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(54) INDUCTION HEATING COOKER

(57) An induction heating cooker according to an em-
bodiment of the present disclosure includes a driver cir-
cuit configured to supply a high-frequency current to each
of a plurality of heating coils including an inner coil and
an outer coil, a switcher unit configured to switch each
of the plurality of heating coils into one of a conduction
state and a non-conduction state, and a controller con-
figured to determine whether a heating target is present
above the inner coil while the inner coil is in the conduc-
tion state and the outer coil is in the non-conduction state,
and when the controller determines that no heating target
is present above the inner coil, the controller stopping an
operation of the driver circuit.
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Description

Technical Field

[0001] The present disclosure relates to an induction
heating cooker including a plurality of coils.

Background Art

[0002] An induction heating cooker in which a current
is supplied to a plurality of coils by one inverter circuit
has been proposed. For example, in an induction heating
cooker disclosed in Patent Literature 1, a calculation con-
trol circuit controls an inverter circuit to supply currents
of at least two types of frequencies to a plurality of coils.
The calculation control circuit calculates a current ratio
of the plurality of coils at each of the frequencies from
currents measured by a measurement circuit, and deter-
mines a size of a heating target based on relative rela-
tionship of the current ratios at the respective frequen-
cies.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2006-310006

Summary of Invention

Technical Problem

[0004] The induction heating cooker disclosed in Pat-
ent Literature 1 calculates the current ratio of the plurality
of coils at each of the frequencies, and determines a load
based on the relative relationship of the current ratio at
the respective frequencies. Therefore, it takes a long time
to determine the load. Accordingly, in a no-load state
where no heating target is placed, it is not possible to
rapidly stop a load determination operation.
[0005] The present disclosure is made to solve the
above-described issues, and to provide an induction
heating cooker that has a configuration in which a plurality
of heating coils is driven by one driver circuit and can
rapidly stop a load determination operation in a no-load
state.

Solution to Problem

[0006] An induction heating cooker according to an
embodiment of the present disclosure includes: a plural-
ity of heating coils including an inner coil disposed on an
innermost circumference and an outer coil disposed on
an outermost circumference; a driver circuit configured
to supply a high-frequency current to each of the plurality
of heating coils; a switcher unit configured to switch each
of the plurality of heating coils into one of a conduction

state in which the high-frequency current is supplied from
the driver circuit and a non-conduction state in which no
high-frequency current is supplied from the driver circuit;
and a controller configured to control an operation of the
driver circuit and an operation of the switcher unit. When
the inner coil is in the conduction state and the outer coil
is in the non-conduction state, the controller is configured
to determine whether a heating target is present above
the inner coil. When the controller determines that no
heating target is present above the inner coil, the con-
troller is configured to stop an operation of the driver cir-
cuit.

Advantageous Effects of Invention

[0007] In the embodiment of the present disclosure,
when the inner coil is in the conduction state and the
outer coil is in the non-conduction state, the controller
determines whether the heating target is present above
the inner coil. When the controller determines that no
heating target is present above the inner coil, the con-
troller stops the operation of the driver circuit. According-
ly, in the configuration in which the plurality of heating
coils are driven by one driver circuit, it is possible to rap-
idly stop a load determination operation in a no-load state.

Brief Description of Drawings

[0008]

[Fig. 1] Fig. 1 is an exploded perspective view illus-
trating an induction heating cooker according to Em-
bodiment 1.
[Fig. 2] Fig. 2 is a plan view illustrating a first induction
heating unit of the induction heating cooker accord-
ing to Embodiment 1.
[Fig. 3] Fig. 3 is a block diagram illustrating a config-
uration of the induction heating cooker according to
Embodiment 1.
[Fig. 4] Fig. 4 is a diagram illustrating a driver circuit
of the induction heating cooker according to Embod-
iment 1.
[Fig. 5] Fig. 5 is a flowchart illustrating a heating op-
eration of the induction heating cooker according to
Embodiment 1.
[Fig. 6] Fig. 6 is a load determination characteristic
diagram based on relationship between a coil current
and an input current in the induction heating cooker
according to Embodiment 1.
[Fig. 7] Fig. 7 is a diagram illustrating a composite
heating target that is induction-heated by the induc-
tion heating cooker according to Embodiment 1.
[Fig. 8] Fig. 8 is a diagram illustrating heating coils
and the heating target of the induction heating cooker
according to Embodiment 1.
[Fig. 9] Fig. 9 is a diagram to explain an operation
state of a first switcher unit and an operation state
of a second switcher unit in a preheating mode of
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the induction heating cooker according to Embodi-
ment 1.
[Fig. 10] Fig. 10 is a diagram to explain the operation
state of the first switcher unit and the operation state
of the second switcher unit in a small-diameter heat-
ing operation of the induction heating cooker accord-
ing to Embodiment 1.
[Fig. 11] Fig. 11 is a diagram to explain the operation
state of the first switcher unit and the operation state
of the second switcher unit in a large-diameter heat-
ing operation of the induction heating cooker accord-
ing to Embodiment 1.
[Fig. 12] Fig. 12 is a diagram illustrating a configu-
ration of a switcher unit in Modification 1 of the in-
duction heating cooker according to Embodiment 1.
[Fig. 13] Fig. 13 is a diagram illustrating another con-
figuration of the switcher unit in Modification 1 of the
induction heating cooker according to Embodiment
1.
[Fig. 14] Fig. 14 is a plan view illustrating a first in-
duction heating unit in Modification 2 of the induction
heating cooker according to Embodiment 1.
[Fig. 15] Fig. 15 is a plan view illustrating a first in-
duction heating unit of an induction heating cooker
according to Embodiment 2.
[Fig. 16] Fig. 16 is a block diagram illustrating a con-
figuration of the induction heating cooker according
to Embodiment 2.
[Fig. 17] Fig. 17 is a diagram illustrating a circuit con-
figuration of the induction heating cooker according
to Embodiment 2.
[Fig. 18] Fig. 18 is a flowchart illustrating a heating
operation of the induction heating cooker according
to Embodiment 2.
[Fig. 19] Fig. 19 is a flowchart illustrating the heating
operation of the induction heating cooker according
to Embodiment 2.
[Fig. 20] Fig. 20 is a diagram illustrating a configu-
ration of a switcher unit in Modification 1 of the in-
duction heating cooker according to Embodiment 2.
[Fig. 21] Fig. 21 is a diagram illustrating another con-
figuration of the switcher unit in Modification 1 of the
induction heating cooker according to Embodiment
2.
[Fig. 22] Fig. 22 is a diagram illustrating a circuit con-
figuration of an induction heating cooker according
to Embodiment 3.

Description of Embodiments

Embodiment 1.

[0009] Fig. 1 is an exploded perspective view illustrat-
ing an induction heating cooker according to Embodi-
ment 1.
[0010] As illustrated in Fig. 1, an induction heating
cooker 100 includes, at an upper part thereof, a top plate
4 on which a heating target 5 such as a pot is to be placed.

The top plate 4 includes, as heating ports to inductively
heat the heating target 5, a first induction heating port 1
and a second induction heating port 2. The first induction
heating port 1 and the second induction heating port 2
are provided side by side in a lateral direction on a front
side of the top plate 4. The induction heating cooker 100
according to Embodiment 1 further includes a third in-
duction heating port 3 as a third heating port. The third
induction heating port 3 is provided at a center in the
lateral direction of the top plate 4 beyond the first induc-
tion heating port 1 and the second induction heating port
2.
[0011] A first induction heating unit 11, a second in-
duction heating unit 12, and a third induction heating unit
13 each heating the heating target 5 placed on the cor-
responding heating port are provided respectively below
the first induction heating port 1, the second induction
heating port 2, and the third induction heating port 3. Each
of the heating units includes heating coils (see Fig. 2).
[0012] The top plate 4 is wholly made of a material
allowing infrared rays to pass therethrough, such as heat-
resistant tempered glass and crystallized glass. Further,
in the top plate 4, pot position display circles each indi-
cating a rough pot placement position are displayed by
paint coating, printing, or the like, corresponding to heat-
ing ranges of the first induction heating unit 11, the sec-
ond induction heating unit 12, and the third induction
heating unit 13.
[0013] On the front side of the top plate 4, an operation
unit 40 is provided as an input device to set input power,
a cooking menu, and the like when the heating target 5
is heated by each of the first induction heating unit 11,
the second induction heating unit 12, and the third induc-
tion heating unit 13. The cooking menu includes a pre-
heating mode, a convection mode, and a normal heating
mode described below. Note that, in Embodiment 1, as
the operation unit 40, an operation unit 40a, an operation
unit 40b, and an operation unit 40c are provided for the
respective induction heating coils.
[0014] Further, as a notification unit, a display unit 41
displaying an operation state of each of the induction
heating coils, input from the operation unit 40, operation
contents, and the like is provided near the operation unit
40. Note that, in Embodiment 1, as the display unit 41, a
display unit 41a, a display unit 41b, and a display unit
41c are provided for the respective induction heating
coils.
[0015] The operation unit 40 and the display unit 41
may be provided for each of the induction heating units
as described above or may be provided to be shared by
the induction heating units, without particular limitation.
The operation unit 40 includes, for example, mechanical
switches such as a push switch and a tact switch, and a
touch switch detecting input operation from variation of
an electrostatic capacitance of an electrode. The display
unit 41 includes, for example, an LCD or an LED.
[0016] The operation unit 40 and the display unit 41
may be integrally configured as an operation display unit
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43. The operation display unit 43 includes, for example,
a touch panel in which touch switches are arranged on
a top surface of the LCD.
[0017] Note that LCD is an abbreviation of liquid crystal
device. Further, LED is an abbreviation of light emitting
diode.
[0018] A driver circuit 50 and a controller 45 are pro-
vided inside the induction heating cooker 100. The driver
circuit 50 supplies high-frequency power to each of the
coils of the first induction heating unit 11, the second
induction heating unit 12, and the third induction heating
unit 13. The controller 45 controls an operation of the
entire induction heating cooker including the driver circuit
50.
[0019] When the driver circuit 50 supplies the high-fre-
quency power to each of the first induction heating unit
11, the second induction heating unit 12, and the third
induction heating unit 13, a high-frequency magnetic field
is generated from each of the coils of the induction heat-
ing units. A detailed configuration of the driver circuit 50
is described below.
[0020] For example, the first induction heating unit 11,
the second induction heating unit 12, and the third induc-
tion heating unit 13 each have the following configuration.
The first induction heating unit 11, the second induction
heating unit 12, and the third induction heating unit 13
each have a similar configuration. Therefore, the config-
uration of the first induction heating unit 11 is described
below as a representative.
[0021] Fig. 2 is a plan view illustrating the first induction
heating unit of the induction heating cooker according to
Embodiment 1.
[0022] The first induction heating unit 11 includes a
plurality of ring-shaped heating coils that are different in
diameter and are concentrically arranged. Fig. 2 illus-
trates the first induction heating unit 11 as two ring-
shaped coils. The first induction heating unit 11 includes
an inner coil 111 disposed at a center of the first induction
heating port 1 and an outer coil 112 disposed on an outer
circumference of the inner coil 111. In other words, the
inner coil 111 is a heating coil disposed on an innermost
circumference among the plurality of heating coils con-
figuring the first induction heating unit 11. The outer coil
112 is a heating coil disposed on an outermost circum-
ference among the plurality of heating coils configuring
the first induction heating unit 11.
[0023] Each of the inner coil 111 and the outer coil 112
is configured by winding a conductive wire made of an
insulation-coated metal. As a material of the conductive
wire, for example, an optional metal such as copper and
aluminum is usable. Further, each of the inner coil 111
and the outer coil 112 is configured by independently
winding the conductive wire.
[0024] In the following description, the inner coil 111
and the outer coil 112 are collectively referred to as the
coils in some cases.
[0025] Fig. 3 is a block diagram illustrating a configu-
ration of the induction heating cooker according to Em-

