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Description

Technical Field

[0001] The present invention relates to heating cook-
ing devices for a household electrical appliance and for
business use, and relates to heating cooking devices that
include radiant heaters and are capable of controlling
heating temperatures.

Background Art

[0002] In general, heating cooking devices are divided
into the heating cooking devices using gas and the heat-
ing cooking devices using electricity as heating sources.
[0003] The heating cooking devices using electricity
include the heating cooking devices by induction heating
(IH (Induction Heating) cooking devices) and the heating
cooking devices by radiation heating represented by an
electric stove and a radiant heater.
[0004] An electric stove and a radiant heater have the
features that the manufacture cost thereof is about 1/10
and permit use of cooking containers such as a pot of
any material, as compared with an IH cooking device,
but do not have safety devices for objects being cooked
(for example, prevention of a deep-frying oil fire, and
burning and sticking, and prevention of cooking without
a pan or a pot), and further, are not equipped with the
function of cooking control (deep-frying, and water boil-
ing).
[0005] The reasons why replacement purchases of
cooking devices using electricity from gas cooking de-
vices using fossil fuel do not advance while there is clam-
or for reduction of CO2 include the fact that IH cooking
devices fully equipped with safety devices and cooking
control functions are more expansive as compared with
gas devices, and that electric stoves and radiant heaters
that are less expensive are accompanied by inconven-
iences such as being incapable of cooking fried food such
as deep-fried food because the safety devices thereof
are insufficient, or incapable of performing cooking con-
trol.
[0006] As shown in FIG. 12, in an IH cooking device
200, a plurality of mushroom-shaped temperature sen-
sors 203 for detecting a temperature of an object being
cooked are bonded onto a bottom surface of a top plate
204 of glass on which a cooking container P is placed,
and an infrared ray sensor 205 is placed in a center, in
addition to a temperature sensor 202 for detecting a tem-
perature of an IH heating coil 201. Further, a vibration
sensor 206 is placed on the bottom surface of the top
plate 204 to detect boiling vibration of water boiling. As
above, the IH cooking device 200 can sensitively respond
to a use situation of a person who cooks by causing one
kind of a plurality of kinds of detection means or the plu-
rality of kinds of detection means in combination to func-
tion.
[0007] FIG. 13 shows a structure of a heating cooking

device 100 including a general radiant heater.
[0008] In a heater unit 20, a lower part of a heating coil
21 is buried and fixed into a base portion 23 made of a
heat insulator, and a metallic cover 25 protects and holds
a bottom surface of the base portion 23. At a peripheral
edge of the base portion 23, a spacer 24 is raised toward
a top plate 11. The spacer 24 is provided to provide a
predetermined space between the base portion 23 and
the top plate 11. The spacer 24 may be formed integrally
with the base portion 23, or may be produced as a sep-
arate piece and assembled to the base portion 23. The
heater unit 20 is pressed against the top plate 11 of glass
by springs 27 that support an undersurface thereof. Ac-
cordingly, the heater unit 20 can be raised and lowered
with expansion and contraction of the springs 27. This is
to avoid breakage of the base portion 23 and the top plate
11 due to strain by thermal expansion and contraction
which occur to the base portion 23, a cover 25 and the
top plate 11 with rise and decline of the temperature of
the heating coil 21. Further, the springs 27 also perform
action of absorbing deflection of the top plate 11 when a
cooking container such as a pot drops.
[0009] The heating cooking device 100 includes a ther-
mostat 29 on a top surface of the base portion 23 (for
example, Patent Document 1 and Patent Document 2).
The thermostat 29 is provided at the high power type
heating cooking device 100 which has the heating coil
21 with strong power and can perform rapid heating. This
is because unless output of the heating coil 21 is control-
led, the temperature of the top plate 11 is likely to exceed
the heatproof temperature of the glass. Therefore, the
temperature of the heating coil 21 is controlled by the
thermostat 29, whereby the temperature of the top plate
11 does not exceed the heatproof temperature of the
glass. Accordingly, the thermostat 29 is not needed in
the heating cooking device 100 in which the heating coil
21 has low power.

Citation List

Patent Documents

[0010]

Patent Document 1: Japanese Patent Laid-Open
No. 2003-106537 (FIG. 3 rod regulator 160)
Patent Document 2: Japanese Patent Laid-Open
No. 2003-303663 (FIG. 1, sensor 61)
Patent Document 3: Japanese patent No. JP H11
83029 A discloses a cooking device according to the
preamble of claim 1.

Summary of Invention

Technical Problems

[0011] The conventional high power type heating cook-
ing device 100 includes the thermostat 29. However, this
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merely controls the amount of passage of current which
is passed to the heating coil 21 so as for the temperature
of the coil 21 not to exceed the heat heatproof tempera-
ture of the glass, and cannot detect the temperature of
the object being cooked during cooking. Accordingly, the
conventional heating cooking device 100 cannot prevent
a fire caused by an object being cooked or a fire due to
misuse, or cannot control the temperature of the object
being cooked.
[0012] The present invention is accomplished in view
of the technical problems as above, and has an object
to provide a heating cooking device including a radiant
heater, that can prevent a fire caused by an object being
cooked and a fire due to misuse and control a tempera-
ture of the object being cooked by detecting the temper-
ature of the object being cooked, according to claim 1.

Solution to Problems

[0013] It is assumed to provide a temperature sensing
element in order to detect a temperature of an object
being cooked, in a heating cooking device including a
radiant heater. However, this has several problems to be
solved.
[0014] The most basic problem is the way of keeping
a contact state of the temperature sensing element to a
top plate.
[0015] A heater unit of a radiant heater is produced by
going through a process of temporarily fixing a heating
coil that is molded into a final shape in advance to a die
first, pouring a base portion forming material of a heat
insulator into the die and subjecting the material to com-
pression molding, and finally sintering the material.
Therefore, the heater unit has large dimensional toler-
ance. In addition, expansion and contraction occur to the
base portion made of the heat insulator in response to
heating of the heating coil. If there is a gap between the
top plate and the base portion (spacer) in order to avoid
breakage of the top plate and the base portion due to
difference of linear expansion coefficients of the top plate
and the base portion (heat insulator), the heat which is
generated by the heating coil leaks to the surroundings.
If the heat leaks, there is the fear of breaking the control
equipment and wiring which are disposed in the sur-
roundings, and the object being cooked cannot be effi-
ciently heated to a necessary level since the heat is wast-
ed.
[0016] When the top plate is fixed to the base portion,
even if the temperature does not reach the heatproof
temperature of the glass, the top plate is likely to be bro-
ken as described above. Therefore, it is necessary to
reduce the stress which is generated due to the dimen-
sional tolerance of the heater unit being large, in addition
to the difference of the linear expansion coefficients of
the top plate and the base portion (heat insulator). Ac-
cordingly, as described above, it is necessary to adopt
the structure of pressing the heater unit against the top
plate by an elastic force.

