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(54) FIXING DEVICE AND IMAGE FORMING APPARATUS INCORPORATING SAME

(57) A fixing device (7) includes a fixing belt (22), a
pressure member (23), a nip formation member (32), a
heater (31), and a support (33). The nip formation mem-
ber (32) includes a first nip forming portion (32a) to con-
tact the pressure member via the fixing belt; a second
nip forming portion (32e) downstream from the first nip
forming portion in a direction (C1, C2) of conveyance of
a recording medium, to contact the pressure member via
the fixing belt; an inflection portion (32d) at which a di-

rection of extension of the nip formation member chang-
es; and a supported portion (32c) disposed downstream
from the first nip forming portion in the direction of con-
veyance and supported by the support. The inflection
portion is disposed at a position of or downstream from
the supported portion in the direction of conveyance. The
second nip forming portion is disposed downstream from
the inflection portion.
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Description

BACKGROUND

Technical Field

[0001] Embodiments of the present disclosure gener-
ally relate to a fixing device and an image forming appa-
ratus incorporating the fixing device.

Related Art

[0002] An image forming apparatus such as a copier,
a printer, a facsimile machine, and a multi-functional ap-
paratus including at least two functions of the copier,
printer, facsimile machine includes a fixing device to con-
vey a recording medium such as a sheet on which an
unfixed image is formed to a fixing nip formed between
a fixing belt and a pressing member in the fixing device,
heat the recording medium, and fix the unfixed image
onto the recording medium.
[0003] The fixing device includes a nip formation pad
that is disposed inside of a loop of the fixing belt and
contacts the pressing member via the fixing belt to form
the fixing nip, and a support to support the nip formation
pad.
[0004] In such a type of fixing device, the recording
medium that has passed through the fixing nip needs to
be separated from the fixing belt and conveyed down-
stream. To enhance the separability of the recording me-
dium from the fixing belt, a large separation angle is set
as an angle between the fixing belt and the conveyance
direction of the recording medium after the recording me-
dium passes through the fixing nip.
[0005] For example, in a fixing device 100 as illustrated
in JP-2014-66851-A, as illustrated in FIG. 9, a nip plate
103 abuts a pressure roller 102 via a fixing belt 101 to
form a fixing nip N. The nip plate 103 includes, e.g., a flat
plate-shaped portion 103a, a bent portion 103b extending
downward from the rear end of the plate-shaped portion
103a, and a bottom portion 103c extending rearward from
a lower end of the bent portion 103b. The conveyance
direction of the sheet S heated and pressed in the fixing
nip N is changed by the bent portion 103b. That is, the
separation angle α is formed between the conveyance
direction of the sheet S and the fixing belt 101, and the
sheet S is separated from the fixing belt 101.
[0006] As in JP-2014-66851-A, when the bent portion
bent toward the pressure member is disposed down-
stream from the fixing nip, the separation angle of the
recording medium from the fixing belt can be increased,
thus enhancing the separability of the recording medium.
However, in the configuration as in JP-2014-66851-A,
the portion downstream from the bent portion 103b is not
in contact with the pressure member. Accordingly, a nip
portion is not formed between the pressure member and
the downstream portion, which causes a problem in that
the length of the fixing nip in the conveyance direction

becomes small. Therefore, depending on the configura-
tion of the fixing device, there is a problem that the re-
cording medium cannot be heated sufficiently.

SUMMARY

[0007] Under such circumstances, an object of the
present disclosure is to sufficiently heat the recording
medium and to ensure the separability of the recording
medium from the fixing belt after the fixing operation.
[0008] In an aspect of the present disclosure, there is
provided a fixing device that includes a fixing belt, a pres-
sure member, a nip formation member, a heater, and a
support. The fixing belt has an endless shape. The pres-
sure member is configured to press the fixing belt. The
nip formation member is disposed inside a loop of the
fixing belt and configured to contact the pressure member
via the fixing belt. The heater is configured to heat the
fixing belt. The support is disposed inside the loop of the
fixing belt and configured to support the nip formation
member. The nip formation member includes a first nip
forming portion, a second nip forming portion, an inflec-
tion portion, and a supported portion. The first nip forming
portion is configured to contact the pressure member via
the fixing belt to form a first fixing nip. The second nip
forming portion is disposed downstream from the first nip
forming portion in a direction of conveyance of a record-
ing medium and configured to contact the pressure mem-
ber via the fixing belt to form a second fixing nip. A direc-
tion of extension of the nip formation member changes
at the inflection portion. The supported portion is dis-
posed downstream from the first nip forming portion in
the direction of conveyance of the recording medium.
The supported portion is supported by and in contact with
the support. The inflection portion is disposed at a posi-
tion of the supported portion or a position downstream
from the supported portion in the direction of conveyance
of the recording medium. The second nip forming portion
is disposed downstream from the inflection portion.
[0009] In another aspect of the present disclosure,
there is provided an image forming apparatus that in-
cludes the fixing device.
[0010] According to the present disclosure, the record-
ing medium can be sufficiently heated while securing the
separability of the recording medium from the fixing belt
after the fixing operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The aforementioned and other aspects, fea-
tures, and advantages of the present disclosure would
be better understood by reference to the following de-
tailed description when considered in connection with the
accompanying drawings, wherein:

FIG. 1 is a schematic sectional view of an image
forming apparatus according to an embodiment of
the present disclosure;

1 2 



EP 3 660 596 A1

3

5

10

15

20

25

30

35

40

45

50

55

FIG. 2 is a cross-sectional side view of a fixing device
according to an embodiment of the present disclo-
sure;
FIG. 3 is a perspective view of the fixing device of
FIG. 2;
FIG. 4 is a cross-sectional front view of the fixing
device of FIG. 2;
FIG. 5 is a vertical cross-sectional view of a fixing
device according to a comparative example;
FIG. 6 is a vertical cross-sectional view of a fixing
device according to another embodiment of the
present disclosure;
FIGS. 7A and 7B are cross-sectional side views of
a fixing device according to still another embodiment
of the present disclosure in a state of elastic defor-
mation of a second nip forming portion;
FIG. 8 is a side view of a biasing member that biases
the second nip forming portion; and
FIG. 9 is a cross-sectional side view of a conventional
fixing device.