bodiment 1.
[0026] As illustrated in Fig. 3, the inner coil 111 and
the outer coil 112 are electrically connected in series.
The inner coil 111 and the outer coil 112 are driven and
controlled by one driver circuit 50.
[0027] A switcher unit 60 includes a first switcher unit
61 connected in parallel with the inner coil 111, and a
second switcher unit 62 connected in parallel with the
outer coil 112. The first switcher unit 61 switches the inner
coil 111 into one of a conduction state in which a high-
frequency current is supplied from the driver circuit 50
and a non-conduction state in which no high-frequency
current is supplied from the driver circuit 50. The second
switcher unit 62 switches the outer coil 112 into one of
the conduction state in which the high-frequency current
is supplied from the driver circuit 50 and the non-conduc-
tion state in which no high-frequency current is supplied
from the driver circuit 50. Each of the first switcher unit
61 and the second switcher unit 62 includes, for example,
a relay in which a contact switch is switched by an electric
signal, or a switching element made of a semiconductor
material.
[0028] When the high-frequency current is supplied
from the driver circuit 50 to the inner coil 111 while the
inner coil 111 is in the conduction state, a high-frequency
magnetic field is generated from the inner coil 111. Fur-
ther, when the high-frequency current is supplied from
the driver circuit 50 to the outer coil 112 while the outer
coil 112 is in the conduction state, a high-frequency mag-
netic field is generated from the outer coil 112.
[0029] The controller 45 includes dedicated hardware,
or a CPU executing programs stored in a memory 48.
The controller 45 further includes a load determination
unit 46 determining presence/absence and a material of
the heating target 5 placed above each of the inner coil
111 and the outer coil 112.
[0030] Note that CPU is an abbreviation of central
processing unit. Further, the CPU is also referred to as
a central processing device, a processing device, a cal-
culation device, a microprocessor, a microcomputer, or
a processor.
[0031] In a case where the controller 45 includes the
dedicated hardware, the controller 45 is, for example, a
single circuit, a composite circuit, an ASIC, an FPGA, or
a combination thereof. Functional units realized by the
controller 45 may be realized by individual hardware or
may be realized by one hardware.
[0032] Note that ASIC is an abbreviation of application
specific integrated circuit. Further, FPGA is an abbrevi-
ation of field-programmable gate array.
[0033] In a case where the controller 45 includes the
CPU, each of the functions performed by the controller
45 is realized by software, firmware, or a combination of
software and firmware. The software and the firmware
are described as programs and are stored in the memory
48. The CPU reads out and executes the programs stored
in the memory 48, to realize the functions of the controller
45. Examples of the memory 48 include a nonvolatile or
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volatile semiconductor memory such as a RAM, a ROM,
a flash memory, an EPROM, and an EEPROM.
[0034] A part of the functions of the controller 45 may
be realized by dedicated hardware, and the other func-
tions may be realized by software or firmware.
[0035] Note that RAM is an abbreviation of random ac-
cess memory. ROM is an abbreviation of read only mem-
ory. EPROM is an abbreviation of erasable programma-
ble read only memory. EEPROM is an abbreviation of
electrically erasable programmable read-only memory.
[0036] Fig. 4 is a diagram illustrating the driver circuit
of the induction heating cooker according to Embodiment
1.
[0037] Although the driver circuit 50 is provided for
each of the heating units, the circuit configurations may
be the same or different for each heating unit. Fig. 4 il-
lustrates the driver circuit 50 driving the first induction
heating unit 11.
[0038] As illustrated in Fig. 4, the driver circuit 50 in-
cludes a direct-current power supply circuit 22, an invert-
er circuit 23, and a resonance capacitor 24. The driver
circuit 50 is connected to a resonance circuit that includes
the inner coil 111, the outer coil 112, and the resonance
capacitor 24. As illustrated in Fig. 4, the driver circuit 50
and the resonance circuit are connected at a terminal A
and a terminal B.
[0039] The direct-current power supply circuit 22 in-
cludes a diode bridge 22a, a reactor 22b, and a smooth-
ing capacitor 22c, converts an alternating-current voltage
input from an alternating-current power supply 21 into a
direct-current voltage, and outputs the direct-current volt-
age to the inverter circuit 23.
[0040] In the inverter circuit 23, an IGBT 23a and an
IGBT 23b as switching elements are connected in series
with an output of the direct-current power supply circuit
22. In the inverter circuit 23, a diode 23c and a diode 23d
as flywheel diodes are respectively connected in parallel
with the IGBT 23a and the IGBT 23b. The inverter circuit
23 is what is called a half-bridge inverter including one
arm in which two switching elements are connected in
series.
[0041] The IGBT 23a and the IGBT 23b are turned on
or off by driving signals output from the controller 45. The
controller 45 turns off the IGBT 23b while the IGBT 23a
is turned on, and the controller 45 turns on the IGBT 23b
while the IGBT 23a is turned off. The controller 45 outputs
the driving signals alternately turns on and off the IGBT
23a and the IGBT 23b. As a result, the inverter circuit 23
converts direct-current power output from the direct-cur-
rent power supply circuit 22 into a high-frequency alter-
nating-current power of about 20 kHz to about 100 kHz,
and supplies the power to the resonance circuit that in-
cludes the inner coil 111, the outer coil 112, and the res-
onance capacitor 24.
[0042] The resonance capacitor 24 is connected in se-
ries with the inner coil 111 and the outer coil 112. The
resonance circuit that includes the inner coil 111, the out-
er coil 112, and the resonance capacitor 24 has a reso-

nance frequency corresponding to inductance of the in-
ner coil 111 and the outer coil 112 and a capacitance of
the resonance capacitor 24. The inductance of the inner
coil 111 and the outer coil 112 is varied based on char-
acteristics of a metal load when the heating target 5 as
the metal load is magnetically coupled, and the reso-
nance frequency of the resonance circuit is varied based
on the variation of the inductance.
[0043] With such a configuration, the high-frequency
current of about several tens A flows through the inner
coil 111 in the conduction state. The heating target 5
placed on the top plate 4 just above the inner coil 111 is
induction-heated by a high-frequency magnetic flux gen-
erated by the high-frequency current flowing through the
inner coil 111.
[0044] Further, the high-frequency current of about
several tens A flows through the outer coil 112 in the
conduction state. The heating target 5 placed on the top
plate 4 just above the outer coil 112 is induction-heated
by a high-frequency magnetic flux generated by the high-
frequency current flowing through the outer coil 112.
[0045] The IGBT 23a and the IGBT 23b as the switch-
ing elements are each made of, for example, a silicon
semiconductor; however, the IGBT 23a and the IGBT
23b may be made of a wide band gap semiconductor
material such as a silicon carbide material and a gallium
nitride material.
[0046] Using the wide band gap semiconductor for the
switching elements makes it possible to reduce a con-
duction loss of each of the switching elements. Even
when a driving frequency is increased, namely, even
when switching is performed at high speed, heat radiation
of the driver circuit 50 is excellent. This enables down-
sizing of a heat radiation fin of the driver circuit 50, which
makes it possible to realize downsizing and cost reduc-
tion of the driver circuit 50.
[0047] An input current detection unit 25a includes, for
example, a current sensor. The input current detection
unit 25a detects a current input from the alternating-cur-
rent power supply 21 to the driver circuit 50, and outputs
a voltage signal corresponding to a value of the input
current to the controller 45.
[0048] A coil current detection unit 25b is connected
to the resonance circuit that includes the inner coil 111,
the outer coil 112, and the resonance capacitor 24. The
coil current detection unit 25b includes, for example, a
current sensor. The coil current detection unit 25b detects
a current flowing through the inner coil 111 and the outer
coil 112 and outputs a voltage signal corresponding to a
value of the coil current to the controller 45.
[0049] Although the half-bridge driver circuit is illustrat-
ed in Fig. 4, the driver circuit of the present disclosure is
not limited thereto. The inverter circuit 23 may be what
is called a full-bridge inverter including two arms in which
two switching elements are connected in series.
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(Operation)

[0050] Next, an operation of the induction heating
cooker according to Embodiment 1 is described.
[0051] Fig. 5 is a flowchart illustrating a heating oper-
ation of the induction heating cooker according to Em-
bodiment 1.
[0052] In the following, the heating operation of the in-
duction heating cooker 100 is described based on steps
in Fig. 5.
[0053] When a user places the heating target 5 on the
heating port and instructs the operation display unit 43
to start heating (input heating power), the controller 45
starts the heating operation.
[0054] The controller 45 opens the first switcher unit
61 to put the inner coil 111 into the conduction state, and
closes the second switcher unit 62 to put the outer coil
112 into the non-conduction state (step S1). The load
determination unit 46 determines presence/absence and
a material of the heating target 5 above the inner coil 111
while the inner coil 111 is in the conduction state and the
outer coil 112 is in the non-conduction state (step S2).
[0055] Fig. 6 is a load determination characteristic di-
agram based on relationship between the coil current
and the input current in the induction heating cooker ac-
cording to Embodiment 1.
[0056] As illustrated in Fig. 6, the relationship between
the coil current and the input current is changed based
on presence/absence and the material of the load placed
above each of the inner coil 111 and the outer coil 112.
The controller 45 previously stores a load determination
table representing the relationship between the coil cur-
rent and the input current illustrated in Fig. 6 in a table
format, in the memory 48.
[0057] In the load determination operation in step S2,
the controller 45 drives the inverter circuit 23 by a specific
driving signal for the load determination, and detects the
input current from an output signal of the input current
detection unit 25a. At the same time, the controller 45
detects the coil current from an output signal of the coil
current detection unit 25b. The load determination unit
46 of the controller 45 determines presence/absence and
the material of the load placed above each of the coils,
from the detected coil current, the detected input current,
and the load determination table representing the rela-
tionship of Fig. 6. As described above, the load determi-
nation unit 46 of the controller 45 determines pres-
ence/absence and the material of the heating target 5
placed above each of the coils, based on correlation be-
tween the input current and the coil current.
[0058] The material of the heating target 5 as the load
is roughly classified into a magnetic material such as iron
and ferritic stainless steel (SUS430), and a nonmagnetic
material such as aluminum and copper. Further, as the
material of the heating target 5, there is a composite in
which the magnetic material is attached to the nonmag-
netic material.
[0059] Fig. 7 is a diagram illustrating a composite heat-