[0017] Meanwhile, consideration also needs to be giv-
en to installation of a temperature sensing element. It is
conceivable to bury and fix a temperature sensing ele-
ment into the top plate. However, this method is not re-
alistic, because the stress due to the difference in linear
expansion coefficients between the top plate and the
temperature sensing element has to be solved in some
way, and the method is inferior in assemblability and
maintainability of the top plate.
[0018] Therefore, it is preferable to dispose a temper-
ature sensing element at a heater unit side, and bring
the temperature sensing element into contact with the
top plate. In order to absorb the difference in linear ex-
pansion coefficients between the top plate and the heater
unit (base portion), and adsorb a tolerance of the heater
unit further, it is necessary to bring the temperature sens-
ing element into contact with the top plate by pressing
the temperature sensing element against the top plate
by an elastic force.
[0019] In addition, an elastic force N1 as above needs
to be set to be lower than an elastic force N2 with which
the heater unit is pressed against the top plate. This is
because otherwise, the top plate and the heater unit are
away from each other.
[0020] When the radiant heater in the present invention
includes a heating coil, and a base portion that is made
of a heat insulator and supports the heating coil, a pair
of lead wires that transmit an electrical signal from the
temperature sensing element are preferably led out to a
bottom side of the base portion through the base portion.
[0021] The heatproof temperatures of the top plate for
use in the radiant heater are, for example, approximately
600°C, and approximately 800°C. A heating temperature
of the heating coil is higher than these heatproof temper-
atures as a matter of course, and reaches approximately
700°C to 900°C in some cases. Therefore, concerning
the temperature distribution inside the radiant heater, the
temperature of a heater wire is the highest, the temper-
ature of the bottom surface of the top plate is the next,
and the temperatures become lower in the sequence of
the top surface of the top plate, the cooking container
and the object being cooked.
[0022] Further, concerning the temperature distribu-
tion in a planer direction of the heating cooking device,
the temperatures in the vicinity of an outer circumference
and in the vicinity of an inner circumference of the heating
coil which is wound around in a toroidal shape are the
highest, though the temperatures of a central portion and
an outer circumferential portion are substantially the
same. This is because the heating coil is not arranged in
the central portion of the heater unit in order to obtain an
average temperature distribution as a whole.
[0023] Meanwhile, it is within a local range of about 3
to 5 cm at the largest around a contact point of the tem-
perature sensing element and the top plate that the tem-
perature of the top plate can be detected by the temper-
ature sensing element, and therefore, it cannot be said
that the average temperature of the top plate can be de-
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tected in a large sense. Therefore, there are the case
where one temperature sensing element is provided in
the central portion in the planar direction of the top plate
as a representative temperature sensing element, the
case where a plurality of temperature sensing elements
are provided on a proper radius from the center of the
heating coil which is wound around, the case where these
cases are combined, and the like.
[0024] When the temperature sensing element is dis-
posed in the central portion, it is conceivable to lead the
lead wire that transmits the temperature information de-
tected by the temperature sensing element to an outside
as a signal, along the bottom surface of the top plate.
However, the bottom surface of the top plate is a region
at a high temperature as described above, and therefore,
the lead wire with a high heatproof temperature is inev-
itably needed as the lead wire. Further, in this case, the
lead wire needs to have a length of not less than the
radius of the heating coil which is wound around, and
therefore, the influences of cost increase due to use of
a large amount of heat resistant material, and wire re-
sistance caused by increase in the length of the lead wire
arise. Further, there are various diameters of the heaters
correspondingly to the power consumptions of the heat-
ers, and the lengths of the wires have to be prepared in
accordance with the diameters. Meanwhile, the bottom
surfaces of some of the top plates have projections and
depressions by dimple work in order to raise the heat-
proof temperature of the glass, and are not always con-
figured by flat surfaces.
[0025] With the above description being taken into con-
sideration, it is preferable to pass the lead wire of the
temperature sensing element in such a manner as to be
led out to the bottom side through the base portion (heat
insulator), when the temperature sensing element is dis-
posed in the radiant heater central portion. In this case,
most part of the lead wire is disposed in the inside of the
base portion, and therefore, the lead wire may be low in
heat resistance. Further, since it is sufficient if only the
lead wire has a length with which the lead wire penetrates
through the base portion, the cost can be reduced, and
the influence of the wire resistance becomes small. Fur-
ther, in this case, the specifications such as the shape
and dimension of the lead wire are easily unified.
[0026] In contrast with this, when a plurality of temper-
ature sensing elements are disposed on the circumfer-
ence, much time and effort are required in work because
the wires have to be led within the base portion by avoid-
ing and being insulated from the heating coil. According-
ly, when the wire is led toward the outer circumference
on the bottom surface of the top plate, the influences onto
unification of the shape and dimension, consumption of
the material, and the wire resistance caused by the length
of the lead wire are more decreased.
[0027] In the heating cooking device of the present in-
vention, a first elastic body in the case of the radiant heat-
er including a heating coil and a base portion that sup-
ports the heating coil and is made of a heat insulator can

be configured as follows. Namely, the first elastic body
is configured by a pair of spring pieces made of metal,
and the temperature sensing element is supported on a
supporter of ceramics that is fixed to one end side of each
of the spring pieces. A pair of lead wires that transmit an
electrical signal from the temperature sensing element
are connected to the pair of respective spring pieces. A
pair of legs made of metal that are integrally joined to or
connected and joined to the respective spring pieces are
led out to a bottom side of the base portion through the
base portion. The spring pieces are used in place of lead
wires.
[0028] In the case of the first elastic body being con-
figured by a spring made of metal, the spring is preferably
made of a precipitation hardening type Ni alloy. The
spring configured by the precipitation hardening type Ni
alloy can keep an elastic force even if it is heated with
cooking.
[0029] When a thermostat is provided between the
base portion and the top plate in the present invention,
the thermostat is preferably disposed between a pair of
lead wires, or between a pair of legs.
[0030] As described above, in the case of a high power
type radiant heater, a thermostat that suppresses the
temperature rise of the top plate to a heatproof temper-
ature of the top plate or lower is sometimes provided
between the base portion and the top plate. In this case,
it is preferable to avoid interference between the thermo-
stat and the lead wires or legs by disposing the thermostat
between a pair of lead wires, or between a pair of legs.
[0031] In the present invention, a seat that restrains
movement of the thermostat is preferably included. The
seat can be fixed to the first elastic body. The seat also
performs the function of preventing the thermostat from
bouncing off, and centrifugal whirling when the cooking
container such as a pot drops onto the top plate and an
impact is applied.
[0032] In the present invention, a heat insulator is pref-
erably disposed around the temperature sensing ele-
ment.
[0033] When the heater is controlled to be on/off by
the thermostat, there is the fear that the temperature
sensing element receives an influence thereof and can-
not detect the temperature of the bottom surface of the
top plate correctly. Thus, in order to measure the tem-
perature of the object being cooked located on the sur-
face side via the top plate without transferring the thermal
influence from the heating coil to the temperature sensing
element as much as possible, the heat insulator is pref-
erably disposed around the temperature sensing ele-
ment.
[0034] In the present invention, the temperature sens-
ing element is preferably housed inside a case made of
a heat resistant material.
[0035] The glass which is used in the top plate does
not have to be broken up to a certain number of dropping
times and a certain weight of the pot against the impact
caused by dropping of a cooking container such as a pot.
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This is because by breakage of the glass, a cook is likely
to be injured. JIS (Japanese Industrial Standards) has
the standard similar to this.
[0036] Since the heater unit is pressed against the top
plate by the elastic body, the heater unit is temporarily
pressed downward if a drop impact occurs to the top
plate, but due to the repulsion of the elastic body, the
heater unit bounces back toward the top plate.
[0037] At this time, similar movement occurs to the
temperature sensing element, and the temperature sens-
ing element collides with the top plate, in addition to
which, the temperature sensing element is sometimes
held between the heater unit which further bounces back
and the top plate. When the impact force at this time
exceeds the durability of the temperature sensing ele-
ment, the temperature sensing element is broken. In or-
der to prevent this, the temperature sensing element is
preferably housed in a case for reinforcing the tempera-
ture sensing element in strength.
[0038] As an ordinary temperature sensing element, a
thermocouple, a platinum resistor and a thermistor are
used.
[0039] Among them, a thermocouple requires various
efforts such as requiring a series of wire leading to make
a hot junction and a cold junction, and wire leading as in
the present concept being difficult, temperature compen-
sation for the cold junction with another temperature sen-
sor being required, and electromotive force being about
several mVs and requiring a high-powered voltage am-
plifier with high precision.
[0040] In contrast with this, the platinum resistor and
the thermistor output temperature signals as resistance
values, and therefore, the problem in wire leading is much
smaller as compared with a thermocouple. However, for
use in a radiant heater, the thermally sensitive charac-
teristic has to correspond to a wide range from a minus
range to about 600°C.
[0041] In particular, in the case of use as a safety de-
vice, it is essential to perform failure detection such as
breaking of wire and short-circuiting of the temperature
sensing element, and when the resistance value of the
temperature sensing element shows an impossible cry-
ogenic temperature, or an ultra-high temperature with
means such as a voltage comparator, it is necessary to
determine that the temperature sensing element fails.
[0042] In order to respond to a wide temperature range
like this, the resistance-temperature coefficient of the
platinum resistor or the thermistor needs to be made
small. In doing so, the resistance change amount per 1°C
becomes small, and therefore, in the case of replacement
with a voltage signal, it is necessary to amplify a voltage
by using a high-powered voltage amplifier with high pre-
cision and input the voltage into the AD converter, and
much effort is required for processing of the temperature
signal similarly to a thermocouple.
[0043] In contrast with this, the heating cooking device
of the present invention includes a current passing circuit
that supplies a temperature detection current to the tem-

perature sensing element, an AD convertor in which tem-
perature information detected by the temperature sens-
ing element is inputted as an analog voltage signal, and
a controller that performs control operation by converting
a digital signal converted by the AD convertor into a tem-
perature, and the current passing circuit preferably sup-
plies a temperature detection current in a pulse form to
the temperature sensing element based on an instruction
of the controller.