[0012] The accompanying drawings are intended to
depict embodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0013] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this patent specifi-
cation is not intended to be limited to the specific termi-
nology so selected and it is to be understood that each
specific element includes all technical equivalents that
operate in a similar manner and achieve similar results.
[0014] Although the embodiments are described with
technical limitations with reference to the attached draw-
ings, such description is not intended to limit the scope
of the disclosure and all of the components or elements
described in the embodiments of this disclosure are not
necessarily indispensable.
[0015] Referring now to the drawings, embodiments of
the present disclosure are described below. Identical ref-
erence numerals are assigned to identical components
or equivalents and a description of those components is
simplified or omitted.
[0016] As illustrated in FIG. 1, an image forming appa-
ratus 1 according to an embodiment of the present dis-
closure includes an image forming device 2 disposed in
a center portion of the image forming apparatus 1. The
image forming device 2 includes four process units 9Y,
9M, 9C, and 9K (hereinafter, may be collectively referred
to process unit(s) 9 unless distinguished) as removably
installed in the image forming apparatus 1. Although the
process units 9Y, 9M, 9C, and 9K contain developers
(e.g., yellow, magenta, cyan, and black toners) in differ-
ent colors, that is, yellow, magenta, cyan, and black cor-

responding to color separation components of a color
image, respectively, the process units 9Y, 9M, 9C, and
9K have an identical structure.
[0017] Each process unit 9 includes a photoconductor
drum 10 serving as a rotatable image bearer to bear toner
as the developer on the surface of the photoconductor
drum 10, a charging roller 11 to uniformly charge the
surface of the photoconductor drum 10, and a developing
device 12 that includes a developing roller to supply toner
to the surface of the photoconductor drum 10.
[0018] Below the process units 9Y, 9C, 9M, and 9K,
an exposure device 3 is disposed. The exposure device
3 emits laser light beams based on image data.
[0019] Above the image forming device 2, a transfer
device 4 is disposed. The transfer device 4 includes, e.g.,
a drive roller 14, a driven roller 15, an intermediate trans-
fer belt 16, and four primary transfer rollers 17. The in-
termediate transfer belt 16 is an endless belt rotatably
stretched around the drive roller 14, the driven roller 15,
and the like. Each of the four primary transfer rollers 17
is disposed opposite the corresponding photoconductor
drum 10 in each of the process units 9Y, 9C, 9M, and 9K
via the intermediate transfer belt 16. At the different po-
sitions, the primary transfer rollers 17 press against an
inner circumferential surface of the intermediate transfer
belt 16. Thus, primary transfer nips are formed at posi-
tions at which the photoconductor drums 10 contact re-
spective pressed portions of the intermediate transfer
belt 16 pressed by the primary transfer rollers 17.
[0020] The drive roller 14 rotates the intermediate
transfer belt 16. In addition, the transfer device 4 includes
a secondary-transfer roller 18 disposed opposite the
drive roller 14 via the intermediate transfer belt 16. The
secondary-transfer roller 18 is pressed against an outer
circumferential surface of the intermediate transfer belt
16, and thus a secondary-transfer nip is formed between
the secondary-transfer roller 18 and the intermediate
transfer belt 16.
[0021] A sheet feeder 5 is disposed in a lower portion
of the image forming apparatus 1. The sheet feeder 5
includes a sheet tray 19, which contains sheets P as re-
cording media, and a sheet feeding roller 20 to feed the
sheets P from the sheet tray 19.
[0022] The sheets P are conveyed along a conveyance
passage 6 from the sheet feeder 5 toward a sheet ejector
8. Conveyance roller pairs including a registration roller
pair 21 are disposed along the conveyance passage 6.
[0023] A fixing device 7 is disposed downstream from
the secondary-transfer nip in a sheet conveyance direc-
tion. The fixing device 7 includes a fixing belt 22 heated
by a heater and a pressure roller 23 as a pressing mem-
ber to press the fixing belt 22.
[0024] The sheet ejector 8 is disposed at an extreme
downstream side of the conveyance passage 6 in the
image forming apparatus 1. The sheet ejector 8 includes
an ejection roller pair 24 and an output tray 25. The ejec-
tion roller pair 24 ejects the sheets P onto the output tray
25 disposed atop a housing of the image forming appa-
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ratus 1. Thus, the sheets P lie stacked on the output tray
25.
[0025] In an upper portion of the image forming appa-
ratus 1, removable toner bottles 29Y, 29C, 29M, and 29K
are disposed. The toner bottles 29Y, 29C, 29M, and 29K
are filled with fresh toner of yellow, cyan, magenta, and
black, respectively. A toner supply tube is interposed be-
tween each of the toner bottles 29Y, 29C, 29M, and 29K
and the corresponding developing device 12. The fresh
toner is supplied from each of the toner bottles 29Y, 29C,
29M, and 29K to the corresponding developing device
12 through the toner supply tube.
[0026] Next, a description is given of a basic operation
of the image forming apparatus 1 with reference to FIG. 1.
[0027] As the image forming apparatus 1 receives a
print job and starts an image forming operation, the ex-
posure device 3 emits laser light beams onto the outer
circumferential surfaces of the photoconductor drums 10
of the process units 9Y, 9M, 9C, and 9K according to
image data, thus forming electrostatic latent images on
the photoconductor drums 10. The image data used to
expose the respective photoconductor drums 10 by the
exposure device 3 is monochrome image data produced
by decomposing a desired full color image into yellow,
magenta, cyan, and black image data. After the exposure
device 3 forms the electrostatic latent images on the pho-
toconductor drums 10, the drum-shaped developing roll-
ers of the developing devices 12 supply yellow, magenta,
cyan, and black toners stored in the developing devices
12 to the electrostatic latent images, rendering visible the
electrostatic latent images as developed visible images,
that is, yellow, magenta, cyan, and black toner images,
respectively.
[0028] In the transfer device 4, the intermediate trans-
fer belt 16 moves along with rotation of the drive roller
14 in a direction indicated by arrow D in FIG. 1. A power
supply applies a constant voltage or a constant current
control voltage having a polarity opposite a polarity of the
toner to each primary transfer roller 17. As a result, a
transfer electric field is formed at the primary transfer nip.
The yellow, magenta, cyan, and black toner images are
primarily transferred from the photoconductor drums 10
onto the intermediate transfer belt 16 successively at the
primary transfer nips such that the yellow, magenta, cy-
an, and black toner images are superimposed on a same
position on the intermediate transfer belt 16.
[0029] As the image forming operation starts, the sheet
feeding roller 20 of the sheet feeder 5 disposed in the
lower portion of the image forming apparatus 1 is driven
and rotated to feed a sheet P from the sheet tray 19 to-
ward the registration roller pair 21 through the convey-
ance passage 6. The registration roller pair 21 conveys
the sheet P fed to the conveyance passage 6 by the sheet
feeding roller 20 to the secondary-transfer nip formed
between the secondary-transfer roller 18 and the inter-
mediate transfer belt 16 supported by the drive roller 14,
timed to coincide with the superimposed toner image on
the intermediate transfer belt 16. At this time, a transfer