ing target that is induction-heated by the induction heat-
ing cooker according to Embodiment 1. Fig. 7 is a dia-
gram of the heating target 5 as viewed from a bottom
surface.
[0060] As illustrated in Fig. 7, the composite heating
target 5 is formed by attaching a magnetic material 6
such as stainless steel to a center of a bottom of a frying
pan made of the nonmagnetic material such as alumi-
num. The magnetic material 6 is attached to the nonmag-
netic material by using an optional method, for example,
bonding, welding, thermal spraying, pressure bonding,
fitting, caulking, or embedding.
[0061] In the composite heating target 5, the magnetic
material 6 is commonly attached to a flat center part of
a bottom surface of a base made of the nonmagnetic
material, and no magnetic material 6 is attached to a
curved outer circumferential part of the bottom surface.
When such a heating target 5 is placed on the heating
port, the magnetic material and the nonmagnetic material
are placed at positions that are above the plurality of heat-
ing coils. In other words, in the load determination, the
load characteristics of a coil above which the magnetic
material and the nonmagnetic material are placed be-
come characteristics in a "composite region" that is a
region between characteristics of the magnetic material
and characteristics of the nonmagnetic material.
[0062] The material of the load placed above each of
the coils, determined by the load determination unit 46
is a material of the load just above each of the coils. For
example, in the case of the composite heating target 5
illustrated in Fig. 7, the magnetic material 6 is placed just
above the inner coil 111, and the nonmagnetic material
as the base of the heating target 5 is placed further above
the magnetic material 6. In this case, the load determi-
nation unit 46 determines that the material of the load
placed above the inner coil 111 is the magnetic material.
[0063] Referring back to Fig. 5, after step S2, the con-
troller 45 determines whether the heating target 5 is
present above the inner coil 111, based on the determi-
nation result of the load determination unit 46 (step S3).
In a case where no heating target 5 is present above the
inner coil 111, the controller 45 stops the operation of the
driver circuit 50 (step S4). In other words, in the case
where no heating target 5 is present above the inner coil
111, the controller 45 ends the load determination oper-
ation without determining presence/absence and the ma-
terial of the heating target 5 above the outer coil 112.
[0064] In a case where the heating target 5 is present
above the inner coil 111, the controller 45 determines the
material of the heating target 5 above the inner coil 111
based on the determination result of the load determina-
tion unit 46 (step S5). In a case where the material of the
heating target 5 above the inner coil 111 is the nonmag-
netic material, the controller 45 stops the operation of the
driver circuit 50 (step S4). In other words, in the case
where the heating target 5 made of the nonmagnetic ma-
terial is placed above the inner coil 111, the controller 45
determines that the heating target 5 is a load not suitable
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for induction heating, and ends the load determination
operation without determining presence/absence and
the material of the heating target 5 above the outer coil
112.
[0065] In contrast, in a case where the material of the
heating target 5 above the inner coil 111 is the magnetic
material, the controller 45 closes the first switcher unit
61 to put the inner coil 111 into the non-conduction state,
and opens the second switcher unit 62 to put the outer
coil 112 into the conduction state (step S6). The load
determination unit 46 determines presence/absence and
the material of the heating target 5 above the outer coil
112 while the inner coil 111 is in the non-conduction state
and the outer coil 112 is in the conduction state (step S7).
[0066] Next, the controller 45 determines whether the
heating target 5 is present above the outer coil 112 and
determines whether the material of the heating target 5
is the magnetic material or a material containing the non-
magnetic material, based on the determination result of
the load determination unit 46 (step S8). In a case where
the load characteristics are in the composite region, the
controller 45 determines that the material of the heating
target 5 is a material containing the nonmagnetic mate-
rial.
[0067] In a case where the material of the heating tar-
get 5 above the outer coil 112 contains the nonmagnetic
material, the controller 45 determines that the heating
target 5 is the composite, and performs the heating op-
eration of the heating target 5 by a composite heating
operation described below (step S9). In a case where no
heating target 5 is present above the outer coil 112, the
controller 45 determines that the heating target 5 is the
magnetic material having a small diameter, and performs
the heating operation of the heating target 5 by a small-
diameter heating operation described below (step S10).
In a case where the material of the heating target 5 above
the outer coil 112 is the magnetic material, the controller
45 determines that the heating target 5 is the magnetic
material having a large diameter, and performs the heat-
ing operation of the heating target 5 by a large-diameter
heating operation described below (step S11).
[0068] In the following, each of the composite heating
operation, the small-diameter heating operation, and the
large-diameter heating operation is described in detail.

(Composite Heating Operation)

[0069] Fig. 8 is a diagram illustrating the heating coils
and the heating target of the induction heating cooker
according to Embodiment 1. Fig. 8 schematically illus-
trates a vertical cross-section in a state where the com-
posite heating target 5 is placed on the heating port. Fur-
ther, in Fig. 8, only a right side of a center C of each of
the inner coil 111 and the outer coil 112 is illustrated, and
illustration of the top plate 4 is omitted.
[0070] As illustrated in Fig. 8, in a case where the com-
posite heating target 5 is placed on the heating port of
the induction heating cooker 100, the load determination

unit 46 determines that the magnetic material is placed
above the inner coil 111, by the above-described oper-
ation. Further, the load determination unit 46 determines
that the nonmagnetic material is placed above the outer
coil 112.
[0071] In a case where the material of the heating tar-
get 5 above the inner coil 111 is the magnetic material
and the material of the heating target 5 above the outer
coil 112 contains the nonmagnetic material, the controller
45 performs the following operation as the composite
heating operation.

[Preheating Mode]

[0072] The preheating mode in the composite heating
operation is a heating mode in which a temperature of
the heating target 5 is increased to a preset temperature
in a state where a cooking material and the like are not
put into the heating target 5. In the preheating mode, the
controller 45 performs heating attaching importance to
the outer circumferential part of the composite heating
target 5.
[0073] A heat capacity of the heating target 5 depends
on the material. For example, a heat capacity of the non-
magnetic material such as aluminum and copper is small-
er than a heat capacity of the magnetic material such as
iron and ferritic stainless steel (SUS430). Further, in a
case where the bottom surface of the heating target 5 is
curved at the outer circumferential part, a distance be-
tween the outer coil 112 and the heating target 5 may be
separated more than a center part of the heating target
5, and the outer circumferential part of the heating target
5 may be difficult to be induction-heated. Therefore, in-
creasing the temperature of the outer circumferential part
of the heating target 5 before the cooking material and
the like are put into the composite heating target 5 makes
it possible to suppress nonuniformity of the temperature
of the heating target 5 in the normal heating mode de-
scribed below.
[0074] Fig. 9 is a diagram to explain an operation state
of the first switcher unit and an operation state of the
second switcher unit in the preheating mode of the in-
duction heating cooker according to Embodiment 1.
[0075] As illustrated in Fig. 9, the controller 45 closes
the first switcher unit 61 to put the inner coil 111 into the
non-conduction state, and opens the second switcher
unit 62 to put the outer coil 112 into the conduction state.
In other words, the controller 45 stops supply of the high-
frequency current to the inner coil 111 and supplies the
high-frequency current to the outer coil 112. Further, the
controller 45 sets the frequency of the high-frequency
current supplied from the driver circuit 50 to the outer coil
112, to a frequency corresponding to the nonmagnetic
material, for example, near 90 kHz.
[0076] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 90
kHz. As a result, the outer circumferential part of the com-
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posite heating target 5 placed on the top plate 4 is induc-
tion-heated.
[0077] When the controller 45 operates in a mode in
which the controller 45 opens the first switcher unit 61 to
put the inner coil 111 into the conduction state and closes
the second switcher unit 62 to put the outer coil 112 into
the non-conduction state, for a short time in a time-divi-
sional manner, the bottom surface temperature of the
heating target 5 is further uniformized, which is prefera-
ble. Alternatively, the controller 45 may operate in a mode
in which the controller 45 opens the first switcher unit 61
to put the inner coil 111 into the conduction state and
also opens the second switcher unit 62 to put the outer
coil 112 into the conduction state, for a short time in a
time-divisional manner, thereby further uniformizing the
bottom surface temperature of the heating target 5.

[Normal Heating Mode]

[0078] The normal heating mode in the composite
heating operation is a heating mode in which the whole
of the heating target 5 is heated in a state where a cooking
material and the like are put into the heating target 5. In
the normal heating mode, the controller 45 heats both of
the center part and the outer circumferential part of the
composite heating target 5.
[0079] The controller 45 alternately repeats a first op-
eration and a second operation described below. In the
first operation, the controller 45 opens the first switcher
unit 61 to put the inner coil 111 into the conduction state
and closes the second switcher unit 62 to put the outer
coil 112 into the non-conduction state, and supplies the
high-frequency current from the driver circuit 50 to the
inner coil 111. In the second operation, the controller 45
closes the first switcher unit 61 to put the inner coil 111
into the non-conduction state and opens the second
switcher unit 62 to put the outer coil 112 into the conduc-
tion state, and supplies the high-frequency current from
the driver circuit 50 to the outer coil 112.
[0080] Further, the controller 45 sets the frequency of
the high-frequency current supplied from the driver circuit
50 to the inner coil 111, to a first frequency, and sets the
frequency of the high-frequency current supplied from
the driver circuit 50 to the outer coil 112, to a second
frequency higher than the first frequency. For example,
the controller 45 sets the first frequency to a preset fre-
quency corresponding to the magnetic material, for ex-
ample, near 25 kHz. Further, for example, the controller
45 sets the second frequency to a frequency correspond-
ing to the nonmagnetic material, for example, near 90
kHz.
[0081] The controller 45 controls heating power (pow-
er) by varying the driving frequency of each of the switch-
ing elements of the inverter circuit 23 near 25 kHz or near
90 kHz. As a result, the whole of the composite heating
target 5 placed on the top plate 4 is induction-heated. In
other words, the normal heating mode is a heating mode
in which a power amount supplied to the inner coil 111

is increased as compared with the preheating mode.
[0082] The reason why the second frequency of the
high-frequency current supplied from the driver circuit 50
to the outer coil 112 is set higher than the first frequency
of the high-frequency current supplied to the inner coil
111 is as follows.
[0083] To perform induction heating of the nonmagnet-
ic material such as aluminum, it is necessary to reduce
a skin depth and a penetration volume of an eddy current
generated in the heating target 5, to increase impedance
of the current. Therefore, when the high-frequency cur-
rent (for example, 80 kHz or more and 100 kHz or less)
is supplied to the outer coil 112 above which the non-
magnetic material is placed, to generate the high-fre-
quency eddy current in the nonmagnetic material, the
heating target 5 can be heated by Joule heat.
[0084] On the other hand, in the magnetic material
such as iron, impedance to the eddy current is large.
Therefore, even when the high-frequency current of the
frequency (for example, 20 kHz or more and 35 kHz or
less) lower than the frequency of the high-frequency cur-
rent supplied to the outer coil 112 is supplied to the inner
coil 111 above which the magnetic material is placed,
the heating target 5 can be sufficiently heated by Joule
heat of the eddy current.
[0085] When a plurality of induction heating units are
simultaneously driven at the plurality of heating ports,
interference sound corresponding to a difference among
the driving frequencies may occur. To suppress such in-
terference sound, the controller 45 may make the second
frequency higher than the first frequency by an audible
frequency or more (about 20 kHz or more). Even when
the heating operation is simultaneously performed at the
plurality of heating ports, it is possible to suppress occur-
rence of the interference sound.
[0086] In the configuration in which the high-frequency
current is supplied from one driver circuit 50 to each of
the inner coil 111 and the outer coil 112, such composite
heating operation enables induction heating suitable for
the material of the composite heating target 5. Further,
it is possible to suppress nonuniformity of the heating
temperature when the composite heating target 5 is heat-
ed.

