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fixing belt that isrotatable; apressure roller configured to pressure-contact an
outer circumferential surface of the fixing belt and to form a fixing nip por-
tion between the pressure roller and the fixing belt. A contact member isloc-
ated inside the fixing belt and includes a contact portion that contacts an in-
ner circumferential surface of the fixing belt. The contact portion includes a
surface having a plate shape that faces the pressure roller and a plurality of
protrusions that protrude from the surface toward the pressure roller.
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Description
Title of Invention: FIXING DEVICE AND IMAGE FORMING

APPARATUS INCLUDING THE SAME

Technical Field
The present disclosure relates to fixing devices and image forming apparatuses
including the same.

Background Art

In an image forming apparatus, arecording medium fed from afeeding unitisfed to
atransfer unit and atoner image formed on the transfer unit i s secondarily transferred
to the recording medium. After the toner image is transferred to the recording medium,
toner disposed on the recording medium is melted and fixed by afixing unit (e.g.,
fixing device). The recording medium onto which the toner isfixed is discharged from
adischarging unit that islocated at a downstream.

A conventional fixing device, for example, afixing device included in an image
forming apparatus of Patent Document 1, isformed by using abelt-nip method and
includes an endless fixing belt and an el astic roller (e.g., apressure roller) that are one
pair of members for forming anip portion. The fixing device may include afixing
member disposed on an inner circumferential surface of the fixing belt, and aload of
the elastic roller may be applied to the fixing member.

[Patent Document 1]

Japanese Patent Application Publication No. 2001-42670

However, according to aconventional technology disclosed in Patent Document 1,
when the fixing device isnot used for along time or isre-used apredetermined period
of time after the use of the fixing device has been stopped, since the fixing belt and the
fixing member closely contact each other, atorque needed to drive the fixing belt may
be increased.

Disclosur e of I nvention

Technical Problem

Provided are fixing devices (e.g., fixing devices using belt-nip methods) that may
prevent torques needed to drive fixing belts from being increased and image forming
apparatuses including the fixing devices.
Solution to Problem

According to an aspect of an embodiment, afixing device includes. afixing belt that
isrotatable; apressure roller configured to pressure-contact an outer circumferential
surface of the fixing belt and to form afixing nip portion between the pressure roller
and the fixing belt; and a contact member located inside the fixing belt and including a
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contact portion that contacts an inner circumferential surface of the fixing belt, wherein
the contact portion includes areference surface having aplate shape that faces the
pressure roller and aplurality of protrusions that protrude from the reference surface
toward the pressure roller.

The plurality of protrusions may form afirst row including aplurality of protrusions
that are arranged in awidth direction of the fixing belt to be spaced apart from one
another and a second row, which is spaced apart from the first row in a movement
direction in which the fixing belt moves, including aplurality of protrusions that are
arranged in the width direction of the fixing belt to be spaced apart from one another,
wherein the plurality of protrusions of the first row and the second row are aternately
arranged in the movement direction of the fixing belt at the fixing nip portion.

A length of each of the plurality of protrusions in the width direction of the fixing
belt may be equal to or greater than adistance between adjacent protrusions of the
plurality of protrusions in the width direction of the fixing belt.

The length of each of the plurality of protrusions in the width direction of the fixing
belt may be equal to or greater than 0.55 mm, and apitch between adjacent protrusions
of the plurality of protrusions in the width direction of the fixing belt may be equal to
or greater than 1.1 mm.

The fixing device may further include alubricant distributed between the reference
surface and the plurality of protrusions.

The plurality of protrusions may have band shapes that extend in awidth direction of
the fixing belt.

Each of the plurality of protrusions may have aportion that isinclined at a prede-
termined angle with respect to the width direction of the fixing belt.

The contact portion may include aplurality of lubricant supporting protrusions for
distributing alubricant between the reference surface and the inner circumferential
surface of the fixing belt, wherein the plurality of lubricant supporting protrusions
extend in amovement direction in which the fixing belt moves and are arranged on
both end portions in awidth direction of the fixing belt.

The plurality of lubricant supporting protrusions may be arranged outside an image
forming region of arecording medium where an electrical toner image isformed in the
width direction of the fixing belt and inside the fixing nip portion.

The contact portion may include abase portion and a surface layer stacked on the
base portion, wherein at least apart of the base portion includes at least one of
aluminum, stainless, liquid crystal polymer (LCP), and polyphenylene sulfide (PPS),
and at least apart of the surface layer includes at least one of polytetrafluoroethylene
(PTFE), perfluoroalkoxy (PFA) fluorine synthetic resin, and amodifier thereof.

The contact portion may include abase portion having aplate shape, and the base
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portion may include aluminum and has athickness that isequal to or greater than 0.2
mm and equal to or less than 0.5 mm.

The contact portion may include abase portion having aplate shape, and the base
portion may include stainless and has athickness that isequal to or greater than 0.1
mm and equal to or less than 0.3 mm.

The fixing device may further include: alubricant supply portion located at an inlet
of the fixing nip portion through which the fixing belt isintroduced and configured to
supply alubricant to the contact portion; and afilm thickness regulating portion
located at an outlet of the fixing nip portion through which the fixing belt is discharged
and configured to define a shape of the fixing belt when the fixing belt rotates by
contacting the inner circumferential surface of the fixing belt and to regulate afilm
thickness of the lubricant by being attached to the inner circumferential surface of the
fixing belt.

The film thickness regulating portion may include aregulating portion that extends in
adiameter direction of the fixing belt, wherein the regulating portion protrudes
outward in the diameter direction of the fixing belt beyond anip surface on which the
pressure roller and the outer circumferential surface of the fixing belt contact each
other.

The fixing device may further include a separation member configured to separate a
recording medium attached to the outer circumferential surface of the fixing belt,
wherein the fixing belt islocated at an outlet of the fixing nip portion through which
the fixing belt isdischarged and the plurality of protrusions are located between the
contact member and the separation member.

The film thickness regulating portion may include aguide surface that contacts the
inner circumferential surface of the fixing belt, and the guide surface may extend in a
circumferential direction of the fixing belt.

The film thickness regulating portion may include an edge portion that islocated on
end portion of the guide surface and scrapes the lubricant attached to the inner circum-
ferential surface of the fixing belt, and alubricant receiving portion that islocated
between the contact member and the edge portion and receives the lubricant scraped by
the edge portion.

The edge portion may include an inclined surface that isinclined at a predetermined
angle with respect to atangent line that contacts the inner circumferential surface of
the fixing belt.

The fixing device may further include a separation member configured to separate a
recording medium attached to the outer circumferential surface of the fixing belt,
wherein the separation member islocated at an outlet of the fixing nip portion through
which the fixing belt is discharged and the edge portion islocated between the contact
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member and the separation member.
Brief Description of Drawings

These and/or other aspects will become apparent and more readily appreciated from
the following description of the embodiments, taken in conjunction with the ac-
companying drawings in which:

FIG. lisaview of an image forming apparatus including afixing device according
to an embodiment;

FIG. 2 isacross-sectiona view of the fixing device using abelt-nip method
according to an embodiment;

FIG. 3isan enlarged cross-sectiona view of afixing nip portion according to an em-
bodiment;

FIG. 4 isan enlarged perspective view of a contact portion of a contact member
according to an embodiment;

FIGS. 5A through 5C are enlarged plan views of protrusions of the contact portion
according to an embodiment;

FIG. 6 isan enlarged perspective view of acontact portion of a contact member
according to an embodiment;

FIGS. 7A through 7C are enlarged plan views of protrusions of the contact portion
according to an embodiment;

FIG. 8isagraph illustrating atorque generated when afixing belt starts to be driven
according to an embodiment;

FIG. 9isacross-sectiona view of afixing device according to an embodiment;

FIG. 10 isan enlarged cross-sectional view of afilm thickness regulating portion
according to an embodiment;

FIG. 1lisacross-sectional view of afixing device according to an embodiment; and

FIG. 12 isan enlarged cross-sectional view of an edge portion of afilm thickness
regulating member according to an embodiment.

