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A static eliminator includes a plurality of static eliminating
needles, a holder including a retaining surface on which the
plurality of static eliminating needles is held, a plurality of
partitions, and a restriction member including a first end
portion having a restriction surface at a static eliminating
needle side to contact the static eliminating needles. A length
of'the plurality of static eliminating needles from the first end
portion of the restriction member as an origin to a leading end
of the plurality of static eliminating needles is shorter than a
distance from the origin to an end surface of the plurality of
partitions within the range of movement of the plurality of
static eliminating needles from the retaining surface up to a
position five degrees (5°) below the restriction surface in an
angle between the retaining surface and an imaginary plane
including the restriction surface.
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STATIC ELIMINATOR AND IMAGE
FORMING APPARATUS INCLUDING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application is based on and claims pri-
ority pursuant to 35 U.S.C. §119 from Japanese Patent Appli-
cation Nos. 2013-218908, filed on Oct. 22, 2013, and 2014-
169089, filed on Aug. 22, 2014, both in the Japan Patent
Office, which are hereby incorporated herein by reference in
their entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Exemplary aspects of the present invention gener-

ally relate to a static eliminator that eliminates static electric-
ity on a recording medium passing through a transfer region
at which a toner image formed on an image bearing member
is transferred onto a recording medium, and an image forming
apparatus including the static eliminator.

[0004] 2. Description of the Related Art

[0005] There are two types of known image forming appa-
ratuses: one that directly transfers a toner image formed on a
latent image bearing member onto a recording medium and
another that transfers a toner image primarily onto an inter-
mediate transfer device and then onto a recording medium.

[0006] In such image forming apparatuses, when the
recording medium passes through a transfer nip at which an
image bearing member such as the latent image bearing mem-
ber and the intermediate transfer device meets and contacts a
transfer device, the transfer device forms a transfer electrical
field between the recording medium and the image bearing
member.

[0007] Generally, a relatively large transfer bias having a
polarity opposite that of a charge polarity of toner is applied
to the rear surface of the recording medium to transfer the
toner image from the image bearing member onto the front
surface of the recording medium. Because the transfer bias
applied to the rear surface of the recording medium is rela-
tively large, the rear surface of the recording medium having
passed through the transfer nip has charges having the same
polarity as that of the transfer bias, that is, the opposite polar-
ity to the charge polarity of the toner. The charges on the rear
surface of the recording medium hold the toner image onto
the front surface.

[0008] However, if the charges on the rear surface of the
recording medium immediately after passing through the
transfer nip are excessive, sudden leakage of charges on the
rear surface occurs relative to protruding members and metals
disposed near a sheet transport path downstream from the
transfer nip but upstream from a fixing section in a transport
direction of the recording medium. In this case, the toner
image on the front surface of the recording medium is dis-
turbed, hence causing image failure.

[0009] In view of the above, static eliminators have been
proposed to remove static charges from the recording
medium. For example, a known static eliminator includes a
static eliminating plate to remove static charges from the
recording medium near the end of the transfer nip. The static
eliminating plate is a conductive thin planar member made of
stainless steel or the like. A plurality of static eliminating

Apr. 23,2015

needles is formed spaced apart a certain distance between
each other and parallel to a width direction of the recording
medium.

[0010] The static charges on the recording medium are
removed by the static eliminator near the end of the transfer
nip to prevent image failure attributed to conveyance of the
charged recording medium bearing an unfixed toner image.
[0011] Although advantageous, when clearing paper jams
or during maintenance by technicians, clothes of the techni-
cians may get caught by the sharp tips of static eliminating
needles, resulting in breakage of the static eliminating
needles.

[0012] In view of the above, there is demand for a static
eliminator in which the tip of static eliminating needles is
prevented from getting damaged and an image forming appa-
ratus including the static eliminator.

SUMMARY

[0013] Inview of the foregoing, in an aspect of this disclo-
sure, there is provided an improved a static eliminator includ-
ing a plurality of static eliminating needles, a holder, a plu-
rality of partitions, and a restriction member. The plurality of
static eliminating needles is arranged in a width direction of a
recording medium and includes a free end at one end of the
plurality of static eliminating needles facing a surface of the
recording medium. The holder includes a retaining surface on
which the plurality of static eliminating needles is held. The
plurality of partitions is arranged in a standing manner
between the plurality of static eliminating needles on the
retaining surface of the holder. The restriction member is
disposed facing the retaining surface of the holder via the
plurality of static eliminating needles and includes a first end
portion having a restriction surface at a static eliminating
needle side to contact the plurality of static eliminating
needles to regulate a range of movement of a leading end of
the plurality of static eliminating needles. A length of the
plurality of static eliminating needles from the first end por-
tion as an origin to the leading end of the plurality of static
eliminating needles is shorter than a distance from the origin
to an end surface of the plurality of partitions within the range
of movement of the plurality of static eliminating needles
from the retaining surface up to a position five degrees (5°)
below the restriction surface in an angle between the retaining
surface and an imaginary plane including the restriction sur-
face.

[0014] Inanother aspect of this disclosure, an image form-
ing apparatus includes an image bearing member, a transfer
device, and the static eliminator. The image bearing member
bears a toner image on a surface thereof. The transfer device
transfers the toner image from the image bearing member
onto a recording medium at a transfer region. The static
eliminator eliminates static charges from the recording
medium that has passed through the transfer region.

[0015] In still another aspect of this disclosure, an image
forming apparatus includes a static eliminating needle, a first
holder, and a pair of ribs. The static eliminating needle
includes a leading end that faces a transport path along which
a recording medium is transported. The first holder holds the
static eliminating needle such that the leading end of the static
eliminating needle projects beyond the first holder for a pre-
determined distance. The pair of ribs is disposed near the
static eliminating needle such that the leading end of the static
eliminating needle does not project beyond the pair of ribs
within a range from a position at which the leading end of the
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static eliminating needle faces the transport path to a position
of the leading end of the static eliminating needle bent verti-
cally from the first holder as an origin.

[0016] In still another aspect of this disclosure, an image
forming apparatus includes a static eliminating needle, a pair
of ribs, and a projection. The static eliminating needle
includes a leading end facing a transport path along which a
recording medium is transported. The pair of ribs is disposed
near the leading end of the static eliminating needle. The
projection is disposed between the pair of ribs. The leading
end of the static eliminating needle projects beyond the pro-
jection for a predetermined distance toward the transport
path, and the pair of ribs is disposed such that the leading end
of the static eliminating needle does not project beyond the
pair of ribs within a range from a position at which the leading
end of the static eliminating needle faces the transport path to
a position of the leading end of the static eliminating needle
bent vertically from the pair of ribs as an origin.

[0017] The aforementioned and other aspects, features and
advantages would be more fully apparent from the following
detailed description of illustrative embodiments, the accom-
panying drawings and the associated claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0018] A more complete appreciation of the disclosure and
many ofthe attendant advantages thereof will be more readily
obtained as the same becomes better understood by reference
to the following detailed description of illustrative embodi-
ments when considered in connection with the accompanying
drawings, wherein:

[0019] FIG. 1A is a cross-sectional view schematically
illustrating a static eliminating portion in a state in which a tip
of a static eliminating needle at the static eliminating portion
is at a default position according to a first illustrative embodi-
ment of the present disclosure;

[0020] FIG. 1B is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which
the tip of the static eliminating needle of the first illustrative
embodiment is bent;

[0021] FIG.2is a schematic diagram illustrating a copier as
an example of an image forming apparatus according to an
illustrative embodiment of the present disclosure;

[0022] FIG. 3 is a schematic diagram illustrating the image
forming apparatus of FIG. 2 with a duplex unit opened;
[0023] FIG. 4 is a perspective view schematically illustrat-
ing a secondary transfer roller assembly detachably attach-
able relative to a sub-rotatable unit of the duplex unit of FIG.
3;

[0024] FIG.5 is an external view schematically illustrating
a secondary transfer roller of the secondary transfer roller
assembly;

[0025] FIG. 6A is an external perspective view schemati-
cally illustrating the sub-rotatable unit including the second-
ary transfer roller assembly as viewed from a main body of the
image forming apparatus;

[0026] FIG. 6B is an external perspective view schemati-
cally illustrating the sub-rotatable unit including the second-
ary transfer roller assembly as viewed from a re-feed path;
[0027] FIG. 7 is a schematic diagram illustrating the sec-
ondary transfer roller assembly when the secondary transfer
roller assembly is mounted in the sub-rotatable unit;