(Small-Diameter Heating Operation)

[0087] Fig. 10 is a diagram to explain the operation
state of the first switcher unit and the operation state of
the second switcher unit in the small-diameter heating
operation of the induction heating cooker according to
Embodiment 1.
[0088] In a case where the heating target 5 is present
above the inner coil 111 and no heating target 5 is present
above the outer coil 112, the controller 45 performs the
small-diameter heating operation.
[0089] As illustrated in Fig. 10, the controller 45 opens
the first switcher unit 61 to put the inner coil 111 into the
conduction state, and closes the second switcher unit 62
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to put the outer coil 112 into the non-conduction state. In
other words, the controller 45 supplies the high-frequen-
cy current from the driver circuit 50 to the inner coil 111,
but stops supply of the high-frequency current from the
driver circuit 50 to the outer coil 112. In addition, the con-
troller 45 sets the frequency of the high-frequency current
supplied from the driver circuit 50 to the inner coil 111,
to a frequency corresponding to the magnetic material,
for example, near 20 kHz.
[0090] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 20
kHz. As a result, the whole of the heating target 5 having
the small diameter placed on the top plate 4 is induction-
heated.
[0091] In the small-diameter heating operation, no
high-frequency current is supplied to the outer coil 112
above which no heating target 5 is placed. This enables
effective use of energy. Further, it is possible to prevent
unnecessary magnetic field from being radiated from the
outer coil 112.

(Large-Diameter Heating Operation)

[0092] Fig. 11 is a diagram to explain the operation
state of the first switcher unit and the operation state of
the second switcher unit in the large-diameter heating
operation of the induction heating cooker according to
Embodiment 1.
[0093] In a case where the heating target 5 is present
above the inner coil 111 and the outer coil 112, the con-
troller 45 performs the following operation.

[Normal Heating Mode]

[0094] The normal heating mode in the large-diameter
heating operation is a heating mode in which the whole
of the heating target 5 having the large diameter is heat-
ed. In the normal heating mode, the controller 45 heats
both of the center part and the outer circumferential part
of the heating target 5 having the large diameter.
[0095] As illustrated in Fig. 11, the controller 45 opens
the first switcher unit 61 and the second switcher unit 62
to put the inner coil 111 and the outer coil 112 into the
conduction state, and supplies the high-frequency cur-
rent from the driver circuit 50 to each of the inner coil 111
and the outer coil 112. In addition, the controller 45 sets
the frequency of the high-frequency current supplied from
the driver circuit 50 to each of the inner coil 111 and the
outer coil 112, to a frequency corresponding to the mag-
netic material, for example, near 20 kHz.
[0096] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 20
kHz. As a result, the whole of the heating target 5 having
the large diameter placed on the top plate 4 is induction-
heated.
[0097] Such a large-diameter heating operation in the

normal heating mode enables induction heating suitable
for the size and the material of the heating target 5.

[Convection Mode]

[0098] The convection mode is a cooking mode in
which convection is generated in a liquid cooking material
contained in the heating target 5 in cooking such as stew-
ing and noodle boiling.
[0099] The controller 45 alternately repeats a first op-
eration and a second operation described below. In the
first operation, the controller 45 puts the inner coil 111
into the conduction state and puts the outer coil 112 into
the non-conduction state, and supplies the high-frequen-
cy current from the driver circuit 50 to the inner coil 111.
In the second operation, the controller 45 puts the inner
coil 111 into the non-conduction state and puts the outer
coil 112 into the conduction state, and supplies the high-
frequency current from the driver circuit 50 to the outer
coil 112. In addition, the controller 45 sets the frequency
of the high-frequency current supplied from the driver
circuit 50 to each of the coils, to a frequency correspond-
ing to the magnetic material, for example, near 20 kHz.
[0100] In such a large-diameter heating operation in
the convection mode, heating of the center part of the
heating target 5 by the inner coil 111 and heating of the
outer circumferential part of the heating target 5 by the
outer coil 112 are alternately repeated. As a result, con-
vection is generated in the liquid cooking material such
as soup contained in the heating target 5, which makes
it possible to diffuse the liquid cooking material. In other
words, in the configuration in which the inner coil 111 and
the outer coil 112 are driven by one driver circuit 50, it is
possible to generate convection in the liquid cooking ma-
terial contained in the heating target 5.
[0101] As described above, in Embodiment 1, the plu-
rality of heating coils, one driver circuit 50 supplying the
high-frequency current to each of the plurality of heating
coils, and the switcher unit 60 switching each of the plu-
rality of heating coils into one of the conduction state in
which the high-frequency current is supplied from the
driver circuit 50 and the non-conduction state in which
no high-frequency current is supplied from the driver cir-
cuit 50, are provided. Therefore, as compared with a con-
figuration in which the driver circuit 50 is provided for
each of the plurality of heating coils, it is possible to sim-
plify the circuit configuration. This makes it possible to
reduce a manufacturing cost of the induction heating
cooker 100. Further, in the configuration in which the plu-
rality of heating coils are driven by one driver circuit 50,
it is possible to switch each of the plurality of heating coils
into one of the conduction state and the non-conduction
state.
[0102] Further, in Embodiment 1, the controller 45 de-
termines whether the heating target 5 is present above
the inner coil 111 while the inner coil 111 is in the con-
duction state and the outer coil 112 is in the non-conduc-
tion state. In a case where no heating target 5 is present
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above the inner coil 111, the controller 45 stops the op-
eration of the driver circuit 50. Therefore, in the configu-
ration in which the plurality of heating coils are driven by
one driver circuit 50, it is possible to rapidly stop the load
determination operation in the no-load state.
[0103] Further, the composite heating operation, the
small-diameter heating operation, or the large-diameter
heating operation is performed depending on the deter-
mination result of the material of the heating target 5
above the inner coil 111 and the determination result of
the material of the heating target 5 above the outer coil
112. Therefore, in the configuration in which the plurality
of heating coils are driven by one driver circuit 50, it is
possible to perform induction heating suitable for the size
and the material of the heating target 5.
[0104] Note that, in the above-described heating op-
eration (Fig. 5), the following operation may be performed
after step S7. The controller 45 opens both of the first
switcher unit 61 and the second switcher unit 62 to put
both of the inner coil 111 and the outer coil 112 into the
conduction state. In this state, the load determination unit
46 determines presence/absence and the material of the
heating target 5 above each of the inner coil 111 and the
outer coil 112. Adding such an operation makes it pos-
sible to grasp characteristics of the whole of the heating
target 5.

(Modification 1)

[0105] The switcher unit 60 may include only one of
the first switcher unit 61 and the second switcher unit 62.
A specific example is described below.
[0106] Fig. 12 is a diagram illustrating a configuration
of a switcher unit in Modification 1 of the induction heating
cooker according to Embodiment 1.
[0107] As illustrated in Fig. 12, the first switcher unit
61 may be omitted and only the second switcher unit 62
may be provided. In the case where the heating target 5
has the small diameter, such a configuration enables the
controller 45 to perform the above-described small-diam-
eter heating operation.
[0108] Fig. 13 is a diagram illustrating another config-
uration of the switcher unit in Modification 1 of the induc-
tion heating cooker according to Embodiment 1.
[0109] As illustrated in Fig. 13, the second switcher
unit 62 may be omitted and only the first switcher unit 61
may be provided. In the case where the heating target 5
is the composite, such a configuration enables the con-
troller 45 to perform the composite heating operation of
the preheating mode described above.

(Modification 2)

[0110] The inner coil 111 and the outer coil 112 are not
limited to the circular coils concentrically arranged, and
may have optional shapes. Further, each of the inner coil
111 and the outer coil 112 is not limited to one integrated
coil, and may include a plurality of coils arranged in se-

ries. A specific example is described below.
[0111] Fig. 14 is a plan view illustrating a first induction
heating unit in Modification 2 of the induction heating
cooker according to Embodiment 1.
[0112] As illustrated in Fig. 14, the first induction heat-
ing unit 11 includes the inner coil 111 disposed at the
center of the first induction heating port 1 and the outer
coil 112 disposed on the outer circumference of the inner
coil 111.
[0113] The inner coil 111 includes a circular coil 111a
and a circular coil 111b that are concentrically arranged.
The circular coils 111a and 111b are connected in series.
The first switcher unit 61 is connected in parallel with a
serial circuit of the circular coils 111a and 111b. The first
switcher unit 61 switches each of the circular coils 111a
and 111b into one of the conduction state and the non-
conduction state.
[0114] The outer coil 112 includes an elliptical coil
112a, an elliptical coil 112b, an elliptical coil 112c, and
an elliptical coil 112d. The elliptical coils 112a to 112d
each have a substantially 1/4-arc (banana-shaped or cu-
cumber-shaped) flat shape, and are arranged on the out-
side of the inner coil 111 substantially along the outer
circumference of the inner coil 111. The elliptical coils
112a to 112d are connected in series. The second switch-
er unit 62 is connected in parallel with a serial circuit of
the elliptical coils 112a to 112d. The second switcher unit
62 switches each of the elliptical coils 112a to 112d into
one of the conduction state and the non-conduction state.
In such a configuration, the above-described heating op-
eration is performable and similar effects are achievable.
[0115] The inner coil 111 and the outer coil 112 may
be configured by three or more circular heating coils that
are concentrically arranged. In other words, the three or
more circular heating coils are classified into the heating
coils disposed on the inner circumferential side and the
other heating coils disposed on the outer circumferential
side. The first switcher unit 61 is connected in parallel
with the heating coils on the inner circumferential side
among the plurality of heating coils, and switches each
of the heating coils into one of the conduction state and
the non-conduction state. The second switcher unit 62
is connected in parallel with the other heating coils on
the outer circumferential side among the plurality of heat-
ing coils, and switches each of the coils into one of the
conduction state and the non-conduction state. In such
a configuration, the above-described heating operation
is performable and similar effects are achievable.

Embodiment 2.

