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DESCRIPTION
IMAGE FORMING APPARATUS

[TECHNICAL FIELD].

[0001] The present invention relates to an image
forming apparatus, such as a copying machine, a
printer, etc., which uses an electrophotographic image

forming method or an electrostatic recording method.

[BACKGROUND ART]

[0002] It is desired that an image forming apparatus
is capable of dealing with various recording mediums.
Thus, some image forming apparatuses are provided with
a primary transfer station, an intermediary transfer
member, and a secondary transfer station. .In operation,
they form a toner image on their image bearing member
such as a photosensitive drum, and transfer the toner
image onto the intermediary transfer member in the
primary transfer station. Then, they transfer the
toner image onto a sheet of recording medium from the
intermediary transfer member.

[0003] Japanese Laid-open Patent Application 2004-
29054 discloses an image forming apparatus having an
upstream transfer roller and a downstream transfer
roller which are provided to redgce the apparatus in

the amount of electrical voltage to be applied to
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transfer a toner image from the intermediary
transferring member to a sheet of recording medium, by
making the transfer station, that is, the station in
which a toner image is transferred from the
intermediary transfer member onto a sheet of recording
medium, wider in terms of the direction in which a
sheet of recording medium is conveyed in the transfer
station.

[0004] In the case of an image forming apparatus
structured like the one disclosed in the
abovementioned patent application, it is desired that
the amount by which electric current flows through the
downstream transferring member is made smaller than
the amount by which electric current flows through the
upstream transferring member, in order to prevent the
problem that a sheet of recording medium fails to
properly separate from an intermediary transferring
member.

[0005] Japanese Laid-open Patent Application 2010-
243553 discloses an image forming apparatus having a
roller 41 and a plate 66, which are upstream and
downstream transferring members, respectively. The
roller 41 and plate 66 are used to transfer a toner
image onto a sheet of recording medium from the
intermediary transferring member of the apparatus. In
the case of this imageiforming apparatus, for the sake

of transfer efficiency, the electric current I1l, which
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flows through the roller 41, or the upstream
transferring member, 1s made smaller than the electric
current I2, which flows through the plate 66, or the
downstream transferring member.

[0006] In the case of the image forming apparatus
disclosed in Japanese Laid-open Patent Application
2010-243553, however, a transfer power source for
flowing electric current through the plate 66 is
necessary 1in addition to the transfer power source for
flowing electric current through the roller 41. That
is, two transfer power sources are necessary, being

therefore likely to lead to cost increase.

[DISCLOSURE OF THE INVENTION]

[0007] Thus, the primary object of the present
invention is to provide an image forming apparatus
which employs an upstream transferring member and a
downstream transferring member to transfer a toner
image from its image bearing member onto a sheet of
recording medium without causing the sheet of
recording medium to fail to properly separate from the
primary or secondary image bearing member of the
apparatus, and yet, does not require two transfer
power sources.

[0008] According.to an aspect of the present
invention, there is provided an image forming

apparatus comprising an image carrying member for
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carrying a toner image; a movable intermediary
transfer member for carrying the toner image
transferred from said image carrying member; a first
transfer member for transferring the toner image from
said intermediary transfer member onto a recording
material, said first transfer member having a first
resistance and being contacted to an outer surface of
said intermediary transfer member; a second transfer
member for transferring the toner'image from said
intermediary transfer member onto the recording
material, said second transfer member having a second
resistance higher than that of the first resistance
and being contacted to an outer surface of said
intermediary transfer member at a position downstream
of said first transfer member with respect to a moving
direction of said intermediary transfer member; and
voltage applying means, connected to both of said
first transfer member and said second transfer member,
for applying the same voltage to said first transfer
member and to said second transfer member to transfer
the toner image onto the recording material.

[0009] These and other objects, features, and
advantages of the present invention will become more
apparent upon consideration of the following
description of the preferred embodiments of the
present invention, taken in conjunction with the

accompanying drawings.
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[BRIEF DESCRIPTION OF THE DRAWINGS]

[0010] Figure 1 is a schematic sectional view of the
image forming apparatus in the first embodiment of the
present invention, and shows the general structure of
the apparatus.

[0011] Figure 2 is a graph which shows the
relationship between the transfer current and transfer
voltage of the image forming apparatus in the first

embodiment.

[0012] Figure 3 is a block diagram of the control
system for controlling the secondary transfer the
image forming apparatus in the first embodiment.

[0013] Figure 4 shows is an image transfer mechanism.

[BEST MODE FOR CARRYING OUT THE INVENTION]

<Embodiment 1>

- [Overall structure of image forming apparatus, and

operation of apparatus]

[0014] First, the overall structure of the image
forming apparatus in this'embodiment, and the
operation of the apparatus, are described. Figure 1 is
a schematic sectionél view of the image forming
apparatus 100 in this embodiment. It shows the general
structure of the apparatus.

[0015] Designated by referential codes Sa, Sb, Sc

and Sd are processing units, as image formation
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stations, which form a toner image. The image
formation stations Sa, Sb, Sc and Sd form yellow,
magenta, cyan and black monochromatic images,
respectively. The image formation stations Sa, Sb, Sc
and Sd are the same in structure, although they are
different in the color of the toner they use. Here,
therefore, only the image formation station Sa is
described.