voltage having a polarity opposite the toner charge po-
larity of the toner image formed on the surface of the
intermediate transfer belt 16 is applied to the sheet P and
the transfer electric field is generated in the secondary-
transfer nip. Due to the transfer electric field generated
in the secondary transfer nip, the toner images formed
on the intermediate transfer belt 16 are collectively trans-
ferred onto the sheet P.
[0030] The sheet P bearing the full color toner image
is conveyed to the fixing device 7 where the fixing belt
22 and the pressure roller 23 fix the full color toner image
onto the sheet P under heat and pressure. The sheet P
having the fixed toner image thereon is separated from
the fixing belt 22 and conveyed by the conveyance roller
pair to the sheet ejector 8. The ejection roller pair 24 of
the sheet ejector 8 ejects the sheet P onto the output tray
25.
[0031] The above describes the image forming oper-
ation of the image forming apparatus 1 to form the full
color toner image on the sheet P. Alternatively, the image
forming apparatus 1 may form a monochrome toner im-
age by using any one of the four process units 9Y, 9M,
9C, and 9K or may form a bicolor toner image or a tricolor
toner image by using two or three of the process units
9Y, 9M, 9C, and 9K.
[0032] As illustrated in FIG. 2, the fixing device 7 in-
cludes the fixing belt 22, the pressure roller 23, a halogen
heater 31 as a heater, a nip formation pad 32 as a nip
formation member, a stay 33 as a support, and a reflector
34. As illustrated in FIG. 3, the halogen heater 31, the
nip formation pad 32, the stay 33, and the reflector 34
are disposed inside the loop of the fixing belt 22 and
across the fixing belt 22 in a width direction of the fixing
belt 22 that is a direction orthogonal to a sheet surface
on which FIG. 2 is printed and hereinafter may be simply
referred to as the width direction.
[0033] As illustrated in FIG. 2, the fixing belt 22 is a
cylindrical fixing member to fix an unfixed image T to the
sheet P and is disposed on the side of the sheet P on
which the unfixed image T is held. The fixing belt 22 in
the present embodiment is an endless belt or film, includ-
ing a base layer formed on an inner side of the fixing belt
22 and made of a metal such as nickel and stainless steel
(SUS) or a resin such as polyimide, and a release layer
formed on the outer side of the fixing belt 22 and made
of tetrafluoroethylene-perfluoroalkylvinylether copoly-
mer (PFA), polytetrafluoroethylene (PTFE), or the like.
Optionally, an elastic layer made of rubber such as sili-
cone rubber, silicone rubber foam, and fluoro rubber may
be interposed between the base layer and the release
layer. While the fixing belt 22 and the pressure roller 23
press the unfixed toner image against the sheet P to fix
the toner image onto the sheet P, the elastic layer having
a thickness of about 100 micrometers elastically deforms
to absorb slight surface asperities of the fixing belt 22,
preventing variation in gloss of the toner image on the
sheet P. In the present embodiment, the fixing belt 22 is
thin and has a small loop diameter to decrease the ther-
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mal capacity of the fixing belt 22. For example, the base
layer of the fixing belt 22 has a thickness of from 20 mm
to 50 mm and the release layer has a thickness of from
10 mm to 50 mm. Thus, the fixing belt 22 has a total thick-
ness not greater than 1 mm. When the fixing belt 22 in-
cludes the elastic layer, the thickness of the elastic layer
may be set to 100 to 300 mm. In order to further decrease
the thermal capacity of the fixing belt 22, the fixing belt
22 may have the total thickness not greater than 0.20
mm and preferably not greater than 0.16 mm. In the
present embodiment, the fixing belt 22 may have a loop
diameter from 20 to 40 mm and preferably 30 mm or less.
[0034] The pressure roller 23 is an opposed member
disposed opposite an outer circumferential surface of the
fixing belt 22. The pressure roller 23 includes a cored
bar; an elastic layer coating the cored bar and being made
of silicone rubber foam, fluoro rubber, or the like; and a
release layer coating the elastic layer and being made
of PFA, PTFE, or the like. According to the present em-
bodiment, the pressure roller 23 is a solid roller. Alterna-
tively, the pressure roller 23 may be a hollow roller. When
the pressure roller 23 is a hollow roller, a heater such as
a halogen heater may be disposed inside the pressure
roller 23. The elastic layer of the pressure roller 23 may
be made of solid rubber. Alternatively, if no heater is dis-
posed inside the pressure roller 23, the elastic layer of
the pressure roller 23 is preferably made of sponge rub-
ber to enhance thermal insulation of the pressure roller
23. Such a configuration reduces heat conduction from
the fixing belt 22 to the pressure roller 23 and improves
heating efficiency of the fixing belt 22.
[0035] A driver disposed inside the image forming ap-
paratus 1 drives and rotates the pressure roller 23 in the
direction indicated by arrow A in FIG. 2. The rotation of
the pressure roller 23 drives the fixing belt 22 to rotate in
a direction indicated by arrow B in FIG. 2 (hereinafter,
belt rotation direction B) due to frictional force therebe-
tween. After the toner image is transferred onto the sheet
P, the sheet P bearing the unfixed toner image T is sent
to between the fixing belt 22 and the pressure roller 23.
The rotating fixing belt 22 and the rotating pressure roller
23 convey the sheet P, and the sheet P passes through
a fixing nip N1 and a fixing nip N2. Heat and pressure
are applied to the sheet P to fix the unfixed toner image
T onto the sheet P.
[0036] The pressure roller 23 and the fixing belt 22 are
configured to be able to contact and separate each other.
If the sheet is jammed in the fixing nip N1 and the fixing
nip N2, the pressure roller 23 and the fixing belt 22 are
separated from each other and the fixing nip N1 and the
fixing nip N2 are opened, thus allowing maintenance op-
eration, such as removal of the jammed sheet. One of
the pressure roller 23 and the fixing belt 22 may be con-
figured to be fixed and the other may be configured to be
movable so that the pressure roller 23 and the fixing belt
22 contact and separate each other. Alternatively, both
the pressure roller 23 and the fixing belt 22 may be con-
figured to move so that the pressure roller 23 and the