[0116] A configuration and an operation of an induction
heating cooker according to Embodiment 2 are described
below while focusing on differences with Embodiment 1
described above. Note that the components same as the
components in Embodiment 1 described above are de-
noted by the same reference numerals, and descriptions
of the components are omitted.
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[0117] Fig. 15 is a plan view illustrating a first induction
heating unit of the induction heating cooker according to
Embodiment 2.
[0118] As illustrated in Fig. 15, the first induction heat-
ing unit 11 includes an intermediate coil 113 disposed
between the inner coil 111 and the outer coil 112. The
intermediate coil 113 is configured by winding a conduc-
tive wire made of an insulation-coated metal. As a ma-
terial of the conductive wire, for example, an optional
metal such as copper and aluminum is usable. Further,
each of the inner coil 111, the intermediate coil 113, and
the outer coil 112 is configured by independently winding
the conductive wire.
[0119] Fig. 16 is a block diagram illustrating the con-
figuration of the induction heating cooker according to
Embodiment 2.
[0120] As illustrated in Fig. 16, the inner coil 111, the
intermediate coil 113, and the outer coil 112 are electri-
cally connected in series. The inner coil 111, the inter-
mediate coil 113, and the outer coil 112 are driven and
controlled by one driver circuit 50.
[0121] The switcher unit 60 includes the first switcher
unit 61 connected in parallel with the inner coil 111, the
second switcher unit 62 connected in parallel with the
outer coil 112, and a third switcher unit 63 connected in
parallel with the intermediate coil 113. The third switcher
unit 63 switches the intermediate coil 113 into one of the
conduction state in which the high-frequency current is
supplied from the driver circuit 50 and the non-conduction
state in which no high-frequency current is supplied from
the driver circuit 50. The third switcher unit 63 includes,
for example, a relay in which a contact switch is switched
by an electric signal, or a switching element made of a
semiconductor material. When the high-frequency cur-
rent is supplied from the driver circuit 50 to the interme-
diate coil 113 while the intermediate coil 113 is in the
conduction state, a high-frequency magnetic field is gen-
erated from the intermediate coil 113.
[0122] Fig. 17 is a diagram illustrating a circuit config-
uration of the induction heating cooker according to Em-
bodiment 2.
[0123] As illustrated in Fig. 17, a resonance circuit that
includes the inner coil 111, the intermediate coil 113, the
outer coil 112, and the resonance capacitor 24 is con-
nected to the terminal A and the terminal B that are con-
tact points with the driver circuit 50. The resonance circuit
that includes the inner coil 111, the intermediate coil 113,
the outer coil 112, and the resonance capacitor 24 has
a resonance frequency corresponding to inductance of
the inner coil 111, the intermediate coil 113, and the outer
coil 112, and a capacitance of the resonance capacitor
24. The inductance of the inner coil 111, the intermediate
coil 113, and the outer coil 112 is varied based on char-
acteristics of a metal load when the heating target 5 as
the metal load is magnetically coupled, and the reso-
nance frequency of the resonance circuit is varied based
on the variation of the inductance.
[0124] With such a configuration, the high-frequency

current of about several tens A flows through the inner
coil 111 in the conduction state. The heating target 5
placed on the top plate 4 just above the inner coil 111 is
induction-heated by a high-frequency magnetic flux gen-
erated by the high-frequency current flowing through the
inner coil 111.
[0125] Further, the high-frequency current of about
several tens A flows through the intermediate coil 113 in
the conduction state. The heating target 5 placed on the
top plate 4 just above the intermediate coil 113 is induc-
tion-heated by a high-frequency magnetic flux generated
by the high-frequency current flowing through the inter-
mediate coil 113.
[0126] Furthermore, the high-frequency current of
about several tens A flows through the outer coil 112 in
the conduction state. The heating target 5 placed on the
top plate 4 just above the outer coil 112 is induction-
heated by a high-frequency magnetic flux generated by
the high-frequency current flowing through the outer coil
112.

(Operation)

[0127] Next, an operation of the induction heating
cooker according to Embodiment 2 is described.
[0128] Fig. 18 and Fig. 19 are flowcharts illustrating a
heating operation of the induction heating cooker accord-
ing to Embodiment 2.
[0129] In the following, the heating operation of the in-
duction heating cooker 100 is described based on steps
in Fig. 18 and Fig. 19 while focusing on differences with
Embodiment 1 described above.
[0130] The controller 45 opens the first switcher unit
61 to put the inner coil 111 into the conduction state,
closes the third switcher unit 63 to put the intermediate
coil 113 into the non-conduction state, and closes the
second switcher unit 62 to put the outer coil 112 into the
non-conduction state (step S21). The load determination
unit 46 determines presence/absence and the material
of the heating target 5 above the inner coil 111 while the
inner coil 111 is in the conduction state and the interme-
diate coil 113 and the outer coil 112 are in the non-con-
duction state (step S22).
[0131] Next, the controller 45 determines whether the
heating target 5 is present above the inner coil 111 based
on the determination result of the load determination unit
46 (step S23). In a case where no heating target 5 is
present above the inner coil 111, the controller 45 stops
the operation of the driver circuit 50 (step S24). In other
words, in the case where no heating target 5 is present
above the inner coil 111, the controller 45 ends the load
determination operation without determining pres-
ence/absence and the material of the heating target 5
above each of the intermediate coil 113 and the outer
coil 112.
[0132] In a case where the heating target 5 is present
above the inner coil 111, the controller 45 determines the
material of the heating target 5 above the inner coil 111
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based on the determination result of the load determina-
tion unit 46 (step S25). In a case where the material of
the heating target 5 above the inner coil 111 is the non-
magnetic material, the controller 45 stops the operation
of the driver circuit 50 (step S24).
[0133] In contrast, in a case where the material of the
heating target 5 above the inner coil 111 is the magnetic
material, the controller 45 closes the first switcher unit
61 to put the inner coil 111 into the non-conduction state.
In addition, the controller 45 opens the third switcher unit
63 to put the intermediate coil 113 into the conduction
state, and closes the second switcher unit 62 to put the
outer coil 112 into the non-conduction state (step S26).
The load determination unit 46 determines presence/ab-
sence and the material of the heating target 5 above the
intermediate coil 113 while the inner coil 111 and the
outer coil 112 are in the non-conduction state and the
intermediate coil 113 is in the conduction state (step S27).
[0134] Next, the controller 45 closes the third switcher
unit 63 to put the intermediate coil 113 into the non-con-
duction state, and opens the second switcher unit 62 to
put the outer coil 112 into the conduction state (step S28).
The load determination unit 46 determines presence/ab-
sence and the material of the heating target 5 above the
outer coil 112 while the inner coil 111 and the intermedi-
ate coil 113 are in the non-conduction state and the outer
coil 112 is in the conduction state (step S29).
[0135] The controller 45 determines whether the heat-
ing target 5 is present above the intermediate coil 113
and determines whether the material of the heating target
5 is the magnetic material or a material containing the
nonmagnetic material, based on the determination result
of the load determination unit 46 (step S30).
[0136] In a case where the material of the heating tar-
get 5 above the intermediate coil 113 contains the non-
magnetic material in step S30, the controller 45 deter-
mines whether the heating target 5 is present above the
outer coil 112 and determines whether the material of
the heating target 5 is the magnetic material or a material
containing the nonmagnetic material, based on the de-
termination result of the load determination unit 46 (step
S31).
[0137] In a case where the material of the heating tar-
get 5 above the outer coil 112 contains the nonmagnetic
material in step S31, the controller 45 determines that
the heating target 5 is a composite having a large diam-
eter, and performs the heating operation of the heating
target 5 by a large-diameter composite heating operation
described below (step S32).
[0138] In a case where no heating target 5 is present
above the outer coil 112 in step S31, the controller 45
determines that the heating target 5 is a composite having
a middle diameter, and performs the heating operation
of the heating target 5 by a middle-diameter composite
heating operation described below (step S33).
[0139] In a case where the material of the heating tar-
get 5 above the intermediate coil 113 is the magnetic
material in step S30, the controller 45 determines wheth-

er the heating target 5 is present above the outer coil 112
and determines whether the material of the heating target
5 is the magnetic material or a material containing the
nonmagnetic material, based on the determination result
of the load determination unit 46 (step S34).
[0140] In a case where the material of the heating tar-
get 5 above the outer coil 112 is the magnetic material
in step S34, the controller 45 determines that the heating
target 5 is a magnetic material having a large diameter,
and performs the heating operation of the heating target
5 by a large-diameter magnetic-material heating opera-
tion described below (step S35).
[0141] In a case where no heating target 5 is present
above the outer coil 112 in step S34, the controller 45
determines that the heating target 5 is a magnetic mate-
rial having a middle diameter, and performs the heating
operation of the heating target 5 by a middle-diameter
magnetic-material heating operation described below
(step S36).
[0142] In a case where no heating target 5 is present
above the intermediate coil 113 in step S30, the controller
45 determines that the heating target 5 is a magnetic
material having a small diameter, and performs the heat-
ing operation of the heating target 5 by a small-diameter
magnetic-material heating operation described below
(step S37).
[0143] Each heating operation is described in detail
below.

(Large-Diameter Composite Heating Operation)

[0144] In the large-diameter composite heating oper-
ation, the controller 45 operates in the preheating mode
in which heating is performed by attaching importance
to the outer circumferential part of the composite heating
target 5, and in the normal heating mode in which the
whole of the heating target 5 is heated.

[Preheating Mode]

[0145] The controller 45 puts the inner coil 111 into the
non-conduction state and puts the intermediate coil 113
and the outer coil 112 into the conduction state, and sup-
plies the high-frequency current from the driver circuit 50
to each of the intermediate coil 113 and the outer coil
112. Further, the controller 45 sets the frequency of the
high-frequency current supplied from the driver circuit 50
to each of the intermediate coil 113 and the outer coil
112, to a frequency corresponding to the nonmagnetic
material, for example, near 90 kHz.
[0146] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 90
kHz. As a result, the outer circumferential part of the com-
posite heating target 5 placed on the top plate 4 is induc-
tion-heated.
[0147] The controller 45 may operate in a mode in
which the controller 45 opens the first switcher unit 61 to
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put the inner coil 111 into the conduction state and closes
the second switcher unit 62 and the third switcher unit
63 to put the outer coil 112 and the intermediate coil 113
into the non-conduction state, for a short time in a time-
divisional manner. Alternatively, the controller 45 may
operate in a mode in which the controller 45 opens all of
the first switcher unit 61, the second switcher unit 62, and
the third switcher unit 63 to put all of the inner coil 111,
the intermediate coil 113, and the outer coil 112 into the
conduction state, for a short time in a time-divisional man-
ner. This operation makes it possible to further uniformize
the temperature of the heating target 5.

[Normal Heating Mode]

[0148] The controller 45 alternately repeats a first op-
eration and a second operation described below. In the
first operation, the controller 45 puts the inner coil 111
into the conduction state and puts the intermediate coil
113 and the outer coil 112 into the non-conduction state,
and supplies the high-frequency current of a first frequen-
cy from the driver circuit 50 to the inner coil 111. In the
second operation, the controller 45 puts the inner coil
111 into the non-conduction state and puts the interme-
diate coil 113 and the outer coil 112 into the conduction
state, and supplies the high-frequency current of a sec-
ond frequency higher than the first frequency, from the
driver circuit 50 to each of the intermediate coil 113 and
the outer coil 112.
[0149] The controller 45 sets the first frequency to a
preset frequency corresponding to the magnetic materi-
al, for example, near 25 kHz. Further, the controller 45
sets the second frequency to a frequency corresponding
to the nonmagnetic material, for example, near 90 kHz.
The controller 45 may make the second frequency higher
than the first frequency by an audible frequency or more
(about 20 kHz or more).
[0150] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 25
kHz or near 90 kHz. As a result, the whole of the com-
posite heating target 5 placed on the top plate 4 is induc-
tion-heated.
[0151] In the configuration in which the high-frequency
current is supplied from one driver circuit 50 to each of
the inner coil 111, the intermediate coil 113, and the outer
coil 112, such a composite heating operation enables
induction heating suitable for the material and the size
of the composite heating target 5. Further, it is possible
to suppress nonuniformity of the heating temperature
when the composite heating target 5 is heated.

