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(54) HEATING DEVICE, FIXING DEVICE, AND IMAGE FORMING APPARATUS

(57) A heating device (3000) includes a base (350),
resistance heating elements (361 to 368), a power con-
troller (450), a first temperature detector (TH1), a second
temperature detector (TH2), a power interrupter (CO),
and a controller (400). The resistance heating elements
(361 to 368) are arranged in a longitudinal direction of
the base (350) and electrically connected in parallel. The
first detector (TH1) detects a temperature of a first resist-
ance heating element (364). The second detector (TH2)
detects a temperature of a second resistance heating

element (368). The interrupter interrupts power to the
elements when the temperature of the second element
becomes a predetermined temperature or more. The
controller controls the power controller such that a tem-
perature of each element becomes a predetermined tem-
perature, based on a result of detection of the first de-
tector, and interrupts the power when the second detec-
tor detects predetermined temperature information re-
garding the second element.
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Description

BACKGROUND

Technical Field

[0001] The present disclosure relates to a heating de-
vice including a plurality of resistance heating elements,
a fixing device, and an image forming apparatus.

Related Art

[0002] Various types of fixing devices to be used in
electrophotographic image forming apparatuses, have
been known. One type of fixing device heats a thin fixing
belt having low heat capacity, with a planar heating body
including a base and a resistance heating element. The
planer heating body includes a plurality of resistance
heating elements arranged on the base disposed in the
width direction of the fixing belt, the resistance heating
elements being electrically connected in parallel. This
arrangement inhibits a rise in temperature in a no-paper
passing portion when small-sized paper passes the plan-
er heating body (refer to JP-2015-194713-A and JP-
2016-18127-A). Use of a positive temperature coefficient
(PTC) heater having a positive temperature coefficient
for each of the resistance heating elements, further in-
hibits a rise in temperature in the no-paper passing por-
tion. Thus, energy conservation can be achieved.
[0003] In a case where the plurality of resistance heat-
ing elements is connected in parallel as described above,
even when any one of the resistance heating elements
disconnects, current continues to flow through the other
resistance heating elements. If a temperature sensor,
such as a thermistor, is arranged in the heating region
of each resistance heating element, the temperatures of
the resistance heating elements can be individually con-
trolled. Thus, no unusual rise occurs in temperature in
each resistance heating element.
[0004] However, if temperature sensors are attached
to all the resistance heating elements, the cost would
increase. Thus, for example, a temperature sensor is at-
tached to only one resistance heating element at the cent-
er in the longitudinal direction. However, in a case where
the resistance heating element disconnects, current con-
tinuously increases in the other resistance heating ele-
ments. Thus, there is a drawback that temperature con-
trol is lost. Even in a case where a safety element, such
as a thermostat or a fuse, is arranged in the heating region
of a resistance heating element as in FIG. 3C in JP-
2015-194713-A, when the resistance heating element
disconnects, the safety element does not function.

SUMMARY

[0005] In consideration of the above-described prob-
lem, an object of the present disclosure is to provide a
heating device, a fixing device, and an image forming

apparatus that are capable of performing temperature
control to a plurality of resistance heating elements in a
planar heating body with as few temperature sensors as
possible, so as to prevent an unusual rise in temperature.
[0006] A heating device includes a base; a plurality of
resistance heating elements arranged in a longitudinal
direction of the base and electrically connected in parallel
to each other; a power controller configured to supply
power to the plurality of resistance heating elements; a
first temperature detector configured to detect a temper-
ature of a first resistance heating element of the plurality
of resistance heating elements; a second temperature
detector configured to detect a temperature of a second
resistance heating element of the plurality of resistance
heating elements; a power interrupter configured to in-
terrupt the power supplied from the power controller to
the plurality of resistance heating elements when the
temperature of the second resistance heating element
becomes a predetermined temperature or more; and a
controller configured to control the power controller such
that a temperature of each of the plurality of resistance
heating elements becomes a predetermined tempera-
ture, based on a result of detection of the first temperature
detector, and to interrupt the power supplied from the
power controller to the plurality of resistance heating el-
ements when the second temperature detector detects
predetermined temperature information regarding the
second resistance heating element.
[0007] According to the one embodiment of the present
disclosure, even when the power interrupter does not
function due to disconnection of the second resistance
heating element, the second temperature detector de-
tects the predetermined temperature information regard-
ing the second resistance heating element and then the
power supply to each resistance heating element is in-
terrupted. Thus, an unusual rise in temperature in each
resistance heating element, can be reliably prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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. 1A is a schematic view of the configuration of
an image forming apparatus according to an embod-
iment of the present disclosure;
FIG. 1B is a principle view of the image forming ap-
paratus according to the embodiment of the present
disclosure;
FIG. 2A is a cross-sectional view of a first fixing de-
vice according to the embodiment of the present dis-
closure;
FIG. 2B is a cross-sectional view of a second fixing
device according to the embodiment of the present
disclosure;
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FIG. 2C is a cross-sectional view of a third fixing
device according to the embodiment of the present
disclosure;
FIG. 2D is a cross-sectional view of a fourth fixing
device according to the embodiment of the present
disclosure;
FIGS. 3A to 3C are plan views each illustrating the
disposition of resistance heating elements in a planar
heating body including electrodes provided at both
ends;
FIGS. 3D to 3F are plan views each illustrating the
disposition of resistance heating elements in a planar
heating body including electrodes provided at one
end;
FIGS. 3G to 3I are plan views each illustrating the
disposition of resistance heating elements in a me-
andering pattern including electrodes provided at
both ends;
FIGS. 3J to 3L are plan views each illustrating the
disposition of resistance heating elements in a me-
andering pattern including electrodes provided at
one end;
FIG. 4 is a diagram of a heating device, a power
control circuit, and a controller;
FIGS. 5A and 5B are diagrams each illustrating the
configuration of a power cutoff device;
FIG. 6A is a flowchart of a control operation of the
heating device; and
FIG. 6B is a flowchart of another control operation
of the heating device.

[0009] 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 OF EMBODIMENTS

[0010] 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.
[0011] 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.
[0012] Referring now to the drawings, embodiments of
the present disclosure are described below. In the draw-
ings for explaining the following embodiments, the same
reference codes are allocated to elements (members or
components) having the same function or shape and re-
dundant descriptions thereof are omitted below.

[0013] A heating device according to an embodiment
of the present disclosure, a fixing device using the heating
device, and an image forming apparatus (laser printer)
will be described below with reference to the drawings.
Note that the same parts or similar parts are denoted with
the same reference signs in the figures, and thus the
duplicate descriptions of the parts will be simplified or
omitted appropriately. The dimensions, material, shape,
and relative position in a description for each constituent
component are exemplary. Unless otherwise specifically
described, the scope of the present disclosure is not lim-
ited to those.
[0014] Although a "recording medium" will be de-
scribed as a "sheet" in the following embodiment, the
"recording medium" is not limited to paper (sheet). Ex-
amples of the "recording medium" include not only paper
(sheet) but also an overhead projector (OHP) sheet, a
fabric, a metallic sheet, a plastic film, and a prepreg sheet
including carbon fibers previously impregnated with res-
in.
[0015] Examples of the "recording medium" include a
medium to which developer or ink can adhere, and so-
called recording paper and recording sheets. Examples
of the "sheet" include thick paper, a postcard, an enve-
lope, thin paper, coated paper (e.g., coat paper and art
paper), and tracing paper, in addition to plain paper.
[0016] "Image formation" to be used in the following
descriptions means not only giving an image having a
meaning, such as a character or a figure, to a medium
but also giving an image having no meaning, such as a
pattern, to a medium.

