wo 2012/128373 A1 [N D0 0O A O O

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2012/128373 Al

27 September 2012 (27.09.2012) WIPO I PCT
(51) International Patent Classification: [JP/IP]; ¢/o RICOH COMPANY, LIMITED, 3-6, Na-
G03G 15/16 (2006.01) kamagome 1-chome, Ohta-ku, Tokyo, 1438555 (JP).
(21) International Application Number: (74) Agent: SAKAI, Hiroaki; Sakai International Patent Of-
PCT/JP2012/057656 fice, Kasumigaseki Building, 2-5, Kasumigaseki 3-chome,
Chiyoda-ku, T 1006020 (JP).
(22) International Filing Date: o > Tokyo, (P)
16 March 2012 (16.03.2012) (81) Designated States (unless otherwise indicated, for every
. ] . kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
L. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(30) Priority Data: HR, HU, ID, 1L, IN, IS, KE, KG, KM, KN, KP, KR, KZ,
2011-061680 18 March 2011 (18.03.2011) JP LA. LC. LK. LR. LS. LT, LU. LY. MA. MD. ME. MG
2011-249014 14 November 2011 (14.11.2011) JP MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
2012-027364 10 February 2012 (10.02.2012) JP PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD, SE,
(71) Applicant (for all designated States except US): RICOH SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
COMPANY, LIMITED [JP/JP]; 3-6, Nakamagome 1- TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
chome, Ohta-ku, Tokyo, 1438555 (JP). (84) Designated States (unless otherwise indicated, for every
(72) Inventors; and kind of regional protection available): ARIPO (BW, GH,
(75) Inventors/Applicants (for US only): TANAKA, Shinya GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
[JP/JP]; c¢/o RICOH COMPANY, LIMITED, 3-6, Na- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
kamagome 1-chome, Ohta-ku, Tokyo, 1438555 (JP). SUG- TJ, T™), European (AL, AT, BE, BG, CH, CY, CZ, DE,
IMOTO, Naomi [JP/JP]; c/o RICOH COMPANY, LIM- DK, EE, ES, FL FR, GB, GR, HR, HU, IL, IS, IT, LT, LU,
ITED, 3-6, Nakamagome 1-chome, Ohta-ku, Tokyo, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,
1438555 (JP). IIMURA, Haruo [JP/JP]; c/o RICOH SM, {/[RL)» OAPI (BF, B, CF, CG, CI CM, GA, GN, GQ,
COMPANY, LIMITED, 3-6, Nakamagome 1-chome, GW, ML, MR, NE, SN, TD, TG).
Ohta-ku, Tokyo, 1438555 (JP). AOKI, Shinji [JP/JP]; c/0 Published:

RICOH COMPANY, LIMITED, 3-6, Nakamagome 1-
chome, Ohta-ku, Tokyo, 1438555 (JP). OGINO, Yasuhiko

with international search report (Art. 21(3))

(54) Title: IMAGE FORMING APPARATUS AND IMAGE FORMING METHOD

FIG.18

PEAK VOLTAGE OF

RETURNING
DIRECTION

,~- OPPOSITE POLARITY
ONE CYCLE

[l

!

TRANSFER
DIRECTION TIME A
e 7y —————

N
e

r ™
H L]
: 13
s ; S S
‘;(,)J ! V, |V TIME [t]
5 ol ¢ ¢ i )
S | =
S Vaﬂ
= S A
3 RETURNING "\ v
TIME B i
i Y
-1
‘\
TRANSFER PEAK VOLTAGE IN
DIRECTION TRANSFER DIRECTION

(57) Abstract: An image forming apparatus includes a transter member configured to abut against an image carrier for carrying a
toner image to form a transfer nip; and a power supply configured to output a bias voltage for transterring the toner image on the im-
age carrier onto a recording medium nipped in the transfer nip. The bias voltage includes a first voltage for transferring the toner im-
age from the image carrier onto the recording medium in a transfer direction and a second voltage having an opposite polarity of the
first voltage, the first and the second voltages being alternately output. A time-averaged value of the bias voltage is set to a polarity
in the transfer direction and is set in the transfer direction side with respect to a median between a maximum and a minimum of the
bias voltage.



10

15

20

25

30

WO 2012/128373 PCT/JP2012/057656

1
DESCRIPTION

IMAGE FORMING APPARATUS AND IMAGE FORMING METHOD

TECHNICAL FIELD
The present invention relates to an image forming

apparatus and an image forming method.

BACKGROUND ART

A known image forming apparatus for transferring a
toner image formed on the surface of an image carrier onto
a recording medium nipped in a transfer nip is disclosed in
Japanese Patent Application Laid-open No. 2006-267486
(hereinafter, Patent Document 1). The image forming
apparatus disclosed in Patent Document 1 forms a toner
image on the surface of a drum-shaped photosensitive
element functioning as an image carrier through a known
electrophotographic process. An:endless intermediate
transfer belt that is an image carrier as an intermediate
transfer body abuts against the photosensitive element, and
a primary transfer nip is thus formed. The toner image
formed on the photosensitive element is then primarily
transferred onto the intermediate transfer belt in the
primary transfer nip. A secondary transfer roller as a
transfer member abuts against the intermediate transfer
belt, and a secondary transfer nip is thus formed. A
secondary transfer facing roller is arranged inside of the
loop of the intermediate transfer belt, and the
intermediate transfer belt is nipped between the secondary
transfer facing roller and the secondary transfer roller.
The secondary transfer facing roller arranged inside of the
loop is grounded. A secondary transfer bias (voltage) is

applied from a power supply to the secondary transfer
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roller arranged outside of the loop. In this manner, a

secondary transfer field for electrostatically transferring
the toner image from the secondary transfer facing roller
to the secondary transfer roller is formed between the
secondary transfer facing roller and the secondary transfer
roller, that is, in the secondary transfer nip. The toner
image on thé intermediate transfer belt is then secondarily
transferred onto a recording sheet fed into the secondary
transfer nip at operational timing synchronized with the
toner image on the intermediate transfer belt, by the
effects of the secondary transfer field and a nipping
pressure.

In such a structure, when a recording éheet with a
highly textured surface such as washi (Japanese paper) is
used, density patterns following the texture of the surface
could be more easily formed in an image. These density
patterns are caused because a sufficient amount of toner is
not transferred onto recessed parts of the paper surface,
and the image density in the recessed parts becomes thin
éompared with that in projected parts. " In response to this
issue, the image forming apparatus disclosed in Patent
Document 1 is structured to apply a superimposed bias in
which a direct current voltage is superimposed over an
alternating current voltage, besides a direct current
voltage, as the secondary transfer bias. In Patent
Document 1, by applying such a secondary transfer bias,
formations of density patterns are suppressed compared with
when a secondary transfer bias consisting only of a direct
current voltage 1is applied.

However, experiments conducted by inventors of the
present invention have revealed that, in the conventional
technology described above, when the secondary transfer

bias is applied in the manner disclosed in Patent Document
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1, a plurality of white spots tend to be formed more easily

in an image at locations corresponding to the recessed
parts of the paper surface.

An object of the present invention is to provide an
image forming apparatus and an image forming method for
suppressing formations of white spots and achieving high
qguality images, while obtaining sufficient image densities
in both of the recessed parts and the projected parts of a

recording medium surface.

DISCLOSURE OF INVENTION

It is an object of the present invention to at least
partially solve the problems in the conventional technology.

According to an embodiment, there is provided an image
forming apparatus that includes a transfer member
configured to abut against an image carrier for carrying a
toner image to form a transfer nip; and a power supply
configured to output a bias voltage for tranéferring the
toner image on the image carrier onto a recording medium
nipped in the transfer nip. The bias voltage includes a
first voltage for transferring the toner image from the
image carrier onto the recording medium in a transfer
direction and a second voltage having an opposite polarity
of the first voltage, the first voltage and the second
voltage being alternately output when the toner image on
the image carrier is transferred onto the recording medium,
and a time-averaged value of the bias voltage is set to a
polarity in the transfer direction and is set in the
transfer direction side with respect to a median between a
maximum and a minimum of the bias voltage.

According to another embodiment, there is provided an
image forming method that includes alternately outputting a

first voltage and a second voltage from a power supply to
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4
transfer a toner image on an image carrier onto a recording

medium nipped in a transfer nip when the toner image on the
image carrier is transferred onto the recording medium, the
transfer nip being formed by a transfer member configured
to abut against the image carrier for carrying the toner
image. The first voltage is for transferring‘the toner
image from the image carrier onto the recording medium in a
transfer direction, and the second voltage has an opposite
polarity of the first voltage. A time-averaged value of
voltages that include the first voltage and the second
voltage 1is set to a polarity in the transfer direction and
is set in the transfer direction side with respect to a
median between a maximum and a minimum of the voltages.

The above and other objects, features, advantages and
technical and industrial significance of this invention
will be better understood by reading the following detailed
description of presently preferred embodiments of the
invention, when considered in connection with the

accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic for explaining a general
structure of an image forming apparatus according to one
embodiment of the present invention;

Fig. 2 is a schematic for explaining a general
structure of an image forming unit for K included in the
printer illustrated in Fig. 1;

Fig. 3 is a schematic for explaining a configuration
of a power supply and a voltage supply for secondary
transfer used in the image forming apparatus illustrated in
Fig. 1;

Fig. 4 is an enlarged view illustrating another

configuration of the power supply and the voltage supply
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5
for the secondary transfer used in the image forming

apparatus;

Fig. 5 is an enlarged view illustrating still another
configuration of the power supply and the voltage supply
for the secondary transfer used in the image forming
apparatus;

Fig. 6 is an enlarged view illustrating still another
configuration of the power supply and the voltage supply
for the secondary transfer used in the image forming
apparatus;

Fig. 7 is an enlarged view illustrating still another
configuration of the power supply and the voltage supply
for the secondary transfer used in the image forming
apparatus; ‘

Fig. 8 1s an enlarged view illustrating still another
configuration of the power supply and the voltage supply
for the secondary transfer used in thevimage forming
apparatus; |

| Fig. 9 is an enlarged view illustrating still another
configuration of the power supply and the voltage supply
for the secondary transfer used in the image forming
apparatus;

Fig. 10 is an enlarged view of a configuration of an
example of a secondary transfer nip;

Fig. 11 is a waveform chart for explaining a waveform
of a voltage configured as a superimposed bias;

Fig. 12 is a schematic illustrating a general
configuration of observation experimental equipment used in
experiments;

Fig. 13 is an enlarged schematic illustrating a toner
behavior at an early stage of transfer in the secondary
transfer nip;

Fig. 14 is an enlarged schematic illustrating a toner
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behavior at a middle stage of the transfer in the secondary
transfer nip; | '

Fig. 15 is an enlarged schematic illustrating a toner
behavior at a later stage of the transfer in the secondary
transfer nip;

Fig. 16 is a block diagram illustrating a

confiquration of a control system of the printer

illustrated in Fig. 1;

Fig. 17 is a schematic illustrating
of a secondary transfer bias output from
according to a first comparative example;

Fig. 18 is a schematic illustrating
of a secondary transfer bias output from
according to a first example;

Fig. 19 is a schematic illustrating
of a secondary transfer bias output from.
according to a second example;

Fig. 20 is a schematic illustrating
of a secondary transfer bias output from
according to a third example;

Fig. 21 is a schematic illustrating
of a secondary transfer bias output from
according to a fourth example;

Fig. 22 is a schematic illustrating
of a secondary transfer bias output from
according to a fifth example;

Fig. 23 is a schematic illustrating
of a secondary transfer bias output from
according to a sixth example;

Fig. 24 is a schematic illustrating
of a secondary transfer bias output from
according to a seventh example;

Fig. 25 is a schematic illustrating

a
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power supply
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power supply

voltage waveform

power supply
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power supply
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power supply
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of a secondary transfer bias output from a power supply

according to an eighth example and a ninth example;

Fig. 26 is a schematic illustrating a voltage waveform
of a secondary transfer bias output from a power supply
according to a tenth example; |

Fig. 27 is a chart illustrating effects of the first
comparative example, and is a chart illustrating
evaluatioris of an image on a recording medium under the
condition of returning time of 50%;

Fig. 28 is a chart illustrating effects of the first
example and the second example, and is a chart illustrating
evaluations of an image on a recording medium under the
condition of returning time of 40%;

Fig. 29 is a chart illustrating effects of the fourth
example, and is a chart illustrating evaluations of an
image on a recording medium under the condition of
returning time of 45%:; |