Advantageous Effect of Invention

[0044] As above, according to the present invention,
the safety function and the convenient function can be
added to heating and cooking by providing the temper-
ature sensor that indirectly detects the temperature of an
object being cooked onto the bottom side of the top plate
of the conventional radiant heater with one of the features
being less expensive, and contribution is made to wide
spread use of an electrical heating cooking device.

Brief Description of Drawings

[0045]

FIGS. 1A and 1B show a main configuration of a
heating cooking device according to a first embodi-
ment of the present invention, FIG. 1A is a sectional
view thereof, and FIG. 1B is a perspective view of a
temperature sensor unit.
FIGS. 2A and 2B show a temperature sensing ele-
ment unit that is used in the temperature sensor of
the first embodiment, FIG. 2A is a vertical sectional
view thereof, and FIG. 2B is a sectional view taken
along arrows 2b-2b (note that a metallic protection
tube 4 is excluded) of FIG. 2A.
FIG. 3 is a graph showing a relation of an oil tem-
perature and a detection temperature of a tempera-
ture sensing element when a deep-frying oil is heat-
ed with use of the heating cooking device of the first
embodiment.
FIG. 4 is a sectional view showing a variation of the
first embodiment.
FIG. 5 is a sectional view showing another variation
of the first embodiment.
FIG. 6 is a sectional view showing a main configu-
ration of a heating cooking device in an embodiment
according to a second embodiment of the present
invention.
FIGS. 7A and 7B show a configuration of a ceramics
case according to the second embodiment, FIG. 7A
is a plan view, and FIG. 7B is a sectional view taken
along arrows 7b-7b of FIG. 7A.
FIGS. 8A and 8B show a variation of the second
embodiment, FIG. 8A is a sectional view thereof, and
FIG. 8B is a perspective view of a temperature sen-
sor unit.
FIG. 9A is a graph showing a relation of an oil tem-

7 8 



EP 2 626 638 B1

6

5

10

15

20

25

30

35

40

45

50

55

perature and a detection temperature of a tempera-
ture sensing element when a deep-frying oil is heat-
ed, and FIG. 9B is a graph showing a relation of a
water temperature and the detection temperature of
the temperature sensing element when water is
heated, with use of the heating cooking device of
FIG. 6 and the heating cooking device of FIGS. 8A
and 8B.
FIGS. 10A,10B and 10C are views showing a con-
figuration of a current passing circuit for a tempera-
ture sensor, FIG. 10A shows a circuit that performs
low current DC passage, FIG. 10B shows a circuit
that performs high current pulse passage, and FIG.
10C is a diagram showing a current application pat-
tern by the current passing circuit of FIG. 10B.
FIG. 11A is a graph showing I-V characteristics and
a performance line in a case of performing current
passage with the circuit of FIG. 10A, and FIG. 11B
is a graph showing I-V characteristics and a perform-
ance line in a case of performing current passage
with the circuit of FIG. 10B.
FIG. 12 is a sectional view showing a main configu-
ration of a conventional IH heating cooking device.
FIG. 13 is a sectional view showing a main configu-
ration of a heating cooking device including a con-
ventional radiant heater.

Description of Embodiments

[0046] Hereinafter, the invention will be described in
detail based on embodiments.

<First embodiment>

[0047] As a heating cooking device 10 according to the
present embodiment, an example of a type in which a
temperature sensing element is disposed in a central por-
tion in a planar direction of a top plate and a thermostat
is not included.
[0048] The heating cooking device 10 is the same as
the heating cooking device 100 shown in FIG. 13 in a
configuration except for a temperature sensor unit 30.
Namely, FIG. 1A shows only a vicinity of the temperature
sensor unit 30, and the heating cooking device 10 in-
cludes a top plate 11 on which a cooking container P
such as a pot is placed, a heating coil 21 that heats the
cooking container P, a base portion 23 that holds the
heating coil 21 and is made of a heat resistant insulating
material, and springs 27 that press the base portion 23
against the top plate 11. The spring 27 configures a sec-
ond elastic body. On an outer circumferential edge of the
base portion 23 a planar shape of which is substantially
circular, a spacer 24 rising toward the top plate 11 is
included, and a distal end of the spacer 24 is butted to a
bottom surface of the top plate 11 (FIG. 13). A space is
provided between the base portion 23 except for the
spacer 24 and the top plate 11, and the heating coil 21
is exposed in the space.

[0049] The temperature sensor unit 30 comprises a
support frame 31 and a temperature sensor 37.
[0050] The support frame 31 is integrally produced by
applying bending to a plate member made of, for exam-
ple, a precipitation hardening type Ni base alloy that is
excellent in high-temperature strength. The support
frame 31 comprises a fixing portion 33 and a spring por-
tion 35. As a precipitation hardening type Ni base alloy,
JIS NCF750, 751, 80A and the like can be used. Note
that the spring portion 35 configures a first elastic body
of the present invention.
[0051] The fixing portion 33 comprises a pair of legs
331 and 331, and cuffs 332 and 332. The pair of legs 331
and 331 are disposed to oppose each other in parallel
and are respectively housed in through-holes (not illus-
trated) that are formed in the base portion 23. The cuffs
332 and 332 are directed upward from lower ends of the
legs 331 and 331.
[0052] The spring portion 35 comprises a pair of spring
main bodies 351 and 351, and a connecting piece 352.
The pair of spring main bodies 351 and 351 are disposed
to oppose each other, respectively connected to upper
ends of the legs 331 and 331 and bent into L-shapes.
The connecting piece 352 connects upper ends of the
spring main bodies 351 and 351 to each other.
[0053] The temperature sensor 37 comprises a sensor
main body 38, and a set of two lead wires 39 that are
electrically connected to the sensor main body 38.
[0054] In the temperature sensor 37, the sensor main
body 38 is disposed on a top surface of the connecting
piece 352 of the temperature sensor unit 30. The lead
wire 39 is led out to a lower side from the connecting
piece 352 through a through-hole (not illustrated) formed
in the connecting piece 352.
[0055] The temperature sensor unit 30 is assembled
to the heater unit 20 as follows.
[0056] In a protruded portion 26 that is provided in a
center in the planar direction of the base portion 23 of
the heater unit 20, a pair of through-holes (not illustrated)
through which the legs 331 and 331 of the fixing portion
33 pass are formed. The legs 331 and 331 of the tem-
perature sensor unit 30 are inserted into the through-
holes from above the protruded portion 26. The legs 331
and 331 are set at lengths that are substantially equal to
a thickness of the protruded portion 26 of the base portion
23. When the cuffs 332 and 332 at the lower ends of the
legs 331 and 331 pass through the through-holes, the
cuffs 332 and 332 are locked to an undersurface of the
base portion 23 (cover 25), and lower ends of the spring
main bodies 351 and 351 which connect to the upper
ends of the legs 331 and 331 are locked to the top surface
of the base portion 23, whereby the legs 331 and 331
are held by the base portion 23.
[0057] In this state, the spring portion 35 is disposed
in the space between the base portion 23 and the top
plate 11, and the sensor main body 38 which is disposed
on the top surface of the connecting piece 352 of the
spring portion 35 contacts an undersurface of the top
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plate 11. The spring main bodies 351 and 351 of the
spring portion 35 are compressed in a vertical direction
more than in a free state. Accordingly, an elastic force
works in a direction to move the top plate 11 and the
heater unit 20 away from each other. By the elastic force,
the sensor main body 38 is pressed against the under-
surface of the top plate 11. The elastic force N1 is set to
be smaller (N1<N2) than an elastic force N2 of the spring
27 with which the base portion 23 is pressed against the
top plate 11. If this is in the opposite relation (N1≥N2),
the base portion 23 (spacer 24) moves away from the
top plate 11.
[0058] The lead wires 39 which are connected to the
sensor main body 38 of the temperature sensor 37 are
led out to a bottom side of the base portion 23 through
the through-holes (not illustrated) formed in the base por-
tion 23, and are connected to wiring that continues to a
control section. The through-holes are formed to be larg-
er than diameters of the lead wires 39, and thus the lead
wires 39 are movable in an axial direction in the through-
holes.
[0059] The temperature sensor 37 according to the
present embodiment can stably keep precision of detec-
tion temperatures even under a high-temperature envi-
ronment at 600 to 800°C, and preferably includes the
following configuration.
[0060] As shown in FIG. 2A, the temperature sensor
37 comprises a sensor element unit 1, and a metallic
protection tube 4 that houses the sensor element unit 1
except for parts at rear sides of the lead wires 39. The
sensor element unit 1 and the metallic protection tube 4
configure the sensor main body 38.
[0061] The sensor element unit 1 includes a tempera-
ture sensing element 2 with electrical resistance chang-
ing in accordance with temperatures, a pair of lead wires
39 which are electrically connected to the temperature
sensing element 2 via electrodes 3, and a coating mate-
rial 5 that seals the temperature sensing element 2 and
the lead wires 39 within a predetermined range from the
electrodes 3. The lead wires 39 are lead out from a seal-
ing end 6 of the coating material 5.
[0062] As the temperature sensing element 2, a ther-
mistor is preferably used, and the thermistors the elec-
trical resistances of which change in accordance with
temperatures can be widely applied. In the case of use
in a high-temperature range of 500 to 1000°C, a metal
oxide that contains Y, Cr, Mn, Ca and O, and has a mole
ratio of Y : Cr : Mn : Ca of 75 to 85 : 7 to 10 : 7 to 10 : 1
to 5, which is disclosed in Patent Document 2 in advance
by the present inventor, for example, is preferably used
as the thermistors. The temperature sensing element 2
which is made of the metal oxide is capable of tempera-
ture measurement to a high temperature of 1000°C or
higher. However, this is only an example, and it goes
without saying that other thermistors can be used.
[0063] As the lead wires 39, platinum or a platinum
alloy can be used. As a platinum alloy, the platinum alloy
that contains 1 to 20 wt% of iridium is preferable from the