Configuration of Laser Printer

[0017] FIG. 1Ais a schematic view of the configuration
of a color laser printer 100 that is an image forming ap-
paratus including a heating device 3000 and a fixing de-
vice 300, according to one embodiment of the present
disclosure. FIG. 1B simplifies and illustrates the principle
of the laser printer 100.
[0018] The color laser printer 100 includes four process
units 1K, 1Y, 1M, and 1C each serving as an image form-
ing unit. The process units form an image with respective
developers of black (K), yellow (Y), magenta (M), and
cyan (C) in color corresponding to the color separation
components of a color image.
[0019] The process units 1K, 1Y, 1M, and 1C have
similar configurations except including toner bottles 6K,
6Y, 6M, and 6C housing unused toners in mutually dif-
ferent colors. Thus, the configuration of the one process
unit 1K will be described below, and the descriptions of
the other process units 1Y, 1M, and 1C will be omitted.
[0020] The process unit 1K includes an image bearer
2K (e.g., a photoconductor drum), a drum cleaning device
3K, and a discharging device. The process unit 1K further
includes a charging device 4K serving as a charging unit
that uniformly charges the surface of an image bearer
and a developing device 5K serving as a developing unit

3 4 



EP 4 339 709 A2

5

5

10

15

20

25

30

35

40

45

50

55

that performs visible image processing to an electrostatic
latent image on the image bearer. The process unit 1K
is detachably attached to the body of the laser printer
100 and thus can be replaced simultaneously with a con-
sumed component.
[0021] An exposure device 7 is arranged above the
process units 1K, 1Y, 1M, and 1C provided in the laser
printer 100. The exposure device 7 performs writing
scanning in accordance with image information, namely,
causes a mirror 7a to reflect a laser beam Lb from a laser
diode to irradiate the image bearer 2K with the laser beam
Lb, on the basis of image data.
[0022] A transfer device 15 is arranged below the proc-
ess units 1K, 1Y, 1M, and 1C in the present embodiment.
The transfer device 15 corresponds to a transfer unit TM
of FIG. 1B. Primary transfer rollers 19K, 19Y, 19M, and
19C are disposed opposed to the image bearers 2K, 2Y,
2M, and 2C, respectively, abutting on an intermediate
transfer belt 16.
[0023] The intermediate transfer belt 16 that has been
kept taut around the primary transfer rollers 19K, 19Y,
19M, and 19C, a driving roller 18, and a driven roller 17,
circulates and travels. A secondary transfer roller 20 is
disposed opposed to the driving roller 18, abutting on the
intermediate transfer belt 16. Note that if the image bear-
ers 2K, 2Y, 2M, and 2C are regarded as first image bear-
ers for the colors, the intermediate transfer belt 16 is a
second image bearer on which the respective images on
the image bearers 2K, 2Y, 2M, and 2C are combined.
[0024] A belt cleaning device 21 is provided on the
downstream side with respect to the secondary transfer
roller 20 in the traveling direction of the intermediate
transfer belt 16. A cleaning backup roller is provided on
the opposite side of the belt cleaning device 21 with re-
spect to the intermediate transfer belt 16.
[0025] A sheet feeding device 200 including a tray
loaded with sheets P, is provided below the laser printer
100. The sheet feeding device 200 intended for a record-
ing-medium supply device, can house a sheaf of a large
number of sheets P each serving as a recording medium.
The sheet feeding device 200 is unitized together with a
sheet feeding roller 60 and paired rollers 210 serving as
a conveyor for the sheets P. The sheet feeding device
200 is detachably inserted in the body of the laser printer
100 for sheet supply. The sheet feeding roller 60 and the
paired rollers 210 disposed above the sheet feeding de-
vice 200, convey the uppermost sheet P in the sheet
feeding device 200 to a sheet feed path 32.
[0026] Paired registration rollers 250 that serve as a
separation conveyor and are disposed on the nearest
upstream side in the conveyance direction of the sec-
ondary transfer roller 20, can temporarily stop the sheet
P fed from the sheet feeding device 200. The temporary
stop causes slack on the front end side of the sheet P,
so that the oblique (skew) of the sheet P is modified.
[0027] A registration sensor 31 arranged on the near-
est upstream side in the conveyance direction of the
paired registration rollers 250, detects the passage of the

front end portion of a sheet. When a predetermined time
passes after the registration sensor 31 detects the pas-
sage of the front end portion of the sheet, the sheet is
thrust against the paired registration rollers 250 to stop
temporarily.
[0028] A conveyance roller 240 for conveying the sheet
conveyed on the right side from the paired rollers 210,
upward, is arranged at the downstream end of the sheet
feeding device 200. As illustrated in FIG. 1A, the convey-
ance roller 240 conveys the sheet to the paired registra-
tion rollers 250 above.
[0029] The paired rollers 210 include a pair of an upper
roller and a lower roller. The paired rollers 210 can adopt
a friction reverse roller (FRR) separation system or a fric-
tion roller (FR) separation system. The FRR separation
system presses a separation roller (return roller) to which
a driving shaft has applied a certain amount of torque in
the counter sheet feeding direction through a torque lim-
iter, against a feed roller to separate a sheet with the nip
between the rollers. The FR separation system presses
a separation roller (friction roller) supported by a secured
shaft against a feed roller through a torque limiter to sep-
arate a sheet with the nip between the rollers.
[0030] The paired rollers 210 in the present embodi-
ment adopt the FRR separation system. That is the paired
rollers 210 include an upside feed roller 220 that conveys
a sheet inside the machine and a downside separation
roller 230 that gives a driving force in the reverse direction
of the upside feed roller 220 with a driving shaft through
a torque limiter.
[0031] The separation roller 230 is biased to the feed
roller 220 by a biasing means, such as a spring. Note
that transmission of the driving force of the feed roller
220 through a clutch, rotates the sheet feeding roller 60
left in FIG. 1A.
[0032] The sheet P having the slack at the front end
portion due to the thrust against the paired registration
rollers 250, is sent out to the secondary transfer nip be-
tween the secondary transfer roller 20 and the driving
roller 18 (transfer nip N in FIG. 1B) at a suitable timing
of transferring the toner image on the intermediate trans-
fer belt 16. The sent-out sheet P has the toner image on
the intermediate transfer belt 16, electrostatically trans-
ferred at a desirable transfer position with high accuracy
by a bias applied at the secondary transfer nip.
[0033] A post-transfer conveyance path 33 is arranged
above the secondary transfer nip between the secondary
transfer roller 20 and the driving roller 18. The fixing de-
vice 300 is provided in proximity to the upper end of the
post-transfer conveyance path 33. The fixing device 300
includes: a fixing belt 310 enveloping the heating device
3000; and a pressing roller 320 serving as a pressing
member that rotates while abutting on the fixing belt 310
with a predetermined pressure. Note that other configu-
rations as in FIGS. 2B to 2D to be described later can be
adopted as the fixing device 300.
[0034] A post-fixing conveyance path 35 arranged
above the fixing device 300, branches into a sheet ejec-
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tion path 36 and a reverse conveyance path 41 at the
upper end of the post-fixing conveyance path 35. A
switching member 42 disposed at the branch, pivots on
the pivot shaft 42a of the switching member 42. Paired
ejection rollers 37 are arranged in proximity to the open-
ing end of a sheet ejection path 36.
[0035] The reverse conveyance path 41 joins together
with the sheet feed path 32, at the other end on the op-
posed side to the branch. Paired reverse conveyance
rollers 43 are arranged midway through the reverse con-
veyance path 41. An ejection tray 44 having a recess in
the inward direction of the laser printer 100, is provided
at the upper portion of the laser printer 100.
[0036] A powder container 10 (e.g., a toner container)
is disposed between the transfer device 15 and the sheet
feeding device 200. The powder container 10 is detach-
ably attached to the body of the laser printer 100.
[0037] From the viewpoint of transfer-paper convey-
ance, the laser printer 100 according to the present em-
bodiment, needs a predetermined distance from the
sheet feeding roller 60 to the secondary transfer roller
20. The powder container 10 is provided in dead space
due to the distance, so that the entire laser printer is ren-
dered in miniaturization.
[0038] A transfer cover 8 is disposed on the front side
in the drawing direction of the sheet feeding device 200
above the sheet feeding device 200. Opening the transfer
cover 8 enables an internal inspection of the laser printer
100. The transfer cover 8 includes a manual sheet feed-
ing roller 45 for manual sheet feeding and a manual sheet
feeding tray 46 for manual sheet feeding.
[0039] Note that the laser printer according to the
present embodiment is an exemplary image forming ap-
paratus, and thus the image forming apparatus is not
limited to the laser printer. That is the image forming ap-
paratus can include any one of a copying machine, a
facsimile, a printer, a printing machine, and an inkjet re-
cording device or can include a multifunction peripheral
having a combination of at least two of the copying ma-
chine, the facsimile, the printer, the printing machine, and
the inkjet recording device.