Fig. 30 is a chart illustrating effects of the fifth
example, and is a chart illustrating evaluations of an
image on a recording medium under the condition of
returning time of 40%;

Fig. 31 is a chart illustrating effects of the sixth
example, and 1is a chart illustrating evaluations of an
image on a recording medium under the condition of
returning time of 32%; |

Fig. 32 is a chart illustrating effects of the seventh
example, and is é chart illustrating evaluations of an
image on a recording medium under the condition of
returning time of 16%;

Fig. 33 is a chart illustrating effects of the eighth
example, and is a chart illustrating evaluations of an

image on a recording medium under the condition of
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returning time of 8%;
Fig. 34 is a chart illustrating effects of the ninth
example, and is a chart illustrating evaluations of an

image on a recording medium under the condition of

returning time of 4%:;
Fig. 35 is a chart illustrating effects of the tenth
example, and is a chart illustrating evaluations of an

image on a recording medium under the condition of

returning time of 16%;

Fig. 36 is a graph illustrating a relationship between
IDmax and a frequency £ of an alternating current component;

Fig. 37 is a schematic illustrating a vecltage waveform
of a secondary transfer bias output from a power supply
according to an eleventh example;

Fig. 38 is a chart illustrating effects of the
eleventh example, and is a chart illustrating evaluations
of an image on a recording medium when the capacity of the
power supply is large under the condition of returning time
of 12%:;

Fig. 39 is a schematic illustrating a voltage waveform
of a secondary transfer bias output from a power supply
according to a twelfth example;

Fig. 40 is a chart illustrating effects of the twelfth
example, and is a chart illustrating evaluations of an
image on a recording medium when the capacity of the power
supply is small under the condition of returning time of
12%;

Fig. 41 is an enlarged view illustrating still another
configuration of the power supply and the voltage supply
for secondary transfer used in the image forming apparatus;

Fig. 42 is an enlarged view illustrating another

configuration of the power supply and the voltage supply
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for transfer used in the image forming apparatus;

Fig. 43 1is an enlarged view illustrating still another
configuration of the power supply and the voltage supply
for transfer used in the image forming apparatus; and

Fig. 44 is an enlarged view illustrating still another
configuration of the power supply and the voltage supply

for transfer used in the image forming apparatus.

BEST MODE (S) FOR CARRYING OUT THE INVENTION

As an image forming apparatus with an application of
the present invention, embodiments of an
electrophotographic color printer (hereinafter, simply
referred to as a “printer”) will now be explained below
with reference to some drawings. In the embodiments,
elements such as members or components having the same

* function or having the same shape are assigned with the
same reference numerals to an extent such elements can be
discriminated, and redundant explanations thereof are
omitted as much as possible. It should be easy for so-
called those skilled in the art to change or to modify the
ppesent invention and to achieve another embodiment within
the ecope specified in the appended claims. Such changes
and modifications fall within the scope of the present
invention. Explanations below are merely examples of the
present invention, and are not intended to limit the scope
of the present invention in any way.

Fig. 1 is a schematic for explaining a general
structure of a printer according to the embodiment. In Fig.
1, the printer includes four image forming units 1Y, 1M, 1C,
1K for forming toner images in respective colors of yellow
(Y), magenta (M), cyan (C), and black (K), a transfer unit
30 as a transfer unit, an optical writing unit 80, a fixing

unit 90, a paper feeding cassette 100, a registration
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roller pair 101, and a control unit 60 functioning as a

control unit.

The four image forming units 1Y, 1M, 1C, and 1K have
the same structures, except for Y toner, M toner, C toner,
and K toner in different colors are respectively used as
image forming materials, and are replaced when their
lifetime ends. To explain using the image forming unit 1K
forlforming a K toner image as an example, the image
forming unit 1K includes, as illustrated in Fig. 2, a drum-
shaped photosensitive element 2K as an image carrier, a
drum cleaning device 3K, a neutralization device (not
illustrated), a charging device 6K, and a developing device
8K. These devices in the image forming unit 1K are
enclosed in a common casing, and are structured to be
integrally removable from the printer main body, so that
these units can be replaced all at once.

The photosensitive element 2K includes a drum-shaped
base and an organic photosensitive layer formed on the
surface of the base, and is driven in rotation in a
clockwise direction in Fig. 1 by a driving unit not
illustrated. The oharging device 6K charges the surface of
the photosensitive element 2K uniformly by causing
discharge between a roller charger 7K and the
photosensitive element 2K by bringing a roller charger 7K
to which a charging bias is applied in contact with or near
the photosensitive element 2K. In the printer, the
photosensitive element 2K is uniformly charged to the
negative polarity that is the same as a regular charged
polarity of the toner. More particularly, the
photosensitive element 2K is uniformly charged to
approximately -650 [volts]. In this embodiment, a charging
bias that is an alternating current voltage superimposed

over a direct current voltage is used. The roller charger
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7K includes a core metal made of metal, and a conductive

elastic layer made of a conductive elastic material
covering the surface of the core metal. Instead of
bringing the charging member such as the roller charger in
contact with or near the photosensitive element 2K, an
electric charger may also be used in charging.

The surface of the photosensitive element 2K uniformly
charged by the charging device 6K is optically scanned by a
laser beam output from the optical writing unit 80, and
carries an electrostatic latent image for K. The electric
potential of the electrostatic latent image for K is
approximately -100 [volts]. The electrostatic latent image

for K is developed by the developing device 8K using K

toner not illustrated, and becomes a K toner image. The K

toner image is then primarily transferred onto an
intermediate transfer belt 31 that is an intermediate
transfer body, which is to be described later, being a
belt-shaped image carrier.

The drum cleaning device 3K is provided to remove
transfer residual toner attached to the surface of the
photosensitive element 2K passed through a primary transfer
process (a primary transfer nip to be described later).

The drum cleaning device 3K includes a cleaning brush
roller 4K driven in rotation, and a cleaning blade 5K
having one end supported and the other free end abutting
against the photosensitive element 2K. The drum cleaning
device 3K scrapes off the transfer residual toner from the
surface of the photosensitive element 2K using the rotating
cleaning brush roller 4K, and removes the transfer residual
toner from the surface of the photosensitive element 2K
using the cleaning blade 5K. The cleaning blade 5K abuts
against the photosensitive element 2K in a counter

direction so that the supported end faces downstream of the
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free end in the rotating direction of the drum.

The neutralization device neutralizes a residual
potential on the photosensitive element 2K cleaned by the
drum cleaning device 3K. By performing the neutralization,
the surface of the photosensitive element 2K is initialized
and prepared for next image formation.

The developing device 8K includes a developing unit
12K in which a developing roll 9K is enclosed, and a
developer conveying unit 13K for stirring and conveying K
developer not illustrated. The developer conveying unit
13K includes a first conveying unit housing a first screw
member 10K and a second conveying unit housing a second
screw member 11K. Each of these screw members includes a

. rotating shaft member having both ends in the axial
direction rotatably supported by respective shaft bearings,
and spiral blades projecting from the rotating shaft in a
spiral shape.

The first conveying unit housing the first screw
member 10K and the second conveying unit housing the second
screw member 11K are partitioned by a partitioning wall.
Communicative openings for communicating these conveying
units are formed on the partitioning wall near the both
ends of the screws in the axial direction. The first screw
member 10K stirs the K developer not illustrated held by
the spiral blades in the rotating direction by being driven
in rotation, to convey the K developer from the rear side
to the front side in the direction perpendicular to the
paper surface in Fig. 2. Because the first screw member
10K and the developing roll 9K to be explained later are
arranged in parallel and facing each other, the conveying
direction of the K developer corresponds to the rotational
axial direction of the developing roll 9K. The first screw

member 10K then supplies the K developer to the surface of
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the developing roll 9K in the axial direction of the first

screw member 10K.

The K developer conveyed near the front end of the
first screw member 10K in Fig. 2 passes through the
communicative opening arranged on the partitioning wall
near the front end of the first screw member 10K in Fig. 2,
enters the second conveying unit, and held by the spiral
blades on the second screw member 11K. As the second screw
member llKvis driven in rotation, and the K developer 1is
conveyed from the‘front side to the rear side in Fig. 2
while being stirred in the rotating direction of the second
screw member 11K.

In the second conveying unit, a toner concentration
sensor not illustrated is arranged on the bottom wall of
the casing to detect the K toner concentration in the K

developer in the second conveying unit. A magnetic

- permeability sensor is used as the K toner concentration

sensor. Because the magnetic permeability of the K
developer, that is, a so-called two-compcnent developer
containing K toner and magnetic carrier has a correlative
relationship with the K toner concentration, the magnetic
permeability sensor can detect the K toner concentration.
The printer includes toner supplying units for Y, M, C,
K, not illustrated, for individually supplying toners in
the colors of Y, M, C, K to the respective second housing
units in the developing units for Y, M, C, K. The control
unit 60 in the printer stores Vtref for Y, M, C, K that are
target voltages for outputs of the respective toner
concentiation detecting sensors in a random access memory
(RAM) included in the control unit 60. When the difference
between the output voltage of each of the toner
concentration detecting sensors for Y, M, C, K and Virer fOr

Y, M, C, K exceeds a predetermined level, the control unit
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60 drives the toner supplying units for Y, M, C, K for a

period of time corresponding to the difference. 1In this
mannér, Y, M, C, K toners are supplied to the respective
second conveying units in the developing units for Y, M, C,
K.

The developing roll 9K housed in the developing unit
12K not only faces the first screw member 10K, but also
faces the photosensitive element 2K through an opening
formed on the casing. The developing roll 9K includes a
tube-like developing sleeve made from a nonmagnetic pipe
and driven in rotation, and a magnet roller arranged inside
of the developing sleeve and fixed so as not to be rotated
by rotations of the sleeve. The surface of the developing
roll 9K carries the K developer supplied by the first screw
member 10K, by the magnetic force arising from the magnet
roller, and supplies the K developer to a developing area
facing the photosensitive element 2K as the sleeve is
rotated.

Applied to the developing sleeve is a developing bias
having the same polarity as the toner, and a potential
higher than the electrostatic latent image on the
photosensitive element 2K and lower than the electric
potential of the uniformly-charged photosensitive element
2K. In this manner, a developing potential for

electrostatically moving the K toner on the developing

~sleeve to the electrostatic latent image is generated

between the developing sleeve and the electrostatic latent
image on the photosensitive element 2K. . Furthermore,
between the developing sleeve and the bare surface of the
photosensitive element 2K, a non-developing potential for
moving the K toner on the developing sleeve to the surface
of the sleeve is generated. By the effects of the

developing potential and the non-developing potential, the
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K toner on the‘developing sleeve is selectively transferred
onto the electrostatic latent image on the photosensitive
element 2K, to develop the electrostatic latent image to a
K toner image.
In the image forming units 1Y, 1M, 1C for Y, M, C
illustrated earlier in Fig. 1, Y, M, C toner images are

formed on the respective photosensitive elements 2Y, 2M, 2C,

in the same manner as in the image forming unit 1K for K.

The optical writing unit 80 that is a latent image
writing unit is arranged above the image forming units 1Y,
1M, 1C, 1K. The optical writing unit 80 optically scans
the photosensitive elements 2Y, 2M, 2C, 2K using laser
beams output from light sources such as laser diodes, based
on image information transmitted by an external device,
such as a personal computer. By this optical scanning, the
electrostatic latent images for Y, M, C, K are formed on
the respective photosensitive elements 2Y, 2M, 2C, 2K.
Specifically, the electric potential is reduced at a part
of the entire uniformly charged éurface of the
photosensitive element 2Y by being irradiated with the
laser beam. In this manner, an electrostatic latent image
having a smaller electric potential than the other part
(bare surface) is formed as a part irradiated with the_
laser. The optical writing unit 80 irradiates each of the
photosensitive elements with a laser beam L1 output from a
light source via a plurality of optical lenses and mirrors
while polarizing the light beam L in a main-scanning
direction using a polygon mirror that is driven in rotation
by a polygon motor not illustrated. As the optical writing
unit 80, an optical writing unit that performs optical
writing on the photosensitive elements 2Y, 2M, 2C, 2K using
light emitting diode (LED) light output from a plurality of

LEDs in a LED array may also be used.
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The transfer unit 30 for moving the stretched endless
intermediate transfer belt 31 in the counter-clockwise
direction in Fig. 1 is arranged under the image forming
units 1Y, 1M, 1C, 1K. The transfer unit 30 includes a
driving roller 32, a secondary transfer rear surface roller
33, a cleaning backup roller 34, primary transfer rollers
35Y, 35M, 35C, 35K that are four primary transfer members,
and a nip forming roller 36 being a transfer member, and a
belt cleaning device 37, as well as the intermediate
transfer belt 31 being the image carrier.