[0016] The image formation station Sa comprises: a
photosensitive drum la as an image bearing member; a
charge roller 2a as the charging means for charging
the peripheral surface of the photosensitive drum la;

and a laser scanner 3a as the exposing means for

exposing the charged portion of the peripheral surface

of the photosensitive drum la. Further, it comprises:
a developing device 4a as the developing means for
developing an electrostatic image on the peripheral
surface of the photosensitive drum la into a toner
image (image formed of toner); and a transfer roller
53a as the primary transferring means for transferring
the toner image from the photosensitive drum la onto
an intermediary transfer belt 51. As the
photosensitive drum la is rotated, the peripheral
surface of the photosensitive drum la is charged by
the charge roller 2a. The charged portion of the
peripheral surface of the photosensitive drum la 1is

exposed by the laser scanner 3a, whereby an

PCT/JP2012/061804
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electrostatic latent image is formed on the
photosensitive drum la; as the output of the laser
scanner 3a is turned on or off based on the
information of the image to be formed, an
electrostatic latent image is formed in accordance
with the information of the image to be formed. The
developing device 4a contains yellow toner. To the
developing device 4a, a preset electrical voltage is
applied. Thus, as the electrostatic latent image on
the peripheral surface of the photosensitive drum la
is moved through the developing device 4a, it is

developed into a toner image, that is, a visible image

formed of toner; a toner image is formed on the

peripheral surface of the photosensitive drum la. The
developing method employed by the image forming
apparatus in this embodiment is a reversal development
method, that is, a developing method which develops an
electrostatic latent image by adhering toner to the
exposed points of the electrostatic latent image. The
primary transfer roller 53a is positioned so that it
is pressed against the peripheral surface of the
photosensitive drum la with the presence of the
intermediary transfer belt 51 between itself and the
peripheral surface of the photosensitive drum 1la,
forming theréby the primary transfer station where a
toner image is transferred onto the intermediary

transfer belt 51 from the photosensitive drum la. To
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the primary transfer roller 53a, the primary transfer
voltage is applied by a primary transfer power source
54a. As the primary transfer voltage is applied to the
primary transfer roller 53a, the toner image on the
peripheral surface of the photosensitive drum la
transfers onto the intermediary transfer belt 51. The
toner remaining on the peripheral surface of the
photosensitive drum la after the transfer of the toner
image from the photosensitive drum la onto the
intermediary transfer belt 51 is removed by a drum
cleaner 6a.

[0017] The primary transfer roller 53a employed by
the image forming apparatus 100 in this embodiment is
an elastic roller made up of a metallic core 531 and
an electrically conductive urethane sponge layer 532.
The metallic core 531 is 8 mm in external diameter.
The sponge layer 532 covers the peripheral surface of
the metallic core 531, and is 4 mm in thickness. The
electrical resistance of the primary transfer roller
53a was roughly 10° @ (23°C/50 $RH), which was obtained
from the measured amcunt of the voltage necessary to
make 50 pA of constant electric current flow through
the metallic core 531 while keepiﬁg the primary
transfer roller 53a pressed upon a grounded metallié
roller, with the application of 500 g of pressure, and
rotating the primary transfer roller 53a at a

peripheral velocity of 50 mm/sec. Incidentally, when
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it is necessary to form a full-color image, yellow,
magenta, cyan and black monochromatic toner images are
formed in the aforementioned image formation stations
Sa, Sb, Sc and S8d, respectively, and are sequentially
transferred in layers onto the intermediary transfer
belt 51. More specifiéally, the yellow toner image 1is
transferred onto the intermediary transfer belt 51 in
the primary transfer station of the image formation
station Sa, and the magenta toner image is transferred -
onto the intermediary transfer belt 51 so that it is
layered onto the yellow toner image on the
intermediary transfer belt 51. The cyan toner image is
transferred onto the intermediary transfer belt 51 so
that it is layered onto the yellow and magenta toner
images on the intermediary transfer belt 51, and the
black toner image is transferred onto the intermediary
transfer belt 51 so that it is layered onto the yellow,
magenta and cyan toner image on the intermediary
transfer belt 51.

[0018] The intermediary transfer belt 51 functions
as an intermediary transferring member which bears and
conveys the toner images transferred onto the
intermediary transfer belt 51 from the photosensitive
drums la, 1lb, 1lc and 1d. It is positioned so that its
outward surface contacts the peripheral surface of the
photosensitive drum la, peripheral surface of the

photosensitive drum 1lb, peripheral surface of the
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photosénsitive drum 1lc, and peripheral surface of the
photosensitive drum 1d. It is suspended and kept
stretched by four rollers 52; 55, 56a and 52b as a
belt supporting member. It is circularly movable. The
intermediary transfer belt 51 employed in this
embodiment is a belt formed of polyimide resin. It was
10 Q/0 in surface resistivity (measured with use of
probe, which is in accordance with JIS-K6911, while
applying 100 V for 60 seconds under such condition
that is 23°C in ambient temperature and 50 %$RH in
ampbient humidity), and was 80 um in thickness.

Needless to say, this embodiment is not intended to
limit the present invention in terms of the material
for the intermediary transfer belt 51. For example,
dielectric resin such as PC (poly carbonate), PET
(polyethylene terephthalate), PVDF (polyvinylidene
fluoride), etc., may be used as the maternal for the
intermediary transfer belt 51. The aforementioned
roller 52 functions as a roller for moving the
intermediary transfer belt 51. The rollers 56a and 56b
function as a secondary transfer roller 56 for
transferring a toner image onto a sheet of recording
medium. The details of the rollers 56a and 56b will be
given later. The intermediary transfer belt 51 is
circularly driven by the roller 52, which is
functioning as a belt driving means, in the direction

indicated by an arrow mark R3 in Figure 1. As the
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intermediary transfer belt 51 is circularly moved, the
toner image on the intermediary transfer belt 51 1is
conveyed by the intermediary transfer belt 51 to the
second transfer station, in which the toner image is
transferred onto a sheet of recording medium.