viewpoint of high temperature endurance.
[0064] The coating material 5 is made of amorphous
glass or crystallized glass. Each of them can be used
solely, but amorphous glass and crystallized glass can
be mixed and used so as to have a desired thermal ex-
pansion coefficient.
[0065] The sensor element unit 1 includes a sealing
end enclosure body 7 made of ceramics, and a lead wire
protection tube 8. In the lead wire protection tube 8, a
pair of lead wires 39 are housed in a rear side from the
sealing end enclosure body 7, while the lead wires 39
penetrate through the lead wire protection tube 8. The
sealing end enclosure body 7 and the lead wire protection
tube 8 configure a shield of the present invention.
[0066] The sealing end enclosure body 7 which is pro-
vided between the sensor element unit 1 and the metallic
protection tube 4 has an outer shape forming a truncated
cone, and surrounds a rear end side of the coating ma-
terial 5 and encloses the sealing end 6. Accordingly, a
conductive composition does not adhere to between the
lead wires 39. The sealing end enclosure body 7 is made
of ceramics such as alumina (Al2O3), and silicon nitride
(Si3N4).
[0067] In the cylindrical lead wire protection tube 8 con-
tinuing to the sealing end enclosure body 7, two holding
holes 8h penetrating in the axial direction are formed. In
the holding holes 8h, a pair of lead wires 39 are housed
and held. In the holding holes 8h, fillers 9 made of ce-
ramics are interposed in gaps except for the lead wires
39.
[0068] In order to protect the lead wires 39, the lead
wire protection tube 8 preferably has such a length as to
be capable of housing regions where a temperature of
the lead wires 39 reaches 500°C or higher when using
the temperature sensor 37.
[0069] Note that the lead wire protection tube 8 and
the filler 9 are also made of alumina (Al2O3), silicon nitride
(Si3N4) or the like similarly to the sealing end enclosure
body 7.
[0070] The temperature sensor 37 is produced by in-
serting and fixing the sensor element unit 1, which is in-
tegrally formed in advance, into the metallic protection
tube 4 which is separately formed. At this time, a gap is
provided between a portion of the shield, which is con-
stituted of the sealing end enclosure body 7 and the lead
wire protection tube 8, and the metallic protection tube
4. Thus, the shield is loosely fitted in the metallic protec-
tion tube 4.
[0071] The temperature sensor 37 includes the metal-
lic protection tube 4 which houses the sensor element
unit 1 except for parts of the rear sides of the lead wires
39. The metallic protection tube 4 is made of a stainless
alloy, an Ni base superalloy, or other heat resistant alloys.
[0072] The metallic protection tube 4 is provided to hold
the temperature sensing element 2 and the lead wires
39, and to protect these housed components from me-
chanical stress from an outside of the metallic protection
tube 4.
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[0073] The metallic protection tube 4 is pipe-shaped,
with one end (distal end side) housing the temperature
sensing element 2 which measures a temperature being
closed (enclosed), and the other end (rear end side) be-
ing opened to lead out the lead wires 39.
[0074] The reason why the distal end side of the me-
tallic protection tube 4 is enclosed is to isolate a constant
environment in the metallic protection tube 4 which hous-
es the temperature sensing element 2 from various at-
mospheres of oxidization, reduction, sulfidization and the
like under a high temperature.
[0075] When the temperature sensing element 2 is
housed in the metallic protection tube 4 which plays such
a role and a high temperature is measured, release (va-
porization) of metal occurs with oxidization and reduction
on both the outer circumferential surface and the inner
circumferential surface of the metallic protection tube 4
in the distal end of the metallic protection tube 4 which
has a high temperature. In particular, the inner circum-
ferential surface of the metallic protection tube 4 is under
an enclosed environment, and therefore, has a larger
metal vaporization amount as compared with the outer
circumferential surface.
[0076] Meanwhile, as for the temperature distribution,
the temperature becomes lower in the region closer to
the rear end, and therefore, the metal vaporization
amount becomes smaller in the region closer to the rear
end of the metallic protection tube 4. This can be ex-
plained according to the adherence amount of chrome
as one example.
[0077] When a metal is vaporized from the lead wire
39, a gap is produced between the coating material 5
and the lead wire 39. In this case, the gap becomes the
cause of high-temperature migration when a current is
passed to the temperature sensing element 2.
[0078] From the above, it is preferable to make the
structure which restrains the lead wire 39 from being thin-
ner due to vaporization of the metal under a high tem-
perature, prevents the metal vaporized from the lead wire
39 from scattering to other places; and does not cause
the metal scattering from the metallic protection tube 4
and the metal vaporized from the lead wires 39 to adhere
to between the lead wires 39. Furthermore, it is preferable
to configure the temperature sensor 37 so that the tem-
perature of the lead wires 39 exposed from the lead wire
protection tube 8 becomes, for example, 400°C or lower
at which the metal is not vaporized, or even if vaporized,
the vaporized amount can be suppressed to an extremely
small amount.
[0079] FIG. 3 shows a relation of an oil temperature of
a deep-frying oil heated with use of the heating cooking
device 10 according to the present embodiment and a
detection temperature of the temperature sensor 37. An
axis of abscissa represents an elapsed time, and an axis
of ordinates represents a temperature. Note that the de-
tection temperature of the temperature sensor 37 which
is measured without providing the cooking container P
is also measured.