The endless intermediate transfer belt 31 is stretched
across the driving roller 32, the secondary transfer rear
surface roller 33, the cleaning backup roller 34, and the
four primary transfer rollers 35Y, 35M, 35C, 35K arranged
inside -of the loop of the intermediate transfer belt 31.

In the embodiment, the intermediate transfer belt 31 is
driven by a rotating force of the driving roller 32 that is
driven in rotation by a driving unit not illustrated in the
counter-clockwise direction in Fig. 1, to be moved in the
counter-clockwise direction in Fig. 1.

The primary transfer rollers 35Y, 35M, 35C, 35K and
the respective photosensitive elements 2Y, 2M, 2C, 2K nip
the intermediate transfer belt 31 moving. In this manner,
primary transfer nips for Y, M, C, K where the front
surface of the intermediate transfer belt 31 abuts against
the photosensitive elements 2Y, 2M, 2C, 2K are formed. A
primary transfer bias is applied to each of the primary
transfer rollers 35Y, 35M, 35C, 35K by a primary transfer
bias power supply not illustrated. 1In this manner,
transfer electric fields are formed between the toner
images in Y, M, C, K that are on the respective
photosensitive elements 2Y, 2M, 2C, 2K and the respective

primary transfer rollers 35Y, 35M, 35C, 35K. The Y toner
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formed on the surface of the photosensitive element 2Y for

Y enters the primary transfer nip for Y as the
photosensitive element 2Y is rotated. By effects of the
transfer electric field and the nipping pressure, the Y
toner image is moved from the photosensitive element 2Y to
the intermediate transfer belt 31, to be primarily
transferred. The intermediate transfer belt 31 on which
the Y toner image is primarily transferred is then passed
through the primary transfer nips for M, C, K sequentially.
The toner images in M, C, K formed on the photosensitive
elements 2M, 2C, 2K are sequentially superimposed over the
Y toner image, to be primarily transferred. By
superimposing primary transfers, four-color superimposed
toner image is formed on the intermediate transfer belt 31.
Each of the primary transfer rollers 35Y, 35M, 35C,
35K includes a core metal made of metal, and an elastic
roller having a conductive sponge layer fixed on the
surface of the core metal. The primary transfer rollers
35Y, 35M, 35C, 35K are arranged so that the axial center of
each of primary transfer rollers 35Y, 35M,’35C, 35K 1is

positioned offset from the axial center of the

corresponding one of the photosensitive elements 2Y, 2M, 2C,

2K by a distance of approximately 2.5 millimeters on a
downstream side in the moving direction of the belt. In
the printer, the primary transfer bias is applied to each
of the primary transfer rollers 35Y, 35M, 35C, 35K by
constant current control. A transfer charger or a transfer
brush may be used as a primary transfer member instead of
the primary transfer rollers 35Y, 35M, 35C, 35K.

The nip forming roller 36 in the transfer unit 30 is
arranged outside of the loop of the intermediate transfer
belt 31, and nips the intermediate transfer belt 31 with

the secondary transfer rear surface roller 33 arranged
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inside of the loop. In this manner, a secondary transfer

nip N where the front surface of the intermediate transfer
belt 31 and the nip forming roller 36 abut against each
other is formed. 1In the example illustrated in Figs. 1 and
2, the nip forming roller 36 is grounded. The Secondary
transfer bias as a voltage is applied to the secondary
transfer rear surface roller 33 from a power supply 39 for
the secondary transfer bias. In this manner, a secondary
transfer field is formed between the secondary transfer
rear surface roller 33 and the nip forming roller 36 so
that the toner having negative polarity is
electrostatically moved in a direction from the secondary
transfer rear surface roller 33 toward the nip forming
roller 36.

The paper feeding cassette 100 storing therein a paper
bundle that is a stack of a plurality of recording sheets P
that is to be used as recording media is arranged under the
transfer unit 31. The paper feeding cassette 100 has a
paper feeding rollerx lOOa abutting against the top
recording sheet P in the paper bundle, and drives the paper
feeding roller 100a in rotation at predetermined
operational timing to feed the recording sheet P into a
paper feeding channel. The registration roller pair 101 is
arranged near the end of the paper feeding channel. The
registration roller pair 101 is stopped being rotated as
soon as the recording sheet P fed from the paper feeding
cassette 100 is nipped between these rollers. The
registration roller pair 101 is then started to be driven
in rotation again at operational timing at which the
recording sheet P thus nipped is synchronized with the
four-color superimposed toner image formed on the
intermediate transfer belt 31 in the secondary transfer nip

N, and feeds the recording sheet P into the secondary
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transfer nip N. The four-color superimposed toner image on

the intermediate transfer belt 31 attached closely to the
recording sheet P in the secondary transfer nip N 1is
secondarily transferred onto the recording sheet P
altogether, by the effects of the secondary transfer field
and the nipping pressure, and a full-color toner image is
formed together with the white color of the recording sheet
P. After the recording sheet P is passed through the
secondary transfer nip N after the full-color toner image
is formed on the surface in the manner described above, the

recording sheet P self-strips from the nip forming roller

.36 and the intermediate transfer belt 31.

The secondary transfer rear surface roller 33 includes
a core metal, and a conductive nitrile butadiene rubber _
(NBR) based‘rubber layer covering the surface of the core
metal. The nip forming roller 36 also includes a core
metal, and a NBR-based rubber layer covering the surface of
the core metal.

The power supply 39 that outputs a voltage for
transferring the toner image on the intermediate transfer
belt 31 onto the recording medium P nipped between the
secondary transfer nip N (hereinafter, referred to as a
“secondary transfer bias”) is configured to include a
direct current power supply and an alternating current
power supply, aﬁd to output a superimposed bias in which an
alternating current voltage is superimposed over a direct
current voltage as the secondary transfer bias. In this
embodiment, as illustrated in Fig. 1, the secondary
transfer bias is applied to the secondary transfer rear
surface roller 33, and the nip forming roller 36 is
grounded.

The configuration for supplying the secondary transfer

bias 1s not limited to that illustrated in Fig. 1. The
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superimposed bias output from the power supply 39 may be

applied the nip forming roller 36, and the secondary
transfer rear surface roller 33 may be grounded} as
illustrated in Fig. 3. In such a configuration, the
polarity of the direct current voltage is switched. 1In
other words, when the superimposed bias is applied to the
secondary transfer rear surface roller 33, as illustrated
in Fig. 1, while the toner of negative polarity is used and
the nip forming roller 36 is grounded, a direct current
voltage of negative polarity which is the same as the
polarity of the toner is used, and a time-averaged
potential of the superimposed bias is set to negative
polarity that is the same polarity as that of the toner.

By contrast, when the superimposed bias is applied to
the nip forming roller 36 while the secondary transfer rear
surface roller 33 is grounded as illustrated in Fig. 3, a
direct current voltage of positive polarity that is the
opposite polarity of the toner is used, and the time-
averaged potential of the superimposed bias is set to
positive polarity that is opposite polarity of the toner.

As a configuration for supplying the superimposed bias
used as the secondary transfer bias, a direct current
voltage may be applied from the power supply 39 to one of
the secondary transfer rear surface roller 33 and the nip
forming roller 36, and an alternating current voltage may
be applied from the power supply 39 to the other, as
illustrated in Figs. 4 and 5, instead of applying the
superimposed bias to one of the secondary transfer rear
surface roller 33 and the nip forming roller 36.

The configuration for supplying the secondary transfer
bias are not limited to tﬁe above, and a “direct current
voltage + alternating current voltage” and a “direct

current voltage” may be switched, and applied to one of the
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rollers, as illustrated in Figs. 6 and 7. 1In the

configuration illustrated in Fig. 6, the power supply 39 is
switched between the “direct current voltage + alternating
current voltage” and the “direct current voltage”, and
switched one is supplied to the secondary transfer rear
surface roller 33. 1In the configuration illustrated .in Fig.
7, the power supply 39 can be switched between the “direct
current voltage + alternating current voltage” and the
“direct current voltage”, and selected one can be supplied
to the nip forming roller 36.

As configurations for supplying the secondary transfer
bias, when the “direct current voltage + alternating
current voltage” and the “direct current voltage” are
switched, the “direct current voltage + alternating current
voltage” may be supplied to one of the rollers, and the
“direct current voltage” méy be supplied to the other
roller, and the voltage supplies can be switched as
appropriate, as illustrated in Figs. 8 and 9. In the
configuration illustrated in Fig. 8, the “direct current
voltage + alternating current voltage” can be supplied to
the secondary transfer rear surface roller 33, and the
direct current voltage can be supplied to the nip forming
roller 36. In the configuration illustrated in Fig. 9, the
“direct current voltage” can be supplied to the secondary
transfer rear surface roller 33, and the “direct current
voltage + alternating current voltage” can be supplied to
the nip forming roller 36.

In the manner described above, there are many
configurations for supplying the secondary transfer bias to
the seccondary transfer nip N. As a power supply for
achieving such configurations, appropriate power supplies
may be selected based on the configurations for the

supplies, including a power supply that can supply the



10

15

20

25

30

WO 2012/128373 PCT/JP2012/057656

22
“direct current voltage + alternating current voltage”,

such as the power supply 39, a power supply that cah supply
the “direct current voltage” and the “alternating current
voltage” individually, and a power supply that can be
switched to apply the “direct current voltage + alternating
current voltage” and the “direct current voltage” within a
single power unit. The power supply 39 used for the
secondary transfer bias has a configuration that can be
switched between a first mode for outputting a direct
current voltage only, and a second mode for outputting a
voltage in which the alternating current voltage is
superimposed over the direct current voltage (superimposed
voltage). In the configurations illustrated in Fig. 1 and
Figs. 3 to 5, the modes can be switched by turning the
output of the alternating current voltage on and off. 1In
the configurations illustrated in Figs. 6 to 9, two power
supplies may be used with a switching unit such as a relay,
and the modes may be switched by switching these two power
supplies selectively.

For example, when a recording sheet P with a less
textured surface such as plain paper is used instead of
using a recording sheet with a highly textured surface such
as rough paper, because any density patterns following
patterns of the texture will not be formed, the first mode
is selected so as to apply only the direct current voltage
as the secondary transfer bias. When a recording sheet P
with a highly textured surface such as rough paper is used,
the second mode is selected so that the alternating current
voltage superimposed over the direct current voltage is
output as the secondary transfer bias. In other words, the
secondary transfer bias may be switched between the first
mode and the second mode based on the type of a recording

sheet P to be used (the degree of texture on the surface of
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the recording sheet P).

The transfer residual toner that is not transferred
onto the recording sheet P is attached to the intermediate
transfer belt 31 passed through the secondary transfer nip
N. The belt cleaning device 37 abutting against the front
surface of the intermediate transfer belt 31 cleans the
transfer residual toner from the belt surface. The
cleaning backup roller 34 arranged inside of the loop of
the intermediate transfer belt 31 backs up belt cleaning
performed by the belt cleaning device 37 from the inside of
the loop.

The fixing unit 90 is arranged on the right side in
Fig. 1 that is downstream of the secondary transfer nip N
in the conveying direction of the recording sheet. In the
fixing unit 90, a fixing nip is formed between a fixing
roller 91 in which a heat source such as a halogen lamp is
internalized, and a pressing roller 92 being rotated in a
manner abutting against the fixing roller 91 at a given
pressure. The recording sheet P fed intoc the fixing unit
90 is nipped in the fixing nip in an orientation where the
surface carrying an unfixed toner image adheres to the
fixing roller 91. The toner in the toner image is softened
by effects of being heated and pressed, and the full color
image 1is fixed. The recording sheet P discharged from the
fixing unit 90 is passed through a post-fixing conveying
channel, and is discharged from the apparatus.

In the printer, a normal mecde, a high image quality
mode, and a high speed mode are specified in the control
unit 60. The process linear velocity (the linear velocity
of the photosensitive elements or the intermediate transfer
belt) in the normal mode is set to approximately 280 [mm/s].
In the high image quality mode in which the high image

quality 1is prioritized over a printing speed, the process
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linear velocity is set lower than that of the normal mode.