[0019] A transfer belt 91 which bearé and conveys a
sheet of recording medium is suspended and kept
stretched by a pair of rollers 92 and 95. It is
circularly movable in the direction indicated by an
arrow mark R4 in Figure 1. The roller 92 functions as
a.roller for circularly moving the transfer belt 91.
[0020] The transfer belt 91 employed in this
embodiment is a belt formed of polyimide resin which
contains carbon particles. It was 10 Q/0 in surface
resistivity (measured with use of probe, which is in
accordance with JIS-K6911, while applying 1,000 V for
60 seconds under such condition that is 23°C in
ambient temperature and 50 %RH in ambient humidity),
and was 80 um in thickness. Needless to say, this
embodiment is not intended to limit the present
invention in terms of the material for the transfer
belt 91. For example, dielectric resin such as PC
(poly carbonate), PET (polyethylene terephthalate),
PVDF (polyvinylidene fluoride), etc., may be used as
the maternal for the transfer belt 91.

[0021] Stored in layers in a cassette 81 as a

recording medium storage are multiple sheets of

PCT/JP2012/061804
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recording medium. Each sheet of recording medium in
the cassette 81 is pulled out of the cassette 81 by a
pickup roller 82, and 1is conveyed toward the transfer
belt 91 by a recording medium conveyance roller 83,
with such a timing that it reaches the secondary
transfer station at the same time as the toner image
on the intermediary transfer belt 51. To a recording

medium adhering means 96, bias is applied from an

unshown bias applying means, so that each sheet of

recording medium is electrostatically adhered to the

transfer belt 91 before the sheet P is entered into

'~ the secondary transfer station. Electrostatically

adhering each sheet of recording medium to the
recording medium conveyance belt 91 before the sheet
is entered into the secondary transfer station ensures
that the sheet is satisfactorily conveyed ﬁhrough the
secondary transfer station. -
[0022] In the secondary transfer station, the toner
image on the intermediary transfer belt 51 is
transferred onto the sheet of recording medium borne
by the transfer belt 91 (which hereafter may be
referred to as recording medium conveyance belt 91)
and conveyed to the secondary transfer station by the
recording medium conveyance belt 91. After the
transfer of the toner image onto the sheet of
recording medium, the sheet of recording medium

separates from the recording medium conveyance belt 91,



WO 2012/148008

10

15

20

25

PCT/JP2012/061804

13

in the adjacencies of the belt driving roller 92. Then,
the sheet is conveyed, following a recording medium
guide 97, to a fixing device 7 which is a means for
fixing a toner image to a sheet of recording medium.
Incidentally, the toner remaining oﬁ the intermediary
transfer belt 51 on the downstream side of the
secondary transfer station, that is, the toher which
did not transfer from the intermediary transfer belt
51 in the secondary transfer station, is removed from
the intermediary transfer belt 51 by a belt cleaner 59
for the intermediary transfer belt 51, and is
recovered by the cleaner 59.

[0023] The fixing device 7 has a fixation roller 71
and a pressure roller 72, which are rotatable. The
pressure roller 72 is rotated while being kept pressed
upon the fixation roller 71. There is a heater, such
as a halogen lamp, in the hollow of the fixation
rollef 71. The surface temperature of the fixation
roller 71 is adjusted by controlling the voltage
applied to this heater 73. As the sheet P of recording
medium is conveyed to the fixing device 7, it is
conveyed between the fixation roller 71 and pressure
roller 72, which are being rotated at a preset speed.
While the sheet P is conveyed between the fixation
roller 71 and pressure roller 72, the sheet P and the
toner image thereon are subjected to heat and pressure

(which are kept roughly stable) from both the top and
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bottom sides of the sheet P. Thus, the unfixed toner
image on the sheet P is welded (fixed) to the sheet P,
ending thereby the process of forming an image on the
sheet P of recording medium.

[0024] In Qrder to make the image forming apparatus
in this embodiment higher in productivity than an
ordinary conventional image forming apparatus, the
process speed (peripheral velocity of photosensitive
drum 1, peripheral velocity of intermediary transfer
belt 51, and recording medium conveyance speed) of the
image forming apparatus in this embodiment was set to
700 mm/sec.

[Structure of secondary transfer station]

[0025] In this embodiment, the image forming
apparatus 100 is provided with the aforementioned
rollers 56a and 56b, which support and keep stretched
the intermediary transfer belt 51 by being positioned
within the loop which the intermediary transfer belt
51 forms. In terms of the moving direction of the
intermediary transfer belt 51, the roller 56b is on
the downstream side of the roller 56a. Further, the
image forming apparatus 100 is provided with a pair of
rollers 57a and 57b, which are within the loop which
the recording medium conveyance belt 91 forms. 1In
terms of the moving direction of the recording medium
conveyance roller 91, the roller 57b is on the

downstream side of the roller 57a. The rollers 56a,



WO 2012/148008 PCT/JP2012/061804

10

15

20

25

15

56b, 57a, and 57b function as the transferring members
for forming the secondary transfer station, in which a
toner image is transferred from the intermediary

transfer belt 51 onto a sheet P of recording medium.

