency 1
needs not to exceed a certain level.

With reference to FIG. 12, a description 1s provided of a
controller 200 of the 1image forming apparatus. FIG. 12 1s a
block diagram 1llustrating a portion of an electrical circuit of
the 1mage forming apparatus according to an illustrative
embodiment of the present invention. As illustrated in FIG.
12, the controller 200 includes a Central Processing Unit
(CPU) 200a serving as an operation device, a Random
Access Memory (RAM) 200c serving as a nonvolatile
memory, and a Read Only Memory (ROM) 200b serving as
a temporary storage device, and so forth.

The controller 200 controls a variety of devices included
in the 1image forming apparatus. Based on a control program
stored 1n the RAM 200c and a ROM 200b, the controller 200
drives each device. For example, the controller 200 outputs
a control signal to the secondary transier power source 82 to
control the secondary transier bias. Then, the secondary
transier power source 82 outputs a secondary transier bias in
accordance with the control signal. In this configuration, a
combination of the controller 200 and the secondary transfer
power source 82 serves as a transier bias output device that
outputs a secondary transier bias for forming the secondary
transier electric field.

When transierring secondarily the composite toner image
including a particular toner such as the transparent toner
image formed on a particular photosensitive drum 2 onto a
recording medium in the secondary transfer nip, the con-
troller 200 enables the secondary transier power source 82
to output the superimposed bias serving as the secondary
transier bias in which the DC component 1s superimposed on
the AC component. By contrast, when transferring second-
arily the composite toner image without the transparent
toner 1mage onto a recording medium 1in the secondary
transier nip, the controller 200 enables the secondary trans-
ter power source 82 to output the secondary transier bias
consisting only of the DC voltage.

Improper transier of toner such as dropouts appears
noticeable when an 1mage including fine lines and character
images 1s formed on a solid color background image. Such
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fine lines and character images on the solid color back-
ground are often formed with a toner of a particular color
including a special color toner. More specifically, the special
color toner has a color which cannot be expressed using
yellow, cyan, magenta, and black toners. Such a special
color 1includes, but 1s not limited to, white, transparent, gold,
silver, fluorescent, metallic, pastel, gray, gloss, and foam. In
a case 1n which the composite toner image includes the
particular color of toner described above, there 1s a higher
possibility that inadequate transier of toner such as dropouts
occurs around such line 1mages.

In view of the above, when transferring secondarily the
composite toner image including, 1n particular, the transpar-
ent toner 1mage onto a recording medium in the secondary
transier nip, the controller 200 enables the secondary trans-
fer power source 82 to output the superimposed bias as the
secondary transfer bias to suppress generation of dropouts.

The composite toner image without the transparent toner
image often does not include an overlapping portion having
fine lines and character 1images formed on the solid color
background image. If the superimposed bias i1s output from
the transfer bias output device when transferring such a
composite toner 1mage without the transparent toner 1mage,
scattering of toner may be induced.

In view of the above, according to the present illustrative
embodiment, when transferring secondarily the composite
toner 1mage without the transparent toner image onto a
recording medium 1n the secondary transfer nip, the con-
troller 200 enables the secondary transfer power source 82
to output the secondary transier bias consisting only of the
DC component, thereby preventing scattering of toner.

It 1s to be noted that a moving force of the toner particles
moving back-and-forth between the intermediate transier
belt 21 and the recording medium 1n the secondary transier
nip 1s reduced with a smaller peak-to-peak value Vpp of the
AC component of the secondary transfer bias, thereby
suppressing scattering of toner particles. Therefore, instead
of applying the secondary transfer bias consisting only of the
DC voltage, scattering of toner can be suppressed by reduc-
ing the peak-to-peak value Vpp of the AC component to a
value smaller than that when transierring the composite
toner 1image including the transparent toner 1mage onto a
recording medium.

According to the present illustrative embodiment, the
secondary transfer power source 82 1s configured to output
an AC component of the secondary transier bias having a
sinusoidal waveform and satisiying the condition of Vax
Vpp>Volill. With this configuration, 1nadequate transfer of
toner can be reduced and graded as Rank 3 and above.