Mode for the Invention

Reference will now be made in detail to embodiments, examples of which are ii-
lustrated in the accompanying drawings. In the drawings, the same elements or
portions are denoted by the same reference numerals, and arepeated explanation
thereof will not be given.

An image forming apparatus 1 according to an embodiment may form acolor image
by using magenta, yellow, cyan, and black colors. As shown in FIG. 1, theimage
forming apparatus 1 according to an embodiment may include arecording medium
feeding unit 10 that feeds arecording medium P, a developing device 20 that develops
an electrostatic latent image, atransfer unit 30 that secondarily transfers atoner image
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to the recording medium P, a photosensitive drum 40 that is an electrostatic latent
image bearing member having acircumferential surface on which an image isformed,
and afixing device 50 that fixes the toner image onto the recording medium P.

The recording medium feeding unit 10 may receive the recording medium P on
which the image isfinally recorded and may feed the recording medium P to afeeding
path RI. In this case, apluraity of the recording media P may be stacked and stored in
acassette K. The recording medium feeding unit 10 may feed the recording medium P
to a secondary transfer region R2 at atime when the toner image transferred to the
recording medium reaches the secondary transfer region R2.

Four developing devices 20 may be arranged according to colors. Each of the de-
veloping devices 20 may include adeveloper roller 21 that presses the toner against the
photosensitive drum 40. The developing device 20 sufficiently charges the toner by
mixing the toner with carrier particles and presses adeveloping agent produced due to
the mixture of the toner and the carrier particles against the developer roller 21. Next,
when the developing agent iscarried to aregion that faces the photosensitive drum 40
due to rotation of the developer roller 21, the toner of the developing agent pressed by
the developer roller 21 moves to the electrostatic latent image formed on the circum-
ferential surface of the photosensitive drum 40 to develop the electrostatic |atent
image.

In order to secondarily transfer the toner image formed by the developing device 20
to the recording medium P, the transfer unit 30 may be fed to the secondary transfer
region R2. The transfer unit 30 may include atransfer belt 31, rotating rollers 31a, 31b,
31c, and 31d that rotate the transfer belt 31, aprimary transfer roller 32 that alows the
transfer belt 31to be held between the primary transfer roller 32 and the photosensitive
drum 40, and a secondary transfer roller 33 that allows the transfer belt 31 to be held
between the secondary transfer roller 33 and the rotating roller 31d.

The transfer belt 31isan endless belt that isrotated by the rotating rollers 31a, 31b,
31c, and 31d. The primary transfer roller 32 may be disposed to apply apressure from
an inner circumference of the transfer belt 31to the photosensitive drum 40. The
secondary transfer roller 33 may be disposed to apply apressure from an outer cir-
cumference of the transfer belt 31 to the rotating roller 31d.

The photosensitive drum 40 is an electrostatic latent image bearing member having a
circumferential surface on which an image isformed. In the image forming apparatus 1
for forming acolor image according to an embodiment, four photosensitive drums 40
corresponding to, for example, magenta, yellow, cyan, and black colors, may be
arranged in adirection (referred to asamovement direction) in which the transfer belt
21 moves. The developing device 20, acharge roller 41, an exposure unit 42, and a
cleaning unit 43 may be arranged around each of the photosensitive drums 40 as shown
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by using apredetermined potential. The exposure unit 42 may expose to light the
surface of the photosensitive drum 40 charged by the charge roller 41, and in this case,
the surface of the photosensitive drum 40 may be exposed to light to correspond to an
image to be formed on paper that isthe recording medium P. Accordingly, apotential
of aportion of the surface of the photosensitive drum 40 that is exposed to light by the
exposure unit 42 may be changed, and thus the electrostatic latent image may be
formed. Four developing devices 20 may receive the toner from toner tanks 22 that are
arranged to respectively correspond to the four developing devices 20, may develop
the electrostatic latent images formed on the photosensitive drums 40 by using the
toner supplied from the toner tanks 22, and may generate the toner images. For
example, magenta, yellow, cyan, and black toner may be respectively filled in the four
toner tanks 22. The cleaning unit 43 may retrieve the toner remaining on each of the
photosensitive drums 40 after the toner image formed on the photosensitive drum 40is
primarily transferred to the transfer belt 31.

The fixing device 50 may attach and fix the toner image secondarily transferred to
the recording medium P from the transfer belt 31 onto the recording medium P. The
fixing device 50 according to an embodiment may include, for example, afixing belt
51 that heats the recording medium P and apressure roller (e.g., an elastic roller) 52
that applies apressure to the fixing belt 51. The fixing belt 51 and the pressure roller
52 may be formed to have cylindrical shapes. A fixing nip portion 53 that is a contact
portion may be formed between the fixing belt 51 and the pressure roller 52, and the
toner image may be melted and fixed onto the recording medium P asthe recording
medium P passes through the fixing nip portion 53 in afeeding direction.

Also, the image forming apparatus 1 according to an embodiment may further
include discharge rollers 71 and 72 that discharge the recording medium P onto which
the toner image isfixed by the fixing device 50 to the outside of the image forming
apparatus 1.

An operation of the image forming apparatus 1will now be explained. When an
image signal of an image to be recorded isinput to the image forming apparatus 1, a
controller of the image forming device 1 may uniformly charge a surface of the photo-
sensitive drum 40 to apredetermined potentia by using the charge roller 41 according
to the received image signal.

Next, an electrostatic latent image may be formed by emitting alaser beam to the
surface of the photosensitive drum 40 by using the exposure unit 42.

A toner image may be formed when the developing device 20 develops the elec-
trostatic latent image. The toner image isprimarily transferred from the photosensitive
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drum 40 to the transfer belt 31 when the photosensitive drum 40 and the transfer belt
31face each other. The toner images formed on the four photosensitive drums 40 may
be sequentially stacked on the transfer belt 31 to form one stacked toner image.

Next, the staked toner image may be fed to the secondary transfer region R2 where
the rotating roller 31d and the secondary transfer roller 33 face each other, and may be
secondarily transferred to the recording medium P that isfed from the recording
medium feeding unit 10 in the secondary transfer region R2.

The recording medium P to which the stacked toner image is secondarily transferred
may be fed to the fixing device 50. The stacked toner image may be melted and fixed
onto the recording medium P by applying heat and apressure to the recording medium
P when the recording medium P passes between the fixing belt 51 and the pressure
roller 52.

Next, the recording medium P may be discharged to the outside of the image forming
apparatus 1by the discharge rollers 71 and 72.

The fixing device 50 will now be explained in more detail with reference to FIG. 2.

Asshown in FIG. 2, the fixing device 50 may include the fixing belt 51, the pressure
roller 52, a contact member (e.g., afixing member) 54, and aheat source (e.g., a
heater) 55. Also, the fixing device 50 may include a separation member 56 that
separates the recording medium P attached to an outer circumferential surface 51a of
the fixing belt 51 from the fixing belt 51. The separation member 56 may be disposed
in afeeding direction R3 of the recording medium P, and may be disposed at an outlet
of the fixing nip portion 53 through which the fixing belt 51 is discharged.