"[0026] The outside secondary transfer rollers 57a

(first outside transfer roller), or the upstream
outside secondary transfer roller, is positioned so
that it opposes the inside secondary transfer roller
56a (first inside transfer roller), or the upstream
inside secondary transfer roller, with the presence of
the recording medium conveyance belt 91 and
intermediary transfer belt 51 between itself and the
upstream inside secondary transfer roller 56a. That is,
the upstream outside secondary transfer roller 57a
presses on the upstream inside secondary transfer
roller 56a, with the presence of the recording medium
conveyance belt 91 and intermediary transfer belt 51
between the two rollers 56a‘and 57a, forming thereby a
nip (first secondary transfer nip N2a). As for the
downstream outside secondary transfer roller 57b
(second outside secondary transfer roller), it is
positioned so that it opposes the downstream inside
secondary transfer roller 56b with the presence of the
recording medium conveyance roller 91 and intermediary
transfer belt 51 between the two rollers 56b and 57b.
That is, the downst;eam outside secondary transfer

roller 57b presses on the downstream inside secondary
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transfer roller 56b, with the presence of the
recording medium conveyance bélt 91 and intermediary
transfer belt 51 between the two rollers 56a and 57a,
forming thereby a nip (second secondary transfer nip
N2b) .

[0027] With the formation of multiple (two in this
embodiment) secondary transfer nips, it is possibie to
increase the secondary transfer station in dimension
in terms of the recording medium conveyance direction.
[0028] In this embodiment, the image forming
apparatus 100 is provided with an electric power
source 58 for the secondary transfer, which is a means
for applying the voltage (for secondary transfer) for
transferring a toner image onto a sheet P of recording
medium.

[0029] Referring to Figures 1 and 3, in this
embodiment, the upstream outside secondary transfer
roller 57a is in connection to the secondary transfer
voltage power source 58, whereas the downstream inside
secondary transfer roller 56a is grounded. The
downstream outside secondary transfer roller 57b is in
connection to the secondary transfer voltage power
source 58, whereas the downstream inside secondary
trahsfer roller 56b is grounded. That is, the
secbndary transfer power source 58 is shared by the
upstream outside secondary transfer roller 57a and

downstream cutside secondary transfer roller 57b. 1In
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other words, voltage is applied to both the upstream
outside secondary transfer roller 57a and downstream
outside secondary transfer roller 57b by the secondary
transfer voltage power source 58. With the application
of voltage to both the upstream outside secondary
transfer roller 57a and downstream outside secondary
transfer rolier 57b, an electric field is formed
between the upstream outside secondary transfer roller
57a and upstream inside secondary transfer roller 56a,
and between the downstream outside secondary transfer
roller 57b and downstream inside  secondary transfer
roller 56b.

[0030] That is, the outside secondary transfer
rollers 57a and 57b are rollers as the secondary
transferring members for transferring a toner image
from the intermediary transfer belt 51 onto a sheet P
of recording medium. The inside secondary transfer
roller 56a and 56b are the rollers which oppose the
outside secondary transfer rollers 57a and 57D,
respectively.

[0031] In order to transfer a toner image onto a
sheet P of recording medium, such voltage that is
opposite in polarity to the normal polarity (negative)
of toner is applied, as the transfer voltage for
transferring a toner image onto a sheet of recording
medium, to each of the outside secondary transfer

rollers 57a and 57b. The transfer electric field
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formed by the application of the secondary transfer
voltage has such potential that causes normally
charged toner on the intermediary transfer belt 51 to
transfer from the intermediary transfer belt 51 onto a
sheet P of recording medium. The application of the
transfer voltage ensures that this transfer electric
field is formed at two locations, that is, the first
secondary transfer nip N2a between the upstream inside
secondary transfer roller 56a and upstream outside
secondary transfer roller 57a, and the second
secondary transfer nip N2b between the downstream
inside secondary transfer roller 56b and downstream
outside secondary transfer roller 57b. As a result,
two secondary transfer current paths, that is, the
current path through the first secondary transfer nip
N2a, and the current path through the second secondary
transfer nip N2b, through which the transfer current
for transferring a toner image onto a sheet P of
recording medium flows, are formed.

[0032] Next, the reason why two secondary transfer
current paths are formed is described. Some of the
conventional image forming apparatus are structured so
that a relatively large amount of electric current is
necessary to transfer a toner image onto a sheet of
recording medium. Further, conventional image forming
apparatuses are provided with only a single path

through which the current for transferring a toner
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image onto a sheet of recording medium flows. Thus, if
the electric current necessary for transferring a
toner image onto a sheet of recording medium is large,
the voltage applied in the secondary transfer station
has to be high. Thus, it is possible that electrical
discharge will occur on the upstfeam side of the
secondary transfer station, and the electrical
discharge is likely to disturb the toner image.
Therefore, there has been desired such an image
forming apparatus structure that does not require
transfer voltage to be substantially increased even
when a large amount of electric current is necessary
to tranefer a toner image. In this embodiment,
therefore, the image forming apparatus 100 is provided
with two paths for the electric current for
transferring a toner image, so that the transfer
current is divided into two currents. Therefore, the
voltage to be applied in the secondary‘transfer
station does not need to be as high as the one to be
applied in the secondary transfer station of a
conventionally structured image forming apparatus.
[0033] In this embodiment, the means employed'to
convey a sheet P of recording medium through the
secondary transfer station is the recording medium
conveyance belt 91. In other words, while a sheet P of
recording medium is conveyed through the secondary

transfer station, it is held by the recording medium
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conveyance belt 91. Therefore, a sheet P of recording
medium is prevented from becoming misaligned with the
intermediary transfer belt 51 in the secondary
transfer station. Needless to say, this embodiment is
not intended to limit the present invention in terms
of the means for conveying a sheet P of recording
medium through the secondary transfer station. For
example, if cost reduction is very important, the
image forming apparatus 100 may be structured so that
it does not require the recording medium conveyance
belt 91.