Still referring to FIG. 8, a description 1s provided of the
secondary transier bias output from the secondary transfer
power source 82 when transferring a composite toner image
including a transparent toner i1mage onto a recording
medium 1n the secondary transier nip. As shown 1n FIG. 8,
in one cycle of the AC component of the secondary transier
bias, the time required for the toner to be charged to a
negative polarity, thus causing the toner to move electro-
statically from the belt side to the secondary transfer roller
side, 1s longer than the time required for the toner to be
charged to a positive polarity causing the toner to move
clectrostatically from the secondary transfer roller side to
belt side. With this configuration, the toner 1s moved back
and forth between the belt surface and the recording medium
due to the alternating electric field 1n the secondary transfer
nip, thereby enabling the toner to move from the belt side to
the recording medium relatively.
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According to the present illustrative embodiment, when
transferring a composite toner image including a transparent
toner 1mage onto a recording medium 1in the secondary
transier nip, the secondary transfer power source 82 outputs
the secondary transier bias that satisfies the following rela-
tion: 1>2/(w/v), where 1 1s a frequency (Hz) of the alternating
current component, w 1s a width (mm) of the secondary
transier nip in the direction of movement of the intermediate
transier belt 21, and v 1s a process linear velocity (mm/sec).
With this configuration, the number of back-and-forth move-
ment of toner between the belt surface and the recording
medium can be increased. More specifically, the toner 1s
moved back and forth at least twice, thereby increasing
reliably the amount of toner that moves to a place near the
line 1mages on the surface of the recording medium.

Whether the secondary transfer power source 82 outputs
the secondary transier bias including the superimposed bias
or the secondary transier bias including only the DC bias 1s
determined based on an 1mage having entered the secondary
transier nip, not per printing page. More specifically, when
a portion of an entire composite toner 1image in the direction
of movement of the belt having the transparent toner image
1s present 1n the secondary transfer nip, the secondary
transier power source 82 outputs the secondary transier bias
including the superimposed bias to reduce or prevent drop-
outs around a line 1image and a character image. By contrast,
when a portion of the composite toner 1mage, other than
where the transparent toner image 1s present, 1s 1 the
secondary transfer nip, the secondary transier power source
82 outputs the secondary transier bias consisting only of the
DC component.

Whether the portion of the composite toner image at
which the transparent toner image 1s present 1s 1 the
secondary transier nip 1s determined based on an elapsed
time from a predetermined reference time which 1s set for
cach printing page. More specifically, according to the
present illustrative embodiment, when a predetermined time
tl elapses from a reference time Is, a portion of the
intermediate transier belt 21 corresponding to a first group
of pixels (hereinafter referred to as pixels in the first line)
formed on the leading side of the recording medium 1n the
main scanmng direction enters the secondary transfer nip.
The pixels 1n the first line exit the nip at timing defined by
“Ts+tl+nip passing time”.

In a case 1n which the pixels 1n the first line include a pixel
that forms a dot 1n a transparent toner 1image, the secondary
transier bias including the superimposed bias 1s output from
the time defined by “Is+t1” to the time defined by “Ts+tl1+
nip passing time”. Subsequently, whether or not the line of
pixels having entered the secondary transter mip at the time
defined by “Is+tl+nip passing time” includes a pixel that
forms a dot 1n the transparent toner 1mage 1s determined. In
a case 1 which the line of pixels includes the pixel that
forms the dot in the transparent toner 1image, the secondary
transfer bias mcluding the superimposed bias 1s output
continuously until the nip passing time elapses.

By contrast, in a case in which the line of pixels does not
include the pixel forming the dot in the transparent toner
image at the time “I's+t1+n1p passing time”, the secondary
transier power source 82 outputs the secondary transier bias
including only the DC bias until the pixel including the pixel
forming the dot in the transparent toner image enter the
secondary transier nip.