[0028] FIG. 8 is a partially enlarged schematic diagram
illustrating a secondary transfer section;
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[0029] FIG. 9 is a perspective view schematically illustrat-
ing an end of the static eliminating portion in a width direction
of a recording medium according to the first illustrative
embodiment of the present disclosure;

[0030] FIG. 10 is an enlarged schematic diagram illustrat-
ing
[0031] FIG. 11 is a perspective view schematically illus-

trating an end of the static eliminating portion in the width
direction of the recording medium according to a second
illustrative embodiment of the present disclosure;

[0032] FIG. 12A is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which
the tip of the static eliminating needle is at the default position
according to the second illustrative embodiment of the
present disclosure;

[0033] FIG. 12B is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which
the tip of the static eliminating needle of the second illustra-
tive embodiment is bent;

[0034] FIG. 13 is a perspective view schematically illus-
trating an end of the static eliminating portion in the width
direction of the recording medium according to a third illus-
trative embodiment of the present disclosure;

[0035] FIG. 14A is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which
the tip of the static eliminating needle is at the default position
according to a third illustrative embodiment of the present
disclosure;

[0036] FIG. 14B is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which
the tip of the static eliminating needle of the third illustrative
embodiment is bent;

[0037] FIG. 15A is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which
the tip of the static eliminating needle is at the default position
according to a fourth illustrative embodiment of the present
disclosure;

[0038] FIG. 15B is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which
the tip of the static eliminating needle of the fourth illustrative
embodiment is bent; and

[0039] FIG. 16 is a schematic diagram illustrating the sec-
ondary transfer section.

DETAILED DESCRIPTION

[0040] A description is now given of illustrative embodi-
ments of the present invention. It should be noted that
although such terms as first, second, etc. may be used herein
to describe various elements, components, regions, layers
and/or sections, it should be understood that such elements,
components, regions, layers and/or sections are not limited
thereby because such terms are relative, that is, used only to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, for example, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of this
disclosure.

[0041] In addition, it should be noted that the terminology
used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of this
disclosure. Thus, for example, as used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
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Moreover, the terms “includes” and/or “including”, when
used in this specification, specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0042] Indescribing illustrative embodiments illustrated in
the drawings, specific terminology is employed for the sake of
clarity. However, the disclosure of this patent specification is
not intended to be limited to the specific terminology so
selected, and it is to be understood that each specific element
includes all technical equivalents that have the same function,
operate in a similar manner, and achieve a similar result.
[0043] In a later-described comparative example, illustra-
tive embodiment, and alternative example, for the sake of
simplicity, the same reference numerals will be given to con-
stituent elements such as parts and materials having the same
functions, and redundant descriptions thereof omitted.
[0044] Typically, but not necessarily, paper is the medium
from which is made a sheet on which an image is to be
formed. It should be noted, however, that other printable
media are available in sheet form, and accordingly their use
here is included. Thus, solely for simplicity, although this
Detailed Description section refers to paper, sheets thereof,
paper feeder, etc., it should be understood that the sheets, etc.,
are not limited only to paper, but include other printable
media as well.

[0045] Referring now to the drawings, wherein like refer-
ence numerals designate identical or corresponding parts
throughout the several views, exemplary embodiments of the
present patent application are described.

[0046] FIG.2 is a schematic diagram illustrating a copier as
an example of an image forming apparatus according to an
illustrative embodiment of the present disclosure;

[0047] The image forming apparatus includes a main body
50 in which an intermediate transfer belt 11 serving as an
image bearing member is disposed substantially at the center
of the main body 50. The intermediate transfer belt 11 is
entrained around and stretched taut between a plurality of
rollers. The intermediate transfer belt 11 is formed into an
endless loop. Specific preferred material suitable for the inter-
mediate transfer belt 11 includes, but is not limited to, poly-
imide as a main component.

[0048] Inthe main body 50, four image forming units 10M,
10C, 10Y, and 10Bk are disposed outside the looped interme-
diate transfer belt 11 along the belt surface. More specifically,
the image forming units 10M, 10C, 10Y, and 10Bk are
arranged along the belt surface facing down in the vertical
direction. Each of the image forming units 10M, 10C, 10Y,
and 10Bk includes a photosensitive drum 1 as a latent image
bearing member. The photosensitive drum 1 is surrounded by
various pieces of imaging equipment, such as a charging
device, a development device, a cleaning device, and so forth.
[0049] Primary transfer rollers 12 serving as primary trans-
fer devices are disposed inside the looped intermediate trans-
fer belt 11, opposite the respective photosensitive drums 1.
[0050] In the present illustrative embodiment, four image
forming units 10M, 10C, 10Y, and 10Bk all have the same
configuration, differing only in the color of toner employed in
the development devices. It is to be noted that reference
characters M, C, Y, and Bk denote the colors magenta, cyan,
yellow, and black, respectively. To simplify the description,
the reference characters M, C, Y, and Bk indicating colors are
omitted herein unless otherwise specified.
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[0051] In the present illustrative embodiment, four image
forming units 10M, 10C, 10Y, and 10Bk are arranged in the
order of magenta, cyan, yellow, and black from the left in FIG.
2. However, the order is not limited thereto. Each of the image
formingunits 10M, 10C, 10Y, and 10Bk is detachably mount-
able as a process cartridge relative to the main body 50.

[0052] An optical writing unit 14 for writing a latent image
on the photosensitive drums 1 is disposed substantially below
the image forming units 10M, 10C, 10Y, and 10Bk. The
optical writing unit 14 includes mirrors including a polygon
mirror to direct modulated laser light onto the surface of
photosensitive drums 1.

[0053] The optical writing unit 14 may be provided to each
of the image forming units 10M, 10C, 10Y, and 10Bk. How-
ever, in terms of cost saving, using a common optical writing
unit is advantageous.

[0054] It is to be noted that in the present illustrative
embodiment the intermediate transfer belt 11 and the optical
writing unit 14 are also unitized, allowing the intermediate
transfer belt 11 and the optical writing unit 14 to be detach-
ably mountable relative to the main body 50.

[0055] Toner bottles 57M, 57C, 57Y, and 57BK filled with
toners of yellow, cyan, magenta, and black are disposed at the
upper portion of the main body 50. A certain amount of toner
is supplied from the toner bottles 57M, 57C, 57Y, and 57BK
to the respective development devices as needed via a trans-
port path.

[0056] Inthe mainbody 50, sheet cassettes 15a and 155 are
disposed substantially at the bottom of the main body 50. The
sheet cassettes 154 and 155 include sheet feed devices 16a
and 165, respectively. Each of the sheet feed devices 16a and
165 is equipped with a pickup roller, a feed roller, and a
separation roller. A pair of conveyor rollers 17 (17a and 176
in FIG. 3) delivers a recording medium such as transfer paper
fed by the sheet feed devices 16a and 165.

[0057] A pair of registration rollers 18 is disposed substan-
tially above the pair of conveyor rollers 17 in FIG. 2 (down-
stream from the conveyor rollers 17 in a transport direction of
the recording medium).

[0058] A secondary transfer roller assembly 100 (shown in
FIG. 4) is disposed substantially above the pair of registration
rollers 18. As will be described later in detail, the secondary
transfer roller assembly 100 includes a secondary transfer
roller 102 serving as a secondary transfer device and a guide
plate 101 serving as a restriction member. The secondary
transfer roller 102 is disposed opposite to a secondary-trans-
fer opposed roller 13 which is one of the plurality of rollers
about which the intermediate transfer belt 11 is entrained.

[0059] The guide plate 101 is disposed downstream from a
secondary transfer section (transfer region) in the transport
direction of the recording medium. The guide plate 101 con-
tacts the recording medium during conveyance to control the
transport direction of the recording medium. A fixing device
20 is disposed downstream from the guide plate 101 in the
transport direction of the recording medium. The fixing
device 20 includes a fixing roller 20a and a pressing roller
205.

[0060] Substantially above the fixing device 20, a first
switching claw 21, a second switching claw 22, a third
switching claw 23 to change the transport direction of the
recording medium are disposed. The first switching claw 21,
the second switching claw 22, the third switching claw 23 are
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positionable between a position indicated by a solid line and
an imaginary line shown in FIG. 4 by an actuator such as a
solenoid.