[0034] More concretely, the image forming apparatus
100 may be structured so that it employs one inside
secondary transfer roller 56 and two outside secondary
transfer rollers 57a and 57b. In such a case,-the
inside secondary transfer roller 56 is grounded, and
the outside secondary transfer rollers 57a and 57b are
connected to the aforementioned secondary transfer

voltage power source 58.

'[0035] Further, the image forming apparatus 100 may

be structured so that it employs three or more outside
secondary transfer rollers to form three or more
secondary transfer nips.

[0036] Further, the image forming apparatus 100 may
be structured as shown in Figure 4. In this case, the
inside secondary transfer rollers 56a and 56b, which

are in contact with the inward surface of the

PCT/JP2012/061804
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intermediary transfer belt 51, are connected to the
secondary transfer voltage power source 58, and the
outside secondary transfer rollers 57a and 57b, which
are in contact with the outward surface of the
intermediary transfer belt 51, are grounded.

[Voltage control in secondary transfer station]

[0037] In this embodiment, the voltage to be applied
by the secondary transfer voltage power source 58 is
controlled by the control section 200, baséd on the
basis weight of recording medium inputted by a user.
The control section 200 comprises a CPU, ROMs and RAMs.
Incidentally, “basis weight” is a term used for the
weight of a sheet per unit area (g/m%. It is commonly
used to indicate the thickness of recording medium.
[0038] In this embodiment, a process called ATVC
(Auto Transfer Voltage Control), which is for
optimizing the secondary transfer voltage, that is,
the voltage for transferring a toner image onto a
sheet P of recording medium, is carried out prior to
the starting of the secondary transfer while no
recording medium is being conveyed through the
secondary transfer station.

[0039] In the ATVC, multiple constant voltages which
are different in magnitude are applied by the
secondary transfer voltage power source 58, and the
amount of current flowed by each voltage is measured

to obtain the relationship between the voltage and the
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amount of current. Then, the value for the voltage V1
for making the transfer current flow by the target
amount I: is calculated based on the obtained
relationship between the level of each of the multiple
voltages and the amount of the corresponding current.
During the secondary transfer which follows the
voltage adjustment, the sum of the voltage V1, and the
voltage V2 necessary to make electric current flow
through a sheet P of recording medium, is set as a
target voltage t (= V1 + V2). Therefore, a proper
value is set for the transfer Voltage necessary to
provide a desired amount of transfer current. During
the secondary transfer, the secondary transfer voltage
is controlled so that it remains constant. Therefore,
even if two sheets P of recording medium which are
different in width are conveyed in succession, the
toner image transfer onto the second sheet P of
recording medium is just as good that onto the first
sheet P.

[0040] Figure 2 shows the relationship between the
transfer voltage and transfer current in the secondary
transfer station of the image forming apparatus in
this embodiment. At the position of the downstream
outside secondary transfer roller 57b, a sheet P of
recording medium and the toner particles thereon still
have the electric charge which they received when a

toner image was transferred onto the sheet P by the
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upstream outside secondary transfer roller 57a.
Therefore, at the position of the downstream outside
secondary transfer roller 57b, it is difficult for the
toner particles (toner image) to be transferred. That
is, the voltage necessary to make the transfer current
flow at the position of the downstream outside
secondary transfer roller 57b by the same amount as
that in the upstream outside secondary transfer roller
57a is Higher by AV than the transfer voltage appliedb
to the upstream outside secondary transfer roller 57a.
In this embodiment, this difference AV is roughly 800
V. For example, the amount of voltage necessary to
make transfer current flow at the position of the
upstream outside secondary transfer roller 57a is
4,000 V, whereas that at the downstream outside
secondary transfer roller 57b is 4,800 V.

[Electrical resistance of outside secondary transfer
rollers 57a and 57b]

[0041] In this embodiment, the image forming
apparatus was structured so that the upstream outside
secondary transfer 57a was higher in electrical
resistance than the downstream outside secondary

transfer roller 57b. More concretely, the downstream

outside secondary transfer roller 57b was made higher

in electrical resistance than the upstream outside
secondary transfer roller 57a. Thus, this image

forming apparatus 1is substantially greater in the
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dimension of its area of contact between the
intermediary transfer belt 51 and recording medium
conveyance belt 91, in which the secondary transfer
occur, in terms of the recording medium conveyance
5 direction. Therefore, it can prevent both the
phenomenon that a toner image is reduced in quality by
the electrical discharge which occurs on the upstream
side of the upstream transferring member, and_the
phenomenon that a sheet P of recording medium fails to
10 properly separate from the downstream transferring
member after the secondary transfer.
[0042] Each of the inside secondary transfer rollers
56a and 56b is an elastic roller. The roller 56a is
made up of a metallic core 56la and an elastic layer
15 562a. The metallic core 56la is 18 mm in external
diameter. The elastic layer 562a is formed of
electrically conductive solid silicone rubber, and
covers virtually the entirety of the peripheral
surface of the metallic core 561la. The roller 56b is
20 made up of a metallic core 561b and an elastic layer
562b. The metallic core 561b is 18 mm in external
diameter. The elastic layer 562b is formed of
electrically conductive solid silicone rubber, and
covers virtually the entirety of the peripheral
25 surface of the metallic core 561lb. The electrical
resistance of the inside secondary transfer rollers