Operation of Laser Printer

[0040] Next, the fundamental operation of the laser
printer according to the present embodiment will be de-
scribed below with reference to FIG. 1A. First, a case
where single-sided printing is performed, will be de-
scribed. As illustrated in FIG. 1A, the sheet feeding roller
60 rotates due to a sheet feeding signal from a controller
of the laser printer 100. The sheet feeding roller 60 sep-
arates the uppermost sheet from a sheaf of sheets P
loaded in the sheet feeding device 200, and sends the
uppermost sheet out to the sheet feed path 32.
[0041] The sheet P sent out by the sheet feeding roller
60 and the paired rollers 210 has slack when the front
end of the sheet P arrives at the nip between the paired
registration rollers 250, and then remains on standby. An

optimum timing of transferring the toner image on the
intermediate transfer belt 16 to the sheet P (synchroni-
zation) is determined and additionally the front end skew
of the sheet P is corrected.
[0042] For manual sheet feeding, a sheaf of sheets
loaded in the manual sheet feeding tray 46 one by one
from the uppermost sheet passes through part of the re-
verse conveyance path 41 due to the manual sheet feed-
ing roller 45, and then is conveyed to the nip between
the paired registration rollers 250. The following opera-
tion is the same as the sheet feeding from the sheet feed-
ing device 200.
[0043] The image forming operation of the one process
unit 1K will be described, and the descriptions of the im-
age formation operations of the other process units 1Y,
1M, and 1C will be omitted. First, the charging device 4K
charges the surface of the image bearer 2K uniformly at
high potential. The exposure device 7 irradiates the sur-
face of the image bearer 2K with the laser beam Lb on
the basis of the image data.
[0044] The surface of the image bearer 2K irradiated
with the laser beam Lb, has an electrostatic latent image
due to a drop in the potential of the irradiated portion.
The developing device 5K including a developer carrier
carrying a developer including toner, transfers unused
black toner supplied from the toner bottle 6K to the sur-
face portion of the image bearer 2K having the electro-
static latent image, through the developer carrier. The
image bearer 2K to which the toner has been transferred,
forms (develops) a black toner image on the surface of
the image bearer 2K. The toner image on the image bear-
er 2K is transferred to the intermediate transfer belt 16.
[0045] The drum cleaning device 3K removes the re-
maining toner adhering to the surface of the image bearer
2K after the intermediate transfer process. The removed
remaining toner is sent to a waste toner container inside
the process unit 1K by a waste toner conveyor and then
is collected. The discharging device discharges the re-
maining charge of the image bearer 2K from which the
remaining toner has been removed by the drum cleaning
device 3K.
[0046] Similarly, toner images are formed on the image
bearers 2Y, 2M, and 2C in the process units 1Y, 1M, and
1C for the colors, and the toner images in the colors are
transferred to the intermediate transfer belt 16 such that
the toner images are superimposed on each other.
[0047] The intermediate transfer belt 16 having the ton-
er images in the colors superimposed on each other, trav-
els to the secondary transfer nip between the secondary
transfer roller 20 and the driving roller 18. Meanwhile,
the paired registration rollers 250 nip a sheet thrust
against the paired registration rollers 250 and rotate at a
predetermined timing. The paired registration rollers 250
convey the sheet to the secondary transfer nip between
the secondary transfer roller 20 and the driving roller 18
at a suitable timing of transferring the toner image on the
intermediate transfer belt 16 due to the superimposition
transfer. In this manner, the toner image on the interme-
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diate transfer belt 16 is transferred to the sheet P sent
out by the paired registration rollers 250.
[0048] The sheet P to which the toner image has been
transferred, is conveyed to the fixing device 300 through
the post-transfer conveyance path 33. The sheet P con-
veyed to the fixing device 300, is nipped by the fixing belt
310 and the pressing roller 320. Then, heating and press-
ing fixes the unfixed toner image to the sheet P. The
sheet P to which the toner image has been fixed, is sent
out from the fixing device 300 to the post-fixing convey-
ance path 35.
[0049] The switching member 42 is located opening in
proximity to the upper end of the post-fixing conveyance
path 35, as indicated with a solid line of FIG. 1A, in the
timing at which the fixing device 300 sends out the sheet
P. The sheet P sent out from the fixing device 300, is
sent out to the sheet ejection path 36 through the post-
fixing conveyance path 35. The paired ejection rollers 37
nip the sheet P sent out to the sheet ejection path 36 and
drive rotationally to eject the sheet P to the ejection tray
44. Then, the single-sided printing finishes.
[0050] Next, a case where double-sided printing is per-
formed, will be described. Similarly to the case of the
single-sided printing, the fixing device 300 sends out a
sheet P to the sheet ejection path 36. In the case where
the double-sided printing is performed, the paired ejec-
tion rollers 37 drive rotationally to convey part of the sheet
P outside the laser printer 100.
[0051] When the rear end of the sheet P passes
through the sheet ejection path 36, the switching member
42 pivots on the pivot shaft 42a as indicated with a dotted
line of FIG. 1A, to close the upper end of the post-fixing
conveyance path 35. Substantially simultaneously with
the close of the upper end of the post-fixing conveyance
path 35, the paired ejection rollers 37 rotate in a direction
reverse to the direction in which the sheet P is conveyed
outside the laser printer 100, to send out the sheet P to
the reverse conveyance path 41.
[0052] The sheet P sent out to the reverse conveyance
path 41, reaches the paired registration rollers 250
through the paired reverse conveyance rollers 43. The
paired registration rollers 250 determine an optimum tim-
ing of transferring the toner image on the intermediate
transfer belt 16 to the face of the sheet P to which no
toner image has been transferred (synchronization), and
send out the sheet P to the secondary transfer nip.
[0053] When the sheet P passes through the second-
ary transfer nip, the secondary transfer roller 20 and the
driving roller 18 transfer the toner image to the face of
the sheet P to which no toner image has been transferred
(back face). The sheet P to which the toner image has
been transferred, is conveyed to the fixing device 300
through the post-transfer conveyance path 33.
[0054] The fixing device 300 nips the conveyed sheet
P with the fixing belt 310 and the pressing roller 320, and
fixes the unfixed toner image to the back face of the sheet
P with heating and pressing. The sheet P having the toner
images fixed to both of the front and back faces of the