[0061] Conveyorroller pairs 24, 25,26, and 27 are disposed
along a sheet transport path to transport the recording
medium. Sheet detectors 35, 36, 37, 38, 39, 40, and 41 are
disposed along the sheet transport path to detect the recording
medium. The sheet transport path is guided by a guide plate or
the like.

[0062] The upper portion of the main body 50 functions as
a sheet output tray 30 onto which the recording medium is
output by a pair of output rollers 29. The pair of output rollers
29 is disposed at the upper left of the fixing device 20 in FIG.
2.

[0063] Inthe presentillustrative embodiment, a duplex unit
60 is disposed at a lateral side of the main body 50. The duplex
unit 60 includes a switchback path 61 and a re-feed path 62.
[0064] A pair of first reversing rollers 31 is disposed at an
entry portion of the switchback path 61 (i.e., at the upper
portion of the duplex unit 60). A pair of second reversing
rollers 32 is disposed halfway in the switchback path 61. The
pair of first reversing rollers 31 and the pair of second revers-
ing rollers 32 are rotatable in forward and reverse directions.
The pair of conveyor rollers 26 (26a and 265 in FIG. 3) and
the pair of conveyor rollers 27 (27a and 2754 in FIG. 3) are
disposed at each of three positions of the evenly divided
re-feed path 62.

[0065] The third switching claw 23 is disposed next to the
pair of first reversing rollers 31 at an entry portion of the
re-feed path 62 from the switchback path 61.

[0066] A side tray 33 is disposed at the lateral side of the
duplex unit 60 and storable or folded in as needed. FIG. 2
illustrates the image forming apparatus with the side tray 33
folded out from the lateral side of the duplex unit 60. In order
to supply recording media from the side tray 33, the image
forming apparatus includes a sheet feed device 34. The sheet
feed device 34 is equipped with a pickup roller, a supply
roller, and a separation roller. Are-feed roller 28 is disposed at
the lateral side of the sheet feed device 34 inside the duplex
unit 60.

[0067] Driven rollers pressingly contact the re-feed roller
28 from both sides in vertically up and down directions. The
re-feed roller 28 is rotatable in both forward and reverse
directions. When re-feeding a recording medium from the
re-feed path 62, the re-feed roller 28 is driven to rotate in the
counterclockwise direction in FIG. 2. When feeding a record-
ing medium from the side tray 33, the re-feed roller 28 is
driven to rotate in the clockwise direction in FIG. 2.

[0068] Next, a description is provided of an image forming
operation. The photosensitive drums 1 in the image forming
units 10M, 10C, 10Y, and 10Bk are rotated clockwise by a
driving device and charged uniformly to a predetermined
polarity by the charging device. The charged surface of each
photosensitive drum 1 is illuminated with laser light projected
from the optical writing unit 14, to form an electrostatic latent
image on the surface of each photosensitive drum 1.

[0069] More specifically, upon exposure of the photosen-
sitive drums 1, the image information is separated into indi-
vidual color components, magenta, cyan, yellow, and black,
and laser light based on the single color information thus
obtained illuminates the respective photosensitive drum 1.
The electrostatic latent images on the photosensitive drums 1
are developed with a respective color of toner by the devel-
oping devices 4 into visible images, known as toner images.
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[0070] As illustrated in FIG. 2, the intermediate transfer
belt 11 is rotated in the counterclockwise direction as indi-
cated by arrow. The toner images on the photosensitive drums
1 of the image forming units 10M, 10C, 10Y, and 10Bk are
transferred onto the intermediate transfer belt 11 such that
they are superimposed one atop the other, thereby forming a
composite toner image or a full color image.

[0071] The above description pertains to an image forming
operation for a color image. It is also possible to form a
monochrome image using any one of the four image forming
units 10M, 10C, 10Y, and 10Bk, or to form an image of two or
three colors by using two or three image forming units. For
monochrome printing, the image forming unit 10Bk at the
right end side in FIG. 2 is employed.

[0072] Subsequently, residual toner remaining on the sur-
face of the photosensitive drums 1 after the toner image is
transferred is removed by the cleaning device. After that, the
surface potential of the photosensitive drums 1 is initialized
by a static eliminator in preparation for the subsequent imag-
ing cycle.

[0073] Meanwhile, the recording medium supplied selec-
tively from the sheet cassettes 15a, 155, or the side tray 33 is
sent out by the pair of registration rollers 18 to the secondary
transfer section in appropriate timing such that the recording
medium is aligned with the composite image formed on the
intermediate transfer belt 11.

[0074] According to the present illustrative embodiment,
the secondary transfer roller 102 is supplied with the transfer
voltage having a polarity opposite the charge polarity of toner
of the toner image on the surface of the intermediate transfer
belt 11, thereby transferring the toner image from the inter-
mediate transfer belt 11 to the recording medium. As the
recording medium on which the toner image is transferred
passes through a fixing nip between the fixing roller 20a and
the pressing roller 205 of the fixing device 20, heat and
pressure are applied to the recording medium and the toner
image is fused thereon, thereby fixing the toner image on the
recording medium. After the fixing process, the recording
medium is output by the pair of output rollers 29 onto the
sheet output tray 30 formed on the upper surface of the main
body 50.

[0075] For duplex printing, after the image is fixed on one
side of the recording medium, the recording medium is sent to
the switchback path 61 by switching the first switching claw
21, the second switching claw 22, and the third switching
claw 23.

[0076] The pair of first reversing rollers 31 and the pair of
second reversing rollers 32 are rotated in a forward direction
(i.e., the clockwise direction in FIG. 2). When a sheet detector
40 detects that the trailing edge of the recording medium has
entered the switchback path 61, the pair of first reversing
rollers 31 and the pair of second reversing rollers 32 are
rotated in the opposite direction (i.e., the counterclockwise
direction in FIG. 2), thereby reversing the recording medium.
The reversed recording medium is sent to the re-feed path 62
by switching the third switching claw 23.

[0077] Thebottom end of the re-feed path 62 joins the sheet
transport path from the side tray 33 and further joins the sheet
transport path from the sheet cassettes 15a and 1556 at the
distal end of the re-feed roller 28. The recording medium is
transported by the conveyor rollers 26 and 27 in the re-feed
path 62 and further delivered to the pair of registration rollers
18 by the re-feed roller 28.
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[0078] The recording medium is reversed in the switchback
path 61 and then passes through the re-feed path 62. Accord-
ingly, the recording medium is turned over and the toner
image is transferred from the intermediate transfer belt 11
onto the back surface ofthe recording medium. Subsequently,
the image on the back surface is fixed by the fixing device 20.
The recording medium bearing the images on both sides is
output onto the sheet output tray 30. The duplex printing is
completed.

[0079] According to the present illustrative embodiment,
the duplex unit 60 is pivotable about a rotary shaft 63 disposed
substantially at the bottom of the duplex unit 60, thereby
allowing the duplex unit 60 to be openably closable relative to
the main body 50.

[0080] FIG. 3 illustrates the duplex unit 60 in an opened
state. The duplex unit 60 is supported on the main body 50 by
an interlocking member. When the duplex unit 60 is opened,
the duplex unit 60 is stopped at the predetermined position. In
terms of accessibility and replaceability of the secondary
transfer roller assembly 100, preferably, the angle at which
the duplex unit 60 is opened is equal to or greater than 45
degrees and equal to or less than 90 degrees relative to the
vertical direction.

[0081] In order to reduce forces to open and close the
duplex unit 60, the interlocking member that supports the
duplex unit 60 includes, preferably, a damper. Examples of
the damper include, but are not limited to an oil damper and a
damper using a spring.

[0082] Devices included in the duplex unit 60 and openably
closable relative to the main body 50 include: a guide plate
constituting the switchback path 61, a guide member 66 con-
stituting a portion of the re-feed path 62, a sub-rotary unit 64,
the third switching claw 23, the pair of first reversing rollers
31, the pair of second reversing rollers 32, the side tray 33, the
sheet feed device 34, the re-feed roller 28, and so forth. The
duplex unit 60 also includes driven rollers 175 of the pair of
conveyor rollers 17.

[0083] The sub-rotary unit 64 supports the secondary trans-
fer roller assembly 100, a driven roller 275 which is one of the
pair of conveyor rollers 27 on the driven side, a driven roller
28b which is one of the pair of re-feed rollers 28 on the driven
side, and the sheet detector 41 (shown in FIG. 2). The sub-
rotary unit 64 is pivotable about a rotary shaft 65. With this
configuration, the re-feed path 62 can be opened by rotating
the sub-rotary unit 64 in the counterclockwise direction in
FIG. 3.