(Middle-Diameter Composite Heating Operation)

[0152] In the middle-diameter composite heating op-
eration, the controller 45 operates in the preheating mode
in which heating is performed by attaching importance
to the outer circumferential part of the composite heating

target 5, and in the normal heating mode in which the
whole of the heating target 5 is heated.

[Preheating Mode]

[0153] The controller 45 puts the inner coil 111 and the
outer coil 112 into the non-conduction state and puts the
intermediate coil 113 into the conduction state, and sup-
plies the high-frequency current from the driver circuit 50
to the intermediate coil 113. In addition, the controller 45
sets the frequency of the high-frequency current supplied
from the driver circuit 50 to the intermediate coil 113, to
a frequency corresponding to the nonmagnetic material,
for example, near 90 kHz.
[0154] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 90
kHz. As a result, the outer circumferential part of the com-
posite heating target 5 placed on the top plate 4 is induc-
tion-heated.

[Normal Heating Mode]

[0155] The controller 45 alternately repeats a first op-
eration and a second operation described below. In the
first operation, the controller 45 puts the inner coil 111
into the conduction state and puts the intermediate coil
113 and the outer coil 112 into the non-conduction state,
and supplies the high-frequency current of a first frequen-
cy from the driver circuit 50 to the inner coil 111. In the
second operation, the controller 45 puts the inner coil
111 and the outer coil 112 into the non-conduction state
and puts the intermediate coil 113 into the conduction
state, and supplies the high-frequency current of a sec-
ond frequency higher than the first frequency, from the
driver circuit 50 to the intermediate coil 113.
[0156] The controller 45 sets the first frequency to a
preset frequency corresponding to the magnetic materi-
al, for example, near 25 kHz. Further, the controller 45
sets the second frequency to a frequency corresponding
to the nonmagnetic material, for example, near 90 kHz.
The controller 45 may make the second frequency higher
than the first frequency by an audible frequency or more
(about 20 kHz or more).
[0157] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 25
kHz or near 90 kHz. As a result, the whole of the com-
posite heating target 5 placed on the top plate 4 is induc-
tion-heated.
[0158] In the configuration in which the high-frequency
current is supplied from one driver circuit 50 to each of
the inner coil 111, the intermediate coil 113, and the outer
coil 112, such a composite heating operation enables
induction heating suitable for the material and the size
of the composite heating target 5. Further, it is possible
to suppress nonuniformity of the heating temperature
when the composite heating target 5 is heated.
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(Large-Diameter Magnetic-Material Heating Operation)

[0159] In the large-diameter magnetic-material heat-
ing operation, the controller 45 operates in the normal
heating mode in which the whole of the heating target 5
having a large diameter is heated, and in the convection
mode in which convection is generated in a liquid cooking
material contained in the heating target 5.

[Normal Heating Mode]

[0160] The controller 45 puts the inner coil 111, the
intermediate coil 113, and the outer coil 112 into the con-
duction state, and supplies the high-frequency current
from the driver circuit 50 to each of the inner coil 111, the
intermediate coil 113, and the outer coil 112. In addition,
the controller 45 sets the frequency of the high-frequency
current supplied from the driver circuit 50 to each of the
coils, to a frequency corresponding to the magnetic ma-
terial, for example, near 20 kHz.
[0161] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 20
kHz. As a result, the whole of the heating target 5 having
a large diameter placed on the top plate 4 is induction-
heated.
[0162] Such a large-diameter magnetic-material heat-
ing operation in the normal heating mode enables induc-
tion heating suitable for the size and the material of the
heating target 5.

[Convection Mode]

[0163] The controller 45 puts some of the heating coils
among the inner coil 111, the intermediate coil 113, and
the outer coil 112 into the conduction state, supplies the
high-frequency current from the driver circuit 50, and
switches the heating coil to be put into the conduction
state with lapse of time, thereby sequentially changing
the heating coil to be supplied with the high-frequency
current. In the following, specific examples of patterns 1
to 4 are described.

<Pattern 1>

[0164] The controller 45 alternately repeats a first op-
eration and a second operation described below. In the
first operation, the controller 45 puts the inner coil 111
and the outer coil 112 into the conduction state and puts
the intermediate coil 113 into the non-conduction state,
and supplies the high-frequency current from the driver
circuit 50 to each of the inner coil 111 and the outer coil
112. In the second operation, the controller 45 puts the
inner coil 111 into the non-conduction state and puts the
intermediate coil 113 and the outer coil 112 into the con-
duction state, and supplies the high-frequency current
from the driver circuit 50 to each of the intermediate coil
113 and the outer coil 112.

<Pattern 2>

[0165] The controller 45 sequentially performs a first
operation, a second operation, and a third operation de-
scribed below. In the first operation, the controller 45 puts
the inner coil 111 into the conduction state and puts the
intermediate coil 113 and the outer coil 112 into the non-
conduction state, and supplies the high-frequency cur-
rent from the driver circuit 50 to the inner coil 111. In the
second operation, the controller 45 puts the intermediate
coil 113 into the conduction state and puts the inner coil
111 and the outer coil 112 into the non-conduction state,
and supplies the high-frequency current from the driver
circuit 50 to the intermediate coil 113. In the third oper-
ation, the controller 45 puts the outer coil 112 into the
conduction state and puts the inner coil 111 and the in-
termediate coil 113 into the non-conduction state, and
supplies the high-frequency current from the driver circuit
50 to the outer coil 112.

<Pattern 3>

[0166] The controller 45 alternately repeats a first op-
eration and a second operation described below. In the
first operation, the controller 45 puts the inner coil 111
into the conduction state and puts the intermediate coil
113 and the outer coil 112 into the non-conduction state,
and supplies the high-frequency current from the driver
circuit 50 to the inner coil 111. In the second operation,
the controller 45 puts the inner coil 111 into the non-
conduction state and puts the intermediate coil 113 and
the outer coil 112 into the conduction state, and supplies
the high-frequency current from the driver circuit 50 to
each of the intermediate coil 113 and the outer coil 112.

<Pattern 4>

[0167] The controller 45 alternately repeats a first op-
eration and a second operation described below. In the
first operation, the controller 45 puts the inner coil 111
and the outer coil 112 into the non-conduction state and
puts the intermediate coil 113 into the conduction state,
and supplies the high-frequency current from the driver
circuit 50 to the intermediate coil 113. In the second op-
eration, the controller 45 puts the inner coil 111 and the
outer coil 112 into the conduction state and puts the in-
termediate coil 113 into the non-conduction state, and
supplies the high-frequency current from the driver circuit
50 to each of the inner coil 111 and the outer coil 112.
[0168] In any of the patterns 1 to 4, the controller 45
sets the frequency of the high-frequency current supplied
from the driver circuit 50 to each of the coils, to a fre-
quency corresponding to the magnetic material, for ex-
ample, near 20 kHz.
[0169] Such a large-diameter magnetic-material heat-
ing operation in the convection mode causes convection
in the liquid cooking material such as soup contained in
the heating target 5, which makes it possible to diffuse
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the liquid cooking material. In other words, in the config-
uration in which the inner coil 111, the intermediate coil
113, and the outer coil 112 are driven by one driver circuit
50, it is possible to generate convection in the liquid cook-
ing material contained in the heating target 5.

(Middle-Diameter Magnetic-Material Heating Operation)

[0170] In the middle-diameter magnetic-material heat-
ing operation, the controller 45 operates in the normal
heating mode in which the whole of the heating target 5
having a middle diameter is heated, and in the convection
mode in which convection is generated in a liquid cooking
material contained in the heating target 5.

[Normal Heating Mode]

[0171] The controller 45 puts the inner coil 111 and the
intermediate coil 113 into the conduction state and puts
the outer coil 112 into the non-conduction state, and sup-
plies the high-frequency current from the driver circuit 50
to each of the inner coil 111 and the intermediate coil
113. In addition, the controller 45 sets the frequency of
the high-frequency current supplied from the driver circuit
50 to each of the coils, to a frequency corresponding to
the magnetic material, for example, near 20 kHz.
[0172] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 20
kHz. As a result, the whole of the heating target 5 having
the large diameter placed on the top plate 4 is induction-
heated.
[0173] Such a middle-diameter magnetic-material
heating operation in the normal heating mode enables
induction heating suitable for the size and the material
of the heating target 5.

[Convection Mode]

[0174] The controller 45 alternately repeats a first op-
eration and a second operation described below. In the
first operation, the controller 45 puts the inner coil 111
into the conduction state and puts the intermediate coil
113 and the outer coil 112 into the non-conduction state,
and supplies the high-frequency current from the driver
circuit 50 to the inner coil 111. In the second operation,
the controller 45 puts the inner coil 111 and the outer coil
112 into the non-conduction state and puts the interme-
diate coil 113 into the conduction state, and supplies the
high-frequency current from the driver circuit 50 to the
intermediate coil 113. In addition, the controller 45 sets
the frequency of the high-frequency current supplied from
the driver circuit 50 to each of the coils, to a frequency
corresponding to the magnetic material, for example,
near 20 kHz.
[0175] Such a middle-diameter large-diameter heating
operation in the convection mode causes convection in
the liquid cooking material such as soup contained in the

heating target 5, which makes it possible to diffuse the
liquid cooking material. In other words, in the configura-
tion in which the inner coil 111, the intermediate coil 113,
and the outer coil 112 are driven by one driver circuit 50,
it is possible to generate convection in the liquid cooking
material contained in the heating target 5.

(Small-Diameter Magnetic-Material Heating Operation)

[0176] The controller 45 puts the inner coil 111 into the
conduction state and puts the intermediate coil 113 and
the outer coil 112 into the non-conduction state, and sup-
plies the high-frequency current from the driver circuit 50
to the inner coil 111. The controller 45 supplies the high-
frequency current from the driver circuit 50 to the inner
coil 111, and stops supply of the high-frequency current
from the driver circuit 50 to each of the intermediate coil
113 and the outer coil 112. In addition, the controller 45
sets the frequency of the high-frequency current supplied
from the driver circuit 50 to the inner coil 111, to a fre-
quency corresponding to the magnetic material, for ex-
ample, near 20 kHz.
[0177] Further, the controller 45 controls heating pow-
er (power) by varying the driving frequency of each of
the switching elements of the inverter circuit 23 near 20
kHz. As a result, the whole of the heating target 5 made
of the magnetic material and having the small diameter
placed on the top plate 4 is induction-heated.
[0178] In such a small-diameter magnetic-material
heating operation, no high-frequency current is supplied
to each of the intermediate coil 113 and the outer coil
112 above which no heating target 5 is placed. This en-
ables effective use of energy. Further, it is possible to
prevent unnecessary magnetic field from being radiated
from the intermediate coil 113 and the outer coil 112.
[0179] As described above, in Embodiment 2, the con-
troller 45 determines whether the heating target 5 is
present above the inner coil 111 while the inner coil 111
is in the conduction state and the intermediate coil 113
and the outer coil 112 are in the non-conduction state.
In the case where no heating target 5 is present above
the inner coil 111, the controller 45 stops the operation
of the driver circuit 50. Accordingly, in the configuration
in which the plurality of heating coils are driven by one
driver circuit 50, it is possible to rapidly stop the load
detection operation in the no-load state.
[0180] Further, the heating operation is performed
based on the determination result of presence/absence
and the material of the heating target 5 above each of
the inner coil 111, the intermediate coil 113, and the outer
coil 112. Accordingly, in the configuration in which the
plurality of heating coils are driven by one driver circuit
50, it is possible to perform induction heating suitable for
the size and the material of the heating target 5.