sheet P in this manner, is sent out from the fixing device
300 to the post-fixing conveyance path 35.
[0055] The switching member 42 is located opening in
proximity to the upper end of the post-fixing conveyance
path 35, as indicated with the solid line of FIG. 1A, in the
timing at which the fixing device 300 sends out the sheet
P. The sheet P sent out from the fixing device 300, is
sent out to the sheet ejection path 36 through the post-
fixing conveyance path 35. The paired ejection rollers 37
nip the sheet P sent out to the sheet ejection path 36 and
drive rotationally to eject the sheet P to the ejection tray
44. Then, the double-sided printing finishes.
[0056] After the transfer of the toner image on the in-
termediate transfer belt 16 to the sheet P, the remaining
toner adheres to the intermediate transfer belt 16. The
belt cleaning device 21 removes the remaining toner from
the intermediate transfer belt 16. The toner removed from
the intermediate transfer belt 16 is conveyed to the pow-
der container 10 by a waste toner conveyor and is col-
lected inside the powder container 10.

Fixing Device

[0057] Next, the heating device and first to fourth fixing
devices according to the embodiment of the present dis-
closure, will be further described below. The heating de-
vice 3000 according to the present embodiment is intend-
ed for heating the fixing belt 310 of the fixing device 300.
As illustrated in FIGS. 3A and 4, the heating device 3000
including a planar heating body, includes: a base 350
including an elongate metallic thin member covered with
an insulating material; and a heating member 360 ar-
ranged on the base 350.
[0058] The heating member 360 includes a plurality of
resistance heating elements 361 to 368 disposed straight
at regular intervals in the longitudinal direction of the base
350. Power lines 360a and 360b each having a small
resistance value are arranged straight mutually in parallel
on both sides in the lateral direction of the resistance
heating elements 361 to 368. Both ends of each of the
resistance heating elements 361 to 368 are connected
to the power lines 360a and 360b. As illustrated in FIG.
4, a power controller is connected to electrodes 360c and
360d at respective one end portions of the power lines
360a and 360b.
[0059] The heating device 3000 according to the
present embodiment includes, as a temperature detector
that detects the temperature of a resistance heating el-
ement, a first temperature sensor TH1 serving as a first
temperature detector and a second temperature sensor
TH2 serving as a second temperature detector. The tem-
perature sensors TH1 and TH2 can each include, for ex-
ample, a thermistor. The heating device 3000 includes a
power cutoff device CO serving as a power interrupter
that interrupts power supply to a resistance heating ele-
ment when the temperature of the resistance heating el-
ement becomes unusually high. The power cutoff device
CO can include a thermostat or a fuse.
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[0060] As in FIG. 4, the first temperature sensor TH1,
the second temperature sensor TH2, and the power cut-
off device CO are each arranged crimped with a spring
to the back side of the base 350. The first temperature
sensor TH1 is intended for temperature control, and the
second temperature sensor TH2 is intended for safety
protection. The two temperature sensors TH1 and TH2
can each include a contact thermistor having a thermal
time constant of less than one second.
[0061] The first temperature sensor TH1 for tempera-
ture control is disposed in the heating region of the re-
sistance heating element 364 (the fourth from the left
end) serving as a first resistance heating element in a
central region in the longitudinal direction within a mini-
mum paper passing width. The second temperature sen-
sor TH2 for safety protection and the power cutoff device
CO are disposed in the heating region of the resistance
heating element 368 (the eighth from the left end) (or the
resistance heating element 361 (the first from the left
end)) serving as a second resistance heating element at
a farthest end portion in the longitudinal direction at which
an extreme rise is more likely to occur in end-portion tem-
perature. Note that the second temperature sensor TH2
and the power cutoff device CO can be arranged in the
heating region of at least one of the other resistance heat-
ing elements 361 to 367.
[0062] The two temperature sensors TH1 and TH2 and
the power cutoff device CO are disposed in the regions
of the resistance heating elements 364 and 368 such that
the gap between resistance heating elements at which
a drop occurs in the amount of heat generation is avoided.
This arrangement improves temperature controllability,
and also facilitates disconnection detection in a case
where disconnection occurs in part of the resistance
heating elements.
[0063] Note that the first temperature sensor TH1 may
be disposed in the heating region of any of the resistance
heating elements 363, 365, and 366. As long as a heating
region is included in an end region in the longitudinal
direction, the second temperature sensor TH2 and the
power cutoff device CO can be disposed in the heating
region of the resistance heating element 362 that is the
second from the left end or in the heating region of the
resistance heating element 367 that is the seventh from
the left end. Thus, the second temperature sensor TH2
and the power cutoff device CO are not necessarily dis-
posed at a farthest end portion in the longitudinal direc-
tion.
[0064] A power control circuit serving as a power con-
troller for power supply to the resistance heating ele-
ments 361 to 368, is illustrated below the heating device
3000 of FIG. 4. The power control circuit includes an al-
ternating-current power source 410, a triac 420, and the
power cutoff device CO. The alternating-current power
source 410, the triac 420, and the power cutoff device
CO are connected in series between the electrodes 360c
and 360d.
[0065] FIGS. 5Aand 5B each illustrate an exemplary