[0084] It is to be noted, however, that a stopper of the
sub-rotary unit 64 prevents the sub-rotary unit 64 from rotat-
ing counterclockwise more than a predetermined angle
shown in FIG. 3.

[0085] One side (distal side from the main body 50) of the
re-feed path 62 is defined by the guide member 66, and the
other side (proximal to the inside of the main body 50) is
defined by a plane of a guide unit 42, a plane of the fixing
device 20, and a plane of the sub-rotary unit 64 in this order
from the top. With the duplex unit 60 closed, the re-feed path
62 is formed with the above planes.

[0086] With the duplex unit 60 closed as illustrated in FIG.
2, the sub-rotary unit 64 is interposed between the main body
50 and the duplex unit 60, and positioned at a predetermined
location.

[0087] At this time, the secondary transfer roller 102 of the
secondary transfer roller assembly 100 faces the secondary-
transfer opposed roller 13 and pressingly contacts the inter-
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mediate transfer belt 11. The driven roller 175 of each pair of
the conveyor rollers 17 pressingly contacts a drive roller 174,
and the driven roller 275 of the pair of conveyor rollers 27 in
the re-feed path 62 pressingly contacts a drive roller 27a,
thereby enabling operation.

[0088] When the duplex unit 60 is opened as illustrated in
FIG. 3, the secondary transfer roller assembly 100 separates
from the intermediate transfer belt 11 (the secondary-transfer
opposed roller 13). As the driven rollers 176 of two pairs of
the conveyor rollers 17 separate from the drive rollers 174, a
normal sheet transport path 43 indicated by a solid bold line in
FIG. 3 from the pair of conveyor rollers 17 at the lower portion
to the fixing device 20 is opened.

[0089] At this time, the re-feed path 62 indicated by a solid
long dashed dotted line from the third switching claw 23 to a
joining portion G at which the re-feed path 62 joins the
normal sheet transport path 43 can be opened as a technician
rotates the sub-rotary unit 64 in the opening direction of the
re-feed path 62 (in the counterclockwise direction in FIG. 3).
[0090] Next, with reference to FIG. 4, a description is pro-
vided of the secondary transfer roller assembly 100. FIG. 4 is
an external perspective view schematically illustrating the
secondary transfer roller assembly 100 detachably attachable
relative to the sub-rotary unit 64.

[0091] In the present illustrative embodiment, the second-
ary transfer roller 102 of the secondary transfer roller assem-
bly 100 includes a roller portion including a metal cored bar
made of iron on which an elastic member such as rubber is
disposed and two shaft portions 103 which are metal cored
bars extending outward from each end of the roller portion.
[0092] Preferably, the roller portion of the secondary trans-
fer roller 102 is formed in a barrel-like shape as illustrated in
FIG. 5. More specifically, the roller portion of the secondary
transfer roller 102 includes a substantially straight portion
102a (a circumferential surface parallel to the roller shaft)
substantially at the center of the roller portion in an axial
direction of the roller shaft. Such a barrel-like shape can
reduce variations in a nip pressure at the secondary transfer
section in the axial direction.

[0093] The metal cored bar made of iron can reduce flexure
so that the secondary transfer roller 102 and the recording
medium can tightly contact each other.

[0094] According to the present illustrative embodiment, a
roller attachment member 1044 of a handle 104 is rotatably
attached to each of the shaft portions 103 of the secondary
transfer roller 102 via a ball bearing. The handle 104 is
formed integrally with the guide plate 101.

[0095] The shaft portions 103 of the secondary transfer
roller 102 extend beyond the roller attachment members 104a
in the axial direction. A cap 105 serving as a shaft bearing
member in a form of a cap is attached to the projecting
portions of the shaft portions 103.

[0096] The cap 105 is held in place by a holder serving as a
roller holder disposed in the main body 50 (i.e., an interme-
diate transferunit including the intermediate transfer belt 11).
Accordingly, the secondary transfer roller 102 is positioned in
place in the vertically up and down directions in the main
body 50.

[0097] FIGS. 6A and 6B are perspective views schemati-
cally illustrating the sub-rotary unit 64 in a state in which the
secondary transfer roller assembly 100 is mounted. FIG. 6 A
illustrates the secondary transfer roller assembly 100 as
viewed from the main body 50. FIG. 6B illustrates the sec-
ondary transfer roller assembly 100 as viewed from the re-
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feed path 62. The main body 50 includes holders 19a and 195
serving as a positioning member to position the secondary
transfer roller 102 in place. More specifically, when closing
the duplex unit 60 relative to the main body 50, the cap 105 of
the secondary transfer roller assembly 100 is interposed
between the holders 19a and 195, hence positioning the sec-
ondary transfer roller 102 in place. It is to be noted that FIG.
6A illustrates only the parts on the right side.

[0098] The space between the holders 19a and 195
increases towards the leading end thereof. At the other end or
the trailing end a space g is provided in accordance with the
outer diameter of the cap 105.

[0099] The secondary transfer roller assembly 100 is snap-
fitted to the sub-rotary unit 64 such that when the duplex unit
60 is closed a sheet guiding surface of the guide plate 101
conforms to the normal sheet transport path 43 (shown in FIG.
3.

[0100] Asillustrated in FIG. 6 A, a guide plate 68 is attached
to the sub-rotary unit 64 at the main body side below the
secondary transfer roller assembly 100. The guide plate 68
and a guide plate opposite to the guide plate 68 at the main
body side constitute a portion of the normal sheet transport
path 43 (shown in FIG. 3).

[0101] As illustrated in FIG. 6B, the sub-rotary unit 64
provided with the driven roller 275 on the re-feed path 62 side
includes a conveyor guide surface 69 with a plurality of ribs
69a. The sub-rotary unit 64 at the re-feed path side and the
guide member 66 (shown in FIG. 3) opposite of the sub-rotary
unit 64 constitute a portion of the re-feed path 62.

[0102] Next, with reference to FIG. 7, a description is pro-
vided of replacement of the secondary transfer roller assem-
bly 100. FIG. 7 illustrates the secondary transfer roller assem-
bly 100 when mounting in the sub-rotary unit 64.

[0103] Upon replacement of the secondary transfer roller
assembly 100, a technician opens the duplex unit 60 to expose
the sub-rotary unit 64 as illustrated in FIG. 3. At this time, the
secondary transfer roller assembly 100 is snap-fitted to the
sub-rotary unit 64.

[0104] The technician holds and moves the guide plate 101
or the handle 104 to the main body 50 side (in the opposite
direction to the direction indicated by a hollow arrow b in
FIG. 7), thereby unlocking the secondary transfer roller
assembly 100 and hence allowing the secondary transfer
roller assembly 100 to become rotatable while the roller
attachment member 104q of the handle 104 is held by a roller
bearer of the sub-rotary unit 64.

[0105] Subsequently, the secondary transfer roller assem-
bly 100 is rotated until the sheet guide surface of the guide
plate 101 is substantially parallel to the vertical plane, and
then the technician lifts up vertically while holding the guide
plate 101 or the handle 104.

[0106] Accordingly, the roller attachment member 104a of
the handle 104 is disengaged from the roller bearer of the
sub-rotary unit 64, and the secondary transfer roller assembly
100 is disengaged from the sub-rotary unit 64.

[0107] After the secondary transfer roller assembly 100 is
removed from the sub-rotary unit 64, a new secondary trans-
fer assembly for replacement is mounted in the sub-rotary
unit 64 in reverse order of the above-described order.

[0108] Next, with reference to FIG. 8, a description is pro-
vided of a static eliminating portion as a static eliminator
employed in the secondary transfer roller assembly 100
according to an illustrative embodiment of the present disclo-
sure.
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[0109] FIG. 8 is a partially enlarged schematic diagram
illustrating the secondary transfer section. As illustrated in
FIG. 8, the static eliminating portion including a static elimi-
nating plate 106 for eliminating static charges on the record-
ing medium is disposed near a secondary transfer nip at which
the intermediate transfer belt 11 and the secondary transfer
roller 102 contact, i.e., downstream from the secondary trans-
fer nip in the transport direction of the recording medium.
[0110] A spring 112 for supplying power, connected to a
power source 111 of the main body 50, contacts a bottom
surface of the static eliminating plate 106 at one end thereofin
the width direction of the recording medium, thereby supply-
ing a voltage for static removal to the static eliminating plate
106.