The fixing nip portion 53 isaportion at which the recording medium P isheld
between the fixing belt 51 and the pressure roller 52 as shown in FIGS. 2 and 3. The
fixing nip portion 53 may include aportion (e.g., acontact portion) that isthe closest
to the outer circumferential surface 51a of the fixing belt 51 and an outer circum-
ferential surface 52a of the pressure roller 52. In general, an internal pressure of the
fixing nip portion 53 may be equal to or greater than 0.049 MPa and equal to or less
than 0.196 MPa (for example, equal to or greater than 0.5 kgf/cm?2and equal to or less
than 2.0 kgf/cm?). The internal pressure of the fixing nip portion 53 is a pressure
applied to the recording medium P that isheld between the fixing belt 51 and the
pressure roller 52.

The fixing belt 51 may be aflexible rotating body having acylindrical shape and
may include, for example, ametal. Examples of the metal that may be included in the
fixing belt 51 may include stainless. Also, the fixing belt 51 may include, for example,
a synthetic resin.

The fixing belt 51 may include aplurality of materials that are stacked as shown in
FIG. 3. The fixing belt 51 may include abase portion 57, an elastic layer 58 stacked on
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the base portion 57, and a surface layer 59 stacked on the elastic layer 58. The base
portion 57 may include ametal material such as stainless or nickel. Also, the base
portion 57 may include a synthetic resin such as polyimide (PI), polyamide-imide
(PALI), polyether ether ketone (PEEK), or liquid crystal polymer (LCP).

The elastic layer 58 may include, for example, rubber. The surface layer 59 may
include afluorine synthetic resin. For example, the fluorine synthetic resin may be at
least one selected from among polytetrafluoroethylene (PTFE), perfluoroalkoxy (PFA)
fluorine synthetic resin, and amodifier thereof. A thickness of the base portion 57 may
be, for example, equal to or greater than 20 mm and equal to or less than 120 mm. A
thickness of the elastic layer 58 may be, for example, equal to or greater than 100 mm
and equal to or less than 400 mm. A thickness of the surface layer 59 may be, for
example, equal to or greater than 10 mm and equal to or less than 50 mm.

The pressure roller 52 may be an éastic rotating body having acylindrical shape and
may include, for example, rubber (e.g., an elastic material). The pressure roller 52 may
include an elastic layer 61 that includes an elastic material and a surface layer 62 that is
formed on the elastic layer 61. Also, arotating shaft 60 may be disposed to be inserted
into and pass through the pressure roller 52.

The contact member 54 may be disposed inside the fixing belt 51 and may apply a
pressure to the fixing belt 51 along with the pressure roller 52. An elastic force may be
applied to the contact member 54 by using, for example, a spring member (not shown),
and the contact member 54 may be pressed towards the pressure roller 52 due to the
elastic force. However, embodiments are not limited thereto, and an elastic force may
be applied to the pressure roller 52 and the pressure roller 52 may be pressed towards
the contact member 54. Alternatively, at the same time as an elastic force may be
applied to the pressure roller 52 and the pressure roller 52 may be pressed towards the
contact member 54, an elastic force may be applied to the contact member 54 and the
contact member 54 may be pressed towards the pressure roller 52.

The contact member 54 may extend along arotational axis of the fixing belt 51
having acylindrical shape, and may include a structure 63 that i s disposed inside the
fixing belt 51, a support 64 that isfixed to the structure 63, and afixed sliding member
65 that i s supported by the support 64.

Cross-sections of the structure 63, the support 64, and the fixed sliding member 65
taken in adirection perpendicular to alongitudinal direction thereof may have, for
example, © shapes. The structure 63 may include one pair of side walls 63a that
extend in adirection perpendicular to the feeding direction R3 of the recording
medium P and amain body portion 63b that connects ends of the one pair of side walls
63a. The main body portion 63b of the structure 63 may have aplate shape, and a
thickness direction of the main body portion 63b may be adirection in which a straight
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line L1 that connects a center of rotation 0 .i of the fixing belt 51 and a center of
rotation P, of the pressure roller 52 extends.

The support 64 may include one pair of side walls 64athat extend in the direction
perpendicular to the feeding direction R3 of the recording medium P and amain body
portion 64b that connects ends of the one pair of side walls 64a. The main body portion
64b of the support 64 may have aplate shape, and athickness direction of the main
body portion 64b may be adirection in which the straight line L1 extends. The support
64 may be mounted on the structure 63 to be supported by the structure 63, and may be
disposed to cover aportion of the structure 63 that is close to the pressure roller 52. For
example, the main body portion 64b of the support 64 may cover the main body
portion 63b of the structure 63, and the one pair of side walls 64a of the support 64
may cover the one pair of side walls 63a of the structure 63.

The fixed dliding member 65 may include one pair of side walls 65athat extend in
the direction perpendicular to the feeding direction R3 of the recording medium P, and
amain body portion (e.g., acontact portion) 65b that connects ends of the one pair of
side walls 65a. The main body portion 65b of the fixed sliding member 65 may have a
plate shape, and athickness direction of the main body portion 65b may be a direction
in which the straight line L | extends. The fixed sliding member 65 may be mounted on
the support 64 to be supported by the support 64, and may be disposed to cover a
portion of the support 64 that is close to the pressure roller 52. The main body portion
65b of the fixed dliding member 65 may cover the main body portion 64b of the
support 64, and the one pair of side walls 65a of the fixed sliding member 65 may
cover the one pair of side walls 64a of the support 64.

The fixed dliding member 65 may include a base portion and a surface layer that is
formed on the base portion. The base portion of the fixed sliding member 65 may
include ametal material such as aluminum or stainless. Also, the fixed sliding member
65 may include a synthetic resin having heat resistance such as LCP or polyphenylene
sulfide (PPS).

Also, afluorine synthetic resin may be applied to a surface of the main body portion
65b of the fixed sliding member 65. The fluorine synthetic resin may be at least one
selected from among PTFE, PFA fluorine synthetic resin, and a modifier thereof.

The main body portion 65b of the fixed sliding member 65 included in the contact
member 54 is acontact portion that contacts an inner circumferential surface 51b of the
fixing belt 51 as shown in FIG. 3. The pressure roller 52 may receive power from a
driving motor (not shown) and may rotate about a predetermined rotational axis. The
outer circumferential surface 52a of the pressure roller 52 may be disposed at the
fixing nip portion 53 to contact the outer circumferential surface 51a of the fixing belt
51, and thus arotational force of the pressure roller 52 may be transmitted to the fixing
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belt 51 and the fixing belt 51 may also rotate about a predetermined rotational axis.

At the fixing nip portion 53, the fixing belt 51 may receive apressure from the
pressure roller 52 and may slide while contacting the main body portion 65b of the
fixed dliding member 65. The fixing belt 51 may form aplane along the main body
portion 65b of the fixed sliding member 65 at the fixing nip portion 53 to correspond
to the plate shape of the main body portion 65b. At the fixing nip portion 53, a
movement direction Y of the fixing belt 51 may be the same as the feeding direction
R3 of the recording medium P. A nip surface N of the fixing nip portion 53 isavirtua
surface set between the fixing belt 51 and the pressure roller 52.

A plurality of protrusions 67 that protrude from areference surface 66 toward the
pressure roller 52 may be disposed on the main body portion 65b of the fixed dliding
member 65 as shown in FIGS. 3, 4, and 5A. The reference surface 66 that is a surface
of the main body portion 65b that faces the pressure roller 52 may be, for example,
perpendicular to the straight line LI. The plurality of protrusions 67 may have, for
example, rectangular shapes in plan view and may have, for example, the same size
and the same shape.

At the fixing nip portion 53, alength L . of each of the protrusions 67 in awidth
direction X of the fixing belt 51that isperpendicular to the movement direction Y of
the fixing belt 51 may be equal to or greater than, for example, 0.55 mm. Also, apitch
(e.g., an interval) between the protrusions 67 in the width direction X may be equal to
or greater than, for example, 1.1 mm.