56a and 56b, measured using the same method as that
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used to measure the electrical resistance of the
primary transfer roller 53a, was roughly 10% Q.
Needless to say, this embodiment is not intended to
limit the present invention in terms of the
specifications of these rollers. Incidentally, the
electrical resistance of the inside secondary transfer
roller is desired to be set to a value which is no
higher than 1/100 of that of the outside secondary
transfer roller, so that‘the electrical resistance of
the inside secondary transfer roller becomes
sufficiently smaller than that of the outside
secondary transfer roller.

[0043] Each of the outside secondary transfer
rollers 57a and 57b is an elastic roller. The roller
57a is made up of-a metallic core 571a and an elastic
layer 572a. The metallic core 57la is 8 mm in external
diameter. The elastic layer 572a is formed of
electrically conductive EPDM rubber, and covers
virtually the entirety of the peripheral surface of
the metallic core 57la. The roller 57b is made up of a
metallic core 571b and an elastic layer 572b. The
metallic core 571b is 8 mm in external diameter. The
elastic layer 572b 1is formed of electrically
conductive EPDM rubber, and covers virtually the
entirety of the peripheral surface of the metallic
core 571b.

[0044] The electrical resistance of the upstream
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outside secondary transfer roller 57a, measured using
the same method as that used to measure the electrical
resistance of the primary transfer roller 53a, was
roughly 1x10’7 Q (which is necessary to flow 50 pA of
constant current through secondary transfer nip). The
electrical resistance of the downstream outside
secondary transfer roller 57b, measured using the same
method as that used to measure the electrical
resistance of the primary transfer roller 53a, was
roughly 5x10’ Q (which is necessary to flow 50 upA of
constant current through secondary transfer nip).
[0045] That is, in a case where the upstream
secondary transfer current and downstream secondary
transfer current are the same in target value, the
image forming apparatus 100 is structured so that the
electrical resistance (first resistance) of the
upstream outside secondary transfer roller 57a is
smaller than the electrical resistance (second
resistance) of the downstream outside secondary
transfer roller 57b.

[0046] The reason why the image forming apparatus
100 in this embodiment is structured as described
above is as follows: If two rollers which are high in
electrical/resistance and virtually the same in
specifications are used as the upstream and downstream
outside secondary transfer rollers 57a and 57b, one

for one, the voltage for making the secondary transfer
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current (current for transferring toner image onto
recording medium) has to be high, making it likely for
electrical discharge to occur in the adjacencies of
the secondary transferring members. Moreover, if
electrical discharge occurs in upstream adjacencies of
the upstream outside secondary transfer roller 57a, it
is likely to disturb a toner image. Therefore, the
upstream outside secondary transfer roller 57 has to
be lower in the voltage to be applied thereto for the
secondary transfer. One of the effective means for
reducing the upstream outside secondary transfer
roller 57a in the voltage to be applied theretd for
the secondary transfer is to employ a roller which is
lower in electrical resistance, as the roller 57a.
[0047] On the other hand, if two rollers which are
low in electrical resistance and virtually the same in
specifications are used as the upstream and downstream
outside secondary transfer rollers 57a and 57b, one
for one, the following problem occurs: While an area
of a sheet P of recording medium, on which a toner
image is not present, is moving through the secondary‘
transfer station, the electrical resistance of the

secondary transfer station is smaller by the amount of

the electrical resistance of toner than while an area

of the sheet P, on which a toner image is present is
moving through the secondary transfer station.

Therefore, the effects of the electrical resistance of
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the outside secondary transfer roller is greater while
an area of the sheet P, on which a toner image is
present, is being moved through the secondary transfer
station than while an area of the sheet P, on which no
toner image is present, is being moved through the |
secondary transfer station. If two rollers which are
low in electrical resistance and virtually the same in
specification are used as the upstream and downstream
outside secondary transfer roller 57a and 57b, the
electric current which flows through the secondary
transfer station increases as an area of the sheet P
having no toner image begins to be conveyed through
the secondary transfer stétion. Thus, the amount by
which the leading edge portion, or margin portion, of
the sheet P is given electric charge becomes greater,
because the leading edge portion, or margin portion,
of the sheet P is not the toner image formation area
of the sheet P. Therefore, it is likely for the
leading edge portion of the sheet P to remain
electrostatically adhered to the intermediary transfer
belt 51, failing thereby to properly separate from the
intermediary transfer belt 51.

[0048] Therefore, it has been desired to come up
with such a structural arrangement for an image
forming apparatus that does not require to increase
the voltage to be applied to the upstream ocutside

secondary transfer roller 57a, and also, prevents the
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leading edge portion, that is, margin portion, of a
sheet P of recording medium, onto which no toner image
is transferred, from increasing in the amount of
electric charge given by the downstream outside
secondary transfer roller 57b. |

[0049] In this embodiment, therefore, the image
forming apparatus 100 is structured so that the
electrical resistance (first resistance) of the
upstream outside secondary transfer roller 57a is
lower than that (second resistance) of the downstream
outside secondary transfer roller 57b. Therefore, not
only does this image forming apparatus 100 prevent the
occurrence of the image defects attributable to the
increase in the voltage to be applied to the upstream
secondary transferring hember, but also, the
phenomenon that the increase in the electric charge
given, by the downstream transferring member, to the
leading edge portion of a sheet P of recording medium,
where no toner image is formed, makes it difficult for
the sheet P to properly separate from the intermediary
transfer belt 51.