[0111] As the duplex unit 60 is opened relative to the main
body 50, the guide plate 101 and the static eliminating plate
106 move together with the duplex unit 60.

Embodiment 1

[0112] With reference to FIGS. 1A, 1B, 9, and 10, a
description is provided of a static eliminating portion accord-
ing to a first illustrative embodiment of the present disclosure.
[0113] FIG. 9 is a perspective view schematically illustrat-
ing an end portion of the static eliminating portion including
the static eliminating plate 106 in a width direction W of a
recording medium, according to the first illustrative embodi-
ment of the present disclosure. In the present illustrative
embodiment, the static eliminating portion is disposed at the
bottom end (the upstream end in the transport direction indi-
cated by arrow T of the recording medium) of the guide plate
101 of the secondary transfer roller assembly 100.

[0114] FIG. 1A is a cross-sectional view schematically
illustrating the static eliminating plate 106 in a state in which
a leading end of a static eliminating needle 106a of the static
eliminating plate 106 is at a default position according to the
first illustrative embodiment of the present disclosure. FIG.
1B is a cross-sectional view schematically illustrating the
static eliminating portion in a state in which the tip of the
static eliminating needle 106a of FIG. 1A is bent. FIG. 10 is
an enlarged view schematically illustrating the static elimi-
nating portion of FIG. 1B.

[0115] According to the present illustrative embodiment,
the static eliminating portion includes the static eliminating
plate 106 equipped with a plurality of static eliminating
needles (sharp tip portions) 1064 arranged in the width direc-
tion of the recording medium (indicated by arrow W in the
left-right direction in FIG. 9). The static eliminating plate 106
is conductive, and the static eliminating needles 106a face the
sheet transport path after the recording medium passes
through the secondary transfer section. The static eliminating
needles 106a are arranged in the width direction of the record-
ing medium. The leading ends of the static eliminating
needles 106a, which are free ends, face the surface of the
recording medium conveyed along the sheet transport path.
[0116] The static eliminating plate 106 is attached to a
retaining surface 108a of a non-conductive plate holder 108
such that each of the static eliminating needles 106q is dis-
posed spaced apart a predetermined distance from the sheet
transport path.

[0117] The static eliminating needles 106a are interposed
between a bottom end portion 101a of the guide plate 101 and
the retaining surface 108« of the plate holder 108. The guide
plate 101 also serves as a pressing member to press the static
needles 1064 against the retaining surface 108a.
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[0118] An insulating sheet formed of polyethylene tereph-
thalate (PET) or the like may be disposed between the bottom
end of the guide plate 101 and the static eliminating needles
106a to press the static eliminating needles 1064 against the
retaining surface 108a more reliably, hence preventing the
static eliminating needles 1064 from separating.

[0119] The plateholder 108 may be made ofresin similarto
or the same resin as the guide plate 101. However, any other
suitable material can be employed as long as the material is
non-conductive.

[0120] As illustrated in FIG. 9, ribs 109 that are non-con-
ductive are formed on the retaining surface 1084 of the plate
holder 108. The ribs 109 contact a portion of the recording
medium that has passed through the secondary transfer sec-
tion so as to guide the recording medium. The ribs 109 par-
tition each of the static eliminating needles 1064 in a width
direction W of the recording medium.

[0121] The ribs 109 are formed in a standing manner at
predetermined intervals between each other on the retaining
surface 108a of the plate holder 108 in the width direction W
of'the recording medium. Each static eliminating needle 106a
of'the static eliminating plate 106 is disposed between the ribs
109.

[0122] However, the distance between the static eliminat-
ing needle 106a and the transport path is greater than the
distance between the rib 109 and the sheet transport path. That
is, the ribs 109 are disposed closer to the sheet transport path
than from the static eliminating needles 106a of the static
eliminating plate 106 so that the static eliminating needles
106a are prevented from contacting the recording medium.
[0123] In other words, as illustrated in FIG. 1A, the static
eliminating needles 106a are disposed on the retaining sur-
face 108a of the plate holder 108 in such a manner that the
leading ends of the static eliminating needles 106a do not
project beyond the ribs 109. For example, the distance from
the leading end of the static eliminating needle 1064 to the
leading end (an end surface 109a) of the rib 109 is equal to or
less than 3 mm. This position is a default position for the
leading end of the static eliminating needle 106a.

[0124] As the ribs 109 are formed in a standing manner to
interpose the static eliminating needles 106a in the width
direction of the recording medium, the ribs 109 prevent the
static eliminating needles 1064 from contacting the recording
medium and keep fingers of the technician from the static
eliminating needles 106a when clearing paper jams.

[0125] When the leading end of the static eliminating
needle 106a is bent at the bottom end portion 101a of the
guide plate 101 as the origin O as illustrated in FIGS. 1B and
10, a degree of bent of the static eliminating needle 106a is
regulated by an end surface 1015 of the bottom end portion
101a.

[0126] In this configuration, an amount of projection,
which is a length from the bottom end portion 101a as the
origin to the leading end of the static eliminating needle 1064,
is shorter than a distance from the origin to the end surface
109a of the rib 109 within an angle between an imaginary
plane G including the end surface 1015 and the retaining
surface 108a.

[0127] In other words, when the static eliminating needle
106a is bent, the leading end of the static eliminating needle
106a does not project beyond the end surface 1094 of the rib
109 within a range of movement (within a movement locus) J
of the leading end of the static eliminating needle 1064 from
the default position (the retaining surface 108a) to the stand-
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ing position corresponding to the end surface 1014. The ref-
erence letter J refers to the range of movement of the static
eliminating needle 106a when the static eliminating needle
1064 is bent.

[0128] According to the present illustrative embodiment, as
illustrated in FIG. 9, an amount of projection B of the static
eliminating needle 1064 projecting from the bottom end por-
tion 101a of the guide plate 101 is less than a height A of the
rib 109 from the retaining surface 108a.

[0129] Furthermore, as illustrated in FIGS. 1B and 10, the
amount of projection B of the static eliminating needle 106a
projecting from the bottom end portion 101a of the guide
plate 101 is less than a distance C from the origin O to the end
surface 1094 of the rib 109 in the range of movement of the
leading end of the static eliminating needle 106a which is
bent at the origin O.

[0130] With this configuration, even when clothes of the
technician are caught by the static eliminating needle 106a
and thus the static eliminating needle 106a is bent, the leading
end of the static eliminating needle 106a does not project
beyond the end surface 1094 of the rib 109. The rib 109
prevents the leading end of the static eliminating needle 106a
from contacting the recording medium, thereby keeping the
static eliminating needle 106a from damage.

[0131] In a case in which clothes of the technician are
caught, thus applying an external force to the static eliminat-
ing needle 106a and bending the static eliminating needle
106a to the end surface 1015, when the external force is
eliminated the leading end of the static eliminating needle
1064 springs back a little due to resilience of the static elimi-
nating needle 1064.

[0132] Inview ofthe above, the amount of projection of the
static eliminating needle 106q is less than the distance from
the origin O to the end surface 109a within a range from the
retaining surface 108a up to at least a position approximately
five degrees (5°) below the end surface 1015 (imaginary plane
(3) in an angle between the imaginary plane G and the retain-
ing surface 108a.

[0133] In other words, the leading end of the static elimi-
nating needle 1064 is configured not to project beyond the end
surface 1094 of the rib 109 within the range of movement
(movement locus) of the leading end of the static eliminating
needle 106a from the default position to the position five
degrees (5°)below the end surface 1015 (imaginary plane G).
[0134] Preferably, at least the leading end of the static
eliminating needle 1064 is configured not to project beyond
the end surface 1094 of the rib 109 within the range of move-
ment (movement locus) of the leading end of the static elimi-
nating needle 1064 up to the position two degrees (2°) below
the end surface 1015 (imaginary plane G). More preferably, at
least the leading end of the static eliminating needle 106« is
configured not to project beyond the end surface 1094 of the
rib 109 within the range of movement (movement locus) of
the leading end of the static eliminating needle 1064 up to the
position one degree (1°) below the end surface 1015 (imagi-

nary plane).