Also, the plurality of protrusions 67 may be arranged at regular intervals in paralel in
the width direction X to form aplurality of rows (e.g., afirst row X | and a second row
X2). Also, the plurality of protrusions 67 arranged to include rows in the width
direction X may be arranged at regular intervals in the movement direction Y . For
example, the protrusions 67 of the second row X2 may be arranged at positions corre-
sponding to spaces between the plurality of protrusions 67 of the first row XI. Ac-
cordingly, the plurality of protrusions of the first row X1 and the second row X2 may
be alternately arranged in the movement direction Y of the fixing belt 51 at the fixing
nip portion 53. In this case, the length L, of each of the protrusions 67 may be greater
than adistance D, between the protrusions 67.

One or more protrusions 67 may be arranged in the movement direction Y of the
fixing belt 51. For example, when the plurality of protrusions 67 are viewed in the
movement direction Y of the fixing belt 51, the protrusions 67 may be arranged
without any gaps over the entire width in the width direction X. That is, the main body
portion 65b may contact with the fixing belt 51in the entire longitudinal direction of
the main body portion 65b in the feeding direction R3 of the recording medium P. Ac-
cordingly, in alongitudinal direction of the fixed sliding member 65, aload of the
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pressure roller 52 may be uniformized and aportion of the fixing nip portion 53 to
which no load is applied may be prevented.

A height Hg, of each of the plurality of protrusions 67 may be, for example, equal to
or greater than 5 mm and equa to or less than 30 mm. The height H, of each of the
plurality of protrusions 67 isaheight difference between the reference surface 66 and a
top surface of the protrusion 67.

When the fixed sliding member 65 including the plurality of protrusions 67 includes
ametal material, the plurality of protrusions 67 may be formed by using, for example,
press working, etching, or laser engraving. Also, when the fixed sliding member 65
including the plurality of protrusions 67 includes a synthetic resin material, the
plurality of protrusions 67 may be formed by using, for example, injection molding,
etching, or laser engraving. The protrusions 67 may be formed by eroding a surface of
amaterial by using achemical, performing etching, and performing wrinkling on a
surface of the contact portion. Also, the plurality of protrusions 67 may be formed by
performing etching on a surface of the contact portion to have a geometric shape.

Also, when the plurality of protrusions 67 are formed by using laser engraving, a
laser engraving machine for emitting alaser beam in aplurality of directions may be
used. Accordingly, the plurality of protrusions 67 having complex shapes may be
formed.

Also, when the base portion of the fixed sliding member 65 includes an aluminum
plate material and athickness of the base portion is, for example, equal to or greater
than 0.2 mm and equal to or less than 0.5 mm, spring back which may occur when
press working isperformed may be prevented. Accordingly, the plurality of pro-
trusions 67 may be more accurately formed.

Also, when the base portion of the fixed sliding member 65 includes a stainless plate
material and athickness of the base portion is, for example, equal to or greater than 0.1
mm and equal to or less than 0.3 mm, spring back which may occur when press
working isperformed may be prevented. Accordingly, the plurality of protrusions 67
may be more accurately formed.

Since the plurality of protrusions 67 that protrude from the reference surface 66 are
disposed on the main body portion 65b of the fixed sliding member 65 included in the
fixing device 50 according to an embodiment, acontact area that may be formed
between the inner circumferential surface 51b of the fixing belt 51 and the main body
portion 65b of the fixed sliding member 65 may be reduced. Accordingly, an increase
in torque which may occur when the fixing belt 51 starts to be driven may be
prevented. Also, since friction between the fixed sliding member 65 and the fixing belt
51isreduced, energy consumption which may occur when the fixing belt 51 isdriven
may be prevented. Also, dliding resistance may be reduced without placing another
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member such asadliding sheet between the fixed sliding member 65 and the inner cir-
cumferential surface 51b of the fixing belt 51. Accordingly, the fixing device 50 may
be simplified, manufacturing costs may be reduced, and an increase in torque which
may occur when the fixing belt 51 starts to be driven may be prevented. Also, since the
plurality of protrusions 67 that protrude from the reference surface 66 are disposed on
the main body portion 65b of the fixed sliding member 65, alubricant may be dis-
tributed over the reference surface 66 (e.g., anon-contact portion) disposed around the
plurality of protrusions 67, that is, in spaces between the plurality of protrusions 67.
Accordingly, the fixing belt 51 may more easily slide, the degradation of the fixing belt
51 astime passes may be reduced, and the quality of the fixing device 50 may be
maintained for along time. Also, alength of each of the protrusions 67 contacting the
inner circumferential surface 51b of the fixing belt 51in the width direction X may be
equal to or greater than 0.55 mm. Also, apitch P, between adjacent protrusions of the
plurality of protrusions 67 may be equa to or greater than 1.1 mm. Since the plurality
of protrusions 67 are included in the fixing device 50 according to an embodiment as
described above, contact power between the fixing belt 51 and the fixed diding
member 65 may be reduced, and thus an increase in torque which may occur when the
fixing belt 51isdriven may be prevented. Also, since the fixed dliding member 65is
used, aload applied by the pressure roller 52 in a state where the fixing belt 51is
driven may be uniformized and aportion of the fixing nip portion 53 to which no load
isapplied may be prevented. Also, when the plurality of protrusions 67 are included in
the fixing device 50, an internal pressure of the fixing nip portion 53 may be equal to
or less than 0.098 MPa.

[82] A first modification of protrusions will now be explained with reference to FIG. 5B.
Protrusions are not limited to rectangular shapes, and may be protrusions 68 having
diamond shapes in plan view.

[83] Diagona lines L2 that are longer ones from among diagona lines of the protrusions
68 having diamond shapes may be arranged to travel, for example, in the movement
direction Y of the fixing belt 51. Diagona lines L3 that are shorter ones from among
the diagona lines of the protrusions 68 may be arranged to travel, for example, in the
width direction X of the fixing belt 51.

[84] A length L, ¢ of each of the protrusions 68 in the width direction X of the fixing belt
51 that isperpendicular to the movement direction Y of the fixing belt 51 may be, for
example, equal to or greater than 0.55 mm. Also, apitch P, between adjacent pro-
trusions of the protrusions 68 in the width direction X of the fixing belt may be, for
example, equal to or greater than 1.1 mm. Also, the length L, . of the protrusion 68
may be greater than adistance D, between the protrusions 68.

[85] A second modification of protrusions will now be explained with reference to FIG.
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5C. Protrusions 69 according to the second modification may have circular shapes in
plan view.

The plurality of protrusions 69 may be arranged in parallel in the width direction X
(e.g., afirst direction) of the fixing belt 51to form rows, and the plurality of pro-
trusions 69 arranged to form the rows in the width direction X may form aplurality of
rows in the movement direction Y (e.g., a second direction) of the fixing belt 51. Also,
the plurality of protrusions 69 of adjacent rows in the width direction X of the fixing
belt 51 may be arranged not to correspond to each other in the width direction X of the
fixing belt 51. The plurality of protrusions 69 may be arranged in amatrix. Also, di-
rections in which the protrusions 69 form rows are not limited to the width direction X
of the fixing belt 51 and the movement direction Y of the fixing belt 51, and may be
other directions. Also, the first direction and the second direction may be perpendicular
to each other or may intersect at a predetermined angle, instead of 90°.

A diameter L, of each of the protrusions 69 may be, for example, equal to or
greater than 0.55 mm. Also, apitch Py between adjacent protrusions of the protrusions
69 in the width direction X may be, for example, equal to or greater than 1.1 mm. Also,
the diameter L, of the protrusion 69 may be greater than adistance D69 between the
protrusions 69.