fixing belt 22 contact and separate from each other.
[0037] The halogen heater 31 is a heater disposed in-
side the loop of the fixing belt 22 to emit infrared light,
and radiant heat from the halogen heater 31 heats the
fixing belt 22 from the inside. Alternatively, instead of the
halogen heater 31, a carbon heater, a ceramic heater or
the like may be employed as the heater. In the present
embodiment, one halogen heater 31 is disposed in the
loop of the fixing belt 22, but a plurality of halogen heaters
31 having different heat generation areas may be used
according to the width of the sheet.
[0038] The nip formation pad 32 sandwiches the fixing
belt 22 together with the pressure roller 23, to form the
fixing nip N1 and the fixing nip N2. Specifically, the nip
formation pad 32 is disposed in the inner circumferential
side of the fixing belt 22 to extend in a longitudinal shape
in the width direction. The nip formation pad 32 includes,
e.g., a first nip forming portion 32a, a bent portion 32b,
and a second nip forming portion 32e. The first nip form-
ing portion 32a has a flat shape and contacts the inner
circumferential surface of the fixing belt 22. The bent por-
tion 32b bends from an upstream end of the first nip form-
ing portion 32a in the belt rotation direction B to the side
opposite to the pressure roller 23. The second nip forming
portion 32e, which is described later, is disposed down-
stream from the first nip forming portion 32a in the belt
rotation direction B. A pressing member such as a spring
presses the pressure roller 23 against the nip formation
pad 32, which causes the pressure roller 23 to contact
the fixing belt 22 and form the fixing nip N1 and the fixing
nip N2 between the pressure roller 23 and the fixing belt
22.
[0039] The nip formation surface 32a1 of the first nip
forming portion 32a and the nip formation surface 32e1
of the second nip forming portion 32e facing the fixing
belt 22 are in direct contact with the inner circumferential
surface of the fixing belt 22. As the fixing belt 22 rotates,
the fixing belt 22 slides on the nip formation surfaces
32a1 and 32e1. To enhance the abrasion resistance and
the slidability of the nip formation surface 32a1, prefera-
bly the nip formation surfaces 32a1 and 32e1 are treated
with alumite or coated with a fluororesin material. To en-
sure the slidability over time, a lubricant such as fluorine-
based grease may be applied to the nip formation sur-
faces 32a1 and 32e1. In the present embodiment, the
nip formation surface 32a1 is planar. Alternatively, the
nip formation surface 32a1 may define recesses or other
shapes.
[0040] The nip formation pad 32 is made of a material
having a thermal conductivity larger than a thermal con-
ductivity of the stay 33. For example, the material of the
nip formation pad 32 is preferably copper (thermal con-
ductivity: 398 W / mk) or aluminum (thermal conductivity:
236 W / mk). The nip formation pad 32 made of the ma-
terial having such a large thermal conductivity absorbs
the radiant heat from the halogen heater 31 and effec-
tively transmits heat to the fixing belt 22. For example,
setting the thickness of the nip formation pad 32 to 1 mm
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or less can shorten a heat transfer time in which the heat
transfers from the nip formation pad 32 to the fixing belt
22, which is advantageous in shortening a warm-up time
of the fixing device 7. In contrast, setting the thickness
of the nip formation pad 32 to be larger than 1 mm and
5 mm or less can improve a heat storage capacity of the
nip formation pad 32.
[0041] The stay 33 is a support that indirectly contacts
the nip formation pad 32 from the side (upper side in FIG.
2) opposite to the pressure roller 23 via another member
(in the present embodiment, the bent portion 34b of the
reflector 34) and supports the nip formation pad 32
against the pressure of the pressure roller 23. Similar to
the nip formation pad 32, the stay 33 extends in a longi-
tudinal shape in the width direction of the fixing belt 22
and is disposed inside the loop of the fixing belt 22. In
the present embodiment, the stay 33 has a U-shaped
cross-section including a pair of side wall portions 33a
and a bottom wall portion 33b that connects the pair of
side wall portions 33a. The pair of side wall portions 33a
of the stay 33 supports both ends of the nip formation
pad 32 in the belt rotation direction B. The side wall por-
tions 33a extending in a direction in which the pressure
roller 23 presses against the nip formation pad 32 that is
a vertical direction in FIG. 2 strengthens the rigidity of
the stay 33 in the direction in which the pressure roller
23 presses against the nip formation pad 32 and reduces
the bend of the first nip forming portion 32a caused by
the pressure force of the pressure roller 23. Such a con-
figuration results in a uniform width of the nip in the lon-
gitudinal direction. The stay 33 is preferably made of an
iron-based metal such as stainless steel (SUS) or Steel
Electrolytic Cold Commercial (SECC) that is electrogal-
vanized sheet steel to ensure rigidity.
[0042] Note that the stay 33 "supports" the nip forma-
tion pad 32 means that a portion (in the present embod-
iment, the side wall portion 33a) of the stay 33 extending
in the pressing direction of the pressure roller 23 (the
vertical direction in FIG. 2) or a portion having a certain
thickness is brought into contact with the nip formation
pad 32 from the side (upper side in FIG. 2) opposite to
the pressure roller 23. Such a configuration reduces the
bend (in particular, the bend in the longitudinal direction
in the present embodiment) of the nip formation pad 32
caused by the pressure from the pressure roller 23. How-
ever, the above-described contact includes not only the
case where the stay 33 is in direct contact with the nip
formation pad 32 but also the case where the stay 33
contacts the nip formation pad 32 via another member
as in the present embodiment. The "contact via another
member" means a state in which another member is in-
terposed between the stay 33 and the nip formation pad
32 in the vertical direction in FIG.2 and at a position cor-
responding to at least a part of the member, the stay 33
contacts the member and the member contacts the nip
formation pad 32. The term "extending in the pressing
direction" is not limited to a case where the portion of the
stay 33 extends in the same direction as the pressing