Embodiment 2

[0135] With reference to FIGS. 11 through 12B, a descrip-
tion is provided of a second illustrative embodiment of the
present disclosure. FIG. 11 is a perspective view schemati-
cally illustrating an end portion of the static eliminating por-
tion disposed at the bottom end of the guide plate 101 in the
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width direction W of recording medium according to the
second illustrative embodiment of the present disclosure.
[0136] FIG. 12A is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which
the leading end of a static eliminating needle 1064 is at the
default position according to the second illustrative embodi-
ment of the present disclosure. FIG. 12B is a cross-sectional
view schematically illustrating the static eliminating portion
in a state in which the tip of the static eliminating needle 1064
of the second illustrative embodiment is bent.

[0137] According to the present illustrative embodiment, as
illustrated in FIG. 11, projections 110 that contact the ribs 109
in the width direction W of the recording medium are dis-
posed upstream from the end surface 1015 of the guide plate
101 in the transport direction T of the recording medium
above the static eliminating needles 106a (i.c., at a position
facing the retaining surface 1084 via the static eliminating
needles 106a). In the present illustrative embodiment, the
projections 110 serve as a restriction member to restrict
movement of the static eliminating needles 1064, and the
guide plate 101 serves as a pressing member to press the static
eliminating needles 106a against the retaining surface 108a.
[0138] As illustrated in FIG. 12A, the projection 110 con-
tacts the static eliminating needle 106q. In this configuration,
the static eliminating needle 1064 is interposed not only
between the retaining surface 1084 of the plate holder 108 and
the guide plate 101, but also between the retaining surface
108a and the projection 110.

[0139] With the projection 110, the free length (a length at
which the static eliminating needle 106a can bend) of the
static eliminating needle 1064 can be shorter than that with-
out the projection 110, without changing the place of instal-
lation of the guide plate 101.

[0140] According to the present illustrative embodiment, as
illustrated in FIGS. 11 and 12A, an amount of projection D of
the static eliminating needle 1064 from the bottom end por-
tion of the projection 110 is less than the height A of the rib
109 from the retaining surface 108a.

[0141] Furthermore, as illustrated in FIG. 12B, the amount
of projection D of the leading end of the static eliminating
needle 106a from the projection 110 is less than a distance E
from the bottom end portion of the projection 110 as the
origin O at which the static eliminating needle 106« is bent to
the end surface 1094 of the rib 109 in the range of movement
of'the leading end of the static eliminating needle 1064 which
is bent at the origin O.

[0142] With this configuration, even when the static elimi-
nating needle 106a is bent, the leading end of the static
eliminating needle 106a does not project beyond the end
surface 109a of the rib 109, hence preventing the leading end
of the static eliminating needle 106a from contacting the
recording medium.

[0143] Itis to be noted that a gap may be provided between
the static eliminating needle 1064 and the projection 110. In
this configuration, the static eliminating needle 106a can
contact air easily, thereby increasing static elimination effi-
ciency, as compared with the static eliminating needle 1064
contacting the projection 110.

Embodiment 3

[0144] With reference to FIGS. 13 through 14B, a descrip-
tion is provided of a third illustrative embodiment of the
present disclosure. FIG. 13 is a perspective view schemati-
cally illustrating the end portion of the static eliminating
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portion in the width direction W of the recording medium
according to the first illustrative embodiment of the present
disclosure. In the present illustrative embodiment, the static
eliminating portion is disposed at the bottom end of the guide
plate 101.

[0145] FIG. 14A is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which a
leading end of a static eliminating needle 1064 at the static
eliminating portion is at the default position according to the
third illustrative embodiment of the present disclosure. FI1G.
14B is a cross-sectional view schematically illustrating the
static eliminating portion in a state in which the tip of the
static eliminating needle 106a of FIG. 14A is bent.

[0146] According to the present illustrative embodiment, as
illustrated in FIG. 13, the projections 110 are disposed
upstream from the end surface 1015 of the guide plate 101 in
the transport direction T of the recording medium above the
static eliminating needles 106a (i.e., at a position facing the
retaining surface 108a via the static eliminating needles
106a) in such a manner that the projections 110 do not contact
the ribs 109.

[0147] In this configuration, there is a space between pro-
jection 110 and the rib 109 so that the static eliminating
needle 1064 can contact air easily, thereby increasing static
elimination efficiency, as compared with the projection 110
contacting the rib 109 in the width direction of the recording
medium.

[0148] As illustrated in FIG. 14 A, there is a space between
the static eliminating needle 1064 and the projection 110. In
this configuration, the static eliminating needle 106a can
contact air easily, thereby increasing static elimination effi-
ciency, as compared with the static eliminating needle 1064
contacting the projection 110.

[0149] According to the present illustrative embodiment, as
illustrated in FIGS. 13 and 14A, an amount of projection F of
the static eliminating needle 1064 from the bottom end por-
tion of the projection 110 is less than the height A of the rib
109 from the retaining surface 108a.

[0150] Furthermore, as illustrated in FIG. 14B, the amount
of projection F of the leading end of the static eliminating
needle 1064 from the projection 110 is less than a distance G
from the bottom end portion of the projection 110 as the
origin O at which the static eliminating needle 1064 is bent to
the end surface 1094 of the rib 109 in the range of movement
of'the leading end of the static eliminating needle 1064 which
is bent at the origin O.

[0151] With this configuration, even when the static elimi-
nating needle 106¢ is bent, the leading end of the static
eliminating needle 106a does not project beyond the end
surface 109a of the rib 109, hence preventing the leading end
of the static eliminating needle 106a from contacting the
recording medium.

[0152] Alternatively, the static eliminating needle 1064 and
the projection 110 may be in contact with each other, and the
static eliminating needle 106a is interposed not only between
the retaining surface 108a of the plate holder 108 and the
guide plate 101, but also between the retaining surface 1084
and the projection 110.

Embodiment 4

[0153] Withreference to FIGS. 15A and 15B, a description
is provided of a fourth illustrative embodiment of the present
disclosure. FIG. 15A is a cross-sectional view schematically
illustrating the static eliminating portion in a state in which



US 2015/0110528 Al

the leading end of the static eliminating needle 1064 at the
static eliminating portion is at the default position according
to the fourth illustrative embodiment of the present disclo-
sure. FIG. 15B is a cross-sectional view schematically illus-
trating the static eliminating portion in a state in which the tip
of the static eliminating needle 106a of FIG. 15A is bent.
[0154] According to the present illustrative embodiment, as
illustrated in FIG. 15A, the end surface 1015 of the bottom
end portion 1014 of the guide plate 101 is disposed perpen-
dicular to the retaining surface 108a. The rib 109 extends to
the rear end portion of the static eliminating needle 106a,
farther than the bottom end portion 101a of the guide plate
101 which is the origin O at which the static eliminating
needle 106a is bent.

[0155] As illustrated in FIG. 15A, the static eliminating
needle 106a is disposed on the retaining surface 108a of the
plate holder 108 in such a manner that the leading end of the
static eliminating needle 1064 does not project beyond the rib
109. This position is the default position for the leading end of
the static eliminating needle 1064.

[0156] When the leading end of the static eliminating
needle 106a is bent at the bottom end portion 101a of the
guide plate 101 as the origin O as illustrated in FIG. 15B, a
degree of bent of the static eliminating needle 106a is regu-
lated by the end surface 1015 of the guide plate 101.

[0157] Accordingly, when the static eliminating needle
106a is bent, the leading end of the static eliminating needle
106a does not project beyond the end surface 1094 of the rib
109 within the range of movement (within the movement
locus) J of the leading end of the static eliminating needle
106a from the default position (the retaining surface 1084) to
the standing position corresponding to the end surface 1015.
[0158] According to the present illustrative embodiment, as
illustrated in FIG. 15 A, an amount of projection H of the static
eliminating needle 1064 from the bottom end portion 1014 of
the guide plate 101 is less than the height A of the rib 109 from
the retaining surface 108a.

[0159] Furthermore, the amount of projection H of the lead-
ing end of the static eliminating needle 106a from the bottom
end portion 101a is less than a distance I from the origin O to
the end surface 109q and an end surface 10956 of the rib 109 in
the range of movement of the leading end of the static elimi-
nating needle 106a bent at the origin O from the default
position to the end surface 1014.

[0160] With this configuration, even when the static elimi-
nating needle 106a is bent, the leading end of the static
eliminating needle 106a does not project beyond the end
surfaces 109a and 1095 of the rib 109 within the above-
described range of movement.