configuration of the power cutoff device CO. The power
cutoff device CO includes a body case 500, a first terminal
501, a connector 502, a second terminal 503, an ejecting
rod 504 secured on the lower face of the connector 502,
and a bowl-shaped bimetal 505 disposed on the bottom
of the body case 500.
[0066] The connector 502 has a base end supported
by the first terminal 501. The connector 502 is biased
downward due to the elasticity of the connector 502. The
ejecting rod 504 couples the connector 502 and the cen-
tral upper face of the bimetal 505 together. When the
bimetal 505 inverts in an upward convex shape as in FIG.
5B due to a predetermined high temperature, the ejecting
rod 504 pushes the connector 502 upward, so that an
interruption is made between the first terminal 501 and
the second terminal 503.
[0067] Temperatures T4 and T8 detected by the first
temperature sensor TH1 and the second temperature
sensor TH2 are input into a controller 400 serving as a
controller. The controller 400 controls the amount of sup-
ply power to the electrodes 360c and 360d with the triac
420 such that each of the resistance heating elements
361 to 368 has a predetermined temperature, on the ba-
sis of the temperature T4 acquired from the first temper-
ature sensor TH1. As to be described later, when the
second temperature sensor TH2 detects predetermined
temperature information regarding the resistance heat-
ing element 368, the controller 400 interrupts the power
supply from the alternating-current power source 410 to
the resistance heating elements 361 to 368.
[0068] Meanwhile, when the controller 400 loses tem-
perature control based on the temperature T4 due to dis-
connection of the resistance heating element 364 and
then the other resistance heating elements including the
resistance heating element 368 at an end portion have
unusual high temperature, the power cutoff device CO
operates as in FIG. 5B to interrupt the power supply to
the resistance heating elements 361 to 368.
[0069] The controller 400 can include a microcomputer
including a central processing unit (CPU), a read-only
memory (ROM), a random-access memory (RAM), and
an input and output (I/O) interface. When paper passes
through a fixing nip SN, heat dissipation occurs due to
the passage of the paper (heat transfer to a sheet). Thus,
the amount of supply power is controlled in consideration
of the heat dissipation in addition to the temperature T4
acquired from the first temperature sensor TH1, so that
the temperature of the fixing belt 310 can be controlled
to a desirable temperature.
[0070] As illustrated in FIG. 2A, the first fixing device
includes: a thin fixing belt 310 having low heat capacity;
and a pressing roller 320. The fixing belt 310 includes,
for example, a tubular base made of polyimide (PI), the
tubular base having an outer diameter of 25 mm and a
thickness of from 40 to 120 mm.
[0071] A release layer made of a fluorine-based resin,
such as a perfluoroalkoxy alkane (PFA) or polytetrafluor-
oethylene (PTFE), having a thickness of from 5 to 50 mm,
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is formed on the outermost layer of the fixing belt 310 in
order to improve durability and ensure releasability. An
elastic layer made of rubber having a thickness of from
50 to 500 mm may be provided between the base and
the release layer.
[0072] The base of the fixing belt 310 is not limited to
polyimide, and thus may be made of a thermal resistance
resin, such as polyetheretherketone (PEEK), or a metal,
such as nickel (Ni) or stainless steel (SUS). The inner
circumferential face of the fixing belt 310 may be coated
with polyimide or PTFE as a slide layer.
[0073] The pressing roller 320 having, for example, an
outer diameter of 25 mm, includes a solid iron cored bar
321, an elastic layer 322 on the surface of the cored bar
321, and a release layer 323 on the outside of the elastic
layer 322. The elastic layer 322 formed of silicone rubber,
has, for example, a thickness of 3.5 mm. It is desirable
that the release layer 323 including a fluorine resin layer
having, for example, a thickness of approximately 40 mm
is formed on the surface of the elastic layer 322 in order
to improve releasability. The pressing roller 320 is
pressed against the fixing belt 310 by a biasing means.
[0074] A stay 330 and a holder 340 are arranged axially
inside the fixing belt 310. The stay 330 including a metallic
channel member, has both end portions supported by
the plates on both sides of the heating device 3000. The
stay 330 reliably receives the pressing force of the press-
ing roller 320 to form the fixing nip SN stably.
[0075] The holder 340 intended for holding the base
350 of the heating device 3000, is supported by the stay
330. Favorably, the holder 340 can be formed of a thermal
resistance resin having low thermal conductivity, such
as a liquid crystal polymer (LCP). This arrangement re-
duces heat transfer to the holder 340, so that the fixing
belt 310 can be heated efficiently.
[0076] The shape of the holder 340 supports each two
portions in the vicinity of both end portions in the lateral
direction of the base 350, in order to avoid contact with
a high temperature portion of the base 350. This arrange-
ment further reduces the amount of heat to flow into the
holder 340, so that the fixing belt 310 can be heated ef-
ficiently.
[0077] The resistance heating elements 361 to 368 and
the power lines 360a and 360b are covered with a thin
insulating layer 370. The insulating layer 370 can be
made of thermal resistance glass having, for example, a
thickness of 75 mm. The insulating layer 370 insulates
and protects the resistance heating elements 361 to 368
and the power lines 360a and 360b, and additionally re-
tains slidability with the fixing belt 310 as to be described
later.
[0078] Low-cost aluminum or stainless steel is favora-
ble as the material of the base 350. The base 350 is not
limited to being metallic, and thus can be made of ce-
ramic, such as alumina or aluminum nitride, or a nonme-
tallic material having excellent thermal resistance and
insulating properties, such as glass or mica. In order to
improve the uniformity in heat of the heating device 3000

and improve image quality, the base 350 may be made
of a material having high thermal conductivity, such as
copper, graphite, or graphene. An alumina base having
a lateral width of 8 mm, a longitudinal width of 270 mm,
and a thickness of 1.0 mm is used in the present embod-
iment.
[0079] For example, the base 350 is coated with paste
in which silver palladium (AgPd) and glass powder are
compounded, by screen printing. After that, the base 350
is calcined, so that the resistance heating elements 361
to 368 can be formed. The resistance heating elements
361 to 368 each have a resistance value of 80 Ω at room
temperature, in the present embodiment.
[0080] The material of the resistance heating elements
361 to 368 may contain a resistance material, such as
silver alloy (AgPt) or ruthenium oxide (RuO2), other than
the above material. The power lines 360a and 360b and
the electrodes 360c and 360d can be formed with silver
(Ag) or silver palladium (AgPd) by screen printing.
[0081] The insulating layer 370 side of the resistance
heating elements 361 to 368 heats in contact with the
fixing belt 310. Then, the fixing belt 310 rises in temper-
ature due to heat transfer, so that an unfixed image con-
veyed to the fixing nip SN is heated and is fixed.
[0082] As in FIG. 3A, the resistance heating elements
361 to 368 are divided in eight sections in the longitudinal
direction and electrically connected in parallel to each
other. In FIG. 3A, each of the resistance heating elements
361 to 368 is formed of a rectangular planar heating el-
ement. In some embodiments, to obtain a desired output
(resistance value), as illustrated in FIGS. 3G to 3I or
FIGS. 3J to 3L, the resistance heating elements may be
formed with a folded meandering firing pattern. In the
example illustrated in FIGS. 3G to 3I or FIGS. 3J to 3L,
the resistance heating elements 361 to 368 are formed
with a meandering pattern of one and a half reciproca-
tions in which a narrow wire is folded back twice.
[0083] The base 350 and the resistance heating ele-
ments 361 to 368 can heat the fixing nip SN not only
through the resistance heating elements 361 to 368 but
also through the base 350 by adjusting the respective
materials and thermal conductivity. Therefore, as a ma-
terial of the base 350, a material having high thermal
conductivity such as aluminum nitride is preferable.
[0084] A gap is formed between adjacent ones of the
resistance heating elements 361 to 368 to ensure insu-
lation. If the gap is too large, fixing unevenness would
occur due to a decrease in the amount of heat generated
in the gap. By contrast, if the gap is too small, a short
circuit would occur between the resistance heating ele-
ments 361 to 368.
[0085] Therefore, the size of the gap is preferably from
0.3 mm to 1 mm, and more preferably from 0.4 mm to
0.7 mm. As described above, heating the fixing nip SN
via the base 350 can reduce fixing unevenness due to
the gap between the resistance heating elements 361 to
368.
[0086] The resistance heating elements 361 to 368 can
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be each made of a material having a positive temperature
coefficient (PTC) characteristic. The material having the
PTC characteristic has a characteristic that the resist-
ance value rises (the current I decreases and the heater
output decreases) as the temperature T rises. The tem-
perature coefficient of resistance (TCR) may be, for ex-
ample, 1500 parts per million (PPM). The temperature
coefficient of resistance can be stored in the memory of
the controller 400.
[0087] Due to the feature, in a case where printing is
performed to paper, for example, narrower than the entire
width of the resistance heating elements 361 to 368 (e.g.,
within the width of the resistance heating elements 363
to 366), the resistance heating elements 361, 362, 367,
and 368 outside the width of the paper rise in temperature
because no heat is drawn by the paper. Then, the resist-
ance values of the resistance heating elements 361, 362,
367, and 368 rise.
[0088] Because voltage across the resistance heating
elements 361 to 368 is constant, the outputs of the re-
sistance heating elements 361, 362, 367, and 368 out-
side the width of the sheet drop relatively, so that a rise
is inhibited in end-portion temperature. In a case where
the resistance heating elements 361 to 368 are electri-
cally connected in series, in order to inhibit the resistance
heating elements outside the width of paper in continuous
printing, from rising in temperature, there is no method
except a method of reducing the rate of printing. Electri-
cally connecting the resistance heating elements 361 to
368 in parallel, can inhibit a rise in temperature in a no-
paper passing portion, with the rate of printing retained.
[0089] The disposition of the resistance heating ele-
ments 361 to 368 is not limited to the state of FIG. 3A.
In FIG. 3A, gaps that lead in the lateral direction are
present mutually between the resistance heating ele-
ments 361 to 368. In FIGS. 3B and 3C, end portions of
resistance heating elements 361 to 368 overlap each oth-
er in the longitudinal direction.
[0090] In FIG. 3B, an L-shaped cut-away step is formed
at each of the end portions of the resistance heating el-
ements 361 to 368, so that the step overlaps the step of
the end portion of the adjacent resistance heating ele-
ment. In FIG. 3C, an oblique cut-away inclination is
formed at each of the end portions of the resistance heat-
ing elements 361 to 368, so that the inclination overlaps
the inclination of the end portion of the adjacent resist-
ance heating element. Mutually overlapping the end por-
tions of the resistance heating elements 361 to 368 in
this manner, can inhibit the influence of a drop in the
amount of heat generation in the gaps between the re-
sistance heating elements.
[0091] Instead of being disposed at both ends of the
resistance heating elements 361 to 368, the electrodes
360c and 360d can be disposed on one side of the re-
sistance heating elements 361 to 368 as in FIGS. 3D to
3F or FIGS. 3J to 3L. Disposing the electrodes 360c and
360d on the one side in this manner, can achieve space
conservation in the longitudinal direction.