Protrusions of afixing sliding member according to a second embodiment will now
be explained with reference to FIG. 6. A plurality of protrusions 82 and lubricant
supporting protrusions 83 may be disposed on amain body portion (e.g., a contact
portion) 81b of afixed sliding member 81 according to the second embodiment. The
protrusions 82 may extend in the width direction X of the fixing belt 51 and may be
arranged to be spaced apart from one another in the movement direction Y of the
fixing belt 51. Also, the lubricant supporting protrusions 83 may extend in the
movement direction Y of the fixing belt and may be arranged on both end portions of
the fixed dliding member 81 in the width direction X of the fixing belt 51.

The lubricant supporting protrusions 83 may be arranged outside the protrusions 82
in the width direction X of the fixing belt 51. In the fixing device 50 according to an
embodiment, alubricant may be distributed between the main body portion 81b of the
fixed dliding member 81 and the inner circumferential surface 51b of the fixing belt 51.
The lubricant supporting protrusions 83 may be lubricant supports for supporting the
[ubricant distributed between the main body portion 81b of the fixed sliding member
81 and the inner circumferential surface 51b of the fixing belt 51. The lubricant
supporting protrusions 83 may be arranged outside an image forming region of the
recording medium P in the width direction X and may be arranged inside anip load
region to which aload is applied by the pressure roller 52. The image forming region
of the recording medium P isaregion where atoner image may be formed on the
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recording medium P. The nip load region isaregion where the fixing belt 51 and the
pressure roller 52 may contact each other.

A width L, of each of the protrusions 82 may be, for example, equal to or greater
than 0.55 mm. Also, apitch Py, between adjacent protrusions of the protrusions 82 in
the movement direction Y of the fixing belt 51 may be, for example, equal to or greater
than 1.1 mm. A width of each of the lubricant supporting protrusions 83 may be, for
example, equal to or greater than the width L, ., of each of the protrusions 82.

Asdescribed above, when the lubricant supporting protrusions 83 having band
shapes are arranged on both end portions in the width direction X of the fixing belt 51,
alubricant distributed between the main body portion 65b and the inner circum-
ferential surface 51b of the fixing belt 51 may have alimited movement in the width
direction X of the fixing belt 51. Accordingly, leakage of the lubricant to the outside of
the fixing nip portion 53 in the width direction X of the fixing belt 51 may be
prevented.

A modification of protrusions having band shapes will now be explained with
reference to FIGS. 7A through 7C. Protrusions 85 through 87 having band shapes of
FIGS. 7A through 7C are third through fifth modifications of the protrusions 82 having
band shapes of FIG. 6. FIGS. 7A through 7C illustrate portions of the protrusions 85
through 87 having band shapes from centers to ends in alongitudinal direction.

Asshown in FIG. 7A, the protrusions 85 having band shapes according to the third
modification may beinclined so that there isapredetermined angle between an
extension direction in which the protrusions 85 extend and the width direction X of the
recording medium P. The protrusions 85 having band shapes are not perpendicular to
the movement direction Y of the fixing belt 51. The protrusions 85 having band shapes
may be arranged to be inclined in alongitudina direction over the entire length. In this
case, an inclination angle of the protrusions 85 having band shapes may be constant or
may vary according to positions in the longitudinal direction.

Asshown in FIG. 7B, the protrusions 86 having band shapes according to the fourth
modification may each include acentral portion 86a and end portions 86b in a lon-
gitudinal direction. The central portion 86a may have alength that isabout 1/3 of an
entire length in the longitudinal direction of the protrusions 86. The centra portion 86a
may be disposed to be perpendicular to the movement direction Y of the fixing belt 51.
The end portions 86b may be disposed at both end portions of the central portion 86a
to beinclined with respect to the central portion 86a. For example, portions of the end
portions 86b that are close to the central portion 86a may be disposed at an inlet of the
fixing unit 53, that is, at an upstream of the movement direction Y of the fixing belt 51,
and portions of the end portions 86b that are far from the central portion 84a may be
disposed at an outlet of the fixing unit 53, that is, at a downstream of the movement
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direction Y of the fixing belt 51. Also, in this case, an angle formed between each of
the end portions 86b and the central portion 86a may be, for example, but not limited
to, equal to or greater than 5° and equal to or less than 30°.

Also, protrusions having band shapes may be arranged so that portions ranging from
acentral portion to both end portions are inclined in alongitudinal direction without
including aportion of the central portion that isperpendicular to the movement
direction Y of the fixing belt. For example, the protrusions may be arranged to have V
shapes with a center of an entire length as a vertex. Even in this case, the central
portion may be disposed at an inlet of the fixing nip portion 53, that is, at an upstream
of the movement direction Y of the fixing belt 51, and outer portions may be disposed
at an outlet of the fixing nip portion 53, that is, at a downstream of the movement
direction Y of the fixing belt 51.

Also, protrusions having band shapes may include aportion of acentral portion per-
pendicular to the movement direction Y of the fixing belt 51 in alongitudinal
direction, and curved portions that are curved outward in the longitudinal direction
from the central portion may be disposed at an outlet of the fixing nip portion 53, that
is, at adownstream of the movement direction Y of the fixing belt 51.

Asshown in FIG. 7C, the protrusions 87 having band shapes according to the fifth
modification may be curved to have waveforms. The protrusions 87 may include a
plurality of curved portions. In this case, the curved portions that are curved in
opposite directions may be aternately arranged in the width direction X of the fixing
belt 51. In this case, both outer end portions in alongitudinal direction may be
disposed at an outlet of the fixing nip portion 53, that is, at adownstream of the
movement direction Y of the fixing belt 51.

A torque that may be generated when afixing belt isdriven will now be explained
with reference to FIG. 8. FIG. 8isagraph illustrating atorque generated when the
fixing belt 51isdriven. The horizontal axisin FIG. 8 represents aload (N) at the fixing
nip portion 53 and the vertical axis represents atorque (N-m) that may be generated
when the fixing belt 51isdriven.

In Embodiment 1, afixing device including the fixed sliding member 65 on which
the plurality of protrusions 67 having rectangular shape are formed as shown in FIG. 4
isused. In Comparative Example 1, afixing device including afixed sliding member
having aplate shape on which no protrusions are formed isused. The fixing devices in
Embodiment 1and Comparative Example 1 are the same except for the presence of the
protrusions. Next, a maximum value of atorque that may be generated when the fixing
belt 51isdriven ismeasured and isplotted on agraph.

In Embodiment 1and Comparative Example 1, atorque ismeasured aplurality of
times by changing aload of the fixing nip portion 53. In FIG. 8, agraph G| cor-
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responds to ameasurement result of Embodiment 1and agraph G2 corresponds to a
measurement result of Comparative Example 1. For example, itisfound that when a
load isabout 300 N, atorque of Embodiment 1is30% or more less than atorque of
Comparative Example 1.

A fixing device 90 according to athird embodiment will now be explained with
reference to FIG. 9. When the fixing device 90 according to the third embodiment is
described, the same elements or structures asthose in the first and second em-
bodiments will not be explained.

The fixing device 90 may include the fixing belt 51, the pressure roller 52, the
contact member 54, and the heat source (e.g., heater) 55. Also, the fixing device 90
may include the separation member 56 that separates the recording medium P attached
to the outer circumferential surface 51a of the fixing belt 51 from the fixing belt 51.
The separation member 56 may be disposed at an outlet of the fixing nip portion 53 in
the feeding direction R3 of the recording medium P.