[0161] According to the present illustrative embodiment, as
illustrated in FIG. 16, the secondary transfer roller 102 is
disposed substantially below the secondary-transfer opposed
roller 13 via the intermediate transfer belt 11. With this con-
figuration, the output direction of the recording medium coin-
cides with the direction of the guide plate 101, thereby con-
veying the recording medium with accuracy relative to the
leading end of the static eliminating needle 106« fixed to the
guide plate 101 and hence eliminating static charges on the
recording medium accurately. Scattering of toner is pre-
vented.

[0162] According to the present illustrative embodiment, as
illustrated in FIG. 16, the secondary transfer roller 102 is
disposed upstream from the secondary-transfer opposed
roller 13 in the traveling direction of the intermediate transfer
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belt 11 so that the secondary transfer roller 102 contacts the
intermediate transfer belt 11 before the secondary-transfer
opposed roller 13 contacts the intermediate transfer belt 11.
[0163] Withthis configuration, a tangent line N at the end of
the secondary transfer section can be made more horizontal as
compared with a configuration in which the secondary-trans-
fer opposed roller 13 contacts the intermediate transfer belt
11 before the secondary transfer roller 102 contacts the inter-
mediate transfer belt 11.

[0164] Thus, even when the recording medium passing the
secondary transfer section is less resilient, the recording
medium flexes due to gravity and is conveyed while contact-
ing the rib 109 of the secondary transfer roller assembly.
[0165] It is to be noted that with respect to a relatively
resilient recording medium, since such a recording medium
moves substantially straight along the tangent line N at the
end of the secondary transfer section, the recording medium
is conveyed contacting reliably the rib 109 of the secondary
transfer roller assembly 100 which is disposed ahead of the
tangent line N.

[0166] With this configuration, regardless of types of
recording media sheets such as resilience of recording media
sheets, the recording medium, a portion of which has passed
through the secondary transfer section, can be conveyed con-
tacting the rib 109 reliably. A reliable transport path of the
recording medium after passing through the secondary trans-
fer section is obtained.

[0167] As a result, the distance between the recording
medium that passes through the sheet transport path after the
secondary transfer section and each of the static eliminating
needles 106a of the static eliminating plate 106 disposed
between the ribs 109 does not change regardless of the types
of recording media sheets, thus eliminating reliably static
charges from the recording medium.

[0168] The ribs 109 are disposed at the intermediate trans-
fer belt side, thereby preventing toner on the recording
medium from getting reversely charged due to the potential of
the secondary transfer roller and hence preventing toner from
scattering.

[0169] As illustrated in FIG. 16, the secondary transfer
roller 102 is disposed to engage the intermediate transfer belt
11 with a depth of approximately 2 mm. In other words, the
intermediate transfer belt 11 is wound partially around the
secondary transfer roller 102.

[0170] As described above, the secondary transfer roller
102 contacts the intermediate transfer belt 11 before the sec-
ondary-transfer opposed roller 13 contacts the intermediate
transfer belt 11, and an area in which only the secondary
transfer roller 102 contacts the intermediate transfer belt 11 is
formed. With this configuration, undesirable electrical dis-
charge is prevented between the secondary transfer roller 102
and the intermediate transfer belt 11 so as to stabilize the
electrical field at the secondary transfer section and prevent
scattering of toner.

[0171] According to the present illustrative embodiment as
described above, the recording medium moves towards the
guide plate 101. A transport speed of the portion of recording
medium passing through the fixing device is slower than the
transport speed of the portion of the recording medium pass-
ing through the transfer region. For example, the linear veloc-
ity of the fixing roller 20q is slower than the linear velocity of
the secondary transfer roller 102.

[0172] With this configuration, the recording medium
retains slack between the secondary transfer section and the
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fixing device 20, and the recording medium can contact
tightly the guide plate 101, thereby reliably eliminating static
charges on the recording medium without loosely contacting
the guide plate 101. Thus, scattering of toner is prevented.
According to the present illustrative embodiment, the inter-
mediate transfer belt 11 is formed of polyimide as a main
component to reduce a friction coefficient of the surface of the
intermediate transfer belt 11. With this configuration, the
recording medium can contact tightly the secondary transfer
roller 102, and the transport path of the portion of the record-
ing medium which has passed through the transfer region can
be near the static eliminating plate 106.

[0173] [Aspect A]

[0174] A static eliminator includes a plurality of static
eliminating needles such as the static eliminating needles
106a with leading ends thereof which are free ends facing a
surface of a recording medium and arranged in a width direc-
tion of the recording medium; a holder such as the plate
holder 108 including a retaining surface such as the retaining
surface 1084 to hold the plurality of static eliminating needles
on the retaining surface 108a; a plurality of partitions such as
the plurality of ribs 109 arranged between the static eliminat-
ing needles and disposed in a standing manner; and a restric-
tion member such as the guide plate 101 disposed facing the
retaining surface of the holder via the static eliminating
needles, the restriction member including a bottom end por-
tion such as the bottom end portion 101a and a restriction
surface such as the end surface 1015 to contact the static
eliminating needles to regulate a range of movement of the
leading end of the static eliminating needles. A length
(amount of projection) of the static eliminating needle from
an origin which is an end portion of the bottom end portion
101a of the restriction member at the static eliminating needle
side to the leading end of the static eliminating needle is
shorter than the distance from the origin to the end surface of
the partition within a range from the retaining surface up to at
least a position approximately five degrees (5°) below the
restriction surface in an angle between the retaining surface
and an imaginary plane including the restriction surface.

[0175] InAspectA,inacaseinwhich clothes oftechnicians
are caught by the static eliminating needle, thus applying an
external force to the static eliminating needle and bending the
static eliminating needle, the degree of bent of the static
eliminating needle is restricted by the restriction surface of
the restriction member. When the external force is removed
the leading end of the static eliminating needle springs back a
little to the retaining surface relative to the place of contact at
which the static eliminating needle contacts the end surface of
the restriction surface due to resilience of the static eliminat-
ing needle. Accordingly, the amount of projection of the
leading end of the static eliminating needle from the end
portion of the static eliminating needle is less than the dis-
tance from the origin to the end surface of the partition within
the range of movement. The leading end of the static elimi-
nating needle does not project beyond the end surface of the
partitions.

[0176] With this configuration, even when the static elimi-
nating needle is bent, the leading end of the static eliminating
needle does not project beyond the end surface of the parti-
tions, hence preventing the leading end of the static eliminat-
ing needle from contacting the recording medium and keep-
ing the leading end of the static eliminating needle from
damage.
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[0177] [Aspect B]

[0178] According to Aspect A, the length ofthe leading end
of'the static eliminating needle from the origin is shorter than
the distance from the origin to the end surface of the partition
within a range from the retaining surface to the restriction
surface. With this configuration, as described above, even
when the static eliminating needle is bent, the leading end of
the static eliminating needle does not project beyond the end
surface of the partitions.

[0179] [Aspect C]

[0180] According to Aspect A or Aspect B, the restriction
member is disposed upstream from a pressing member in the
transport direction of the recording medium. The pressing
member presses the static eliminating needle against the
retaining surface. The partition and the restriction member
are in contact with each other in the width direction of the
recording medium. With this configuration, as described
above, a free length of the static eliminating needle can be
shorter than that without the restriction member.

[0181] [Aspect D]

[0182] According to Aspect A or Aspect B, the restriction
member is disposed upstream from a pressing member in the
transport direction of the recording medium, and the pressing
member presses the static eliminating needle against the
retaining surface. There is a space between the partition and
the restriction member in the width direction of the recording
medium. With this configuration, as described above, a free
length of the static eliminating needle can be shorter than that
without the restriction member. Furthermore, this configura-
tion allows the static eliminating needle to contact air more
easily as compared with a configuration in which the restric-
tion member contacts the partition, thereby increasing static
elimination efficiency.

[0183] [Aspect E]

[0184] According to any one of Aspects A through D, an
image forming apparatus includes the static eliminator of any
one of Aspects A through D that eliminates static charges
from the recording medium that has passed through the trans-
fer region at which a toner image formed on an image bearing
member such as the intermediate transfer belt 11 is trans-
ferred onto a recording medium. With this configuration, as
described above, the leading end of the static eliminating
needle is prevented from getting damaged, thereby enabling
good image formation over time.