Fixing Operation

[0092] In FIG. 2A, when a sheet P passes to the fixing
nip SN in the arrow direction, the sheet P is heated be-
tween the fixing belt 310 and the pressing roller 320, so
that the toner image is fixed to the sheet P. In this case,
the fixing belt 310 is heated by heat from the heating
member 360 while sliding on the insulating layer 370 of
the heating member 360.
[0093] In a case where only the first temperature sen-
sor TH1 is disposed for temperature control of the heating
member 360 for making the fixing belt 310 have a pre-
determined temperature, when partial disconnection of
only the resistance heating element 364 at which the first
temperature sensor TH1 is disposed, interrupts power
supply, the resistance heating element 364 does not rise
in temperature. Thus, when the resistance heating ele-
ment 364 is made to have a certain temperature by the
temperature control, unnecessary power supply contin-
ues to the other normal resistance heating elements 361
to 363 and 365 to 368, so that unusual high temperature
occurs. The occurrence of the unusual high temperature
causes the power cutoff device CO to operate as in FIG.
5B, so that the power supply to the resistance heating
elements 361 to 368 is interrupted.
[0094] However, when the resistance heating element
368 at an end portion also disconnects, the unusual high
temperature cannot be prevented. Thus, the second tem-
perature sensor TH2 is disposed in the heating region of
the resistance heating element 368 at the end portion, in
the present embodiment.
[0095] The second temperature sensor TH2 detects
the temperature T8 of the resistance heating element
368. When the temperature T8 falls below a predeter-
mined temperature TN (Ts < TN) due to the disconnection,
the controller 400 controls the triac 420 so as to interrupt
the supply current to the electrodes 360c and 360d.
Therefore, even when the power cutoff device CO is not
in operation as in FIG. 5A, the power supply to the re-
sistance heating elements 361 to 368 is reliably interrupt-
ed, so that the occurrence of the unusual high tempera-
ture can be prevented.
[0096] Here, a description is given of "disconnection
state", assuming that, for example, the resistance heat-
ing element 368 of the plurality of resistance heating el-
ements 361 to 368 is in disconnection state. In a case in
which the resistance heating elements 361 to 368 are
arranged in a folded meandering pattern as illustrated in
FIGS. 3G to 3I or FIGS. 3J to 3L, the resistance heating
element 368 is in disconnection state when a part of the
pattern is broken. Alternatively, in which the resistance
heating elements 361 to 368 are arranged in a rectan-
gular pattern as illustrated in as illustrated in FIGS. 3A
and 3B, the resistance heating element 368 is in discon-
nection state when the rectangular pattern is disconnect-
ed. In other words, the disconnection state means a state
in which a path of a current flow is lost and no current
flows.
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[0097] In a case where the controller 400 interrupts the
power supply from the alternating-current power source
410 to the resistance heating elements 361 to 368 when
the second temperature sensor TH2 detects the prede-
termined temperature information regarding the resist-
ance heating element 368, the "predetermined temper-
ature information" includes not only that the temperature
T8 of the resistance heating element 368 satisfies T8 <
TN. That is the "predetermined temperature information"
includes: (i) the temperature of the resistance heating
element 368 is less than the predetermined temperature
(Ts < TN); (ii) the time until the temperature of the resist-
ance heating element 368 reaches the predetermined
temperature, is a predetermined time or more; and (iii) a
variation in the temperature gradient is a predetermined
value or less.
[0098] Here, TN satisfies, for example, TN = 100°C in
(i) the temperature of the resistance heating element 368
is less than the predetermined temperature (Ts < TN).
The "predetermined time or more" in (ii) indicates, for
example, that the time until the temperature reaches
100°C after the heater is switched on, is three seconds
or more.
[0099] The second temperature sensor TH2 may be
allowed to detect that the resistance heating element 368
has an unusual high temperature that is the predeter-
mined temperature or more (e.g., 250°C or more). This
arrangement enables the power cutoff device CO to in-
terrupt the power supply to the resistance heating ele-
ments 361 to 368 safely before operation at an unusual
high temperature of 260°C or more, for example.

Other Fixing Devices

[0100] The fixing device 300 is not limited to the first
fixing device of FIG. 2A. The second to fourth fixing de-
vices will be described below with reference to FIGS. 2B
to 2D. As illustrated in FIG. 2B, the second fixing device
including a pressure roller 390 on the opposite side of a
pressing roller 320, heats a fixing belt 310 nipped be-
tween the pressure roller 390 and a heating device 3000.
[0101] The heating device 3000 described above is ar-
ranged inside the fixing belt 310. A stay 330 has an aux-
iliary stay 331 attached on one side and a nip formation
pad 332 attached on the opposite side. The auxiliary stay
331 holds the heating device 3000. The nip formation
pad 332 abuts on the pressing roller 320 through the
fixing belt 310, forming a fixing nip SN.
[0102] As illustrated in FIG. 2C, the third fixing device
includes a heating device 3000 arranged inside a fixing
belt 310. Instead of the pressure roller 390 described
above, the heating device 3000 has the cross sections
of a base 350 and an insulating layer 370 formed in an
arc shape meeting the curvature of the fixing belt 310, in
order to lengthen a circumferentially contact length to the
fixing belt 310. A heating member 360 is disposed at the
center of the arc-shaped base 350. The third fixing device
is identical to the second fixing device of FIG. 2B in terms