In a case 1 which the first line of pixels does not include
the pixel forming the dot 1n the transparent toner 1mage, the
secondary transier power source 82 outputs the secondary
transfer bias including only the DC bias until the pixels
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including the pixel forming the dot in the transparent toner
image enter the secondary transfer nip. When the pixels
including the pixel forming the dot 1n the transparent toner
image enter the secondary transier nip, the secondary trans-
fer power source 82 outputs the secondary transfer bias
including the superimposed bias until the nip passing time
clapses. Subsequently, when the nip passing time elapses,
whether or not the line of pixels having entered the second-
ary transier nip includes the pixel that forms a dot 1n the
transparent toner 1image 1s determined.

In a case 1n which the line of pixels includes the pixel that
forms the dot 1n the transparent toner 1mage, the secondary
transfer bias including the superimposed bias 1s output
continuously until the nip passing time elapses.

In a case in which the line of pixels does not include the
pixel forming the dot in the transparent toner image at the
time “Ts+t1+mp passing time”, the secondary transfer power
source 82 outputs the secondary transfer bias including only
the DC bias until the pixels including the pixel forming the
dot in the transparent toner image enter the secondary
transier mip. Thereafter, the same operation 1s repeated.

With this configuration, scattering ol toner particles 1s
suppressed, 1 not prevented entirely, when compared with
deciding whether to use the transfer bias including the
superimposed bias or the transier bias including only the DC
bias on every output page.

Alternatively, whether to use the transfer bias including
the superimposed bias or the transfer bias including only the
DC bias may be determined on every printing page. Accord-
ing to the i1llustrative embodiment, imaging conditions of the
image forming unit 1T are configured such the amount of the
transparent toner adhered to the recording medium per unit
area is equal to or greater than 0.5 mg/cm”.

When using the alternating current component having a
sinusoidal waveform, the average potential Vave in one
cycle of the superimposed bias coincides with the offset
voltage Vofl. In a case i which the alternating current
component does not have a sinusoidal waveform and the
average potential Vave has a value shifted to the transfer
potential side beyond the offset voltage Voil which is the
center value between the maximum value and the minimum
value of the superimposed bias, the condition of Vax
Vpp>|Voill does not have to be satisfied. FIGS. 13 through
19 show examples of such superimposed bias.

In the waveforms shown in FIGS. 13 through 19, the
polarity of the average potential Vave is the toner transier
polarity (in the present examples, negative polarity) causing,
the toner to move electrostatically from the belt side to the
secondary transfer roller side. Furthermore, the average
potential Vave causes more easily the toner to move elec-
trostatically from the belt side to the secondary transier
roller sidde when compared with the value of the oflset
voltage Voil.

A transfer time in the wavelorm having the conditions
described above 1s longer than that 1n the waveform without
such conditions. The transier time herein refers to a time
during which the average potential Vave has the toner
transier polarity 1n one cycle. The transfer time 1s obtained
by subtracting a toner returning time from the cycle. The
toner returning time (hereinafter referred to simply as return-
ing time) 1s a time during which the average potential Vave
has a polarity (in the present examples, positive polarity)
opposite the toner transier polanty.

During the transfer time, the above-described transfer
peak value Vt 1s generated (refer to FIG. 8). The transier
peak value Vt 1s a value at which the potential difference
from 0 V becomes the greatest. At this time, 1nadequate
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transier of toner occurs easily due to electric discharge. With
a smaller transfer peak value Vt, inadequate transier of toner
can be prevented more reliably. By increasing the above
ratio greater than 50% so as to increase the transfer time,
dropouts around the line images and the character images
can be at acceptable levels with the smaller transfer peak
value Vt. Accordingly, generation of a trace of electric
discharge appearing 1n a form of white spots can be sup-
pressed, 11 not prevented entirely.

According to the present illustrative embodiment, the
intermediate transfer belt 21 has a tensile modulus of equal
to or greater than 2 GPa so that desirable endurance can be
achieved. According to experiments performed by the pres-
ent inventors, with the use of such an intermediate transfer
belt described above, occurrences of 1nadequate transfer of
toner were reduced even more eflectively. In other words,
with the use of the itermediate transier belt having the
tensile modulus of equal to or greater than 2 GPa and the
secondary transier bias according to the illustrative embodi-
ments, improper transfer of toner such as dropouts can be
prevented more reliably.

The above-described 1mage forming apparatus 1s an
example of the image forming apparatus of the present
invention. The present mvention includes the following
embodiments.