[0080] FIG. 3 shows that there is a certain correlation
between the oil temperature and the detection tempera-
ture of the temperature sensor 37. Further, even in the
case without a pot, the temperature sensor 37 detects
the temperature with the characteristic curve different
from the characteristic with which the temperature sensor
37 detects the oil temperature. Namely, the temperature
of the top plate 11 is detected by the heating cooking
device 10 (temperature sensor 37) according to the
present embodiment, whereby the temperature of the ob-
ject being cooked can be indirectly detected. Accordingly,
not only a fire can be prevented, but also a fire due to
misuse such as use without the cooking container P
mounted on the top plate 11 is prevented, and the tem-
perature of the object being cooked can be controlled.
[0081] If the temperature of the object being cooked
cannot be detected, the oil temperature rises in response
to heating of the radiant heater wire, and the oil starts to
generate white smoke from the time when the oil tem-
perature exceeds 300°C and catches a fire at around
330°C.
[0082] The heating cooking device 10 as above obtains
the elastic force with which the sensor main body 38 is
pressed against the top plate 11 from a plate spring, but
the present invention is not limited to this. For example,
as shown in FIG. 4, while the a sensor main body 138 is
supported at an upper end of a helical spring 135, a lower
end of the helical spring 135 is supported on the base
portion 23 (protruded portion 26), whereby a temperature
sensor 137 can be configured. Note that the helical spring
135 is compressed more than in a free state. A pair of
lead wires 139 and 139 are led out to the bottom side of
the base portion 23 through the base portion 23.
[0083] Further, the spring from which the elastic force
to press the sensor main body 38 against the top plate
11 is obtained is provided between the base portion 23
and the top plate 11, but the present invention is not lim-
ited to this. For example, as shown in FIG. 5, a sensor
main body 238 is disposed at an upper end of a support
bar 236 that penetrates through the base portion 23 and
a frame 233. A spring locking member 234 is fixed to the
support bar 236. The spring locking member 234 is pro-
vided between the base portion 23 and the frame 233. A
helical spring 235 is disposed around the support bar
236, between the spring locking member 234 and the
frame 233. Note that the helical spring 235 is compressed
more than in a free state.
[0084] By the temperature sensors 137 and 237 which
are configured as above, the similar effect to the temper-
ature sensor 37 can be provided.

<Second embodiment>

[0085] A second embodiment is applied to a high pow-
er type radiant heater in which a thermostat 29 is provided
on the base portion 23, as shown in FIG. 6. Note that the
same components as in the first embodiment are as-
signed with the same reference signs as in FIGS. 1A,1B

13 14 



EP 2 626 638 B1

9

5

10

15

20

25

30

35

40

45

50

55

and 13.
[0086] A heating cooking device 110 according to the
second embodiment also presses the sensor main body
38 against the top plate 11 by the spring portion 35 of
the support frame 31 similarly to the heating cooking de-
vice 10 according to the first embodiment.
[0087] However, in the first embodiment, the sensor
main body 38 is directly pressed against the top plate 11,
whereas in the second embodiment, the sensor main
body 38 is housed inside a ceramics case 40, and con-
tacts the bottom surface of the top plate 11 via the ce-
ramics case 40.
[0088] The ceramics case 40 includes a base 41 made
of ceramics, a cap 42 that is disposed to oppose to the
base 41 and made of ceramics, and a sealing tube 45
that fixes the base 41 and the cap 42 and is made of
metal. The base 41 and the cap 42 are made of ceramics
such as alumina (Al2O3) and silicon nitride (Si3N4).
[0089] The base 41 is fixed to the spring portions 35
and is supported by the support frames 31. Upper end
portions of the spring portions 35 (support frames 31)
penetrate through the base 41 and protrude into a hous-
ing chamber 43 that is formed in the cap 42.
[0090] The sensor main body 38 is housed in the hous-
ing chamber 43. The sensor main body 38 is disposed
to contact an inner surface of a ceiling of the cap 42 as
shown in FIG. 7B. Since a top surface of the cap 42 con-
tacts the bottom surface of the top plate 11, the sensor
main body 38 contacts the bottom surface of the top plate
11 via the ceiling of the cap 42. A gap is provided between
the sensor main body 38 and the base 41. This is for
preventing the sensor main body 38 from being broken
by being held between the ceiling of the cap 42 and the
base 41 when an impact is applied from the top surface
of the cap 42.
[0091] The lead wires 39 which connect to the sensor
main body 38 are electrically connected to the spring
portions 35 respectively. Namely, in this embodiment,
the spring portions 35 play the role of lead wires.
[0092] A step 44 that continues in a circumferential di-
rection is formed at an outer circumferential portion of
the top surface of the cap 42, and an upper locking ring
46 of the sealing tube 45 is locked to the cap 42 in the
step 44. The upper locking ring 46 continues in the cir-
cumferential direction and is locked throughout an entire
circumference of the step 44. Lower locking claws 47 of
the sealing tube 45 are formed at a plurality of spots in
the circumferential direction, and are locked to an under-
surface of the base 41.
[0093] A portion near to a center from the step 44 of
the cap 42 protrudes upward from the upper locking ring
46 of the sealing tube 45, in other words, toward the top
plate 11. This is for the following reason. Namely, when
the metallic sealing tube 45 is used under a high temper-
ature, an oxide film is formed on a surface thereof. The
oxide film becomes thicker with use time. Accordingly, if
the top surface of the cap 42 and a top surface of the
sealing tube 45 are produced to be flush with each other,