of the others.
[0103] As illustrated in FIG. 2D, the fourth fixing device
includes a heating nip HN and a fixing nip SN separately.
That is a nip formation pad 332 and a stay 333 including
a metallic channel member are disposed on one side of
a pressing roller 320 opposite to a fixing belt 310, and a
pressing belt 334 is arranged circumferentially rotatably,
enveloping the nip formation pad 332 and the stay 333.
A sheet P passing through the fixing nip SN between the
pressing belt 334 and the pressing roller 320, is subjected
to heating and fixing. The fourth fixing device is identical
to the first fixing device of FIG. 2A in terms of the others.
[0104] As indicated with a broken line of FIG. 2A, the
second temperature sensor TH2 for safety protection
may be disposed crimped by a biasing means, on the
inner circumferential face of the fixing belt 310 (inner cir-
cumferential face on the downstream side of the resist-
ance heating element 368) to be heated by the resistance
heating element 368 different from the resistance heating
element 364 to be detected by the first temperature sen-
sor TH1 for temperature control. Increasing the number
of resistance heating elements has difficulty in ensuring
an arrangement space for a temperature sensor, but the
arrangement of the second temperature sensor TH2 as
the above can alleviate the difficulty of ensuring a space.
In addition to the resistance heating element 368, the
second temperature sensor TH2 for safety protection
may be disposed in each of the heating regions of the
other resistance heating elements 361 to 363 and 365
to 367, including the inner circumferential face of the fix-
ing belt 310.

Flowchart 1

[0105] FIG. 6A is a first flowchart of a control operation
of the heating device 3000 to be performed by the con-
troller 400 described above. In FIG. 6A, when the color
laser printer 100 is instructed to perform a printing job,
at step S1 the controller 400 starts power supply from
the alternating-current power source 410 to the resist-
ance heating elements 361 to 368 in the heating member
360. At step S2, the first temperature sensor TH1 detects
the temperature T4 of the resistance heating element 364
located in the central region of the heating member 360.
[0106] Next, at step S3, the controller 400 starts tem-
perature control of the heating member 360. At step S4,
the second temperature sensor TH2 detects the temper-
ature T8 of the resistance heating element 368. At step
S5, the controller 400 determines whether the tempera-
ture T8 satisfies T8 ≥ TN (TN: predetermined tempera-
ture). When T8 < TN is satisfied, at S6 the controller 400
determines as occurrence of unusual low temperature
(disconnection), interrupts (cuts OFF) the power supply
to the heating member 360, and at S7 displays an error
display on an operation panel of the color laser printer
100. When T8 ≥ TN is satisfied, the controller 400 deter-
mines as no occurrence of unusual low temperature and
starts printing operation at step S8.
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Flowchart 2

[0107] FIG. 6B is a second flowchart of another control
operation of the heating device 3000 to be performed by
the controller 400 described above. Steps S11 to S13
and steps S16 to S18 in FIG. 6A are the same as steps
S1 to S3 and steps S6 to S8 in FIG. 6A.
[0108] In the second flowchart, when the temperature
control of the heating member 360 is started at step S13,
the elapsed time of the temperature control is measured
at step S14. Then, after a predetermined time T (for ex-
ample, 3 seconds) has elapsed, at S15 the controller 400
determines whether the temperature T4 of the first resist-
ance heating element 364 detected by the first temper-
ature sensor TH1 satisfies T4 ≥ TN (TN: predetermined
temperature).
[0109] If T4 <TN is satisfied, the controller 400 deter-
mines as occurrence of unusual low temperature (dis-
connection), and at step S16 interrupts (cuts OFF) power
supply to the heating member 360. At step S17, the con-
troller 400 displays an error display on the operation pan-
el of the color laser printer 100. When T4 ≥ TN is satisfied,
the controller 400 determines as no occurrence of unu-
sual low temperature and starts printing operation at step
S18. At step S15, the controller 400 may determine
whether the temperature T8 of the second resistance
heating element 368 detected by the second temperature
sensor TH2 is T8 ≥ TN (TN: predetermined temperature).

Modification of Embodiment

[0110] The power cutoff device CO is provided accord-
ing to the embodiment described above, but the power
cutoff device CO of FIG. 4 can be omitted according to
a modification of the present embodiment. That is the
triac 420 is directly connected to the electrode 360d with-
out the power cutoff device CO. Meanwhile, the controller
400 interrupts the power supply to the plurality of resist-
ance heating elements 361 to 368 when the second tem-
perature sensor TH2 detects the predetermined temper-
ature information regarding the resistance heating ele-
ment 368, namely, the predetermined temperature or
less (e.g., 100°C or less) or the predetermined temper-
ature or more (e.g., 260°C or more).
[0111] Here, the second temperature sensor TH2 typ-
ically detects, for example, a temperature of 100°C or
less when the resistance heating element 368 discon-
nects. However, the second temperature sensor TH2
may detect a temperature of 100°C or less due to failure
of the alternating-current power source 410 or the triac
420. Instead of detecting the predetermined temperature
information regarding the resistance heating element
368 in an end region in the longitudinal direction, the sec-
ond temperature sensor TH2 may detect the predeter-
mined temperature information regarding at least one of
the other resistance heating elements 361 to 367.
[0112] The present disclosure has been described
above on the basis of some embodiments. However, em-

bodiments of the present disclosure are not limited to the
above-described embodiments. Needless to say, various
alterations can be made in the scope of the technical idea
described in the scope of the claims. For example, a heat-
ing device 3000 according to an embodiment of the
present disclosure can be used for a drying device other
than a fixing device. As a mode for the overlap between
resistance heating elements, recess-and-protrusion or
comb-shaped interdigitation can be provided other than
the modes in FIGS 3B and 3C, FIGS. 3E and 3F, FIGS.
3H and 3I, and FIGS. 3K and 3L. The number of resist-
ance heating elements may be less than eight or not less
than nine. Furthermore, resistance heating elements can
be disposed in a plurality of lines in the lateral direction
of a base 350.
[0113] Numerous additional modifications and varia-
tions are possible in light of the above teachings. It is
therefore to be understood that, within the scope of the
above teachings, the present disclosure may be prac-
ticed otherwise than as specifically described herein.
With some embodiments having thus been described, it
will be obvious that the same may be varied in many
ways. Such variations are not to be regarded as a de-
parture from the scope of the present disclosure and ap-
pended claims, and all such modifications are intended
to be included within the scope of the present disclosure
and appended claims.
[0114] The following examples listed below are direct-
ed to advantageous embodiments which may represent
separate and independent inventions:

A. A heating device (3000) comprising:

a base (350);
a plurality of resistance heating elements (361
to 368) arranged in a longitudinal direction of the
base (350) and electrically connected in parallel
to each other;
a power controller (450) configured to supply
power to the plurality of resistance heating ele-
ments (361 to 368);
a first temperature detector (TH1) configured to
detect a temperature of a first resistance heating
element (364) of the plurality of resistance heat-
ing elements (361 to 368);
a second temperature detector (TH2) config-
ured to detect a temperature of a second resist-
ance heating element (368) of the plurality of
resistance heating elements (361 to 368);
a power interrupter (CO) configured to interrupt
the power supplied from the power controller to
the plurality of resistance heating elements (361
to 368) when the temperature of the second re-
sistance heating element (368) becomes a pre-
determined temperature or more; and
a controller (400) configured to control the power
controller such that a temperature of each of the
plurality of resistance heating elements (361 to
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368) becomes a predetermined temperature,
based on a result of detection of the first tem-
perature detector (TH1), and to interrupt the
power supplied from the power controller to the
plurality of resistance heating elements (361 to
368) when the second temperature detector
(TH2) detects predetermined temperature infor-
mation regarding the second resistance heating
element (368).