According to an aspect of this disclosure, an 1mage
forming apparatus includes a plurality of image bearing
members (for example, the photosensitive drums 2T, 2Y,
2M, 2C, and 2K) to bear a toner 1image on a surface thereof;
an mtermediate transfer member (for example, the mnterme-
diate transier belt 21) disposed facing the plurality of image
bearing members, onto which toner images on the plurality
of 1mage bearing members are transierred such that they are
superimposed one atop the other forming a composite toner
image; a nip forming member (for example, the secondary
transier roller 26) to contact the intermediate transfer mem-
ber to form a transier nip; and a transfer bias output device
(for example, the secondary transfer power source 82 and
the controller 200) to output a transfer bias to generate a
transter electric field 1n the transfer nip so as to transier the
composite toner 1mage formed on the intermediate transier
belt onto a recording medium. Upon transfer of the com-
posite toner 1mage including a particular toner 1mage onto
the recording medium 1n the transfer nip, the transier bias
output device outputs the transier bias including a superim-
posed bias in which a direct current (DC) component 1s
superimposed on an alternating current (AC) component.
Upon transfer of the composite toner 1image without the
particular toner image onto the recording medium 1in the
transier nip, the transfer bias power source outputs one of
the transfer bias including the superimposed bias having a
relatively small peak-to-peak value of the AC component
and the transier bias including only the DC component.

According to an aspect of this disclosure, the particular
toner 1mage 1s formed with a special color toner other than
yellow, magenta, cyan, and black, and formed on one of the
image bearing members. The special color toner includes,
but 1s not limited to toner other than primary colors such as
yellow, cyan, magenta, and black, a metal color toner, a
transparent toner, a foam toner, a fluorescent toner, and a
spot color. When transferring the composite toner image
including the particular toner image onto a recording
medium 1n the secondary transier nip, the controller 200
enables the secondary transier power source 82 to output the
superimposed bias as the secondary transier bias to suppress
inadequate transfer of toner such as dropouts around line
images and character images.
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According to an aspect of this disclosure, when transfier-
ring the composite toner image including the particular toner
image onto the recording medium in the transfer nip, the
transier bias output device outputs the transier bias having
an absolute value of a peak-to-peak value of the AC com-
ponent equal to or greater than four times the absolute value
of the DC component. With this configuration, as described
above, when using the AC component having a sinusoidal
wavelorm, the grade of inadequate transier of toner can be
at the acceptable level.

According to an aspect of this disclosure, upon transfer of
the composite toner 1image including the particular toner
image onto the recording medium in the transier nip, the
transier bias output device outputs the transier bias 1n which
an average potential of the superimposed bias 1n every cycle
of the AC component has a transfer polarity that causes the
toner to move electrostatically from the intermediate transier
member side to the mip forming member side in the transier
nip, and the toner moves more easily from the intermediate
transier member side to the nip forming member side with
the average potential than with a center value between a
maximum value and a mimmum value of the superimposed
bias. With this configuration, the toner 1s moved back and
forth between the belt surface and the recording medium due
to the alternating electric field in the secondary transfer nip,
thereby enabling the toner to move from the belt side to the
recording medium relatively.

According to an aspect of this disclosure, upon transier of
the composite toner 1mage including the particular toner
image onto the recording medium in the transfer nip, the
transier bias power source outputs the transier bias having a
relation of 1>2/(w/v), where 1 1s a frequency (Hz) of the AC
component, w 1s a width of the transfer nip 1n the direction
of movement of the intermediate transfer member, and v 1s
a linear velocity (mmy/sec) of the intermediate transfer
member. With this configuration, the toner 1s moved back
and forth between the intermediate transfer member and the
recording medium at least twice, thereby increasing reliably
the amount of toner that moves to the portion of the
recording medium with line images.

According to an aspect of this disclosure, when transfer-
ring the composite toner 1mage without the particular toner
image onto the recording medium in the transfer nip, the
transier bias output device outputs the transier bias having
only the DC component. With this configuration, when
transierring the composite toner image without the particular
toner 1mage onto the recording medium, the toner is not
moved back and forth between the belt surface and the
recording medium, hence preventing scattering of toner.