an oxide film is formed on the top surface (surface facing
the top plate 11) of the upper locking ring 46 of the sealing
tube 45, contact of the top surface of the cap 42 and the
bottom surface of the top plate 11 is released. In order
to prevent this and ensure contact of the cap 42 and the
top plate 11 for a long period, the portion near to the
center from the step 44 of the cap 42 is protruded toward
the upper side from the upper locking ring 46 of the seal-
ing tube 45.
[0094] The thermostat 29 is disposed between a pair
of spring main bodies 351 and 351 that act as lead wires,
and legs 331 and 331 that continue to the spring main
bodies 351 and 351 are led out to the bottom side of the
base portion 23. The legs 331 and 331 also penetrate
through the cover 25, but electrical insulation is applied
to both of them. The same thing applies to an example
of FIGS. 8A,8B.
[0095] The present invention is not limited to that the
whole of the sensor main body 38 is covered with the
ceramics case 40, and a heating cooking device 120 in
which a part of a lower side of the sensor main body 38
is buried in a burial portion 48 made of an insulating ma-
terial can be adopted as shown in FIGS. 8A,8B. An upper
end of the sensor main body 38 which is exposed from
the burial portion 48 is pressed against the top plate 11.
As a heat insulator that is used in the burial portion 48,
for example, unwoven fabric made of ceramics fiber can
be employed.
[0096] In the example shown in FIGS. 8A, 8B, a seat
49 made of ceramics is provided between the pair of
spring main bodies 351 and 351. The seat 49 includes a
housing groove 50. The seat 49 itself is fixed to the pro-
truded portion 26, or the legs 331 are fixed to the pro-
truded portion 26, or to the cover 25, so that the seat 49
is not lifted up from the protruded portion 26. A part of
the thermostat 29 is housed in the housing groove 50. In
this manner, even if the cooking container P such as a
pot falls on the top plate 11 and an impact is applied, the
thermostat 29 is prevented from bouncing off to the top
plate 11 or centrifugal whirling by the force received from
the base portion 23, and is also prevented from contact-
ing the support frame 31 (spring portion 35).
[0097] The seat 49 is attached by using the spring main
bodies 351 and 351 which are located between the base
portion 23 and the top plate 11, but in the mode in which
the helical spring 235 is placed below the base portion
23 as shown in FIG. 5, prevention of bounding-off of the
thermostat 29 and the like as a result of providing the
seat 49 are difficult.
[0098] Further, concerning the example shown in
FIGS. 8A,8B, the sensor main body 38 can be housed
by the ceramics case 40 shown in FIG. 6 and FIGS. 7A,
7B, and concerning the examples shown in FIG. 6 and
FIGS. 7A, 7B, the upper portion of the sensor main body
38 can be exposed as shown in FIGS. 8A,8B.
[0099] FIG. 9A shows the result of evaluating a differ-
ence in the thermal sensitivities between the heating
cooking device 110 ("without a heat insulator") and the
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heating cooking device 120 ("with a heat insulator"). A
graph of FIG. 9A shows the oil temperature of a heated
deep-frying oil and the temperatures detected by the tem-
perature sensors of the respective cooking devices.
[0100] From FIG. 9A, it is confirmed that by providing
the heat insulator, the influence of a temperature ripple
to the temperature sensing element caused by turning
ON/OFF energization of the heater can be reduced, and
result in excellent temperature detection performance.
[0101] Next, FIG. 9B shows thermal sensitivity char-
acteristics in the case of performing water boiling.
[0102] In FIG. 9B, the transition of the detection tem-
perature in the case of actually performing water boiling
is shown by the curve assigned with "TEMPERATURE
SENSOR (WATER BOILING)". Further, the temperature
of the boiled water is shown by the curve assigned with
"WATER TEMPERATURE".
[0103] When the temperature of water rises and a
boiled state is brought about, "WATER TEMPERATURE"
indicates a constant temperature at 100°C. At this time
"TEMPERATURE SENSOR (WATER BOILING)" indi-
cates a constant temperature a little later. Accordingly,
from the fact that the constant temperature is achieved,
it can be detected that water is boiled at 100°C. When
boiling is further continued, plenty of water is vaporized,
and the pot becomes empty, the temperature detected
by the "TEMPERATURE SENSOR (WATER BOILING)"
abruptly starts to rise after a "HEATING EMPTY POT"
point, whereby it can be detected that the pot becomes
empty. For example, when water in a stewed object is all
vaporized during cooking of the object being stewed, and
the stewed object starts to be burned, the similar behavior
of the temperature rise can be observed.
[0104] Further, FIG. 9B additionally presents the case
of heating without a pot placed on the top plate 11 ("TEM-
PERATURE SENSOR (WITHOUT POT)"), and the case
of heating an empty pot from the beginning ("TEMPER-
ATURE SENSOR (WITHOUT WATER)"). In both the
cases, the temperature rise exceeding 500°C occurs at
a dash, and therefore, by detecting this, misuse can be
detected.
[0105] As above, according to the present invention, a
convenient function of keeping a cooked object warm
based on boiling detection, and further, a convenient
function and a safety function such as burning detection
and detection of heating without water can be both in-
cluded.
[0106] FIG. 10B shows a pulse current passing circuit
in the case of use of a thermistor for the temperature
sensing element in the heating cooking device 120.
[0107] FIG. 11A shows I-V (current-voltage) charac-
teristics in still air at 25°C, 200°C, 400°C, 600°C and
800°C of the thermistor according to the present embod-
iment. The I-V characteristics are the result of plotting
terminal voltages of the thermistor at the time of passing
a constant current to the thermistor onto a double loga-
rithmic graph with an axis of ordinates representing volt-
age values, and an axis of abscissa representing current

values.
[0108] As shown in FIG. 11A, while the thermistor does
not self heats with Joule heat, the voltage value increases
diagonally rightward at 45° in response to the current
value of the constant current that is passed to the ther-
mistor. When the thermistor gradually starts self heating
by Joule heat, rise of the voltage value declines, and
when the voltage passes a voltage maximum point, the
voltage value changes to decrease. In general, the ther-
mistor shows the I-V characteristics like this.
[0109] Further, the graph of FIG. 11A shows a plot
which is diagonally upward to the left and displays the
power consumption of temperature rise by 0.5°C, 1°C,
5°C and 10°C from the ambient temperature in response
to the power consumption of the thermistor according to
the present embodiment. For example, rise by 0.5°C in-
dicates that the temperature of the thermistor becomes
25.5°C though the ambient temperature is 25°C, and the
temperature higher by 0.5°C than the ambient tempera-
ture of 25°C is detected.
[0110] A heat dissipation constant (W/°C) of a thermis-
tor described in general is the heat dissipation constant
at the time of the thermistor self heating by 1°C by Joule
heat. Since this is a constant, the self heating tempera-
ture is originally diagonally upward to the left at 45°C, but
when measurement is performed in a wide temperature
range, the heat transfer mode (conduction/convec-
tion/radiation) slightly changes in the actual measure-
ment though it is in still air, and therefore, the result as
shown in FIG. 11A is frequently obtained.
[0111] Further, the thermistor showing the I-V charac-
teristics like this as a single body is connected to a current
passing circuit C1 shown in FIG. 10A. FIG. 11A shows
a performance line of the thermistor which is the result
of plotting a voltage value inputted into an amplifier A and
a current value flowing into the thermistor on the I-V char-
acteristic chart.
[0112] A resistance value of a series resistance R
which restricts a current to be passed to the thermistor
is properly selected so that the self heating amount
shown by the I-V characteristics of the thermistor be-
comes an allowable error or less.
[0113] In the case of the embodiment, between the am-
bient temperatures of 25°C and 200°C, the self heating
temperature becomes the maximum, and FIG. 11B
shows that the value is 0.5°C or lower.
[0114] Further, at the same time, an intersection of the
I-V characteristics and the performance line represents
a voltage value that is inputted into the amplifier A when
the temperature is measured by the current passing cir-
cuit C1 shown in FIG. 10A. For example, if the ambient
temperature is 25°C, the voltage value is 3.8 V, and if
the ambient temperature is 200°C, the voltage value is
0.8 V.
[0115] FIG. 11B shows pulse I-V characteristics in still
air at 25°C, 200°C, 400°C, 600°C and 800°C of the same
thermistor as shown in FIG 11A. The pulse I-V charac-
teristics are the result of plotting terminal voltages of the
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thermistor which are generated in a pulse form in accord-
ance with a current passing period when a pulse constant
current with the current passing period configured by a
time period (ON) in which the current is passed to the
thermistor and a time period (OFF) in which a current is
not passed being determined is passed, into a double
logarithmic graph in which an axis of ordinates represents
a pulse voltage value and an axis of abscissa represents
a pulse current value.
[0116] Since the thermistor performs self heating little
by little even during the ON time period, the thermistor
performs self heating significantly if the current passing
time period is long. Therefore, by performing pulse cur-
rent passage, the time period in which current passage
is OFF is provided to cool the thermistor.
[0117] Even in pulse current passage, the following
matters occur similarly: the voltage value rises diagonally
rightward at 45° in response to the current value of the
current passed to the thermistor as a pulse constant cur-
rent while the thermistor does not self heat by Joule heat;
the rise of the pulse voltage value declines when the ther-
mistor gradually starts self-heating by Joule heat; and
the pulse voltage value changes to lower when the volt-
age value passes the voltage maximum point.
[0118] Further, the graph of FIG. 11B also shows a plot
which is diagonally upward to the left and displays the
consumption power with which the thermistor rises in
temperature by 0.5°C, 1°C, 2°C and 3°C from the ambient
temperature in response to the consumption power by
pulse current passage thereof similarly to FIG. 11A.
[0119] When FIG. 11A and FIG. 11B are compared,
the temperature rise becomes smaller even with the
same power consumption when current is passed by
pulse. Therefore, the pulse I-V characteristics have a
much larger voltage maximum point as compared with
the I-V characteristics by continuous current passage.
[0120] Further, FIG. 11B shows a performance line of
the thermistor which is obtained by plotting the voltage
value which is inputted into an AD converter CV and a
current value flowing into the thermistor when the ther-
mistor which shows the pulse I-V characteristics like this
as a single body is connected to the current passing cir-
cuit C2 shown in FIG. 10B, on the I-V characteristic chart.
[0121] Here, the circuit of FIG. 10B will be described.
The current passing circuit C2 can switch transistors Tr1
and Tr2 in two current passing circuits constituted of a
first current passing circuit C21 and a second current
passing circuit C22 by a signal from a controller CTR.
[0122] The second current passing circuit C22 meas-
ures a high temperature side, and a resistance value of
a current limiting resistor R2 is properly selected so that
the self heating amount of the thermistor shown in the
pulse I-V characteristics becomes an allowable error or
less. FIG. 11B shows that in the case of the present em-
bodiment, the self heating temperature becomes the
maximum at an ambient temperature of 400°C, and the
value thereof is 1°C or less.
[0123] The first current passing circuit C21 measures