[0050] Incidentally, the electrical resistance of
the upstream outside secondary transfer roller 57a was
1x107 Q. Needless to say, this embodiment is not
intended to limit the present invention in terms of
the electrical resistance of the upstream outside

secondary transfer roller 57a. As the secondary
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transfer rollers other than the upstream outside
secondary transfer roller 57a, it is desired to use a
roller which is no less than 1x10’ Q and no more than
3x107 Q.

[0051] The reason why the electrical resistance of
the upstream outside secondary transfer roller 57a is
desired to be no more than 3x10’ Q is that if the
electrical resistance of the upstream outside
secondary transfer roller 57a is higher than 3x10’ Q,
the transfer voltage has to be increased, which in
turn creates such an image formation problem as
scattering of toner. The reason why the electrical
resistance of the upstream outside secondary transfer
roller 57a is desired to no less than 1x10’ Q is that
if the transfer roller 57a is low in electrical
resistance, it is possible that the electrical current
which flows from the secondary transfer voltage power
source will exceed an allowable level.

[0052] The roller used as the downstream outside
secondary transfer roller 57b in this embodiment is
5x107 Q. Needless to say, this embodiment is not
intended to limit thevpresent invention in terms of
the electrical resistance of the downstream outside
secondary transfer roller 57b. That is, the roller to
be used as the downstream outside secondary transfer
roller 57b has only to be no less than 3x107 Q, and no

more than 1x10® Q in electrical resistance, for the
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the downstream outside secondary transfer roller 57b
is desired to be no less than 3x107 Q is that if it is
less than 3x107 Q, the amount by which electric current
flows through the leading edge portion of a sheet P of
recording medium, 1s likely to be large enough to make
it difficult for the sheet P to properly separate from
the intermediary transfer belt 51. The reason why the
electrical resistance of the downstream outside
secondary transfer roller 57b is desired to be no more
than 1x10%® Q is that if it is more than 1x10%® Q, the
transfer voltage will have to be large enough to
trigger electrical discharge, which in turn will cause
the image forming apparatus to output images which
suffer from the defects attributable to the electrical
discharge.

<Emboaiment 2>

[0054] Next, the second embodiment of the present
invention is described. The substantial portions of
the second embodiment are the same as the counterparts
of the first embodiment. Therefore, these portions are
not going to be described here.

[0055] In this embodiment, the secondary transfer
voltage power source 58 1s in connection to the inside
secondary transfer rollers 56a and 56b, and the

outside secondary transfer rollers 57a and 57b are
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grounded. The secondary transfer voltage to be applied
to the inside secondary transfer roller 56a and 56b to
transfer a toner image is the same in polarity as
toner.

[0056] The image forming apparatus in this
embodiment is structured so that the upstream inside
secondary transfer roller 56a, which is in connection
to the secondary transfer voltage power source 58,
becomes the first electrical resistance, and the
downstream inside secondary transfer roller 56b, which
i1s in connection to the secondary transfer voltage
power source 58§, bepomes the second electrical
resistance, which is higher than the first electrical
resistance. Therefore, not only is it possible to
prevent the image forming apparatus from outputting
images which suffer from the defects attributable to
the increase in the voltage to be applied to the
upstream secondary transferring member, but also, to
prevent the problem that a large amount of electrical
charge is given by the downstream transferring member
to the leading edge portion of a sheet P of recording
medium, where no toner image is formed, and this large
amount of electric charge causes the sheet P to
unsatisfactorily separate from the intermediary
transfer belt 51.

[0057] Each of the outside secondary transfer

rollers 57a and 57b is an elastic roller. The roller
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57a is made up of a metallic core 57la and an elastic
sponge layer 572a. The metallic core 571la is 8 mm in
external diameter. The elastic sponge layer 572a is 4
mm in thickness and is formed of electrically
conductive EPDM rubber. It covers virtually the
entirety of the peripheral surface of the metallic
core b57la. The roller 57b is made up of a metallic
core 571b and an elastic sponge layer 572b. The
metallic core 571b is 8 mm in external diameter. The
elastic sponge layer 572b is 4 mm in thickness, and is
formed of electrically conductive EPDM rubber. It
covers virtually the entirety of the peripheral
surface of the metallic core 571b. The outside
secondary transfer rollers 57a and 57b are roughly 10°
Q in eléctrical resistance, which was measuréd with
the same method as the one used to‘measure the
electrical resistance of the primary transfer roller
53a. Needless to say, this embodiment is not intended
to limit the present invention in terms of the
electrical resistance of the outside secondary
transfer rollers 57a and 57b.

[0058] The inside secondary transfer roller 56a is
an elastic roller. It is made up of a metallic core
56la and an elastic sponge layer 562a. The metallic
core 56la is 18 mm in external diameter. The elastic
sponge layer 562a is 2 mm in thickness and is formed

of electrically conductive solid silicone rubber. It
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covers virtually the entirety of the peripheral
surface of the metallic core 56la. The inside
secondary transfer roller 56b is made up of a metallic
core 561b and an elastic layer 562b. The metallic core
561b is 18 mm in external diameter. The elastic layer
562b is 2 mm in thickness, and is formed of
electrically conductive solid silicone rubber. It
covers virtually the entirety of the peripheral
surface of the metallic core 561b.