In the high speed mode in which the printing speed is
prioritized over the image quality, the process linear
velocity is set higher than that of the normal mode. The
normal mode, the high image quality mode, and the high
speed mode are switched based on a user key operation
performed on an operation panel 50 (see Fig. 16) provided
to the printer, or through a printer property menu on a
personal computer connected to the printer.

In the printer, when a monochromatic image is to be
formed, a reciprocable support plate not illustrated and
supporting the primary transfer rollers 35Y, 35M, 35C for Y,
M, C in the transfer unit 30 is moved so that the primary
transfer rollers 35Y, 35M, 35C are moved away from the
respective photosensitive elements 2Y, 2M, 2C. 1In thié
manner, the front surface of the intermediate transfer belt
31 is moved away from the photosensitive elements 2Y, 2M,
2C, and the intermediate transfer belt 31 is kept abutting
against the photosensitive element 2K for K. In this
arrangement, only the image forming unit 1K for K is driven,
among the four image forming units 1Y, 1M, 1C, 1K, to form
the K toner image on the photosensitive element 2K.

In the printer, the direct current component in the
secondary transfer bias is the time-averaged value (Vave) of
the voltage, that is, a voltage averaged over time (time-
averaged value) Vgee being the voltage of the direct current

compcocnent. The time-averaged value Vaiye 0of the voltage is

an integral of a voltage waveform of one cycle divided by

the length of one cycle.

In the printer in which the secondary transfer bias is
applied to the secondary transfer rear surface roller 33
and the nip forming roller 36 is grounded, when the

polarity of the secondary transfer bias is negative that is
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the same polarity as the toner, the toner of negative

polarity is electrostatically pushed away from the
secondary transfer rear surface roller 33 toward the nip
forming roller 36 in the secondary transfer nip N. In this
manner, the toner on the intermediate transfer belt 31 is
transferred onto the recording sheet P. By contraét, when
the polarity of the superimposed bias is positive that is
opposite polarity of the toner, the toner having negative
polarity is electrostatically attracted from the nip
forming roller 36 to the secondary transfer rear surface
roller 33 in the secondary transfer nip N. In this manner,
the toner transferred onto the recording sheet P is
attracted back to the intermediate transfer belt 31.

When a recording sheet P with a highly textured
surface such as washi is used, density patterns following
the texture of the surface could be formed in an image more
easily. Therefore, in Patent Document 1, a superimposed
bias in which a direct current voltage superimposed over an
alternating current voltage is applied as the secondary
transfer bias, as well as é direct current voltage.

However, based on some experiments, the inventors
found out that in such a configuration, a plurality of
white spots. tend to be formed more easily in the image at
locations corresponding to recessed parts of the paper
surface. 1In response to this issue, the inventors
dedicatediy conducted some studies on causes of the white
spots, and found out what is described below. Fig. 10 is a
conceptual schematic schematically illustrating an example
of the secondary transfer nip N. In Fig. 10, an
intermediate transfer belt 531 is pressed against a nip
forming roller 536 by a secondary transfer rear surface
roller 533 abutting against the rear surface of the

intermediate transfer belt 531. By this pressing force,
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the secondary transfer nip N is formed where the front

surface of the intermediate transfer belt 531 and the nip
forming roller 536 abut against each other. A toner image
on the intermediate transfer belt 531 is secondarily
transferred onto the recording sheet P fed into the
secondary transfer nip N. The secondary transfer bias for
secondarily transferring the toner image is applied to one
of the two rollers illustrated in Fig. 10, and the other
roller is grounded. To transfer the toner image to the
recording sheet P, the transfer bias may be applied to
either one of the rollers. Explained below is an example
in which the secondary transfer bias is applied to the
secondary transfer rear surface roller 533 and the toner of
negative polarity is used. In such an example, to move the
toner in the secondary transfer nip N from the side of the
secondary transfer rear surface roller 533 to the side of
the nip forming roller 536, a superimposed bias with a
time—averaged‘potential at negative polarity, which is the
same polarity as the toner, is applied as the secondary
transfer bias.

Fig. 11 is a schematic of an example of a waveform of
the secondary transfer bias consisting of a superimposed
bias applied to the secondary transfer rear surface roller
533; In Fig. 11, the voltage averaged over time
(hereinafter, referred to as a “time-averaged value”) Vave
[voltsj represents a time-averaged value of the secondary
transfer bias. As illustrated, the secondary transfer bias
consisting of a superimposed bias follows the form of a
sine wave with a peak in a returning direction side and a
peak in a transfer direction side, as illustrated in Fig.
11. Among these two peaks, appended with a reference sign
of Vi 1is a peak voltage in the direction causing the toner

to move from the belt toward the nip forming roller 536 (in
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the transfer direction side) in the secondary transfer nip

N (hereinafter, referred to as a “transfer direction peak
voltage V¢”). 1In Fig. 11, V. is a peak in the direction
that causes the toner to move back from the side of the nip
forming roller 536 toward the belt (in the returning
direction side) (hereinafter, referred to as a returning
peak voltage V,). To cause the toner to be reciprocated
between the belt and the recording sheet in the secondary
transfer nip N, an alternating current bias consisting only
of an alternating current component may also be applied,
instead of the superimposed bias illustrated. However, the
alternating current bias can only cause the toner to be
reciprocated, and the alternating current bias alone cannot
transfer the tdner onto the recording sheet P. By applying
a superimposed bias containing a direct current component
and bringing the time—avefaged voltage Vave [volts] that is
a time-averaged value of the superimposed bias to negative
polarity that is the same polarity as the toner, the toner
can be moved relatively from the belt side to the recording
sheet P side and be transferred onto the recording sheet P,
while being reciprocated.

The inventors observed reciprocations, and found out
the following. When the secondary transfer bias was
started being applied, only a small amount of toner
particles existing on the surface of a toner layer on the
intermediate transfer belt 531 started separating from the
toner layer, and moved toward the recessed parts of the
surface of the recording sheet. However, the mecst of the
toner particles in the toner layer remained in the toner
layer. The small amount of toner particles separated from
the toner layer entered into the recessed parts of the
recording sheet surface, and, when the directions of the

electric field was reversed, the toner particles moved back
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from the recessed parts to the toner layer. At this time,

the returning toner particles collided with the toner
particles remaining in the toner layer, to reduce the
adhesive force of the toner particles to the toner layer
(or to the recording sheet). ‘When the electric field was
reversed again to the direction toward the recording sheet
P, a larger amount of toner particles separated from the
toner layer, and moved toward the recessed parts of the
recording sheet surface. It has been found out that, by
repeating such a series of behaviors, the number of toner
particles separated from the toner layer and entered into
the recessed parts of the recording sheet surface was
increased, and a sufficient amount of toner particles was
transferred onto the recessed parts.

In a configuration in which the toner particles are
reciprocated in the manner described above, unless the
returning peak voltage V. illustrated in Fig. 11 is set to
somewhat high, the toner particles entered into the
recessed parts of the recording sheet surface could not be
sufficiently attracted back to the toner layer of the belt,
and the image density might not be sufficient in the
recessed parts. Furthermore, unless the time-averaged
value Vuye [volts] of the secondary transfer bias is set
somewhat high, a sufficient amount of toner cannot be
transferred onto the projected parts of the recording sheet
surface, and the image density might be insufficient in the
projected parts. To achieve a sufficient image density on
both of the projected parts and the recessed parts of the
recording sheet surface, a voltage between returning peak
voltage V, and the transfer direction peak voltage V. that
is the width between the maximum voltage and the minimum
voltage (hereinafter, referred to as a “peak-to-peak

voltage”) Vp, needs to be set to a relatively high voltage,
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so that both of the time-averaged value Vg [volts] and the

returning peak voltage V. become somewhat high. The
transfer direction peak voltage Vi will then naturally set
to a relatively high voltage. The transfer direction peak

voltage Vt corresponds to the maximum difference between

the potential of the nip forming roller 536 that is

grounded and the potential of the secondary transfer rear
surface roller 533 to which the secondary transfer bias is
applied. Therefore, when the transfer direction peak
voltage V¢ is brought to a higher level, discharge can
occur more easily between these rollers. In particular,
discharge can occur more easily in a very small space
formed between the intermediate transfer belt and the
recessed parts of the recording sheet surface, and white
spots could be formed more easily in parts of the image
corresponding to the recessed parts. It was found out that,
by setting the peak-to-peak voltage Vg, to a relatively
high voltage to achieve sufficient image density in both of
the projected parts and the recessed pérts of the recording
sheet surface, white spots were formed more easily in parts
of the image corresponding to the recessed parts of the
recording sheet surface.

Observation experiments conducted by the inventors
will now be explained in detail.

To observe toner behaviors in the secondary transfer
nip N, the inventors manufactured special observation
experiment equipment. Fig. 12 is a general schematic of a
structure of the observation experiment equipment. The
observation experiment equipment includes a transparent
substrate 210, a developing unit 231, a Z-axis stage 220,
an illumination 241, a microscope 242, a high speed camera
243, and a personal computer 244. The transparent

substrate 210 includes a glass plate 211, transparent
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electrodes 212 formed under the glass plate 211 and made of

indium tin oxide (ITO), and a transparent insulating layer
213 covering the transparent electrodes 212 and made of a
transparent material. The transparent substrate 210 is
supported by a substrate support not illustrated at a
predetermined height. The substrate support is structured
to be movable by a moving mechanism not illustrated in the
vertical and the horizontal directions in Fig. 12. 1In the
arrangement illustrated, the transparent substrate 210 is
positioned above the Z-axis stage 220 on which a metal
plate 215 is placed. However, the transparent substrate
210 can be moved directly above the developing unit 231,
which is arranged by the Z-axis stage 220, by moving the
substrate support. The trahsparent electrodes 212 on the
transparent substrate 210 are connected to electrodes fixed
to the substrate support, and these electrodes are grounded.

The developing unit 231 has the same structure as that
of the developing unit included in the printer according to
the embodiment, and includes a screw member 232, a

developing roll 233, and a doctor blade 234. The

developing roll 233 is driven in rotation while a

developing bias is applied by a power supply 235.

When the subsﬁrate support is moved to move the
transparent substrate 210 at a given velocity to a position
directly above the developing unit 231 and facing the
developing roll 233 with a given gap therebetween, the
toner on the developing roll 233 is transferred onto the
transparent electrodes 212 in the transparent substrate 210.
In this manner, a toner layer 216 with a given thickness is
formed on the transparent electrodes 212 in the transparent
substrate 210. The amount of attached toner per unit area
of the toner layer 216 can be adjusted based on the toner

concentration in the developer, the amount of charge in the
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toner, the developing bias, the gap formed between the

transparent substrate 210 and the developing roll 233, the
moving velocity of the transparent substrate 210, and the
rotation speed of the developing roll 233.

The transparent substrate 210 on which the toner layer
216 is formed is moved in parallel to a position facing a
recording sheet 214 that is pasted on the flat metal plate
215 with a conductive adhesive. The metal plate 215 is
placed on a substrate 221 having a weight sensor not
illustrated, and the substrate 221 is placed on the Z-axis
stage 220. The metal plate 215 is connected to a voltage
amplifier 217. A waveform generator 218 inputs a transfer
bias consisting of a direct current voltage and an
alternating current voltage to the voltage amplifier 217,
and a transfer bias amplified by the voltage amplifier 217
is applied to the metal plate 215. When the metal plate
215 is elevated by controlling the driving of the Z-axis
stage 220, the recording sheet 214 starts to be brought in
contact with the toner layer 216. When the metal plate 215
is further elevated, the pressure applied to the toner
layer 216 is increased. A control is then applied to stop
elevating the metal plate 215 when the output of the weight
sensor reaches a given level. While the pressure is at the
given level, the transfer bias is applied to the metal
plate 215, and the toner behaviors are then observed.
After the toner behaviors are observed, a control is
performed to drive the Z-axis stage 220 to bring down the
metal plate 215, and the recording sheet 214 is separated
from the transparent substrate 210. At this time, the
toner layer 216 is already transferred onto the recording
sheet 214.

The toner behaviors are observed using the microscope

242 and the high speed camera 243 arranged above the
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transparent substrate 210. Because the transparent

substrate 210 is made from the glass plate 211, the
transparent electrodes 212, and the transparent insulating
layer 213 each layer of which is made of a transparent
material, the behaviors of the toner located under the
transparent substrate 210 can be observed through the
transparent substrate 210 from above. |

As the microscope 242, a microscope having a zoom lens
VH-7275 manufactured by Keyence Corporation was used. As
the high speed camera 243, FASTCAM-MAX 120KC manufactured
by Photoron Limited was used. The personal computer 244
controls driving of FASTCAM-MAX 120KC manufactured by
Photoron Limited. The miﬁroscope 242 and the high speed
camera 243 are supported by a camera support not
illustrated. The camera support is structured to allow the
focal point of the microscope 242 to be adjusted.