a low temperature side, and the resistance value of the
current limiting resistor R1 is the same as the limiting
resistor R of the current passing circuit C1 shown in FIG.
10A.
[0124] Next, FIG. 10C shows timing for passing current
to the thermistor by switching the transistors Tr1 and Tr2
in the current passing circuit shown in FIG. 10B.
[0125] A time period in which the transistor Tr1 at the
low temperature side is OFF, and the transistor Tr2 at
the high temperature side is ON is the same as the current
passing period of the pulse constant current that is used
when pulse I-V is measured with the thermistor as a sin-
gle body.
[0126] A time period in which the transistor Tr2 at the
high temperature side is OFF, and the transistor Tr1 at
the low temperature side is ON is substantially the same
as what the current passing circuit shows in FIG. 10A.
Accordingly, even with continuous current passing, self
heating is sufficiently small, and therefore, when meas-
urement at the low temperature side is completed within
the pulse current passing period at the high temperature
side, current may be passed in a pulse form, or current
may be continuously passed. FIG. 10C shows the exam-
ple of performing pulse current passage.
[0127] Since the current passing circuit C2 has two cir-
cuits that are the first current passing circuit C21 and the
second current passing circuit C22, two performance
lines are shown in FIG. 11B, and intersections of the re-
spective performance lines and the pulse I-V character-
istics are present.
[0128] When current is passed with the period shown
in FIG. 10C, two voltage signals at the high temperature
side and the low temperature side are inputted into the
AD converter CV one time for each and are transmitted
as digital signals to the controller CTR during one period.
[0129] The controller CTR determines that the present
temperature is 400°C or higher if the voltage value at the
low temperature side is less than 0.2 V, and the controller
CTR calculates the voltage value at the high temperature
side which is inputted next to calculate the present tem-
perature.
[0130] In contrast with this, if the voltage value at the
low temperature side is 0.2 V or more, the controller CTR
determines that the present temperature is lower than
400°C and calculates the voltage value at the low tem-
perature side to calculate the present temperature.
[0131] Note that the two current passing circuits that
are the first current passing circuit C21 and the second
current passing circuit C22 are provided to correspond
to the low temperature region and the high temperature
region here, and for example, when the measurement
temperature region is divided into three that are a low
temperature region, an intermediate temperature region
and a high temperature region, three current passing cir-
cuits are provided. Namely, the current passing circuit of
the present invention can include at least two current
passing circuits, and providing three or more current
passing circuits is allowed.
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[0132] In order to measure the high temperature region
with continuous current passage, it is essential to sup-
press the self heating amount by lowering the applied
voltage 5 V to, for example, 0.5 V in the case of the current
passing circuit C1 of FIG. 10A, and combine the amplifier
A with high precision.
[0133] In contrast with this, if measurement can be per-
formed by suppressing self heating by adopting pulse
current passage in only measurement of the high tem-
perature region, the amplifier with high precision is not
required, and a control circuit that is economically excel-
lent can be provided.
[0134] Measurement may be performed from the low
temperature region to the high temperature region with
pulse current passage as a matter of course.

Reference Signs List

[0135]

1 ... sensor element unit, 2 ... temperature sensing
element, 3 ... electrode, 4 ... metallic protection tube,
5 ... coating material, 6 ... sealing end
7 ... sealing end enclosure body, 8 ... lead wire pro-
tection tube, 8h ... holding hole, 9 ... filler
10, 110, 120 ... heating cooking device
11 ... top plate
20 ... heater unit, 21 ... heating coil, 23 ... base por-
tion,
24 ... spacer, 25 ... cover
26 ... protruded portion, 27 ... spring, 29 ... thermo-
stat
30 ... temperature sensor unit, 31 ... support frame,
33 ... fixing portion, 35 ... spring portion
37, 137, 237 ... temperature sensor, 38, 138 ... sen-
sor main body, 39 ... lead wire
40 ... ceramics case, 41 ... base, 42 ... cap
43 ... housing chamber
44 ... step, 45 ... sealing tube, 48 ... burial portion,
49 ... seat
233 ... frame, 234 ... spring locking member, 236 ...
support bar
331 ... leg, 351 ... spring main body, 352 ... connect-
ing piece
C1, C2, C21, C22 ... current passing circuit, CTR ...
controller, CV ... AD converter
Tr1, Tr2 ... transistor
P ... cooking container

Claims

1. A heating cooking device (10), comprising:

a top plate (11) with a cooking container placed
on a surface thereof;
a radiant heater that is placed at a predeter-
mined distance from the top plate;

a spacer (24) that is provided between the top
plate (11) and the radiant heater, and defines
the predetermined distance;
a temperature sensing element (2) that contacts
a bottom surface of the top plate (11) directly or
indirectly and measures a temperature of the
top plate (11);
a first elastic body (27), one end side of which
is supported by the radiant heater, and the other
end side of which presses the temperature sens-
ing element (2) against the top plate (11); and
a second elastic body that presses the radiant
heater toward the top plate (11),

wherein the radiant heater includes a heating coil
(21), and a base portion (23) that is made of a heat
insulator and supports the heating coil; character-
ized in that an elastic force N1 with which the first
elastic body (27) presses the temperature sensing
element (2) against the top plate (11) is smaller than
an elastic force N2 with which the second elastic
body presses the radiant heater toward the top plate
(11), the first elastic body (27) is configured by a pair
of spring pieces made of metal, a pair of lead wires
(39) that transmit an electrical signal from the tem-
perature sensing element (2) are connected to the
pair of respective spring pieces (351), the tempera-
ture sensing element (2) being supported on a sup-
porter of ceramics that is fixed to one end side of
each of the spring pieces (351), and a pair of legs
(331) made of metal that are integrally joined to or
connected and joined to the respective spring pieces
(351) are led out to a bottom side of the base portion
through the base portion.

2. The heating cooking device according to claim 1,
wherein a thermostat (29) provided between the
base portion and the top plate (11) is disposed be-
tween the pair of lead wires (39), or between the pair
of legs (331).

3. The heating cooking device according to claim 2,
further comprising:

a seat (49) that restrains movement of the ther-
mostat (29) toward the top plate,
wherein the seat is fixed to the first elastic body
(27).

4. The heating cooking device according to any one of
claims 1 to 3,
wherein a heat insulator is disposed around the tem-
perature sensing element (2)

5. The heating cooking device according to any one of
claims 1 to 4,
wherein the temperature sensing element (2) is a
thermistor.
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6. The heating cooking device according to any one of
claims 1 to 5,
wherein the elastic body is formed by a spring (27)
made of a precipitation hardening type Ni alloy.

7. The heating cooking device according to any one of
claims 1 to 6,
wherein the temperature sensing (2) is housed inside
a case (40) made of a heat resistant material.

8. The heating cooking device according to any one of
claims 1 to 7, further comprising:

a current passing circuit (C1,C2,C21,C22) that
supplies a temperature detection current to the
temperature sensing element (2);
an AD convertor in which temperature informa-
tion detected by the temperature sensing ele-
ment (2) is inputted as an analog voltage signal;
and
a controller (CTR) that performs control opera-
tion by converting a digital signal converted by
the AD convertor into a temperature,
wherein the current passing circuit
supplies a temperature detection current in a
pulse form to the temperature sensing element
(2) based on an instruction of the controller.