[0059] As the upstream outside secondary roller 57a
in this embodiment, a roller which was roughly 1x10’
in electrical resistance, which was measured with the
use of the same method as that used to measure the
electrical resistance of the primary transfer roller
53a, while flowing 50 um of constant current, was used.
As the downstream outside secondary transfer roller
57b, a roller which was roughly 5x107 Q, which was
measured with the use of the same method as that used
to measure the electrical resistance of the primary
transfer roller 53a, while flowing 50 um of constant
current, was used.

[0060] The inside secondary transfer rollers 56a and
56b are in connection to the power source 58, and the
outside secondary transfer rollers 57a and 57b are
grounded. However, this embodiment is not intended to
limit the present invention in scope in terms of the

connection and grounding of the secondary transfer
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be provided with two inside secondary transfer rollers
56a and 56b, and one outside secondary transfer roller
57. In such a case, the inside secondary transfer
rollers 56a and 57b are connected to the power source
58, and the outside secondary transfer roller 57 is
grounded.

[0062] Further, the image forming apparatus may be
provided with three or more inside secondary transfer
rollers to form three or more secondary transfer nips.
[0063] While the in&ention has been described with
reference to the structures disclosed herein, it 1is
not confined to the details set forth, and this
application is intended to cover such modifications or
changes as may come within the purposes of the

improvements or the scope of the following claims.

[INDUSTRIAL APPLICABILITY]

[0064] According to the present invention, there is
provided an image forming apparatus which employs an
upstream transferring member and a downstream
transferring member to transfer a toner image from its
image bearing member onto a sheet of recording medium
without causing the sheet of recording medium to fail
to properly separate from the primary or secondary

image bearing member of the apparatus, and yet, does
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not require two transfer power sources.
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CLAIMS

1. An image forming apparatus comprising:
an image carrying member for carrying a toner
image;

a movable intermediary transfer member for
carrying the toner image transferred from said image
carrying member;

a first transfer member for transferring the
toner image from said intermediary transfer member
onto a recording material, said first transfer member
having a first resistance and being contacted to an
outer surface of said intermediary transfer member;

a second transfer member for transferring the
toner image from said intermediary transfer member
onto the recording material, said second transfer
member having a second resistance higher than that of
the first resistance and being contacted to an outer
surface of said intermediary transfer member at a
position downstream of said first transfer member with
respect to a moving direction of said intermediary
transfer member;

voltage applying means, connected to both of
said first transfer member and said second transfer
member, for applying the same voltage to said first
transfer member and and to saild second transfer member

to transfer the toner image onto the recording
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material.

2. An apparatus according to Claim 1, further
comprising a first grounded opposed member opposed to
said first transfer member through said intermediary
transfer member, and a second grounded member opposed
to said second transfer member through said

intermediary transfer member.

3. An apparatus according to Claim 1, wherein
said first transfer member is a roller, said second
transfer member is a roller, said first opposed member
is a roller, and said second opposed member is a

roller.

4. An apparatus according to Claim 1, wherein the
first resistance is not less than 1x10”7 Q and not
more than 3x1077 Q, and the second resistance is not

less than 3x1077 Q and not more than 1x1078 Q.

5. An apparatus according to Claim 1, wherein
said voltage applying means applies the voltége which

is constant-voltage-controlled.
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AMENDED CLAIMS
received by the International Bureau on 28 August 2012 (28.08.2012)

1. (Amended) An image forming apparatus
comprising:

an image carrying member for carrying a toner

- image;

a movable intermediary transfer member for
carrying the toner image transferred from said image
carrying member:;

a first transfer member for transferring the
toner image from said intermediary transfer member
onto a recording material, said first transfer member
having a first resistance and being contacted to an
outer surface of said intermediary transfer member;

a second transfer member for transferring the
toner image from saidbintermediary transfer member
onto the recording material, said second transfer
member having a second resistance higher than the
first resistance and being contacted to an outer
surface of said intermediary transfer member at a
position downstream of said first transfer member with
respect to a moving direction of said intermediary
transfer member;

voltage applying means, connected to both of
said first transfer member and said second transfer

member, for applying the same voltage to said first

AMENDED SHEET (ARTICLE 19)
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transfer member and and to said second transfer member
to transfer the toner image onto the recording

material.

2. An apparatus according to Claim 1, further
comprising a first grounded opposed member opposed to
said first transfer member through said intermediary
transfer member, and a second grounded member opposed
to said second transfer member through said

intermediary transfer member.

3. An apparatus according to Claim 1, wherein
said first transfer member is a roller, said second
transfer member is a roller, said first opposed member
is a roller, and said second opposed member is a

roller.

4. An apparatus according to Claim 1, wherein the
first resistance is not less than 1x10°7 O and not
more than 3x10°7 O, and the second resistance is not

less than 3x10°7 O and not more than 1x1078 O.
5. An apparatus according to Claim 1, wherein

said voltage applying means applies the voltage which

is constant-voltage-controlled.

AMENDED SHEET (ARTICLE 19)
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STATEMENT UNDER ARTICLE 19 (1)

Claim 1 is amended for clarification of by changing
"said second transfer member having a second resistance higher
than that of the first resistance" to --said second transfer
member having a second resistance higher than the first
resistance--, to overcome the objection in Box No. VIII of the
WRITTEN OPINION OF THE INTERNATINAL
SEARCHING AUTORITY of the International Search Report
mailed June 26, 2012.
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