[0185] [Aspect F]

[0186] According to Aspect E, the image bearing member
is a belt formed into an endless loop entrained around a
plurality of support rollers. The image forming apparatus
includes a transfer device such as the secondary transfer roller
102 disposed on the side opposite to and downstream from
one of the support rollers such as the secondary-transfer
opposed roller 13. The one of the support rollers, around
which the image bearing member is entrained, and the trans-
fer device form the transfer region therebetween. With this
configuration, as described above, the recording medium can
be biased against the static eliminating needle side, thereby
transporting the recording medium relative to the leading end
of'the static eliminating needle with accuracy. Static electric-
ity is eliminated accurately from the recording medium,
hence preventing toner from scattering.

[0187] [Aspect G]

[0188] According to Aspect F, the transfer device is dis-
posed upstream from the one of support rollers in the travel-
ing direction of the belt such that the transfer device contacts
the belt before the one of support rollers contacts the belt,
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thereby forming an area in which the transfer device contacts
the belt without contacting the one of support rollers via the
belt. With this configuration, as described above, this con-
figuration suppresses abnormal electrical discharge between
the transfer device and the belt, hence preventing scattering of
toner.

[0189] [Aspect H]

[0190] According to any one of Aspects E through G, the
image forming apparatus includes a fixing mechanism such
as the fixing device 20 to fix the toner image transferred onto
the recording medium, and a sheet transport speed of the
recording medium passing through the transfer region is
slower than the sheet transport speed of the recording medium
passing through the fixing mechanism. With this configura-
tion, as described above, the distance between the portion of
the recording medium that has passed through the transfer
region and the static eliminating needle is stabilized, thereby
reliably eliminating static charges from the recording
medium.

[0191] [Aspect]]

[0192] According to any one of Aspects E through H, the
transfer device such as the secondary transfer roller 102 is
disposed opposite to the image bearing member to form the
transfer region therebetween, and the transfer device has a
barrel shape. With this configuration, as described above,
variations in a pressure at the transfer region in the width
direction of the recording medium can be reduced.

[0193] [Aspect]]

[0194] According to any one of Aspects E through me, the
image baring member is a belt formed into a loop and
entrained around a plurality of support rollers. The image
forming apparatus includes a transfer device such as the sec-
ondary transfer roller 102 disposed below and opposite to one
of support rollers such as the secondary-transfer opposed
roller 13. The transfer device is entrained around the one of
support rollers to form the transfer region therebetween, and
material of metal cored bar of the transfer device is iron. With
this configuration, as described above, the transfer device is
prevented from getting loose, hence transporting the record-
ing medium while pressing the recording medium at an even
pressure over the entire surface.

[0195] [Aspect K]

[0196] According to any one of Aspects E through J, the
image bearing member is a belt formed into an endless loop
and entrained around a plurality of support rollers. Material of
the belt includes, but is not limited to, polyimide as a main
component. With this configuration, as described above, the
recording medium can contact the transfer device tightly by
reducing a friction coefficient of the surface of the belt. The
transport path of the recording medium after passing through
the transfer region can be near the static eliminating plate
reliably.

[0197] According to an aspect of this disclosure, the present
invention is employed in the image forming apparatus. The
image forming apparatus includes, but is not limited to, an
electrophotographic image forming apparatus, a copier, a
printer, a facsimile machine, and a multi-functional system.
[0198] Furthermore, it is to be understood that elements
and/or features of different illustrative embodiments may be
combined with each other and/or substituted for each other
within the scope of this disclosure and appended claims. In
addition, the number of constituent elements, locations,
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shapes and so forth of the constituent elements are not limited
to any of the structure for performing the methodology illus-
trated in the drawings.

[0199] Example embodiments being thus described, it will
be obvious that the same may be varied in many ways. Such
exemplary variations are not to be regarded as a departure
from the scope of the present invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

What is claimed is:

1. A static eliminator, comprising:

a plurality of static eliminating needles arranged in a width
direction of a recording medium, including a free end at
one end of the plurality of static eliminating needles
facing a surface of the recording medium;

a holder including a retaining surface on which the plural-
ity of static eliminating needles is held;

a plurality of partitions arranged in a standing manner
between the plurality of static eliminating needles on the
retaining surface of the holder; and

a restriction member disposed facing the retaining surface
of the holder via the plurality of static eliminating
needles, the restriction member including a first end
portion having a restriction surface at a static eliminating
needle side to contact the plurality of static eliminating
needles to regulate a range of movement of a leading end
of the plurality of static eliminating needles,

wherein a length of the plurality of static eliminating
needles from the first end portion as an origin to the
leading end of the plurality of static eliminating needles
is shorter than a distance from the origin to an end
surface of the plurality of partitions within the range of
movement of the plurality of static eliminating needles
from the retaining surface up to a position five degrees
(5°) below therestriction surface in an angle between the
retaining surface and an imaginary plane including the
restriction surface.

2. The static eliminator according to claim 1, wherein the
length of the plurality of static eliminating needles from the
origin to the leading end of the plurality of static eliminating
needles is shorter than a distance from the origin to the end
surface of the plurality of partitions within the range of move-
ment of the plurality of static eliminating needles from the
retaining surface up to the restriction surface.

3. The static eliminator according to claim 1, further com-
prising a pressing member to press the plurality of static
eliminating needles against the retaining surface,

wherein the restriction member is disposed upstream from
the pressing member in a transport direction of the
recording medium and contacts the plurality of parti-
tions in the width direction of the recording medium.

4. The static eliminator according to claim 1, further com-
prising a pressing member to press the plurality of static
eliminating needles against the retaining surface,

wherein the restriction member is disposed upstream from
the pressing member in the transport direction of the
recording medium, and the plurality of partitions and the
restriction member are spaced apart in the width direc-
tion of the recording medium.

5. An image forming apparatus, comprising:

an image bearing member to bear a toner image on a
surface thereof;
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atransfer device to transfer the toner image from the image
bearing member onto a recording medium at a transfer
region; and

the static eliminator according to claim 1 to eliminate static

charges from the recording medium that has passed
through the transfer region.

6. The image forming apparatus according to claim 5,
wherein the image bearing member is a belt formed into an
endless loop entrained about a plurality of support rollers, and
the transfer device is disposed below and opposite to one of
the plurality of support rollers to form the transfer region
between the transfer device and a wound portion of the image
bearing member.

7. The image forming apparatus according to claim 6,
wherein the transfer device is disposed upstream from the one
of the support rollers in a traveling direction of the image
bearing member to contact the image bearing member before
the one of the plurality of support rollers contacts the image
bearing member and to form an area in which the transfer
device contacts the image bearing member without contact-
ing the one of the plurality of support rollers via the image
bearing member.

8. The image forming apparatus according to claim 5,
further comprising a fixing device to fix the toner image
transferred on the recording medium,

wherein a transport speed of the recording medium passing

through the transfer region is slower than a transport
speed of the recording medium passing through the fix-
ing device.

9. The image forming apparatus according to claim 5,
wherein the transfer device is disposed opposite to the image
bearing member to form the transfer region therebetween,
and the transfer device includes a barrel shaped roller.

10. The image forming apparatus according to claim 5,
wherein the transfer device is a roller including a metal cored
bar formed of iron.

11. The image forming apparatus according to claim 5,
wherein a material of the image bearing member includes
polyimide as a main component.
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12. An image forming apparatus, comprising:

a static eliminating needle with a leading end thereof facing
a transport path along which a recording medium is
transported;

a first holder to hold the static eliminating needle such that
the leading end of the static eliminating needle projects
beyond the first holder for a predetermined distance; and

a pair of ribs disposed near the static eliminating needle
such that the leading end of the static eliminating needle
does not project beyond the pair of ribs within a range
from a position at which the leading end of the static
eliminating needle faces the transport path to a position
of the leading end of the static eliminating needle bent
vertically from the first holder as an origin.

13. The image forming apparatus according to claim 12,
further comprising a second holder to hold the static elimi-
nating needle at a position opposite to the first holder.

14. An image forming apparatus, comprising:

a static eliminating needle with a leading end thereof facing

a transport path along which a recording medium is
transported;

a pair of ribs disposed near the leading end of the static
eliminating needle; and

a projection disposed between the pair of ribs,

wherein the leading end of the static eliminating needle
projects beyond the projection for a predetermined dis-
tance toward the transport path, and the pair of ribs is
disposed such that the leading end of'the static eliminat-
ing needle does not project beyond the pair of ribs within
a range from a position at which the leading end of the
static eliminating needle faces the transport path to a
position of the leading end of the static eliminating
needle bent vertically from the pair of ribs as an origin.

15. The image forming apparatus according to claim 14,
further comprising a holder to hold the static eliminating
needle at a position opposite to the projection.
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