B. The heating device according to embodiment A,
wherein the controller (400) is configured to interrupt
the power supplied from the power controller to the
plurality of resistance heating elements (361 to 368)
when the second temperature detector (TH2) de-
tects that the second resistance heating element
(368) has the predetermined temperature or less, as
the predetermined temperature information.

C. The heating device according to embodiments A
or B,
wherein the first temperature detector (TH1) is con-
figured to detect the temperature of the first resist-
ance heating element (364) arranged in a central
region in the longitudinal direction of the base (350).

D. The heating device according to any one of em-
bodiments A to C,
wherein the second temperature detector (TH2) is
configured to detect the temperature of the second
resistance heating element (368) arranged in an end
region in the longitudinal direction of the base (350).

E. The heating device according to any one of em-
bodiments A to D,
wherein each of the plurality of resistance heating
elements (361 to 368) includes a resistance material
having a positive temperature coefficient character-
istic.

F. The heating device according to any one of em-
bodiments A to E,
wherein the plurality of resistance heating elements
(361 to 368) overlaps each other in the longitudinal
direction of the base (350).

G. A heating device (3000) comprising:

a plurality of resistance heating elements (361
to 368) arranged in a longitudinal direction of a
base (350) and electrically connected in parallel
to each other;
a power controller (450) configured to supply
power to the plurality of resistance heating ele-
ments (361 to 368);
a temperature detector (TH1, TH2) configured
to detect a temperature of at least one of the
plurality of resistance heating elements (361 to

368); and
a controller (400) configured to interrupt the
power supplied from the power controller to the
plurality of resistance heating elements (361 to
368) when the temperature detector detects pre-
determined temperature information regarding
the at least one resistance heating element.

H. The heating device according to embodiment G,
wherein the controller (400) is configured to interrupt
the power supplied from the power controller to the
plurality of resistance heating elements (361 to 368)
when the temperature detector detects that the at
least one of the plurality of resistance heating ele-
ments (361 to 368) has not more than a predeter-
mined temperature or not less than the predeter-
mined temperature, as the predetermined tempera-
ture information.

I. A heating device (3000) comprising:

a base (350);
a plurality of resistance heating elements (361
to 368) arranged in a longitudinal direction of the
base (350) and electrically connected in parallel
to each other;
a first temperature detector (TH1) configured to
detect a temperature of a first resistance heating
element (364) of the plurality of resistance heat-
ing elements (361 to 368);
a second temperature detector (TH2) config-
ured to detect a temperature of a second resist-
ance heating element (368) of the plurality of
resistance heating elements (361 to 368); and
a power interrupter (CO) configured to interrupt
the power supplied to the plurality of resistance
heating elements (361 to 368) when the temper-
ature of the second resistance heating element
(368) becomes a predetermined temperature or
more; and
the power interrupter (CO) configured to inter-
rupt power supplied to a resistance heating el-
ement different from the second resistance
heating element in response to disconnection of
the second resistance heating element after a
start of power supply to the resistance heating
element different from the second resistance
heating element.

J. A fixing device (300) comprising:

a pressing rotator (320);
a nip former (332) configured to form a fixing nip
(SN) between the nip former (332) and the
pressing rotator (320) to fix a developer on a
recording medium passing through the fixing nip
(SN);
a belt member (310) having a tubular shape; and

21 22 



EP 4 339 709 A2

14

5

10

15

20

25

30

35

40

45

50

55

the heating device (3000) according to any of
claims 1 to 9, configured to heat the belt member
(310) and transfer heat of the belt member (310)
to the fixing nip (SN).

K. The fixing device (300) according to embodiment
J,

wherein the heating device is disposed at an in-
ner side of the belt member,
wherein the belt member is to rotate around the
heating device (3000) while being nipped with
the nip former (332) and the pressing rotator
(320) in the fixing nip (SN).

L. The fixing device according to embodiment J,
wherein the heat of the belt member (310) is trans-
ferred to the fixing nip (SN) via the pressing rotator
(320).

M. The fixing device according to embodiment J,
wherein the second temperature sensor (TH2) of the
heating device according to claim 1 or 2 contacts an
inner peripheral surface of the belt member (310) at
a position downstream, in a direction of conveyance
of the recording medium, from one of the plurality of
resistance heating elements (361 to 368) disposed
in an end region of the base (350) in the longitudinal
direction.

N. An image forming apparatus (100) comprising:

an image forming device (1K, 1Y, 1M, 1C) con-
figured to form the image with the developer;
a recording-medium feeder (200) configured to
feed the recording medium to the image forming
device; and
the fixing device (300) according to any one of
embodiments J to M, configured to fix the image
on the recording medium.

End of description

Claims

1. A system of a heating device (3000) and a controller
(400), the heating device (3000) comprising:

a base (350);
a plurality of resistance heating elements (361
to 368) arranged in a longitudinal direction of the
base (350) and electrically connected in parallel
to each other;
a first temperature detector (TH1) configured to
detect a temperature of a first resistance heating

element (364) of the plurality of resistance heat-
ing elements (361 to 368);
a second temperature detector (TH2) config-
ured to detect a temperature of a second resist-
ance heating element (368) of the plurality of
resistance heating elements (361 to 368); and
a power interrupter (CO) configured to interrupt
the power supplied to the plurality of resistance
heating elements (361 to 368) when the temper-
ature of the second resistance heating element
(368) becomes a first predetermined tempera-
ture or more, wherein
the controller (400) is configured to interrupt
power supplied to a resistance heating element
different from the second resistance heating el-
ement after a start of power supply to the resist-
ance heating element different from the second
resistance heating element when (i) the time un-
til the temperature of the second resistance
heating element (368) reaches the second pre-
determined temperature is a predetermined
time or more, or (ii) a variation in temperature
gradient is a predetermined value or less.

2. The system according to claim 1, further comprising
a fixing device (300), the fixing device (300) includ-
ing:

A pressing rotator (320);
a nip former (332) configured to form a fixing nip
(SN) between the nip former (332) and the
pressing rotator (320) to fix a developer on a
recording medium passing through the fixing nip
(SN);
a belt member (310) having a tubular shape; and
the heating device (3000) configured to heat the
belt member (310) and transfer heat of the belt
member (310) to the fixing nip (SN).

3. The system according to claim 2,

wherein the heating device (3000) is disposed
at an inner side of the belt member (310),
wherein the belt member (310) is to rotate
around the heating device (3000) while being
nipped with the nip former (332) and the press-
ing rotator (320) in the fixing nip (SN).

4. The system according to claim 2,
wherein the heat of the belt member (310) is trans-
ferred to the fixing nip (SN) via the pressing rotator
(320).

5. The system according to claim 2,
wherein the second temperature detector (TH2) con-
tacts an inner peripheral surface of the belt member
(310) at a position downstream, in a direction of con-
veyance of the recording medium, from one of the
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plurality of resistance heating elements (361 to 368)
disposed in an end region of the base (350) in the
longitudinal direction.

6. An image forming apparatus (100) comprising:

an image forming device (1K, 1Y, 1M, 1C) con-
figured to form the image with the developer;
a recording-medium feeder (200) configured to
feed the recording medium to the image forming
device; and
the system according to any one of claims 1 to
5, configured to fix the image on the recording
medium.
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