direction of the pressure roller 23, but includes the case
where the portion of the stay 33 extends in a direction
with a certain angle from the pressing direction of the
pressure roller 23. Even in such cases, the stay 33 can
reduce the bend of the nip formation pad 32 against the
pressing force from the pressure roller 23.
[0043] The reflector 34 is disposed opposite the halo-
gen heater 31 inside the loop of the fixing belt 22 to reflect
the radiant heat that is infrared light emitted from the hal-
ogen heater 31 to the nip formation pad 32. In the present
embodiment, the reflector 34 includes a reflector portion
34a formed as an ellipse cross-section and a pair of bent
portions 34b bent from both ends of the reflector portion
34a in a direction in which the bent portions separate
from each other in the belt rotation direction B. Each bent
portion 34b is sandwiched between each side wall portion
33a of the stay 33 and the first nip forming portion 32a
of the nip formation pad 32 to hold the reflector 34.
[0044] An opening of an ellipse concave surface of the
reflector portion 34a that opens toward the nip formation
pad 32 reflects the radiant heat from the halogen heater
31 toward the nip formation pad 32. That is, the halogen
heater 31 directly irradiates the nip formation pad 32 with
the infrared light, and, additionally, the nip formation pad
32 is also irradiated with the infrared light reflected by
the reflector portion 34a. Therefore, the nip formation pad
32 is effectively heated.
[0045] Since the reflector portion 34a is interposed be-
tween the halogen heater 31 and the stay 33, the reflector
portion 34a functions to block the infrared light from the
halogen heater 31 to the stay 33. The function reduces
wasteful energy use to heat the stay 33. Additionally, in
the present embodiment, the thermal insulation of the
layer of air in a gap between the stay 33 and the reflector
portion 34a further reduces heat transfer to the stay 33.
[0046] As described above, in the present embodi-
ment, the reflector 34 is provided to cover the halogen
heater 31, and the radiant heat from the halogen heater
31 and the radiant heat reflected by the reflector 34 are
efficiently collected to an opening of the reflector 34, that
is, to the nip formation pad 32. The heated nip formation
pad 32 can efficiently heat the fixing belt 22 in the fixing
nips N1 and N2. The stay 33 covers the outer circumfer-
ential side of the reflector 34 and the fixing belt 22 is
disposed outside the stay 33. That is, in the circumfer-
ential direction of the fixing belt 22, the fixing belt 22 faces
the halogen heater 31 via the nip formation pad 32 in the
fixing nip N1 and, in the portion other than the fixing nip
N1, faces the halogen heater 31 via the reflector 34 and
the stay 33.
[0047] The surface of the reflector portion 34a of the
reflector 34 facing the halogen heater 31 is treated with
mirror finish or the like to increase reflectance. In the
present embodiment, reflectance is measured using the
spectrophotometer that is the ultraviolet visible infrared
spectrophotometer UH4150 manufactured by Hitachi
High-Technologies Corporation in which the incident an-
gle is set to be 5°. In general, the color temperature of
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the halogen heater varies depending on the application.
The color temperature of the heater for the fixing device
is about 2500 K. The reflectance of the reflector 34 used
in the present embodiment is preferably 70% or more
with wavelengths of high emission intensity in the halo-
gen heater 31, that is, specifically the wavelengths of 900
to 1600 nm and more preferably 70% or more with the
wavelengths of 1000 to 1300 nm.
[0048] Alternatively, the stay 33 may have the function
of reflection and thermal insulation of the reflector 34.
For example, performing the thermal insulation treatment
or the mirror finishing on the inner surface of the stay 33
in the halogen heater 31 side enables the stay 33 to func-
tion as the reflector 34. Such a configuration can obviate
the reflector 34 that is a separate component from the
stay 33. The reflectance of the stay 33 subjected to the
mirror finishing is preferably similar to the reflectance of
the reflector 34.
[0049] The temperature sensors 28 are disposed out-
side the loop of the fixing belt 22 and detect temperatures
of the fixing belt 22. In the present embodiment, the tem-
perature sensors 28 are disposed at two positions, the
central position in the width direction of the fixing belt 22,
and one end position in the belt width direction of the
fixing belt 22. Output of the halogen heater 31 is control-
led based on the temperature of the outer circumferential
surface of the fixing belt 22 detected by the temperature
sensor 28. Thus, the temperature of the fixing belt 22 is
adjusted to a desired fixing temperature. The tempera-
ture sensor 28 may be either contact type or non-contact
type. The temperature sensor 28 may be a known tem-
perature sensor type such as a thermopile, a thermostat,
a thermistor, or a non-contact (NC) sensor.
[0050] As illustrated in FIG. 4, a pair of belt holders 35
is inserted in both lateral ends of the fixing belt 22 in the
axial direction of the fixing belt 22 to rotatably support
the fixing belt 22. As described above, the belt holders
35 inserted into the inner periphery of the fixing belt 22
support the fixing belt 22 in a state in which the fixing belt
22 is not basically applied with tension in a circumferential
direction thereof while the fixing belt 22 does not rotate,
that is, by a free belt system.
[0051] The pressure roller 23 is biased toward the fix-
ing belt 22 by a biasing member such as a spring at both
ends in the longitudinal direction (see arrows H in FIG.
4) and pressed against the fixing belt 22. As a result, the
elastic layer of the pressure roller 23 is pressed and de-
forms, and the fixing nip N is formed.
[0052] Next, the second nip forming portion 32e pro-
vided in the nip formation pad 32 is further described with
reference to FIG. 2.
[0053] As illustrated in FIG. 2, the nip formation pad
32 includes the first nip forming portion 32a on an up-
stream side (right side in FIG. 2) in the sheet conveyance
direction B and the second nip forming portion 32e on a
downstream side from the first nip forming portion 32a.
The first nip forming portion 32a has a substantially flat
plate shape and is disposed in parallel with a direction