(Modification 1)

[0181] The switcher unit 60 may have a configuration
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in which any one of the first switcher unit 61, the third
switcher unit 63, and the second switcher unit 62 is omit-
ted. A specific example is described below.
[0182] Fig. 20 is a diagram illustrating a configuration
of a switcher unit in Modification 1 of the induction heating
cooker according to Embodiment 2.
[0183] As illustrated in Fig. 20, the first switcher unit
61 may be omitted, and the third switcher unit 63 and the
second switcher unit 62 may be provided. In the case
where the heating target 5 is made of the magnetic ma-
terial, such a configuration enables the controller 45 to
perform the small-diameter magnetic-material heating
operation, the middle-diameter magnetic-material heat-
ing operation, or the large-diameter magnetic-material
heating operation each described above based on the
size of the heating target 5. Further, in the case where
the heating target 5 has the middle diameter, the control-
ler 45 can perform the above-described middle-diameter
magnetic-material heating operation. Furthermore, in the
middle-diameter magnetic-material heating operation or
the large-diameter magnetic-material heating operation,
the controller 45 can operate in the above-described con-
vection mode.
[0184] Fig. 21 is a diagram illustrating another config-
uration of the switcher unit in Modification 1 of the induc-
tion heating cooker according to Embodiment 2.
[0185] As illustrated in Fig. 21, the second switcher
unit 62 may be omitted, and the first switcher unit 61 and
the third switcher unit 63 may be provided. In the case
where the heating target 5 is made of the composite and
has the large diameter, such a configuration enables the
controller 45 to perform the above-described large-diam-
eter composite heating operation.

(Modification 2)

[0186] The inner coil 111, the intermediate coil 113,
and the outer coil 112 are not limited to the circular coils
concentrically arranged, and may have optional shapes.
Further, each of the inner coil 111, the intermediate coil
113, and the outer coil 112 is not limited to one integrated
coil, and may include a plurality of coils arranged in se-
ries.
[0187] For example, the inner coil 111, the intermedi-
ate coil 113, and the outer coil 112 may be configured
by four or more circular heating coils that are concentri-
cally arranged. In other words, the four or more circular
heating coils are classified into three heating coil groups
disposed on the inner circumferential side, the interme-
diate side, and the outer circumferential side. The first
switcher unit 61 is connected in parallel with the heating
coil group on the inner circumferential side among the
plurality of heating coils, and switches each of the heating
coils of the connected heating coil group into one of the
conduction state and the non-conduction state. The third
switcher unit 63 is connected in parallel with the heating
coil group on the intermediate side among the plurality
of heating coils, and switches each of the heating coils

of the connected heating coil group into one of the con-
duction state and the non-conduction state. The second
switcher unit 62 is connected in parallel with the heating
coil group on the outer circumferential side among the
plurality of heating coils, and switches each of the heating
coils of the connected heating coil group into one of the
conduction state and the non-conduction state. In such
a configuration, the above-described heating operation
is performable and similar effects are achievable.

Embodiment 3.

[0188] A configuration and an operation of an induction
heating cooker according to Embodiment 3 are described
below while focusing on differences with Embodiments
1 and 2 described above. Note that the components same
as the components in Embodiments 1 and 2 described
above are denoted by the same reference numerals, and
descriptions of the components are omitted.
[0189] Fig. 22 is a diagram illustrating a circuit config-
uration of the induction heating cooker according to Em-
bodiment 3.
[0190] As illustrated in Fig. 22, the driver circuit 50 is
connected to a resonance circuit that includes the inner
coil 111, the outer coil 112, a resonance capacitor 24a,
and a resonance capacitor 24b.
[0191] The resonance capacitor 24a is connected in
series with the inner coil 111 and the outer coil 112. The
resonance capacitor 24b is connected in parallel with the
resonance capacitor 24a through a selector switch 70.
[0192] The selector switch 70 includes, for example, a
relay in which a contact switch is switched by an electric
signal, or a switching element made of a semiconductor
material. When the selector switch 70 is closed, the res-
onance capacitor 24b is connected in parallel with the
resonance capacitor 24a. When the selector switch 70
is opened, the resonance capacitor 24b is disconnected.
In other words, when the selector switch 70 is closed, a
capacitance of the resonance capacitor configuring the
resonance circuit together with the inner coil 111 and the
outer coil 112 is increased. In contrast, when the selector
switch 70 is opened, the capacitance of the resonance
capacitor configuring the resonance circuit together with
the inner coil 111 and the outer coil 112 is decreased.

(Operation)

[0193] The controller 45 switches the selector switch
70 to vary the capacitance of the resonance capacitor
based on at least one of switching of each of the plurality
of heating coils into one of the conduction state and the
non-conduction state and the frequency of the high-fre-
quency current. In other words, the controller 45 decreas-
es the capacitance of the resonance capacitor as the
number of heating coils in the conduction state increases
among the plurality of heating coils. Further, the controller
45 decreases the capacitance of the resonance capacitor
as the frequency of the high-frequency current increases.
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[0194] Specific examples for the composite heating
operation, the small-diameter heating operation, and the
large-diameter heating operation in Embodiment 1 de-
scribed above are individually described below.

(Composite Heating Operation)

[Preheating Mode]

[0195] In the preheating mode of the composite heat-
ing operation, the controller 45 puts the outer coil 112
into the conduction state, and performs heating attaching
importance to the outer circumferential part of the heating
target 5. In addition, the controller 45 sets the frequency
of the high-frequency current supplied to the outer coil
112 to a frequency corresponding to the nonmagnetic
material, for example, near 90 kHz.
[0196] In this operation, the controller 45 opens the
selector switch 70 to decrease the capacitance of the
resonance capacitor configuring the resonance circuit to-
gether with the outer coil 112. As a result, the resonance
frequency of the resonance circuit is increased and the
resonance frequency and the driving frequency of the
driver circuit 50 can be brought close to each other, which
makes it possible to improve heating efficiency to the
outer coil 112.

[Normal Heating Mode]

[0197] In the normal heating mode of the composite
heating operation, the controller 45 alternately repeats a
first operation in which the controller 45 puts only the
inner coil 111 into the conduction state, and a second
operation in which the controller 45 puts only the outer
coil 112 into the conduction state. In the first operation,
the controller 45 sets the frequency of the high-frequency
current supplied to the inner coil 111, to a frequency cor-
responding to the magnetic material, for example, near
25 kHz. In the second operation, the controller 45 sets
the frequency of the high-frequency current supplied to
the outer coil 112, to a frequency corresponding to the
nonmagnetic material, for example, near 90 kHz.
[0198] In the first operation, the controller 45 closes
the selector switch 70 to increase the capacitance of the
resonance capacitor configuring the resonance circuit to-
gether with the inner coil 111. In the second operation,
the controller 45 opens the selector switch 70 to decrease
the capacitance of the resonance capacitor configuring
the resonance circuit together with the outer coil 112. As
a result, in any of the first operation and the second op-
eration, the resonance frequency and the driving fre-
quency of the driver circuit 50 can be brought close to
each other, which makes it possible to improve heating
efficiency to each of the inner coil 111 and the outer coil
112.

(Small-Diameter Heating Operation)

[0199] In the small-diameter heating operation, the
controller 45 puts only the inner coil 111 into the conduc-
tion state. In addition, the controller 45 sets the frequency
of the high-frequency current supplied to the inner coil
111, to a frequency corresponding to the magnetic ma-
terial, for example, near 20 kHz.
[0200] In this operation, the controller 45 closes the
selector switch 70 to increase the capacitance of the res-
onance capacitor configuring the resonance circuit to-
gether with the inner coil 111. Since only the inner coil
111 is in the conduction state and the inductance of the
resonance circuit is decreased, the capacitance of the
resonance capacitor is increased to prevent the reso-
nance frequency of the resonance circuit from being
largely varied by the load. This makes it possible to bring
the resonance frequency and the driving frequency of
the driver circuit 50 close to each other, and to improve
heating efficiency to the inner coil 111.

(Large-Diameter Heating Operation)

[Normal Heating Mode]

[0201] In the normal heating mode of the large-diam-
eter heating operation, the controller 45 puts the inner
coil 111 and the outer coil 112 into the conduction state.
In addition, the controller 45 sets the frequency of the
high-frequency current supplied to each of the inner coil
111 and the outer coil 112, to a frequency corresponding
to the magnetic material, for example, near 20 kHz.
[0202] In this operation, the controller 45 opens the
selector switch 70 to decrease the capacitance of the
resonance capacitor configuring the resonance circuit to-
gether with the inner coil 111 and the outer coil 112. Since
the inner coil 111 and the outer coil 112 are in the con-
duction state and the inductance of the resonance circuit
is increased, the capacitance of the resonance capacitor
is decreased to prevent the resonance frequency of the
resonance circuit from being largely varied by the load.
This makes it possible to bring the resonance frequency
and the driving frequency of the driver circuit 50 close to
each other, and to improve heating efficiency to each of
the inner coil 111 and the outer coil 112.

[Convection Mode]

[0203] In the convection mode of the large-diameter
heating operation, the controller 45 alternately repeats a
first operation in which the controller 45 puts only the
inner coil 111 into the conduction state, and a second
operation in which the controller 45 puts only the outer
coil 112 into the conduction state. In addition, the con-
troller 45 sets the frequency of the high-frequency current
supplied to each of the inner coil 111 and the outer coil
112, to a frequency corresponding to the magnetic ma-
terial, for example, near 20 kHz.
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[0204] In any of the first operation and the second op-
eration, the controller 45 closes the selector switch 70 to
increase the capacitance of the resonance capacitor con-
figuring the resonance circuit together with the inner coil
111 or the outer coil 112. Since only one of the inner coil
111 and the outer coil 112 is in the conduction state and
the inductance of the resonance circuit is decreased, the
capacitance of the resonance capacitor is increased to
prevent the resonance frequency of the resonance circuit
from being largely varied by the load. This makes it pos-
sible to bring the resonance frequency and the driving
frequency of the driver circuit 50 close to each other, and
to improve heating efficiency to each of the inner coil 111
and the outer coil 112.
[0205] Note that, in Embodiment 3, the configuration
in which two resonance capacitors are provided in the
resonance circuit is described; however, three or more
resonance capacitors may be provided. A plurality of res-
onance capacitors are connected in series, and a switch-
er unit short-circuiting at least one or more resonance
capacitors may be provided to vary the capacitance of
the resonance capacitors. Alternatively, some of the plu-
rality of resonance capacitors may be connected in se-
ries, and may be connected in parallel with the other res-
onance capacitors.
[0206] In Embodiment 3, the configuration in which the
two heating coils that are the inner coil 111 and the outer
coil 112 are provided is described; however, the number
of heating coils is not limited thereto. For example, the
configuration of the resonance capacitors of Embodi-
ment 3 may be applied to the configuration of Embodi-
ment 2 described above.