- Behaviors of the toner on the transparent substrate
210 were captured in the maﬁner described below. To begin
with, a position at which the toner behaviors are to be
observed was irradiated with illumination light using the
illumination 241, and the focal point of the microscope 242
was adjusted. The transfer bias was then applied to the
metal plate 215 so as to move the toner in the toner layer
216 attached to the bottom surface of the transparent
substrate 210 to the recording sheet 214. The toner
behaviors at this time were then captured by the high speed
camera 243.

Because the structure of the transfer nip for
transferring the toner onto the recording sheet is
different between the observation experiment equipment
illustrated in Fig. 12 and the printer according to the
embodiment, the transfer electric field affecting the toner

became different although the same transfer bias was used.
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To examine appropriate conditions for observations, the

inventors examined the conditions of a transfer bias for
achieving high density reproducibility in the recessed
parts using the observation experiment equipment. As the
recording sheet 214, FC washi type “Sazanami” manufactured
by NBS Ricoh Company Limited was used. As the toner, Y
toner with an average particle diameter of 6.8
[micrometers] mixed with a small amount of K toner was used.
Because the observation experiment equipment has a
configuration in which the transfer bias is applied to the
rear surface of the recording sheet (Sazanami), the
polarity of the transfer bias for enabling the toner to be
transferred onto the recording sheet was opposite to that
used in the printer according to the embodiment (in other
words, positive polarity). As an alternating current
component of a superimposed bias as the secondary transfer
bias, an alternating current with a sine wave waveform was
used. The frequency £ of the alternating current component
was set to 1000 [hertz], the direct current component
(correspbnding to the time-averaged value Vi, in this
example) was set to 200 [volts], the peak-to-peak voltage
Vpp Was sef to 1000 {volts], and the toner layer 216 was
transferred onto the recording sheet 214 in the amount of
attached toner of 0.4 to 0.5 [mg/cm?]. As a result, a
sufficient image density could be achieved on the recessed
parts of the surface of “Sazanami”.

At this time, the focal point of the micrdscope 242
was adjusted to the toner layer 216 in the transparent
substrate 210, and the toner behaviors were captured. The
following phenomenon was then observed. While the toner
particles from the toner layer 216 reciprocated between the
transparent substrate 210 and the recording sheet 214

because of the alternating current fiéld generated by the



10

15

20

25

30

WO 2012/128373 PCT/JP2012/057656

34
alterﬁating current component of the transfer bias, when

the number of reciprocations increased, the amount of
reciprocated toner particles also increased.

Specifically, in the transfer nip, every time one
cycle (1/f) of the alternating current component of the
secondary transfer bias arrived, the.alternating current
field affected the toner particles once, to cause the toner
particles to be reciprocated between the transparent
substrate 210 and the recording sheet 214 once. In the
first one cycle, as illustrated in Fig. 13, only the toner
particles located on the surface of the toner layer 216
were separated from the layer. After the toner particles
entered into the recessed parts bf the recording sheet 214,
the toner particles returned to the toner layer 216 as
illustrated in Fig. 14. At this time, the returning toner
particles collided with the toner particles in the toner
layer 216. 1In this manner, the adhesive force of the
latter toner particles to the toner layer 216 or to the
transparent substrate 210 was reduced.  In the same manner,
in the next one cycle, as illustrated in Fig. 15, a larger
amount of toner particles was separated from the toner
layer 216 than that in the previous one cycle. After
entering into the recessed parts of the recording sheet 214,
the toner particles returned to the toner layer 216 again.
At this time, the returning toner particles collided with
the toner particles still remaining in the toner layer 216,
and reduced the adhesive force of the latter toner
particles to the toner layer 216 or to the transparent
substrate 210. In the same manner, in the next one cycle,
a further larger amount of toner particles was separated
from the toner layer 216 than that in the previous one
cycle. In the manner described above, every time the toner

particles reciprocated, the number of the toner particles
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increased. The inventor found out that, by the time the

nip passing time has elapsed (by the time when time
equivalent to the nip passing time has elapsed in the
observation experiment equipment), a sufficient amount of
toner was transferred onto the recessed parts of the
recording sheet P.

The toner behaviorsvwere then captured under the
conditions of a direct current voltage (corresponding to
the time-averaged value Vaive, in this example) set to 200
[volts] and a peak-to-peak voltage V,, between the positive
end and the negative end of the bias in one cycle (the
returning side and the transfer direction, in this example)
set to 800 [volts]. The following phenomenon was then
observed. Only the toner particles on the surface in the
toner layer 216 were separated from the layer, and entered
into the recessed parts of the recording sheet P in the
first one cycle. However, the toner particles entered into
the recessed parts remained in the recessed parts without
returning to the toner layer 216. When the next one cycle
arrives, the amount of toner particles newly separated from
the toner layer 216 and entered into the recessed parts of
the recording sheet P was very small. Therefore, by the
time the nip passing time elapsed, only a small amount of
toner particles was transferred onto the recessed parts of
the recording sheet P.

"The inventors conducted another observation experiment,
and found out that a level of the returning peak voltage V.
at which the toner particles traveled from the toner layer
216 into the recessed parts of the recording sheet P in the
first cycle could be attracted back to thé toner layer 216
was dependent on the amount of attached toner per area of
the transparent substrate 210. In other words, when the

amount of attached toner on the transparent substrate 210
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increased, the returning peak voltage V, at which the toner

particles in the recessed parts of the recording sheet 214
could be attracted back to the toner layer 216 had to be
higher.

- Characterizing structures of the printer will now be
explained.

Fig. 16 is a block diagram illustrating a part of a
controlling system included in the printer illustrated in
Fig. 1. 1In Fig. 16, the control unit 60 that is a part of
a transfer bias output unit includes a central processing
unit (CPU) 60a that is a computing unit, a random access
memory (RAM) 60c that is'a non-volatile memory, a read-only
memory (ROM) 60b that is a temporary storage unit, and a
flash memory 60d. To the control unit 60 governing
controlling of the entire printer, various devices and
sensors are electrically connected. However, in Fig. 16,
only the devices related to the characterizing structures
of the printer are illustrated.

A primary transfer power supply 81 (Y, M, C, K)
outputs a primary transfer bias to be applied to the
primary transfer rollers 35Y, 35M, 35C, 35K. A power
supply 39 for the secondary transfer outputs the secondary
transfer bias to be supplied to the secondary transfer nip
N. In this embodiment, the power supply 39 outputs the
secondary transfer bias to be applied to the secondary
transfer rear surface roller 33. The power supply 39 makes

up the transfer bias output unit together with the control

-~ unit 60. ‘An operation panel 50 includes a touch panel and

a plurality of key buttons not illustrated, and can display
an image on a touch panel screen, and has a function of
receiving input operations made via the touch panel or the

key buttons performed by an operator, and transmitting

‘information thus input to the control unit 60. The
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operation panel 50 can display an image onto a touch panel

based on a controlling signal received from the control
unit 60.
In the present invention, it is essential for the

time-averaged value (Vaye) of the voltage of the alternating

‘current component of the secondary transfer bias to be more

in a transfer direction than a median voltage Vgrr between
the maximum‘voltage and the minimum voltage of the
alternating current component (the median between the
maximum voltage and the minimum voltage). To realize such
a voltage, it is necessary to make a waveform having a
smaller area on the returning direction than on the
transfer direction, with respect to the median voltage Vs
of the alternating current component. The time-averaged
value is a time-averaged value of the voltage, and is an
integral of voltage waveform over one cycle divided by the
length of one cycle.

A possible approach for achieving such a waveform is
to make a gradient of a rise and a fall of a returning
direction voltage larger than a gradient of a rise and a
fall of the transfer direction voltage, for example, as
illustrated in Fig. 17. As a value for representing a

relationship between the median voltage V.¢r and the time-

averaged value Vg of the voltage, a returning time [%] is
defined as the rate of the entire alternating current
waveform occupied by an area on the returning side of the
median voltage Vgre.

Experiments conducted by the inventors and more
characterizing structures of the printer according to the
empbodiment will now be explained.

First Experiment
The inventors prepared a print tester having the same

structure as that of the printer according to the’
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embodiment. Using the printer, the inventors‘conducted

various printing tests after setting each device in the
manner descried below.

- The process linear velocity that is the linear
velocity of each of the photosensitive elements and the
intermediate transfer belt 31: 173 [mm/s]

| - The frequency f of the alternating current component
of the secondary transfer bias: frequency is 500 [hertz]

- The reccrding sheet P: Leathac 66 (product name)
manufactured by Tokushu Paper Manufacturing Co., Ltd., 175-
kilogram paper sheets (the weight of 1000 sheets each in a
size of 788 millimeters by 1091 millimeters)

Leathac 66 is paper having a more textured surface
than “Sazanami”. The depth of the recessed parts on the
paper surface 1s approximately 100 [micrometers] at the
maximum. A solid blue image obtained by superimposing a
solid M image and a solid C image over one another was
output onto Leathac 66 under various conditions of the
secondary transfer bias. The solid blue images output
using various peak-to-peak voltages Vpp and time-averaged
values Vave are illustrated in Figs. 27 to 35. 1In these
charts, both of a white circle and a black circle are
represented as a white circle, both of a square and a
triangle are represented as a triangle, and a cross is
represented as a cross for both of the recessed parts and
the projected parts.

The test was conducted in environments of temperature

of 10 degrees Celsius/humidity of 15%.

As the power supply 39 that is a bias applying unit, a
function generator (FG300 manufactured by Yokogawa Electric
Corporation) is used to generate a waveform, and the
waveform was amplified by 1000 times using an amplifier

(Trek High Voltage Amplifier Model 10/40), and applied'to
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the secondary transfer rear surface roller 533 illustrated

in Fig. 10.
First Comparative Example

A conventional sine wave was used as the:'alternating
current component explained in Fig. 11, and the waveform of
the comparative example is illustrated in Fig. 17. 1In the

first comparative example, the returning time was set to

50%, and the effects are illustrated in Fig. 27. 1In all
of the peak-to-peak voltages Vp, and the time-averaged
values Vg illustrated in Fig. 17, the median voltage
Voff=time-averaged value V,y. 0of the alternating current
component.
First Example

In the alternating current component, a gradient of a
rise and a fall of the returning-direction voltage was set
smaller than a gradient of a fise and a fall of the
transfer direction voltage. In other words, the
alternating current component was set A > B where A is
transfer direction time that is output time of a voltage
more in the transfer direétion than the median voltage Vgrs,
and B is a returning time that is output time of a voltage
more in an opposite polarity of the transfer direction than
the median voltage Vees. The waveform at this time is

illustrated in Fig. 18. The returning time was then set to

40%, and the effects are illustrated in Fig. 28.
In Fig. 28,
the peak-to-peak voltage Vp, = 12 kilovolts, and
the time-averaged value V.. of the voltage = -5.4
kilovolts,
the median voltage Vyee 0f the alternating current
component = -4.0 kilovolts.
Second Example

In the alternating current component, a gradient of a
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rise and a fall of the returning direction voltage is set

smaller than a gradient of a rise and a fall of the
transfer direction voltage. At this time, t, > t; is
satisfied in the waveform of the output voltage where t; is
time in which the véltage transits from the transfer
direction peak voltage to the median voltage Vgee, and t, is
time in which the voltage transits from the median voltage
Voee to the peak voltage at opposite polarity of the

transfer direction voltage. The waveform at this time is

illustrated in Fig. 19. The returning rate was set to 40%.
The effects are illustrated in Fig. 28. In this manner,
the time-averaged value Ve of the voltage can be set more
in the transfer direction than the median voltage Vessr
between the maximum voltage and the minimum voltage.
Third Example

Another approach for making a waveform having a
smaller area on the returning direction than that on the
transfer direction with respéct to the median voltage Voer
of the alternating current component is to make the
returning time B shorter than the transfer direction time A,
as illustrated in Fig. 20. In this manner, the returning
time B can be made smaller than the transfer direction time
A.
Fourth Example

In the alternating current component, the returning
time B was made shorter than the transfer direction time A.

The waveform at this time is illustrated in Fig. 21. The

returning time was set to 45%. The effects are
illustrated in Fig. 29.
Fifth Example

In the alternating current component, the returning
time B was made shorter than the transfer direction time A.