C1 in which the sheet P enters the fixing nip N1. Relative
to the first nip forming portion 32a, the second nip forming
portion 32e is curved toward the pressure roller 23 from
an inflection portion 32d that is a boundary between the
first nip forming portion 32a and the second nip forming
portion 32e. In other words, the second nip forming por-
tion 32e is disposed closer to the pressure roller 23 than
the first nip forming portion 32a in a direction (vertical
direction in FIG. 2) of contact of the fixing belt 22 and the
pressure roller 23. In particular, in the present embodi-
ment, the second nip forming portion 32e is more inclined
toward the pressure roller 23 (the lower side in FIG. 2)
as a portion of the second nip forming portion 32e ap-
proaches a downstream end of the second nip forming
portion 32e in the sheet conveyance direction. Hereinaf-
ter, the upstream side and the downstream side in the
sheet conveyance direction may also be simply referred
to as the upstream side and the downstream side.
[0054] In the present embodiment, a supported portion
32c supported by the side wall portion 33a on the down-
stream side of the stay 33 is disposed at a downstream
portion of the first nip forming portion 32a. In addition to
the supported portion 32c, a supported portion 32z sup-
ported by the side wall portion 33a on the upstream side
of the stay 33 is also disposed at an upstream portion of
the first nip forming portion 32a.
[0055] At the downstream end of the second nip form-
ing portion 32e, a bent portion 32f is disposed that is bent
from the downstream end of the second nip forming por-
tion 32e to the side opposite to the pressure roller 23.
The downstream side of the second nip forming portion
32e including the bent portion 32f is a free end that is not
secured (supported) by the stay 33 or the like.
[0056] The sheet P conveyed to the fixing device 7 is
first conveyed in the direction indicated by arrow C1 and
passes through the first fixing nip N1. That is, the sheet
P is conveyed in the direction indicated by arrow C1 along
the first nip forming portion 32a. The conveyance direc-
tion of the sheet P having passed through the first fixing
nip N1 changes at the inflection portion 32d, and the
sheet P is conveyed to the second fixing nip N2. That is,
the sheet P is conveyed in the direction along the second
nip forming portion 32e from the inflection portion 32d,
and the conveyance direction of the sheet P changes in
a direction indicated by arrow C2 that is a direction closer
to the pressure roller 23.
[0057] The sheet P is further conveyed and separated
from the fixing belt 22 at a separation point D disposed
at the downstream end of the second nip forming portion
32e. At the separation point D, the sheet P is separates
from the fixing belt 22 at a separation angle θ formed by
the fixing belt 22 and arrow C2 that is the conveyance
direction of the sheet P toward the downstream side.
[0058] As described above, in the present embodi-
ment, the nip formation pad 32 includes the second nip
forming portion 32e that is curved toward the pressure
roller 23, thus allowing setting of the large separation
angle θ. For example, as a comparative example of a nip