The contact member 54 may be disposed inside the fixing belt 51 and may apply a
pressure to the recording medium P along with the pressure roller 52. The contact
member 54 may extend in an axial direction of the fixing belt 51 having acylindrical
shape, and may include the structure 63 that extends in the axial direction, the support
64 that is supported on the structure 63, and the fixed sliding member 65 that is
supported by the support 64. The fixed sliding member 65 may include the plurality of
protrusions 67.

Also, the fixing device 90 may include areflecting plate 92 that covers an outer
surface of the contact member 54. The reflecting plate 92 may extend in the axial
direction of the fixing belt 51, and a cross- section of the reflecting plate 92 taken in a
direction perpendicular to alongitudinal direction may have a" =" shape. The re-
flecting plate 92 may include one pair of side walls 92a that extend in adirection per-
pendicular to afeeding direction of the recording medium P, and a connection portion
92b that connects end portions of the one pair of side walls 92a. In FIG. 9, end portions
of the one pair of side walls 92a (specifically that are close to the heat source 55) may
be connected to each other by the connection portion 92b.

The one pair of side walls 92a may be mounted to cover the one pair of side walls
65a of the fixed dliding member 65. The reflecting plate 92 may reflect radiant heat
applied from the heat source 55 to the inner circumferential surface 51b of the fixing
belt 51. Also, the reflecting plate 92 may reflect radiant heat applied from the inner cir-
cumferential surface 51b of the fixing belt 51to the inner circumferential surface 51b
of the fixing belt 51.

Also, the fixing device 90 may further include alubricant supply portion 93 that is
disposed at an upstream of the main body portion 65b that isa contact portion of the
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fixed dliding member 65, that is, at an inlet of the fixing hip portion 53 and afilm
thickness regulating portion 94 that is disposed at a downstream of the main body
portion 65b, that is, a an outlet of the fixing nip portion 53, in the movement direction
Y of the fixing belt 51.

The lubricant supply portion 93 may be disposed at end portion of the upstream of
the main body portion 65b of the fixed sliding member 65, that is, at the inlet of the
fixing nip portion 53, in the movement direction Y of the fixing belt 51, and may be
supported on the fixed sliding member 65. The lubricant supply portion 93 may have a
length corresponding to awidth of the fixing belt 51in the axial direction of the fixing
belt 51. A lubricant may befilled in the lubricant supply portion 93, and part of the
[ubricant leaching out of the lubricant supply portion 93 may be applied to the inner
circumferential surface 51b of the fixing belt 51. Also, the lubricant attached to the
inner circumferential surface 51b may be moved asthe fixing belt 51 moves and may
be supplied between the main body portion 63b and the inner circumferential surface
51b.

The film thickness regulating portion 94 may be disposed at end portion of the
downstream of the main body portion 65b of the fixed sliding member 65, that is, at
the outlet of the fixing nip portion 53, in the movement direction Y of the fixing belt
51 and may be supported by the support 64. The film thickness regulating portion 94
may have alength corresponding to awidth of the fixing belt 51in the axial direction
of the fixing belt 51.

Also, when the film thickness regulating portion 94 may contact the inner circum-
ferential surface 51b of the fixing belt 51 and may regulate a shape of the fixing belt 51
when the fixing belt 51 rotates. The film thickness regulating portion 94 may extend in
adiameter direction of the fixing belt 51to protrude outward, and may be disposed to
press the inner circumferential surface 51b. Also, the film thickness regulating portion
94 may regulate afilm thickness of alubricant passing through the main portion 65b
and moved to the outlet of the fixing nip portion 53. That is, the lubricant attached to
the inner circumferential surface 51b of the fixing belt 51 may have alimited
movement to the outlet of the fixing nip portion 53 due to the film thickness regulating
portion 94.

The film thickness regulating portion 94 may include a nonwoven fabric. The
nonwoven fabric may include, for example, aheat-resistant fiber. The nonwoven fabric
may have heat resistance of, for example, 300°C or more. Also, the nonwoven fabric
may have flame resistance as well asheat resistance, and a UL94 flammability rating
of the nonwoven fabric may be equal to or greater than V-0. Also, athickness of the
nonwoven fabric may be, for example, equal to or greater than 0.8 mm and equal to or
less than 4.5 mm. Also, aweight of the nonwoven fabric may be, for example, equal to
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or greater than 200 g/m2. Also, an Aramid fiber that is aheat-resistant fiber may be
included in the nonwoven fabric.

For example, the film thickness regulating portion 94 may be formed by winding the
nonwoven fabric around a member having abar shape. Also, the film thickness
regulating portion 94 may be formed by stacking aplurality of layers formed of the
nonwoven fabric. Also, the film thickness regulating portion 94 may be formed of a
material such asa synthetic resin.

In the fixing device 90 according to an embodiment, alubricant may be supplied
from the upstream of the fixed dliding member 65, that is, from the inlet of the fixing
nip portion 53, and may be distributed between the main body portion 65b of the fixed
sliding member 65 and the inner circumferential surface 51b of the fixing belt 51. Ac-
cordingly, frictional resistance between the main body portion 65b of the fixed dliding
member 65 and the inner circumferential surface 51b of the fixing belt 51 may be
reduced, anincrease in torque of the fixing belt 51 may be prevented, and atorque may
be reduced even when the fixing device 90 starts to be driven or isdriven.

In the fixing device 90 according to an embodiment, since alubricant may be dis-
tributed between the main body portion 65b of the fixed sliding member 65 and the
inner circumferential surface 51b of the fixing belt 51, when compared to a case where
no lubricant isdistributed, friction dust produced due to friction between the fixed
sliding member 65 and the fixing belt 51 may be prevented, and thus contamination
due to the friction dust may be prevented. For example, although a surface layer
formed on the inner circumferential surface 51b of the fixing belt 51 isdetached and
thus wear dust may be produced, the fixing device 90 according to an embodiment
may prevent friction dust from being produced because alubricant isdistributed as
described above. Accordingly, the amount of friction dust moved to the outlet of the
fixing nip portion 53 along with aremaining lubricant may be reduced, and thus con-
tamination of the inside of the fixing belt 51 may be prevented.

Also, in the fixing device 90 according to an embodiment, afilm thickness of a
lubricant attached to the inner circumferential surface 51b of the fixing belt 51 may be
regulated by the film thickness regulating portion 94. A lubricant having a thickness
equal to or greater than apredetermined thickness may contact the film thickness
regulating portion 94, and thus may not move to the outlet of the fixing unit 53. The
film thickness regulating portion 94 may include anonwoven fabric, and aremaining
lubricant attached to the inner circumferential surface 51b of the fixing belt 51 may be
removed by the nonwoven fabric. Also, a small amount of wear dust, which may be
produced due to friction between the fixed sliding member 65 and the fixing belt 51
may also beremoved along with the remaining lubricant by the nonwoven fabric
included in the film thickness regulating portion 94.
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Asthe remaining lubricant and the wear dust are removed as described above, con-
tamination due to the remaining lubricant and the wear dust may be prevented. Ac-
cordingly, since the remaining lubricant and the wear dust are prevented from being
attached to the inner circumferential surface 51b of the fixing belt 51, the remaining
[ubricant and the wear dust may be prevented from dropping from the inner circum-
ferential surface 51b of the fixing belt 51. Also, the amount of the remaining lubricant
and the wear dust attached to the reflecting plate 92 may be reduced, and thus re-
flection efficiency may be prevented from being reduced. Asaresult, since radiant
heat from the heat source 55 may be efficiently transmitted to the fixing belt 51, the
fixing belt 51 may be more efficiently heated and atoner image may be more reliably
fixed onto the recording medium P.