According to an aspect of this disclosure, in a case 1n
which an area of the composite toner image at which the
particular toner 1image 1s formed 1n the direction of move-
ment of the intermediate transfer member 1s 1n the transter
nip, the transter bias power source outputs the transfer bias
including the superimposed bias in which the DC compo-
nent 1s superimposed on the AC component, and 1n a case in
which the area of the composite toner 1image at which the
particular toner 1mage 1s formed 1n the direction of move-
ment of the intermediate transfer member 1s not present in
the transier nip, the transier bias power source outputs the
transier bias including only the DC component. With this
confliguration, when transferring the composite toner image
without the particular toner image onto the recording
medium, the transier bias including only the DC component
1s output so that the toner i1s not moved back and forth
between the belt surface and the recording medium. Accord-
ingly, scattering of toner i1s prevented. With this configura-
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tion, scattering ol toner 1s suppressed, if not prevented
entirely, when compared with deciding whether to use the
transier bias including the superimposed bias or the transier
bias including only the DC bias on every output page.

According to an aspect of this disclosure, the intermediate
transier member 1s a belt formed mto an endless loop and
has a tensile modulus of equal to or greater than 2 GPa. In
other words, with the use of the intermediate transfer belt
having the tensile modulus of equal to or greater than 2 GPa
and the secondary transier bias, improper transier of toner
such as dropouts can be prevented more reliably.

Improper transier of toner such as dropouts around fine
lines and character 1mages on a solid color background are
often formed with a particular color of toner including, but
not limited to, a special color toner, a metal color toner, a
transparent toner, a foam toner, and a fluorescent toner.
When the composite toner image includes the particular
toner 1mage, 1nadequate transier of toner around line 1images
and character 1images may occur.

According to an aspect of this disclosure, the present
invention 1s employed 1n the 1image forming apparatus. The
image forming apparatus includes, but 1s not limited to, an
clectrophotographic 1mage forming apparatus, a copier, a
printer, a facsimile machine, and a digital multi-functional
system.

Furthermore, 1t 1s to be understood that elements and/or
teatures of different 1llustrative embodiments may be com-
bined with each other and/or substituted for each other
within the scope of this disclosure and appended claims. In
addition, the number of constituent elements, locations,
shapes and so forth of the constituent elements are not
limited to any of the structure for performing the method-
ology 1llustrated 1n the drawings.

Still further, any one of the above-described and other
exemplary features of the present invention may be embod-
ied 1n the form of an apparatus, method, or system.

For example, any of the alorementioned methods may be
embodied in the form of a system or device, including, but
not limited to, any of the structure for performing the
methodology 1llustrated in the drawings.

Example embodiments being thus described, 1t will be
obvious that the same may be varied 1n many ways. Such
exemplary variations are not to be regarded as a departure
from the scope of the present invention, 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.

What 1s claimed 1s:

1. An 1mage forming apparatus, comprising:

a plurality of image bearing members to bear a toner

image on a surface thereof;

an intermediate transier member disposed facing the

plurality of 1mage bearing members, onto which toner
images on the plurality of image bearing members are
transterred such that they are superimposed one atop
the other forming a composite toner 1mage; and

a transier device to transier the composite toner 1mage

formed on the intermediate transier member onto a

recording medium, the transter device including

a nip forming member to contact the intermediate
transier member to form a transier nip; and

a transier bias output device to output a transier bias to
form a transfer electric field 1n the transter nip,

wherein upon transier of the composite toner image

including a particular toner 1image onto the recording

medium 1n the transfer nip, the transfer bias output

device outputs the transier bias including a first super-
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imposed bias in which a direct current (DC) component
1s superimposed on an alternating current (AC) com-
ponent, and

wherein upon transier of the composite toner i1mage

without the particular toner 1image onto the recording
medium 1n the transfer nip, the transfer bias output
device outputs one of the transfer bias including a
second superimposed bias having a peak-to-peak value
of the AC component smaller than that of the first
superimposed bias and the transfer bias including only
the DC component.

2. The image forming apparatus according to claim 1,
wherein the particular toner image comprises a toner 1image
formed with a special color toner other than vyellow,
magenta, cyan, and black.