11 12 



EP 3 660 596 A1

8

5

10

15

20

25

30

35

40

45

50

55

formation pad different from the embodiments of the
present disclosure, in a case where a nip formation pad
32’ of a fixing device 7’ includes a nip forming portion
32a’ having a substantially flat surface as illustrated in
FIG. 5, there is almost no difference between the sheet
conveyance direction and the direction in which the fixing
belt 22 extends downstream, which results in a small
separation angle θ’.
[0059] On the other hand, as in the present embodi-
ment, the second nip forming portion 32e curved toward
the pressure roller 23 is disposed on the downstream
side of the nip formation pad 32 (in particular, the down-
stream end of the second nip forming portion 32e is dis-
posed closer to the pressure roller 23 than the first nip
forming portion 32a. Accordingly, the fixing belt 22 is
greatly displaced to a lower side of FIG. 2, at which the
pressure roller 23 is disposed, on the downstream side
in the sheet conveyance direction to contact the surface
of the pressure roller 23. In other words, the pressure
roller 23 is pressed against the fixing belt 22 to form a
substantially horizontal fixing nip with the fixing belt 22
(in the range of the fixing nip N in FIG. 5). On the further
downstream side, in a region (for example, a region like
a range X in FIG. 5) where the outer circumferential sur-
face of the pressure roller 23 is separated away from the
fixing belt 22, as illustrated in FIG. 2, the fixing belt 22 is
displaced toward the pressure roller 23 to contact the
pressure roller 23, thus forming the second fixing nip N2.
As described above, the second nip forming portion 32e
deforms the fixing belt 22 toward the pressure roller 23.
Thus, at the end point of the second fixing nip N2, that
is, the separation point D at which the sheet P is sepa-
rated from the fixing belt 22, the fixing belt 22 can be
raised in the conveyance direction C2 of the sheet P or
in a direction away from the surface of the pressure roller
23. That is, the separation angle θ of the sheet P can be
set to be large, thus enhancing the separability of the
sheet P from the fixing belt 22.
[0060] In particular, in the present embodiment, the
bent portion 32f bent to the opposite side of the pressure
roller 23 is disposed at the downstream end of the second
nip forming portion 32e. With such a configuration, the
direction in which the fixing belt 22 extends on the down-
stream side from the separation point D can be set to a
direction along the bent portion 32f, thus allowing the
separation angle θ to be disposed at a stable angle. As
described above, the separation point D can be disposed
upstream from the downstream end of the nip formation
pad 32, and the portion downstream from the separation
point D, that is, the bent portion 32f in the present em-
bodiment can also be provided as a guide portion to guide
rotation of the fixing belt 22. However, in some embodi-
ments, the bent portion 32f may not be provided, and for
example, the separation point D may be provided at the
downstream end of the nip formation pad 32.
[0061] Further, the second nip forming portion 32e is
curved toward the pressure roller 23. At a portion down-
stream from the supported portion 32c supported by the

stay 33, the second nip forming portion 32e can also con-
tact the pressure roller 23 to form the second fixing nip
N2. Accordingly, the fixing nip having a sufficient length
in the conveyance direction can be formed, thus enhanc-
ing the fixability of an image on the sheet surface.
[0062] Hereinafter, variations of the nip formation pad
are described. Note that, about the structures which are
common in the above-described embodiment, redundant
descriptions are omitted as needed.
[0063] As illustrated in FIG. 6, in the present embodi-
ment, the inflection portion 32d between the first nip form-
ing portion 32a and the second nip forming portion 32e
is disposed at a position of the supported portion 32c at
which the nip formation pad 32 is secured and supported
by the stay 33. Such a configuration allows the size,
shape, separation angle, and the like of the fixing nip in
the conveyance direction to be changed at the inflection
portion 32d acting as a boundary. In particular, in the
present embodiment, the upstream end portion of the
second nip forming portion 32e is supported by the stay
33 at the downstream end portion of the first nip forming
portion 32a in the sheet conveyance direction. In such a
case, the upstream end portion of the second nip forming
portion 32e is a fixed end fixed and supported by the stay
33. The downstream side of the second nip forming por-
tion 32e including the bent portion 32f is a free end not
fixed by the stay 33 or the like. Such a configuration allows
the size, shape, separation angle, and the like of the fixing
nip in the conveyance direction to be changed at the side
of the free end.
[0064] The second nip forming portion 32e is formed
of a material rich in elasticity and can be elastically de-
formed with the supported portion 32c as a fulcrum. It is
desirable to provide the second nip forming portion 32e
thinner than other portion of the nip formation pad 32 so
that the second nip forming portion 32e can be easily
elastically deformed.
[0065] As illustrated in FIG. 7A, the pressure roller 23
is pressed in the direction indicated by arrow E by a press-
ing member such as a spring. Thus, the pressure roller
23 is pressed against the fixing belt 22 to form the fixing
nips N1 and N2.
[0066] In the present embodiment, the pressing force
of the pressure roller 23 to the fixing belt 22 (the nip for-
mation pad 32) can be changed to elastically deform and
change the posture of the second nip forming portion
32e, thus changing the shape of the fixing nip N2. For
example, as illustrated in FIG. 7B, when the pressure
roller 23 is pressed against the fixing belt 22 with a larger
force, the pressing force is applied to the nip formation
pad 32 via the fixing belt 22. The second nip forming
portion 32e is elastically deformed to the side opposite
to the pressure roller 23 with the supported portion 32c,
which is the fixed end, acting as a fulcrum. Accordingly,
as illustrated in FIG. 7B, the first nip forming portion 32a
and the second nip forming portion 32e are arranged in
a substantially straight line (substantially the same plane)
and extend in a horizontal direction in the conveyance
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direction, to form one fixing nip N. In such a case, the
separation angle θ2 is smaller than the separation angle
θ1 in FIG. 7A. Since the first nip forming portion 32a is
fixed and supported at both ends by the stay 33, the
shape of the first nip forming portion 32a hardly changes
even if the pressing force is changed as described above.
[0067] As a means for changing the pressing force of
the pressure roller 23 to the fixing belt 22 (the nip forma-
tion pad 32), the arrangement of the pressure roller 23
or the arrangements of the fixing belt 22 and members
in the fixing belt 22 may be changed to approach the
pressure roller 23 and the fixing belt 22 each other or
approach, to the pressure roller 23, a pressing means
such as a spring that presses the pressure roller 23 in a
direction to approach the fixing belt to increase the press-
ing force. Moreover, the pressing means that presses
the pressure roller 23 may be configured to vary the
pressing force. In the present embodiment, the pressure
roller 23 is pressed toward the fixing belt 22. However,
in some embodiments, by contrast, the fixing belt 22 may
be pressed toward the pressure roller 23.
[0068] Further, as illustrated in FIG. 8, the fixing device
7 may include a biasing spring (biasing member or
means) 37 to bias the second nip forming portion 32e
toward the fixing belt 22 (lower side in FIG. 8). The pos-
ture of the second nip forming portion 32e may be
changed by changing the posture of the biasing spring
37 (changing the biasing force of the spring). The biasing
spring 37 is connected to a portion at the vicinity of the
downstream end of the second nip forming portion 32e,
to bias the connected portion toward the fixing belt 22.
Changing the biasing force of the biasing spring 37 allows
changing of the size, shape, the separation angle, and
the like of the fixing nip in the conveyance direction.
[0069] As described above, in the present embodi-
ment, adjusting the pressing force of the pressure roller
23 to the fixing belt 22 (the nip formation pad 32) allows
changing of the size, shape, separation angle, and the
like of the fixing nip in the conveyance direction. Accord-
ingly, when the sheet P is unlikely to separate from the
fixing belt 22, the posture of the second nip forming por-
tion 32e is changed to have a large separation angle as
illustrated in FIG. 7A. To reduce wrinkles of the sheet P,
the posture of the second nip forming portion 32e is
changed to form the fixing nip N in a substantially flat
shape as illustrated in FIG. 7B. As described above,
changing the posture of the second nip forming portion
32e according to the purpose allows changing of the fix-
ing nip(s).
[0070] The above-described adjustment of the sepa-
ration angle or the like by changing the pressing force of
the pressure roller 23 may be performed depending on,
for example, the type or size of the sheet P that is passed
through the fixing device 7. That is, the pressing force of
the pressure roller 23 can be set in consideration of the
ease of separation of the sheet P, the ease of occurrence
of wrinkles, the image fixability, and the like based on the
type and size of the sheet P.