The waveform at this time is illustrated in Fig. 22. The
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returning time was set to 40%. The effects are
illustrated in Fig. 30.
Sixth Example
In the alternating current component, the returning
time B was made shorter than the transfer direction time A.

The waveform at this time is illustrated in Fig. 23. The

returning time was set to 32%. The effects are
illustrated in Fig. 31.
Seventh Example -

In the alternating current component, the returning
time B was made shorter than the transfer direction time A.

The waveform at this time is illustrated in Fig. 24. The

returning time was set to 16%. The effects are
illustrated in Fig. 32.
Eighth Example

In the alternating current component, the returning
time B was made shorter than the transfer direction time A.

The waveform at this time is illustrated in Fig. 25. The

returning time was set to 8%. The effects are illustrated
in Fig. 33.
Ninth Example

In the alternating current component, the returning
time B was made shorter than the transfer direction time A.
Because the waveform at this time is the same as that
illustrated in Fig. 25, a depiction of the waveform is
omitted. The returning time was set to 4%. The effects
are illustrated in Fig. 34.
Tenth Example

In the alternating current component, the returning
time B was made shorter than the transfer direction time A,

and the waveform is rounded. The waveform at this time is

illustrated in Fig. 26. The returning time was set to 16%.
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The effects are illustrated in Fig. 35.

In Fig. 35,
the peak-to-peak voltage V,, = 12 kilovolts, and

the time-averaged value Vs, of the voltage = -5.4
kilovolts,
the median voltage Verr = —-2.4 kilovolts.

Second Experiment

The inventors looked for the minimum rise time t; for
allowing the toner entered into the recessed parts of the
paper surface to be effectively returned to the belt in the

secondary transfer nip N. Specifically, in the condition

of returning time rate = 50 [%], the frequency f of the
alternating current component of the secondary transfer
bias was changed as appropriate, and the image density of
the solid blue image on the recessed parts was measured.
The relationship between IDp,x of the recessed parts and the
frequency £ of the alternating current component obtained
by the experiment is illustrated in Fig. 36.
Third Experiment

In the conditions of a peak-to-peak voltage of the
alternating current component Vg, = 2500 [volts], the

offset voltage V.¢r as the median voltage = -800 [volts],

and a returning time rate = 20 [%], a solid blue image was
output to plain paper while changing the frequency f of the
alternating current component and the process linear
velocity v, under each of the conditions of the frequency f
and the process linear velocity v. The output solid image
was then visually observed. The presence of image density
unevenness (pitch unevenness) that could be caused by the
alternating current field in the secondary fransfer nip N
was then evaluated. When the process linear velocity v was
increased while the condition of the frequency f was kept

the same, pitch unevenness occurred more easily. When the
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frequency f was lowered while the condition of the process

linear velocity v was kept the same, pitch unevenness
occurred more easily.

These results suggest that pitch unevenness could
occur unless the toner is reciprocated between the
intermediate transfer belt and the recessed parts of the
paper surface in the secondary transfer nip N for at least
a certain number of times (hereinafter, referred to as an

in-nip reciprocation count N).

I

Under the conditions of a process linear velocity v =

282 [mm/s] and a frequency f 400 [hertz], no pitch

unevenness was observed.

I

Under the conditions of a process linear velocity v

282 [mm/s] and a frequency £ 300 [hertz], pitch
unevenness was observed.

The width d of the secondary transfer nip N that is
the length of the secondary transfer nip N in the moving
direction of the belt was 3 millimeters. Therefore, the
in-nip reciprocation count N under the conditions where no

pitch unevenness was observed can be calculated as (3

[millimeters] x 400 [hertz]/282 [mm/s]) = approximately 4
times, and it is the minimum value for avoiding the pitch
unevenness. In other words, this is the minimum in-nip
reciprocation count.

Under the conditions of a process linear velocity v =
141 [mm/s] and a frequency f = 200 [hertz], no pitch
unevenness was cbserved.

However, under the conditions of the process linear
velocity v = 141 [mm/s] and the frequency f = 100 [hertz],
pitch unevenness was observed. In the conditions of the
process linear velocity v = 141 [mm/s] and the frequency f
= 200 [Hz], in the same manner as the conditions of the

process linear velocity v = 282 [mm/s] and the frequency f
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= 400 [hertz],

the in-nip reciprocation count N can be calculated as

(3 [millimeters] x 200 [hertz]/141 [mm/s]) = approximately
4 times. Therefore, it can be said that, by providing the
minimum condition “frequency f > (4/d) x v”, an image
without pitch unevenness can be obtained.

Therefore, in the printer according to the embodiment,
the power supply 39 for the secondary transfer is

configured to output an alternating current component

”

satisfying the relationship “f > (4/d) x v To satisfy
such a condition, the printer includes the operation paﬁel
50 being an information obtaining unit, and a communicating
unit, not illustrated, for obtaining printer driverisetting
information received from external via a communication, and
recognizes which one of the high speed mode, the normal
mode, and the low speed mode is to be used in performing a
printing operation based on the information thus obtained.
Based on the result of recognition, the control unit 60
recognizes the process linear velocity v. 1In other words,
in the embodiment, different process linear velocities v
corresponding to the high speed mode, the normal mode, and
the low speed mode are stored in the control unit 60 in
advance, and the control unit 60 recognizes the process
linear velocity v when one of the modes is selected. 1In
other words, the control unit 60 functions as a changing
unit that changes a preset target output current of the
direct current component based on the result of obtaining
performed by the operation panel 50.
Fourth Experiment

In the secondary transfer nip N, the toner cannot be
transferred well unless a transfer current at a certain

level flows into the recording sheet P. Furthermore,
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naturally, it is harder for a transfer current to flow into

thick paper than a recording sheet having a regular
thickness. It is preferable for the toner to be attached
to both of the projected parts and the recessed parts of
the paper surface in both of washi having a regular
thickness and washi having a larger thickness. The fourth
experiment was conducted to examine advantageous
controlling of the secondary transfer bias for achieving
this goal.

As the power supply 39 for the secondary transfer, the
inventors used a power supply that applies a constant
voltage control to the peak-to-peak V,, and the offset
voltage (median voltage) Vgee of the alternating current
component and then outputs the alternating current
component. Other various conditions were as follows.

- process linear velocity v = 282 [mm/s]

~ recording sheet: Leathac 66 175-kilogram paper

- test image: A4d-sized solid black image

- returning time rate = 40 [%]

- offset voltage Vgss: 800 ([volts] to 1800 [volts]

~ peak-to-peak voltage Vg,: 3 [kilovolts] to 8
[kilovolts]

- frequency £ = 500 [hertz]

Under these conditions, the inventors evaluated the
image density of the solid black image output to the
recessed parts of the paper surface in a manner described
below.

- rank 5: the recessed parts were completely filled
with toner.

- rank 4: the recessed parts were almost completely
filled with toner, but the original paper surface was
slightly shown in deeper portions of the recessed parts.

- rank 3: the original paper surface was obviously
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shown in the deeper portions of the recessed parts.

- rank 2: worse than the rank 3, but better than a
rank 1 described below.

- rank 1l: toner was not attached to the recessed parts.

The inventors evaluated the image density of the solid
black image on the projected parts of the paper surface in
the manner described below.

- rank 5: high image density without any density
unevenness was achieved.

- rank 4: slight density unevenness was observed, but
image density without any problem was achieved even in a
less dense parts.

- rank 3: density unevenness was observed, and the
image density in the less dense part was insufficient
exceeding an acceptable level.

- rank 2: worse than the rank 3 but better than a rank
1 described below.

- rank 1: the image density was entirely insufficient.

The inventors summarized the image density evaluation
results on the recessed parts and the image density
evaluation result on the projécted parts in the manner
described below.

- black circle: image density evaluation results on
both of the recessed parts and the projected parts were the
rank 5 or higher.

- white circle: image density evaluatién results on
both of the recessed parts and the projected parts were the
rank 4 or higher.

- square: image density evaluation results only on the
recessed parts were the rank 3 or lower.

- triangle: image density evaluation results only on
the projected parts were the rank 3 or lower.

- cross: image density evaluation results on both of
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the recessed parts and the projected parts were the rank 3

or lower.

The inventors conducted the same experiments after
replacing a recording sheet P from Leathac 66 175-kilogram
paper sheets to Leathac 66 215-kilogram paper having a
larger thickness. For combinations of the offset voltage
(median voltage) Veer and the peak-to-peak voltage Vg, the
inventors extracted combinations that achieved results of
either a black circle (the image density evaluation results
of the rank 5 or higher on both of the recessed parts and
on the projected parts) or a white circle (the image
density evaluation results of the rank 4 or higher on both
of the recessed parts and on the projected parts) on both
of Leathac 66 (175-kilogram paper) and Leathac 66 (215-
kilogram paper), from all of the combinations used in the
experiments. As a result, no combination could achieve the
result of the black circle on both types of paper. A
combination that achieved a result of the white circle on

both types of paper was Vp = 6 [kilovolts] and an offset

voltage Veer = ~1100 £ 100 [volts] (median +9%) .
Fifth Experiment

As the poWer supply 39 for the secondary transfer, the
inventors used a power supply applying constant current
confrol to each of the offset voltages (median voltages)
Vore. The target output current (offset current Ig:e) was
set to -30 microamperes to -60 microamperes. For the other
conditions, the same conditions as those in the fourth |
experiment were used in conducting the experiment.

As image density evaluation résults on both of the
recessed parts and the projected parts, a combination of
Vpp and the offset current Igse achieVing a result of the

rank 5 or higher (black circle) was Vp, = 7 kilovolts and

Ioer = -42.5 £ 7.5 [micrcamperes] (median *18%). The
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combination achieving a result of the white circle on both

types of paper was Vy, = 7 kilovolts and an offset current
Iosr = ~47.5 £ 12.5 [microamperes] (median x26%) .

In the fourth experiment, as mentioned earlier, there
was no combination that achieved the result of a black
circle on both types of paper. By contrast, in the fifth
experiment, there was a combination that achieved the
result of a black circle on both types of paper.
Furthermore, focusing on the combinations that achieved the

result of a white circle, in the fourth experiment, an

offset voltage Veer = <1100 + 100 [volts] (median x9%). By

contrast, in the fifth experiment, Vy, = 7 kilovolts and an
offset current Ioﬁ'= -47.5 £ 12.5 [microamperes] (median

+26%). Obviously, the range from the median in the latter
is wider. These experiment results indicate that, when the
constant current control is applied to the direct current
component of the secondary transfer bias, a greater
allowance éan be ensured in a control target that can
support thick paper as well as paper with a regular
thickness, compared with when the constant voltage control
is applied to the direct current component.

Therefore, used as the power supply 39 for the
secondary transfer in the printer according to the
embodiment is a power supply applying constant current
control to the direct current component before outputting
the direct current component. The power supply 39 for the
secondary transfer 1is also confiqured to apply the constant
current control to.the peak-to-peak current before
outputting the alternating current component. In this
manner, regardless of environmental changes, the peak-to-
peak current I,, can be kept constant, so that an effective

returning peak current or sending peak current can be
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reliably generated.

Based on the results of these experiments, as a
comparison between the first comparative example and the
first embodiment indicates, when the time-averaged value
Vave O0f the secondary transfer bias is more in the transfer
direction than the median voltage Vo¢r that is a median
between the maximum voltage and the minimum voltage of the
secondary transfer bias, the effective ranges of the
transferability onto a textured recording sheet were
dramatically improved. Because the effective ranges are
wider, sufficient image density can be achieved on both of
the recessed parts and the projected parts of a recording
medium surface even when various parameters such as types
of paper sheets, image patterns, and usage environments are
changed, and formation of white spots can be avoided. 1In
this manner, high-quality images can be achieved.

The time-averaged value Vave being more in the
trahsfer direction than the median voltage Vy,sr can be
assumed to be effective because only the time-averaged
value Vave can be increased without increasing the trénsfer
diréction peak voltage Vi, which could be a cause of
discharge, while ensuring a necessary returning peak
voltage V..

Based on the results of the first to the seventh
embodiments, by making the returning time shorter than the
transfer time, the returning time can be reduced further.
Therefore, better images can be achieved. In other words,
better images can be achieved by setting the output from
the power supply 39 so that A > B is established where A is
output time of voltages in the transfer direction side with
respect to the median voltage Voer, and B is output time of
voltages in the polarity opposite side with respect to the

median voltage Vggs.
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Furthermore, based on the result of the eighth

embodiment, when the returning time is excessively short
(despite being wider than the sine wave), the effective
ranges are reduced as well. Therefore, it is desirable to
set the output from the power supply 39 so that 0.10 < X <
0.40 is satisfied where the voltage of the secondary
transfer bias is X and the range of X is X = B/(A + B).