3. The image forming apparatus according to claim 2,
wherein the special color toner 1s a transparent toner.

4. The image forming apparatus according to claim 1,
wherein upon transier of the composite toner 1image 1nclud-
ing the particular toner image onto the recording medium 1n
the transier nip, the transier bias output device outputs the
transier bias having an absolute value of a peak-to-peak
value of the AC component equal to or greater than four
times the absolute value of the DC component.

5. The image forming apparatus according to claim 1,
wherein upon transfer of the composite toner 1image includ-
ing the particular toner image onto the recording medium 1n
the transfer nip, the transfer bias output device outputs the
transier bias in which an average potential of the superim-
posed bias 1n every cycle of the AC component has a transier
polarity that causes the toner to move electrostatically from
the intermediate transier member side to the nip forming
member side in the transfer nip, and the toner moves more
casily from the intermediate transier member side to the nip
forming member side with the average potential than with a
center value between a maximum value and a minimum
value of the first superimposed bias.

6. The image forming apparatus according to claim 1,
wherein upon transier of the composite toner 1image 1nclud-
ing the particular toner image onto the recording medium 1n
the transfer nip, the transfer bias output device outputs the
transier bias having a relation of

>2/(wiv),

where 1 15 a frequency (Hz) of the AC component, w 1s a
width of the transier mip 1n the direction of movement
of the intermediate transfer member, and v 1s a linear
velocity (mmy/sec) of the intermediate transier member.

7. The image forming apparatus according to claim 1,
wherein upon transier of the composite toner image without
the particular toner 1mage onto the recording medium 1n the
transfer nip, the transfer bias output device outputs the
transier bias having only the DC component.

8. The image forming apparatus according to claim 1,
wherein 1n a case in which an area of the composite toner
image at which the particular toner 1mage 1s formed 1n the
direction of movement of the intermediate transter member
1s 1n the transfer nip, the transfer bias output device outputs
the transfer bias including the first superimposed bias in
which the DC component 1s superimposed on the AC
component, and

wherein 1n a case 1 which the area of the composite toner
image at which the particular toner 1mage 1s formed 1n
the direction of movement of the intermediate transier
member 1s not present in the transier nip, the transfer
bias output device outputs the transter bias including
only the DC component.
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9. The 1image forming apparatus according to claim 1,
wherein an amount of toner adhesion of the particular toner
image on the recording medium per unit area 1s equal to or
greater than 0.5 mg/cm”.

10. The image forming apparatus according to claim 1, >
wherein the mtermediate transfer member 1s a belt formed
into an endless loop and has a tensile modulus of equal to or
greater than 2 GPa.

11. An 1mage forming apparatus, comprising:

a plurality of 1image bearing members;

an intermediate transier member onto which toner 1images

on the plurality of 1image bearing members are trans-
ferred to form a composite toner 1mage; and

a power source to output a transier bias to transier the

composite toner 1mage from the intermediate transier

member onto a sheet,

wherein the power source outputs a first bias including an
AC component when the composite toner i1mage
includes a particular color toner, and the power source 3¢
outputs a second bias including only a DC component
when the composite toner image does not include the
particular color toner.

12. The image forming apparatus according to claim 11,
wherein the particular color toner 1s a transparent toner. 25
13. The image forming apparatus according to claim 11,
wherein the transfer bias output from the power source 1s

determined on every printing page.

14. The image forming apparatus according to claim 11,
wherein the first bias 1s a superimposed bias 1n which a DC 30
component 1s superimposed on the AC component.

15. An 1image forming apparatus, comprising;

a plurality of 1image bearing members;

an 1intermediate transier member onto which toner images
on the plurality of 1image bearing members are trans- 35
ferred to form a composite toner 1mage; and

a power source to output a transier bias to transier the
composite toner 1mage from the intermediate transter
member onto a sheet,

wherein the power source outputs a first bias including a 40
first AC component when the composite toner 1mage
includes a particular color toner, and the power source
outputs a second bias including a second AC compo-
nent having a peak-to-peak value smaller than that of
the first AC component when the composite toner 45
image does not 1iclude the particular color toner.