Patentansprüche

1. Heizende Kochvorrichtung (10), umfassend:

eine obere Platte (11) mit einem Kochbehälter,
der auf einer Oberfläche davon platziert ist;
einen Heizstrahler, der in einem vorbestimmten
Abstand von der oberen Platte platziert ist;
ein Distanzstück (24), das zwischen der oberen
Platte (11) und dem Heizstrahler bereitgestellt
ist und den vorbestimmten Abstand definiert;
ein Temperatursensorelement (2), das eine un-
tere Oberfläche der oberen Platte (11) direkt
oder indirekt berührt und eine Temperatur der
oberen Platte (11) misst;
einen ersten elastischen Körper (27), von dem
eine Stirnseite von dem Heizstrahler getragen
wird und von dem die andere Stirnseite das
Temperatursensorelement (2) gegen die obere
Platte (11) drückt; und
einen zweiten elastischen Körper, der den Heiz-
strahler zu der oberen Platte (11) drückt,
wobei der Heizstrahler eine Heizspule (21) und
einen Basisabschnitt (23) einschließt, der aus
einem Wärmeisolator hergestellt ist und die
Heizspule trägt; dadurch gekennzeichnet,
dass
eine Federkraft N1, mit der der erste elastische
Körper (27) das Temperatursensorelement (2)

gegen die obere Platte (11) drückt, kleiner ist
als eine Federkraft N2, mit der der zweite elas-
tische Körper den Heizstrahler zu der oberen
Platte (11) drückt,
der erste elastische Körper (27) durch ein Paar
von Federstücken ausgestaltet ist, die aus Me-
tall hergestellt sind,
ein Paar von Zuleitungsdrähten (39), die ein
elektrisches Signal von dem Temperatursenso-
relement (2) übertragen, mit dem jeweiligen
Paar von Federstücken (351) verbunden ist, wo-
bei das Temperatursensorelement (2) auf ei-
nem Keramikträger getragen wird, der an einer
Stirnseite von jedem der Federstücke (351) be-
festigt ist, und
ein Paar von Füßen (331), die aus Metall her-
gestellt sind und an den jeweiligen Federstü-
cken (351) einstückig angebracht oder verbun-
den und angebracht sind, zu einer unteren Seite
des Basisabschnitts durch den Basisabschnitt
hinausgeführt werden.

2. Heizende Kochvorrichtung nach Anspruch 1,
wobei ein Thermostat (29), der zwischen dem Basi-
sabschnitt und der oberen Platte (11) bereitgestellt
ist, zwischen dem Paar von Zuleitungsdrähten (39)
und zwischen dem Paar von Füßen (331) angeord-
net ist.

3. Heizende Kochvorrichtung nach Anspruch 2, weiter
umfassend:

einen Sitz (49), der eine Bewegung des Ther-
mostats (29) zu der oberen Platte einschränkt,
wobei der Sitz an dem ersten elastischen Körper
(27) befestigt ist.

4. Heizende Kochvorrichtung nach einem der Ansprü-
che 1 bis 3,
wobei ein Wärmeisolator rum um das Temperatur-
sensorelement (2) angeordnet ist.

5. Heizende Kochvorrichtung nach einem der Ansprü-
che 1 bis 4,
wobei das Temperatursensorelement (2) ein Ther-
mistor ist.

6. Heizende Kochvorrichtung nach einem der Ansprü-
che 1 bis 5,
wobei der elastische Körper von einer Feder (27)
gebildet wird, die aus einer ausscheidungsgehärte-
ten Ni-Legierung hergestellt ist.

7. Heizende Kochvorrichtung nach einem der Ansprü-
che 1 bis 6,
wobei der Temperatursensor (2) in einem Gehäuse
(40) untergebracht ist, das aus einem wärmebestän-
digen Material hergestellt ist.
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8. Heizende Kochvorrichtung nach einem der Ansprü-
che 1 bis 7, weiter umfassend:

eine Stromdurchgangsschaltung (C1, C2, C21,
C22), die dem Temperatursensorelement (2) ei-
nen Temperaturerkennungsstrom zuführt;
einen A/D-Wandler, in den Temperaturinforma-
tionen, die von dem Temperatursensorelement
(2) erkannt werden, als ein analoges Span-
nungssignal eingegeben werden; und
eine Steuerung (CTR), die einen Steuervorgang
durch Umwandeln eines digitalen Signals, das
von dem A/D-Wandler umgewandelt wurde, in
eine Temperatur durchführt,
wobei die Stromdurchgangsschaltung dem
Temperatursensorelement (2) basierend auf ei-
nem Befehl der Steuerung einen Temperaturer-
kennungsstrom in einer Impulsform zuführt.

Revendications

1. Dispositif de cuisson chauffant (10), comprenant :

une plaque supérieure (11) avec un récipient de
cuisson placé sur une surface de celle-ci ;
un réchauffeur radiant qui est placé à une dis-
tance prédéterminée de la plaque supérieure ;
un séparateur (24) qui est prévu entre la plaque
supérieure (11) et le réchauffeur radiant, et dé-
finit la distance prédéterminée ;
un élément de détection de température (2) qui
entre en contact avec une surface inférieure de
la plaque supérieure (11) directement ou indi-
rectement et mesure une température de la pla-
que supérieure (11) ;
un premier corps élastique (27), dont un côté
d’extrémité est supporté par le réchauffeur ra-
diant, et dont l’autre côté d’extrémité presse
l’élément de détection de température (2) contre
la plaque supérieure (11) ; et
un second corps élastique qui presse le réchauf-
feur radiant vers la plaque supérieure (11),
dans lequel le réchauffeur radiant inclut un ser-
pentin de chauffage (21), et une partie de base
(23) qui est constituée d’un isolant thermique et
supporte le serpentin de chauffage ; caractéri-
sé en ce que
une force élastique N1 avec laquelle le premier
corps élastique (27) presse l’élément de détec-
tion de température (2) contre la plaque supé-
rieure (11) est plus petite qu’une force élastique
N2 avec laquelle le second corps élastique pres-
se le réchauffeur radiant vers la plaque supé-
rieure (11),
le premier corps élastique (27) est configuré par
une paire de pièces de ressort constituées de
métal,

une paire de fils électriques (39) qui transmet-
tent un signal électrique provenant de l’élément
de détection de température (2) sont reliés à la
paire de pièces de ressort (351) respectives,
l’élément de détection de température (2) étant
supporté sur un support de céramique qui est
fixé à un côté d’extrémité de chacune des pièces
de ressort (351), et
une paire de pattes (331) constituées de métal
qui sont assemblées d’un seul tenant aux ou
reliées et assemblées aux pièces de ressort
(351) respectives sont amenées jusqu’à un côté
inférieur de la partie de base à travers la partie
de base.

2. Dispositif de cuisson chauffant selon la revendica-
tion 1, dans lequel un thermostat (29) prévu entre la
partie de base et la plaque supérieure (11) est dis-
posé entre la paire de fils électriques (39), ou entre
la paire de pattes (331).

3. Dispositif de cuisson chauffant selon la revendica-
tion 2, comprenant en outre :

un siège (49) qui limite le mouvement du ther-
mostat (29) vers la plaque supérieure,
dans lequel le siège est fixé au premier corps
élastique (27).

4. Dispositif de cuisson chauffant selon l’une quelcon-
que des revendications 1 à 3,
dans lequel un isolant thermique est disposé autour
de l’élément de détection de température (2).

5. Dispositif de cuisson chauffant selon l’une quelcon-
que des revendications 1 à 4, dans lequel l’élément
de détection de température (2) est une thermistan-
ce.

6. Dispositif de cuisson chauffant selon l’une quelcon-
que des revendications 1 à 5,
dans lequel le corps élastique est formé par un res-
sort (27) constitué d’un alliage de Ni de type à dur-
cissement par précipitation.

7. Dispositif de cuisson chauffant selon l’une quelcon-
que des revendications 1 à 6,
dans lequel l’élément de détection de température
(2) est logé à l’intérieur d’un boîtier (40) constitué
d’un matériau résistant à la chaleur.

8. Dispositif de cuisson chauffant selon l’une quelcon-
que des revendications 1 à 7, comprenant en outre :

un circuit de passage de courant (C1, C2, C21,
C22) qui fournit un courant de détection de tem-
pérature à l’élément de détection de températu-
re (2) ;
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un convertisseur AN dans lequel des informa-
tions de température détectées par l’élément de
détection de température (2) entrent en tant que
signal de tension analogique ; et
un dispositif de commande (CTR) qui réalise
une opération de commande en convertissant
un signal numérique converti par le convertis-
seur AN en température,
dans lequel le circuit de passage de courant
fournit un courant de détection de température
sous la forme d’une impulsion à l’élément de
détection de température (2) sur la base d’une
instruction du dispositif de commande.
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