Based on Fig. 36 indicating the result of the.second
experiment, the image density (ID) of the recessed parts
suddenly drops when the frequency exceeds 15000 Hz. It can
be assumed that, because the returning  time is too short,
the toner did not reciprocate. Because the returning time
at the frequency 15000 Hz is 0.033 m/sec, it is preferable
to set the output of the power supply 39 so that the time
during which the voltage at the opposite polarity of the
transfer direction voltage is applied is at least 0.03
m/sec or longer in the secondary transfer bias.

When an alternating current (AC) transfer voltage is
applied to the secondary transfer nip N (secondary transfer
unit) as the secondary transfer bias, thevcontrolled
voltage is applied to the core metal of the secondary
transfer rear surface roller 33, for example. However, in
practice, becauseian object of voltage application is to
generate a potential difference in the secondary transfer
nip N, simply by controlling the potential of the core
metal of the secondary transfer réar surface roller 33, the
desired potential difference will‘not be generated in the
secondary transfer nip N (secondary transfer unit) when the
resistance of the resistance layer (resin part made of
rubber or sponge, for example) of the secondary transfer
rear surface roller 33 is'changed.

In response to this issue, a constant current is

supplied to the secondary transfer nip N without a
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recording sheet P (or possibly with a recording sheet), and

the resistance of the secondary transfer nip N (the
secondary transfer rear surface roller 33, the intermediate
transfer belt 31, the nip forming roller 36) is measured
based on a voltage required. An AC transfer voltage based
on the measurement is then applied. In this manner, a
potential difference near a‘desired level can always be
obtained in the secondary transfer nip N (secondary
transfer unit).

To obtain a voltage to be applied to the secondary
transfer nip N based on the resistance thus measured, the
voltage to be applied may be obtained directly from the
resistance of the secondary transfer nip N, or the
resistance may be classified into a table divided by some
thresholds, and the voltage may be obtained for each table.

Explained below is an example of a method for
correcting the voltage to be applied when the resistance of
the secondary transfer nip N and the like are changed. 1In
this example, the constant current control is applied to
the direct current component, and the constant voltage
control is applied to the alternating current component.
However, the present invention is not limited thereto. The
constant current control and the constant voltage control
may be applied to both of the direct current component and
the alternating current component. In such a case as well,
the electric field to be applied can be obtained from the
resistance of the secondary transfer nip N with different
values of the correction coefficients.

Regardless of the combination of controls, the direct
current component and the alternating current component
have to be corrected separately. This is because while
most of the applied current of the direct current component

flows from the secondary transfer rear surface roller 33
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into the recording sheet P and into the nip forming roller

36, most of the current of the alternating current
component is consumed in charging the secondary transfer
rear surface roller 33 or the nip forming roller 36, and
only part of the applied current flows from the secondary
transfer rear surface roller 33 into the recording sheet P
and into the nip forming roller 36, because the polarity is
quickly switched in the alternating current component.
Specifically, while the current level of the direct current
component applied in this configuration is -10 microamperes
to -100 microamperes, an alternating current component at
the level of 0.5 milliamperes to 10 milliamperes is
applied.

As an examplevof the correction method, in Table 1
below, five thresholds are assigned to the resistance to
create a table divided into six rows, and R-2 to R+3, RO
being at a standard, are set in the ascending order of the
resistance, and a degrée of resistance correction is
determined for each. There is an opposite tendency in an
increase and a decrease of the coefficients between the
direct current component and the alternating current
component. This is because of the difference between the
constant voltage control and the constant current control
explained earlier.

In the constant current control, because the current

passing through the secondary transfer nip N is controlled,

- when the resistance of the secondary transfer rear surface

roller 33 decreases, the potential difference generated in
the secondary transfer nip N is reduced as well. Therefore,
the potential difference generated in the transfer nip N
will not be constant unless the controlled current is
increased. By contrast, in the constant voltage contrpl,

because the voltage at the core metal in the secondary
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transfer rear surface roller 33 is controlled, the voltage

is reduced by the rubber layer of the secondary transfer
rear surface roller 33 before the potential difference is
formed in the secondary transfer nip N. Therefore, when

5 the resistance of the secondary transfer rear surface
roller 33 decreases, the potential difference generated in
the secondary transfer nip N increases. Hence, the
potential difference generated in the secondary transfer
nip N will not be constant unless the controlled voltage is

10 decreased.

Table 1 Resistance Correction Coefficients

Name
Coeffi- Céeffl_
v Sub- cients for giints
Subclassification Subclas- Alternating .
sification | Current Direct
Component Current
Component
Secondary Transfer: _
Resistance Correction |R-2 81% 117%
Coefficients
Secondary Transfer:
Resistance Correction |[R-1 90% 112%
Coefficients
Secondary Transfer:
Resistance Correction | RO 100% 108%
Coefficients
Secondary Transfer:
Resistance Correction | R+1 115% 105%
Coefficients
Secondary Transfer: _
Resistance Correction | R+2 120% 103%
Coefficients
Secondary Transfer:
Resistance Correction | R+3 260% 102%
Coefficients

By using the correction coefficients provided in Table
1, the same transferability can be achieved even when the

15 resistance of the secondary transfer nip N is changed. The
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correction coefficients provided in Table 1 are merely

examples used in the embodiment, and these correction
coefficients wvary whenvthe system is changed.

The electric field to be applied to the secondary
transfer rear surface roller 33 will also be different
depending on the moisture contained in the recording sheet
P. This is because the electrical resistance of the
recording sheet P decreases when the moisture in the
recording sheet P increases. When the electrical
‘resistance of the recording sheet P decreases, the
potential difference to be generated in the secondary
transfer nip N is reduced.

For example, in Table 2, ﬁhe temperature and the
humidity in the image forming apparatus are measured, five
thresholds are set for the absolute humidity obtained from
the measurements. The table is then divided into six rows
using these threshold. 1nLL, LL, ML, MM, MH, and HH are set
in the asCending order of the absolute humidity,'and a
degree of correcting the temperature and the humidity
environments is determined for each. Because the
temperature and humidity environment coefficients are
intended to correct variations due to the resistance of the
paper in the transfer nip N, the tendency of coefficient
increases and decreases is the same between the constant

voltage control and the constant current control.

Table 2 Humidity Environment Correction Coefficients
Name
coerri- |t
Sub- cients for for
Subclassification Subclas- Alternating .
e . Direct
sification | Current
Component Current
P Component
d T :
Secgn ary Transfer LLL 1275 1052
Environment
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Correction
Coefficients

Secondary Transfer:
Environment
Correction
Coefficients

LL 121% 105%

Secondary Transfer:
Environment
Correction
Coefficients

ML 113% 100%

Secondary Transfer:
Environment
Correction
Coefficients

MM 100% 100%

Secondary Transfer:
Environment
Correction
Coefficients

MH 80

oo

90

e

Secondary Transfer:
Environment
Correction
Coefficients

HH 60% 85

oe

As explained above, by controlling the electrical
field applied to the secondary transfer rear surface roller
33, constant transferability can be achieved even when a
cause of errors changes.

However, when a simpler voltage applying unit is used,
the voltage waveform could be blunted.

Furthermore, the voltage waveform could change when
the electrical capacity of the secondary transfer nip N is
changed. For example, when the electrical capacity is
small, the electric charge once applied might leak and
cause a voltage to drop. Considefing these issues, voltage
waveforms are obtained assuming both of a high capécity and
a low capacity of the secondéry transfer nip N using a
power supply with a low maximum output current. A function
generator is then used to generate the waveforms in the
same manner as in the other embodiments. The waveforms

were then amplified before being applied to the secondary
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transfer rear surface roller 533 illustrated in Fig. 10.

Eleventh Example

The electrostatic capacity of the secondary transfer
nip N was assumed to be 170 picofarads, and the resistance
was assumed to be 17 megaohms. The waveform in this

example is illustrated in Fig. 37. At this time, the

returning rate was 12%. The effects are illustrated in
Fig. 38.
Twelfth Example

The electrostatic capacity of the secondary transfer
nip N was assumed to be 120 picofarads, and the resistance
was assumed to be 15 megaohms. The waveform in this

example is illustrated in Fig. 38. At this time, the

returning rate was 12%. The effects are illustrated in
Fig. 39.

Based on the results of the eleventh and the twelfth
embodiments, even when the conditions of the secondary
transfer nip N are changed, by making the returning time
shorter than the transfer time, better images can be

achieved than that in the comparative example; In Fig. 39,

although the returning rate was set to 12%, the effective

ranges were slightly narrower than those in the seventh

embodiment where the returning rate was set to 16%. A
cause of this could be a voltage drop, but the effects are
still far better than those in the comparative example.

The resistance of the intermediate transfer belt 31,
the secondary transfer rear surface roller 33, and the
secondary transfer roller 36 and the thickness of the belt
illustrated in Fig. 1 will now be explained.

Resistance

The secondary transfer rear surface roller 33:

6.0LogQ to 8.0LogQ, and preferably 7.0LogQ to 8.0LogQ
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The secondary transfer roller 36: 6.0LogQ to 12.0LogQ

{(or SUS), and preferably 4.0LogQ

The surface resistance of the intermediate transfer

belt 31: 9.0LogQ to 13.0Log{2, and preferably 10.0LogQ-cm

" to 12.0LogQ-cm

The volume resistance of the intermediate transfer
belt 31: 6.0Log£}cm to 13LogQ-cm, preferably 7.5LogQ-cm to

12.5LogQ:-cm, and more preferably approximately 9LogQ-cm
Thickness of the intermediate traﬁsfer belt 31
20 to 200 micrometers, and preferably approximately 60
micrometers .
Measurement method
Measurement of the volume resistance of the secondary
transfer roller 36
Rotating Measurement
Load: 5 N/one side, Bias application: while applying
(1 kilovolt) to the transfer roller axis, the resistance is
measured for a single rotation of the transfer roller for
one minute, and the average is used as the volume
resistance.
Measurement of resistance, the belt surface
resistivity
Hiresta HRS probe (manufactured by Mitsubishi
Chemical Corporation) 500 volts, 10-second value
Measurement of resistance, the belt volume resistivity
Hiresta HRS probe (manufactured by Mitsubishi
Chemical Corporation) 100 volts, 10-second value
The configuration of the transfer unit is not limited
to the one illustrated in Fig. 1, and may be those
explained below.
In a transfer unit 30A illustrated in Fig. 41, a

secondary transfer conveying belt 36C is arranged, as a
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transfer member, facing the secondary transfer rear surface
roller 33 arranged inside of the loop of the intermediate
transfer belt 31, which is the image carrier arranged
facing the image forming units 1Y, 1M, 1C, 1K. In this
configuration, the moving direction of the intermediate
transfer belt 31 is reversed from that in the configuration
illustrated in Fig. 1.

The secondary transfer conveying belt 36C is wound
around a driving roller 36A and a driven roller 36B,
thereby forming a secondary transfer conveying unit 360.
The intermediate transfer belt 31 and the secondary
transfer conveying belt 36C abut against each other at a
position where the secondary transfer rear surface roller
33 and the driving roller 36A face each other, thereby
forming the secondary transfer nip N. The secondary
transfer conveying belt 36C receives and conveys the
recording sheet P fed into the secondary transfer nip N by
the registration roller pair 101.

In the present embodiment, the driving roller 36A is

grounded. By contrast, the secondary transfer rear surface

roller 33 is applied with the secondary transfer bias from
the power supply 39 supplying the secondary transfer bias.
By the secondary transfer bias supplied from the power
supply 39, a transfer field is formed in the secondary
transfer nip N for electrostatically moving the toner image
having been transferred onto the intermediate transfer belt
31 from the intermediate transfer belt 31 onto the
secondary transfer belt 36C is formed in the secondary
transfer nip N. The toner image on the intermediate
transfer belt 31 is transferred onto the recording sheet P
entered into the secondary transfer nip N by the effects of
the secondary transfer field and the nipping pressure.