Reference Signs List

[0207] 1: first induction heating port, 2: second induc-
tion heating port, 3: third induction heating port, 4: top
plate, 5: heating target, 6: magnetic material, 11: first
induction heating unit, 12: second induction heating unit,
13: third induction heating unit, 21: alternating-current
power supply, 22: direct-current power supply circuit,
22a: diode bridge, 22b: reactor, 22c: smoothing capaci-
tor, 23: inverter circuit, 23a: IGBT, 23b: IGBT, 23c: diode,
23d: diode, 24: resonance capacitor, 24a: resonance ca-
pacitor, 24b: resonance capacitor, 25a: input current de-
tection unit, 25b: coil current detection unit, 40: operation
unit, 40a: operation unit, 40b: operation unit, 40c: oper-
ation unit, 41: display unit, 41a: display unit, 41b: display
unit, 41c: display unit, 43: operation display unit, 45: con-
troller, 46: load determination unit, 48: memory, 50: driver
circuit, 60: switcher unit, 61: first switcher unit, 62: second
switcher unit, 63: third switcher unit, 70: selector switch,
100: induction heating cooker, 111: inner coil, 111a: cir-
cular coil, 111b: circular coil, 112: outer coil, 112a: ellip-
tical coil, 112b: elliptical coil, 112c: elliptical coil, 112d:
elliptical coil, 113: intermediate coil

Claims

1. An induction heating cooker, comprising:

a plurality of heating coils including an inner coil
disposed on an innermost circumference and an
outer coil disposed on an outermost circumfer-
ence;
a driver circuit configured to supply a high-fre-
quency current to each of the plurality of heating
coils;
a switcher unit configured to switch each of the
plurality of heating coils into one of a conduction
state in which the high-frequency current is sup-
plied from the driver circuit and a non-conduction
state in which no high-frequency current is sup-
plied from the driver circuit; and
a controller configure to control an operation of
the driver circuit and an operation of the switcher
unit,
the controller being configured to,
when the inner coil is in the conduction state and
the outer coil is in the non-conduction state, de-
termine whether a heating target is present
above the inner coil, and
when the controller determines that no heating
target is present above the inner coil, stop an
operation of the driver circuit.

2. The induction heating cooker of claim 1, wherein

when the inner coil is in the conduction state and
the outer coil is in the non-conduction state, the
controller determines whether the heating target
is present above the inner coil and determines
a material of the heating target, and
when the controller determines that the heating
target is present above the inner coil, the con-
troller determines whether the heating target is
present above the outer coil and determines a
material of the heating target while the inner coil
is in the non-conduction state and the outer coil
is in the conduction state.

3. The induction heating cooker of claim 2, wherein,
when the controller determines that the material of
the heating target above the inner coil is a magnetic
material and the material of the heating target above
the outer coil contains a nonmagnetic material, the
controller puts the inner coil into the non-conduction
state and puts the outer coil into the conduction state,
and supplies the high-frequency current from the
driver circuit to the outer coil.

4. The induction heating cooker of claim 2, wherein,
when the controller determines that the material of
the heating target above the inner coil is a magnetic
material and the material of the heating target above

33 34 



EP 3 927 114 A1

19

5

10

15

20

25

30

35

40

45

50

55

the outer coil contains a nonmagnetic material, the
controller alternately repeats an operation in which
the controller puts the inner coil into the conduction
state and puts the outer coil into the non-conduction
state, and supplies the high-frequency current of a
first frequency from the driver circuit to the inner coil,
and an operation in which the controller puts the inner
coil into the non-conduction state and puts the outer
coil into the conduction state, and supplies the high-
frequency current of a second frequency higher than
the first frequency, from the driver circuit to the outer
coil.

5. The induction heating cooker of claim 2, wherein,
when the controller determines that the heating tar-
get is present above the inner coil and no heating
target is present above the outer coil, the controller
puts the inner coil into the conduction state and puts
the outer coil into the non-conduction state, and sup-
plies the high-frequency current from the driver cir-
cuit to the inner coil.

6. The induction heating cooker of claim 2, wherein,
when the controller determines that the heating tar-
get is present above the inner coil and the outer coil,
the controller puts the inner coil and the outer coil
into the conduction state, and supplies the high-fre-
quency current from the driver circuit to each of the
inner coil and the outer coil.

7. The induction heating cooker of claim 2, wherein,
when the controller determines that the heating tar-
get is present above the inner coil and the outer coil,
the controller alternately repeats an operation in
which the controller puts the inner coil into the con-
duction state and puts the outer coil into the non-
conduction state, and supplies the high-frequency
current from the driver circuit to the inner coil, and
an operation in which the controller puts the inner
coil into the non-conduction state and puts the outer
coil into the conduction state, and supplies the high-
frequency current from the driver circuit to the outer
coil.

8. The induction heating cooker of any one of claims 1
to 7, wherein

the controller is configured to determine a ma-
terial of the heating target above the inner coil
while the inner coil is in the conduction state and
the outer coil is in the non-conduction state, and
when the controller is configured to determine
that the material of the heating target above the
inner coil is a nonmagnetic material, the control-
ler stops an operation of the driver circuit.

9. The induction heating cooker of claim 1, wherein

the plurality of heating coils include an interme-
diate coil disposed between the inner coil and
the outer coil,
the controller is configured to determine whether
the heating target is present above the inner coil
while the inner coil is in the conduction state and
the intermediate coil and the outer coil are in the
non-conduction state, and
when the controller determines that no heating
target is present above the inner coil, the con-
troller stops an operation of the driver circuit.

10. The induction heating cooker of claim 9, wherein

the controller is configured to determine whether
the heating target is present above the inner coil
and determines a material of the heating target
while the inner coil is in the conduction state and
the intermediate coil and the outer coil are in the
non-conduction state, and
when the controller determines that the heating
target is present above the inner coil, the con-
troller determines whether the heating target is
present above the intermediate coil and deter-
mines a material of the heating target while the
inner coil and the outer coil are in the non-con-
duction state and the intermediate coil is in the
conduction state, and the controller is config-
ured to determine whether the heating target is
present above the outer coil and determines a
material of the heating target while the inner coil
and the intermediate coil are in the non-conduc-
tion state and the outer coil is in the conduction
state.

11. The induction heating cooker of claim 10, wherein,
when the controller determines that the material of
the heating target above the inner coil is a magnetic
material and the material of the heating target above
each of the intermediate coil and the outer coil con-
tains a nonmagnetic material, the controller puts the
inner coil into the non-conduction state and puts the
intermediate coil and the outer coil into the conduc-
tion state, and supplies the high-frequency current
from the driver circuit to each of the intermediate coil
and the outer coil.

12. The induction heating cooker of claim 10, wherein,
when the controller determines that the material of
the heating target above the inner coil is a magnetic
material and the material of the heating target above
each of the intermediate coil and the outer coil con-
tains a non-magnetic material, the controller alter-
nately repeats an operation in which the controller
puts the inner coil into the conduction state and puts
the intermediate coil and the outer coil into the non-
conduction state, and supplies the high-frequency
current of a first frequency from the driver circuit to
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the inner coil, and an operation in which the controller
puts the inner coil into the non-conduction state and
puts the intermediate coil and the outer coil into the
conduction state, and supplies the high-frequency
current of a second frequency higher than the first
frequency from the driver circuit to each of the inter-
mediate coil and the outer coil.

13. The induction heating cooker of claim 10, wherein,
when the controller determines that the material of
the heating target above the inner coil is a magnetic
material, the material of the heating target above the
intermediate coil contains a nonmagnetic material,
and no heating target is present above the outer coil,
the controller puts the inner coil and the outer coil
into the non-conduction state and puts the interme-
diate coil into the conduction state, and supplies the
high-frequency current from the driver circuit to the
intermediate coil.

14. The induction heating cooker of claim 10, wherein,
when the controller determines that the heating tar-
get is present above the inner coil and no heating
target is present above the intermediate coil and the
outer coil, the controller puts the inner coil into the
conduction state and puts the intermediate coil and
the outer coil into the non-conduction state, and sup-
plies the high-frequency current from the driver cir-
cuit to the inner coil.

15. The induction heating cooker of claim 10, wherein,
when the controller determines that the heating tar-
get is present above the inner coil, the intermediate
coil, and the outer coil, the controller puts the inner
coil, the intermediate coil, and the outer coil into the
conduction state, and supplies the high-frequency
current from the driver circuit to each of the inner
coil, the intermediate coil, and the outer coil.

16. The induction heating cooker of claim 10, wherein,
when the controller determines that the heating tar-
get is present above the inner coil, the intermediate
coil, and the outer coil, the controller puts some of
the heating coils among the inner coil, the interme-
diate coil, and the outer coil into the conduction state,
and supplies the high-frequency current from the
driver circuit, and switches the heating coil to be put
into the conduction state with lapse of time to se-
quentially change the heating coil to be supplied with
the high-frequency current.

17. The induction heating cooker of claim 10, wherein,
when the controller determines that the heating tar-
get is present above the inner coil and the interme-
diate coil and no heating target is present above the
outer coil, the controller puts the inner coil and the
intermediate coil into the conduction state and puts
the outer coil into the non-conduction state, and sup-

plies the high-frequency current from the driver cir-
cuit to each of the inner coil and the intermediate coil.

18. The induction heating cooker of claim 10, wherein,
when the controller determines that the heating tar-
get is present above the inner coil and the interme-
diate coil and no heating target is present above the
outer coil, the controller alternately repeats an oper-
ation in which the controller puts the inner coil into
the conduction state and puts the intermediate coil
and the outer coil into the non-conduction state, and
supplies the high-frequency current from the driver
circuit to the inner coil, and an operation in which the
controller puts the inner coil and the outer coil into
the non-conduction state and puts the intermediate
coil into the conduction state, and supplies the high-
frequency current from the driver circuit to the inter-
mediate coil.

19. The induction heating cooker of any one of claims 1
to 18, wherein

the driver circuit includes a resonance capacitor
that configures a resonance circuit together with
the plurality of heating coils and has a variable
capacitance, and
the controller varies the capacitance of the res-
onance capacitor based on at least one of
switching of each of the plurality of heating coils
into one of the conduction state and the non-
conduction state and the frequency of the high-
frequency current.

20. The induction heating cooker of claim 19, wherein
the controller decreases the capacitance of the res-
onance capacitor as number of heating coils in the
conduction state increases among the plurality of
heating coils.

21. The induction heating cooker of claim 19 or 20,
wherein the controller decreases the capacitance of
the resonance capacitor as the frequency of the high-
frequency current increases.

22. The induction heating cooker of any one of claims 1
to 21, further comprising:

an input current detection unit configured to de-
tect a current input to the driver circuit; and
a coil current detection unit configured to detect
a coil current flowing through each of the plurality
of heating coils, wherein
the controller determines whether the heating
target is present above the plurality of heating
coils and a material of the heating target, based
on correlation between the input current and the
coil current.
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23. The induction heating cooker of any one of claims 1
to 22, wherein the driver circuit includes an inverter
circuit including at least one arm in which two switch-
ing elements are connected in series.

24. The induction heating cooker of claim 23, wherein
each of the switching elements is made of a wide
band gap semiconductor material.

25. The induction heating cooker of any one of claims 1
to 24, wherein the switcher unit is made of a semi-
conductor material.
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