16. The image forming apparatus according to claim 15,

wherein the particular color toner 1s a transparent toner.

17. The image forming apparatus according to claim 15,
wherein the transfer bias output from the power source 1s 50
determined on every printing page.

18. The image forming apparatus according to claim 15,
wherein the first bias 1s a first superimposed bias 1n which a
first DC component 1s superimposed on the first AC com-
ponent, and the second bias 1s a second superimposed bias 55
in which a second DC component 1s superimposed on the
second AC component.

19. An 1mage forming apparatus, comprising:

a plurality of 1mage bearing members respectively bear-
ing a yellow toner, a magenta toner, a cyan toner, a 60
black toner and a metal color toner;

an 1intermediate transier member onto which toner images
on the plurality of 1mage bearing members are trans-
ferred to form a composite toner 1mage; and

a power source to output a transier bias to transier the 65
composite toner 1mage from the intermediate transter
member onto a sheet,
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wherein [the power source outputs a] the transfer bias
[including] includes a DC component in superimposi-
tion with an AC component when the composite toner
image includes [a transparent] the metal color toner,
and

wherein the transfer bias includes the DC component and

does not include the AC component when the composite
toner image does not include the metal color toner.

20. The image forming apparatus according to claim 19,
wherein an amount of toner adhesion of the [transparent]
metal color toner on the sheet per unit area 1s equal to or
greater than 0.5 mg/cm”.

[21. The image forming apparatus according to claim 19,
wherein the bias 1s a superimposed bias 1n which a DC
component is superimposed on the AC component.}

22. The image forming apparatus according to claim [21]
19, the transfer bias is a superimposed that bias has an
absolute value of a peak-to-peak value of the AC component
equal to or greater than four times the absolute value of the
DC component.

23. The image forming apparatus according to claim 19,
wherein the power source outputs the bias when the com-
posite toner 1mage includes one of a line image or a
character image of the [transparent] metal color toner [that
1s formed on a solid background 1mage of toner of a single
color or a composite of at least two colors among yellow,
magenta, cyan, and black].

24. The image forming apparatus accovding to claim 11,
wherein the particular color toner is a metal color toner.

25. The image forming apparatus accovding to claim 15,
wherein the particular color toner is a metal color toner.

26. The image forming apparatus accovding to claim 19,
wherein the metal color toner is polvester-based toner.

27. The image forming apparatus accovding to claim 23,
wherein the metal color toner forms a solid background
image of toner of a single color or a composite of at least
two colors among vellow, magenta, cvan and black.

28. The image forming apparatus accovding to claim 19,
wherein the plurality of image bearing members are
arranged side by side.

29. The image forming apparatus according to claim 19,
wherein a polarity of the transfer bias alternates between a
positive polarity and a negative polarity in the superimpo-
sition of the AC component and the DC component.

30. The image forming apparatus accovding to claim 19,
wherein upon transfer of the toner image onto the sheet, the
power source outputs the transfer bias in which an average
potential of the supervimposed bias in every cycle of the AC
component has a transfer polarity that causes toner to move
electrostatically from an intevmediate transfer member side
to a nip forming member side in a transfer nip.

31. The image forming apparatus accovding to claim 30,
wherein the toner moves from the intermediate transfer
member side to the nip forming member side with the
average potential than with a center value between a
maximum value and a minimum value of the supevimposed
bias.

32. An image forming apparatus, comprising:

an image bearing member; and

a power source to output a transfer bias to transfer a

toner image onto a sheet,

wherein the power source outputs a bias including an AC

component when the toner image includes a metal
color toner

wherein the bias is a superimposed bias in which a DC

component is supervimposed on the AC component, and
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wherein upon transfer of the toner image onto the sheet,
the power source outputs the transfer bias in which an
average potential of the superimposed bias in every
cycle of the AC component has a transfer polarity that
causes toner to move electrostatically from an inter- 5
mediate transfer member side to a nip forming member
side in a transfer nip, and the toner moves from the
intermediate transfer member side to the nip forming
member side with the average potential than with a
center value between a maximum value and a minimum 10
value of the superimposed bias.
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