Also, in the fixing device 90 according to an embodiment, since the film thickness
regulating portion 94 contacts the inner circumferential surface 51b of the fixing belt
51, a shape of the fixing belt 51 that rotates may be defined. The fixing belt 51 may
receive an external pressure in the diameter direction due to the film thickness
regulating portion 94, and thus a shape of the fixing belt 51 may be defined. Ac-
cordingly, arotational displacement of the fixing belt 51 may be defined. The ro-
tational displacement refers to adisplacement of the fixing belt 51 which may occur
when the fixing belt 51 rotates, and especialy refers to a displacement in athickness
direction of the fixing belt 51. In the fixing device 90 according to an embodiment,
since arotational displacement of the fixing belt 51 may be defined, unnecessary
contact between the fixing belt 51 and the separation member 56 that isdisposed close
to the outer circumferential surface 51a of the fixing belt 51 may be prevented. Also,
since arotational shape (e.g., an orbit) of the fixing belt 51 may be stabilized, abrupt
contact between the fixing belt 51 and the separation member 56 may be prevented.

Also, in the fixing device 90 according to an embodiment, since arotational shape of
the fixing belt 51 that isdisposed near the outlet of the fixing nip portion 53 may be
more stably defined, afront end portion of the separation member 56 may be disposed
to be closer to the outer circumferential surface 51a of the fixing belt 51. Accordingly,
the recording medium P attached to the outer circumferential surface 51a of the fixing
belt 51 may be more reliably separated.

Also, since the film thickness regulating portion 94 may prevent aremaining
lubricant and wear dust attached to the fixing belt 51 from passing through the film
thickness regulating portion 94 and moved to the outlet of the fixing nip portion 53 and
may more stably regulate arotational shape of the fixing belt 51, an additional
structure may not need to be provided and thus a structure of the fixing device 90 may
be simplified.

FIG. 10 isan enlarged cross- sectional view illustrating amodification of the film
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thickness regulating portion 94. The film thickness regulating portion 94 may include a
regulating portion 94a that protrudes toward the fixing belt 51 as shown in FIG. 10.
The regulating portion 94a that is a shape regulating portion having a surface facing
the inner circumferential surface 51b of the fixing belt 51 may protrude outward in the
diameter direction of the fixing belt 51 according to an embodiment. The regulating
portion 94a may protrude toward the pressure roller 52 beyond the main body portion
65b of the fixed diding member 65. Also, the regulating portion 94a according to an
embodiment may protrude toward the pressure roller 52 beyond the nip surface N. Ac-
cordingly, acontact position between the regulating portion 94a and the fixing belt 51
may be outside the nip surface N in the diameter direction. When the regulating

portion 94a protrudes outward beyond the nip surface N as described above, the film
thickness regulating portion 94 may more stably contact the fixing belt 51 and may
more surely define arotational displacement of the fixing belt 51. Also, aremaining
lubricant and wear dust that may be attached to the inner circumferential surface 51b of
the fixing belt 51 may be more reliably reduced.

A fixing device 100 according to afourth embodiment will now be explained with
reference to FIG. 11. The fixing device 100 of FIG. 11lisdifferent from the fixing
device 90 according to the third embodiment in that a structure of afilm thickness
regulating portion 102 isdifferent from that of the film thickness regulating portion 94
and alubricant receiving portion 103 for receiving alubricant retrieved from the film
thickness regulating portion 102 isprovided. When the fixing device 100 of the fourth
embodiment is described, the same elements or structures as those in the first through
third embodiments will not be explained.

The fixing device 100 according to an embodiment may include afilm thickness
regulating member 101 including the film thickness regulating portion 102. The film
thickness regulating member 101 may extend in an axia direction of the fixing belt 51.
In this case, the film thickness regulating member 101 may have alength corre-
sponding to awidth of the fixing belt 51 in the axial direction of the fixing belt 51. The
film thickness regulating member 101 may include a support 10lain addition to the
film thickness regulating portion 102. The support 101amay be disposed to be
supported on the contact member 54.

The support 101a may be formed to have, for example, apillar shape, and may
extend in the axial direction of the fixing belt 51. The support 101amay be disposed to
be supported on, for example, a side wall 64a at a downstream (e.g., at a downstream
of the movement direction Y of the fixing belt 51) of the support 64. However, em-
bodiments are not limited thereto, and the support 101amay be disposed to be
supported on the structure 63 of the contact member 54.

The film thickness regulating portion 102 may be disposed to be supported by the
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support 101a (e.g., the film thickness regulating portion 102 may be integrally formed
with the support 101a). The film thickness regulating portion 102 may include aguide
surface 102a, an edge portion 102b, and an inclined surface 102c. The film thickness
regulating portion 102 may protrude outward from the support 10lain adiameter
direction of the fixing belt 51. The film thickness regulating portion 102 may include
the guide surface 102a that contacts the inner circumferential surface 51b of the fixing
belt 51. For example, the guide surface 102a may extend in acircumferential direction
about the center of rotation O .i of the fixing belt 51. Also, the guide surface 102a may
have apredetermined length in the circumferential direction of the fixing belt 51. For
example, alength of the guide surface 102a may be 10% of alength of acircumference
of the fixing belt 51.

Also, the guide surface 102a may include, for example, asynthetic resin. The guide
surface 102a may include a synthetic resin having high heat resistance and high flame
resistance, for example, PPS, polyethylene terephthalate (PET), LCP, or PEEK. Also,
the guide surface 102a may include anonwoven fabric.

FIG. 12 isan enlarged cross- sectional view of the edge portion 102b of the film
thickness regulating member 101. Asshown in FIG. 12, the edge portion 102b that is
an end portion of the guide surface 102a may be disposed between afront end portion
of the separation member 56 and the main body portion 65b of the fixed dliding
member 65.

One surface of the edge portion 102b that faces the center of rotation O i of the
fixing belt 51 may bethe inclined surface 102c that isinclined with respect to atangent
line L51b that contacts the inner circumferential surface 51b of the fixing belt 51. An
,. Of astraight line L102c that follows the inclined surface 102c
and the tangent line L51b may be, for example, but not limited to, equal to or greater

inclination angle 0,

than 15° and equal to or less than 45°.

The fixing device 100 may include the lubricant receiving portion 103 that receives a
lubricant retrieved from the film thickness regulating portion 102. The lubricant
receiving portion 103 may be disposed at a downstream of the fixed sling member 65,
that is, at an outlet of the fixing nip portion 53, and may be disposed at afurther
upstream than the edge portion 102b, in the movement direction Y of the fixing belt
51. The lubricant receiving portion 103 may include an opening close to the inner cir-
cumferential surface 51b of the fixing belt 51.

The lubricant receiving portion 103 may receive aremaining lubricant in a space
formed between the side wall 65a (see FIG. 1) of the fixed diding member 65 and the
film thickness regulating portion 102. A lubricant moved after being attached to the
fixing belt 51 may reach the edge portion 102b of the film thickness regulating portion
102 and may be separated from the fixing belt 51. The separated lubricant may be
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[131]

[132]

[133]

[134]

[135]

[136]

[137]

received in the lubricant receiving portion 103 after being moved along the inclined
surface 102c of the edge portion 102b.

Contamination due to the remaining lubricant and wear dust may be prevented due to
the fixing device 100 of the fourth embodiment.

Also, in the fixing device 100 of the fourth embodiment, athough the film thickness
regulating member 101 and the support 64 are separate elements, the film thickness
regulating member 101 and the support 64 may be integrated as one member. Ac-
cordingly, the number of parts in the fixing device 100 may be reduced and a structure
of the fixing device 100 may be simplified.

Embodiments are not limited thereto and various modifications may be made without
departing from the scope of the inventive concept.