[0071] As in the present embodiment, when the inflec-
tion portion 32d of the first nip forming portion 32a and
the second nip forming portion 32e is provided at the
position of the supported portion 32c supported by the
stay 33, the second nip forming portion 32e being elas-
tically deformable can be elastically deformed in the
pressing direction (upward direction in FIG. 7A) of the
pressure roller 23, with the position of the inflection por-
tion 32d as a start position. Such a configuration facili-
tates adjustment of the posture of the second nip forming
portion 32e, that is, the separation angle and the shape
of the fixing nip, thus facilitating the separation angle and
the shape of the fixing nip to be changed to the target
separation angle and the target shape of the fixing nip .
[0072] As described above, the supported portion 32c
may be provided at the inflection portion 32d between
the first nip forming portion 32a and the second nip form-
ing portion 32e, or at some midpoint in the first nip forming
portion 32a upstream from the inflection portion 32d (see
Fig. 2)
[0073] The above-described embodiments and varia-
tions are examples of embodiments and variations of the
present disclosure. Embodiments of the present disclo-
sure are not limited to the above-described embodiments
and various modifications and improvements are possi-
ble in ranges without departing from the gist of the present
invention.
[0074] The image forming apparatus according to an
embodiment of the present disclosure is not limited to a
color image forming apparatus 1 illustrated in FIG. 1 but
may be a monochrome image forming apparatus, a cop-
ier, a printer, a facsimile machine, or a multifunction pe-
ripheral including at least two functions of the copier,
printer, and facsimile machine.
[0075] The sheets P serving as recording media may
be thick paper, postcards, envelopes, plain paper, thin
paper, coated paper, art paper, tracing paper, overhead
projector (OHP) transparencies, plastic film, prepreg,
copper foil, and the like.

Claims

1. A fixing device (7) comprising:

a fixing belt (22) having an endless shape;
a pressure member (23) configured to press the
fixing belt (22);
a nip formation member (32) disposed inside a
loop of the fixing belt (22) and configured to con-
tact the pressure member (23) via the fixing belt
(22);
a heater (31) configured to heat the fixing belt
(22); and
a support (33) disposed inside the loop of the
fixing belt (22) and configured to support the nip
formation member (32),
the nip formation member (32) including:
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a first nip forming portion (32a) configured
to contact the pressure member (23) via the
fixing belt (22) to form a first fixing nip (N1);
a second nip forming portion (32e) disposed
downstream from the first nip forming por-
tion (32a) in a direction (C1, C2) of convey-
ance of a recording medium (S) and config-
ured to contact the pressure member (23)
via the fixing belt (22) to form a second fixing
nip (N2);
an inflection portion (32d) at which a direc-
tion of extension of the nip formation mem-
ber (32) changes; and
a supported portion (32c) disposed down-
stream from the first nip forming portion
(32a) in the direction (C1) of conveyance of
the recording medium (S), the supported
portion (32c) supported by and in contact
with the support (33),
wherein the inflection portion (32d) is dis-
posed at a position of the supported portion
(33c) or a position downstream from the
supported portion (33c) in the direction (C1)
of conveyance of the recording medium (S),
and
wherein the second nip forming portion
(32e) is disposed downstream from the in-
flection portion (32d).

2. The fixing device (7) according to claim 1,
wherein the inflection portion (32d) is disposed at
the supported portion (33c).

3. The fixing device (7) according to claim 1 or 2,
wherein a downstream end (32f) of the second nip
forming portion (32e) in the direction (C1) of convey-
ance of the recording medium (S) is not supported
by the support (33).

4. The fixing device (7) according to any one of claims
1 to 3,
wherein the second nip forming portion (32e) is made
of an elastic material.

5. The fixing device (7) according to any one of claims
1 to 4,
wherein the second nip forming portion (32e) is thin-
ner than the first nip forming portion (32a).

6. The fixing device (7) according to any one of claims
1 to 5, further comprising a biasing member (37) con-
figured to bias the second nip forming portion (32e)
toward the fixing belt (22).

7. The fixing device (7) according to any one of claims
1 to 6,
wherein a posture of the second nip forming portion
(32e) relative to the first nip forming portion (32a) is

variable with a change in a pressing force between
the nip formation member (32) and the pressure
member (23).

8. The fixing device (7) according to claim 7,
wherein the pressing force is adjustable according
to a type of the recording medium on which the fixing
device (7) fixes an image.

9. An image forming apparatus (1) comprising the fixing
device (7) according to any one of claims 1 to 8.
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