As a configuration for the bias application, instead
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of applying the bias to the secondary transfer rear surface

roller 33, the secondary transfer rear surface roller 33
may be grounded, and a bias supplying roller 36D may be
arranged inside of the loop of the secondary transfer belt
36C in a manner abutting against the secondary transfer
belt 36C, as a configuration of a secondary transfer
conveying unit 360. A bias supplying roller 36D and the
power supply 39 may then be connected, so that the
secondary transfer bias can be applied to the bias
supplying roller 36D.

A transfer unit 30B illustrated in Fig. 42 includes a
transfer conveying belt 310 as a transfer member arranged
facing the image forming units 1M, 1C, 1Y, 1K, and wound
around a plurality of roller members. The transfer
conveying belt 310 to which the recording sheet P fed by
registration rollers (not illustrated) adheres is
configured to convey the recording sheet P into transfer
nips N1, which are described later, and to be moved in
rotation in the counterclockwise direction in Fig. 42.
Transfer rollers 350M, 350C, 350Y, 350K to which the
transfer bias is supplied from the respective power
supplies 39 are arranged inside of the loop of the transfer
conveying belt 310 in a manner facing the respective
photosensitive elements 2M, 2C, 2Y, 2K for each of the
colors. Each of the transfer rollers 350M, 350C, 350v,
350K brings the transfer conveying belt 310 into contact
with the corresponding photosensitive element in each of
the colors. In this configuration, the transfer nips N1
are formed as abutting portions between the photosensitive
elements 2M, 2C, 2Y, 2K and the transfer conveying belt 310.

In this configuration, while each of the
photosensitive elements is grounded, the transfer rollers

350M, 350C, 350Y, 350K are applied with the transfer bias
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by the respective power supplies 39. 1In this mannér, a

transfer field is formed in each of the transfer nips N1
for electrostatically moving the toner image from each of
the photosensitive elements 2M, 2C, 2Y, 2K onto the
corresponding transfer roller.

The recording sheet.P is conveyed from the lower right
side in Fig.'42, is passed between a paper adhesive roller
351 applied with the bias and the transfer conveying belt
310, adheres to the transfer conveying belt 310, and then
is conveyed into the transfer nip N1 for each of the colors.
The toner image in each of the colors on the corresponding
photosensitive element is sequentially transferred onto the
recording sheet P that is conveyed into each of the
transfer nips N1, by the effects of the transfer field and
the nipping pressure, and a full-color toner image is
fofmed on the recording sheet P.

In this configuration,'the individual power supplies
39 are used to supply the transfer bias to the respective
transfer rollers 350M, 350C, 350Y,'350K. However, the
transfer bias may also be distributed from a single power
supply 39 to the transfer rollers 350M, 350C, 350Y, 350K.

The configuration is explained under the assumption
that the image forming apparatus is an apparatus that forms
a full-color image. However, the present invention is not
limited to an image forming apparatus for forming a full-
color image, and may also be applied to a monochromatic
image formingbapparatus in which a transfer roller 352 as a
transfer member is arranged facing a black photosensitive
element 2K included in a black image forming unit 1K, as
illustrated in Fig. 43.

The transfer roller 352 includes a core metal made of
stainless steel, aiuminum, or the like, and a resistance

layer made of conductive sponge laid over the core metal.
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A surface layer made of fluorine resin or the like, may be

laid over the resistance layer.

In this configuration, the transfer roller 352 and the
photosensitive element 2K abut against each other, and a
transfer nip N is formed between these elements. While the
photosensitive element 2K is grounded, the transfer roller
352 is applied with the transfer bias by the power supply
39, In this manner, a transfer field is formed between the
transfer roller 352 and the photosensitive element 2K for
electrostatically moving the toner image having been formed
on the photosensitive element 2K from the photosensitive
element 2K onto the transfer roller 352. The toner image
on the photosensitive element 2 is transferred onto the
recording sheet P fed into the transfer nip N2 by the
effects of the transfer field and the nipping pressure.

A configuration illustrated in Fig. 44 uses a transfer
conveying belt 353, as a transfer member, arranged facing
and in contact with the single photosensitive element 2K.
The transfer conveying belt 353 is wound around and
supported by a driving roller 354 and a driven roller 355,
and is configured to be moved by the driving roller 354 in
the direction indicated by the arrow in Fig. 44. The
photosensitive element 2K and a part of the transfer
conveying belt 353 abut against each other at a position
between the driving roller 354 and the driven roller 355,
thereby fdrming a transfer nip N3 is thus formed. The
transfer conveying belt 353 receives and conveys the
recording sheet P fed into the transfer nip N3.

Inside of the loop of the transfer conveying belt 353,
a transfer bias roller 356 and a bias brush 357 are
arranged. The transfer bias roller 356 and the bias brush
357 are arranged abutting against the inner surface of the

transfer conveying belt 353 at a position downstream of the
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transfer nip N3 in the moving direction of the belt.

In this configuration, while the photosensitive
element 2K is grounded, the transfer bias roller 356 and
the bias brush 357 are applied with the transfer bias by
the power supply 39. 1In this manner, a transfer field is
formed in the transfer nip N3 for electrostatically moving
the toner image from the photosensitive elemenﬁ 2K onto the
transfer conveying belt 353. The tonef image on the
photosensitive element 2K is conveyed by the transfer
conveying belt 353, and transferred onto the recording
sheet P entered into the transfer nip N3, by the effects of
the transfer field and the nipping pressure.

In this‘configuration, both of the transfer bias
roller 356 and the bias brush 357 are provided, and
arranged in contact with the transfer conveying belt 353.
The transfer bias roller 356 and the bias brush 357 are not
necessarily required in pair, only one of the transfer bias
roller 356 and the bias brush 357 may be provided.
Furthermore, the. transfer bias roller 356 or the bias brush
357 may be arranged directly under the transfer nip N3.

In the manner described above, in the configurations
illustratéd in Figs. 41 to 44, by making the time-averaged
value Vaye 0of the secondary transfer bias or the transfer
bias as a voltage more in the transfer direction than the
median voltage Vyes, which is a median between the maximum
voltage and the minimum voltage of the secondary transfer
bias (transfer bias), using the control unit 60 in the
image forming apparatus, the effective ranges of the
transferability onto a textured recording sheet P are
dramatically improved. As a result, sufficient image
density can be achieved on both of the recessed parts and
the projected parts of a recording medium surface even when

various parameters such as types of paper sheets, image
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patterns, and usage environments are changed, and formation
of white spots‘can be avoided. 1In this manner, high-
quality images can be achieved.

According to the embodiments, when the toner image on
the image carrier is transferred onto the recording medium
nipped in a transfer nip, the voltage output from the power
supply for causing the toner image on the image carrier to
be transferred onto the recording medium is alternatingly
switched between the transfer-direction voltége for causing
the toner image to be transferred from the image carrier
onto the recording medium and the voltage having the
opposite polarity of the transfer-direction voltage, and
the time-averaged value (Vuwe) of the voltage is set to a
transfer direction polarity that causes the toner image to
be transferred from the image carrier onto the recording
medium, and 1s set more in the transfer direction than a
median voltage (Vo) between a maximum and a minimum of the
voltage. Therefore, compared with a voltage following a
sine wave or a symmetrical rectangular wave conventionally
used and having the median voltage (Vorr) and the time-
averaged value (V,ve) at the same level, a required transfer
direction voltage (V) and a sufficient time-averaged value
(Vave) can be achieved while the transfer direction voltage
and the voltage of the opposite polarity (Vi) are kept
small. In this manner, sufficient image density can be
achieved in both of the recessed pérts and the projected
parts of a recording medium surface, while formation of
white spots is avoided. Therefore, high quality images can
be achieved. ‘

Although the invention has been described with respect
to specific embodiments for a complete and clear disclosure,
the appended claims are not to be thus limited but are to

be construed as embodying all modifications and alternative
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constructions that may occur to one skilled in the art that

fairly fall within the basic teaching herein set forth.
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CLAIMS

1. An image forming apparatus comprising:

a transfer member configured to abut against an image
carrier for carrying a toner image to form a transfer nip;
and

a power supply configured to output a bias voltage for
transferring the toner image on the image carrier onto a
recording medium nipped in the transfer nip, wherein

the bias voltage includes a first voltage for
transferring the toner image.from the image carrier onto
the recording medium in a transfer direction and a secoﬁd
voltage having an opposite polarity of the first voltage,
the first voltage and the second voltage being alternately
output when the toner image on the image carrier is
transferred onto the recording medium, and

a time-averaged value of the biaslvoltage is set to a
polarity in the transfer direction and is set in the
transfer direction.side with respect to a median between a

maximum and a minimum of the bias voltage.

2. The image forming apparatus according to claim 1,
wherein the bias voltage is set to satisfy A > B where A is
output time of voltages in the transfer direction side with
respect to the median, and B is output time of voltages in

the opposite polarity side with respect to the median.

3. The image forming apparatus according to claim 1,
wherein the bias voltage is set to satisfy t; > t; where t;
is time between a peak in the transfer direction side and
the median, and t, is time between the median and a peak in

the opposite polarity side.

4. The image forming apparatus according to claim 2,
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‘wherein the bias voltage is set to satisfy 0.05 < X < 0.45

where X = B/ (A + B).

5. The image forming apparatus according to claim 4,
wherein the bias voltage is set to satisfy 0.10 < X < 0.40
where X = B/(A + B).

6. The image forming apparatus according to claim 2,
wherein the power supply outputs the bias voltage so that
the second voltage is applied for a time equal to or longer

than 0.03 m/sec.

7. The image forming apparatus according to claim 2,

wherein the power supply outputs the bias voltage so that £

> (4/d) x v is satisfied, where f is a frequency [hertz], d
is a nip width [millimeters] that is a length of the
transfer nip in a moving direction of a surface of the
image carrier, and v is a moving velocity [mm/s] of the

surface of the image carrier.

8. The image forming apparatus according to claim 2,
wherein the power supply oﬁtputs a direct current component
and an alternating current component superimposed over the
direct current compconent as the bias voltage, and performs
constant current control that keeps the direct current

component constant.

9. The image forming apparatus according to claim 8§,
wherein the power supply performs constant current control
that keeps a peak-to-peak current from a maximum to a

minimum of the alternating current component constant.

10. The image forming apparatus according to claim 7,
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further comprising:

an information cbtaining unit configured to obtain
information of a moving velocity of the surface of the
image carrier; and _ |

a changing unit configured to change a preset target
for an output current of the direct current component based
on the information obtained by the information obtaining

unit.

11. An image forming method comprising:

alternately outputting a first voltage and a second
voltage from a power supply to transfer a toner image on an
image carrier onto a recording medium nipped in a transfer
nip when the toner image on the image carrier is
transferred onto the recording medium, the transfer nip
being formed by a transfer member configured to abut
against the image carrier for carrying the toner image,
wherein

the first voltage is for transferring the toner image
from the image carrier onto the recording medium in a
transfer direction,

the second voltage has an opposite polarity of the
first voltage, and '

a time-averaged value of voltages that include the
first voltage and the second voltage is set to a polarity
in the transfer direction and is set in the transfer
direction side with respect to a median between a maximum

and a minimum of the voltages.

12. The image forming method according to claim 11,
wherein the voltages are set to satisfy A > B where A is
output time of voltages in the transfer direction side with

respect to the median, and B is output time of voltages in
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the opposite polarity side with respect to the median.

13. The image forming method according to claim 11,

wherein the voltages are set to satisfy t; > t; where t; is
time between a peak in the transfer direction side and the
median, and t, is time between the median and a peak in the

opposite polarity side.
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TRAPEZOIDAL WAVE - TRAPEZOIDAL WAVE MODIFIED
RETURNING TIME 40% '
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FIG.29

TRAPEZOIDAL WAVE - TRAPEZOIDAL WAVE
RETURNING TIME 45%
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FIG.30

TRAPEZOIDAL WAVE - TRAPEZOIDAL WAVE
RETURNING TIME 40%
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FIG.31

TRIANGLE WAVE - TRAPEZOIDAL WAVE
RETURNING TIME 32%
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FIG.32

TRIANGLE WAVE - TRAPEZOIDAL WAVE
RETURNING TIME 16%
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FIG.33

TRIANGLE WAVE - TRAPEZOIDAL WAVE
RETURNING TIME 8%
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FIG.34

TRIANGLE WAVE - TRAPEZOIDAL WAVE
RETURNING TIME 4%
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FIG.35

TRIANGLE WAVE - TRAPEZOIDAL WAVE ROUNDED
RETURNING TIME 16%
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FIG.36
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FIG.38

ASSUMING HIGH CAPACITY
RETURNING TIME 12%
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FIG.40
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