In the fixing device 100, the fixing belt 51 may include the base portion 57 formed of
a synthetic resin, and the lubricant supply portion 93 may supply ablack lubricant. Ac-
cordingly, the black lubricant may be applied to the inner circumferential surface 51b
of the fixing belt 51. When the fixing belt 51 isformed of a synthetic resin that does
not allow for black surface treatment, an absorbance of radiant heat of the fixing belt
51 may beincreased by applying ablack lubricant to the inner circumferential surface
51b of the fixing belt 51. Accordingly, heating efficiency may be improved and an
image may be stably fixed onto the recording medium by using the fixing device 100.
The black lubricant may be afluorine-based lubricant to which carbon black or black
dye is added. However, embodiments are not limited thereto, and alubricant may be
black by using other methods.

Also, in the embodiments, protrusions may be included in the main body portion 65b
that isacontact portion of the fixed sliding member 65, or may not be included in the
main body portion 65b of the fixing device 90 or 100 of the third or fourth em-
bodiment.

Also, shapes of the protrusions are not limited to diamond shapes, circular shapes,
and band shapes, and may be any of other shapes such as trapezoidal shapes or el-
liptical shapes.

Also, apitch between the plurality of protrusions isnot limited to 1.1 mm or more,
and may beless than 1.1 mm. Also, the pitch between the protrusions may be constant
or may vary according to positions, for example, in the width direction X. Also, a
length of each of the protrusions contacting the fixing belt isnot limited to 0.5 mm or
more, and may be less than 0.55 mm.

According to an embodiment, there may be provided afixing device that may
prevent an increase in torque which may be generated when afixing belt starts to be
driven and an image forming apparatus including the fixing device.

While one or more embodiments have been described with reference to the figures, it
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will be understood by those of ordinary skill in the art that various changes in form and
details may be made therein without departing from the spirit and scope as defined by
the following claims.
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Claims

A fixing device through which arecording medium on which an
electrical toner image isrecordable passes through, comprising:

afixing belt that isrotatable and comprises inner and outer circum-
ferential surfaces,

apressure roller to pressure-contact the outer circumferential surface of
the fixing belt and to form afixing nip portion between the pressure
roller and the fixing belt to pass through the recording medium in a
movement direction of the fixing belt; and

acontact member located inside the fixing belt and comprising a
contact portion that contacts the inner circumferential surface of the
fixing belt,

wherein the contact portion comprises a surface having aplate shape
that faces the pressure roller and aplurality of protrusions that protrude
from the surface toward the pressure roller.

The fixing device of claim 1, wherein the plurality of protrusions form
afirst row of protrusions arranged in awidth direction of the fixing belt
and spaced apart from one another, and

a second row of protrusions, which is spaced apart from the first row in
the movement direction in which the fixing belt moves, arranged in the
width direction of the fixing belt and spaced apart from one another,
the plurality of protrusions of the first row and the second row al-
ternately arranged in the movement direction of the fixing belt at the
fixing nip portion.

The fixing device of claim 2, wherein alength of the plurality of pro-
trusions in the width direction of the fixing belt is approximately equal
to or greater than adistance between adjacent protrusions of the
plurality of protrusions in the width direction of the fixing belt.

The fixing device of claim 1, further comprising alubricant to be dis-
tributed between the surface of the contact portion and the plurality of
protrusions.

The fixing device of claim 4, wherein the contact portion comprises a
plurality of lubricant supporting protrusions to support distribution of
the lubricant between the surface of the contact portion and the inner
circumferential  surface of the fixing belt,

the plurality of lubricant supporting protrusions extend in the
movement direction in which the fixing belt moves and are arranged on
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both end portions in awidth direction of the fixing belt.

The fixing device of clam 1, wherein the contact portion comprises a
base portion and the surface of the contact portion is a surface layer
stacked on the base portion,

at least apart of the base portion comprises at least any one or com-
binations of aluminum, stainless, liquid crystal polymer (LCP), and
polyphenylene sulfide (PPS), and

at least apart of the surface layer comprises at least any one of or com-
binations polytetrafluoroethylene (PTFE), perfluoroalkoxy (PFA)
fluorine synthetic resin, and amodifier thereof.

The fixing device of clam 1, wherein the contact portion comprises a
base portion,

the surface of the contact portion is a surface layer, the base portion has
aplate shape corresponding to the plate shape of the surface layer, and
the base portion comprises aluminum and has athickness that is ap-
proximately equal to or greater than 0.2 mm and approximately equal
to or less than 0.5 mm.

The fixing device of clam 1, wherein the contact portion comprises a
base portion

the surface of the contact portion is a surface layer, the base portion has
aplate shape corresponding to the plate shape of the surface layer, and
the base portion comprises stainless and has athickness that is ap-
proximately equal to or greater than 0.1 mm and approximately equal
to or less than 0.3 mm.

The fixing device of claim 1, further comprising:

alubricant supply portion located at an inlet of the fixing nip portion
through which the fixing belt isintroduced to supply alubricant to the
contact portion; and

afilm thickness regulating portion located at an outlet of the fixing nip
portion through which the fixing belt isdischarged to define a shape of
the fixing belt in response to rotation of the fixing belt by contacting
the inner circumferential surface of the fixing belt and to regulate afilm
thickness of the lubricant by being attached to the inner circumferential
surface of the fixing belt.

The fixing device of claim 9, wherein the film thickness regulating
portion comprises aregulating portion that extends in a diameter
direction of the fixing belt,

the regulating portion protrudes outward in the diameter direction of
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the fixing belt beyond anip surface of the fixing nip portion on which
the pressure roller and the outer circumferential surface of the fixing
belt contact each other.

The fixing device of claim 10, further comprising a separation member
to separate the recording medium attached to the outer circumferential
surface of the fixing belt,

wherein the fixing belt islocated at an outlet of the fixing nip portion
through which the fixing belt isdischarged and the plurality of pro-
trusions are located between the contact member and the separation
member.

The fixing device of claim 9, wherein the film thickness regulating
portion comprises aguide surface that contacts the inner circum-
ferential surface of the fixing belt, and the guide surface extends in a
circumferential direction of the fixing belt.

The fixing device of claim 12, wherein the film thickness regulating
portion comprises an edge portion that islocated on end portion of the
guide surface to scrape the lubricant attached to the inner circum-
ferential surface of the fixing belt, and alubricant receiving portion that
islocated between the contact member and the edge portion to receive
the lubricant scraped by the edge portion.

The fixing device of claim 13, wherein the edge portion comprises an
inclined surface that isinclined at an angle with respect to atangent
line that contacts the inner circumferential surface of the fixing belt.
The fixing device of claim 14, further comprising a separation member
to separate the recording medium attached to the outer circumferential
surface of the fixing belt,

wherein the separation member islocated at an outlet of the fixing nip
portion through which the fixing belt is discharged and the edge portion
islocated between the contact member and the separation member.



112

WO 2017/111278 PCT/KR2016/011715

[Fig. 1]

MR

|




2/12

WO 2017/111278 PCT/KR2016/011715

[Fig. 2]
. N
50
56 '
&— ——
51b iy T_/R3 Os2
51 64a 652 !
63a
55 L1
64b—
Os1 63a
63 64a L 60
61
54 {64 ' o3
N — P
(65 1




3/12

PCT/KR2016/011715

WO 2017/111278

[Fig. 3]

L1
f

[ ] -~
s w
J—— | pr——,
- o D 0O I~
w w0 0 U ) 0
0 n
3 b gl
yd o k4 o
A N AN Sy S
© ///////////Jr//. /4/.// N .//././/f///
& \
Y \

=

/m

,_m

65b—

N

o]



4/12

WO 2017/111278 PCT/KR2016/011715

[Fig. 4]
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[Fig. 9]
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